


1600 John F. Kennedy Blvd.
Ste 1800
Philadelphia, PA 19103-2899

BONE AND SOFT TISSUE PATHOLOGY ISBN: 978-0-443-06688-7
(A VOLUME IN THE SERIES FOUNDATIONS IN DIAGNOSTIC PATHOLOGY)

Copyright © 2010 by Saunders, an imprint of Elsevier, Inc.
Drawings copyright © Mayo Foundation for Medical Education and Research

All rights reserved. No part of this publication may be reproduced or transmitted in any form or by 
any means, electronic or mechanical, including photocopying, recording, or any information storage and 
retrieval system, without permission in writing from the publisher. Permissions may be sought directly 
from Elsevier’s Rights Department: phone: (+1) 215 239 3804 (US) or (+44) 1865 843830 (UK); fax: 
(+44) 1865 853333; e-mail: healthpermissions@elsevier.com. You may also complete your request  
on-line via the Elsevier website at http://www.elsevier.com/permissions.

NOTICE

Knowledge and best practice in this field are constantly changing. As new research and experience 
broaden our knowledge, changes in practice, treatment and drug therapy may become necessary or 
appropriate. Readers are advised to check the most current information provided (i) on procedures 
featured or (ii) by the manufacturer of each product to be administered, to verify the recommended 
dose or formula, the method and duration of administration, and contraindications. It is the respon-
sibility of the practitioner, relying on their own experience and knowledge of the patient, to make 
diagnoses, to determine dosages and the best treatment for each individual patient, and to take all 
appropriate safety precautions. To the fullest extent of the law, neither the Publisher nor the Editors 
assume any liability for any injury and/or damage to persons or property arising out of or related to 
any use of the material contained in this book.

The Publisher

Library of Congress Cataloging-in-Publication Data 
Bone and soft tissue pathology / edited by Andrew L. Folpe, Carrie Y. Inwards. -- 1st ed. 
p. ; cm. -- (Foundations in diagnostic pathology) 
Includes bibliographical references and index. 
ISBN 978-0-443-06688-7 
1. Musculoskeletal system--Tumors--Pathophysiology. I. Folpe, Andrew L. II. Inwards, Carrie Y.  
III. Title. IV. Series. 
[DNLM: 1. Bone Neoplasms--pathology. 2. Soft Tissue Neoplasms--pathology. WE 258 B71043 2010] 

RC280.M83.B66 2010 
616.99’47--dc22 2008047217

Acquisitions Editor: William Schmitt
Developmental Editor: Barbara Cicalese
Project Manager: Bryan Hayward
Design Direction: Lou Forgione

Printed in China

Last digit is the print number: 9 8 7 6 5 4 3 2 1



To our families who patiently endured the creation  
of this book.

To my wife Anastasia, and children Leah, Elizabeth, 
and Benjamin—ALF

To my husband David, and children Ryan  
and Sarah—CYI



Patrizia Bacchini, MD
Pathology Consultant, Villa Erbosa Hospital, Bologna, Italy

Giant Cell Tumor of Bone

Franco Bertoni, MD
Professor of Pathology, University of Bologna, Bologna, Italy

Giant Cell Tumor of Bone

S. Fiona Bonar, MD
Adjunct Professor, Anatomical Pathology, Douglass Hanly 
Moir Pathology and Notre Dame University; Consultant,  
Orthopaedic Pathology, Royal Prince Alfred Hospital;  
Douglass Hanly Moir Pathology, Mater Misericordiae  
Hospital, Sydney, New South Wales, Australia

Bone Tumors of Miscellaneous Type or Uncertain Lineage

Enrique de Alava, MD, PhD
Research Professor of Pathology and Head of the Molecular 
Pathology Program, Centro de Investigación del Cáncer-
IBMCC, Salamanca, Spain

Adjuvant Techniques—Immunohistochemistry, Cytogenetics, 
and Molecular Genetics

Angelo Paolo Dei Tos, MD
Chair of the Pathology Department, General Hospital, 
Treviso, Italy

Adipocytic Tumors

Andrea T. Deyrup, MD, PhD
Assistant Professor of Pathology, Emory University, Atlanta, 
Georgia, United States

Smooth Muscle Tumors

Julie C. Fanburg-Smith, MD
Deputy Chair and Director of Education, Department of  
Orthopaedic and Soft Tissue Pathology, Armed Forces  
Institute of Pathology, Washington, DC, United States

Nerve Sheath and Neuroectodermal Tumors

Andrew L. Folpe, MD
Consultant, Division of Anatomic Pathology, and Professor of 
Laboratory Medicine and Pathology, Mayo Clinic, Rochester, 
Minnesota, United States

Adjuvant Techniques—Immunohistochemistry,  
Cytogenetics, and Molecular Genetics; Fibroblastic and  
Fibrohistiocytic Tumors; Tumor of Perivascular Cells;  
Vascular Tumors of Soft Tissue; Tumors of Miscellaneous 
Type or Uncertain Lineage

Louis Guillou, MD
Professor of Pathology, University Institute of Pathology, 
Centre Hospitalier Universitaire Vaudois and University of 
Lausanne, Lausanne, Switzerland

Fibroblastic and Fibrohistiocytic Tumors; Tumor of 
 Perivascular Cells

Andrew Horvai, MD, PhD
Associate Clinical Professor of Pathology, University of  
California, San Francisco, California, United States

Cartilage-Forming Tumors; Vascular Tumors of Bone;  
Notochordal Tumors

Carrie Y. Inwards, MD
Consultant, Division of Anatomic Pathology, and  
Associate Professor of Laboratory Medicine and Pathology, 
Mayo Clinic, Rochester, Minnesota, United States

Leonard B. Kahn, MBBCh, FRCP, MMedPath 
Professor of Pathology, Albert Einstein College of Medicine, 
New York, New York; Pathology Chair, Long Island Jewish 
Medical Center, New Hyde Park, New York, United States

Adamantinoma

Michael J. Klein, MD
Director, Department of Pathology and Laboratory Medicine, 
Hospital for Special Surgery, New York, New York, United 
States

Ewing Sarcoma

Edward F. McCarthy, MD
Professor of Pathology and Orthopaedic Surgery, Johns  
Hopkins University, Baltimore, Maryland, United States

Fibroblastic and Fibrohistiocytic Tumors; Hematopoietic 
Tumors

Yasuaki Nakashima, MD
Laboratory of Anatomic Pathology, Kyoto University  
Hospital, Kyoto, Japan

Metastases Involving Bone

G. Petur Nielsen, MD
Associate Professor, Harvard Medical School; Associate  
Pathologist, Massachusetts General Hospital, Boston,  
Massachusetts, United States

Tumors of Synovial Tissue; Bone-Forming Tumors

John X. O’Connell, MBBCh, FRCPC
Clinical Associate Professor of Laboratory Medicine,  
University of British Columbia, Vancouver; Pathologist, CJ 
Coady Associates, Surrey, British Columbia, Canada

Osteocartilaginous Tumors; Tumors of Synovial Tissue

R. Lor Randall, MD, FACS
Associate Professor of Orthopaedics, University of Utah 
School of Medicine; Medical Director, Orthopaedics  
Department, Huntsman Cancer Hospital; Orthopaedic 
Surgery Department, Primary Children’s Medical Center; 
Director of Sarcoma Services, Huntsman Cancer Institute, 
Salt Lake City, Utah, United States

Approach to the Diagnosis of Bone and Soft Tissue  
Tumors—Clinical, Radiologic, and Classification Aspects

Contributors
vii



viii

Andrew E. Rosenberg, MD
Professor of Pathology, Harvard Medical School; Pathologist, 
Massachusetts General Hospital, Boston, Massachusetts, 
United States

Bone-Forming Tumors 

Brian P. Rubin, MD, PhD
Associate Professor of Anatomic Pathology, Cleveland Clinic 
Taussig Cancer Institute; Director of Soft Tissue Pathology, 
Cleveland Clinic Lerner Research Institute, Cleveland, Ohio, 
United States

Gastrointestinal Stromal Tumor

Raf Sciot, MD, PhD
Professor of Pathology, Department of Morphology and 
Molecular Pathology, Catholic University of Leuven; Chair 
of Pathology Department, University Hospital Gasthuisberg, 
Leuven, Belgium

Skeletal Muscle Tumors

contributors



Foreword

The study and practice of anatomic pathology is both 
exciting and overwhelming. Surgical pathology, with all 
of the subspecialties it encompasses, and cytopathology 
have become increasingly complex and sophisticated, 
and it is not possible for any individual to master the 
skills and knowledge required to perform all of these 
tasks at the highest level. Simply being able to make a 
correct diagnosis is challenging enough, but the standard 
of care has far surpassed merely providing a diagnosis. 
Pathologists are now asked to provide large amounts 
of ancillary information, both diagnostic and prognos-
tic, often on small amounts of tissue, a task that can be 
daunting even to the most experienced pathologist.

 Although large general surgical pathology textbooks 
are useful resources, they by necessity could not possi-
bly cover many of the aspects that pathologists need to 
know and include in their reports. As such, the concept 
behind Foundations in Diagnostic Pathology was born. 
This series is designed to cover the major areas of surgi-
cal and cytopathology, and each edition is focused on 
one major topic. The goal of every book in this series is 
to provide the essential information that any patholo-
gist, whether general or subspecialized, in training or in 
practice, would find useful in the evaluation of virtually 
any type of specimen encountered.

 Dr. Andrew Folpe and Dr. Carrie Inwards, both from 
the Mayo Clinic, have combined their expertise in soft 
tissue and orthopedic pathology, respectively, to edit 
an outstanding book covering the essential aspects of 
this discipline, an area of pathology that I have a par-
ticular love for. It has been my experience that many 
pathologists are intimidated by sarcomas, a field which 
has evolved rapidly over the past 10 years. However, this 
book efficiently communicates the essential knowledge 

that surgical pathologists require to effectively handle 
these sometimes complex specimens. The list of contrib-
utors is truly an impressive one, and includes renowned 
pathologists from the United States and around the 
world. The content in each chapter is extremely practi-
cal, well-organized, and concisely written, focusing on 
the thorough evaluation of both biopsy and resection 
specimens. As with all other editions in the Founda-
tions in Diagnostic Pathology series, this information is 
presented in an accessible manner, including numer-
ous practical tables and high-quality photomicrographs. 
Where appropriate, the authors seamlessly integrate the 
use of ancillary diagnostic techniques, including immu-
nohistochemistry and molecular diagnostics, which, of 
course, are an essential part of the diagnostic armamen-
tarium. 

This edition is organized into three major areas, 
including general aspects (clinical and radiologic 
approach to the diagnosis of bone and soft tissue tumors 
and the use of adjuvant diagnostic techniques) and 11 
chapters each on specific entities in soft tissue and bone 
pathology. All of the chapters incorporate up-to-date 
nomenclature and the newest entities, some of which 
have been described only within the past 5 years. 

 I wish to extend my sincerest gratitude to Drs. Folpe 
and Inwards for pouring their hearts and souls into 
this edition of the Foundation in Diagnostic Pathology 
series. I would also like to extend my heartfelt apprecia-
tion to the many authors who took time from their busy 
schedules to contribute their knowledge and expertise. I 
sincerely hope you enjoy this volume of Foundations in 
Diagnostic Pathology.

John R. Goldblum, md
ix



Preface

Several textbooks on bone and soft tissue pathologies 
are available. What makes this book different? First, this 
book has Disease Fact and Pathologic Feature boxes for 
each major disease entity of bone and soft tissues so that 
the essential clinical, radiographic, and pathologic fea-
tures of each entity can be easily appreciated and under-
stood and thus serve as a quick reference during routine 
sign-out. Second, emphasis has been placed throughout 
on practical diagnostic issues while maintaining suf-
ficient clinical information to allow the pathologist to 
participate fully in the multidisciplinary care of patients 
with tumors of the musculoskeletal system.

This book is primarily intended to be a day-to-day 
supplement to larger and more comprehensive bone and 
soft tissue pathology textbooks. It provides up-to-date  

information on the surgical pathology of bone and soft 
tissue and emphasizes practical diagnostic aspects. 
These are addressed with more than 600 high-quality, 
full-color illustrations, as well as numerous boxes and 
tables to enhance and facilitate the presentation of infor-
mation. Additionally, this book employs a novel format 
that allows easy use and learning.

We are very fortunate to have many world-renowned 
bone and soft tissue pathologists contribute to this book. 
We are greatly appreciative of their time, efforts, and 
expertise.

AndRew l. Folpe, md
CARRie Y. inwARds, md
xi
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Approach to the Diagnosis of Bone  
and Soft Tissue Tumors �� ��inica����� ��inica�����inica��� 
Radio�ogic�� and ��assification Aspects
R. Lor Randall
OVERVIEW

Tumors of the musculoskeletal system are an 
extremely heterogeneous group of neoplasms consist-
ing of well greater than 200 benign types of neoplasms 
and approximately 90 malignant conditions. The rela-
tive incidence of benign to malignant disease is 200:1. 
They are categorized according to their differentiated 
or adult histology with current classification schemes 
being essentially descriptive. Each histologic type of 
tumor expresses individual, distinct behaviors with 
great variation between tumor types. Benign disease, 
by definition, behaves in a nonaggressive fashion 
with little tendency to recur locally or to metastasize. 
Malignant tumors or sarcomas, such as osteosarcoma 
and synovial sarcoma, are capable of invasive, locally 
destructive growth with a tendency to recur and to 
metastasize.

Neoplastic processes arise in tissues of mesenchymal 
origin far less frequently compared with those of ecto-
dermal and endodermal origin. Soft tissue and bone sar-
comas have an annual incidence in the United States of 
more than 6000 and 3000 new cases, respectively. When 
compared with the overall average cancer mortality of 
550,000 cases per year, sarcomas are a small fraction 
of the problem. However, although a relatively uncom-
mon form of cancer, these mesenchymal tumors behave 
in an aggressive fashion with reported current mortal-
ity rates in some series greater than 50%. According to 
the National Cancer Institute’s Surveillance, Epidemiol-
ogy, and End Results (SEER) Program, approximately 
5700 new soft tissue sarcomas developed in the United 
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States in 1990, with 3100 sarcoma-related deaths. More 
recent epidemiologic studies support this. The associ-
ated morbidity rate is much greater. These tumors inflict 
a tremendous emotional and financial toll on individu-
als and society alike. Furthermore, sarcomas are more 
common in older patients, with 15% affecting patients 
younger than 15 years and 40% affecting persons older 
than 55 years. Accordingly, as the population ages, as 
it is doing at a rapid rate, the incidence of these tumors 
will increase.

EVALUATION OF TUMORS

History and PHysical Examination

When evaluating a new patient with a possible tumor, 
the workup must commence with a careful and thor-
ough history and physical. Before ordering any diag-
nostic studies, particular questions must be answered, 
as well as an assessment of the physical characteristics 
of the mass in question. This will prevent the ordering 
of unnecessary tests and better enable the physician to 
determine which tests will be most helpful in diagnosing 
the condition and facilitating therapeutic interventions 
if needed.

The clinical history is of paramount importance (Box 
1-1). The age of the patient will permit the generation of 
a list of potential diagnoses that, when combined with 
the history and a few additional studies, should permit 
establishing a diagnosis. The duration of symptoms, rate 
of growth, presence of pain, and a history of trauma can 
help to elucidate the diagnosis. A careful medical his-
tory, family history, and review of systems must not be 
overlooked either.

A thorough physical examination is also critical 
(Box 1-2). The clinician must assess the location and 
size of the mass, the quality of the overlying skin,  
the presence of warmth, any associated swelling, the 
presence of tenderness, and the firmness of the lesion. 
Range of motion of all joints in proximity to the tumor, 
above and below, must be recorded, as well as a complete  



�

neurovascular examination. An assessment of the 
related lymph node chains and an examination for an 
enlarged liver or spleen should be performed.

The clinician must consider pseudotumors in addi-
tion to true neoplastic conditions. A history of trauma 
suggests a possible stress fracture or myositis ossificans 
as a diagnosis. The history of stress-related physical 
activity and the exact timing of symptom presentation 
and variations of symptoms with the passage of time are 
important considerations in establishing a differential 
diagnosis.

imaging studiEs

convEntional radiograPHy

Initial evaluation should begin with plain radiogra-
phy irrespective of whether a bone or soft tissue lesion 
is suspected. In every patient with a palpable mass, 
orthogonal anteroposterior and lateral views of the 
affected area should be taken. Low-kilovolt radiographs 

Box 1-1: QUESTIONS THAT MUST BE ASKED IN THE WORKUP  
OF A POSSIBLE TUMOR

 1.  The patient’s age: Certain tumors are relatively specific to particu-
lar age groups.

 2.  Duration of complaint: Benign lesions generally have been pres-
ent for an extended period (years). Malignant tumors usually have 
been noticed for only weeks to months.

 �.  Rate of growth: A rapidly growing mass, as in weeks to months, is 
more likely to be malignant. Growth may be difficult to assess by 
the patient if it is deep seated, as can be the case with bone. Deep 
lesions may be much larger than the patient thought (“tip-of-the-
iceberg” phenomenon).

 �.  Pain associated with the mass: Benign processes are usually asymp-
tomatic. Osteochondromas may cause secondary symptoms because 
of encroachment on surrounding structures. Malignant lesions may 
cause pain.

 5.  History of trauma: With a history of penetrating trauma, one must 
rule out osteomyelitis. With a history of blunt trauma, healing frac-
ture must be entertained.

 6.  Personal or family history of cancer: Adults with a history of pros-
tate, renal, lung, breast, or thyroid tumors are at risk for devel-
opment of metastatic bone disease. Children with neuroblastoma 
are prone to bony metastases. Patients with retinoblastoma are 
at an increased risk for osteosarcoma. Secondary osteosarcomas 
and other malignancies can result from treatment of other child-
hood cancers. Family history of conditions such as Li–Fraumeni 
syndrome must raise suspicion of any bone lesion. Furthermore, 
certain benign bone tumors can run in families (e.g., multiple 
hereditary exostoses).

 7.  Systemic signs or symptoms: Generally, no significant findings 
should exist on the review of systems with benign tumors. Fevers, 
chills, night sweats, malaise, change in appetite, weight loss, and 
so forth should alert the physician that an infectious or neoplastic 
process may be involved.
BONE AND SOFT TISSUE PATHOLOGY

may facilitate viewing soft tissue planes. In many cases 
for bone lesions, radiographic examination will be diag-
nostic, and no further imaging studies will be indicated. 
However, in the case of a more aggressive process, the 
diagnosis may be able to be determined on the plain 
radiographs, but further evaluation with advanced stud-
ies is usually indicated to determine the extent of local 
soft tissue involvement and to assess the extent of dis-
seminated disease (staging).

The initial radiographic images must be scrutinized 
because a great deal of information can be gleaned from 
this simple imaging modality (Figure 1-1). In addition 
to evaluating lesions arising from the bone, one must 
inspect whether a mass arising from the soft tissue is 
involving and possibly eroding the bone cortex. For 
bone lesions, the location within the bone (e.g., epiph-
yseal, metaphyseal, or diaphyseal) must be considered 
and will facilitate the diagnosis (Figure 1-2, Table  
1-1). Epiphyseal tumors are usually benign. The more 
malignant primary sarcomas, such as osteosarcoma, 
are typically seen in a metaphyseal location (Figure 
1-3). Round cell tumors, such as Ewing sarcoma, mul-
tiple myeloma, and lymphomas, are usually medullary 
diaphyseal lesions but can be seen in the metaphysis as 
well. A tumor arising from the surface of a long bone 
may be a benign lesion, such as an osteochondroma, 
or may be a low-grade sarcoma, such as a parosteal 
osteosarcoma.

Terms such as geographic, well circumscribed, perme-
ative, and moth-eaten are used to describe the appear-
ance of radiographic abnormalities associated with 
bone tumors (Table 1-2). “Geographic” or “well circum-
scribed” implies that the lesion has a distinct boundary 

Box 1-2: ASPECTS OF PHYSICAL EXAMINATION THAT SHOULD BE 
DOCUMENTED WHEN EVALUATING A PATIENT WITH A MASS

 1.  Skin color
 2.  Warmth
 �.  Location
 �.  Swelling: swelling, in addition to the primary mass effect, may 

reflect a more aggressive process
 5.  Neurovascular examination: changes may reflect a more aggressive 

process
 6.  Joint range of motion of all joints in proximity to the region in 

question, above and below
 7.  Size: a mass greater than 5 cm should raise the suspicion of 

 malignancy
 8.  Tenderness: tenderness may reflect a more rapidly growing process
 9.  Firmness: malignant tumors tend to be more firm on examination 

than benign processes; this applies more to soft tissue tumors 
than to osseous ones

 10.  Lymph nodes: certain sarcomas (e.g., rhabdomyosarcoma, synovial 
sarcoma, epithelioid, and clear cell sarcomas all have increased 
rates of lymph node involvement)

Note these findings assume the absence of trauma.
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FIGURE 1-1
A, Anteroposterior (AP) radiograph of the tibia and fibula demonstrates the permeative, “ground-glass” appearance of fibrous dysplasia in the 
distal half of the tibia. B, Another AP radiograph of the tibia and fibula demonstrates the more aggressive permeative pattern of adamantinoma 
involving the proximal fibula. C, AP radiograph of the hip demonstrates the central calcifications of a cartilage-based tumor in the intertrochan-
teric region. The differential would include enchondroma versus low-grade chondrosarcoma. D, Lateral radiograph of the distal femur reveals a 
large expansile mass. The aneurysmal features suggest a diagnosis of aneurysmal bone cyst; however, the irregular cortical involvement must 
raise a suspicion for telangiectatic osteosarcoma.
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FIGURE 1-2
A, Anteroposterior (AP) radiograph of the proximal tibia and fibula reveals an epiphyseal equivalent lesion of the proximal tibia highly sug-
gestive of giant cell tumor of bone. B, AP radiograph of the hip demonstrates a radiolucent lesion of the epiphyseal equivalent. Although the 
physis is closed, this proved to be a chondroblastoma.
and is sharply marginated, suggesting a benign tumor 
(Figure 1-4). A poorly defined, infiltrative process is 
described as “permeative” or “moth-eaten” and is some-
times characterized by a periosteal reaction (Figure 1-5). 
These features reflect a more aggressive process suggest-
ing a possible malignancy. An exception to this rule is 
multiple myeloma, which frequently demonstrates a 
punched-out, well-demarcated appearance but in mul-
tiple locations.

With a careful history, physical examination, and 
appropriate radiographs, the physician can reach a 
working diagnosis of the lesion. Although benign and 
malignant tumors can mimic each other, some tumors 
can be ruled out on the basis of the history, the age 
of the patient, the location of the tumor (if a bone 
tumor, in which bone and where in the bone), and the 
radiographic appearance of the tumor. For example, a  
20-year-old man with a 3-month history of pain in the 
knee is found to have an epiphyseal lesion in the dis-
tal femur. The lesion has a benign, geographic appear-
ance. If the tumor is benign, the criteria of the patient’s 
age eliminate only solitary bone cyst and osteofibrous 
dysplasia, but all other benign tumors remain possi-
bilities. If the tumor is malignant, it is likely to be an 
osteosarcoma (various types), Ewing sarcoma, fibrosar-
coma, vascular sarcoma, or possibly, chondrosarcoma, 
 according to the age criterion. The most common site 
for bone tumors is about the knee, especially the distal 
femur. The likely benign tumors are giant cell tumor, 
nonossifying fibroma, chondroma, osteochondroma, 
and chondroblastoma. Most malignant tumors are 
 metaphyseal. Based on location in the bone (see Table 
1-1), the most likely benign tumors are chondroblas-
toma and giant cell tumor. The geographic appear-
ance implies a benign radiographic appearance. Thus, 
the working diagnosis would be chondroblastoma or, 
possibly, giant cell tumor if the lesion were benign, 
whereas it would be osteosarcoma or chondrosarcoma 
if the lesion were malignant, which is less likely. In this 
age group, metastatic disease is unlikely, but low-grade 
infection may mimic a tumor, particularly if the patient 
is immunocompromised, which can be determined 
from the patient’s history.

ultrasound

Ultrasound has a limited practical role in evaluating 
soft tissue masses. Its use in workup for bone lesions 
is essentially nonexistent. If the clinician has a high 
index of suspicion that the mass may be a ganglion, 
hematoma, or other fluid collection, ultrasound may be 
used to confirm this. Otherwise, magnetic resonance 
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imaging (MRI) is preferable for soft tissue masses, and 
computerized tomography (CT) and/or MRI for bone 
lesions.

isotoPE scanning

Technetium, thallium, gallium, and fluorodeoxyglu-
cose positron emission tomography (FDG-PET) are the 
four major radioisotope scans that may be utilized in the 
workup of a bone or soft tissue mass. Although thallium 
and gallium have limited roles, technetium (Tc)-99 radio-
isotope scans are utilized to assess the degree of osteo-
blastic activity of a given lesion of bone. In general, Tc-99 
scans are quite sensitive, with a few exceptions, for active 
lesions of bone. Accordingly, Tc-99 scans are excellent 
screening tools for remote lesions (Figure 1-6). The best 

TABLE 1-1
Location of a Tumor within a Bone May Facilitate 

Diagnosis

Diaphyseal

Ewing sarcoma
(Osteo)fibrous dysplasia
Adamantinoma
Langerhans cell histiocytosis
Lymphoma

Metaphyseal

Eccentric

Osteosarcoma
Nonossifying fibroma (fibrous cortical defect)
Osteochondroma
Aneurysmal bone cyst

Osteomyelitis
Central
Enchondroma
Chondrosarcoma
Solitary bone cyst
Osteomyelitis

Epiphyseal

Giant cell tumor
Chondroblastoma
Osteomyelitis
Degenerative cyst
Dysplasia epiphysealis hemimelica
Pigmented villonodular synovitis
7

indication for a bone scan is suspected multiple bony 
lesions such as those commonly seen in metastatic carci-
nomas and lymphomas of bone. Isotope bone scanning is 
far simpler to perform, is less expensive, and requires less 
total body irradiation than skeletal surveys. It is common 

TABLE 1-2
Radiographic Features Associated with Benign and 

Malignant Tumors of Bone

Benign

Well circumscribed
Geographic
Sclerosis

Malignant

Ill-defined
Loss of cortical integrity
“Moth-eaten”
Periostitis
Soft tissue mass

FIGURE 1-3
Anteroposterior radiograph of the distal femur reveals a destructive, 
bone-forming tumor of the metaphysis diagnostic of osteosarcoma.
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FIGURE 1-4
A, Anteroposterior and (B) lateral radiograph of the distal tibia and fibula reveals a well-circumscribed, metaphyseal, eccentric, cortically based, 
radiolucent lesion that is diagnostic of a nonossifying fibroma of bone.
FIGURE 1-5
Anteroposterior radiograph of the proximal humerus demonstrates an 
infiltrative or permeative process with significant periosteal reaction. On 
biopsy, this tumor was an osteosarcoma.

FIGURE 1-6
Technetium bone scan demonstrating widespread metastatic carcinoma 
to bone.
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practice to use serial isotope scans to manage patients 
with suspected metastatic disease and at the same time 
evaluate the effectiveness of their systemic therapy  
programs.

Isotope scanning is also used in the staging process of 
a primary sarcoma such as an osteosarcoma to make sure 
that the patient does not have an asymptomatic remote 
skeletal lesion. Tc-99 scans are also useful in distinguish-
ing blastic lesions of bone. Given that the study reflects 
metabolic activity, an enostosis (bone island) would not 
demonstrate significant increased activity as compared 
with a blastic prostate metastasis. Inflammatory disease 
and trauma will also show increased activity. It is impor-
tant to note, however, that multiple myelomas and meta-
static squamous cell carcinoma may not demonstrate 
technetium uptake (i.e., false-negative results). Skeletal 
surveys are preferable to screen for additional sites of 
involvement in such cases.

FDG-PET has proved to be an effective modality in 
diagnosing and staging many types of cancers, yet its use 
in soft tissue and bone tumors is less well established. 
FDG-PET may aid in determining benignity from malig-
nancy, facilitate biopsies to determine the most repre-
sentative tissue within heterogenous masses, and detect 
local and distant recurrences in sarcomas. Response to 
therapy, prognostication, or both are also potential appli-
cations for FDG-PET imaging.

comPutEd tomograPHy

CT remains a standard imaging procedure for use in 
well-selected clinical situations. Perhaps the best indica-
tion for CT is for smaller lesions that involve cortical 
structures of bone or spine (Figure 1-7). In such cases, 
CT is superior to MRI, because the resolution of corti-
cal bone using MRI is inferior. CT scan of the lung is 
the modality of choice for evaluating the patient with 
a sarcoma for possible lung metastases. Abdominal CT 
scan is invaluable in surveying for a primary tumor in 
patients who have bone metastases. For tumors involv-
ing the pelvis and sacrum, CT can help to elucidate the 
extent of bone involvement, although MRI is helpful in 
this area as well (Figure 1-8).

magnEtic rEsonancE imaging

MRI has its greatest application in the evaluation 
of noncalcific soft tissue lesions. The two most com-
monly used MRI variations are the T1- and T2-weighted 
spin-echo imaging techniques (Figure 1-9). Unlike CT 
scanning, MRI allows for excellent imaging in the lon-
gitudinal planes, as well as the axial plane. MRI can 
also demonstrate the normal anatomy of soft structures, 
including nerves and vessels, and this nearly eliminates 
the need for arteriography and myelograms. The use of 

A

B

FIGURE 1-7
A, Anteroposterior radiograph of the femoral diaphysis demonstrates nonspecific cortical thinning. B, Computed tomographic scan through 
the area reveals a nidus establishing the diagnosis of osteoid osteoma.
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FIGURE 1-8
A, Anteroposterior and (B) lateral radiographs of the sacrum show an 
ill-defined lesion. C, Computed tomographic scan demonstrates the 
extent of the lesion.
the contrast agent gadolinium enables assessment of the 
vascularity of the neoplasm and aids in the determining 
of necrosis. MRI has helped to advance extremity-spar-
ing surgery by allowing the surgeon to better anticipate 
his or her intraoperative surgical findings, thereby facili-
tating surgical resection.

laboratory studiEs

bioPsy

The biopsy should usually be the final staging pro-
cedure. Although the biopsy can distort the imaging 

studies, such as MRI, pathologic evaluation and inter-
pretation may require information provided by the 
prior workup. Complications relating to the biopsy are 
not infrequent. Accordingly, careful preoperative plan-
ning is imperative. The imaging studies will aid the 
surgeon in selecting the best site for a tissue diagnosis. 
In most cases, the best diagnostic tissue will be found 
at the periphery of the tumor, where it interfaces with 
normal tissue. For example, in the case of a malignant 
bone tumor, soft tissue invasion usually exists outside 
the bone, and this area can be sampled without violat-
ing cortical bone, and thus without causing a fracture 
at the biopsy site. If a medullary specimen is needed, a 
small round or oval hole should be cut to decrease the 
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FIGURE 1-8, cont’d
D-F, Magnetic resonance imaging reveals the extent of soft tissue 
involvement.
chance of fracture. If the medullary specimen is malig-
nant, the cortical hole should be plugged with bone wax 
or bone cement to reduce soft tissue contamination after 
the procedure.

Obtaining adequate specimen is critical. Frozen sec-
tion allows determination of whether appropriate tissue 
has been obtained. A few experienced tumor centers may 
make a definitive diagnosis based on a frozen section, 
allowing the surgeon to proceed with definitive opera-
tive treatment of the tumor. However, freezing artifact 
can cause overinterpretation of the material; therefore, 
an aggressive resection should always be deferred until 
the permanent analysis is complete. Additional studies 
beyond conventional light microscopy, such as immuno-
cytochemistries and cytogenetics, may also be necessary 
to establish the diagnosis. Furthermore, experimental 
protocols are in place at some institutions using com-
plementary DNA microarrays, comparative genomic 
hybridization, fluorescent in situ hybridization, and pro-
teomics necessitating supplemental tissue. Vigilant com-
munication among pathologists, surgeons, and research 
investigators is critical.

The placement of the biopsy site is a major consid-
eration whether the chosen technique is percutaneous 
or open. If the surgeon or other interventionalist is 
inexperienced and not familiar with surgical oncologic 
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 FIGURE 1-9
A, T1-weighted coronal, (B) T2-weighted coronal, and (C) T2-weighted transverse magnetic resonance images of a malignant peripheral nerve 
sheath tumor. D, Intraoperative photograph. E, Resected specimen.
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 principles, a serious contamination of a vital structure 
such as the popliteal artery or sciatic nerve may occur. 
Such an error may necessitate an amputation instead 
of a limb-sparing procedure. To avoid this problem in 
the case of a suspected malignant condition, the surgeon 
who performs the biopsy should be the same surgeon 
who will perform the definitive operative procedure.

Transverse incisions should be avoided, because 
removing the entire biopsy site with the widely resected 
subadjacent tumor mass is difficult. Adequate hemosta-
sis is mandatory to avoid formation of a contaminat-
ing hematoma. A drain may be helpful but frequently 
unnecessary. If a drain is used, it must be placed in line 
with the incision.

Needle biopsies, either core or fine needle, can be 
used by experienced tumor centers, especially for 
lesions that are easily diagnosed, such as metastatic 
carcinomas or round cell tumors. Because the subtype 
of sarcoma is proving to be important, architecture of 
the tumor is generally needed. This requires a core 
biopsy rather than a fine needle aspirate. Core biopsies 
also allow the surgeon or interventionalist to sample 
various areas of the tumor to avoid sampling error in 
a heterogeneous tumor. In the case of a deep pelvic 
lesion or a spinal lesion, a CT-guided needle biopsy is 
ideal because it avoids excessive multicompartmental 
 contamination.

In general, excisional biopsies are discouraged unless 
the lesion is particularly small (<2-3 cm) or in an area 
where a cuff of healthy, uninvolved tissue of at least 1 cm 
can be removed as well. This would hopefully avoid a 
second procedure to remove the entire biopsy site if the 
lesion is found to be malignant.

culturEs

Infections can mimic neoplasms and visa versa. Ewing 
sarcoma is all too frequently misdiagnosed as osteomyeli-
tis. It is always a good habit to obtain adequate specimen 
for bacterial culture (anaerobic and aerobic), as well as 
fungal and acid-fast bacillus cultures, if clinical suspi-
cion warrants. Different laboratories process these cul-
tures in various ways; therefore, the surgeon or person 
obtaining the biopsy must check with the microbiology 
laboratory, before biopsy, to assure adequate handling.

GRAdING OF SOFT TISSUE ANd BONE 
SARcOMAS

A number of different grading systems have been pro-
posed over the years for soft tissue and bone sarcomas, 
utilizing 2 tiered, 3 tiered, and 4 tiered stratification 
schemes. For soft tissue sarcomas, the most widely used 
and clinically validated grading systems are those of the 

National Cancer Institute (NCI system) and French Fed-
eration of Cancer Centers (FNCLCC system), both of 
which are 3 tiered systems (Grade 1, Grade 2, Grade 3).  
At the present time, the FNCLCC grading system is con-
sidered by most soft tissue pathologists to offer the best 
combination of ease of use, interobserver agreement, 
and predictive power, and is thus the recommended 
grading system of the World Health Organization and 
the College of American Pathologists. For these rea-
sons, we too recommend use of the FNCLCC grading 
system for soft tissue sarcomas. There is no universally 
accepted grading system for bone tumors. We have 
therefore chosen to use the consensus system detailed 
in the 2009 College of American Pathologists Protocol 
for the Examination of Specimens from Patients with  
Tum ors of Bone.

grading of soft tissuE tumors

The FNCLCC grade is based on 3 parameters: differ-
entiation, mitotic activity, and necrosis. Each of these 
parameters receives a score: differentiation (1 to 3), 
mitotic activity (1 to 3), and necrosis (0 to 2). The scores 
are summed to produce a grade.

Grade 1: 2 or 3
Grade 2: 4 or 5
Grade 3: 6 to 8

diffErEntiation

Tumor differentiation is scored as follows (see Table 1-3).

Score 1: Sarcomas closely resembling normal, adult mes-
enchymal tissue

Score 2: Sarcomas of certain histologic type
Score 3: Synovial sarcomas, embryonal sarcomas, undif-

ferentiated sarcomas, and sarcomas of doubtful tumor 
type

Tumor differentiation is the most problematic 
aspect of the FNCLCC system. Its use is subjective and 
does not include every subtype of sarcoma. Neverthe-
less, it is an integral part of the system, and an attempt 
should be made to assign a differentiation score  
(Table 1-3).

mitosis count

The count is made in the most mitotically active area 
in 10 successive high-power fields (HPFs) (use the X40 
objective).

Score 1: 0 to 9 mitoses per 10 HPFs
Score 2: 10 to19 mitoses per 10 HPFs
Score 3: 20 or more mitoses per 10 HPFs.
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tumor nEcrosis

Determined on histologic sections.

Score 0: No tumor necrosis
Score 1: Less than or equal to 50% tumor necrosis
Score 2: More than 50% tumor necrosis

modification of tHE fnclcc systEm for staging

The proposed 7th Edition of American Joint Committee 
on Cancer (AJCC) staging system for soft tissue tumors 
recommends the FNCLCC 3-grade system but effectively 

collapses into high grade and low grade. This means that 
FNCLCC grade 2 tumors are considered “high grade” for 
the purposes of stage grouping.

grading of bonE tumors

Bone tumor grading has traditionally been based on a 
combination of histologic diagnosis and the Broders 
grading system, which assesses cellularity and degree of 
anaplasia. The 7th edition of the AJCC Cancer Staging 
Manual recommends a 4 grade system, with grades 1 and 
2 considered “low-grade” and grade 3 and 4 “high-grade”. 
The 2009 CAP Bone Tumor Protocol recommends a 
pragmatic approach, based principally on histologic clas-
sification. Under this system, central low-grade osteosar-
coma and parosteal osteosarcoma are considered Grade 1  
sarcomas, with periosteal osteosarcoma considered 
Grade 2, and all other osteosarcomas considered Grade 3.  
Other Grade 3 bone sarcomas include malignant giant 
cell tumor, Ewing sarcoma/PNET, angiosarcoma, and 
dedifferentiated chondrosarcoma.

Chondrosarcomas are graded based on cellularity, 
cytologic atypia, and mitotic activity. Grade 1 chondro-
sarcoma is similar histologically to enchondroma, but 
shows radiographic or histologic evidence of aggressive 
growth (i.e., permeation). Grade 2 chondrosarcomas 
show greater cellularity, cytologic atypia, hyperchro-
masia and nuclear enlargement; or display prominent 
 myxoid change. Grade 3 chondrosarcomas display nota-
ble hypercellularity and nuclear pleomorphism and have 
easily identifiable mitotic figures.

Chordomas are not graded, but are considered low-
grade sarcomas. Dedifferentiated chordomas are cat-
egorically high-grade sarcomas. Adamantinomas are 
considered low-grade sarcomas. Sarcomas of types that 
occur in both bone and soft tissue (e.g., mesenchymal 
chondrosarcoma, leiomyosarcoma, undifferentiated pleo-
morphic sarcoma (so-called “malignant fibrous histiocy-
toma”) are graded according to the FNCLCC system, as 
described above.

bonE tumor gradEs (summary)

Grade 1 (Low Grade)
Low-grade central osteosarcoma
Parosteal osteosarcoma
Adamantinoma

Grade 2
Periosteal osteosarcoma

Grade 3 (High Grade)
Malignant giant cell tumor
Ewing sarcoma / PNET
Dedifferentiated chondrosarcoma

TABLE 1-3
Tumor Differentiation Score According to Histologic Type 
in the Updated Version of the French Federation of Cancer 

Centers Sarcoma Group System

Tumor Differentiation

Histologic type score

Well differentiated liposarcoma 1
Myxoid liposarcoma 2
Round cell liposarcoma �
Pleomorphic liposarcoma �
Dedifferentiated liposarcoma �
Fibrosarcoma 2
Myxofibrosarcoma (myxoid malignant fibrous 

histiocytoma [MFH])
2

Typical storiform MFH (sarcoma, NOS) �
MFH, pleomorphic type (patternless pleomorphic 

sarcoma)
�

Giant cell and inflammatory MFH (pleomorphic 
sarcoma, NOS with giant cells or inflammatory 
cells)

�

Well differentiated leiomyosarcoma 1
Conventional leiomyosarcoma 2
Poorly differentiated / pleomorphic / epithelioid 

leiomyosarcoma
�

Biphasic / monophasic synovial sarcoma �
Poorly differentiated synovial sarcoma �
Pleomorphic rhabdomyosarcoma �
Mesenchymal chondrosarcoma �
Extraskeletal osteosarcoma �
Ewing sarcoma / PNET �
Malignant rhabdoid tumor �
Undifferentiated sarcoma �

From the CAP Soft Tissue Tumor Protocol with permission (in 
press).
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Conventional osteosarcoma
Telangiectactic osteosarcoma
Small cell osteosarcoma
Secondary osteosarcoma
High-grade surface osteosarcoma

Variable Grade
Conventional chondrosarcoma of bone (grades  

1 to 3)
Soft-tissue type sarcomas (e.g., leiomyosarcoma)

Ungraded
Chordoma, conventional
Chordoma, dedifferentiated (high grade)

STAGING SYSTEMS

Staging refers to an assessment of the grade of the tumor 
and the extent to which the disease has spread. Several 
staging systems are used, but all have the purpose of 
helping the physician plan a logical treatment program 
and establish a prognosis for the patient. The two major 
systems are discussed here.

amErican Joint committEE of cancEr

The American Joint Committee of Cancer (AJCC) 
system of staging is used by most surgical oncolo-
gists when dealing with soft tissue and bone sarcomas 
(Table 1-4). It has a four-point scale for classifying 
tumors as grade 1, 2, 3, or 4 on the basis of their his-
tologic appearance. A grade 1 or 2 tumor in the AJCC 
system is equivalent to a stage I tumor in the Ennek-
ing system; grade 3 or 4 is equivalent to Enneking 
stage II.

systEm of tHE amErican musculoskElEtal tumor 
sociEty (EnnEking systEm)

The Enneking system addresses the unique problems 
related to sarcomas of the extremities and applies 
to tumors of the bone, as well as those of soft tissue. 
Although utilized by orthopedic oncologists, this system 
is slowly giving way to the uniformity of the AJCC 
 system. The Enneking system has a three-point scale 
for classifying tumors as stage I, II, or III on the basis 
of their histologic and biologic appearance and their 
 likelihood of metastasizing to regional lymph nodes or 
distant sites such as the lung. Stage I refers to low-grade 
sarcomas with less than 25% chance of metastasis. 
Stage II refers to high-grade sarcomas with more than 
25% chance of metastasis. Stage III is for either low- or 

high-grade tumors that have metastasized to a distant 
site such as a lymph node, lung, or other distant organ 
 system.

The Enneking system further classifies tumors on the 
basis of whether they are intracompartmental (type A)  
or extracompartmental (type B) in nature. Type A 
tumors are constrained by anatomic boundaries such 
as muscle fascial planes and stand a better chance for 
local control of tumor growth with surgical removal 
than do type B tumors. A lesion contained in a single 
muscle belly or a bone lesion that has not broken out 
into the surrounding soft tissue would be classified as 
a type A tumor. A lesion in the popliteal space, axilla, 
pelvis, or midportion of the hand or foot would be clas-
sified as a type B tumor. Although compartmentaliza-
tion of a tumor is an important concept, studies have 
shown that the size of the tumor rather than whether 
it is contained within a compartment is more prognos-
tic. Larger tumors, greater than 5 cm, have a worse 
prognosis.

TABLE 1-4
American Joint Committee on Cancer Staging System for 

Soft Tissue and Bone Sarcomas

Soft Tissue Sarcoma Staging

I: T1a,1b,2a,2b N0 M0 G1-2/� G1/�
II: T1a,1b,2a,2b N0 M0 G�-�/� G2-�/�
III: T2b N0 M0 G�-�/� G2-�/�
IV: Any T N1 M0, any G
Any T N0 M1, any G
T ≤ 5 cm: T1a = superficial; T1b = deep
T > 5 cm: T2a = superficial; T2b = deep

Bone Sarcoma Staging

IA: G1-2 T1 N0 M0
IB: G1-2 T2 N0 M0
IIA: G�-� T1 N0 M0
IIB: G�-� T2 N0 M0
III: any G T� N0 M0
IVA: any G, T N0 M1a
IVB: any G, T N1 any M
Any G, T, N M1b
T1: ≤8 cm
T2: >8 cm
T�: discontiguous (skip)
M1: distant metastases
M1a: lung
M1b: other
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A low-grade fibrosarcoma located inside the fascial 
plane of the biceps muscle and having no evidence of 
metastasis would be classified as a stage IA tumor. A 
typical malignant osteosarcoma of the distal femur with 
breakthrough into the surrounding muscle as deter-
mined by MRI would be classified as a stage IIB lesion. 
If CT scanning showed metastatic involvement of the 
lung, the osteosarcoma would then be classified as a 
stage IIIB lesion.
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IMMUNOHISTOCHEMISTRY

OVERVIEW

This section covers selected applications of immunohisto-
chemistry (IHC) in the diagnosis of soft tissue and bone 
neoplasms. This section emphasizes applications of IHC 
to common differential diagnoses in soft tissue and bone 
pathology, including: (1) small, blue, round cell tumors; (2) 
monomorphic spindle cell tumors; (3) epithelioid tumors; 
and (4) pleomorphic spindle cell tumors. It is not possible 
in this brief section to provide a detailed discussion of each 
antigen, and the reader is referred to larger, more com-
prehensive textbooks of soft tissue and bone pathology. 
Table 2-1 summarizes the most widely used IHC markers 
for sarcoma diagnosis. Table 2-2 provides an overview of 
markers expressed by specific common tumor types.

It cannot be overemphasized that IHC is an adjunc-
tive diagnostic technique to traditional morphologic 
methods in soft tissue and bone pathology, as in any 
other area of surgical pathology. It is critical to recog-
nize that the diagnosis of many soft tissue tumors does 
not require IHC (e.g., adipocytic tumors), and that no 
markers or combinations of markers will distinguish 
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benign from malignant tumors (e.g., the distinction of 
nodular fasciitis from leiomyosarcoma). Furthermore, 
specific markers do not exist for certain mesenchymal 
cell types and their tumors. Lastly, it is important to 
acknowledge that a subset of soft tissue tumors defy 
classification, even with exhaustive IHC, electron 
microscopy (EM), and genetic study.

IMMUNOHISTOCHEMISTRY IN THE 
DIFFERENTIAL DIAGNOSIS OF SMALL, BLUE, 
ROUND CELL TUMORS

This differential diagnosis includes both sarcomas and 
nonsarcomas. Nonsarcomatous neoplasms that might 
be legitimately included in this differential diagnosis 
include lymphoma, melanoma, and in an older patient, 
small cell carcinoma. Sarcomas that should be included 
in the differential diagnosis include Ewing sarcoma/
primitive neuroectodermal tumor (ES/PNET), rhab-
domyosarcoma (RMS), poorly differentiated synovial 
sarcoma (PDSS), and desmoplastic round cell tumor. 
Table 2-3 presents a screening panel of antibodies and 
the expected results for these tumors. The results of this 
panel dictate what additional studies are needed to con-
firm a specific diagnosis.
Additional IHC Workup Depending on Suspected Diag-
nosis
 1.  Small-cell carcinoma: Confirm with antibodies to 

chromogranin A or synaptophysin.
 2.  Melanoma: Confirm with antibodies to melanosome-

specific proteins (gp100, Melan-A, tyrosinase, micro-
phthalmia transcription factor). A small number of 
melanomas may be S-100 protein-negative, and occa-
sional melanomas express cytokeratin or desmin. Small-
cell melanomas of the sinonasal tract are frequently 
S-100 protein–negative/HMB45-positive (Figure 2-1).

 3.  Lymphoma: Lymphoblastic lymphoma may be CD45-
negative and CD99/FLI1–positive, which can easily 
result in a misdiagnosis as ES/PNET. Terminal deoxy-
nucleotide transferase may be critical in arriving  
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Table 2-1
Commonly Used Immunohistochemistry Markers in Sarcoma Diagnosis

Antigen Diagnoses

Cytokeratins Carcinomas, epithelioid sarcoma, synovial sarcoma, some 
angiosarcomas and leiomyosarcomas, mesothelioma, extrarenal 
rhabdoid tumor, myoepithelial tumors

Vimentin Sarcomas, melanoma, some carcinomas and lymphomas
Desmin Benign and malignant smooth and skeletal muscle tumors
Glial fibrillary acidic protein Gliomas, some schwannomas, myoepithelial tumors
Neurofilaments Neuroblastic tumors
Pan-muscle actin Benign and malignant smooth and skeletal muscle tumors, 

myofibroblastic tumors and pseudotumors
Smooth muscle actin Benign and malignant smooth muscle tumors, myofibroblastic 

tumors and pseudotumors, myoepithelial tumors
Caldesmon Benign and malignant smooth muscle tumors
Myogenic nuclear regulatory proteins (myogenin, MyoD1) Rhabdomyosarcoma
S-100 protein Melanoma, benign and malignant peripheral nerve sheath tumors, 

cartilaginous tumors, normal adipose tissue, Langerhans cells, 
myoepithelial tumors

Epithelial membrane antigen Carcinomas, epithelioid sarcoma, synovial sarcoma, perineurioma, 
meningioma, anaplastic large-cell lymphoma

CD31 Benign and malignant vascular tumors
Von Willebrand factor (factor VIII–related protein) Benign and malignant vascular tumors
CD34 Benign and malignant vascular tumors, solitary fibrous tumor, 

hemangiopericytoma, epithelioid sarcoma, dermatofibrosarcoma 
protuberans

CD99 (MIC2 gene product) Ewing sarcoma/primitive neuroectodermal tumor, some 
rhabdomyosarcomas, some synovial sarcomas, lymphoblastic 
lymphoma

CD45 (leukocyte common antigen) Non-Hodgkin’s lymphoma
Terminal deoxynucleotide transferase (TdT) Lymphoblastic lymphoma
CD30 (Ki-1) Anaplastic large-cell lymphoma, embryonal carcinoma
CD68 and CD163 Macrophages, fibrohistiocytic tumors, granular cell tumors, various 

sarcomas, melanomas, carcinomas
Melanosome-specific antigens (HMB-45, Melan-A,  

tyrosinase, microphthalmia transcription factor)
Melanoma, PEComa, clear-cell sarcoma, melanotic schwannoma

Claudin-1 Perineurioma
Mdm2 and CDK4 Well-differentiated liposarcoma
Glut-1 Perineurioma, infantile hemangioma
INI1 Expression lost in extrarenal rhabdoid tumor and epithelioid 

sarcoma
TLE1 Synovial sarcoma
TFE3 Alveolar soft part sarcoma
WT1 (carboxy-terminus) Desmoplastic small round cell tumor
Protein kinase C-θ Gastrointestinal stromal tumor
Brachyury Chordoma
Osteocalcin Osteogenic sarcoma
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Table 2-2
Markers Useful in the Diagnosis of Selected Tumor Types

Tumor Type Useful Marker(s)

Angiosarcoma CD31, CD34, FLI1, von Willebrand factor
Leiomyosarcoma Muscle (smooth) actins, desmin, caldesmon
Rhabdomyosarcoma MyoD1, myogenin; muscle (sarcomeric) actins; desmin
Desmoplastic small round cell tumor Cytokeratins, vimentin, desmin, carboxyl-terminal WT1
Chordoma Cytokeratins, S100 protein, brachyury
Ewing sarcoma/Primitive neuroectodermal tumor CD99 (p30/32-MIC2), FLI-1
Synovial sarcoma Cytokeratin, EMA, TLE1
Epithelioid sarcoma Cytokeratin, CD34, INI1 (loss of expression)
Malignant peripheral nerve sheath tumor S-100, CD57, nerve growth factor receptor, EMA, claudin-1, Glut-1
Liposarcoma mdm2, CDK4
Chondrosarcoma S-100 protein
Osteogenic sarcoma Osteocalcin
Kaposi sarcoma CD31, CD34, VEGFR3, LANA
Myoepithelial tumors Cytokeratins, smooth muscle actin, S100 protein, glial fibrillary 

acidic protein
Myofibroblastic lesions (e.g., nodular fasciitis) Smooth muscle actins
Gastrointestinal stromal tumor CD117a (c-kit), CD34, protein kinase θ
Hemangiopericytoma, solitary fibrous tumor CD34
Glomus tumors Smooth muscle actins, type IV collagen
Angiomatoid (malignant) fibrous histiocytoma Desmin, EMA, CD68
Alveolar soft part sarcoma TFE3
Perivascular epithelioid cell neoplasms Smooth muscle actins, melanocytic markers

EMA, epithelial membrane antigen; LANA, latency associated nuclear antigen.

Table 2-3
Screening Panel for Small, blue, Round Cell Tumors

Antibody To SCCA Melanoma Lymphoma PNET RMS PDSS DRCT

Pan-cytokeratin Positive Variable Negative Variable Rare Positive Positive
S-100 protein Negative Positive Negative Variable Rare Variable Negative
CD45 Negative Negative Positive Negative Negative Negative Negative
TdT Negative Negative Positive Negative Negative Negative Negative
Desmin Negative Variable Negative Rare Positive Negative Positive
CD99 Negative Negative Variable Positive Variable Positive Rare

DRCT, desmoplastic round cell tumor; PDSS, poorly differentiated synovial sarcoma; PNET, primitive neuroectodermal tumor; RMS, 
rhabdomyosarcoma; SCCA, small cell carcinoma; TdT, terminal deoxynucleotide transferase.
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FIgURe 2-1 
a, Small-cell malignant melanoma illustrating a number of potential pitfalls in the immunodiagnosis of melanoma. This particular case was 
negative for S-100 protein (b) (note positive internal control: Langerhans cell), only focally positive for HMB45 (C), and showed anomalous 
expression of desmin (D). Anomalous intermediate filament expression is seen in 10% to 15% of melanomas.
at the correct diagnosis. In adults and children, ana-
plastic large-cell lymphomas, including the small-cell 
variant, may also be CD45-negative. CD30 is useful 
here (Figure 2-2).

 4.  ES/PNET: ES/PNETs are unique among small, blue, 
round cell tumors in that they do not usually express 
CD56. This finding may be useful in cases with 
equivocal CD99 expression or anomalous cytokera-
tin/desmin expression. Demonstration of FLI1 pro-
tein expression may also be helpful (Figure 2-3).

 5.  RMS: Confirm with myogenin or MyoD1 (Figure  
2-4).

 6.  PDSS: Cytokeratin expression may be patchy or 
absent in some cases. Epithelial membrane antigen 
(EMA) and high-molecular-weight cytokeratins may 
be positive in such cases. Uniform, strong, nuclear 
expression of TLE1 protein is specific for PDSS.

 7.  Desmoplastic small round cell tumor (DSRCT): 
 Carboxyl-terminal WT1 antibodies can assist in 
 confirmation (Figure 2-5).
MONOMORPHIC SPINDLE CELL 
NEOPLASMS

The differential diagnosis of monomorphic spindle cell 
tumors often includes such entities as fibrosarcoma 
(usually arising in dermatofibrosarcoma protuberans 
[DFSP]), monophasic synovial sarcoma, malignant 
peripheral nerve sheath tumor (MPNST), and solitary 
fibrous tumor. Particularly in the abdomen, this dif-
ferential diagnosis may also include a gastrointestinal 
stromal tumor (GIST), true smooth muscle tumors, and 
cellular schwannoma. Table 2-4 presents a screening 
immunohistochemical panel and the expected result for 
each tumor.
Additional IHC Workup Depending on Suspected  
Diagnosis
 1.  Synovial sarcoma: Cytokeratin and EMA expres-

sion may be focal in synovial sarcomas. Expression 
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C

FIgURe 2-2
a, Lymphoblastic lymphoma showing diffuse membranous expression 
of CD99. b, Such cases may easily be confused with Ewing sarcoma, 
particularly because they are invariably also positive for FLI1 protein. 
C, Demonstration of terminal deoxynucleotide transferase expression is 
invaluable in this differential diagnosis.
of CD34 is exceptionally rare in synovial sarcoma. 
TLE1 expression may be helpful (Figure 2-6).

 2.  MPNST and cellular schwannoma: S-100 protein 
expression is often weak and focal in MPNST 
but is diffuse and strong in cellular schwannoma. 
EMA, claudin-1, and Glut-1 expression may be 
seen in MPNST with perineurial differentiation  
(Figure 2-7).

 3.  Fibrosarcoma (arising in DFSP): CD34 expression 
may be seen only in the DFSP component and lost 
in the fibrosarcoma component. Smooth muscle actin 
(SMA) expression, indicative of myofibroblastic dif-
ferentiation, may be present (Figure 2-8).

 4.  Solitary fibrous tumor: Malignant solitary fibrous 
tumor may show anomalous cytokeratin expression.

 5.  GIST: Expression of protein kinase C-θ may be valu-
able in cases with weak or absent CD117 expres-
sion. GIST may be variably positive for both SMA 
and S-100 protein but are typically desmin-negative  
(Figure 2-9).

POORLY DIFFERENTIATED EPITHELIOID 
TUMORS

The differential diagnosis of poorly differentiated epithe-
lioid tumors includes carcinoma, melanoma, lymphoma 
(including anaplastic large-cell lymphoma), and epithelioid 
soft tissue tumors such as epithelioid sarcoma, myoepithe-
lioma, and angiosarcoma. A screening panel for this dif-
ferential diagnosis is presented in Table 2-5. This initial 
screening panel can make a specific diagnosis of melanoma, 
lymphoma, or anaplastic large-cell lymphoma, but gener-
ally it is not able to discriminate carcinoma from epitheloid 
sarcoma or epithelioid angiosarcoma (EAS). In the axial 
skeleton, this differential diagnosis should also include 
chordoma. These tumors can be reliably distinguished with 
the additional panel of antibodies listed in Table 2-5.
Additional IHC Workup Depending on Suspected  
Diagnosis
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FIgURe 2-3
a, Ewing sarcoma/primitive neuroectodermal tumor showing typical strong membranous expression of CD99 (b) and nuclear expression of FLI1 

protein (C). D, Anomalous cytokeratin expression may be seen in up to 25% of Ewing sarcoma tumors.
 1.  Carcinoma: INI1 expression is retained in carcino-
mas, unlike more than 90% of epithelioid sarcomas. 
Lineage-specific markers (e.g., TTF-1, CDX-2, estro-
gen receptor/progesterone recepter) are also of great 
value, depending on the clinical scenario.

 2.  Melanoma and epithelioid malignant peripheral nerve 
sheath tumor: Both are typically diffusely S-100 
 protein–positive. E-MPNST does not express mela-
nocytic markers such as HMB45 or Melan-A.

 3.  Lymphoma: Anaplastic lymphoma kinase 1 (ALK-1)  
protein is expressed by many anaplastic large cell 
lymphoma (ALCL).

 4.  Chordoma: Brachyury is a sensitive and specific 
marker of chordomas and should be included in the 
workup of epithelioid tumors in the axial skeleton 
(Figure 2-10).

 5.  Myoepithelioma: Coexpression of cytokeratin, S-100 
protein, SMA, and glial fibrillary acidic protein is 
diagnostic of myoepithelioma, although any individ-
ual marker may be negative in a given tumor.

 6.  Epithelioid sarcoma: Coexpression of CD34 is seen in 
50% of epitheloid sarcomas but not in carcinomas. 

INI-1 expression is lost in more than 90% of epithe-
loid sarcomas (Figure 2-11).

 7.  EAS: Expression of FLI1 protein may be helpful in 
the distinction of EAS from carcinoma and epitheloidepitheloid 
sarcoma. Unlike many carcinomas and epitheloid sar-. Unlike many carcinomas and epitheloid sar-epitheloid sar-
coma, EAS does not express high-molecular-weight, EAS does not express high-molecular-weight 
cytokeratins (Figure 2-12).

PLEOMORPHIC SPINDLE CELL TUMORS

It is critical to realize that histologic findings trump IHC for 
many pleomorphic malignant neoplasms in soft tissue and 
bone. For example, the finding of pleomorphic lipoblasts, 
osteoid, or low-grade chondrosarcoma establishes the diag-
noses of pleomorphic liposarcoma, osteosarcoma, or dedif-
ferentiated chondrosarcoma, respectively, regardless of 
the immunophenotype of the pleomorphic tumor cells. In 
addition, it can be argued that the most clinically relevant 
use of IHC in the differential diagnosis of a pleomorphic 
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FIgURe 2-4
a, Primitive embryonal rhabdomyosarcoma positive for desmin (b) and 
myogenin (C). Because anomalous desmin expression may be seen in 
other round cell sarcomas, it is critical to confirm all rhabdomyosarcoma 
diagnoses with myogenin or MyoD1.
spindle cell tumor in soft tissue or bone is to exclude the 
possibility of a nonmesenchymal neoplasm, such as meta-
static carcinoma or melanoma. There is, however, increas-
ing evidence that the prognosis for pleomorphic sarcomas 
showing myogenous differentiation is worse than that of 
other pleomorphic sarcomas; therefore, an attempt should 
be made to identify such tumors with careful histologic 
examination and ancillary IHC for muscle markers. Table 
2-6 presents an IHC panel for the evaluation of pleomor-
phic spindle cell tumors.
Additional IHC Workup Depending on Suspected  
Diagnosis
 1.  Carcinoma: markers of specific primary sites (e.g., 

TTF-1, CDX-2, ER/PR, prostatic-specific antigen)
 2.  Melanoma: melanocytic markers (e.g., HMB45, 

Melan-A)
 3.  ALCL: ALK-1 protein
 4.  Leiomyosarcoma: caldesmon, absence of myogenin/

MyoD1 (Figure 2-13A,B)
 5.  RMS: myogenin/MyoD1
 6.  Undifferentiated pleomorphic sarcoma: limited SMA 

expression, indicative of myofibroblastic differentia-
tion, may occasionally be seen; rare cases show focal 

anomalous cytokeratin expression; occasional cases 
may show focal desmin expression in the absence of 
SMA, caldesmon, or myogenin/MyoD1 expression 
and are probably best not considered as showing evi-
dence of myogenous differentiation; the presence or 
absence of expression of putative histiocytic markers 
such as CD68 or CD163 is not helpful, because these 
are highly nonspecific markers (see Figure 2-13C,D)

MOLECULAR PATHOLOGY

OVERVIEW

The cause of sarcomas is not well understood. Some 
environmental risk factors have been associated with 
certain types of sarcoma including vinyl chloride, which 
is associated with hepatic angiosarcoma, and ionizing 
radiation, which is associated with a variety of sarco-
mas. Although four familial cancer syndromes have been 
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FIgURe 2-5
a, Desmoplastic small round cell tumor showing characteristic coexpression of desmin (b) and cytokeratin (C). Nuclear positivity using a  
carboxyl-terminal antibody to WT1 protein (D) confirms the presence of the diagnostic EWS-WT1 fusion protein seen in this tumor.

Table 2-4
Screening Panel for Monomorphic Spindle Cell Tumors

Antigen SS MPNST FS/DFSP SMT SFT GIST
Cellular 
Schwannoma

Pan-cytokeratin Positive Negative Negative Rare Rare Negative Negative
S-100 protein Variable Positive Negative Rare Negative Variable Positive
CD34 Negative Variable Variable Rare Positive Variable Negative
Smooth muscle actin Negative Negative Variable Positive Negative Variable Negative
CD117 (c-kit) Negative Negative Negative Negative Negative Positive Negative

FS/DFSP, fibrosarcoma (arising in dermatofibrosarcoma protuberans); GIST, gastrointestinal stromal tumor; MPNST, malignant 
peripheral nerve sheath tumor; SFT, solitary fibrous tumor; SMT, true smooth muscle tumor; SS, synovial sarcoma.
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a, Synovial sarcoma showing two small occult glands. Immunostains for low-molecular-weight cytokeratins (b) and epithelial membrane antigen 
(C) show scattered positive cells, as are typically seen in synovial sarcoma. D, The absence of CD34 expression is helpful in distinguishing 
monophasic synovial sarcomas from malignant solitary fibrous tumors and malignant peripheral nerve sheath tumors.
associated with sarcomas, the majority of them appear 
to occur through acquired mutations. Detection of such 
mutations, in its clinicopathologic context, is the main 
purpose of molecular pathology, whose usefulness in the 
diagnosis and treatment of sarcomas is covered in this 
section. Table 2-7 lists selected cytogenetic and molecu-
lar genetic alterations, the detection of which may be of 
value in the diagnosis of soft tissue and bone tumors.

Generally speaking, sarcomas can be divided into two 
groups depending on the complexity of their molecular 
alterations. The first group of sarcomas, more frequently 
found in children and adolescents, shows relatively simple 
karyotypes, generally with balanced translocations. From 
a molecular standpoint, these are characterized either by 
the formation of fusion genes derived from such translo-
cations or by point mutations, which are presumed to be 
important in the pathogenesis of these tumors.

The second group of sarcomas, typically found in older 
adults, is characterized by a complex karyotype and the 
lack of fusion genes. Examples of these tumor types include 
osteogenic sarcoma, leiomyosarcoma, and undifferentiated 

pleomorphic sarcoma (so-called malignant fibrous histio-
cytoma). These tumors are characterized by chromosomal 
and genomic instability, with increasing karyotypic abnor-
mality and histologic pleomorphism over time.

Mutations in tumor suppressor genes, such as p53 or 
RB, may be found in both groups of sarcoma and are 
likely related to tumor progression. These markers have 
prognostic rather than diagnostic significance.

METHODS OF DETECTION OF SPECIFIC 
GENETIC EVENTS IN SOFT TISSUE AND 
BONE TUMORS

ReveRse TRanscRipTase–polymeRase chain ReacTion

Reverse transcriptase–polymerase chain reaction (RT-
PCR) is believed by some authors to represent the 
method of choice to detect chromosomal translocations 
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a, Malignant peripheral nerve sheath tumor showing only weak and patchy expression of S-100 protein (b). This is in contrast with cellular 
schwannoma (C), which typically shows uniform, intense S-100 protein expression (D).

A B

FIgURe 2-8
a, Fibrosarcomatous dermatofibrosarcoma showing intense CD34 expression in better differentiated areas. b, The fibrosarcomatous component 
may show diminished or even absent CD34 expression.
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FIgURe 2-9
a, Gastrointestinal stromal tumor with uniform expression of both 
CD117 (c-kit) (b) and protein kinase C-θ (C). Protein kinase C-θ expres-
sion may be valuable in the diagnosis of CD117-negative gastrointesti-
nal stromal tumors.
in clinical specimens. This technique has two steps  
(Figure 2-14). In the first step, complementary DNA 
(cDNA) is synthesized from RNA using the RT enzyme. 
In a second step, the cDNA is amplified by means of 
conventional PCR, using exonic primers for charac-
teristic sequences that flank the translocation break-
points. The amplified products are separated by agarose 
gel electrophoresis. Optionally, the DNA content from 
the agarose gel can be transferred to a nylon membrane 
and incubated with DNA probes complementary to the 
expected sequence (Southern blot). This increases the 
sensibility and the specificity. Appropriate negative and 
positive controls must be used (with water and with-
out RT). Translocation breakpoints are usually within 
certain intronic sequences; nevertheless, they are not 
site specific. As a result, the fusion structure generated 
at the genomic DNA level is less predictable than the 
one generated at the RNA level, where a constant num-
ber of exons from each gene is present. For that reason, 
RNA is the preferred starting material for the detec-
tion of translocations in sarcomas. Although RT-PCR 
is now routinely performed in formalin-fixed, paraffin- 
embedded materials, the best source of good-quality 

RNA is fresh-frozen material, which should ideally be 
saved on suspected sarcoma cases. Cytologic material, 
typically obtained by fine-needle aspiration (FNA), is an 
 excellent source of RNA of high quality for cytogenetic 
and molecular studies.

FluoRescenT in siTu hybRidizaTion

The term hybridization refers to the process of joining 
two complementary sequences of DNA or RNA. The 
probes are labeled with fluorescent molecules, allowing 
the detection of the sequence of interest. The probes used 
in the study of mesenchymal tumors hybridize to spe-
cific parts of the genome, such as the centromeric region 
of a given chromosome, or to a particular sequence of 
interest. This technique allows detection of fusions, 
when gene-specific probes are used for each of the genes 
involved in the fusion (Figure 2-15), or alternatively, 
detection of gene rearrangements of one particular gene 
(i.e., EWS) using probes flanking the breakpoints of the 
translocation, in what are called breakapart probes. The 
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Table 2-5
Screening Panel for epithelioid Neoplasms

Antigen CA
Melanoma/  
E-MPNST Lymphoma Chordoma Myoepithelioma

Epitheloid 
sarcoma EAS

Cytokeratin Positive Variable in 
melanoma, 
negative in  
E-MPNST

Negative Positive Negative Positive Variable

S-100 protein Negative Positive Negative Positive Negative Negative Negative
CD45 Negative Negative Positive in  

conventional  
B- and T-cell 
lymphomas,  
negative in  
most ALCL

Negative Negative Negative Negative

CD30 Negative Negative Negative in most 
conventional  
B and T cell 
lymphomas,  
positive in ALCL

Negative Positive Negative Negative

CD31 Negative Negative Negative Negative Negative Negative Positive

ALCL, anaplastic large cell lymphoma; CA, carcinoma; EAS, epithelioid angiosarcoma; E-MPNST, epithelioid malignant peripheral 
nerve sheath tumor.
advantage of fluorescent in situ hybridization (FISH) is 
that reliable results can be obtained when the amount of 
available tissue is scarce or when there is only paraffin-
embedded material, or when only cytologic material 
(FNA or touch preps) is available. Nonetheless, the 
drawback of the technique is that a fluorescence micro-
scope is required, which makes integration of this tech-
nique a difficult task for a small laboratory of pathology. 

The competitive in situ hybridization technique, in 
which immunofluorescence is substituted by a chro-
mogenic molecule (similar to those used in IHC), has 
already been used in diagnostic routine for the detection 
of gene amplifications, having a performance similar to 
that of FISH, and in the near future could be used to 
detect chromosomal translocations in sarcomas if appro-
priated chromogens are developed.

A B

FIgURe 2-10
a, Chordoma showing strong nuclear expression of brachyury (b), a specific marker of notochord-derived tumors. (b, Courtesy of  
Dr. G. Petur Nielsen, Department of Pathology, Massachusetts General Hospital, Boston, MA.)
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a, Epithelioid sarcoma showing strong expression of cytokeratins (b), CD34 (C), and loss of INI-1 protein expression (D). Normal lymphocytes 
serve as a positive internal control for INI-1 expression. In contrast, carcinomas, such as this squamous cell carcinoma (e), essentially always 
show retention of INI-1 expression (F).
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a, Epithelioid angiosarcoma diffusely positive for CD31 (b) and FLI1 protein (C). Cytokeratin expression may be seen in up to 50% of epithe-
lioid angiosarcomas (D), potentially resulting in confusion with other epithelioid tumors, such as epithelioid sarcoma and carcinoma.
Table 2-6
 Immunohistochemistry Panel for the evaluation of Pleomorphic Spindle Cell Neoplasms

Antigen CA Melanoma ALCL LMS RMS UDPS (MFH)

Cytokeratin Positive Variable Negative Variable Negative Negative

S-100 protein Negative Positive Negative Negative Negative Negative
CD30 Negative Negative Positive Variable Negative Negative
Smooth muscle actin Negative Negative Negative Positive Negative Variable
Desmin Negative Variable Negative Variable Positive Negative

ALCL, anaplastic large cell lymphoma; CA, carcinoma; LMS, leiomyosarcoma; RMS, rhabdomyosarcoma; UDPS (MFH), undifferentiated 
pleomorphic sarcoma (malignant fibrous histiocytoma).



BONE AND SOFT TISSUE PATHOLOGY32

A

C

B

D

FIgURe 2-13
a, Poorly differentiated leiomyosarcoma showing uniform expression of smooth muscle actin (b). Identification of myogenous differentiation 
may be of prognostic value in pleomorphic sarcomas. It is important to remember that so-called fibrohistiocytic markers, such as CD68, have 
no value in the diagnosis of pleomorphic sarcomas. This is illustrated by this case of nodular fasciitis (C), which was submitted in consultation 
with a suggested diagnosis of malignant fibrous histiocytoma, partially on the basis of this strongly positive CD68 immunostain (D).
acquiRed alTeRaTions

somaTically acquiRed

Five different types of mutations can be detected in  
sarcomas:

Deletion: loss of a segment (arm, gene, or few base 
pairs) of genetic material from a chromosome

Amplification: production of many copies from a gene 
whose structure is otherwise normal

Translocation: exchange of genetic material between 
two nonhomologous chromosomes; balanced 
translocation, in which there is no net loss or gain 
of chromosomal material, is the most frequent type 
of translocation

Inversion: chromosomal rearrangement in which a 
segment of genetic material is broken away from 
the chromosome, inverted from end to end, and 
reinserted into the chromosome at the same break-
age site

Point mutation: a mutation resulting from single 
nucleotide base change

Familial syndRomes

Four well-characterized familial cancer syndromes 
are associated with sarcomas.
 •  Patients with germline mutations of RB have a much 

higher frequency of osteosarcoma than general 
population.

 •  Patients with Li–Fraumeni syndrome, with germ-
line mutations of the p53 gene, have an increased 
incidence of a variety of sarcomas, typically before 
the age of 40.

 •  Another type of sarcoma, MPNST, frequently occurs 
in the setting of neurofibromatosis type 1, which is 
associated with germline loss of NF1 gene.

 •  Finally, a GIST familial syndrome has been described 
in a family whose patients bear germline mutations 
in c-kit gene.
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Table 2-7
Selected Cytogenetic and Molecular genetic alterations in Soft Tissue and bone Sarcomas

Tumor Type Cytogenetic Features Molecular Features Prevalence Rate

ES/PNET t(11;22)(q24;q12)
t(21;22)(q22;q12)
t(7;22)(p22;q12)
t(2;22)(q33;q12)
t(1;22)(q42;q12)
t(2;22)(q33;q12)
t(17;22)(q12;q12)

EWS-FLI1
EWS-ERG
EWS-ETV1
EWS-E1AF
EWS-?
EWS-FEV
EWS-ETV4

95%
5%

<1%
<1%
<1%
<1%
<1%

DSRCT t(11;22)(p13;q12) EWS-WT1 100%
Myxoid-round cell liposarcoma t(12;16)(q13;p11)

t(12;22)(q13;q12)
TLS-CHOP
EWS-CHOP

95%
5%

Extraskeletal myxoid liposarcoma t(9;22)(q22;q12)
t(9;17)(q22;q11)

EWS-CHN(TEC)
hTAFII68-CHN(TEC)

75%
?

Clear cell sarcoma t(12;22)(q13;q21)
t(2:22)(q34;q12)

EWS-ATF1
EWS-CREB1

91%
?

Synovial sarcoma t(X;18)(p11.23;q11)
t(X;18)(p11.21;q11)
t(X;18)(p11;q11)
t(X;20)(p11;q13.3)

SS18-SSX1
SS18-SSX2
SS18- SSX4
SS18L1-SSX1

65%
35%
<1%
<1%

Gastrointestinal stromal tumor Various KIT mutations 95%
Extrarenal rhabdoid tumor/proximal  

type epithelioid sarcoma
22q deletion INI inactivation >90%

Alveolar rhabdomyosarcoma t(2;13)(q35;q14)
t(1;13)(p36;q14)

PAX3-FKHR
PAX7-FKHR

75%
10%

Dermatofibrosarcoma protuberans/ 
giant cell fibroblastoma

t(17;22)(q22;q13) COL1A1-PDGFB >90%

Infantile fibrosarcoma t(12;15)(p13;q25) ETV6-NTRK3
Alveolar soft part sarcoma der(17)t(X;17)(p11;q25) TFE3-ASPL
Inflammatory myofibroblastic tumor t(1;2)(q21;p23)

t(2;17)(p23;q23)
TPM3/TPM4-ALK
CLTC2-ALK

Low-grade fibromyxoid sarcoma t(7;16)(q34; p11) FUS/CREB3L2
FUS/CREB3L1

>95%
1%

Angiomatoid (malignant) fibrous 
histiocytoma

t(12;16)(16p11; 12q13)
t(12;22)(q13;q12)
t(2:22)(q34;q12)

FUS-ATF1
EWSR1-ATF1
EWSR1-CREB1

10%
40%

>50%
Well-differentiated and  

dedifferentiated liposarcoma
12q13-15 amplification CDK4 and MDM2

Aneurysmal bone cyst t(16;17) CDH11-USP6

DSRCT, desmoplastic small round cell tumor; ES/PNET, Ewing sarcoma primitive neuroectodermal tumor.
muTaTions wiTh diagnosTic signiFicance

TRanslocaTions

Many types of sarcomas are characterized by specific 
chromosomal translocations (see Table 2-7). Indeed, 
major advances have been accomplished in the under-
standing of its pathogenesis. The fusion genes generated 
from these chromosomal translocations are probably an 
initial and necessary event in tumor type formation in 
various sarcomas. These translocations disrupt certain 

genes and juxtapose portions of them, creating fusion 
genes with new structure and function because of the 
reassortment of functional domains habitually found in 
separated molecules. These chimeric fusion proteins are 
often transcription factors—that is, proteins that bind 
to regulatory regions of certain genes and help to con-
trol their expression. In many cases, they are involved 
in certain key functions for the cell, such as cellular pro-
liferation or survival. As a result of these translocations, 
fusion genes represent almost always aberrant tran-
scription factors. The two most notable exceptions are 
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the COL1A1-PDGFB of dermatofibrosarcoma protuber-
ans, which is a growth factor, and the ETV6-NTRK3 
of congenital fibrosarcoma, which corresponds to a pro-
tein with tyrosine kinase activity. Because fusion genes 
and their products are considered tumor specific and 
observed in practically all the cases of many types of 
sarcomas, their characterization is important not only 
to improve the understanding of the oncogenic process 
from a pathogenetic standpoint, but also to identify new 
diagnostic and therapeutic possibilities.

speciFic TRanslocaTions and TheiR TumoR Types

Synovial sarcoma has a characteristic chromosomal 
translocation, t(X;18), that results in the fusion of SS18 
(SYT) gene at chromosome 18 to SSX genes, which has 
two different copies, SSX1 and SSX2, located in two sub-
regions of chromosome Xp11 (23 and 21, respectively); 
some rarer fusions also exist (Figure 2-16). The fusion 
encodes an aberrant nuclear transcription factor that alters 
chromatin remodeling, probably inducing changes in the 
gene expression patterns. Transcripts may be detected 
in almost all synovial sarcomas by means of RT-PCR. 
Synovial sarcoma provides a clear example of the corre-
lation that can exist between the fusion transcript type, 
prognosis, and tumoral phenotype. SYT-SSX1 fusions are 
associated with biphasic synovial sarcoma in both epithe-
lioid and spindle-cell elements, whereas the monophasic 
variant contains, in most cases, SYT-SSX2 fusions. It 
has been suggested that patients with SYT-SSX2 have a 
relatively lower risk for relapse, whereas those with SYT-
SSX1 variant have a greater proliferative rate and worse 
prognosis, although this remains controversial.

About 85% of patients with Ewing tumor (includ-
ing PNET) have EWS-FLI1 fusions; EWS-ERG fusions 
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Reverse transcriptase–polymerase chain reaction (RT-PCR). This technique 
has two steps. In the first one (top half), RNA is reverse transcribed to 
complementary DNA (cDNA), whereas in the second one, a specific seg-
ment of cDNA, containing the junction of the fused genes, is amplified. 
The example corresponds to the EWS-FLI1 fusion, characteristic of Ewing 
tumors, but can be applied to all translocation-bearing sarcomas.
are present in 10% of cases, whereas 3% corresponds 
to fusions between EWS and other members of the 
ETS family of transcription factors. These are charac-
teristic for this type of neoplasia, because PCR studies 
from other small round cell tumors, which enter into its 
differential diagnosis, such as neuroblastomas, RMSs, 
adamantinomas, or giant cell tumor of bone, lack these 
particular gene fusions. In addition to the prognostic fac-
tors habitually used in clinical practice (stage, primary 
tumor site, tumor volume, age, and treatment response), 
recent studies have evaluated the contribution of molec-
ular heterogeneity to the prognosis in Ewing tumor. 
This neoplasm presents at least 18 structural possibili-
ties of fusion genes.

Two possible sources of variability exist (Figure  
2-17): on the one hand, the fusion partner of EWS 
(FLI1, ERG, ETV1, E1A, or FEV), and on the other, 
the location of breakpoints within the genes involved. 
It has been established that for localized Ewing tumor, 
patients who express the most common chimeric tran-
script (fusion of EWS exon 7 to FLI1 exon 6) have bet-
ter prognosis than those with other fusion transcript 
types.

In the DSRCT, the EWS gene is fused to WT1 gene. 
WT1 gene was initially described as an altered tumor sup-
pressor gene in Wilms tumor; as a matter of fact, EWS-
WT1 is the first example of a constant rearrangement of 
a tumor suppressor gene. EWS-WT1 chimeric transcript 
has been found in 97% of studied cases, which makes 
this a useful diagnostic marker. It also suggests that the 
chimeric protein is important for tumor development. 
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FIgURe 2-15
Fluorescent in situ hybridization (FISH). FISH can be used to identify 
translocations on cytologic or tissue simples through the use of probes 
labeled with fluorescent dyes. In this particular example of a fusion-
detecting FISH, EWS gene in chromosome 22 is represented in red and 
FLI1 in green. The top shows how the translocation rearranges both genes, 
and the bottom represents the fusion gene itself. (inset) Corresponds to a 
FISH experiment of a Ewing tumor and shows a triploid cell in which two 
red and two green signals, corresponding to the nonrearranged alleles, are 
seen together with a fusion signal, with a yellowish red color.
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FIgURe 2-16
Detection of translocations is particularly useful in the routine diagnostic workup when sarcomas appear in uncommon clinicopathologic 
settings. The plate shows four examples of synovial sarcoma. Image 1 corresponds to a poorly differentiated synovial sarcoma in the ankle 
of a 5-year-old boy; differential diagnosis included a soft tissue myoepithelioma and Ewing tumor. Image 2 (7-year-old girl) had a striking 
hemangiopericytomatous pattern, and an infantile hemangiopericytoma was in the differential. Image 3 affected the soft tissues of the leg of 
a 24-year-old woman and corresponded to a largely necrotic small round cell tumor; Ewing tumor was in the differential. Image 4 is a synovial 
sarcoma growing in the mandible bone of a 66-year-old man. Image 5 shows reverse transcriptase–polymerase chain reaction (RT-PCR) study 
for SYT-SSX2 fusions, showing in all of them amplification of a 110-base pair segment; RT-negative controls were used in each case. Image 6 is 
a fluorescent in situ hybridization (FISH) study of image 1 with breakapart probes for EWS gene showing that the EWS gene is not rearranged 
in this particular sample. Image 7 shows similar results for image 3.
As in many other sarcomas, it is a matter of an aberrant 
transcription factor, which modulates the expression of 
genes that coincide, at least partially, with WT1 gene 
targets. One of them is platelet-derived growth factor-α  
(PDGFA), a fibroblastic growth factor that probably 
contributes to the characteristic desmoplastic stroma of 
this neoplasia. BAIAP3 is another transcription factor; 
it regulates the process of exocytosis and, therefore, that 
of growth factor secretion.

EWS joins to ATF1 and less commonly to CREB1 in 
clear cell sarcoma of soft parts (malignant melanoma of 
soft tissue). As in Ewing tumor, EWS joins to the DNA-
binding domain of a transcription factor. In contrast 
with wild-type ATF1, EWS-ATF1 fusion functions as 
a transcriptional activator, probably deregulating genes 
habitually controlled by ATF1.

EWS-CHN fusion, generated from a t(9;22), is 
observed in extraskeletal myxoid chondrosarcoma and 

not chondrosarcomas of bone, including those with 
myxoid change. CHN encodes a nuclear receptor with 
a DNA-binding domain. The fusion protein contains 
the N-terminal EWS domain joined to in-frame CHN, 
which generates a nuclear receptor that is more active 
than native. This receptor acts on cell proliferation con-
trol modulating its response to diverse growth factors. 
Less frequent variants of this fusion also exist.

An EWS analogous gene, TLS/FUS, is present in the 
90% of cases of myxoid/round cell liposarcoma (TLS/
FUS-CHOP). CHOP is, again, a transcription factor. In 
TLS-CHOP fusion, the DNA-binding domain of CHOP 
replaces the RNA-binding domain of TLS. Myxoid and 
round cell liposarcoma relation is confirmed by the detec-
tion of TLS-CHOP in tumors composed, in part or com-
pletely, of round cells. Approximately 5% of cases show 
EWS-CHOP fusions, where EWS has an analogous role 
to TLS/FUS. Therefore, the RNA-binding proteins TLS 
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and EWS seem to be functionally similar, whereas the 
component that contributes the DNA-binding domain, 
CHOP, is tumor specific.

Alveolar RMS is associated with recurring chromo-
somal translocations, including t(2;13), and less com-
monly t(1;13), which result in the fusion of PAX3 and 
PAX7 genes, respectively, to the FKHR gene located at 
13q14 (forkhead in RMS; currently called also FOXO1A). 
PAX genes are transcription factors involved in embryonic 
development, which are necessary for the genesis of cer-
tain organs. In particular, PAX3 and PAX7 are expressed 
in the neural tube, being key as much for its adequate 
formation as for the myoblast migration to the upper and 
lower extremities. PAX3 can suppress myoblast differen-
tiation, which may contribute to its undifferentiated phe-
notype. Fusion gene amplifications have been detected in 
some tumors with PAX7-FKHR fusions, which indicate 
that translocation and amplification might be not only 
sequential but also complementary mechanisms in the 
genesis of this neoplasm. In the case of the PAX3-FKHR 
fusion, PAX overexpression of transcriptional origin, not 
associated to gene amplification, is detected. These differ-
ences in PAX3 and PAX7 overexpression mechanism are 
analogous to those observed on the clinical level. PAX7-
FKHR tumors tend to arise in younger patients, usually 
associated to better survival and lower metastasis rates 
compared with those who have PAX3-FKHR fusions, 
despite having a similar morphology.

Dermatofibrosarcoma protuberans and giant cell fibro-
blastoma have a translocation, t(17;22), that results in 
the fusion of COL1A1, a gene of collagen, and PDGFB, a 
gene that encodes a growth factor protein. Because of the 

genomic structure of the fusion, this results in PDGFB 
being placed under COL1A1 promoter control, which 
eliminates the elements that repress the transcription 
of PDGFB. PDGFB-COL1A1 acts, probably, as an auto-
crine growth factor.

In congenital (infantile) fibrosarcoma, the transloca-
tion t(12;15) joins ETV6 (TEL) gene to NTRK3 (neu-
rotrophin-3 receptor; TRKC). Curiously, this fusion 
can also be observed in mesoblastic nephroma, acute 
myeloblastic leukemia, and breast secretory carcinoma, 
a rare variant of invasive ductal carcinoma of the breast. 
ETV6-NTRK3 is a chimeric tyrosine kinase that can 
contribute to oncogenesis deregulating signal transduc-
tion pathways generated by NTRK3.

Translocations not only occur in malignant tumors 
but also in lesions thought to be pseudoneoplastic, such 
as aneurysmal bone cyst, in which a t(16;17) (usually) 
generates gene fusions CDH11-USP6. It should be noted 
that sarcomas are not the only nonhematologic tumors 
bearing translocations. Good examples in the carci-
noma group include secretory breast carcinoma, most 
childhood renal carcinomas, papillary and follicular 
carcinoma of the thyroid, mucoepidermoid carcinoma 
(some), and midline poorly differentiated carcinoma.

Understanding the molecular mechanisms implied in 
the genesis of the different sarcomas may have impor-
tant consequences in the therapeutic management of the 
patients with such neoplasms. This is due, in part, to the 
potential role that these genetic alterations have as targets 
for therapeutic intervention. As mentioned earlier, some 
chimeric proteins have tyrosine kinase activity; some 
of them would be able to respond to imatinib (Gleevec) 
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Structural of the chimeric proteins and their variability. The structure of chimeric proteins that are found in Ewing tumor is an example of that 
observed in the majority of the chimeric proteins of sarcomas. EWS-FLI1 or EWS-ERG chimeric proteins contain the N-terminal EWS domain 
(green), joined to the C-terminal domain of FLI1 or ERG (diagonal stripes). The last one has the DNA-binding ETS domain (red in FLI1, green 
in ERG). Small numbers represent the exons that participate in the fusion. Fusion gene variability in Ewing tumor. a, It depends, first, on the 
fusion partner of EWS. b, Second, for a specific fusion type (represented here as EWS-FLI1), several possibilities exist depending on the number 
of exons that participate in the fusion. The top half of this section shows the shortest fusion (EWS ex.7-FLI1 ex.9), whereas the bottom shows 
longest one (EWS ex.9-FLI1 ex.4). Gene fusion structure in Ewing tumor is correlated to prognosis.
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(dermatofibrosarcoma protuberans, DSRCT), whereas 
other chimeric proteins will be targets of new drugs.

poinT muTaTions

Aside from the translocations, mutations (such as 
gain-of-function mutations of c-kit in the GIST, or the 
loss of function mutations of hSNF5/INI1 in extrarenal 
rhabdoid tumors and epithelioid sarcomas) are genetic  
alterations also found in sarcomas.

pRacTical signiFicance oF muTaTion deTecTion  
in saRcomas

C-kit mutations in GIST serve as an excellent practical 
model of the impact of mutation detection on patient 
care and outcome in sarcomas. (This subject is also  
covered in greater depth in Chapter 8.) Constitutive 

 activation of KIT oncoprotein is observed in many GISTs. 
However, the activation of such protein is ligand inde-
pendent, because KIT protein in GIST has suffered vari-
ous structural changes that permit its activation through 
autophosphorylation and oligomerization, even in absence 
of ligand. Nevertheless, evidence has been reported of a 
small number of GISTs where other mechanisms of acti-
vation exist as, for example, PDGFR mutations, and there 
are also GISTs in which detection of c-kit mutations does 
not occur, for example, in patients with neurofibromato-
sis type 1. In absence of ligand, normal KIT protein is a 
monomer in which certain domains, fundamentally jux-
tamembrane domain (exon 11), inhibit kinase activity. 
The activation occurs when stem cell factor interacts with 
KIT causing its autophosphorylation. This eliminates KIT 
basal inhibitory structural conformation, which causes a 
phosphorylation of KIT and of its substrates, triggering 
at least two important signaling pathways, namely, mito-
gen-activated protein kinase and AKT, which regulate, 
in turn, cell survival and proliferation (Figure 2-18). KIT 
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FIgURe 2-18
Molecular pathology of a small-bowel gastrointestinal stromal tumor (GIST) of a 68-year-old woman. a, Gross picture showing a fleshy mass 
invading the wall of the intestine. b, The tumor had a high mitotic count and a focally epithelioid appearance. C, Tumor cells were immunore-
active with anti-KIT antibody. D, Immunoreactivity using a specific antibody to detect phosphorylated (active) KIT (Tyr 703), showing weaker 
but consistent immunoreactivity. e, The tumor had a point mutation in c-kit exon 11 (codon 557, T substituted for C). F, Western blot analysis 
showing that the tumor (lane 1) and other GISTs showed activation of mitogen-activated protein kinase (MAPT) and AKT signaling pathways, 
pointing out other possible therapeutical targets. (a, Courtesy of Dr. Pablo Gonzalvo, Jarrio-Asturias, Spain.)
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gain-of-function mutations, as are observed in GIST, can 
be divided into two large groups: those that affect kinase 
domains and enzymatic activity, and those that affect reg-
ulatory sequences (e.g., juxtamembrane domain) but not 
enzymatic activity. This difference is important because 
the use of certain therapeutic molecules to inhibit KIT, 
such as imatinib (Gleevec), depends on the location of its 
mutations. Imatinib acts through its binding to kinase or 
enzymatic domains. Thus, when GISTs have c-kit muta-
tions that affect kinase or enzymatic domains, imatinib 
will not be efficacious because of the absence of an intact 
kinase domain. In fact, disease-free survival in patients 
with GIST treated with imatinib is lower if mutations are 
present in exon 17 of KIT (which encodes for one of the 
tyrosine kinase domains) rather than if they are present 
in the juxtamembrane domain (Table 2-8).
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FIBROBLASTIC/MYOFIBROBLASTIC  
TUMORS

INTRODUCTION

The group of fibroblastic/myofibroblastic tumors encom-
passes those tumors that are essentially composed of 
fibroblasts and myofibroblasts (Box 3-1).

NODUlaR FasCIITIs aND VaRIaNTs 
(Ossifying Fasciitis, Cranial Fasciitis, 
Intravascular Fasciitis, Proliferative Fasciitis, 
Proliferative Myositis, Ischemic Fasciitis)

Nodular fasciitis is a common, self-limiting, pseudo-
sarcomatous reactive process that is mainly composed 
of fibroblasts and myofibroblasts. The morphologic 
variants of nodular fasciitis are discussed briefly 
below.

CliniCal Features

Nodular fasciitis is a common, solitary, subcutaneous 
lesion that occurs mostly in young and middle-aged 
adults (20 to 50 years of age), with no sex predilection. 
Patients describe a small (<2 to 3 cm), sometimes pain-
ful mass that develops rapidly (often <1 month). It 
can be seen anywhere in the body but is most common 
in the upper extremities (50% of cases), especially in 
the subcutaneous tissue of the forearm. It is infrequent 
in hands and feet, and rare in more unusual locations 
(e.g., vulva, lymph node capsule, parotid gland, dermis). 
A previous history of trauma is given in 10% to 20% of 
cases.

FIBROBLASTIC/MYOFIBROBLASTIC TUMORS
•  Introduction
•  Nodular Fasciitis and Variants (Ossifying Fasciitis, 

Cranial Fasciitis, Intravascular Fasciitis, Proliferative 
Fasciitis, Proliferative Myositis, Ischemic Fasciitis)

• Fibroma of Tendon Sheath
• Elastofibroma
• Fibrous Hamartoma of Infancy
• Calcifying Aponeurotic Fibroma
• Superficial Fibromatoses
• Deep (Desmoid-Type) Fibromatoses
•  Inflammatory Myofibroblastic Tumor/Inflammatory 

Fibrosarcoma
•  Myxoinflammatory Fibroblastic Sarcoma 

 (Inflammatory Myxohyaline Tumor of Distal 
 Extremities with Reed–Sternberg or Virocyte-like 
Cells, Acral Myxoinflammatory Fibroblastic Sarcoma)

•  Adult Fibrosarcoma and Variants (Low-Grade 
 Fibromyxoid Sarcoma/Hyalinizing Spindle Cell 
Tumor with Giant Rosettes, Sclerosing Epithelioid 
 Fibrosarcoma, Myxofibrosarcoma)

• Infantile Fibrosarcoma
FIBROHISTIOCYTIC TUMORS
• Introduction
•  Benign Fibrous Histiocytomas and Variants
•  Juvenile Xanthogranuloma and Reticulohistiocytoma
• Xanthoma
• Atypical Fibroxanthoma
•  Dermatofibrosarcoma Protuberans (Including Bedñar 

Tumor and Giant Cell Fibroblastoma)
•  Angiomatoid (Malignant) Fibrous Histiocytoma
• Plexiform Fibrohistiocytic Tumor
•  Soft Tissue Giant Cell Tumor (of Low Malignant 

 Potential)
•  Undifferentiated Pleomorphic Sarcoma (So-Called 

Pleomorphic Malignant Fibrous Histiocytoma,  
Including Giant-Cell and Inflammatory Variants)
43
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PathologiC Features

gross Findings

Nodular fasciitis presents as a solitary, well-circumscribed 
but nonencapsulated, nodule usually less than 3 cm in 
diameter (Figure 3-1). This nodule is often found within 
the fibrous septa of the deep subcutis, although deep soft 
tissues can be involved; in this location (intramuscular), it 
tends to be larger than its subcutaneous counterpart. On 
section, recently developed lesions have a myxoid appear-
ance, whereas old lesions are more fibrous and firmer.

MiCrosCoPiC Findings

The morphology of nodular fasciitis varies according 
to the age of the lesion. Early lesions are usually vari-
ably cellular, consisting of fibroblasts and myofibroblasts 

arranged in short, irregular fascicles, set in a loosely tex-
tured myxoid matrix (feathery pattern) (Figure 3-2). The 
cells are plump, with abundant eosinophilic, somewhat 
fibrillary cytoplasm, resembling cell cultures or granu-
lation tissue. Nuclei are often vesicular and contain a 
single prominent nucleolus (Figure 3-3). Mitoses can be 
numerous but almost never abnormal. The lesion tends 
to extend along the fibrous septa from which it arises, 
and is often surrounded and infiltrated by numerous 
inflammatory elements (lymphoid aggregates, plasma 
cells). It may also contain numerous, centripetally ori-
ented capillaries. Cystic change, interstitial hemorrhage, 
and minute collections of intralesional histiocytes are 
quite frequent. Long-standing lesions are less cellular and 
more fibrotic, containing areas of marked hyaline fibrosis 

Box 3-1: MAIN HISTOLOGIC TUMOR TYPES AND SUBTYPES IN THE 
FIBROBLASTIC/MYOFIBROBLASTIC TUMOR CATEGORY

Nodular fasciitis
Proliferative fasciitis
Proliferative myositis
Ischemic fasciitis (atypical decubital fibroplasia)
Myositis ossificans/fibroosseous pseudotumor of digits
Elastofibroma
Fibrous hamartoma of infancy
Myofibroma/myofibromatosis
Fibromatosis colli*

Juvenile hyaline fibromatosis*

Inclusion body (digital) fibromatosis*

Fibroma of tendon sheath
Desmoplastic fibroblastoma (collagenous fibroma)*

Mammary-type fibroblastoma*

Calcifying aponeurotic fibroma
Angiomyofibroblastoma*

Cellular angiofibroma*

Nasopharyngeal angiofibroma*

Nuchal-type fibroma*

Gardner fibroma*

Calcifying fibrous pseudotumor*

Giant cell angiofibroma
Pleomorphic fibroma of skin*

Superficial fibromatosis
Deep-desmoid–type fibromatosis
Lipofibromatosis*

Solitary fibrous tumor of soft tissues
Inflammatory myofibroblastic tumor, inflammatory fibrosarcoma
Low-grade myofibroblastic sarcoma*

Myxoinflammatory fibroblastic sarcoma (inflammatory myxohyaline tumor)
Infantile fibrosarcoma
Adult fibrosarcoma
Myxofibrosarcoma
Low-grade fibromyxoid sarcoma (and hyalinizing spindle  
cell tumor with giant rosettes)
Sclerosing epithelioid fibrosarcoma

*These entities will not be considered in this chapter because of their rarity. 

FIGURE 3-1
Nodular fasciitis presenting as a 3.5-cm, well-circumscribed, nonencapsu-
lated intramuscular nodule in the left thigh of a 13-year-old boy.

FIGURE 3-2
Nodular fasciitis. 
Loosely textured fascicles of nonatypical myofibroblasts with microcysts 
containing histiocytes.



CHAPTEr 3 Fibroblastic and Fibrohistiocytic Tumors 45
and, sometimes, cystic change. About 10% of nodular fas-
ciitis contains osteoclast-like multinucleated giant cells. 
By definition, bone metaplasia is a prominent feature of 
ossifying fasciitis and parosteal fasciitis but may also be 
observed in cranial or conventional (nodular) fasciitis.

Variants oF nodular FasCiitis

Ossifying fasciitis (also called fasciitis ossificans) is sim-
ply a variant of fasciitis that contains foci of metaplastic 
bone. Cranial fasciitis develops from the galea aponeu-
rotica, occurring mostly in male infants during the 
first year of life. It may erode and even penetrate the 
underlying bone, and is visible on plain radiographs as 
a lytic lesion of the calvarium. Intravascular fasciitis is 
a rare variant of fasciitis that grows into and obstructs 
medium-size veins and, less often, arteries. It may have 
a multinodular growth pattern inside the same vessel. 
It is mostly observed in the subcutaneous tissue of the 
upper limbs or in the head and neck.

Proliferative fasciitis and proliferative myositis are 
 similar to nodular fasciitis but contain ganglion-like myo-
fibroblastic cells. Proliferative fasciitis is usually seen in 
the subcutaneous tissue of the upper limbs of middle-aged 
adults (40 to 60 years), whereas proliferative myositis 
mainly affects the muscles of the trunk and shoulder 
 girdle. The key feature of these two lesions is the presence, 

NODULAR FASCIITIS—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  2- to 3-cm, solitary, well-circumscribed nodule
 ▸▸  Myxoid appearance of early/active lesions; old lesions are more fibrous

Microscopic Findings
 ▸▸  Variably cellular, fascicular proliferation of fibroblasts and 

 myofibroblasts
 ▸▸  Usually grows along fibrous septa of hypodermis
 ▸▸  Myxoid (early lesions) to collagenized (long-standing lesions) 

extracellular matrix
 ▸▸  Mitoses often numerous, especially in young lesions; abnormal 

mitoses absent
 ▸▸  Inflammation prominent around the lesion
 ▸▸  Osteoclast-like multinucleated giant cells in 10% of cases

Genetics
 ▸▸  Usually diploid

Immunohistochemical Findings
 ▸▸  Myofibroblasts: diffusely positive for smooth muscle actin, muscle-

specific actin (clone HHF35), and calponin; focally positive for 
desmin; mostly negative for h-caldesmon and S=100 protein

Differential Diagnosis
 ▸▸  Nodular fasciitis, cellular phase with myxoid changes: myxoma, 

myxofibrosarcoma, malignant peripheral nerve sheath tumor 
(MPNST), myxoid dermatofibrosarcoma

 ▸▸  Nodular fasciitis, cellular phase without myxoid changes: fibrous 
histiocytoma, cellular schwannoma, fibrosarcoma, leiomyosarcoma, 
spindle cell carcinoma, spindle cell melanoma

 ▸▸  Nodular fasciitis, fibrotic phase: fibroma, desmoplastic  
fibroblastoma, neurofibroma

 ▸▸  Nodular fasciitis with ganglion-like cells: rhabdomyosarcoma, 
pleomorphic sarcomas, ganglioneuroblastoma

 ▸▸  Ossifying nodular fasciitis: osteosarcoma
 ▸▸  Ischemic fasciitis: myxofibrosarcoma, epithelioid sarcoma

FIGURE 3-3
Nodular fasciitis. 
Myofibroblast nuclei are vesicular and contain a single central nucleolus.

NODULAR FASCIITIS—FACT SHEET

Definition
 ▸▸  A pseudosarcomatous, self-limiting, reactive process composed of 

fibroblasts and myofibroblasts

Incidence and Location
 ▸▸  Common, mostly subcutaneous, soft tissue lesion
 ▸▸  Upper extremities, trunk, head, and neck most frequently affected

Morbidity and Mortality
 ▸▸  Benign, self-limiting process

Sex, Race, and Age Distribution
 ▸▸  More common in young adults
 ▸▸  No race or sex predilection

Clinical Features
 ▸▸  rapidly growing (1 to 2 months), sometimes painful nodule

Radiologic Features
 ▸▸  Calcifications in a soft tissue mass may be possible

Prognosis and Treatment
 ▸▸  Benign process
 ▸▸  Local recurrences < 2%
 ▸▸  Simple excision is curative
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in addition to the other features of nodular fasciitis, of 
ganglion-like myofibroblasts, having abundant basophilic 
cytoplasm and one or two, often eccentric, vesicular nuclei 
with prominent nucleoli (Figures 3-4 and 3-5). They tend 
to form small clusters. In children, proliferative fasciitis 
may be cellular and mitotically active, consisting almost 
exclusively of ganglion-like cells, and may thus mimic 
 rhabdomyosarcoma or epithelioid sarcoma. In proliferative 
myositis, areas of fibroblastic tissue containing ganglion-
like cells alternate with foci of atrophic skeletal muscle 
to give a typical checkerboard pattern. Ischemic fasciitis 
(also called atypical decubital fibroplasia) may be consid-
ered a variant of proliferative fasciitis. This lesion usually 
involves the soft tissues overlying bony prominences such 
as the shoulder, the chest wall, and the sacrococcygeal 

and greater trochanter regions. It occurs mainly in elderly 
(70 to 90 years) and physically debilitated or immobi-
lized patients, and may present as a large (<10 cm) mass. 
 Histologically, it characteristically contains a central zone 
of fibrinoid necrosis, surrounded by areas resembling pro-
liferative and nodular fasciitis (Figure 3-6).

anCillary studies

iMMunohistoCheMistry

Myofibroblasts in nodular fasciitis are usually strongly, 
diffusely positive for smooth muscle actin (Figure 3-7), 
muscle-specific actin (clone HHF35), and calponin, and 

FIGURE 3-6
Ischemic fasciitis. 
Fibrin deposition is visible in addition to other features of nodular/
proliferative fasciitis, including ganglion-like cells.

FIGURE 3-7
Nodular fasciitis. 
Myofibroblasts are strongly and diffusely positive for smooth muscle actin.

FIGURE 3-4
Proliferative fasciitis. 
Ganglion-like giant cells are readily visible, set in a collagenous matrix.

FIGURE 3-5
Proliferative fasciitis. 
Uninucleated or binucleated ganglion-like cells with abundant basophilic 
cytoplasm, vesicular nuclei, and prominent central nucleoli.
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focally for desmin. H-caldesmon and S-100 protein are 
usually not expressed. Occasional reactivity for epithe-
lial markers (cytokeratins, epithelial membrane antigen 
(EMA), or both) is observed in visceral lesions. The 
 ganglion-like cells in proliferative fasciitis and myositis 
are often negative for muscle markers and express 
vimentin only.

genetiCs

Assessment of DNA ploidy in nodular fasciitis and 
related lesions has revealed a diploid pattern in most 
cases.

diFFerential diagnosis

Because nodular fasciitis is so highly proliferative, 
it is commonly mistaken for a sarcoma. Predomi-
nantly, myxoid lesions are likely to be confused with 
 myxofibrosarcoma (myxoid malignant fibrous histio-
cytoma), highly cellular lesions may resemble conven-
tional undifferentiated pleomorphic sarcoma (malignant 
fibrous histiocytoma), and lesions containing ganglion-
like cells or rhabdomyoblast-like cells can mimic embry-
onal or pleomorphic rhabdomyosarcoma and other 
pleomorphic sarcomas. Importantly, nodular fasciitis 
tends to be small and superficial, whereas most sarco-
mas are large and deeply situated. Important clues to 
the diagnosis of nodular fascitis include the short, ran-
domly arranged fascicles, the absence of a well-devel-
oped thick-walled vasculature, the absence of nuclear 
pleomorphism or hyperchromatism, and the presence of 
microcystic change. Intravascular forms of nodular fas-
ciitis commonly contain osteoclast-like giant cells and 
may resemble giant cell tumors of soft parts; the absence 
of associated metaplastic bone and the predominantly 
intravascular growth pattern are useful clues that favor 
a diagnosis of intravascular fasciitis. Long-standing, 
predominantly fibrous or hyalinized lesions may mimic 
various benign fibroblastic lesions, such as fibroma of 
tendon sheath or desmoplastic fibroma (collagenous 
fibroma), or even chondroid tumors, such as extraskel-
etal myxoid chondrosarcoma. Attention to areas of typi-
cal nodular fasciitis should allow for the resolution of 
this differential diagnosis in most cases without great 
difficulty.

Prognosis and treatMent

Nodular fasciitis is a benign, self-limiting, reactive 
process. Simple excision is the treatment of choice. 
Local recurrences are exceptional (less than 2% of  
cases).

FIBROMa OF TENDON sHEaTH

Fibroma of tendon sheath is a benign fibroblastic pro-
liferation of the tendon sheath. It may represent a site-
specific variant of nodular fasciitis.

CliniCal Features

Fibroma of tendon sheath typically presents as a rela-
tively small (<3 cm), long-standing, firm mass of the dis-
tal extremities, particularly the hands. Most patients are 
between 20 and 50 years of age.

PathologiC Features

gross Findings

Fibroma of tendon sheath presents as a firm, fibrous 
mass with a vaguely lobular appearance, reminiscent 
of giant cell tumor of tendon sheath. Pigmentation is 
absent, however.

MiCrosCoPiC Findings

The lesion is well-circumscribed and vaguely lobular, 
and is composed of bland fibroblastic cells embedded in 
a collagenized background. Small areas of more cellu-
lar spindle cell proliferation may be present, essentially 
identical to nodular fasciitis. Elongated, cleft-like spaces 
lined by flattened cells are typically present (Figure 3-8). 

FIGURE 3-8
Fibroma of tendon sheath, consisting of well-circumscribed nodule 
of bland myofibroblastic cells, with characteristic crescentic vascular 
spaces.
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Rare cases may show degenerative cytologic atypia (pleo-
morphic fibroma of tendon sheath). Microcystic change, 
as seen in nodular fasciitis, is typically absent; when 
 present, the distinction from nodular fasciitis may be dif-
ficult if not arbitrary.

anCillary studies

iMMunohistoCheMistry

Fibroma of tendon sheath is a predominantly myo-
fibroblastic lesion and shows an immunophenotype 
 identical to nodular fasciitis, with expression of muscle 
actins and vimentin but usually not desmin.

genetiC Findings

Fibromas of tendon sheath have been reported to 
contain translocations involving the long arm of chro-
mosome 2, including t(2;11)(q31-32;q12).

diFFerential diagnosis

Fibroma of tendon sheath tends to lack the short, ran-
domly arranged cellular fascicles and the microcystic 
change seen in classic examples of nodular fasciitis. 
It does, however, closely resemble more hyalinized 

 examples of fasciitis, and may, in fact, represent a  
site-specific variant. Benign fibrous histiocytomas lack 
a lobular growth pattern, show peripheral collagen 
trapping, and often contain secondary elements, such 
as siderophages, multinucleated giant cells, and foamy 
macrophages. Giant cell tumors of tendon sheath are 
composed principally of rounded histiocyte-like cells, 
admixed with larger eosinophilic cells, siderophages, 
foamy macrophages, and osteoclast-like giant cells. 
Superficial fibromatoses are infiltrative, cellular tumors 
that typically arise from the palmar or plantar soft tis-
sues, rather than the tendon sheath.

Prognosis and treatMent

Fibroma of tendon sheath is entirely benign and requires 
only simple excision.

ElasTOFIBROMa

CliniCal Features

Elastofibroma is a fibroelastic soft tissue pseudotumor of 
elderly persons (60 to 70 years) that develops in the con-
nective tissues between the lower scapula and the chest 
wall. Repetitive trauma is thought to be causative, with 
many patients reporting a history of intensive manual 
work. Elastofibroma is more frequent in women than in 
men, and can be bilateral. It presents as a slow-growing, 
generally painless soft tissue mass.

FIBROMA OF TENDON SHEATH—FACT SHEET

Definition
 ▸▸  A fibrous lesion observed in a tendon sheath

Incidence and Location
 ▸▸  Infrequent
 ▸▸  Mostly hands (tendon sheaths)

Morbidity and Mortality
 ▸▸  Benign
 ▸▸  recurrence in up to 20% to 25% of cases

Sex, Race, and Age Distribution
 ▸▸  Primarily adult men (20 to 50 years of age)

Clinical Features
 ▸▸  Well-circumscribed, painless nodule
 ▸▸  Sometimes finger triggering/pain

Prognosis and Treatment
 ▸▸  Benign
 ▸▸  May recur (up to 20% to 25% of cases)
 ▸▸  Do not metastasize
 ▸▸  Excision/reexcision usually curative

FIBROMA OF TENDON SHEATH—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Small (0.5 to 2 cm), well-circumscribed nodule

Microscopic Findings
 ▸▸  Multilobulated architecture
 ▸▸  Hypocellular, fibrous appearance but variations in cellularity possible
 ▸▸  Contains thin-walled curvilinear vessels or stromal clefts

Immunohistochemical Findings
 ▸▸  reactivity for vimentin
 ▸▸  Focal reactivity for smooth muscle actin possible
 ▸▸  Negativity for desmin, CD34, keratins, and S-100 protein

Differential Diagnosis
 ▸▸  Nodular fasciitis
 ▸▸  Fibrous histiocytoma
 ▸▸  Superficial fibromatosis
 ▸▸  Localized giant cell tumor of tendon sheath with few giant cells
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PathologiC Features

gross Findings

Elastofibromas measure 5 to 10 cm in maximal diam-
eter. On sectioning, the lesion is composed of mature 
adipose tissue intermixed with whitish firm fibrous tis-
sue (Figure 3-9).

MiCrosCoPiC Findings

The cardinal feature is the presence of numerous large, 
eosinophilic, fragmented elastic fibers, forming round or 
jagged beads in aggregates or cords, scattered throughout 

a hypocellular myxocollagenous stroma admixed with 
some mature adipose tissue (Figure 3-10). Myxoid and 
even cystic change can be observed in the nonfatty com-
ponent. This nonencapsulated lesion may infiltrate adja-
cent tissues (skeletal muscle, periosteum, or both).

anCillary studies

Elastin stains may help in identifying the fragmented 
elastic fibers (Figure 3-11).

diFFerential diagnosis 

Fibroma and desmoplastic fibroblastoma may be con-
fused with elastofibroma, although neither of them con-
tains the fragmented elastic fibers that are diagnostic of 
the lesion. Location beneath the lower scapula is also 
highly suggestive of elastofibroma.

FIGURE 3-9
Elastofibroma. 
Characteristic intimate admixture of fibrous and adipocytic areas.

FIGURE 3-10
Elastofibroma. 
Fibroadipocytic tissue containing numerous large, fragmented elastic fibers.

ELASTOFIBROMA—FACT SHEET

Definition
 ▸▸  A fibroelastic soft tissue pseudotumor containing large, round or 

ragged, elastic fiber fragments

Location
 ▸▸  Connective tissue between lower scapula and chest wall

Morbidity and Mortality
 ▸▸  Benign process
 ▸▸  repetitive trauma as causative factor

Sex, Race, and Age Distribution
 ▸▸  More frequent in women
 ▸▸  Elderly patients (60 to 70 years)

Clinical Features
 ▸▸  Slow-growing, generally painless soft tissue mass

Radiologic Features
 ▸▸  Poorly circumscribed fibrofatty mass

Prognosis and Treatment
 ▸▸  Benign, nonrecurring lesion
 ▸▸  Simple excision curative

ELASTOFIBROMA—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Median size: 6 to 8 cm
 ▸▸  Cut section: whitish fibrous areas interspersed with mature  

adipose tissue

Microscopic Findings
 ▸▸  Mixture of eosinophilic, bead-like, or jagged elastic fiber  

fragments, fibrous tissue, and mature adipose tissue

Differential Diagnosis
 ▸▸  Fibroma
 ▸▸  Desmoplastic fibroblastoma
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Prognosis and treatMent

Elastofibroma is a benign, nonrecurring lesion. Simple 
excision is curative.

FIBROUs HaMaRTOMa OF INFaNCY

CliniCal Features

Fibrous hamartoma of infancy most often occurs dur-
ing the first 2 years of life, when it presents as a small, 
 superficial, rapidly growing mass. The lesion is two to 

three times more common in male than in female infants. 
The axilla and upper trunk are the most common affected 
sites, but fibrous hamartoma of infancy has been rarely 
reported in a wide variety of other soft tissue locations. 
Almost all tumors are solitary; familial cases have not 
been reported.

PathologiC Features

gross Findings

Fibrous hamartoma of infancy appears as a poorly 
circumscribed, variably fatty-appearing, firm mass of 
relatively small size (usually < 5 cm).

MiCrosCoPiC Findings

Microscopically, fibrous hamartoma of infancy shows a 
triphasic, organoid appearance, with an admixture of well-
differentiated fibroblastic fascicles, resembling fibromatosis, 
mature adipose tissue, and myxoid zones of primitive-
appearing mesenchymal cells having a round to stellate 
shape (Figure 3-12). Hyalinized zones with cracking arti-
fact, reminiscent of giant cell fibroblastoma, may be present 
(Figure 3-13). Mitotic activity and necrosis are absent.

anCillary studies

iMMunohistoCheMistry

Fibrous hamartomas of infancy commonly express 
CD34. Occasional cases may show limited expression of 
smooth muscle actin or desmin, or both, in the fibroblas-
tic component.

FIGURE 3-12

Fibrous hamartoma of infancy, showing a characteristic triphasic pattern, 
with mature fat, bland fibroblastic fascicles, and nodules of primitive 
mesenchymal cells.

FIGURE 3-13
Hyalinized area within fibrous hamartoma of infancy.FIGURE 3-11

Elastofibroma. 
Abnormal elastic fibers are easily identified using elastin stains.
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genetiC Findings

Few genetic studies of fibrous hamartoma have been 
reported without consistent results.

diFFerential diagnosis

The hyalinized zones of fibrous hamartoma of infancy 
may be confused with giant cell fibroblastoma, espe-
cially in CD34-positive examples. Careful attention to 
the triphasic growth pattern of fibrous hamartoma and 
the absence of small areas resembling dermatofibrosar-
coma protuberans (DFSP) should allow this distinction. 
Lipofibromatosis (infantile fibromatosis) contains both 
fibroblastic and adipocytic areas, but lacks the primitive 

mesenchyme seen in fibrous hamartoma. Calcifying apo-
neurotic fibroma (CAF) occurs in more distal locations 
and shows distinctive calcifications surrounded by pali-
saded, epithelioid cells. Myofibroma/myofibromatosis  
shows a zonated growth pattern, with a peripheral myoid 
zone and more central hemangiopericytoma(HPC)-like 
zones, often with necrosis.

Prognosis and treatMent

Fibrous hamartomas may recur locally but are cured 
with complete excision. They are benign lesions that lack 
metastatic capacity. Despite their name, they most likely 
represent benign neoplasms rather than hamartomas.

CalCIFYING aPONEUROTIC FIBROMa

CliniCal Features

CAF typically presents as a slowly growing, painless mass 
of the hands or feet. Some cases may have a long pre-
clinical duration. Most cases occur in patients between 
8 and 14 years of life, although rare cases may involve 
younger children and older adults. Rare cases present in 
proximal soft tissue locations, such as the thigh.

PathologiC Features

gross Findings

CAFs appear as small (<3 cm), firm, variably cir-
cumscribed lesions that merge with the surrounding 
tendons, skeletal muscle, and adipose tissue. On cut 
section, they typically have a gritty, partially calcified, 
fibrous appearance.

MiCrosCoPiC Findings

CAFs are characterized by an infiltrative proliferation 
of relatively mature-appearing fibroblastic cells, which 
surround small foci of calcification and chondroid-like 
matrix (Figure 3-14). Immediately adjacent to the calci-
fied and chondroid zones, the fibroblastic cells assume 
a more epithelioid appearance, radiating away from the 
calcified areas in linear arrays and nuclear palisades 
(Figure 3-15). Osteoclastic giant cells, occasionally 
numerous, may be present, and ossification may rarely 
be seen. Mitoses are infrequent, and pleomorphism and 
necrosis are not seen. Extraordinarily rare cases of CAF 
have been reported to progress to sarcoma.

FIBROUS HAMARTOMA OF INFANCY—FACT SHEET

Definition
 ▸▸  A benign, likely neoplastic tumor of infancy showing a distinctive 

triphasic appearance

Location
 ▸▸  Most commonly involves axilla and upper chest wall but may 

involve other soft tissue sites

Morbidity and Mortality
 ▸▸  Benign process
 ▸▸  Sex, race, and age distribution
 ▸▸  Most common in male infants

Clinical Features
 ▸▸  rapidly growing, poorly circumscribed, superficially located mass

Prognosis and Treatment
 ▸▸  Benign with limited potential for local recurrence
 ▸▸  Complete excision curative

FIBROUS HAMARTOMA OF INFANCY—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Median size: 3 to 5 cm
 ▸▸  Poorly circumscribed, variably fatty, fibrous appearing

Microscopic Findings
 ▸▸  Triphasic appearance, with mature fibroblastic zones, mature fat, 

and myxoid, primitive mesenchyme

Differential Diagnosis
 ▸▸  Giant cell fibroblastoma
 ▸▸  Myofibroma/myofibromatosis
 ▸▸  Lipofibromatosis
 ▸▸  CAF
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anCillary studies

iMMunohistoCheMistry

CAFs typically express only vimentin.

genetiC Findings

No consistent genetic findings have been reported.

diFFerential diagnosis

Like CAF, lipofibromatosis (juvenile fibromatosis) usu-
ally occurs in the distal extremities of children. How-
ever, it lacks the calcification and cartilage formation 

seen in CAF, and contains mature adipose tissue.  
Monophasic synovial sarcomas may contain calcifica-
tions but are composed of clearly malignant-appearing, 
hyperchromatic, spindled cells arranged in fascicles, 
with alternating zones of hyper and hypocellularity. 
Immunostains for cytokeratins and epithelial mem-
brane antigen (EMA), and molecular analysis for the 
t(X;18) may be helpful in selected cases. Calcified chon-
dromas of soft parts usually occur in older patients and 
lack the fibroblastic areas that usually make up the 
majority of CAFs. Palmar and plantar fibromatoses are 
more cellular and lack calcifications.

FIGURE 3-14
Calcifying aponeurotic fibroma, consisting of an infiltrative proliferation 
of bland fibroblastic cells, with abrupt cartilaginous differentiation.

CALCIFYING APONEUROTIC FIBROMA—FACT SHEET

Definition
 ▸▸  A benign, locally recurring fibroblastic tumor of the distal extrem-

ities of childhood, characterized by distinctive calcifications

Location
 ▸▸  Hands and feet

Morbidity and Mortality
 ▸▸  Significant potential for local recurrence. Extremely rare cases 

with progression to fully malignant sarcoma.

Sex, Race, and Age Distribution
 ▸▸  Most common in children 8 to 14 years old but may occur in 

younger children and older adults.

Clinical Features
 ▸▸  Slowly growing, painless mass of hands and feet

Prognosis and Treatment
 ▸▸  Frequently recurs locally; requires wide excision

CALCIFYING APONEUROTIC FIBROMA—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Median size: 3 cm
 ▸▸  Variably circumscribed, fibrous with gritty areas

Microscopic Findings
 ▸▸  Infiltrative fascicles of mature fibroblasts with distinctive zones 

of calcification and cartilage formation; chondroid zones are often 
surrounded by palisaded, epithelioid fibroblastic cells; osteoclastic 
giant cells in some

Differential Diagnosis
 ▸▸  Lipofibromatosis
 ▸▸  Synovial sarcoma
 ▸▸  Calcified chondroma of soft parts
 ▸▸  Palmar/plantar fibromatosis

FIGURE 3-15
A radial orientation of epithelioid cells surrounding zones of calcification and 
cartilaginous differentiation is typical of calcifying aponeurotic fibroma.
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Prognosis and treatMent

CAFs commonly recur locally and require wide exci-
sion. As noted earlier, extremely rare cases have been 
reported to progress to sarcoma, with metastases.

sUPERFICIal FIBROMaTOsEs

CliniCal Features

Superficial palmar fibromatosis (Dupuytren disease or 
contracture) is the most common type of fibromato-
sis. The condition affects mainly adult patients, with a 
strong predilection for male individuals and an increas-
ing incidence with advancing age; almost 20% of the gen-
eral population is affected by the age of 65. For unknown 
reasons, palmar fibromatosis occurs most commonly in 
Northern Europeans and is rare in the black population. 
Patients present with slowly growing, small subcutane-
ous nodules, plaques, or cord-like indurations involving 
the dermis or underlying fascia of the palm. These nod-
ules may lead to contractures that usually predominate 
on the ulnar side of the palm, affecting the fourth and 
fifth fingers. Dupuytren disease may be bilateral (50% 
of cases), and the soles of feet (Ledderhose disease) may 
be affected simultaneously or metachronously. An asso-
ciation exists between Dupuytren disease and trauma, 
alcoholism, diabetes, epilepsy, and chronic lung disease. 
Coexistence with other superficial fibromatoses (penile 
fibromatosis, knuckle pads) has also been described, but 
not with deep fibromatoses. Plantar lesions are more 
common in children and adolescents, occurring within 
the plantar aponeurosis, usually in non–weight-bearing 
areas. They usually present as solitary or multiple firm 
nodules that hurt after long standing or walking. Plan-
tar contractures are rare.

PathologiC Features

gross Findings

The lesion consists of single or multiple nodules 0.5 
to 2 cm in diameter, attached to a thickened aponeuro-
sis. On cut section, these nodules are firm and grayish.

MiCrosCoPiC Findings

On light microscopic examination, the nodule pres-
ents as a monotonous, variably collagenized, fascicu-
lar proliferation of uniform, nonatypical fibroblasts 
(Figure 3-16). Some mitotic figures may be visible, 

SUPERFICIAL FIBROMATOSES—FACT SHEET

Definition
 ▸▸  Benign, recurring but nonmetastasizing, infiltrative, fibroblastic 

proliferations arising in the palmar or plantar soft tissues

Incidence and Location
 ▸▸  relatively frequent
 ▸▸  Palmar and plantar locations

Morbidity and Mortality
 ▸▸  Benign, recurring lesion
 ▸▸  Dupuytren disease may be bilateral (50% of cases)
 ▸▸  Superficial fibromatoses may coexist in different locations in the 

same patient
 ▸▸  Possible association between superficial fibromatoses and trauma, 

alcoholism, or other diseases (diabetes, epilepsy, chronic lung 
disease, among others)

 ▸▸  No association with deep fibromatoses

Sex, Race, and Age Distribution
 ▸▸  Middle- to advanced-aged adults
 ▸▸  Predominates in male individuals (three to four times more  

frequent than in female individuals)
 ▸▸  More common in Northern Europeans
 ▸▸  Plantar lesions more common in children and adolescents

Clinical Features
 ▸▸  Slow-growing small nodules or plaques, or cord-like indurations of 

the palm
 ▸▸  Contractures

Radiologic Features
 ▸▸  Ill-defined mass

Prognosis and Treatment
 ▸▸  Benign, recurring lesion; no metastases
 ▸▸  Dermofasciectomy followed by skin grafting recommended to  

prevent recurrences

FIGURE 3-16
Superficial fibromatosis, showing a cellular, monotonous fascicular prolif-
eration of nonatypical fibroblasts and myofibroblasts.
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 especially in early (cellular) lesions. The lesion origi-
nates from, and blends into, the palmar or plantar apo-
neurosis and extends into the overlying subcutaneous 
fat. Lesions of long duration are less cellular and more 
collagenized. Some may contain cartilaginous or osse-
ous metaplastic foci. Plantar lesions are often quite 
hypercellular and may be confused with a spindle cell 
sarcoma.

anCillary studies

iMMunohistoCheMistry

Immunohistochemically, the spindle cells stain vari-
ably for smooth muscle actin and, less frequently, for 
desmin, in accordance with their myofibroblastic differ-
entiation. Aberrant nuclear expression of beta-catenin 
protein may be seen.

genetiCs

Chromosomal abnormalities have been described 
in Dupuytren disease, including trisomy 7 and 8, and 
loss of the Y chromosome. Familial cases have also been 
reported. Although beta-catenin protein expression may 
be present, gene mutations are absent.

diFFerential diagnosis

Diagnosing superficial fibromatoses in their conven-
tional form is usually not a problem for pathologists. 
However, some cellular forms, especially of plantar 
fibromatosis, may be confused with sarcomas, especially 
fibrosarcoma, synovial sarcoma, or MPNST. Clinical  
presentation (large size and deep situation for sarcomas), 
immunohistochemical profile (positivity for epithelial 
markers in synovial sarcoma, focal reactivity for S-100 
protein in MPNST), and the presence of specific chro-
mosomal abnormalities [e.g., t(X;18) (p11;q11) for syno-
vial sarcoma] are of great help in making the distinction. 
Desmoid-type fibromatoses, which may occur in the 
distal extremities, typically are less cellular than super-
ficial fibromatoses and are composed of longer fascicles 
of bland fibroblastic cells arrayed about a thin-walled, 
dilated vasculature. Beta-catenin gene mutations are 
seen in more than 90% of desmoid-type fibromatoses.

Prognosis and treatMent

Superficial fibromatoses have a strong tendency for local 
recurrence. Fasciectomy/aponeurectomy followed by 
skin grafting is the recommended treatment whenever 
possible to prevent these recurrences.

DEEP (DEsMOID-TYPE) FIBROMaTOsEs

CliniCal Features

Deep fibromatoses (desmoid tumors) all share the same 
morphology but differ in their presentation according to 
the site of development. Classically, deep fibromatoses 
are divided into abdominal, extra-abdominal, and intra-
abdominal forms.

Abdominal desmoid tumors, which develop from the 
musculoaponeurotic structures of the abdominal wall, 
tend to occur in young women during pregnancy or 
during the first year after childbirth, suggesting some 
hormonal role in their pathogenesis. Extra-abdominal 
desmoid tumors are mostly observed in muscles and apo-
neuroses of limb girdles (notably shoulder and pelvic 
regions), chest wall, back, proximal limbs (thigh), and 
head and neck of young to middle-aged adults. Fibroma-
toses of the head and neck are more frequent in children, 
and these tumors tend to be more cellular and locally 
aggressive. Desmoids are rarely observed in the hands and 
feet. Abdominal and extra-abdominal desmoids usually 
present as painless, slow-growing, deep-seated, firm, and 

SUPERFICIAL FIBROMATOSES—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Single or multiple nodules
 ▸▸  Size: 0.5 to 2 cm

Microscopic Findings
 ▸▸  Monotonous, fascicular lesion composed of nonatypical fibroblasts 

in a collagenous background
 ▸▸  Mitotic figures visible
 ▸▸  Extracellular collagen abundant in long-standing lesions
 ▸▸  Hypercellularity frequent in plantar fibromatosis

Genetics
 ▸▸  Trisomy 7 and 8, and loss of Y in Dupuytren disease
 ▸▸  Trisomy 8 and 14 in Ledderhose disease

Immunohistochemical Findings
 ▸▸  Positivity for vimentin
 ▸▸  Focal expression of smooth muscle actin
 ▸▸  Negativity for CD34, keratins, EMA, and S-100 protein

Differential Diagnosis
 ▸▸  Synovial sarcoma
 ▸▸  MPNST
 ▸▸  Fibrosarcoma
 ▸▸  Desmoid-type fibromatosis
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poorly circumscribed masses. Some tumors come to med-
ical attention because of neurologic compression symp-
toms or limitation of motion. In 5% of cases, the disease 
is multicentric, with subsequent lesions often developing 
near the initial site. Rarely, extra-abdominal and abdomi-
nal desmoids may coexist in the same patient.

Intra-abdominal desmoid tumors develop in the mesen-
tery, pelvis, and/or retroperitoneum of young to middle-
aged adults (20 to 35 years). These tumors remain 
asymptomatic for a long time until they reach a large size 
(often ≥ 10 cm in maximal diameter). Pelvic fibromatoses 
that develop mainly in the iliac fossa are often misdiagnosed 
as ovarian neoplasms. These lesions may encroach on the 

urinary bladder, vagina, or rectum, or may compress large 
vessels resulting in a wide range of presenting symptoms, 
for example, pain, gastrointestinal bleeding, or obstructive 
symptoms; retroperitoneal tumors are also often large and 
asymptomatic unless they compress adjacent structures 
such as ureters, causing hydronephrosis. Trauma is a 
potential cause of development: more than half of patients 
had prior abdominal surgery. Mesenteric fibromatosis, the 
commonest form of intra-abdominal fibromatoses, may be 
sporadic or associated with Gardner syndrome.

PathologiC Features

gross Findings

Most desmoid tumors are solitary, firm, grossly cir-
cumscribed masses with infiltrative borders. They 
measure between 5 and 10 cm in greatest dimension. 

DEEP (DESMOID-TYPE) FIBROMATOSES—FACT SHEET

Definition
 ▸▸  A benign, infiltrative, fibroblastic/myofibroblastic neoplasm that 

tends to recur but does not metastasize

Incidence and Location
 ▸▸  One of the most frequent soft tissue lesions: three to four cases 

per million population per year
 ▸▸  Abdominal desmoids: abdominal wall
 ▸▸  Extra-abdominal desmoids: shoulder, pelvic girdle, thoracic wall, 

back, thigh, head and neck region
 ▸▸  Intra-abdominal desmoids: mesentery, pelvis, retroperitoneum

Morbidity and Mortality
 ▸▸  Local recurrences frequent, depending on the extent of surgery
 ▸▸  Does not metastasize
 ▸▸  May occur in the context of Gardner syndrome

Sex, Race, and Age Distribution
 ▸▸  Abdominal desmoids: adult women (30 to 40 years)
 ▸▸  Extra-abdominal desmoids
 ▸▸  Adults (15 to 60 years): equal distribution among male and 

female individuals
 ▸▸  Children: more frequent in girls than boys, head and neck region

Clinical Features
 ▸▸  Slow-growing, painless, deep-seated mass
 ▸▸  Large size (5 to 10 cm)
 ▸▸  Compression symptoms frequent
 ▸▸  Abdominal fibromatosis that occur during or shortly after pregnancy
 ▸▸  Intra-abdominal desmoid tumors may be associated with Gardner 

syndrome

Radiologic Features
 ▸▸  Deep-seated homogeneous masses with infiltrative borders
 ▸▸  Erosion of underlying bone possible
 ▸▸  Myxoid changes sometimes observed

Prognosis and Treatment
 ▸▸  recurring but nonmetastasizing lesions
 ▸▸  rarely cause death
 ▸▸  Treatment
 ▸▸  Wide excision plus adjuvant irradiation for symptomatic tumors
 ▸▸  Simple follow-up and/or low-dose chemotherapy for asymptom-

atic tumors

DEEP (DESMOID-TYPE) FIBROMATOSES—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Tumors of large size (5 to 10 cm on average)
 ▸▸  Fascicular/trabecular appearance on cut section

Microscopic Findings
 ▸▸  Fascicular architecture (storiform growth pattern possible)
 ▸▸  Nonatypical, mitotically active, spindle-shaped cells
 ▸▸  Abundant collagenous extracellular matrix
 ▸▸  Well-formed, often gaping muscular vessels
 ▸▸  Infiltrative borders
 ▸▸  Keloidal collagen sometimes present (mesenteric fibromatosis)
 ▸▸  Myxoid changes occasional

Genetics
 ▸▸  Trisomy 8, 20, or both (30% of cases)
 ▸▸  Inactivation (mutations, deletions) of the APC gene in familial 

cases (Gardner syndrome)
 ▸▸  Mutations in the beta-catenin gene in sporadic desmoid tumors
 ▸▸  retinoblastoma (Rb) and p53 gene alterations rarely observed

Immunohistochemical Findings
 ▸▸  Diffuse positivity for smooth muscle actin
 ▸▸  Varying expression of desmin and beta-catenin (nuclear expression 

for beta-catenin)
 ▸▸  Negativity for CD34, S-100 protein, keratins, EMA, and CD117

Differential Diagnosis
 ▸▸  Nodular fasciitis and other reactive myofibroblastic lesions
 ▸▸  Scar tissue
 ▸▸  Idiopathic fibroinflammatory processes (retractile mesenteritis, 

Ormond disease)
 ▸▸  Desmoplastic fibroblastoma
 ▸▸  Neurofibroma
 ▸▸  Fibrosarcoma
 ▸▸  Low-grade fibromyxoid sarcoma
 ▸▸  Low-grade MPNST
 ▸▸  Monophasic synovial sarcoma (for cellular lesions)
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Sectioning reveals a fascicular, whitish surface resem-
bling leiomyoma or scar tissue (Figure 3-17). Myxoid 
or cystic change, or both, is occasionally present and 
may be prominent, especially in intra-abdominal tumors 
(Figure 3-18). Necrosis is absent.

MiCrosCoPiC Findings

Histologically, desmoids are poorly demarcated, uni-
form, monotonous, fascicular proliferations of spindle-
shaped fibroblasts and myofibroblasts (Figure 3-19). A 
storiform growth pattern may be present focally. The 
spindle-to-stellate tumor cells have a slightly fibrillary 
cytoplasm with ill-defined borders and bland nuclei 
with one to three small nucleoli (Figure 3-20). The 
amount of extracellular matrix observed between the 
cells varies from one lesion to another, but individual 
nuclei do not appear to touch each other or overlap. 
Some lesions can be cellular, mimicking fibrosarcoma, 
whereas others are markedly collagenized, sometimes 

with a peculiar, keloid-like collagen, especially in 
mesenteric fibromatosis (Figure 3-21). Well-formed, 
sometimes gaping vessels with distinctive muscular 
walls and/or some degree of perivascular hyaliniza-
tion are also characteristically observed in desmoids. 
Mitoses may be present in cellular lesions; atypical 
mitoses and cellular pleomorphism are absent. Char-
acteristically, desmoid tumors have infiltrative bor-
ders, encroaching on the surrounding skeletal muscle. 
As a result, atrophic or regenerative skeletal muscle 
fibers entrapped by the lesion are commonly observed 
toward the edges (Figure 3-22), together with lym-
phoid aggregates. Areas of myxoid change resulting in 
a fasciitis-like morphology are quite common in early 
lesions, whereas calcifications, chondroid metaplastic 

FIGURE 3-20
Intra-abdominal desmoid tumor.
Proliferating myofibroblasts with bland, vesicular nuclei containing one or 
two small nucleoli.

FIGURE 3-17
Gross photograph of a recurrent desmoid tumor of the chest wall in a 71-
year-old man. The tumor is an ill-defined, intramuscular, fascicular, whitish 
mass with infiltrative borders, abutting on a rib.

FIGURE 3-19
Intra-abdominal desmoid tumor. 
Monotonous fascicular proliferation of bland myofibroblasts with a relatively 
well-developed, collagenous extracellular matrix.

FIGURE 3-18
Sporadic desmoid tumor of the mesentery in a 46-year-old woman. The 
lesion measured 27 cm and was well-circumscribed with a fascicular appear-
ance. Focal myxoid and cystic changes are visible.
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foci, and/or osteoid metaplastic foci are occasionally 
observed in long-standing neoplasms.

anCillary studies

iMMunohistoCheMistry

Desmoids are consistently positive, at least focally, 
for smooth muscle actin (Figure 3-23). Focal expres-
sion of desmin is also common. CD34, keratins, EMA, 
CD117, and S-100 protein are not usually expressed. 
Beta-catenin is variably expressed in the cytoplasm and/
or nucleus of tumor cells, but only nuclear staining is 
considered specific (Figure 3-24).

genetiCs

About one third of desmoid-type fibromatoses have 
trisomy of chromosomes 8 or 20, or both. Patients with 
Gardner syndrome often show point mutations or allelic 
deletions of the APC tumor suppressor gene on chromo-
some arm 5q, leading to gene inactivation. The presence of 
an abnormal APC protein prevents normal binding to the 
beta-catenin protein and degradation of the latter, which 
thus accumulates in the cytoplasm or nucleus, or both, of 
the cells and is detectable by immunohistochemistry. In 
sporadic desmoid tumors, the APC gene is intact, but muta-
tions are observed in the beta-catenin gene. This results in 
the production of an abnormal stabilized beta-catenin pro-
tein, which accumulates in the cytoplasm, nucleus, or both.

FIGURE 3-23
Desmoid tumor.
Strong positivity for smooth muscle actin in a myofibroblastic tram-track 
pattern.

FIGURE 3-21
Intra-abdominal desmoid tumor.
The lesion is markedly collagenized, with bands of keloid-like collagen. The 
vessels in desmoid tumors are typically thin walled and dilated, and often 
show perivascular edema.

FIGURE 3-22
Desmoid tumor.
Infiltrative borders encroaching on the surrounding skeletal muscle.

FIGURE 3-24
Desmoid tumor. 
Aberrant nuclear accumulation of beta-catenin detected by immunohisto-
chemistry.
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diFFerential diagnosis

Desmoid tumors showing prominent myxoid change 
may be confused with nodular fasciitis or any reactive 
myofibroblastic proliferation. The distinction can be 
made by the large size of the lesion, deep location, and 
monotonous histologic appearance with low mitotic 
activity. Highly collagenized lesions should be differen-
tiated from scar tissue. Sometimes, this distinction is 
almost impossible, notably in those patients with previ-
ous operations at the same site for the same condition. 
Desmoplastic fibroblastoma, which is usually less cel-
lular than desmoid tumor and lacks a fascicular growth 
pattern, and neurofibroma, which consists of bland  
S-100 protein–positive spindled cells with wavy nuclei 
admixed with bundles of eosinophilic collagen also 
enter in the differential diagnosis. Cellular variants 
of desmoid tumor may be confused with malignant 
lesions. However, desmoids lack the cellular atypia, 
numerous and atypical mitoses, and tumor necrosis 
typical of fibrosarcoma or monophasic synovial sar-
coma. Low-grade fibromyxoid sarcoma and low-grade 
MPNST should also be distinguished from desmoid 
tumors. Desmoid tumors are more fascicular and show 
neither the whorled or swirling pattern nor the alter-
nating presence of fibrous and myxoid areas that typify 
low-grade fibromyxoid sarcomas. Desmoid tumors may 
show myxoid changes particularly when intra-abdomi-
nal, but the cells have plump vesicular nuclei and are 
consistently and more diffusely positive for smooth 
muscle actin. In addition, nuclear atypia, curvilinear/
plexiform vessels resembling those of a myxofibrosar-
coma, and giant rosettes are not features of desmoid 
tumors. Low-grade MPNSTs are less fascicular than 
desmoid tumors, showing cellular and myxoid areas 
with spindle cells that are positive for S-100 protein, 
at least focally. In the mesentery and retroperitoneum, 
desmoid tumors should also be differentiated from rare 
idiopathic fibrosclerosing inflammatory processes such 
as retractile mesenteritis and Ormond disease. The lat-
ter are heterogeneous in their histologic appearance, 
showing a varying admixture of cellular fibroblastic 
areas, fibrous (poorly cellular) zones, inflammatory 
areas containing numerous plasma cells and lympho-
cytes, and foci of liponecrosis with or without lympho-
cytic venulitis.

Prognosis and treatMent

Desmoid tumors do not metastasize, but they have a 
strong tendency for local recurrence and may ultimately 
invade structures such as large vessels, large nerves, or 
viscera. They rarely cause death—the 5-year survival 
rate is more than 90%. Complete surgical excision with 

tumor-free margins is the treatment of choice, but this 
may result in significant morbidity. The recurrence 
rate is less than 50% for widely resected tumors. Adju-
vant irradiation is recommended, especially for those 
patients with marginal excisions. Antiestrogen agents 
(tamoxifen), chemotherapy, or both have been admin-
istered with variable success. The current trend in the 
treatment of desmoid tumors is to refrain from operat-
ing on all but those patients with highly symptomatic 
tumors; the others are followed up and/or are given low 
doses of methotrexate or doxorubicin (Adriamycin) to 
stabilize the lesion.

INFlaMMaTORY MYOFIBROBlasTIC 
TUMOR/INFlaMMaTORY FIBROsaRCOMa

CliniCal Features

Inflammatory myofibroblastic tumor (IMT) (previ-
ously called inflammatory pseudotumor or plasma cell 
granuloma) is primarily a tumor of children and young 
adults (median age: 9 years), with a slight female pre-
dilection. The lungs, omentum, mesentery, and soft 
tissues are predominantly affected, although it may be 
found virtually anywhere in the body. Forty percent to 
45% of extrapulmonary IMTs occur in the omentum 
and mesentery. Lesions in these two sites mostly affect 
children and adolescents, whereas pulmonary lesions 
predominate in adults. Symptoms depend on the site of 
the lesion: Patients with pulmonary IMT may describe 
dyspnea, chest pain, or both; abdominal tumors may 
cause discomfort or gastrointestinal tract obstruction. 
A significant proportion of IMTs (up to 30%) are 
associated with systemic symptoms (e.g., weight loss, 
fever, or night sweats) and/or laboratory abnormalities 
(e.g., anemia, thrombocytosis, hyperglobulinemia, or 
increased erythrocyte sedimentation rate) that disap-
pear when the tumor is removed but may reappear if 
it recurs.

PathologiC Features

gross Findings

IMT is a circumscribed, solitary nodular mass of vari-
able size, 1 to 17 cm (mean diameter, 6 cm). Multiple 
nodules are seen in about one-third of cases. On sec-
tion, it has a myxoid or fleshy appearance. Hemorrhagic 
changes, tumor necrosis, and/or calcifications may be 
observed. In hollow organs (e.g., urinary bladder), IMT 
often presents as bloody, infiltrative polyps, measuring 
between 2 and 10 cm (median, 3 to 5 cm).
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MiCrosCoPiC Findings

Three basic histologic patterns can be recognized. In 
the first pattern, plump myofibroblasts are loosely dis-
persed in an abundant edematous/myxoid extracellular 
matrix, together with numerous dilated vessels (granu-
lation tissue–like capillaries), extravasated erythrocytes, 
lymphocytes, plasma cells, and eosinophils (Figures  
3-25 and 3-26). Mitoses can be numerous but not atypical. 
The second growth pattern consists of a denser, storiform 
or fascicular spindle cell proliferation, with a prominent 
inflammatory infiltrate consisting predominantly of 
lymphocytes and plasma cells (Figure 3-27). Lymphoid 
follicles with germinal centers may be seen. Ganglion 

cell–like myofibroblasts with vesicular nuclei, promi-
nent nucleoli, and abundant eosinophilic/amphophilic 
cytoplasm are frequently seen in these two patterns. 
In the third pattern, the lesion is less cellular and more 
collagenized, resembling a scar or desmoid fibromatosis 
with marked inflammation. Calcifications and/or foci 
of bone metaplasia may be observed. Malignant IMT 
(inflammatory fibrosarcoma) is characterized by clus-
ters of polygonal, ganglion-like, or epithelioid atypical 
cells with vesicular nuclei and prominent nucleoli and 
numerous, often atypical mitoses.

anCillary studies

iMMunohistoCheMistry

Myofibroblasts in IMT are usually focally to diffusely 
positive for smooth muscle actin (Figure 3-28), calponin, 
and desmin. They can also show some reactivity for cyto-
keratins (about 30% of cases), especially in lesions of the 
genitourinary tract (70% to 90% of the cases). Alkaline 
(ALK) reactivity is detectable in myofibroblast cytoplasm 
in about 50% of cases (Figure 3-29). The cells are negative 
for myogenin, h-caldesmon, S-100 protein, and CD117.

genetiCs

As opposed to adults older than 40 years, IMT in chil-
dren and young adults often contains clonal rearrange-
ments of the 2p23 region, resulting in ALK receptor 
tyrosine kinase gene activation and overexpression 
of the ALK kinase domain. ALK protein activation is 
restricted to the myofibroblastic component of IMT, in 
which it may be detected by immunohistochemistry.

FIGURE 3-26
Inflammatory myofibroblastic tumor. 
Ganglion-like myofibroblasts with abundant, basophilic, and fibrillary cyto-
plasm, and prominent nucleoli.

FIGURE 3-27
Inflammatory myofibroblastic tumor. 
Admixture of myofibroblasts, lymphocytes, and plasma cells. Lymphoid fol-
licles with germinal centers are visible.

FIGURE 3-25
Inflammatory myofibroblastic tumor.
Plump myofibroblasts dispersed in an abundant edematous/myxoid extracel-
lular matrix, containing numerous lymphocytes and plasma cells.
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diFFerential diagnosis

The differential diagnosis depends on the histologic 
appearance of the lesion. When the tumor is predomi-
nantly myxoid and mitotically active, it resembles a 
reactive pseudosarcomatous lesion such as granulation 
tissue, nodular fasciitis, or proliferative fasciitis (if gan-
glion-like cells are numerous). When IMTs are markedly 
cellular, smooth muscle neoplasms, fibrous histiocytoma, 
inflammatory cell–rich gastrointestinal stromal tumors, 
and dendritic cell neoplasms must be considered. In the 
liver and spleen, most lesions resembling IMT actually 
correspond to dendritic cell tumors. Immunoreactivity 
for CD21 and CD35, signs of Epstein–Barr virus infec-
tion in follicular dendritic cell tumors, and S-100 and 

CD1a positivity in interdigitating dendritic cell tumors 
are useful features in this setting. Benign myofibro-
blastic spindle-cell lesions associated with infections, 
especially with mycobacterial infections, should also be 
distinguished from IMT. Special stains (methenamine 
silver and Ziehl stains) should always be performed, 
especially if the patient is immunodeficient or treated 
with corticosteroids. When IMTs are relatively scle-
rotic and less cellular, desmoid-type fibromatosis, scar-
ring, and calcifying fibrous pseudotumor are potential 
mimics. Some overlap exists between calcifying fibrous 
 pseudotumor and IMT, and it is possible that the for-
mer is no more than a late fibrosing stage of the latter. 
In the retroperitoneum, mesentery, and mediastinum, 
sclerosing IMT should be distinguished from well-
 differentiated sclerosing/inflammatory liposarcoma, 
sclerosing lymphoma, sclerosing carcinoma, Hodgkin’s 
lymphoma, and all fibrosclerosing inflammatory pro-
cesses that occur in disimmune/autoimmune diseases. 

FIGURE 3-29
Inflammatory myofibroblastic tumor. 
Cytoplasmic expression of ALK1 in tumor cells.

INFLAMMATORY MYOFIBROBLASTIC TUMOR/INFLAMMATORY 
FIBROSARCOMA—FACT SHEET

Definition
 ▸▸  A distinctive lesion composed of myofibroblasts, lymphocytes, 

plasma cells, and eosinophils

Incidence and Location
 ▸▸  rare
 ▸▸  Predominate in lungs, soft tissues, and abdominal viscera 

 (mesentery, omentum, genitourinary tract)

Morbidity and Mortality
 ▸▸  Mostly benign behavior; rare cases metastasize

Sex, Race, and Age Distribution
 ▸▸  Children and young adults; pulmonary form more common in 

middle age
 ▸▸  Slight female predominance

Clinical Features
 ▸▸  Pulmonary IMT: chest pain and dyspnea
 ▸▸  Abdominal IMT: pain, discomfort, gastrointestinal obstruction
 ▸▸  Mass, fever, and/or weight loss frequent
 ▸▸  Anomalous laboratory findings (anemia, hyperglobulinemia, 

increased erythrocyte sedimentation rate) occasional

Radiologic Features
 ▸▸  Heterogeneous lobulated solid mass
 ▸▸  Calcifications may be present

Prognosis and Treatment
 ▸▸  30% to 40% recurrence rate for extrapulmonary and extravesical 

IMT (5% to 10% for pulmonary lesions; 25% for lesions from 
 urinary bladder)

 ▸▸  Metastasis in less than 5% of cases
 ▸▸  Treatment: wide excision whenever possible
 ▸▸  regression under anti-inflammatory agents (corticoids) possible

FIGURE 3-28
Inflammatory myofibroblastic tumor. 
Strong positivity for smooth muscle actin.
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Malignant forms of IMT/inflammatory fibrosarcoma 
should be differentiated from malignant fibrous histio-
cytoma, inflammatory leiomyosarcoma, rhabdomyosar-
coma, and spindle cell carcinoma. Clinical presentation 
(children), tumor site (intra-abdominal lesion), and 
immunohistochemical profile (positivity for ALK) help 
in making the distinction.

Prognosis and treatMent

Extrapulmonary IMT has an overall recurrence rate of 
30% to 40%. The recurrence rate is significantly lower in 
pulmonary lesions (5%) and in lesions from the urinary 
bladder (25%). A minority (<5%) produce metastasis.

Wide excision is the treatment of choice. Tumor 
regression has been described with anti-inflammatory 
(corticosteroid) treatment.

MYXOINFlaMMaTORY FIBROBlasTIC 
saRCOMa (Inflammatory Myxohyaline 
Tumor of Distal Extremities with  
Reed–sternberg or Virocyte-like Cells, acral 
Myxoinflammatory Fibroblastic sarcoma)

CliniCal Features

Myxoinflammatory fibroblastic sarcoma (MIFS) is a rare, 
recently described soft tissue of low-grade malignancy 
that most often occurs in acral locations. MIFS typically 
affects middle-aged adults, with a peak incidence in the 
fourth to fifth decades of life. Approximately two-thirds of 
cases involve the upper extremity and one-third the lower, 
although rare cases have been reported in more proximal 
locations, including the trunk. Patients typically have a 
slow-growing, infiltrative, occasionally painful mass.

PathologiC Features

gross Findings

MIFSs typically appear as multinodular, poorly cir-
cumscribed, friable masses of white-tan tissue. Most 
cases are relatively small (3 to 4 cm).

MiCrosCoPiC Findings

MIFSs show a distinctive admixture of hyalinized, 
inflammatory, and myxoid areas (Figure 3-30). The inflam-
matory areas may predominate, creating the low-power 
appearance of an inflammatory or infectious process. Neu-
trophils, eosinophils, lymphocytes, and histiocytes may be 
present, in variable numbers. Within the hyalinized and 
myxoid zones are found aggregates of bizarre-appearing 
tumor cells, often with giant macronucleoli, reminiscent 
of cytomegalovirus-infected cells or Reed–Sternberg cells 
(Figure 3-31). Pseudolipoblast-like fibroblastic cells are 
usually easily identified within the myxoid areas (Figure  
3-32). Mitotic figures may be present but are typically 
sparse. Small foci of necrosis are occasionally seen.  

INFLAMMATORY MYOFIBROBLASTIC TUMOR/INFLAMMATORY 
FIBROSARCOMA—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Circumscribed multinodular mass
 ▸▸  Whitish to myxoid
 ▸▸  Mean diameter: 6 cm (range, 1 to 17 cm)

Microscopic Findings
 ▸▸  Three patterns:
 1.  Fairly dispersed spindled fibroblasts/myofibroblasts; some 

 ganglion-like myofibroblasts
Prominent inflammation (lymphocytes, plasma cells, eosinophils)
Edematous/myxoid background with numerous vessels
 2.  Dense, fascicular myofibroblastic proliferation
Prominent inflammatory infiltrate/plasma cell aggregates/lymphoid 
nodules
Variably myxoid to collagenized background
Ganglion-like myofibroblasts
 3.  Moderate to hypocellular myofibroblastic proliferation
Well-developed collagenized extracellular matrix
 ▸▸  Malignant IMT (inflammatory fibrosarcoma) characterized by:
 ▸▸  Atypical, polygonal, ganglion-like/epithelioid cells with 

 vesicular nuclei and prominent nucleoli
 ▸▸  Numerous/atypical mitoses

Genetics
 ▸▸  Clonal rearrangements of the 2p23 region
 ▸▸  ALK gene activation frequent in IMT of children and young adults, 

rare in adults older than 40 years
 ▸▸  ALK gene activation frequent in IMT of urinary bladder

Immunohistochemical Findings
 ▸▸  Focal or diffuse reactivity for smooth muscle actin, calponin, and 

desmin
 ▸▸  Cytokeratin reactivity in about 30% of cases (especially in lesions 

from urinary bladder)
 ▸▸  Cytoplasmic ALK reactivity in about 50% of cases (70% to 90% in 

tumors from urinary bladder)
 ▸▸  Negativity for myogenin, h-caldesmon, S-100 protein, and CD117

Differential Diagnosis
 ▸▸  Granulation tissue/reactive processes
 ▸▸  Nodular fasciitis
 ▸▸  Fibrous histiocytoma
 ▸▸  GIST
 ▸▸  Spindle cell carcinoma
 ▸▸  Dendritic cell neoplasms
 ▸▸  Desmoid-type fibromatosis
 ▸▸  Well-differentiated sclerosing/inflammatory liposarcoma
 ▸▸  Sclerosing lymphoma/Hodgkin’s disease
 ▸▸  Autoimmune-associated fibrosing processes (Ormond disease, 

 sclerosing mediastinitis)
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A well-developed, arborizing, thick-walled vasculature, as 
seen in myxofibrosarcoma, is not seen.

anCillary studies

iMMunohistoCheMistry

The neoplastic cells of MIFS routinely express vimen-
tin and are positive for CD34 in roughly 25% of cases. 
Occasional cases may be cytokeratin and smooth muscle 
actin positive.

FIGURE 3-30
Myxoinflammatory fibroblastic sarcoma, showing a characteristic admixture 
of hyalinized, myxoid, and inflammatory areas.

FIGURE 3-31
Inflammatory cells and bizarre-appearing tumor cells with prominent macro-
nucleoli in myxoinflammatory fibroblastic sarcoma.

FIGURE 3-32
Myxoid area in myxoinflammatory fibroblastic sarcoma, with pseudolipo-
blasts.

MYXOINFLAMMATORY FIBROBLASTIC SARCOMA—FACT SHEET

Definition
 ▸▸  A distinctive low-grade sarcoma of the distal extremities, 

 characterized by an admixture of hyalinized, myxoid, and 
 inflammatory areas

Location
 ▸▸  Acral sites; two-thirds upper extremities, one-third lower extremi-

ties; rare cases in proximal locations including trunk

Morbidity and Mortality
 ▸▸  Significant potential for aggressive, destructive local recurrence; 

rare cases with lymph node and lung metastases

Sex, Race, and Age Distribution
 ▸▸  Middle-aged adults; no sex predilection

Clinical Features
 ▸▸  Slow-growing, occasionally painful mass of distal extremities

Prognosis and Treatment
 ▸▸  Frequent local recurrence, occasionally necessitating amputa-

tion; requires wide excision; selected cases may require adjuvant 
 radiotherapy

MYXOINFLAMMATORY FIBROBLASTIC SARCOMA—PATHOLOGIC 
FEATURES

Gross Findings
 ▸▸  Median size: 3 cm
 ▸▸  Poorly circumscribed, friable, fibrous to myxoid appearing

Microscopic Findings
 ▸▸  Hyalinized and myxoid areas that contain bizarre tumor cells with 

giant macronucleoli; pseudolipoblasts in myxoid areas; mixed 
acute and chronic inflammatory cell infiltrate; low mitotic rate 
with infrequent necrosis

Differential Diagnosis
 ▸▸  Myxofibrosarcoma
 ▸▸  Infection/inflammatory process
 ▸▸  Giant cell tumor of tendon sheath
 ▸▸  Hodgkin’s lymphoma
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genetiC Findings

No consistent genetic findings have been reported.

diFFerential diagnosis

Inflammatory and infectious lesions lack the clearly 
malignant cells seen in MIFS, as well as the distinctive 
admixture of hyalinized and myoid zones. Soft tissue 
Hodgkin’s lymphoma is extremely rare, and the cells of 
MIFS lack CD30 and CD15 expression, seen in Reed–
Sternberg cells. Myxofibrosarcoma (myxoid malignant 
fibrous histiocytoma) is typically larger and more proxi-
mally located, occurs in older adults, and shows a well-
developed arborizing vasculature, which is absent in 
MIFS. Giant cell tumors of tendon sheath lack the prom-
inent cytologic atypia and the acute inflammatory cells 
seen in MIFSs. IMTs usually occur in much younger 
patients, contain fascicles of relatively bland myofibro-
blasts, and seldom occur in distal locations.

Prognosis and treatMent

MIFS is considered a low-grade sarcoma, with signifi-
cant potential for aggressive local recurrence, sometimes 
necessitating amputation, and limited potential for 
lymph node and distant metastases. Exceptional cases 
of MIFS show histologic progression to high-grade sar-
coma; the significance of this finding is uncertain, but 
likely reflects a significantly more aggressive lesion. 
MIFS require wide excision, with consideration of adju-
vant radiotherapy in selected cases.

aDUlT FIBROsaRCOMa aND VaRIaNTs 
(low-Grade Fibromyxoid sarcoma/Hyalinizing 
spindle Cell Tumor with Giant Rosettes, 
sclerosing Epithelioid Fibrosarcoma, 
Myxofibrosarcoma)

CliniCal Features

Conventional fibrosarcoma is a relatively rare neoplasm 
of adult patients (30 to 60 years) that occurs slightly 
more frequently in men. Most patients describe a deep-
seated, often slow-growing, large solitary mass. A sig-
nificant proportion of cases occur at the site of former 
injury, in burn scars, or in previously irradiated fields 
(postradiation fibrosarcoma). The lower extremities are 
predominantly affected (thigh), followed by the trunk.

Low-grade fibromyxoid sarcoma is an unusual variant 
of fibrosarcoma that was not recognized as a malignant 
neoplasm until 1987. It usually presents as a long-
 standing, painless mass that occurs preferentially in the 
deep soft tissues of the limbs (thigh), limb girdles (shoul-
der), and trunk of young adults (median age, 35 years), 
with a slight predilection for male individuals.

Sclerosing epithelioid fibrosarcoma is an uncommon, 
distinctive, often painful variant of fibrosarcoma that 
occurs in adults (median age, 43 years) with equal sex 
distribution. The tumor develops predominantly in the 
limbs (especially lower limbs) and limb girdles, and is 
deep seated in most cases.

Myxofibrosarcoma, previously called myxoid malignant 
fibrous histiocytoma, is a relatively common sarcoma of 
older patients (50 to 70 years), mostly found in the deep 
dermis and subcutaneous fat of limbs and limb girdles. 
About one third of the cases are deep seated, developing 
in fascia and skeletal muscle. This is a slow-growing, often 
painless tumor that affects men and women equally.

PathologiC Features

gross Findings

Conventional fibrosarcomas are large, well-circum-
scribed, solitary masses, measuring 3 to 8 cm. On sec-
tion, the tumor is whitish, fleshy, and may contain foci of 
 necrosis or hemorrhage, or both. Low-grade fibromyxoid 
sarcomas are also well-demarcated, sometimes lobulated. 
Cut section shows a fibrous or fibromyxoid, whitish, glis-
tening mass, bearing some resemblance to a uterine leio-
myoma (Figure 3-33). Sclerosing epithelioid fibrosarcoma 
is a well-circumscribed, lobulated tumor that may have 
calcifications, cystic change, or myxoid change on sec-
tioning. As with low-grade fibromyxoid sarcoma, necro-
sis is uncommon. Myxofibrosarcoma is typically located 
in the subcutaneous fat, growing along fibrous septa 

FIGURE 3-33
Gross photograph of a low-grade fibromyxoid sarcoma, showing a lobulated, 
glistening, leiomyoma-like, whitish mass.
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and forming more or less gelatinous nodules (Figure  
3-34). Large tumors are often deep-seated, and partially 
necrotic and/or hemorrhagic.

MiCrosCoPiC Findings

Conventional fibrosarcoma is composed of monotonous, 
uniform fibroblast-like spindle cells that have little cyto-
plasm and grow in long fascicles separated by regular col-
lagen fibers, giving the classic herringbone growth pattern 
(Figure 3-35). Tumor cell bundles may also intersect at 
right angles. Mitoses are readily visible. Focal cartilage or 
bone metaplasia, or both, can occasionally be seen; giant 
or multinucleated cells are generally absent. Extracellular 
collagen deposition is usually more pronounced in postra-
diation fibrosarcoma, as bundles of thick, hyalinized colla-
gen separating the tumor cells. Poorly differentiated cases 
are more cellular and pleomorphic, with more numerous 
mitotic figures, less collagen, and some necrosis.

In its classic form, low-grade fibromyxoid sarcoma con-
sists of spindle-shaped tumor cells forming sweeping fas-
cicles or whorls, in a collagenous and myxoid background 
(Figures 3-36 and 3-37). The cells have pale eosinophilic 
cytoplasm and deceptively bland, ovoid, or tapered nuclei 
with one or two small nucleoli and occasional nuclear 
inclusions (Figure 3-38). Mitotic figures are rare, and there 
is no necrosis. The stroma is focally collagenous; in the 
myxoid areas, curvilinear or plexiform vessels resembling 
those of a myxoid liposarcoma are readily visible. Although 
grossly well-circumscribed, the tumor often infiltrates the 
surrounding tissues on microscopic examination. Some 
tumors may contain clusters of large rosettes, consisting 
of cores of hyalinized collagen surrounded by rounded, 
epithelioid-looking tumor cells. When they are numerous, 
the lesion has been described as hyalinizing spindle cell 

FIGURE 3-35
Conventional adult fibrosarcoma. 
Monotonous spindle cells in a herringbone pattern.

FIGURE 3-36
Low-grade fibromyxoid sarcoma. 
Hypocellular mass with alternating collagenous and myxoid areas.

FIGURE 3-34
Gross photograph of a myxofibrosarcoma. 
Several myxoid nodules are visible in the subcutaneous fat.

FIGURE 3-37
Low-grade fibromyxoid sarcoma. 
Fascicular arrangement of tumor cells, with alternating collagenous and 
myxoid areas.
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tumor with giant rosettes (Figure 3-39). Fifteen to 20% of 
low-grade fibromyxoid sarcomas contain intermediate- or 
high-grade, densely cellular areas resembling conventional 
fibrosarcoma. Recurrent tumors also tend to be more cel-
lular and mitotically active, at least focally.

Sclerosing epithelioid fibrosarcoma consists of pecu-
liar, epithelioid or clear tumor cells, arranged in strands, 
nests, or acini and embedded in a densely hyalinized col-
lagenous matrix (Figure 3-40). Nuclei are often round 
and relatively bland, and mitotic activity is minimal. 
Sclerotic hypocellular areas coexist with more cellular 
zones resembling conventional fibrosarcoma. Myxoid 
change, foci of cartilage, and/or bone metaplasia and 
calcified foci are frequently observed. The tumor often 
infiltrates the surrounding tissues and may even infil-
trate the periosteum or the underlying bone, or both.

Myxofibrosarcoma is a nodular, variably myxoid lesion. 
Unfortunately, no consensus exists on the extent of the 
myxoid areas required for the diagnosis of myxofibrosar-
coma: whereas some authors require at least 50%, 10% 
is enough for others. Low-, intermediate-, and high-grade 
tumors have been described, depending on the respective 
proportions of myxoid and nonmyxoid components. Low-
grade myxofibrosarcomas are predominantly myxoid; the 
tumor is hypocellular and contains distinctive curvilinear 
vessels (Figure 3-41). Tumor cells, which have enlarged 
hyperchromatic nuclei, tend to aggregate around vessels. 
Vacuolated cells containing acid mucin and resembling 
lipoblasts are also found. Mitotic figures are rare. In 
high-grade lesions, the malignant fibrous histiocytoma-
like component predominates but myxoid foci are still  
 recognizable (Figure 3-42). Nuclear pleomorphism is 

FIGURE 3-38
Low-grade fibromyxoid sarcoma. 
Pseudonuclear inclusions are evident in this cellular zone.

FIGURE 3-39
Hyalinizing spindle cell tumor with giant rosettes, a rosette-rich variant of 
low-grade fibromyxoid sarcoma. Giant rosettes consist of cores of hyalinized 
collagen surrounded by rounded, epithelioid tumor cells.

FIGURE 3-40
Sclerosing epithelioid fibrosarcoma. 
Cords of epithelioid-to-clear cells embedded in a densely hyalinized col-
lagenous matrix.

FIGURE 3-41
Low-grade myxofibrosarcoma. 
Curvilinear vessels and tumor cells with enlarged hyperchromatic nuclei are 
evident in this myxoid nodule.
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evident, multinucleated giant cells and necrosis are com-
mon, and mitotic figures, including abnormal mitoses, 
are readily visible (Figure 3-43). Cellularity and cellu-
lar atypia in intermediate-grade myxofibrosarcomas are 
between low- and high-grade forms (Figure 3-44). Subcu-
taneous cases of myxofibrosarcoma can grow quite a way 
along subcutaneous fibrous septa from the main lesion.

anCillary studies

iMMunohistoCheMistry

In conventional fibrosarcoma, tumor cells express 
vimentin only. Focal reactivity for smooth muscle actin 
is also possible. S-100 and epithelial markers are not 

expressed. Low-grade fibromyxoid sarcoma cells may also 
focally express smooth muscle actin and, more rarely, 
CD34 or desmin. They are generally negative for S-100 
protein and EMA. Unlike the other variants, cells in 
sclerosing epithelioid fibrosarcoma may express various 
antigens, including bcl-2 (90% of cases), p53 protein, 
S-100 protein, EMA (50% of cases), and cytokeratins 
(10% of cases). CD34, CD45, desmin, smooth muscle 
actin, and HMB45 are generally not expressed. In myxo-
fibrosarcoma, the cells stain diffusely for vimentin and 
occasionally for smooth muscle actin. They are negative 
for S-100 protein, CD34, and CD68.

genetiCs

Recurrent and specific chromosomal abnormali-
ties have not yet been observed in fibrosarcoma and 
its variants, with the exception of low-grade fibro-
myxoid sarcoma. A significant proportion of low-
grade fibromyxoid sarcomas bear a t(7;16) (q33;p11) 
reciprocal translocation or contain supernumerary 
ring chromosomes composed of material from chro-
mosomes 7 and 16. Chimeric FUS/CREB3L2 fusion 
transcripts can be detected in this tumor type, using 
reverse transcription–polymerase chain reaction  
(RT-PCR) or fluorescence in situ hybridization (FISH).

diFFerential diagnosis

Conventional fibrosarcoma is a diagnosis of exclusion, 
meaning that monophasic synovial sarcoma and MPNST, 
two important mimics, must be ruled out. As opposed to 
fibrosarcoma, tumor cells in monophasic synovial sarcoma 
express epithelial markers (EMA, cytokeratins, or both) 

FIGURE 3-42
High-grade myxofibrosarcoma. 
High-grade areas adjacent to low-grade/myxoid foci.

FIGURE 3-43
High-grade myxofibrosarcoma. 
Nuclear pleomorphism, giant tumor cells, and mitotic figures, including 
abnormal mitoses, are common features in high-grade zones.

FIGURE 3-44
Intermediate-grade myxofibrosarcoma showing cellularity and cellular atypia 
intermediate between high- and low-grade forms.
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and bear the t(X;18)(p11;q11) (SYT-SSX) translocation. 
Unlike fibrosarcoma, MPNSTs are positive for S-100 pro-
tein in 50% to 60% of cases, and often also for CD34. In 
the subcutis, any fibrosarcoma-like tumor should prompt 
a search for a DFSP with fibrosarcomatous transforma-
tion. CD34 positivity is important in this context, and 
the periphery of the tumor and the deep dermis should 
be carefully examined for areas of more conventional der-
matofibrosarcoma. Spindle cell melanoma and carcinoma 
can be ruled out by their reactivity for S-100 protein 
and melan-A, and keratins and EMA, respectively. Con-
ventional fibrosarcoma must also be differentiated from 
benign lesions such as nodular fasciitis in its active phase 
and the deep variant of fibrous histiocytoma. As opposed 
to fibrosarcoma, nodular fasciitis is a small, subcutaneous 
tumor composed of bland myofibroblasts and some inflam-
matory cells in a variably myxoid matrix. Fibrous histio-
cytoma is generally small, and displays a storiform and/or 
an HPC-like rather than a fascicular growth pattern; there 
are also various inflammatory elements present, includ-
ing xanthoma cells. Hypocellular and/or markedly col-
lagenous variants of fibrosarcoma may be confused with 
desmoid tumor or fibroma but will always be more cellu-
lar and more mitotically active.

Classic low-grade fibromyxoid sarcoma may resemble 
benign lesions such as fibroma, neurofibroma, perineu-
rioma, and desmoid tumor. However, neurofibroma and 
perineurioma are positive for S-100 protein and EMA, 
respectively. Deep fibromatoses (desmoid tumors) are 
more uniform, lack myxoid nodules, have a more fascic-
ular growth pattern, and are usually reactive for smooth 
muscle actin and often focally for desmin. Among malig-
nant tumors, low-grade MPNST (focal S-100 positiv-
ity), the myxoid variant of dermatofibrosarcoma (CD34 
positivity), and the low-grade variant of myxofibrosar-
coma (subcutaneous location, greater degree of nuclear 
pleomorphism) are most likely to be confused with low-
grade fibromyxoid sarcoma. When giant rosettes are 
present, leiomyoma, neuroblastoma-like schwannoma, 
and metastatic low-grade endometrial stromal sarcoma 
must also be considered but can easily be excluded on 
immunohistochemical grounds.

The differential diagnosis of sclerosing epithelioid 
fibrosarcoma is wide. This tumor should be differentiated 
primarily from signet-ring-cell carcinoma (especially 
infiltrating lobular carcinoma), sclerosing lymphoma, 
epithelioid synovial sarcoma, clear cell sarcoma, MPNST, 
paraganglioma, and extraskeletal osteosarcoma. In this 
context, previous medical history, clinical presentation, 
immunohistochemical features, and molecular data 
should all be taken into consideration.

Low-grade myxofibrosarcoma may be confused with 
myxoma and nodular fasciitis, as well as with low-grade 
fibromyxoid sarcoma and myxoid liposarcoma, because 
of the presence of plexiform vessels and vacuolated cells. 
However, myxoma, nodular fasciitis, and low-grade 
fibromyxoid sarcoma all occur in young to middle-aged 

adults, and lack cellular atypia and hyperchromatic 
nuclei. High-grade myxofibrosarcoma may be confused 
with any pleomorphic sarcomas, as well as with the 
recently described inflammatory myxohyaline tumor 
(also called myxoinflammatory fibroblastic sarcoma).

Prognosis and treatMent

The local recurrence rate of conventional fibrosarcoma 
is 20% to 45% at 5 years. As for any sarcoma, wide 
excision with tumor-free margins followed by adjuvant 
radiation therapy is the gold standard for therapy; for 
patients thus treated, the recurrence rate is between 
10% and 20%. The metastatic rate is 20% to 30% at 5 
years, depending on tumor grade. Metastases are mainly 
to lungs but also to bone; lymph node metastases are 
rare. Patients with high-grade tumors may benefit from 
adjuvant chemotherapy. Overall, the 5-year survival rate 

ADULT FIBROSARCOMA AND VARIANTS—FACT SHEET

Definition
 ▸▸  Conventional fibrosarcoma: a malignant tumor composed of 

 fibroblasts arranged in a herringbone pattern, with varying 
amounts of collagen in the background

 ▸▸  Low-grade fibromyxoid sarcoma: a rare sarcoma consisting of 
an admixture of myxoid and collagenized zones, with whorls of 
deceptively bland spindle cells and prominent curved vessels

 ▸▸  Sclerosing epithelioid fibrosarcoma: a distinctive variant of 
 fibrosarcoma, in which strands or nests of epithelioid tumor cells 
are embedded in a densely collagenous matrix

 ▸▸  Myxofibrosarcoma: a fibroblastic lesion with a variably myxoid 
stroma, nuclear pleomorphism, and a distinctive vascular pattern

Incidence and Location
 ▸▸  Conventional fibrosarcoma: rare; lower extremities (thigh), trunk
 ▸▸  Low-grade fibromyxoid sarcoma: rare; deep soft tissues of limbs 

(thigh), limb girdles, trunk
 ▸▸  Sclerosing epithelioid fibrosarcoma: rare; deep soft tissues of limbs 

and limb girdles
 ▸▸  Myxofibrosarcoma: one of the most common sarcomas of elderly 

patients
 ▸▸  Limbs and limb girdles; two-thirds in lower dermis or subcutis, 

one-third in deep soft tissues

Morbidity and Mortality
 ▸▸  Conventional fibrosarcoma: overall 5-year survival rate: 40% to 60%
 ▸▸  Metastases occurring in lungs and bone (vertebra)
 ▸▸  Low-grade fibromyxoid sarcoma: 5-year overall survival: more than 

95% if initial tumor is adequately treated
 ▸▸  Late metastases common, mostly to lungs
 ▸▸  Sclerosing epithelioid fibrosarcoma: local recurrence rate: 50%
 ▸▸  Metastatic rate: 40% to 80%, to lungs, pleura, and bone
 ▸▸  Overall 5-year survival rate: 70%
 ▸▸  Myxofibrosarcoma: recurrences in up to 50% to 60%, regardless of 

grade
 ▸▸  Metastases in 20% to 35%, only in intermediate- and high-

grade lesions (lungs, bone, lymph nodes)

(Continued)
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is 40% to 60%, regardless of grade. Adverse prognos-
tic factors include high histologic grade, high cellularity 
with minimal collagen deposition, high mitotic activity 
(>20/10 hpf), large tumor size (>5 cm), tumor necro-
sis, and deep location.

Sex, Race, and Age Distribution
 ▸▸  Conventional fibrosarcoma: younger adults (30 to 60 years), 

 slightly more frequent in men
 ▸▸  Low-grade fibromyxoid sarcoma: young adults (median age,  

35 years), slightly more frequent in men
 ▸▸  Myxofibrosarcoma: older adults (50 to 70 years), no sex predilection
 ▸▸  Sclerosing epithelioid fibrosarcoma: adults (median age, 43 years), 

no sex predilection

Clinical Features
 ▸▸  Conventional fibrosarcoma: Large, deep-seated, slow-growing, 

 solitary mass
 ▸▸  May occur at site of prior injury, burn, or radiotherapy 

 (postirradiation fibrosarcoma)
 ▸▸  Low-grade fibromyxoid sarcoma: Deep, painless mass that may have 

been present for a long time
 ▸▸  Sclerosing epithelioid fibrosarcoma: deep-seated, sometimes painful mass
 ▸▸  Myxofibrosarcoma: slow-growing, painless mass
 ▸▸  Two-thirds in lower dermis or subcutis, one-third deep to fascia

Radiologic Features
 ▸▸  Conventional fibrosarcoma: if in contact with bone, may be visible 

periosteal reaction
 ▸▸  Low-grade fibromyxoid sarcoma: cystic change may be visible
 ▸▸  Sclerosing epithelioid fibrosarcoma: may be focally calcified
 ▸▸  Myxofibrosarcoma: necrosis and hemorrhage may be visible

Prognosis and Treatment
 ▸▸  Conventional fibrosarcoma: 5-year overall local recurrence rate: 

20% to 45% (10% to 20% for adequately resected tumors)
 ▸▸  5-year metastatic rate: 20% to 30%
 ▸▸  Adverse prognostic factors: high histologic grade, high cellular-

ity, high mitotic activity (> 20/10 hpf), tumor size larger than 
5 cm, tumor necrosis, deep location

 ▸▸  Treatment: wide excision with tumor-free margins plus adjuvant 
radiation therapy; adjuvant chemotherapy recommended for  
high-grade tumors

 ▸▸  Low-grade fibromyxoid sarcoma
 ▸▸  For adequately resected primaries:

Local recurrence rate: 10%
Metastatic rate: 5% to 10%

 ▸▸  Adverse prognostic factors: marginal resection and, possibly,  
high-grade areas

 ▸▸  Treatment: wide excision with tumor-free margins; adjuvant 
 radiation therapy recommended

 ▸▸  Sclerosing epithelioid fibrosarcoma
 ▸▸  Adverse prognostic factors: proximal location, large tumor size, 

male sex
 ▸▸  Myxofibrosarcoma: overall recurrence rate of 50%, unrelated to 

histologic grade
 ▸▸  Overall metastatic rate of 20% to 35%, grade-dependent (only 

in high-grade lesions)
 ▸▸  Low-grade lesions may give higher-grade recurrences
 ▸▸  Mortality higher in deep-seated and high-grade lesions, and if 

local recurrence occurs within 12 months of initial therapy

ADULT FIBROSARCOMA AND VARIANTS—FACT SHEET—con’t ADULT FIBROSARCOMA VARIANTS—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Conventional fibrosarcoma: well-defined solitary masses, 3 to 8 cm
 ▸▸  Whitish and fleshy on section; may contain necrotic or 

 hemorrhagic foci
 ▸▸  Low-grade fibromyxoid sarcoma: well-defined, sometimes lobulated; 

homogeneous tan appearance
 ▸▸  Sclerosing epithelioid fibrosarcoma: well-circumscribed, lobulated, 

median size of 7 to 10 cm
 ▸▸  Firm and whitish, sometimes with calcifications or  

cystic/myxoid change
 ▸▸  Myxofibrosarcoma:
 ▸▸  Subcutaneous lesions: multiple glistening gray-white  

nodules
 ▸▸  Deep lesions: solitary poorly defined mass, may have necrosis 

or hemorrhage

Microscopic Findings
 ▸▸  Conventional fibrosarcoma: monotonous, uniform, bipolar spindle 

cells with scant cytoplasm and tapered nuclei
 ▸▸  Long, sweeping bundles in a herringbone pattern
 ▸▸  Collagenous stroma may be abundant (postradiation sarcoma) 

or minimal (high-grade lesions)
 ▸▸  Mitotic activity moderate
 ▸▸  Little or no pleomorphism, giant or multinucleated cells
 ▸▸  Necrosis: mostly in high-grade lesions
 ▸▸  Low-grade fibromyxoid sarcoma: admixture of collagenous and 

myxoid zones, with abrupt transition from one to the other
 ▸▸  Bland spindle cells with oval nuclei and pale eosinophilic 

 cytoplasm
 ▸▸  Sweeping fascicles or whorls
 ▸▸  Curvilinear or plexiform vessels, especially visible in myxoid 

areas
 ▸▸  Mitotic activity low; no necrosis
 ▸▸  Sclerosing epithelioid fibrosarcoma: strands or nests of epithelioid 

or clear cells with uniform, round, or oval nuclei
 ▸▸  Mitotic activity low
 ▸▸  Dense collagenous background
 ▸▸  May be more cellular areas resembling conventional 

 fibrosarcoma
 ▸▸  HPC-like vascular pattern
 ▸▸  Myxofibrosarcoma: Cells with enlarged, hyperchromatic, often 

 pleomorphic nuclei
 ▸▸  Variably myxoid background
 ▸▸  May be lipoblast-like cells
 ▸▸  Mitotic activity low
 ▸▸  Curvilinear, thin-walled blood vessels

Genetics
 ▸▸  Conventional fibrosarcoma: no specific findings yet described
 ▸▸  Low-grade fibromyxoid sarcoma: t(7;16) reciprocal translocation, or 

ring chromosomes with material from 7 and 16
 ▸▸  Sclerosing epithelioid fibrosarcoma: no specific findings yet 

described
 ▸▸  Myxofibrosarcoma: no specific findings yet described

Immunohistochemical Findings
 ▸▸  Conventional fibrosarcoma, myxofibrosarcoma, and low-grade  

fibromyxoid sarcoma
 ▸▸  Constant positivity for vimentin
 ▸▸  Focal positivity for smooth muscle actin possible
 ▸▸  S-100 protein, EMA, keratins negative

(Continued)
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For low-grade fibromyxoid sarcomas adequately 
resected ab initio, the local recurrence rate is close to 
10% and the metastatic rate is close to 15%. Metastases 
are mainly to lungs and pleura, also to bone, and can 
occur late in the course of the disease (15 to 25 years 
after initial excision). The presence of small high-grade 
areas in an otherwise low-grade lesion is not currently 
believed to be prognostically significant. Wide excision 
with tumor-free margins is the optimal surgical treat-
ment. Adjuvant radiation therapy is recommended by 
some authors.

About 50% of patients with sclerosing epithelioid 
fibrosarcoma have local recurrences. Metastases develop 
in 40% to 80% of patients, mainly in the lungs but also 
in pleura, bone, and soft tissues. Five-year survival is 
around 70%. Proximal location, large tumor size, and 
male sex are important adverse prognostic factors.

The clinical behavior of myxofibrosarcoma depends 
on its histologic grade and on the extent of resection. 
Local recurrences occur in about 50% of cases, often 
because of inadequate initial excisions. It is not unusual 
for recurrences to show signs of upgrading with an 
increase in cellularity, pleomorphism, and mitotic activ-
ity, and conversely, a reduction of the myxoid compo-
nent. Metastases to lungs and bone are mostly observed 
in high-grade, deep-seated tumors (20% to 35%); they 
are rare in low-grade lesions. The overall 5-year survival 
rate is 60% to 70%.

INFaNTIlE FIBROsaRCOMa

CliniCal Features

Infantile fibrosarcoma (also called congenital fibrosar-
coma) is an unusual tumor of infants and young chil-
dren. It presents as a large, painless, solitary, rapidly 
growing mass of distal extremities (foot, ankle, lower leg, 
forearm, wrist, hand) involving the superficial and deep 
soft tissues. The trunk and the head and neck region 
may more rarely be involved. The overlying skin is often 
reddened or ulcerated. The tumor is present at birth in 
30% to 40% of cases.

PathologiC Features

gross Findings

Infantile fibrosarcoma is a poorly circumscribed and 
lobulated neoplasm measuring 5 to 15 cm in diameter. 
Cut section reveals a fleshy, grayish aspect. Necrotic, 
hemorrhagic, and/or myxoid areas can be observed.

MiCrosCoPiC Findings

At low power, infantile fibrosarcoma is a densely cellu-
lar neoplasm composed of intersecting bundles of monot-
onous spindle cells (Figure 3-45). Nuclear pleomorphism 
is not a feature, and collagen deposition is often minimal. 
The mitotic activity is usually brisk and the tumor con-
tains numerous interstitial lymphocytes. Dilated and/or 
branching, HPC-like vessels are often seen (Figure 3-46). 
Dystrophic calcification, areas of hemorrhage or necrosis, 
and foci of extramedullary hematopoiesis may be visible. 

 ▸▸  Sclerosing epithelioid fibrosarcoma
 ▸▸  Constantly vimentin positive
 ▸▸  bcl-2 positive in 90% of cases
 ▸▸  p53, S-100 protein, EMA, keratins may be positive in a minority 

of cases

Differential Diagnosis
 ▸▸  Conventional fibrosarcoma
 ▸▸  Monophasic fibrous synovial sarcoma
 ▸▸  MPNST
 ▸▸  DFSP with fibrosarcomatous transformation (if located in the 

subcutis)
 ▸▸  Nodular fasciitis and fibrous histiocytoma
 ▸▸  Fibromatosis
 ▸▸  Low-grade fibromyxoid sarcoma
 ▸▸  Classic low-grade fibromyxoid sarcoma:

Fibroma
Neurofibroma
Perineurioma
Deep fibromatosis (desmoid tumor)
MPNST
Myxofibrosarcoma
Myxoid variant of dermatofibrosarcoma
Spindle cell liposarcoma

 ▸▸  Low-grade fibromyxoid sarcoma with giant rosettes:
Soft tissue leiomyoma
Neuroblastoma-like schwannoma
Metastatic low-grade endometrial stromal sarcoma with smooth 

muscle differentiation
 ▸▸  Sclerosing epithelioid fibrosarcoma
 ▸▸  Carcinoma (signet ring cell carcinoma)
 ▸▸  Melanoma
 ▸▸  Synovial sarcoma
 ▸▸  MPNST
 ▸▸  Extraskeletal chondrosarcoma and osteosarcoma
 ▸▸  Dedifferentiated liposarcoma
 ▸▸  Myxofibrosarcoma
 ▸▸  Low-grade:

Nodular fasciitis
Myxoma/cellular myxoma/juxta-articular myxoma
Myxoid liposarcoma

 ▸▸  High-grade:
Inflammatory myxohyaline tumor/myxoinflamatory fibroblastic 

sarcoma
Pleomorphic liposarcoma
Dedifferentiated liposarcoma
High-grade MPNST
Metastatic carcinoma and melanoma

ADULT FIBROSARCOMA VARIANTS—PATHOLOGIC FEATURES—con’t
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Although grossly well delineated, this neoplasm commonly 
infiltrates the surrounding soft tissues on microscopic 
examination. Rarely, recurring infantile fibrosarcoma may 
be more pleomorphic. Areas resembling infantile myofi-
bromatosis or infantile hemangiopericytoma are observed 
in so-called composite tumors.

anCillary studies

iMMunohistoCheMistry

Spindle cells in infantile fibrosarcoma express vimen-
tin and smooth muscle actin in 30% of cases. Occasional 
reactivity for desmin, CD34, S-100 protein, or keratins 
may be seen. EMA is not expressed.

genetiCs

Most infantile fibrosarcomas bear a reciprocal t(12;15) 
(p13;q26) translocation. The two genes involved are the 
NTRK3 gene (a receptor tyrosine kinase gene) on chro-
mosome 15q, and the ETV6 (TEL) gene on chromosome 

12p. A similar genetic profile is observed in cellular 
congenital mesoblastic nephroma. The ETV6/NTRK3 
fusion protein is oncogenic, and is detectable in fro-
zen and paraffin-embedded tissue using RT-PCR or in 
situ hybridization. Trisomy of chromosomes 11, 20, 17, 
and 8 are also characteristically observed in infantile  
fibrosarcoma.

diFFerential diagnosis

Conventional (adult-type) fibrosarcoma, monophasic 
synovial sarcoma, MPNST, infantile myofibromato-
sis, infantile fibromatosis (cellular variant)/infantile 
hemangiopericytoma, malignant hemangiopericytoma, 
and spindle cell rhabdomyosarcoma are the main differ-
ential diagnoses to be considered. Age at presentation 
and the presence of interstitial lymphocytes within the 
tumor distinguish infantile fibrosarcoma from the adult 
form. Synovial sarcomas are almost always positive for 
cytokeratins, EMA, or both. MPNSTs are rare in infants 
and are often attached to large nerves. Infantile myofi-
bromatosis, infantile hemangiopericytoma, and cellular 

INFANTILE FIBROSARCOMA—FACT SHEET

Definition
 ▸▸  A tumor of infants, which resembles classic adult fibrosarcoma 

histologically and which predominantly involves the distal 
 extremities

Incidence and Location
 ▸▸  12% of soft tissue malignancies in infants
 ▸▸  36% to 80% of cases are congenital or occur in the first year of 

life
 ▸▸  rare after 2 years of age
 ▸▸  Distal extremities (60% of cases); trunk, head, and neck region

Morbidity and Mortality
 ▸▸  Local recurrence in 5% to 50% of cases
 ▸▸  Metastases in less than 10% of cases
 ▸▸  Mortality rate: 4% to 25%

Sex, Race, and Age Distribution
 ▸▸  Slight male predominance

Clinical Features
 ▸▸  Congenital in 30% to 40% of cases
 ▸▸  Large, painless, rapidly enlarging mass
 ▸▸  Overlying skin reddened or ulcerated

Prognosis and Treatment
 ▸▸  Local recurrences in 5% to 50% of cases
 ▸▸  Metastases in less than 10% of cases
 ▸▸  Treatment: complete surgical excision with or without adjuvant 

chemotherapy

INFANTILE FIBROSARCOMA—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Poorly circumscribed, lobular mass
 ▸▸  Size: 5 to 15 cm

Microscopic Findings
 ▸▸  Densely cellular
 ▸▸  Intersecting fascicles of spindle cells; nuclear pleomorphism usu-

ally absent
 ▸▸  Numerous mitoses
 ▸▸  Numerous interstitial lymphocytes
 ▸▸  Hemangiopericytoma-like vascular pattern often apparent
 ▸▸  Infiltration of surrounding tissues

Genetics
 ▸▸  t(12;15)(p13;q26) reciprocal translocation involving NTRK3 and 

ETV6 genes
 ▸▸  Trisomy of chromosomes 8, 11, 17, and 20

Immunohistochemical Findings
 ▸▸  Positivity for vimentin
 ▸▸  Variable reactivity with smooth muscle actin
 ▸▸  Occasional reactivity with desmin, CD34, S-100 protein, or kera-

tins
 ▸▸  EMA negative

Differential Diagnosis
 ▸▸  Conventional (adult-type) fibrosarcoma
 ▸▸  Synovial sarcoma (monophasic variant)
 ▸▸  MPNST
 ▸▸  Infantile hemangiopericytoma and myofibromatosis
 ▸▸  Spindle cell rhabdomyosarcoma
 ▸▸  Infantile fibromatosis (cellular variant)
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infantile fibromatosis may be morphologically indistin-
guishable from infantile fibrosarcoma. The two former 
entities are related, benign neoplasms, whereas infan-
tile fibromatosis is a recurring but nonmetastasizing 
lesion; in all three, the tumor cells are positive, at least 
focally, for smooth muscle actin and variably positive for 
 desmin. Cytogenetics and molecular biology are crucial 
for distinguishing between these entities. Spindle cell 
rhabdomyosarcoma usually occurs in the paratesticular 
and head and neck regions in children. The tumor cells, 
which have a fibrillary elongated cytoplasm, are positive 
for desmin and myogenin, and show ultrastructural fea-
tures of skeletal muscle differentiation.

Prognosis and treatMent

Although large, and histologically worrisome, infantile 
fibrosarcoma carries a good prognosis. It can recur (5% 
to 50% of cases depending on the extent of the surgi-
cal excision) but metastasizes rarely (<10% of cases). 
The mortality rate ranges from 4% to 25%; the 5-year 
survival rate is 75% to 84%. Rare cases of spontaneous 
regression have been described. Complete surgical exci-
sion, if possible, is the treatment of choice. Amputation 
may be required for huge unresectable tumors. Adju-
vant/neoadjuvant chemotherapy or adjuvant radiother-
apy has also been proved effective in selected cases.

FIBROHISTIOCYTIC TUMORS

INTRODUCTION

The group of fibrohistiocytic tumors encompasses 
those tumors that are composed, partly or exclusively, 
of fibroblasts, myofibroblasts, and tumor cells (includ-
ing multinucleated giant cells) showing some evidence 
of phagocytic activity. In keeping with the recent World 
Health Organization (WHO) classification of tumors of 
soft tissue and bone, pleomorphic malignant fibrous his-
tiocytoma, which was previously regarded as the most 
common adult soft tissue sarcoma, is now considered 
an undifferentiated pleomorphic sarcoma NOS. The  
so-called myxoid variant of malignant fibrous histio-
cytoma (currently called myxofibrosarcoma) remains a 
discrete entity. By contrast, giant cell and inflammatory 
subtypes of malignant fibrous histiocytoma, which share 

FIGURE 3-46
Infantile fibrosarcoma. 
Spindle cell proliferation with branching, hemangiopericytoma-like vessels.

FIGURE 3-45 
Infantile fibrosarcoma. 
Intersecting fascicles of monotonous spindle cells, resembling conventional  
(adult-type) fibrosarcoma, with rare interspersed lymphocytes.

MAIN HISTOLOGIC TUMOR TYPES AND SUBTYPES IN THE 
FIBROHISTIOCYTIC TUMOR CATEGORY

Benign fibrous histiocytomas
Dermal benign fibrous histiocytomas
Subcutaneous and deep benign fibrous histiocytomas
Juvenile xanthogranuloma, reticulohistiocytoma
Xanthoma
Atypical fibroxanthoma
Giant cell tumor of tendon sheath, localized type (nodular tenosy-

novitis)
Giant cell tumor of tendon sheath, diffuse type (pigmented villon-

odular synovitis)
DFSP
Giant cell fibroblastoma
Plexiform fibrohistiocytic tumor
Angiomatoid fibrous histiocytoma
Giant cell tumor of soft tissue (of low malignant potential)
Undifferentiated high-grade sarcoma (so-called malignant fibrous 

histiocytoma)
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some morphologic features with other unrelated tumors, 
are no longer considered distinct entities.

BENIGN FIBROUs HIsTIOCYTOMas aND 
VaRIaNTs

CliniCal Features

Benign fibrous histiocytoma is a common lesion of the 
dermis and subcutis. Dermal lesions are also called 
dermatofibromas. Benign fibrous histiocytoma can be 
seen in every part of the body but is more frequently 
encountered in extremities of young to middle-aged 
adults (20 to 40 years). It has a female predominance. 
The lesions may be solitary or multiple. Several vari-
ants have been described, of which the cellular, aneu-
rysmal, and atypical forms have potential for local 
recurrence (25% of cases).

PathologiC Features

gross Findings

Conventional fibrous histiocytoma presents as an 
indurated, well-delineated plaque or nodule, measuring 
usually less than 1 cm in maximal diameter. Aneurys-
mal benign fibrous histiocytomas may occasionally be 
large (>5 cm).

MiCrosCoPiC Findings

Fibrous histiocytoma consists of a circumscribed, 
variably cellular monomorphic population of spindle 
cells arranged in fascicles and storiform patterns, which 
may be intermixed with multinucleated giant cells (Tou-
ton giant cells), foamy macrophages, siderophages, and 
interstitial fibrosis (Figures 3-47 and 3-48). Thickened 
 collagen bundles are classically observed at the periphery, 
surrounded by lesional cells (Figure 3-49). The overlying 
epidermis is often hyperplastic. Cellular fibrous histiocy-
tomas are highly cellular lesions, showing a storiform 
(Figure 3-50) or fascicular growth pattern, with little 
collagen deposition. They may resemble leiomyosarco-
mas in the marked eosinophilic appearance of tumor 
cells arranged in a predominantly fascicular growth pat-
tern. They tend to be larger (up to 2.5 cm) than common 
dermatofibroma, often extending into subcutis (30% of 
cases). Mitoses are numerous (often ≥ 3/10 hpf), and 
foci of necrosis (10%) or vascular invasion, or both, may 
be observed. Intralesional aneurysmal changes are char-
acteristic of the aneurysmal variant of fibrous histiocy-
toma (Figure 3-51). Vascular spaces are often bordered 

directly by multinucleated cells, siderophages, or both. 
The pseudovascular lumina are frequently occupied by 
foamy siderophages or Touton giant cells containing 
lipid and hemosiderin (Figure 3-52). The atypical (pseu-
dosarcomatous) fibrous histiocytoma variant contains 
numerous pleomorphic (monster) cells with enlarged 
hyperchromatic nuclei, resulting in a pseudosarcoma-
tous appearance (Figure 3-53). Mitoses are sometimes 
numerous in this variant, and atypical mitoses are occa-
sionally seen, especially in pleomorphic areas. Fibrous 
histiocytomas of the subcutis and/or deep soft tissue are 
more uniform in appearance, showing a storiform growth 
pattern and a peculiar hemangiopericytoma-like vascu-
larization formed by branching vessels. They are often 

FIGURE 3-47
Benign fibrous histiocytoma. 
A circumscribed but noncapsulated fibrohistiocytic dermal proliferation. 
The overlying epidermis is hyperplastic.

FIGURE 3-48
Benign fibrous histiocytoma. 
Storiform arrangement of tumor cells.
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well demarcated and can be encapsulated. Local recur-
rences are observed in up to 30% of cases. Several other 
more unusual fibrous histiocytoma variants have been 
described, including epithelioid fibrous histiocytoma, 
clear cell dermatofibroma, granular cell dermatofibroma, 
and lipidized (ankle-type) fibrous histiocytoma.

anCillary studies

iMMunohistoCheMistry

Immunohistochemically, the spindle cells are usu-
ally negative for CD34 and positive for factor XIIIa and 
KiM1p, as opposed to the cells in DFSP. The histiocytic 

cells, including multinucleated giant cells, express CD68 
(clone KP1, PGM1, or both). Deep fibrous histiocytomas 
often contain a subpopulation of CD34-positive cells.

genetiCs

The true nature, neoplastic or reactive, of benign 
fibrous histiocytoma has long been disputed. Clonal 
cytogenetic changes may be seen in up to 38% of cases, 
favoring a neoplastic process. Karyotypic abnormalities 
are more frequent in the cellular variant and are differ-
ent from those in DFSP.

FIGURE 3-49
Benign fibrous histiocytoma. 
Thickened collagen bundles are classically observed at the interface 
between the lesion and the surrounding dermis.

FIGURE 3-50
Cellular benign fibrous histiocytoma. 
A fascicular proliferation of bland, lightly eosinophilic spindled cells 
growing in short fascicles.

FIGURE 3-52
Aneurysmal benign fibrous histiocytoma. 
Hemosiderin deposits, and vascular spaces occupied by hemosiderophages 
and foamy histiocytes are readily visible at high-power magnification.

FIGURE 3-51
Aneurysmal benign fibrous histiocytoma. 
A low-power view showing central aneurysmal change.
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diFFerential diagnosis

The cellular, aneurysmal, and atypical variants of fibrous 
histiocytoma are the most likely to be confused with a 
malignant lesion, especially leiomyosarcoma, DFSP, and 

malignant fibrous histiocytoma. Leiomyosarcoma may 
develop in the dermis or subcutis. It is generally more 
fascicular and contains fewer inflammatory elements 
than fibrous histiocytomas. In addition, leiomyosarcoma 
is usually diffusely positive for smooth muscle actin and 
h-caldesmon, and focally positive for desmin, which is 
not the case for cellular fibrous histiocytoma. DFSP is 
a noninflammatory, diffusely infiltrating process devel-
oping in deep dermis, often extending into subcutis. It 
shows a more monotonous storiform appearance than 
fibrous histiocytoma, and lacks giant and xanthomatous 
cells. Unlike fibrous histiocytoma, DFSP is positive for 
CD34 and generally contains only a limited number of 
factor XIIIa–positive cells. Deep fibrous histiocytomas 
showing a prominent hemangiopericytomatous pattern 
should be distinguished from solitary fibrous tumor. 
Malignant fibrous histiocytomas usually present as large 
(>3 cm), pleomorphic to myxoid subcutaneous lesions 
with cellular atypia and numerous, often atypical, mito-
ses. Epithelioid fibrous histiocytoma should be differ-
entiated from reticulohistiocytoma, Spitz nevus, and 
melanoma.

BENIGN FIBROUS HISTIOCYTOMAS—FACT SHEET

Definition
 ▸▸  A benign fibrohistiocytic proliferation of dermis or superficial sub-

cutis, or both

Incidence and Location
 ▸▸  Most common soft tissue tumor of skin
 ▸▸  Mostly in extremities; may be multiple (one-third of cases)

Morbidity and Mortality
 ▸▸  Benign, usually nonrecurring (< 5%)
 ▸▸  Cellular, aneurysmal, and atypical variants recur in up to 25% of 

cases

Sex, Race, and Age Distribution
 ▸▸  Early to middle-aged adults, no race predilection
 ▸▸  Tend to be more frequent in female individuals

Clinical Features
 ▸▸  Elevated or flat, well-delineated, painless, often indurated, red to 

brown skin lesion

Prognosis and Treatment
 ▸▸  Complete excision is curative

BENIGN FIBROUS HISTIOCYTOMAS—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Small (≤ 2 cm) plaque-like or nodular well-circumscribed lesion

Microscopic Findings
 ▸▸  Dermal lesion, may extend into subcutis
 ▸▸  Storiform growth pattern
 ▸▸  Foamy macrophages, Touton giant cells, and siderophages com-

mon
 ▸▸  Areas of increased cellularity, cellular atypia, and mitotic figures 

occasional
 ▸▸  Thickened collagen bundles at the periphery of the lesion
 ▸▸  Accompanying epidermal hyperplasia
 ▸▸  Variants: growth patterns predominantly fascicular and heman-

giopericytoma-like in cellular and deep fibrous histiocytomas, 
respectively; numerous pleomorphic, monster cells in atypical 
(pseudosarcomatous) fibrous histiocytoma. prominent epithelioid 
cytomorphology in epithelioid fibrous histiocytoma

Genetics
 ▸▸  Clonal proliferations with karyotypic aberrations

Immunohistochemical Findings
 ▸▸  Tumor cell positivity for CD68 and factor XIIIa; negative for CD34
 ▸▸  Occasional positivity for smooth muscle actin; desmin usually 

negative

Differential Diagnosis
 ▸▸  DFSP (conventional and cellular fibrous histiocytoma)
 ▸▸  Leiomyosarcoma (cellular fibrous histiocytoma)
 ▸▸  Malignant fibrous histiocytoma (aneurysmal and atypical fibrous 

histiocytoma)
 ▸▸  Spitz nevus and melanoma (epithelioid fibrous histiocytoma)

FIGURE 3-53
Atypical benign fibrous histiocytoma. 
Cellular atypia, pleomorphic hyperchromatic nuclei, and mitoses, includ-
ing abnormal mitoses, characterize this variant of benign fibrous histiocy-
toma. The majority of this lesion showed more typical features of benign 
fibrous histiocytoma.
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Prognosis and treatMent

Fibrous histiocytomas are benign lesions. Recurrences 
are rare (<5% of cases), often after incomplete local 
excisions. Cellular, aneurysmal, and atypical variants 
of fibrous histiocytoma are prone to recur more fre-
quently (up to 25% of cases). Reexcision is usually 
curative. Rare occurrence of metastases have been 
reported with cellular, aneurysmal, and atypical vari-
ants of fibrous histiocytomas, often after multiple 
recurrences.

JUVENIlE XaNTHOGRaNUlOMa aND 
RETICUlOHIsTIOCYTOMa

CliniCal Features

Juvenile xanthogranuloma is a non-X (non-Langerhans 
cell) form of histiocytosis that occurs predominantly 
(but not exclusively) in infancy and childhood. It pres-
ents as single or multiple skin nodules, sometimes 
accompanied by synchronous or metachronous lesions 
in deep soft tissues and/or viscera (lung, epicardium, 
eye, oral cavity, testis). About half of the lesions develop 
on the head and neck, followed by the trunk and extremi-
ties; 15% to 30% occur in individuals older than  
20 years. No associations have been made with serum lipid  
abnormalities.

Solitary reticulohistiocytoma is a benign skin lesion 
that overlaps with the adult variant of juvenile xan-
thogranuloma. It occurs especially in men, at any body 
site but with a predilection for the head and neck, as 
a solitary small painless nodule. Solitary reticulohis-
tiocytoma should be separate from the rare multicen-
tric reticulohistiocytosis, a systemic disease occurring 
predominantly in female individuals, characterized 
by multiple skin lesions variably associated with sys-
temic symptoms (arthritis, pyrexia, weight loss), 
with systemic disease (Sjögren syndrome, systemic 
lupus erythematosus), and occasionally with visceral  
malignancies.

PathologiC Features

gross Findings

Juvenile xanthogranulomas usually measure 1.5 cm 
or less in maximal diameter. They are usually solitary 
in children older than 2 years and in adults. Reticu-
lohistiocytoma likewise presents as a solitary small  
(≤ 1.5 cm) lesion.

MiCrosCoPiC Findings

Cutaneous lesions consist of dermal/subcutaneous 
accumulations of nonatypical histiocytes, eosinophils, 
and Touton multinucleated giant cells in varying pro-
portions. The overlying epidermis is not hyperplastic. 
The morphologic aspect varies according to the amount 
of lipid present in the cytoplasm of the histiocytes. Early 
lesions are predominantly composed of nonlipidized 
histiocytes and rarely contain Touton giant cells (Figure 
3-54), whereas older lesions usually contain numerous 
xanthomatous histiocytes, Touton giant cells, eosino-
phils, and some degree of interstitial fibrosis, sometimes 
resulting in a reticulohistiocytoma-like appearance. 
Mitoses are scarce. Fibrosis often predominates in long-
standing lesions, and these are often difficult to separate 
from conventional fibrous histiocytomas. In contrast 
with the cutaneous lesions of juvenile xanthogranuloma, 
deep lesions are often misleading because of a less spe-
cific appearance. They are quite cellular, more mono-
morphous, less lipidized, and contain few, if any, Touton 
giant cells.

Reticulohistiocytoma is composed of sheets of his-
tiocytes with abundant eosinophilic cytoplasm (Figures  
3-55 and 3-56). Multinucleated giant cells are commonly 
observed, as well as lymphocyte aggregates. Although 
rare, mitotic figures can occasionally be seen.

anCillary studies

iMMunohistoCheMistry

The histiocytic tumor cells in both entities stain 
positively for CD68 (clones KP1 and PGM1) and also 
for CD31. Juvenile xanthogranuloma may be strongly 

FIGURE 3-54
Juvenile xanthogranuloma. 
Dermal/subcutaneous accumulation of nonatypical histiocytes and Touton-
type multinucleated giant cells.
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 positive for factor XIIIa. They are always negative for 
CD1a and often negative for S-100 protein.

diFFerential diagnosis

Langerhans cell histiocytosis (previously called histiocy-
tosis X) involving the skin is the main differential diagno-
sis of juvenile xanthogranuloma. As opposed to juvenile 
xanthogranuloma, cells in the former condition are more 
spindly, with coffee-bean nuclei; they are positive for  
S-100 protein and CD1a. Touton cells are not a feature of 
Langerhans cell histiocytosis. Granular cell tumor (in the 
case of nonlipidized lesions), storage diseases, and benign 
fibrous histiocytoma are also differential diagnoses to 
consider. Reticulohistiocytomas characterized by marked 
cellular pleomorphism should also be distinguished from 
malignancies such as melanoma, carcinoma, or pleomor-
phic sarcomas (malignant fibrous histiocytoma).

Prognosis and treatMent

Juvenile xanthogranuloma and solitary reticulohistio-
cytoma are benign, nonrecurring lesions. Skin lesions 
of juvenile xanthogranuloma often stabilize with time 

JUVENILE XANTHOGRANULOMA AND RETICULOHISTIOCYTOMA—
FACT SHEET

Definition
 ▸▸  A benign (fibro)histiocytic proliferation of dermis or superficial 

subcutis, or both

Incidence and Location
 ▸▸  Infrequent
 ▸▸  Head and neck are most common regions

Morbidity and Mortality
 ▸▸  Benign, nonrecurring lesions; juvenile xanthogranuloma may 

regress with time

Sex, Race, and Age Distribution
 ▸▸  Juvenile xanthogranuloma most common in infancy and childhood 

with no sex predilection; 15% to 30% observed in adults
 ▸▸  Solitary reticulohistiocytoma most common in adult men

Clinical Features
 ▸▸  Small nodular skin lesions, solitary for reticulohistiocytoma, may 

be multiple for juvenile xanthogranuloma
 ▸▸  Juvenile xanthogranuloma may develop in deep soft tissues, 

parenchymal organs, or both

Prognosis and Treatment
 ▸▸  Simple excision is curative
 ▸▸  Juvenile xanthogranuloma may regress spontaneously with time

JUVENILE XANTHOGRANULOMA AND RETICULOHISTIOCYTOMA—
PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Usually small (≤ 1.5-cm) nodular lesions
 ▸▸  Juvenile xanthogranuloma may be multiple
 ▸▸  Numerous lesions in multicentric reticulohistiocytosis

Microscopic Findings
 ▸▸  Dermal accumulations of histiocytes (with striking eosinophilic 

cytoplasm in reticulohistiocytoma), Touton giant cells, and  
eosinophils

 ▸▸  Variable interstitial fibrosis

Immunohistochemical Findings
 ▸▸  Histiocytes are positive for CD68; negative for CD1a and, often, 

S-100 protein
 ▸▸  Histiocytes are negative for factor XIIIa in multicentric  

reticulohistiocytosis

Differential Diagnosis
 ▸▸  Langerhans cell histiocytosis (histiocytosis X)
 ▸▸  Granular cell tumor (in case of nonlipidized lesions)
 ▸▸  Lipid storage diseases
 ▸▸  Benign fibrous histiocytoma
 ▸▸  Melanoma, carcinoma, and pleomorphic sarcomas for  

reticulohistiocytomas with marked cellular pleomorphism

FIGURE 3-55
Reticulohistiocytoma. 
Dermal accumulation of enlarged, somewhat glassy-appearing histiocytes.
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and may even regress. For deep lesions of juvenile 
 xanthogranuloma and for solitary reticulohistiocytoma, 
simple excision is curative.

XaNTHOMa

CliniCal Features

Xanthoma represents a localized collection of lipid-
laden histiocytes. It occurs mostly in the skin and sub-
cutis of patients with alterations in serum lipids such 
as hyperlipoproteinemias. Several clinical forms of 
cutaneous xanthomas have been described including 

eruptive, plane, and tuberous xanthomas. Xanthe-
lasma is xanthomas of the eyelid, mostly observed in 
normolipemic persons. Xanthomas of deep soft tissues 
usually develop in tendon, tendon sheath, or synovium. 
Tendinous xanthomas are usually associated with 
 hypercholesterolemia. They develop predominantly 
in the finger, wrist, and ankle (Achilles tendon) as 
painless, slow-growing masses. Tuberous xanthomas, 
which are most characteristic of familial dysbetalipo-
proteinemia, present as nodular lesions on elbows, 
knees, and buttocks. They may resolve with treatment 
of the underlying hyperlipidemia.

PathologiC Features

gross Findings

Xanthomas present generally as well-circumscribed 
white or yellow to brown masses.

MiCrosCoPiC Findings

Tuberous and tendinous xanthomas show a varying 
admixture of foamy histiocytes (Figure 3-57), cholesterol 
clefts, foreign body giant cells, lymphocytes aggregates, 
and fibrosis. Xanthelasma is composed predominantly 
of xanthoma cells with little fibrosis.

XANTHOMA—FACT SHEET

Definition
 ▸▸  Localized collection of lipid-laden histiocytes

Incidence and Location
 ▸▸  Frequent in patients with hyperlipidemia
 ▸▸  Mostly in skin and subcutis, less frequent in deep soft tissues 

(tendons of hand and feet)

Clinical Features
 ▸▸  Well-circumscribed, often multiple slow-growing masses

Prognosis and Treatment
 ▸▸  Simple excision of the mass in case of compromised function
 ▸▸  Treatment of hyperlipidemia

XANTHOMA—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Well-circumscribed white or yellow to brown masses

Microscopic Findings
 ▸▸  Varying admixture of foamy histiocytes, foreign body giant cells, 

cholesterol clefts, fibrosis, and lymphocytesFIGURE 3-57
Xanthoma. 
The lesion is composed predominantly of foamy histiocytes.

FIGURE 3-56
High-power view of reticulohistiocytoma showing histiocytic cells with 
abundant eosinophilic cytoplasm and vesicular nuclei.
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diFFerekntial diagnosis

Deep-seated tuberous xanthomas may be mistaken clini-
cally for a sarcoma. However, histologic examination 
and existence of hypercholesterolemia are diagnostic.

Prognosis and treatMent

Removal of the mass is indicated in case of compromised 
joint function. Alterations in serum lipids should also 
be corrected. Masses may recur unless hyperlipidemia 
is corrected.

aTYPICal FIBROXaNTHOMa

CliniCal Features

Atypical fibroxanthoma almost always occurs on sun-
exposed skin, mainly on the head and neck, in the 
elderly. The tumor appears as a solitary small nodule or 
bleeding ulcer. Radiation (solar, occupational, or thera-
peutic) is a predisposing factor, as demonstrated by the 
frequent association between atypical fibroxanthoma 
and basal cell or squamous cell carcinomas.

PathologiC Features

gross Findings

Atypical fibroxanthomas are solitary and small  
(<2 cm) cutaneous nodules or ulcers (Figure 3-58).

MiCrosCoPiC Findings

Microscopically, atypical fibroxanthomas are virtually 
indistinguishable from storiform/pleomorphic malignant 
fibrous histiocytomas. They consist of well-circumscribed 
dermal proliferations of plump, spindle-to-pleomorphic 
cells with enlarged hyperchromatic nuclei set in a vari-
ably collagenized extracellular matrix (Figure 3-59). 
Mononucleated and multinucleated giant tumor cells and 
mitoses, including atypical mitoses, are common. The 
overlying epidermis is usually not hyperplastic unless 
ulcerated. Dilated capillaries, inflammatory changes, 
and solar elastosis are usually present at the periphery 
of the lesion. Little or no extension of the lesion into the 
subcutis occurs. Although most atypical fibroxanthomas 
are predominantly composed of giant pleomorphic cells, 
a few of them may essentially be composed of spindle 

cells, resembling leiomyosarcoma. Tumor necrosis is not 
a feature of atypical fibroxanthoma.

anCillary studies

iMMunohistoCheMistry

The tumor cells in atypical fibroxanthomas usu-
ally express CD68 (clones KP1 and PGM1) and, often 
focally, smooth muscle actin. They are negative for cyto-
keratins, desmin, and S-100 protein.

FIGURE 3-58
Atypical fibroxanthoma. 
Low-power view showing a small, well-circumscribed, atypical dermal 
lesion occurring in association with actinic damage.

FIGURE 3-59
Atypical fibroxanthoma. 
Dermal proliferation of spindle-to-giant pleomorphic cells with hyperchro-
matic nuclei and mitotic figures, including atypical mitoses.
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diFFerential diagnosis

Atypical fibroxanthoma is a diagnosis of exclusion. 
Before giving a diagnosis of atypical fibroxanthoma, one 
must be sure that the lesion is not a sarcomatoid carci-
noma (positivity for keratins, EMA, or both) or a mela-
noma (positivity for S-100 protein). Malignant fibrous 
histiocytoma is usually found in the deep portion of 
the subcutis and is larger than atypical fibroxanthoma. 
In general, the term atypical fibroxanthoma should be 

reserved for small (<1.5 cm), dermal-based lesions that 
occur in sun-damaged skin, with no more than minimal 
involvement of the subcutis. The spindle cell variant of 
atypical fibroxanthoma may be difficult to separate from 
leiomyosarcoma. The latter, however, shows a promi-
nent fascicular growth pattern and is diffusely positive 
for smooth muscle actin and focally positive for desmin 
and/or h-caldesmon. When dealing with a lesion of the 
scalp, spindle cell angiosarcoma (positivity for CD31, 
CD34, or both) should enter the differential diagnosis.

Prognosis and treatMent

Simple excision is the treatment of choice. Local recur-
rence (often with invasion of deep soft tissue) and 
metastasis are exceptional.

DERMaTOFIBROsaRCOMa PROTUBERaNs 
(Including Bedñar Tumor and Giant Cell 
Fibroblastoma)

CliniCal Features

DFSP, Bedñar tumor, and giant cell fibroblastoma are 
considered fibrohistiocytic tumors of intermediate malig-
nancy because they have significant potential for local 
recurrence but a low risk for metastasis. Most frequently 
seen on the trunk and proximal extremities of middle-
aged adults, DFSP presents clinically as a slow-growing 
(often for several years) nodular mass or as an ill-defined 
plaque-like infiltration of the skin. In some cases, cuta-
neous involvement may be subtle or even absent, and 
the tumor may present as a subcutaneous mass. Men are 
more commonly affected than women. DFSP may occur 
in the pediatric age group, where the lesion may coexist 
with giant cell fibroblastoma. Giant cell fibroblastoma is 
considered a juvenile form of DFSP. It usually develops in 
the dermis and subcutis of infants and children younger 
than 5 years. Boys are more often affected than girls. 
Pure giant cell fibroblastoma is exceptional in adults. The 
lesion presents as a painless nodule or plaque frequently 
located on proximal extremities and trunk.

PathologiC Features

gross Findings

Advanced stage lesions present as single or multi-
ple nodular growths involving the skin or subcutis, or 
both, whereas earlier lesions present as plaque-like or 

ATYPICAL FIBROXANTHOMA—FACT SHEET

Definition
 ▸▸  A pleomorphic tumor mostly found on sun-damaged skin (elderly)
 ▸▸  Incidence and location, sex, race, and age distribution
 ▸▸  Frequent; no sex predilection
 ▸▸  Head and neck (elderly)
 ▸▸  Distal extremities and trunk (young adults)

Morbidity and Mortality
 ▸▸  Benign clinical course; seldom recur; metastasis exceptional

Clinical Features
 ▸▸  Small nodule (< 2 cm)
 ▸▸  Ulcer
 ▸▸  Sun-exposed skin in most cases

Prognosis and Treatment
 ▸▸  Simple excision is curative; local recurrences and/or metastases 

exceptional

ATYPICAL FIBROXANTHOMA—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Small dermal nodule (< 2 cm)
 ▸▸  Ulceration/bleeding frequent

Microscopic Findings
 ▸▸  Proliferation of spindle to pleomorphic cells
 ▸▸  Giant tumor cells
 ▸▸  Numerous mitoses, may be atypical
 ▸▸  Solar elastosis of adjacent skin
 ▸▸  Absence of tumor necrosis
 ▸▸  No extension into subcutis

Immunohistochemical Findings
 ▸▸  Positivity for CD68 and, frequently, for CD99 (75% of cases)
 ▸▸  Focal reactivity for smooth muscle actin
 ▸▸  Negative for desmin, CD34, keratins, and S-100 protein

Differential Diagnosis
 ▸▸  Spindle cell/sarcomatoid carcinoma
 ▸▸  Melanoma
 ▸▸  Malignant fibrous histiocytoma
 ▸▸  Spindle cell angiosarcoma (scalp)
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 localized skin induration. Multinodular presentation 
is often seen in local recurrences. The average size of 
the lesion is approximately 5 cm at the time of surgery. 
Giant cell fibroblastoma usually presents as a painless 
myxoid/mucoid nodule between 1 and 8 cm in greatest 
diameter (median, 3 cm).

MiCrosCoPiC Findings

DFSP is a diffusely infiltrating spindle cell prolif-
eration that develops, in most cases, at the interface 
between dermis and subcutis (Figure 3-60). In rare 
cases, it develops almost exclusively in the subcutis with 
minimal dermal involvement. An uninvolved (grenz) 
zone of dermis separates the lesion from the overlying 
epidermis, which is not hyperplastic. The spindle cell 
proliferation displays a typical monotonous storiform 
growth pattern (Figure 3-61). Cellular atypia is mini-
mal, and mitoses are scarce. Characteristically, the lesion 
infiltrates the subcutaneous adipose tissue in a lace-
like or honeycomb pattern (Figure 3-62). In the deep 
regions, the tumor spreads along the connective tissue 
septa, sparing adnexa. Myxoid change, multinucleated 
giant cells similar to those observed in giant cell fibro-
blastoma, and myoid nodules are occasionally observed.

Some dermatofibrosarcomas may contain areas resem-
bling conventional fibrosarcoma, with a hypercellular, 
fascicular pattern of growth (Figure 3-63). In these areas, 
nuclear pleomorphism is more pronounced and mitoses 
more numerous (>5 mitoses per 10 hpf). Rarely, derma-
tofibrosarcoma may contain areas resembling storiform/
pleomorphic malignant fibrous histiocytoma. High-
grade sarcomatous changes in dermatofibrosarcoma 
may be observed de novo, as well as in recurrences. Bed-
ñar tumor corresponds to a pigmented variant of DFSP 
in which spindled melanin pigment-containing cells are 
identified.

Giant cell fibroblastomas are proliferations of short 
spindle cells set in a variably myxoid to collagenous 
background (Figure 3-64). Pseudovascular spaces (so-
called angiectid spaces) are commonly found, often 

FIGURE 3-61
Dermatofibrosarcoma protuberans. 
Typical storiform growth pattern. Cellular atypia is absent.

FIGURE 3-62
Dermatofibrosarcoma protuberans.
Infiltration of subcutaneous fat in a typical lace-like or honeycomb 
 pattern.

FIGURE 3-60
Dermatofibrosarcoma protuberans. 
Infiltration of deep dermis and subcutis by the lesion in a honeycomb 
pattern. The superficial dermis is spared.
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bordered by multinucleated-appearing giant cells or by 
hyperchromatic cells with smudged chromatin (Fig-
ure 3-65). Hypocellular/collagenous or myxoid areas 
may alternate with hypercellular areas. Mitotic fig-
ures are rare, and no tumor necrosis is present. Areas 
 morphologically indistinguishable from conventional 
DFSP may also occasionally be observed, resulting in the 
so-called hybrid lesions. The transition from one pattern 
to the other may be quite abrupt or gradual, and this 
can be seen in primary lesions, as well as in subsequent 
recurrences. A giant cell fibroblastoma may recur with 
the overall appearance of a conventional dermatofibro-
sarcoma, and vice versa.

anCillary studies

iMMunohistoCheMistry

The spindle cells in conventional DFSP are charac-
teristically diffusely positive for CD34 (Figure 3-66). 
Occasional reactivity with S-100 protein and smooth 
muscle actin may also be observed. Apolipoprotein A1 
has also been reported as a sensitive marker of DFSP but 
has not been widely tested. The spindle cells in Bedñar 
tumor are usually S-100 negative, despite the presence of 
melanin pigment. Myoid nodules are consistently posi-
tive for smooth muscle actin. Desmin, EMA, and cyto-
keratins are not expressed in DFSP. CD34 reactivity is 
generally retained in areas of fibrosarcomatous changes 
with, however, a significant reduction of the staining 
intensity.

Tumor cells in giant cell fibroblastoma are classically 
positive for CD34, including the giant cells. CD31, S-100 
protein, and epithelial markers are not expressed.

genetiCs

DFSP, Bedñar tumor, and giant cell fibroblastoma share 
similar molecular abnormalities: the presence of super-
numerary ring chromosomes consisting of amplified 
sequences from chromosomes 17 and 22, and/or the 
presence of t(17;22), a balanced reciprocal transloca-
tion that fuses the platelet-derived growth factor β-chain 
(PDGF-β) gene to the collagen type 1 α1 (COL1A1) 
gene. This fusion protein, which has a PDGF-β–type 
effect, participates in cell proliferation and sarcoma 
maintenance through paracrine/autocrine stimulation. 

FIGURE 3-63
Fibrosarcomatous change in a dermatofibrosarcoma protuberans. 
Cellularity and mitotic activity are significantly increased.

FIGURE 3-64
Giant cell fibroblastoma. 
Spindle cells and multinucleated giant cells distributed within a heavily 
collagenized matrix.

FIGURE 3-65
Giant cell fibroblastoma. 
Multinucleated giant cells with smudged chromatin lining pseudovascular 
(angiectid) spaces.
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Inhibition of PDGF receptor using blocking agents such 
as imatinib mesylate (Gleevec), a tyrosine kinase inhibi-
tor, shows some efficacy in the treatment of recurrent 
or metastatic dermatofibrosarcoma. Ring chromosomes 
are predominantly observed in dermatofibrosarcoma 
of adult patients, whereas the t(17;22) translocation is 
mostly seen in dermatofibrosarcoma of children and in 
giant cell fibroblastoma.

diFFerential diagnosis

Benign fibrous histiocytoma is the most important dif-
ferential diagnosis. As opposed to DFSP, benign fibrous 
histiocytoma is smaller, more superficial, less monoto-
nous, less storiform, and more eosinophilic/myoid-look-
ing in its appearance, is often associated with epidermal 
hyperplasia, and is CD34 negative. In myxoid DFSP, the 
storiform pattern is less obvious, contrasting with the 
prominent plexiform vasculature that resembles that 
of myxoid liposarcoma. CD34 positivity and absence of 
lipoblasts in dermatofibrosarcoma are key features. It is 
important to make the distinction between fibrosarco-
matous changes in DFSP and conventional fibrosarcoma 
because the latter is more aggressive and metastasizes 
more frequently. As opposed to dermatofibrosarcoma 
with fibrosarcomatous changes, conventional fibro-
sarcomas are large and deep-seated, CD34-negative 
tumors. Neurofibroma and low-grade MPNST may also 
be confused with dermatofibrosarcoma; however, these 
two tumors are positive for S-100 protein in addition to 
CD34.

Giant cell fibroblastoma should be differentiated from 
giant cell angiofibroma, solitary fibrous tumor, myxoid 
malignant fibrous histiocytoma, fibrous hamartoma of 

DERMATOFIBROSARCOMA PROTUBERANS—FACT SHEET

Definition
 ▸▸  A recurring but rarely metastasizing skin tumor of young to 

 middle-aged adults; may also occur in children

Incidence and Location
 ▸▸  Infrequent
 ▸▸  Trunk, groin, and proximal extremities commonly affected
 ▸▸  Exceptional in hands and feet

Morbidity and Mortality
 ▸▸  Tumor of intermediate malignancy (low-grade sarcoma)
 ▸▸  Local recurrences common (10% to 50% of cases), metastases rare 

(< 5% of the cases)

Sex, Race, and Age Distribution
 ▸▸  More frequent in male individuals
 ▸▸  Middle-aged adults; rare in children

Clinical Features
 ▸▸  Nodular or plaque-like painless cutaneous tumor
 ▸▸  Slow-growing lesion (over several years)

Prognosis and Treatment
 ▸▸  Wide excision with tumor-free margins is curative
 ▸▸  Local recurrence in 10% to 50% of cases, after inadequate excision
 ▸▸  Metastases rare (<5%)
 ▸▸  High-grade fibrosarcomatous changes seem not to be associated 

with an increased risk for local recurrence and distant metastases

DERMATOFIBROSARCOMA PROTUBERANS—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Plaque-like skin lesion
 ▸▸  Single or multiple nodular skin masses

Microscopic Findings
 ▸▸  Monotonous spindle cell proliferation
 ▸▸  Diffuse infiltration of dermis or superficial subcutis, or both
 ▸▸  Storiform growth pattern
 ▸▸  Absence of cellular atypia, mitoses rare
 ▸▸  Infiltration of subcutaneous fat in a honeycomb pattern

Genetics
 ▸▸  ring chromosomes
 ▸▸  t(17;22) (PDGF-β; COL1A1) reciprocal translocation

Immunohistochemical Findings
 ▸▸  Diffusely positive for CD34
 ▸▸  Occasional reactivity for smooth muscle actin and S-100 protein
 ▸▸  Negativity for keratins, EMA, and desmin

Differential Diagnosis
 ▸▸  Benign fibrous histiocytoma
 ▸▸  Neurofibroma
 ▸▸  Fibrosarcoma
 ▸▸  MPNST
 ▸▸  Malignant fibrous histiocytoma
 ▸▸  Myxoid liposarcoma (in case of prominent myxoid changes)

FIGURE 3-66
Dermatofibrosarcoma protuberans. 
Spindled tumor cells are diffusely positive for CD34.
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infancy, and myxoid liposarcoma for those cases show-
ing prominent myxoid changes. Angiectid spaces and 
CD34 reactivity are features shared by both giant cell 
fibroblastoma and giant cell angiofibroma. As opposed 
to the former, giant cell angiofibroma is a well-circum-
scribed, nonrecurring lesion that is usually found in 
the orbital region. Areas of conventional DFSP are not 
found in giant cell angiofibroma or in solitary fibrous 
tumor. Malignant fibrous histiocytoma is more cellular 
and composed of more pleomorphic, atypical, and mitot-
ically active tumor cells. Fibrous hamartoma of infancy 
usually occurs in the axillary region and shows triphasic 
histology, with fibromatosis-like zones, mature fat, and 
primitive mesenchyme. Fibrous hamartoma and DFSP/ 
GCFB are both CD34 positive, and immunohistochemis-
try is not helpful in this distinction. Myxoid liposarcoma 
is a deep-seated tumor that displays a characteristic deli-
cate plexiform vascular network, which is not as evi-
dent in giant cell fibroblastoma with prominent myxoid 
changes. In addition, the former contains lipoblasts, a 
feature not observed in giant cell fibroblastoma.

Prognosis and treatMent

Conventional dermatofibrosarcoma recurs locally in 
10% to 50% of cases, often after incomplete excisions. 
Distant metastases are observed in less than 5% of cases, 
almost all of which most likely contain small areas of 
fibrosarcoma. Fibrosarcomatous changes were thought 
to be associated with an increased risk for local and dis-
tant recurrences, but a recent study showed that this is 

not the case if the lesion is adequately excised, that is, 
widely excised with tumor-free margins. Actually, the 
risk for local recurrence correlates with the extent of 
the excision, and a minimum of a 3-cm excision mar-
gin is currently recommended for dermatofibrosarcoma. 
 Dermatofibrosarcoma metastasizes to the lungs and, less 
frequently, to the regional lymph nodes. Radiotherapy 
has been proposed for unresectable tumors or after 
 margin-positive resections. Imatinib mesylate (Gleevec), 
a tyrosine kinase inhibitor, may have some potential 
value in the treatment of recurrent or metastatic derma-
tofibrosarcoma.

Giant cell fibroblastoma recurs in up to 50% of cases 
but does not metastasize. As for DFSP, a lower recur-
rence rate should be expected if lesions are excised with 
tumor-free margins.

aNGIOMaTOID (MalIGNaNT) FIBROUs 
HIsTIOCYTOMa

Angiomatoid (malignant) fibrous histiocytoma (AMFH) 
is a rare mesenchymal tumor of uncertain differentia-
tion, which has recently been shown to be translocation 
associated. It is traditionally considered a fibrohistio-
cytic tumor of intermediate malignancy, although it 

GIANT CELL FIBROBLASTOMA—FACT SHEET

Definition
 ▸▸  A juvenile form of DFSP

Incidence and Location
 ▸▸  rare
 ▸▸  Proximal extremities and trunk mostly affected

Morbidity and Mortality
 ▸▸  May recur; does not metastasize

Sex, Race, and Age Distribution
 ▸▸  More frequent in male individuals
 ▸▸  Tumor of childhood

Clinical Features
 ▸▸  Slow-growing painless nodule

Prognosis and Treatment
 ▸▸  Tends to recur but does not metastasize
 ▸▸  Wide excision is curative

GIANT CELL FIBROBLASTOMA—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Small skin nodule (average size, 3 cm)

Microscopic Findings
 ▸▸  Spindle to pleomorphic cells
 ▸▸  Variably collagenized matrix
 ▸▸  Multinucleated-appearing giant cells bordering pseudovascular 

spaces
 ▸▸  Mitoses rare, no necrosis
 ▸▸  May contain areas of conventional DFSP

Genetics
 ▸▸  Most common abnormality: t(17;22) (PDGF-β, COL1A1) transloca-

tion
 ▸▸  Less frequent: ring chromosome

Immunohistochemical Findings
 ▸▸  Positivity for CD34
 ▸▸  Negativity for S-100, CD31, and epithelial markers

Differential Diagnosis
 ▸▸  Giant cell angiofibroma
 ▸▸  Solitary fibrous tumor
 ▸▸  Fibrous hamartoma of infancy
 ▸▸  Malignant fibrous histiocytoma
 ▸▸  Myxoid liposarcoma if the lesion shows prominent myxoid changes
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is perhaps better considered a mesenchymal tumor of 
uncertain differentiation.

CliniCal Features

AMFH typically occurs in children and young adults. 
AMFH usually occurs in the subcutis or deep dermis 
and presents as a solitary mass, most commonly in the 
extremities. Clinically, they may resemble hematoma, 
hemangioma, or a benign cyst. These tumors may be 
associated with a variety of systemic manifestations 
including fevers, weight loss, anemia, polyclonal gam-
mopathy, and rarely, a Castleman disease–like lymph-
adenopathy, which resolve after excision of the tumor.

PathologiC Features

gross Findings

AMFH typically appears as a small, hemosiderin-
stained, subcutaneous mass. Cystic change is commonly 
present (Figure 3-67).

MiCrosCoPiC Findings

Histologically, AMFH is characterized by the presence 
of a dense, fibrous capsule and a surrounding lympho-
cytic infiltrate, mimicking metastatic disease involving 
a lymph node (Figure 3-68). This chronic inflamma-
tory infiltrate is generally most prominent around the 
periphery of the tumor and may show germinal center 
formation. The blood-filled cystic spaces for which this 
tumor is named are present in most, but not all, cases, 
and are lined by flattened tumor cells rather than true 

endothelium. The cells of AMFH are histiocytoid to 
spindled in appearance and are arranged in a variety 
of growth patterns, including sheets, meningioma-like 
whorls, and short fascicles (Figure 3-69). AMFHs are 
most often cytologically bland, although occasional 
cases may show striking pleomorphism, a finding 
that does not appear to have clinical significance. The 
mitotic rate is typically low. Cases without the large cys-
tic spaces show at least some evidence of hemorrhage, 
such as intracellular hemosiderin or focal hemorrhage. 
In some cases, this hemorrhage may be extensive and 
elicit a striking desmoplastic reaction surrounding min-
ute tumor cell nodules, obscuring the underlying neo-
plasm (Figure 3-70).

anCillary studies

iMMunohistoCheMistry

The cells of AMFH have a unique immunophenotype, 
with coexpression of desmin, EMA, and CD68 in more 
than 60% of cases (Figures 3-71 and 3-72). Although 
rare, AMFH may show muscle actin expression, but 
they are never myogenin or MyoD1 positive, distin-
guishing them from rhabdomyosarcomas. AMFH does 
not express endothelial markers, such as CD31, CD34, 
or factor VIII–related antigen.

genetiC Findings

At the genetic level, AMFH is characterized by 
t(12;22) (FUS-ATF1), t(11;22) (EWS-ATF1), and most 
recently, t(11;22) (EWS-CREB1) in roughly equal per-
centages of tumors. These gene fusions may be demon-
strated by RT-PCR or FISH, in fixed tissues. Notably, 
identical EWS-ATF1 and EWS-CREB1 fusions are seen 

FIGURE 3-68
Peripheral zone in angiomatoid (malignant) fibrous histiocytoma, with a 
fibrous capsule and a proliferation of histiocytoid spindled cells in fas-
cicular and whorled patterns.

FIGURE 3-67
Low-power view of angiomatoid (malignant) fibrous histiocytoma, show-
ing a fibrous capsule, lymphoid aggregates, and blood-filled spaces.
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in clear cell sarcomas of soft tissue and the gastrointes-
tinal tract, emphasizing the need to integrate molecular 
findings with morphology and immunohistochemistry.

Prognosis and treatMent

Wide surgical excision and careful follow-up are recom-
mended for patients with AMFH. Metastases are most 
common to lymph nodes, and patients may achieve 
long survival time and cure with resection of metastatic 
lesions. Lesions of the head and neck have a worse prog-
nosis because of the difficulty in achieving complete 
resection in these anatomic locations. No evidence has 
been reported to suggest that adjuvant therapy plays a 
role in the primary management of this tumor.

diFFerential diagnosis

The differential diagnosis of AMFH includes dermato-
fibroma with aneurysmal/hemosiderotic change (aneu-
rysmal benign fibrous histiocytoma), metastatic tumor 
in a lymph node, various vascular neoplasms, follicular 
dendritic cell tumor, and rhabdomyosarcoma. Careful 
examination of aneurysmal dermatofibroma will show 
characteristic infiltration of spindled cells among preex-
isting collagen bundles, a storiform growth pattern, and 
a more polymorphous cell population, with siderophages 
and foamy macrophages. The characteristic cell of aneu-
rysmal dermatofibroma is also a spindled cell, rather 
than the distinctly histiocytoid cell of AMFH.

The dense capsule and the surrounding lym-
phoid infiltrate seen in AMFH may closely simulate a 

FIGURE 3-69
Some angiomatoid (malignant) fibrous histiocytoma may elicit striking 
desmoplasia, leaving only small nodules of identifiable tumor in a hemo-
siderin-laden fibrotic background.

FIGURE 3-70
High-power view of angiomatoid (malignant) fibrous histiocytoma, show-
ing intracytoplasmic hemosiderin.

FIGURE 3-71
Anomalous desmin expression in angiomatoid (malignant) fibrous his-
tiocytoma.

FIGURE 3-72
Epithelial membrane antigen expression in angiomatoid (malignant) 
fibrous histiocytoma.
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 metastatic neoplasm in a lymph node. Careful evaluation 
discloses the absence of the structures found in normal 
lymph nodes, such as a subcapsular sinus or afferent  
lymphatics.

The angiomatoid and cystic features of AMFH may 
raise the question of a vascular neoplasm, such as an 
epithelioid hemangioma or even an angiosarcoma. Care-
ful attention to the presence of the characteristic fibrous 
capsule and chronic inflammatory cell infiltrate, the 
absence of expression of endothelial markers, and the 
absence of true vasoformation should allow this distinc-
tion without great difficulty.

Follicular dendritic cell tumors may closely resemble 
AMFH but tend to lack a fibrous pseudocapsule and 
intracytoplasmic hemosiderin, and contain numerous 
intermixed small lymphocytes. Follicular dendritic cell 
tumors express markers such as CD21, CD35, and clus-
terin, and are negative for desmin and EMA.

Finally, desmin-positive AMFH in children may be con-
fused with rhabdomyosarcomas, likely reflecting the natu-
ral tendency for pathologists to rule out rhabdomyosarcoma 
in any unusual pediatric tumor. Unlike rhabdomyosarco-
mas, which are typically large and deeply seated, AMFHs 
are small, superficially located masses. Careful histologic 
evaluation of AMFH reveals cytologically bland, histiocyt-
oid cells, unlike the clearly malignant round cells, strap 
cells, and eosinophilic giant cells of rhabdomyosarcoma. 
Importantly, AMFHs do not express myogenin or MyoD1, 
which are present in nearly all rhabdomyosarcomas.

PlEXIFORM FIBROHIsTIOCYTIC TUMOR

CliniCal Features

Plexiform fibrohistiocytic tumor (PFHT) is an unusual 
fibrohistiocytic tumor of intermediate malignancy that most 
commonly presents as a dermal or subcutaneous mass of 
the extremities in children or young adults. Any anatomic 
site may be involved, although location in the head is rare.

PathologiC Features

gross Findings

Lesions appear as firm, fixed, small dermal and sub-
cutaneous nodule or nodules. Sectioning reveals small, 
firm, white nodules.

MiCrosCoPiC Findings

PFHT typically grows as a poorly circumscribed, 
plexiform proliferation of multiple small nodules, each 

ANGIOMATOID (MALIGNANT) FIBROUS HISTIOCYTOMA— 
FACT SHEET

Definition
 ▸▸  A recurring but rarely metastasizing superficial soft tissue tumor 

of children and young adults

Incidence and Location
 ▸▸  rare
 ▸▸  Most common in extremities
 ▸▸  Head and neck tumors may be difficult to completely resect

Morbidity and Mortality
 ▸▸  Tumor of intermediate malignancy (low-grade sarcoma)
 ▸▸  Local recurrences common (10% to 50% of cases), metastases rare 

(< 5% of the cases)

Sex, Race, and Age Distribution
 ▸▸  Either sex
 ▸▸  Most common in children

Clinical Features
 ▸▸  Hemorrhagic, cystic, superficial soft tissue mass
 ▸▸  May be associated with systemic symptoms

Prognosis and Treatment
 ▸▸  Wide excision with tumor-free margins is curative in most cases
 ▸▸  Local recurrence in 10% to 50% of cases
 ▸▸  Metastases rare (< 5%); may metastasize to lymph nodes

ANGIOMATOID (MALIGNANT) FIBROUS HISTIOCYTOMA—
PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Nodular, cystic, hemorrhagic mass, usually larger than 3 cm

Microscopic Findings
 ▸▸  Fibrous pseudocapsule with lymphoid infiltrate
 ▸▸  Blood-filled, pseudovascular spaces in more than 50% of cases
 ▸▸  Bland histiocytoid to spindled cells arranged in short fascicles, 

whorls, and sheets
 ▸▸  Intracytoplasmic hemosiderin deposition
 ▸▸  Occasional cases with striking cytologic atypia

Genetics
 ▸▸  t(12;22) (FUS-ATF1), t(11;22) (EWS-ATF1), and t(11;22)  

(EWS-CrEB1) in roughly equal percentages of tumors

Immunohistochemical Findings
 ▸▸  Frequent coexpression of desmin, EMA, and CD68
 ▸▸  Negative for dendritic cell markers, myogenin/MyoD1

Differential Diagnosis
 ▸▸  Aneurysmal benign fibrous histiocytoma
 ▸▸  Lymph node metastasis
 ▸▸  Vascular neoplasms
 ▸▸  Follicular dendritic cell tumor
 ▸▸  rhabdomyosarcoma
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composed of an admixture of rounded mononuclear 
cells and osteoclast-like giant cells (Figure 3-73). These 
nodules are often surrounded by short fascicles of fibro-
blasts and myofibroblasts, which mingle with the round 
cell nodules (Figure 3-74). Lesions may consist largely 
or even entirely of either the mononuclear and giant 
cells or the spindled fibroblastic cells (Figure 3-75). The 
mononuclear cells typically resemble cytologically bland 
histiocytes, although rare pleomorphic variants occur. 
Mitotic activity is typically low.

anCillary studies

iMMunohistoCheMistry

The spindled component often expresses smooth mus-
cle actin in a myofibroblastic (tram-track) pattern, and 
the rounded cells and osteoclasts are usually CD68 posi-
tive. CD68 immunostaining may be valuable in bringing 
out a subtle, multinucleated giant cell population in a 
predominantly fibroblastic tumor. Desmin, cytokera-
tins, CD34, and S-100 protein are negative. NKI/C3, a 
marker frequently expressed by cellular neurothekeoma,  
is typically negative, assisting in this sometimes difficult 
differential diagnosis.

genetiC Findings

No consistent genetic event has been identified in 
PFHT.

Prognosis and treatMent

PFHTs recur in between 12% and 40% of cases but 
have a low risk for metastatic disease. Lymph node 
and pulmonary metastases have been reported in fewer 
than five patients altogether. These tumors should 
be treated with wide excision and careful long-term  
follow-up.

diFFerential diagnosis

The differential diagnosis of PFHT includes soft tissue 
giant cell tumor, granulomatous inflammation, cellular 
neurothekeoma, fibromatosis, and fibrous hamartoma 
of infancy. The nodules of rounded cells and osteoclasts 
seen in PFHT are indistinguishable from the tumor nod-
ules of soft tissue giant cell tumor, and in cases lacking 
a prominent spindled component, this distinction may 
be difficult, if not arbitrary. Features that should suggest 
PFHT include younger patient age, a plexiform growth 
pattern with minute nodules (as opposed to the coarser 

multinodular pattern of soft tissue giant cell tumor), 
and the absence of metaplastic bone or aneurysmal bone 
cyst–like areas.

The presence of nodules of histiocyte-like mono-
nuclear cells with admixed giant cells may suggest the 
possibility of a granulomatous process. However, PFHT 
contains osteoclast-like, rather than Langerhans-type, 
giant cells. Central necrosis is not a feature of the histio-
cytic and giant-cell–rich nodules of PFHT.

Cases of PFHT with relative predominance of the 
fibroblastic component and only rare or absent mono-
nuclear cell nodules may be confused with fibromato-
ses. However, fibromatosis typically does not grow in a 
plexiform fashion, is usually deeply seated rather than 
cutaneous, and shows longer, sweeping fascicles with 
characteristic thin-walled dilated blood vessels.

FIGURE 3-74
High-power view of mononuclear cells, osteoclastic giant cells, and 
 surrounding fibroblasts.

FIGURE 3-73
Plexiform fibrohistiocytic tumor, consisting of a multinodular, plexiform 
proliferation of nodules of osteoclastic giant cells and mononuclear cells, 
surrounded by fibroblastic fascicles.
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Cellular neurothekeoma grows in a distinctly nodular 
fashion, with small nests of generally bland epithelioid 
cells, separated by thin fibrous septae. This multinodu-
lar growth pattern may closely mimic examples of PFHT 
that lack a prominent fibroblastic component. However, 
unlike PFHT, cellular neurothekeomas lack osteoclast-
like giant cells and tend to show more cytologic varia-
tion. Expression of NKI/C3 may also help to distinguish 
cellular neurothekeoma from PFHT.

Fibrous hamartomas of infancy may display a some-
what plexiform growth pattern, reminiscent of PFHT. 
Recognition of the typical triphasic histology of fibrous 
hamartoma, with fibroblastic fascicles, fat, and most 
importantly, nodules and whorls of primitive mesenchy-
mal tissue is critical for this distinction. Fibrous ham-
artoma also typically occurs in much younger patients 
than does PFHT, and lacks fibrohistiocytic nodules and 
osteoclast-like giant cells.

sOFT TIssUE GIaNT CEll TUMOR  
(of low Malignant Potential)

Soft tissue giant cell tumor, also known as giant cell 
tumor of low malignant potential, is the soft tissue coun-
terpart of giant cell tumor of bone. It is considered a 
fibrohistiocytic tumor of intermediate malignancy by 
the WHO.

CliniCal Features

Soft tissue giant cell tumors typically present as mul-
tinodular masses in the skin or subcutis of young to 
 middle-aged adults, although occasional cases may pres-
ent as more deeply seated masses or in children.

PLEXIFORM FIBROHISTIOCYTIC TUMOR—FACT SHEET

Definition
 ▸▸  A recurring but rarely metastasizing superficial soft tissue tumor 

of children and young adults

Incidence and Location
 ▸▸  rare
 ▸▸  Any location; rare in head/neck

Morbidity and Mortality
 ▸▸  Tumor of intermediate malignancy (low-grade sarcoma)
 ▸▸  Local recurrences common (10% to 50% of cases), metastases rare 

(<1% of cases)

Sex, Race, and Age Distribution
 ▸▸  Either sex
 ▸▸  Most common in children

Clinical Features
 ▸▸  Multinodular superficial soft tissue mass

Prognosis and Treatment
 ▸▸  Wide excision with tumor-free margins is recommended
 ▸▸  Local recurrence in 10% to 50% of cases
 ▸▸  Metastases extremely rare (<1%); may metastasize to lymph nodes

PLEXIFORM FIBROHISTIOCYTIC TUMOR—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Small, superficial, multinodular mass
 ▸▸  May be fixed to underlying tissues

Microscopic Findings
 ▸▸  Plexiform growth pattern
 ▸▸  Minute nodules of rounded histiocyte-like cells, with intermixed 

osteoclast-like giant cells, surrounded by fibroblastic fascicles
 ▸▸  May be composed of predominantly round cells or spindled cells
 ▸▸  rare cases with striking cytologic atypia

Genetics
 ▸▸  No consistent abnormality

Immunohistochemical Findings
 ▸▸  Mononuclear cells and osteoclast-like giant cells express CD68
 ▸▸  NKI/C3 negative

Differential Diagnosis
 ▸▸  Soft tissue giant cell tumor
 ▸▸  Granulomatous disease
 ▸▸  Fibromatosis
 ▸▸  Cellular neurothekeoma

FIGURE 3-75
Some plexiform fibrohistiocytic tumors may consist largely of either 
fibroblastic or mononuclear elements. This example showed only a single 
nodule of mononuclear cells.
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PathologiC Features

gross Findings

Soft tissue giant cell tumors appear as thickenings or 
small nodules in the dermis and subcutis. Foci of hemor-
rhage may be present. Calcified lesions may have a gritty 
character.

MiCrosCoPiC Findings

The tumors typically show involvement of the deep 
dermis and subcutis by a multinodular mass, some-
times with a surrounding shell of metaplastic, woven 
bone (Figure 3-76). The individual tumor nodules are 
essentially identical to giant cell tumor of bone, with a 

mixture of osteoclast-like giant cells, bland mononuclear 
cells, and short fascicles of bland spindled cells (Figure 
3-77). Mitotic figures are usually easily identified, but 
atypical forms are not. Vascular involvement by the 
tumor is common. Other changes that may be seen on 
occasion include spindled fibrohistiocytic proliferations 
of the type seen in giant cell tumors of bone, aneurysmal 
bone cyst–like changes including metaplastic bone and 
angiectatic spaces, and rarely cartilage (Figure 3-78). 
Necrosis, atypical mitotic figures, and severe cytologic 
atypia are not seen.

anCillary studies

iMMunohistoCheMistry

The mononuclear cells of soft tissue giant cell tumor 
are essentially always CD68 positive and have been 
reported in some series to be positive for smooth muscle 
actin in more than 75% of cases. Desmin, cytokeratins, 
CD31, CD34, and S-100 protein are negative.

genetiC Findings

No consistent genetic abnormality has been 
identified.

Prognosis and treatMent

Soft tissue giant cell tumors have significant capacity for 
local recurrence, but only metastasize in extremely rare 
instances. Metastasizing soft tissue giant cell tumors 
may be analogized to rare benign metastasizing giant 
cell tumors of bone. The locally recurring potential of 

FIGURE 3-76
Soft tissue giant cell tumor, showing a multinodular proliferation of 
osteoclastic giant cells and mononuclear cells, with a shell of woven 
bone.

FIGURE 3-77
The histologic features of soft tissue giant cell tumor are essentially 
identical to those of giant cell tumor of bone.

FIGURE 3-78
Aneurysmal bone cyst–like changes in soft tissue giant cell tumor.
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these tumors is most likely related to their multinodu-
lar growth pattern, and wide excision should be cura-
tive in most cases. The behavior of superficially and 
deeply located soft tissue giant cell tumor appears to be 
 similar.

diFFerential diagnosis

The differential diagnosis of soft tissue giant cell tumor 
includes both benign and malignant entities. Essentially 
any malignant neoplasm may contain large numbers of 
osteoclast-like giant cells on occasion, including various 
sarcomas, melanoma, carcinomas, and even lymphomas. 
It cannot be overemphasized that soft tissue giant cell 
tumor shows little, if any, cytologic atypia, and lacks 
atypical mitotic figures and necrosis. Any osteoclast-rich 
lesion showing such features should be carefully exam-
ined for potential histologic clues (e.g., gland formation, 
osteoid production) and immunostained with a panel of 
markers to include cytokeratins, S-100 protein, smooth 
muscle actins, desmin, and possibly hematolymphoid 
markers.

Soft tissue giant cell tumor may also be mistaken for 
benign tumors, such as tenosynovial giant cell tumors 
or giant-cell–rich forms of nodular fasciitis. Tenosyno-
vial giant cell tumor differs from soft tissue giant cell 
tumor by virtue of its usual location near joint spaces or 
bursae, a generally uninodular rather than multinodu-
lar growth pattern, prominent stromal hyalinization, 
and the generally more mixed population of small syn-
oviocyte-like cells, siderophages, foamy histiocytes, and 
lymphocytes. Metaplastic bone production is not seen 
in tenosynovial giant cell tumor. Nodular fasciitis may 
show considerable numbers of osteoclastic giant cells, 
both in association with hemorrhage and in intravas-
cular variants (intravascular fasciitis). Recognition of 
more typical areas of fasciitis, characterized by some-
what randomly arrayed bland myofibroblastic cells, 
commonly with associated microcystic change, should 
allow this distinction in most cases. Intravascular fas-
ciitis will also show the majority of the tumor to be 
within distended blood vessels, in contrast with soft tis-
sue giant cell tumor, in which the bulk of the tumor is 
situated in the dermis.

UNDIFFERENTIaTED PlEOMORPHIC 
saRCOMa (so-Called Pleomorphic 
Malignant Fibrous Histiocytoma, Including 
Giant-Cell and Inflammatory Variants)

The term pleomorphic malignant fibrous histiocytoma 
is reserved for high-grade soft tissue sarcomas that fail 
to show any specific line of differentiation using cur-
rently available ancillary techniques. Ten years ago, 
malignant fibrous histiocytoma was the most common 
sarcoma type of adults. Since then, it has been realized 
that the morphology of malignant fibrous histiocytoma, 
as defined by Enzinger and colleagues, is a nonspecific 
one shared by many poorly differentiated neoplasms, 

SOFT TISSUE GIANT CELL TUMOR—FACT SHEET

Definition
 ▸▸  A recurring but rarely metastasizing superficial soft tissue tumor 

of adults

Incidence and Location
 ▸▸  rare
 ▸▸  Any location

Morbidity and Mortality
 ▸▸  Tumor of intermediate malignancy (low-grade sarcoma)
 ▸▸  Local recurrences common (10% to 50% of cases), metastases 

extremely rare (< 1% of the cases)

Sex, Race, and Age Distribution
 ▸▸  Either sex
 ▸▸  Most common in adults

Clinical Features
 ▸▸  Dermal and subcutaneous thickening and nodularity, often with 

calcification

Prognosis and Treatment
 ▸▸  Wide excision with tumor-free margins is curative in most cases
 ▸▸  Local recurrence in 10% to 50% of cases, after inadequate 

 excision
 ▸▸  Metastases rare (< 1%)

SOFT TISSUE GIANT CELL TUMOR—PATHOLOGIC FEATURES

Microscopic Findings
 ▸▸  Identical to giant cell tumor of bone
 ▸▸  Sheets of osteoclast-like giant cells and bland mononuclear cells
 ▸▸  Mitotic activity common
 ▸▸  Cytologic atypia, necrosis, and atypical mitotic forms are not seen
 ▸▸  Aneurysmal bone cyst–like changes and fibrohistiocytic spindle 

cell proliferation may be seen
 ▸▸  Extension into small vessels may be present

Genetics
 ▸▸  No recurrent genetic event

Immunohistochemical Findings
 ▸▸  Mononuclear cells and osteoclast-like giant cells express CD68; 

mononuclear cells may also express smooth muscle actins

Differential Diagnosis
 ▸▸  Osteoclast-rich sarcomas, carcinoma, melanomas, and lymphomas
 ▸▸  Tenosynovial giant cell tumor
 ▸▸  Intravascular nodular fasciitis
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including carcinomas, melanomas, and lymphomas. 
 Undifferentiated pleomorphic sarcoma is now the pre-
ferred term for designating those tumors in which epi-
thelial, melanotic, and lymphoid differentiation have 
been excluded, and an evident mesenchymal line of dif-
ferentiation cannot be proved.

Two variants of undifferentiated pleomorphic 
 sarco ma with specific features have been described: 
the undifferentiated pleomorphic sarcoma with giant 
cells (so-called giant cell malignant fibrous histiocy-
toma) and the undifferentiated pleomorphic sarcoma 
with prominent inflammation (also designated by the 
term inflammatory malignant fibrous histiocytoma). 
The giant cell variant, mostly observed in deep soft 
tissue of the limbs or trunk, is best thought of as sim-
ply an osteoclastic giant-cell–rich variant of undif-
ferentiated pleomorphic sarcoma. The inflammatory 
form of undifferentiated pleomorphic sarcoma is often 
associated with systemic symptoms (fever, weight 
loss, leukocytosis, eosinophilia) and predominates 
in the retroperitoneum. It has recently been appreci-
ated that a large majority of so-called inflammatory 
malignant fibrous histiocytomas of the retroperitoneum 
are, in fact, inflammatory forms of dedifferentiated 
 liposarcoma.

CliniCal Features

Undifferentiated pleomorphic sarcomas occur most fre-
quently in the limbs (especially lower limbs) of middle 
to advanced-aged adults, with a male predominance. 
More than 90% of cases arise in the deep soft tissues 
and present as large, often necrotic tumors. Rapidly 
growing tumors may be painful.

PathologiC Features

gross Findings

Undifferentiated pleomorphic sarcomas present as 
large (5- to 15-cm), well-circumscribed, often pseudo-
encapsulated, deep-seated masses. Subcutaneous lesions 
usually measure less than 5 cm in maximal diameter. 
Cut surface often shows hemorrhagic, myxoid, and/or 
necrotic changes (Figure 3-79).

MiCrosCoPiC Findings

The lesion is composed by an admixture of spindled 
and pleomorphic cells, set in a collagenous to myxoid 
extracellular matrix. Cellularity is variable and cellular 
atypia, nuclear pleomorphism, mitoses, abnormal mito-
ses, areas of tumor necrosis, histiocyte-like cells, foamy 
cells, and giant tumor cells with enlarged, polylobulated 

nuclei are commonly observed (Figure 3-80). The 
spindled cells show morphologic features reminiscent 
of fibroblasts/myofibroblasts. By definition, the neo-
plastic cells should not show any other line of specific  
differentiation.

In contrast with the conventional variant, the giant 
cell variant contains numerous, benign-looking, osteo-
clast-like multinucleated giant cells (Figure 3-81). 
In some cases, however, these giant cells may show 
 malignant features. The inflammatory variant is char-
acterized by a reduced number of pleomorphic tumor 
cells that are often masked by a prominent inflamma-
tory infiltrate composed mainly of histiocytes, xanthoma 
cells, neutrophils, and eosinophils (Figures 3-82 and  
3-83). It is not rare to see phagocytosis of inflammatory 
cells by tumor cells.

FIGURE 3-79
Gross photograph of undifferentiated high-grade pleomorphic sarcoma 
(so-called malignant fibrous histiocytoma). Areas of necrosis are visible 
as whitish areas.

FIGURE 3-80
Undifferentiated high-grade pleomorphic sarcoma. 
Numerous spindle and pleomorphic tumor cells are set in a variably col-
lagenized extracellular matrix. An abnormal mitosis is also visible.
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anCillary studies

iMMunohistoCheMistry

It is common for undifferentiated pleomorphic sarcomas 
to show some limited foci of smooth muscle actin reactiv-
ity, but h-caldesmon, desmin, S-100 protein, and epithelial 
markers are usually not expressed. If they are, the diag-
nosis of undifferentiated pleomorphic sarcoma should be 
questioned and a search for a specific line of differentia-
tion pursued. Histiocytic antigens (e.g., α1-antitrypsin, α1-

genetiCs

Undifferentiated pleomorphic sarcomas have com-
plex karyotypes. No specific structural or numerical 
abnormalities have been proved to be useful for identifi-
cation purposes.

diFFerential diagnosis

Undifferentiated pleomorphic sarcoma is a diagnosis 
of elimination. Before giving such a diagnosis, all other 
potential mimics should have ben ruled out, including 
metastatic carcinomas (lung, kidney), melanoma, lym-
phoma, pleomorphic rhabdomyosarcoma, pleomorphic 
leiomyosarcoma, pleomorphic liposarcoma, pleomor-
phic MPNST, liposarcoma with high-grade dedifferenti-
ated areas, and high-grade myxofibrosarcoma. Extensive 
sampling, careful examination of slides (looking for lipo-
blasts or rhabdomyoblasts), and ancillary techniques 
(immunohistochemistry, electron microscopy, genetics) 
are critical in this context.

The giant-cell–rich variant of undifferentiated pleo-
morphic sarcoma should be differentiated from other 
giant-cell–rich neoplasms, namely, giant-cell–rich carci-
nomas (e.g., pancreas, thyroid, breast, kidney), extraskel-
etal osteosarcomas, giant-cell–rich leiomyosarcomas, 
giant-cell–rich malignant mesenchymomas, and giant 
cell tumors of soft tissue. Inflammatory undifferentiated 
pleomorphic sarcoma should be distinguished from lym-
phoma, Hodgkin’s disease, and any inflammatory pro-
cesses or neoplasia including inflammatory carcinomas, 

FIGURE 3-81
Undifferentiated high-grade pleomorphic sarcoma with giant cells 
(giant cell variant of malignant fibrous histiocytoma). 
In addition to spindle and pleomorphic cells, the tumor contains numer-
ous benign-looking osteoclast-like giant cells.

FIGURE 3-83
Undifferentiated high-grade pleomorphic sarcoma with prominent 
inflammation (inflammatory variant of malignant fibrous 
histiocytoma). 
The inflammatory infiltrate consists predominantly of eosinophils.

FIGURE 3-82
Undifferentiated high-grade pleomorphic sarcoma with prominent 
inflammation (inflammatory variant of malignant fibrous histiocytoma). 
Malignant tumor cells are rare, masked by a prominent lymphoplasmacytic 
infiltrate.
antichymotrypsin, CD68, lysozyme) are of no utility. inflammatory leiomyosarcomas, and IMTs.



CHAPTEr 3 Fibroblastic and Fibrohistiocytic Tumors 93
Prognosis and treatMent

Undifferentiated pleomorphic sarcomas, including the 
giant-cell–rich variant, are aggressive; 30% to 50% of 
patients die within 5 years after diagnosis. Again, it 
is important for therapeutic purposes that mimics are 
carefully ruled out, such as carcinomas, melanoma, 
lymphoma, and the potentially less aggressive dediffer-
entiated (retroperitoneal) liposarcoma. Wide excision 
followed by irradiation is the treatment of choice. Adju-
vant chemotherapy may be considered in selected cases 
(e.g., young patients).

The inflammatory form of undifferentiated pleomor-
phic sarcoma, which corresponds to dedifferentiated 
liposarcomas in most cases, shows a more indolent clini-
cal course.
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UNDIFFERENTIATED PLEOMORPHIC SARCOMA—FACT SHEET

Definition
 ▸▸  A highly malignant pleomorphic neoplasm lacking any specific 

line of differentiation

Incidence and Location
 ▸▸  True incidence difficult to determine
 ▸▸  Location: lower limbs, trunk

Sex, Race, and Age Distribution
 ▸▸  Middle- to advanced-aged adults
 ▸▸  Male predominance

Clinical Features
 ▸▸  Large, deep-seated mass
 ▸▸  Prognosis and treatment
 ▸▸  5-year survival rate: 30% to 50%
 ▸▸  Wide excision followed by irradiation is the treatment of choice
 ▸▸  More indolent clinical course for the inflammatory variant

UNDIFFERENTIATED PLEOMORPHIC SARCOMA— 
PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Large (5- to 15-cm), well-circumscribed neoplasm
 ▸▸  Deep soft tissues

Microscopic Findings
 ▸▸  Admixture of spindled and pleomorphic cells
 ▸▸  Giant tumor cells with enlarged or multiple pleomorphic nuclei
 ▸▸  Collagenous to myxoid extracellular matrix
 ▸▸  Cellular atypia and nuclear pleomorphism
 ▸▸  Mitoses, abnormal mitoses
 ▸▸  Tumor necrosis
 ▸▸  Giant cell variant: numerous osteoclast-like giant cells
 ▸▸  Inflammatory variant: numerous xanthoma cells and neutrophils, 

few tumor cells

Genetics
 ▸▸  Complex karyotype; no specific chromosomal abnormalities

Immunohistochemical Findings
 ▸▸  Limited reactivity for smooth muscle actin
 ▸▸  Negativity for desmin, h-caldesmon, S-100 protein, and epithelial 

markers

Differential Diagnosis
 ▸▸  Metastasis from carcinoma or melanoma
 ▸▸  Lymphoma
 ▸▸  Dedifferentiated liposarcoma (retroperitoneum)
 ▸▸  Other pleomorphic sarcomas (rhabdomyosarcoma, leiomyosarcoma, 

liposarcoma, MPNST, high-grade myxofibrosarcoma)
 ▸▸  Giant cell variant: other giant-cell–rich neoplasms (extraskeletal 

osteosarcoma, giant-cell–rich leiomyosarcoma, giant cell tumor of 
soft tissue)

 ▸▸  Inflammatory variant: lymphoma, IMT, abscess
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The category of adipocytic tumors includes several 
entities, all sharing in variable features of lipomatous 
differentiation. Diagnostic criteria appear to be well 
established; however, since the late 1990s, several stud-
ies have led to significant conceptual changes, in part as 
a consequence of the interactions between genetics and 
pathology. Adipocytic tumor represents the commonest 
group of mesenchymal lesions.

LIPOMA

Lipoma represents a benign, mature adipocytic prolif-
eration. Lipomas are the most common human mesen-
chymal neoplasm.

CliniCal Features

Benign lipomas tend to occur in adults with a peak 
incidence between the fourth and sixth decades of life.  
A greater incidence in male individuals is observed. 
A statistically significant association with obesity is 

reported. Lipomas can arise anywhere both in the super-
ficial and deep soft tissues. Those lesions arising within 
or in between skeletal muscles are labeled intramuscular 
and intermuscular lipomas, respectively. Lipomas can 
also arise in the gastrointestinal tract, most often in the 
submucosa of the small and large bowels. Lipomas usu-
ally present clinically as a painless mass. Approximately 
5% of patients present with multiple lesions. Other 
variants include dermal lipomas and synovial lipoma. 
Rarely, patients can present with a diffuse overgrowth of 
adipose tissue known as lipomatosis. Clinically, lipoma-
tosis is subclassified in symmetric, asymmetric, pelvic, 
and mediastinoabdominal forms.

PathologiC Features

gross Findings

Benign lipomas are usually soft, well-circumscribed 
masses featuring a yellow cut surface, ranging in size 
between 1 and 25 cm. However, deep-seated lesions tend 
to attain a larger size than superficial ones. A thin cap-
sule is usually seen.

MiCrosCoPiC Findings

Lipomas are composed of a uniform proliferation of 
mature adipocytes featuring minimal variation in size 
and shape (Figure 4-1A). Occasionally, the presence of 
metaplastic bone or cartilage (so-called osteolipoma and 
chondrolipoma), as well as of extramedullary hemato-
poiesis, can be observed. The presence of fibrous tis-
sue and myxoid change has justified the use of terms 
such as fibrolipoma and myxolipoma, respectively. 
Intramuscular/intermuscular lipomas harbor skeletal 
muscle fibers showing variable degrees of atrophy (see  
Figure 4-1B).

anCillary studies

iMMunohistoCheMistry

Benign lipomas are diffusely positive for S-100 protein.

 •  Lipoma
 •  Lipomatosis of Nerve
 •  Angiolipoma
 •  Spindle Cell and Pleomorphic Lipoma
 •  Lipoblastoma and Lipoblastomatosis
 •  Hibernoma
 •  Myolipoma
 •  Chondroid Lipoma
 •  Well-Differentiated Liposarcoma/Atypical 

 Lipomatous Tumors
 •  Dedifferentiated Liposarcoma
 •  Myxoid Liposarcoma
 •  Pleomorphic Liposarcoma
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CytogenetiCs

Cytogenetics of ordinary benign lipomas appears to 
be more interesting than their somewhat boring mor-
phology, featuring an abnormal karyotype in about half 
of cases. Three main categories can be identified: (1) 
rearrangements of the 12q13-15 region mostly with 
3q22; (2) a deletion of 13q; and (3) a rearrangement 
of 6p21-23. The target gene in 12q13-15 is a member 
of the high mobility group protein (HMG) gene family 
HMGA2.

diFFerential diagnosis

The diagnosis of benign lipomas is usually straightforward. 
The absence of cytologic atypia in both adipocytes and 
stromal cells, as well as the uniform size of fat cells, allows 
separation from atypical lipomatous tumor/lipoma-like, 
well-differentiated liposarcoma. Sometimes intramuscular 
lipoma needs to be distinguished from intramuscular hem-
angioma that, alongside a complex vascular network, fre-
quently features extensive fatty atrophy of muscle fibers.

LIPOMA—FACT SHEET

Definition
 ▸▸  A benign, uniform proliferation of mature adipocytes

Incidence and Location
 ▸▸  Trunk and limbs but can occur anywhere in the superficial or deep 

soft tissues

Sex and Age Distribution
 ▸▸  More frequent in male than female individuals; peak incidence 

between fourth and fifth decades of life

Clinical Features
 ▸▸  Slow-growing, painless mass

Prognosis and Treatment
 ▸▸  Lipoma is a benign neoplasm; complete surgical removal is curative

LIPOMA—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Well-circumscribed, capsulated mass with a yellow cut surface

Microscopic findings
 ▸▸  Lobules of uniform mature adipocytes

Fine-Needle Aspiration Biopsy Findings
 ▸▸  Aggregates of mature adipose tissue

Genetics
 ▸▸  Rearrangements of the 12q13-15 region mostly with 3q22;  

deletion of 13q; rearrangement of 6p21-23

Immunohistochemical Features
 ▸▸  Positive for S-100 protein

Differential Diagnosis
 ▸▸  Uniformity of cell size and shape, and lack of cytologic atypia  

distinguishes lipoma from atypical lipomatous tumors

A B

FIGURE 4-1
A, A uniform proliferation of adipocytes is generally observed in benign lipoma. B, The presence of mature adipocytes intermingled with normal 
striated muscle fibers represent the hallmark of intramuscular lipoma.



CHAPTER 4 Adipocytic Tumors 99
Prognosis and treatMent

Lipomas are benign lesions whose complete local excision 
is curative. By contrast, intramuscular lipomas are charac-
terized by a high incidence of local recurrence that can be 
avoided only by complete removal of the involved muscle.

LIPOMATOSIS OF NERVE

Lipomatosis of nerve (so-called fibrolipomatous hamar-
toma of nerve) is represented by a fibrolipomatous prolif-
eration of epineurium with consequent enlargement of 
the affected nerve.

CliniCal Features

Lipomatosis of nerve most commonly affects the median 
nerve (followed by ulnar nerve) of patients between the 
first and the third decades of life. One-third of patients 
feature macrodactyly. Lesions can present at birth.

histologiC Features

gross Findings

Grossly, a fusiform enlargement of the affected nerve 
is seen. The presence of adipose tissue confers a yellow 
cut surface.

MiCrosCoPiC Findings

Mature adipose tissue, associated with a fibrous 
component, infiltrates the epineurial and perineu-
rial compartments of the affected nerves (Figure 
4-2). Perineurial concentric fibrosis is constantly 
present, whereas microfasciculation is more rarely  
encountered.

anCillary studies

iMMunohistoCheMistry

Lipomatosis of nerve is a histologic diagnosis in which 
immunohistochemistry plays only the role of highlight-
ing the various components of nerve fibers.

diFFerential diagnosis

The diagnosis of lipomatosis of nerve is usually straight-
forward. The occasional presence of microfasciculation 
may raise the differential diagnosis with intraneural 
perineurioma.

Prognosis and treatMent

Lipoma of nerve is a benign lesion whose local 
excision may lead to severe functional damage. 
Conservative surgical approaches are therefore  
recommended.

A B

FIGURE 4-2
A-B, Fibrofatty expansion of the epineurial and perineurial compartments of the affected nerves.
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ANGIOLIPOMA

Angiolipoma represents a benign adipocytic lesion fea-
turing a variable capillary-sized vascular network.

CliniCal Features

Angiolipoma usually presents as multiple, painful sub-
cutaneous nodules. Peak incidence is between the sec-
ond and the third decades of life. They most frequently 
affect the upper limbs (approximately two-thirds occur 
in the forearm), followed by the trunk and the lower 
limbs.

PathologiC Features

gross Findings

Angiolipomas are well-circumscribed, encapsulated 
nodular lesions, most often smaller than 2 cm, the cut 
surface of which varies from yellow to red according to 
the prevalence of adipocytic or vascular components.

MiCrosCoPiC Findings

Angiolipomas are composed of a mature adipocytic 
proliferation associated with a variable vascular network. 
In the latter component, a predominantly capillary-sized 
proliferation is detected (Figure 4-3A). Characteristi-
cally, blood vessels contain fibrin microthrombi, repre-
senting the diagnostic hallmark of this lesion (see Figure 
4-3B). The amount of the capillary proliferation can 

LIPOMATOSIS OF NERVE—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Fusiform enlargement of the affected nerve

Microscopic Findings
 ▸▸  Fibrofatty proliferation located within the epineurial and 

 perineurial compartments of a nerve

Immunohistochemistry
 ▸▸  Epithelial membrane antigen staining of perineurium highlights 

the compartmentalization of adipocytic proliferation

Differential Diagnosis
 ▸▸  Intraneural perineurioma

LIPOMATOSIS OF NERVE—FACT SHEET

Definition
 ▸▸  Fibrolipomatous proliferation of the epineurium of a nerve

Incidence and Location
 ▸▸  Rare condition mostly occurring in the median nerve

Sex and Age Distribution
 ▸▸  More common in male than female individuals; first to third 

decades of life

Clinical Features
 ▸▸  Gradual enlargement of the affected part.

Prognosis and Treatment
 ▸▸  Lipomatosis of nerve is a benign condition; attempt of surgical 

removal may lead to severe functional impairment

ANGIOLIPOMA—FACT SHEET

Definition
 ▸▸  Benign adipocytic lesion featuring a capillary-sized vascular network

Incidence and Location
 ▸▸  Subcutis of forearm, trunk, and upper arm

Sex and Age Distribution
 ▸▸  More common in male than female individuals; late second decade 

of life

Clinical Features
 ▸▸  Painful, multiple subcutaneous nodules

Prognosis and Treatment
 ▸▸  Benign lesion; local excision curative

ANGIOLIPOMA—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Encapsulated yellowish to red nodules

Microscopic Findings
 ▸▸  Mature adipocytic proliferation associated with a capillary-sized 

vascular network that contains fibrin microthrombi

Genetics
 ▸▸  Normal karyotype

Immunohistochemical Features
 ▸▸  Positive for S-100 protein; positive for endothelial markers in the 

vascular component

Differential Diagnosis
 ▸▸  Cellular angiolipoma may be mistaken for Kaposi sarcoma or 

angiosarcoma
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vary from minimal to abundant, to the extent that the 
adipocytic component can be overlooked.

anCillary Features

CytogenetiCs

Cytogenetically, angiolipomas are almost unique 
among adipocytic neoplasms because they represent the 
only entity that lacks any karyotypic aberrations.

diFFerential diagnosis

Most diagnostic problems with angiolipoma are with 
lesions laying at the extremes of the spectrum. Sometimes 
the vascular component can be minimal and, therefore, 
overlooked; sometimes it is predominant to the extent 
that the lesion is mistaken for a vascular lesion, includ-
ing angiosarcoma and Kaposi sarcoma.

Prognosis and treatMent

Angiolipomas are benign lesions. Local excision is cura-
tive, and local recurrence never occurs.

SPINDLE CELL AND PLEOMORPHIC LIPOMA

Spindle cell and pleomorphic lipoma represents a spec-
trum of benign adipocytic neoplasm featuring a spindle 
cell proliferation associated with coarse, eosinophilic 

collagen fibers. Rarely, multinucleated, hyperchromatic 
cells may be present.

CliniCal Features

Spindle cell and pleomorphic lipoma most often arise as 
a painless subcutaneous mass located in the posterior 
aspect of the neck or in the upper back. Peak incidence 
is between the fourth and the fifth decade, and the  
male-to-female ratio is 10:1.

PathologiC Features

gross Findings

Spindle cell and pleomorphic lipoma is usually less 
well-circumscribed than ordinary lipomas. The color of 
cut surface varies from yellow to white-gray depending 
on the relative amount of adipocytic and spindle cell 
component. Rarely, a predominantly myxoid appear-
ance is present.

MiCrosCoPiC Findings

Microscopically, spindle cell lipoma is composed of 
a bland spindle cell proliferation admixed with brightly 
eosinophilic, coarse collagen fibers (Figure 4-4A). 
Rarely, a myxoid stroma is present that can become 
prominent (see Figure 4-4B). In these cases, it is possi-
ble to detect the formation of angiectoid spaces resulting 
in a pseudoangiomatous growth pattern. The adipo-
cytic component can predominated or sometimes be 
focal (see Figure 4-4C). Pleomorphic lipoma represents 
part of the spectrum of this lesion, wherein bizarre, 
hyperchromatic, sometimes multinucleated cells are 

A B

FIGURE 4-3
A, Angiolipomas are composed of a mature adipocytic proliferation associated with a variable vascular component. B, Blood vessels contain 
fibrin microthrombi, representing the diagnostic hallmark of angiolipoma.
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FIGURE 4-4 
A, Eosinophilic coarse collagen bundles, bland spindle cells, and mature adipocytes are the main components of spindle cell lipoma.  
B, Myxoid change in spindle cell lipoma may lead to diagnostic confusion with myxoid liposarcoma. C, In cellular variants of spindle cell 
lipoma, the adipocytic component can be minimal. D, Floret-like multinucleated giant cell represents a typical feature of spindle cell and 
pleomorphic lipoma.

SPINDLE CELL AND PLEOMORPHIC LIPOMA—FACT SHEET

Definition
 ▸▸  A spectrum of benign lesion composed of an admixture of mature 

adipocytes, spindle cells, and hyperchromatic, multinucleated 
giant cells

Incidence and Location
 ▸▸  Posterior neck and upper back

Sex and Age Distribution
 ▸▸  More frequent in males than female individuals; peak incidence in 

fourth and fifth decades of life

Clinical Features
 ▸▸  Asymptomatic, mobile lump in the subcutis of the posterior neck

Prognosis and Treatment
 ▸▸  Benign lesion; local excision curative

SPINDLE CELL AND PLEOMORPHIC LIPOMA—PATHOLOGIC 
FEATURES

Gross Findings
 ▸▸  Oval, yellowish to grayish mass

Microscopic Findings
 ▸▸  Admixture of mature adipocytes, spindle cells, and ropey collagen 

bundles; hyperchromatic mononucleated and multinucleated (floret-
like) giant cells are present at the pleomorphic end of the spectrum

Genetics
 ▸▸  Chromosomal aberrations of 13q and 16q

Immunohistochemical Features
 ▸▸  CD34+

Differential Diagnosis
 ▸▸  The presence of lipoblasts may lead to a diagnosis of atypical 

lipomatous tumor
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 associated with the typical morphology of spindle cell 
lipoma (see Figure 4-4D). Lipoblasts occasionally may 
be present.

anCillary Findings

iMMunohistoCheMistry

Spindle cell lipoma is characterized by diffuse positiv-
ity for CD34.

CytogenetiCs

Loss of material from the region 16q13-qter 
together with 13q deletions is observed, therefore 
supporting separation from both ordinary lipoma 
and atypical lipomatous tumor/well-differentiated 
 liposarcoma.

diFFerential diagnosis

Extensive myxoid degeneration may raise the differential 
diagnosis with myxoid liposarcoma. Spindle cell lipoma 
lacks the typical plexiform vascular network, and atypia is 
minimal. Pleomorphic lipoma, because of cytologic atypia, 
may be confused with pleomorphic sarcomas. However, 
pleomorphic lipoma is usually less cellular, and in contrast 
with pleomorphic sarcomas, mitoses are exceptional.

Prognosis and treatMent

Spindle cell and pleomorphic lipoma are entirely benign, 
and local excision is curative.

LIPOBLASTOMA AND LIPOBLASTOMATOSIS

Lipoblastoma is a rare, benign, adipocytic tumor of 
infancy composed of immature (fetal) adipose tissue. It 
may occur as a localized lesion (lipoblastoma) or as a 
diffuse proliferation (lipoblastomatosis).

CliniCal Features

Lipoblastoma occurs predominantly in the first 3 years 
of life and is more common in boys. The most frequently 
affected anatomic site is the extremities, followed by the 
mediastinum, the retroperitoneum, the trunk, and the 

head and neck area. Most frequently, it presents as a well-
demarcated nodule confined to the subcutis (lipoblastoma) 
or infiltrating the underlying muscle (lipoblastomatosis). 
Maximum size usually does not exceed 5 cm.

PathologiC Features

gross Findings

Grossly, lipoblastomas are well-circumscribed. Cut 
surface exhibits a lobulated appearance, and color varies 
from white to yellow. The presence of gelatinous area 
may vary from focal to predominant.

MiCrosCoPiC Findings

Microscopically, lipoblastoma is characterized by a 
proliferation of adipocytes in varying stages of differen-
tiation, organized in a lobular growth pattern (Figure  
4-5A). The number of lipoblasts is variable and depends 
on the duration of the lesion. Long-standing lipoblasto-
mas may show complete maturation, therefore resem-
bling an ordinary lipoma. The stroma can be myxoid and 
associated with a plexiform vascular network mimicking 
myxoid liposarcoma (see Figure 4-5B). In lipoblastomato-
sis, the lobular architecture is usually much less evident.

anCillary Findings

CytogenetiCs

Lipoblastoma is characterized by a specific rearrange-
ment involving the 8q11-q13 region. Two fusion genes have 
been reported to be involved: HAS2/PLAG1 and COL1A2/
PLAG1. PLAG1 maps at 8q12. These fusion genes seem to 
utilize the so-called promoter-swapping mechanism.

diFFerential diagnosis

The most important differential diagnosis of lipoblas-
toma is with myxoid liposarcoma. The young age of the 
patient, the lobular growth pattern, and the absence of 
cytologic atypia represent useful clues; however, rare 
cases exist in which, because of significant morphologic 
overlap, genetic analysis may be necessary.

Prognosis and treatMent

Lipoblastoma is a benign lesion whose complete exci-
sion is curative. Local recurrence is observed in approxi-
mately 15% of lipoblastomatosis cases.
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HIBERNOMA

Hibernoma is a benign adipocytic tumor characterized 
by a brown fat cell component variably intermingled 
with mature white adipose tissue.

CliniCal Features

Hibernoma tends to occur in the subcutis of young 
adults (peak incidence is in the third and fourth decades 
of life). A minority of cases may be deep seated within 

somatic muscles. The most frequently affected anatomic 
sites are represented by the thigh followed by the trunk, 
the upper limbs, and the head and neck area. Rarely, it 
may occur at a visceral location. Hibernoma most often 
presents as a painless, slow-growing mass.

PathologiC Features

gross Findings

Grossly, hibernomas tend to be well-circumscribed, 
ranging between 2 and 20 cm in diameter. Cut surface 
features a lobular appearance with a color varying from 

LIPOBLASTOMA AND LIPOBLASTOMATOSIS—FACT SHEET

Definition

 ▸▸  Benign adipocytic tumor composed of immature (fetal) adipose 
tissue.

Incidence and Location
 ▸▸  Extremities, mediastinum, retroperitoneum, trunk, head and neck

Sex and Age Distribution
 ▸▸  More common in boys than girls; first 3 years of life

Clinical Features
 ▸▸  Well-demarcated subcutaneous nodule (lipoblastoma) or lesion 

infiltrating the underlying muscle (lipoblastomatosis)

Prognosis and Treatment
 ▸▸  Benign lesion; local excision curative; 15% recurrence rate for 

lipoblastomatosis

LIPOBLASTOMA AND LIPOBLASTOMATOSIS—PATHOLOGIC FEATURES

Gross Findings

 ▸▸  Well-circumscribed, lobular lump

Microscopic Findings
 ▸▸  Proliferation of adipocytes in varying stages of differentiation in 

lobular organization

Genetics
 ▸▸  Rearrangement of 8q11-q13 region

Immunohistochemical Features
 ▸▸  Positive for S-100 protein

Differential Diagnosis
 ▸▸  Myxoid liposarcoma

A B

FIGURE 4-5
A, Lobulation is one of the distinctive low-power features of lipoblastoma. B, Myxoid background and plexiform vascular network may cause 
morphologic overlap with myxoid liposarcoma.
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yellow to brown according to the relative amount of 
brown and white adipose tissue.

MiCrosCoPiC Findings

Microscopically, the majority of hibernomas are com-
posed of a proliferation of multivacuolated brown adi-
pocytes that contain granular cytoplasm and centrally 
located nuclei (Figure 4-6). The cytoplasm of brown 
fat cells may vary from pale to intensely eosinophilic. 
Mitotic activity is usually absent, as is cytologic atypia. 
In rare cases, myxoid degeneration of the stroma can 
be present. The brown fat component is most often 
admixed with a variable amount of ordinary adipose 
tissue.

anCillary studies

iMMunohistoCheMistry

The diagnosis of hibernoma is relatively straightforward, 
and immunohistochemistry does not play a major role. As 
in most adipocytic lesions, S-100 protein is usually positive.

genetiCs

Cytogenetic analysis most often reveals structural rear-
rangements of the 11q13-21 region and less often of 10q22. 
At the molecular level, the presence of deletion of the multi-
ple endocrine neoplasia 1 (MEN1) gene has been reported.

diFFerential diagnosis

Hibernoma-like features can be observed occasionally 
in atypical lipomatous tumors and well-differentiated 
liposarcoma.

Prognosis and treatMent

Hibernomas are benign neoplasm irrespective of mor-
phologic variations, and local excision is curative.

MYOLIPOMA

Myolipoma, also known as lipoleiomyoma, is a benign 
neoplasm characterized morphologically by coexistence of 
a mature adipocytic and smooth muscle cell proliferation.

FIGURE 4-6
The cytoplasm of brown fat cells of hibernoma may vary from pale to 
intensely eosinophilic.

HIBERNOMA—FACT SHEET

Definition

 ▸▸  Benign tumor composed of brown fat cells admixed with mature 
white adipose tissue

Incidence and Location
 ▸▸  Thigh, trunk, upper limbs, and head and neck

Sex and Age Distribution
 ▸▸  More frequent in male than female individuals; peak incidence in 

the third and fourth decades of life

Clinical Features
 ▸▸  Painless, slow-growing mass

Prognosis and Treatment
 ▸▸  Benign lesion; complete excision is curative

HIBERNOMA—PATHOLOGIC FEATURES

Gross Findings

 ▸▸  Well-circumscribed, often lobulated, with brown to yellow cut surface

Microscopic Findings
 ▸▸  A proliferation of multivacuolated brown adipocytes admixed with 

a variable amount of white adipose tissue

Genetics
 ▸▸  Rearrangements of the 11q13-21 and 10q22 regions

Immunohistochemical Features
 ▸▸  Positive for S-100 protein

Differential Diagnosis
 ▸▸  Well-differentiated liposarcoma with hibernoma-like features
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CliniCal Features

Myolipoma most frequently arises in the pelvis and in 
the abdomen, followed by the retroperitoneum of adult 
patients. Peak incidence is in the fifth and sixth decades 
of life, and male individuals appear to be affected less 
frequently than female individuals.

PathologiC Features

gross Findings

Myolipoma is macroscopically most often appears as 
a large, encapsulated mass, ranging in size between 10 
and 20 cm, with a yellow-white cut surface. Necrosis is 
constantly absent.

MiCrosCoPiC Findings

Myolipoma is characterized by a distinctive, biphasic, 
morphologic picture composed of mature adipocytic tis-
sue intermingled with bundles of differentiated smooth 
muscle fibers (Figure 4-7). Importantly, cytologic atypia 
must be absent both in the smooth muscle and in the 
adipocytic component.

anCillary studies

iMMunohistoCheMistry

The presence of dual adipocytic and smooth muscle 
differentiation can be easily confirmed immunohisto-
chemically by demonstration of desmin and/or smooth 
muscle actin immunopositivity.

diFFerential diagnosis

The most important differential diagnosis of myoli-
poma is represented by leiomyomas with extensive fatty 
degeneration, which usually lack the uniformly spaced 
distribution of adipocytes that is typically observed in 
myolipoma. Atypical lipomatous tumors may also con-
tain foci of smooth muscle differentiation.

Prognosis and treatMent

Myolipoma is an entirely benign lesion whose complete 
surgical removal is curative.

FIGURE 4-7 
Myolipoma is composed of mature fat and smooth muscle cells.

MYOLIPOMA—FACT SHEET

Definition

 ▸▸  Benign neoplasm composed of mature adipocytes and smooth 
muscle cells

Incidence and Location
 ▸▸  Abdomen, retroperitoneum

Sex and Age Distribution
 ▸▸  More frequent in female than male individuals; peak incidence in 

the fifth and sixth decades of life

Clinical Features
 ▸▸  Painless, palpable mass

Prognosis and Treatment
 ▸▸  Benign lesion; surgical excision curative

MYOLIPOMA—PATHOLOGIC FEATURES

Gross Findings

 ▸▸  Large encapsulated mass with a yellow-white cut surface

Microscopic Findings
 ▸▸  Mature adipocytic tissue intermingled with bundles of 

 differentiated smooth muscle fibers

Immunohistochemical Features
 ▸▸  S-100 protein positive (adipocytes), desmin positive, SMA positive 

(smooth muscle cells)

Differential Diagnosis
 ▸▸  Leiomyoma with fatty metaplasia
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CHONDROID LIPOMA

Chondroid lipoma is a rare, benign, fatty tumor, first 
reported under the name extraskeletal chondroma with 
lipoblast-like cells.

CliniCal Features

Chondroid lipoma usually presents as a well-defined, 
deep-seated lesion located in the limbs, trunk, and head 
and neck region of women.

PathologiC Features

gross Findings

Chondroid lipoma is usually well-circumscribed, cap-
sulated, and sometimes multilobular. Cut surface is yel-
lowish as consequence of the presence of adipose tissue.

MiCrosCoPiC Findings

Microscopically, it is composed of an admixture of 
mature adipocytes, eosinophilic chondroblast-like cells, 
and vacuolated cells set in myxochondroid background 
(Figure 4-8A). One of the most striking features is the 
presence of vacuolated cells that cannot be distinguished 

A B

FIGURE 4-8
A-B, Cords and sheets of eosinophilic epithelioid cells associated with lipoblasts are seen in chondroid lipoma.

CHONDROID LIPOMA—FACT SHEET

Definition

 ▸▸  Benign adipocytic tumor composed of lipoblasts and mature fat 
set in a chondroid matrix

Incidence and Location
 ▸▸  Limbs, trunk, head and neck

Sex and Age Distribution
 ▸▸  More frequent in female than male individuals; peak incidence in 

the fifth and sixth decades of life

Clinical Features
 ▸▸  Deep-seated, painless mass

Prognosis and Treatment
 ▸▸  Benign lesion; surgical excision curative.

CHONDROID LIPOMA—PATHOLOGIC FEATURES

Gross Findings

 ▸▸  Well-circumscribed, capsulated with a yellowish cut surface

Microscopic Findings
 ▸▸  Admixture of mature adipocytes, chondroblast-like cells, and 

 lipoblasts set in myxochondroid background

Ultrastructural Features
 ▸▸  Immature cells sharing features of embryonal fat and cartilage, 

lipoblasts, and preadipocytes

Genetics
 ▸▸  11q13 aberrations

Immunohistochemical Features
 ▸▸  Positive for S-100 protein

Differential Diagnosis
 ▸▸  Myxoid liposarcoma, extraskeletal myxoid chondrosarcoma
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from ordinary lipoblasts (see Figure 4-8B). It should be 
stressed that the use of the term pseudolipoblast in this 
context is misleading because it more properly indi-
cates cells with vacuolated cytoplasm that mimic true 
 lipoblasts.

anCillary studies

ultrastruCture

Electron microscopy reveals immature cells that share 
features of embryonal fat and cartilage, lipoblasts, and 
preadipocytes.

iMMunohistoCheMistry

Immunohistochemically, S-100 protein decorates 
most neoplastic cells.

genetiCs

Chondroid lipoma contains complex rearrange-
ments that involve chromosomes 1 and 2. Recently, a 
t(11;16)(q13;p12-13) translocation has been reported.

diFFerential diagnosis

The differential diagnosis of chondroid lipoma includes 
myxoid liposarcoma, the recognition of which is greatly 
helped by the presence of a highly distinctive plexiform 
capillary-sized vascular network. Extraskeletal myxoid 
chondrosarcoma presents a more pronounced lobular 
architecture associated with peripheral accentuation of 
cellularity. In contrast with common belief, S-100 pro-
tein immunopositivity is encountered in not more than 
20% of extraskeletal myxoid chondrosarcomas.

Prognosis and treatMent

Chondroid lipoma is an entirely benign lesion. Complete 
surgical removal is curative.

WELL-DIFFERENTIATED LIPOSARCOMA/
ATYPICAL LIPOMATOUS TUMORS

Well-differentiated liposarcoma represents about 40% 
to 45% of all liposarcomas. Four subtypes of well-differ-
entiated liposarcoma are recognized by the 2002 World 

Health Organization (WHO) classification: adipocytic (or 
lipoma-like), sclerosing, inflammatory, and spindle cell.

CliniCal Features

Well-differentiated liposarcoma tends to occur equally 
in the retroperitoneum or the limbs and, more rarely, in 
the spermatic cord and the mediastinum.

PathologiC Features

gross Findings

Well-differentiated liposarcoma is usually well-cir-
cumscribed. Cut surface tends to be uniformly yellow in 
the lipoma-like variant. The variable presence of fibrous 
tissue correlates with the presence of white-gray areas.

MiCrosCoPiC Findings

Lipoma-like, well-differentiated liposarcoma is com-
posed of mature adipocytes that exhibit marked varia-
tion in cell size with at least focal nuclear atypia (Figure 
4-9A). Scattered hyperchromatic stromal cells are some-
times encountered (see Figure 4-9B). An important 
point is represented by the fact that the number of 
lipoblasts (monovacuolated or multivacuolated cells 
featuring hyperchromatic, scalloped nucleus) in well-
differentiated liposarcoma may vary from many to none. 
Lipoblasts for a long time have been considered as virtu-
ally diagnostic of liposarcoma; however, the presence of 
lipoblasts does not make (or is required for) a diagno-
sis of liposarcoma. Moreover, several benign adipocytic 
lesions (e.g., lipoblastoma, pleomorphic lipoma, chon-
droid lipoma) may contain lipoblasts.

Sclerosing liposarcoma tends to occur most frequently 
in the retroperitoneum and in the paratesticular region. 
Microscopically, the presence of scattered, distinctive, 
bizarre stromal cells, as well as of rare multivacuolated 
lipoblasts set in a fibrillary collagenous background, 
 represents the main histologic finding (see Figure 4-9C). 
Not infrequently, the fibrous component can be overrep-
resented to the extent that lipogenic areas can be missed.

In rare instances, well-differentiated liposarcoma 
may exhibit the presence of a dense, chronic inflamma-
tory infiltrate that can obscure the adipocytic nature of 
the neoplasm (see Figure 4-9D). Polyphenotypic lym-
phoplasmacytic aggregates are most often detected, but 
cases exist in which a T-cell population represents the 
main inflammatory component.

The single new variant of well-differentiated liposar-
coma described during the 2000s is represented by spin-
dle cell liposarcoma. Spindle cell liposarcoma occurs in 
adults and exhibits an anatomic distribution comparable 
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with that of the other well-differentiated liposarcoma 
subtypes; however, a tendency to involve the subcutis 
was observed in the first series. The main morphologic 
feature of spindle cell liposarcoma is the presence of a 
bland spindle cell proliferation reminiscent of a neural 
neoplasm set in a fibrous and/or myxoid background, 
and associated with an atypical lipomatous component 
that usually includes lipoblasts (see Figure 4-9E).

anCillary studies

iMMunohistoCheMistry

Immunohistochemically, most adipocytic tumors 
express S-100 protein that may play a role in highlight-
ing the presence of lipoblasts. Expression of MDM2 and 
CDk4 may play a diagnostic role.

A
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FIGURE 4-9
A, Atypical lipomatous tumors can be recognized on the basis of variation 
in adipocyte cell size and nuclear atypia. B, Nuclear atypia in stromal cells 
is a key diagnostic clue in atypical lipomatous tumors. C, The presence 
of scattered hyperchromatic stromal cell set in fibrillary background and 
associated with an atypical lipomatous component represents the hallmark 
of well-differentiated sclerosing liposarcoma. D, In well-differentiated 
inflammatory liposarcoma, it is important to identify lipogenic areas 
that can be obscured by the presence of the inflammatory infiltrate.  
E, The presence of a neural-like spindle cell proliferation set in a fibrous 
background and associated with an atypical lipomatous component 
represents the typical morphologic picture of spindle cell liposarcoma.  
A multivacuolated lipoblast is seen.
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genetiCs

Karyotypic analysis of well-differentiated liposarcoma 
has shown that this group of mesenchymal neoplasms is 
characterized by the presence of ring or giant marker chro-
mosomes, or both. Both rings and giant markers contain 
amplified sequences derived from the 12q13-15 chromo-
some region, wherein they map several proto-oncogenes 
such as MDM2, CDK4, HMGA2, SAS, GLI, DDTI3, OS1, 
and OS9, all playing important roles in the molecular 
pathogenesis of human neoplasia. Interestingly, concomi-
tant amplification of HMGA2, MDM2, and CDK4, as well 
as overexpression of the proteins thereof, has been recently 
demonstrated in well-differentiated liposarcomas.

diFFerential diagnosis

The differential diagnosis of well-differentiated lipoma-
like liposarcoma is mainly with benign lipoma. Varia-
tion in adipocytic size and presence of cytologic atypia 
represents the main diagnostic clues. Well-differentiated 
inflammatory liposarcoma has to be distinguished mainly 
from nonadipocytic lesions such as inflammatory myo-
fibroblastic tumor and Castleman disease. These lesions 
should be sampled extensively to avoid diagnostic con-
fusion and to prevent overlooking the adipocytic compo-
nent. The differential diagnoses of spindle cell liposarcoma 
include benign and malignant lesions such as spindle cell 
lipoma, neurofibroma, dermatofibrosarcoma protuberans, 
malignant peripheral nerve sheath tumors, well-differen-
tiated sclerosing liposarcoma, and low-grade fibromyxoid 
sarcoma (Evans tumor). In this context, the presence of 
lipoblasts represents a helpful diagnostic clue.

Prognosis and treatMent

Well-differentiated liposarcoma is characterized by a 
30% risk for local recurrence but is incapable of metas-
tasis unless it undergoes dedifferentiation. It was for 
this reason that, in 1979, Harry Evans suggested the use 
of alternative terms such as atypical lipoma or atypical 
lipomatous tumour. After a long debate, the 2002 WHO 
Classification of Soft Tissue Tumors reached a consen-
sus on the fact that the terms atypical lipomatous tumor 
and well-differentiated liposarcoma are synonyms. The 
choice of terminology should be based on the principle 
of avoiding either inadequate or excessive treatment.

Anatomic site represents the most relevant prognostic 
factor. Overall mortality rate is close to 0% for lesions aris-
ing in surgically amenable soft tissues, but increases up to 
80% for lesions that occur in the retroperitoneum. Standard 
treatment for atypical lipomatous tumor is represented by 
complete surgical removal with negative margins.

WELL-DIFFERENTIATED LIPOSARCOMA/ATYPICAL LIPOMATOUS 
TUMORS—FACT SHEET

Definition

 ▸▸  Proliferation of mature adipocytes exhibiting marked variation in 
cell size with at least focal nuclear atypia

Incidence and Location
 ▸▸  Retroperitoneum, limbs, spermatic cord, mediastinum

Sex and Age Distribution
 ▸▸  More frequent in male than female individuals; peak incidence in 

the sixth decade of life

Clinical Features
 ▸▸  Slow-growing, painless mass

Prognosis and Treatment
 ▸▸  Anatomic site represents the main prognostic factor; complete 

 excision is virtually curative but difficult to achieve in the 
 retroperitoneum

WELL-DIFFERENTIATED LIPOSARCOMA/ATYPICAL LIPOMATOUS 
TUMORS—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Well-circumscribed mass with a uniformly yellow cut surface 

(lipoma-like variant); the variable presence of fibrous tissue (all 
variants) correlates with the presence of white-gray areas

Microscopic Findings
 ▸▸  Mature adipocytic proliferation with variation in shape and size, 

associated with nuclear atypia in fat or stromal cells, or both
 ▸▸  Additional key features are the presence of hyperchromatic, 

bizarre stromal cells in the sclerosing subtype, a heavy 
 lymphoplasmacytic infiltrate in the inflammatory subtype, and a 
predominantly spindle cell proliferation in the spindle cell subtype

 ▸▸  The number of lipoblasts is extremely variable

Genetics
 ▸▸  Ring chromosome and giant marker chromosomes; amplification 

12q12-15 region

Immunohistochemical Features
 ▸▸  S-100 positivity in lipogenic areas; nuclear expression of MDM2 

and CDK4

Differential Diagnosis
 ▸▸  Lipoma-like, well-differentiated liposarcoma is separated from 

benign lipoma on the basis of adipocyte variation in size 
and shape and/or cytologic atypia; spindle cell liposarcoma 
can be mistaken for a neural or fibroblastic/myofibroblastic 
neoplasm; inflammatory liposarcoma can be confused with 
 lymphoproliferative disorders
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DEDIFFERENTIATED LIPOSARCOMA

The term dedifferentiated liposarcoma was first used by 
Harry Evans in 1979 to define the transition from low-
grade to high-grade nonlipogenic morphology within a 
well-differentiated liposarcoma. In the 2002 WHO clas-
sification it specified that nonlipogenic areas may not 
be necessarily high grade. The concept of dedifferentia-
tion had been previously introduced by David Dahlin in 
the context of the description of tumor progression in 
 chondrosarcoma.

CliniCal Features

Dedifferentiated liposarcoma occurs most frequently 
in the retroperitoneum of adults. Men are more fre-
quently affected than women. Dedifferentiation in well-
 differentiated liposarcoma occurs more frequently in the 
primary tumor (90%) than in recurrences (10%).

PathologiC Features

gross Findings

Multinodular mass with yellow cut surface, contain-
ing firm tan-gray areas. Sometimes a distinct firm nod-
ule is seen in the context of adipose tissue.

MiCrosCoPiC Findings

The transition usually from well-differentiated 
liposarcoma to high-grade sarcoma tends to be abrupt 
(Figure 4-10A); however, rare cases exist in which this 
can be more gradual, and exceptionally low-grade and 
high-grade areas appear to be intermingled. Morpho-
logically dedifferentiated areas overlap with undiffer-
entiated pleomorphic sarcoma (formerly storiform and 
pleomorphic variant of malignant fibrous histiocytoma) 
or less frequently with high-grade myxofibrosarcoma 
(see Figure 4-10B). Dedifferentiated liposarcoma may 
exhibit heterologous differentiation in about 5% to 10% 
of cases, most often myogenic (see Figures 4-10C,D) 
or osteosarcomatous/chondrosarcomatous, and more 
rarely angiosarcomatous. Occasionally, dedifferentiated 
liposarcoma may contain peculiar whorls of spindle cells 
somewhat reminiscent of neural or meningothelial struc-
tures, often associated with metaplastic bone formation 
(see Figure 4-10E). Ultrastructural features may suggest 
follicular dendritic cell differentiation; however, this 
has not been confirmed immunohistochemically. Some-
times dedifferentiated liposarcoma exhibits the pres-
ence of fascicles of bland spindle cells with a cellularity  

intermediate between well-differentiated sclerosing lipo-
sarcoma and usual high-grade areas. Low-grade dediffer-
entiation is the term proposed to describe these areas. 
The grade of dedifferentiated areas does not affect the 
outcome.

anCillary studies

iMMunohistoCheMistry

The presence of heterologous elements can be high-
lighted by use of appropriate differentiation mark-
ers. Overexpression of MDM2 and CDK4 in both 

DEDIFFERENTIATED LIPOSARCOMA—FACT SHEET

Definition

 ▸▸  A liposarcoma showing transition from well-differentiated 
 liposarcoma to high-grade nonlipogenic sarcoma

Incidence and Location
 ▸▸  Retroperitoneum > limbs

Sex and Age Distribution
 ▸▸  More common in male than female individuals; peak incidence in 

the sixth decade of life

Prognosis and Treatment
 ▸▸  Metastatic rate less than 20%; overall survival at 5 years: 60% to 

70%; surgical excision as wide as possible

DEDIFFERENTIATED LIPOSARCOMA—PATHOLOGIC FEATURES

Gross Findings
 ▸▸  Multinodular mass with yellow cut surface, containing firm  

tan-gray areas

Microscopic Findings
 ▸▸  Transition (either abrupt or gradual) from well-differentiated 

 liposarcoma to high-grade nonlipogenic sarcoma

Genetics
 ▸▸  Ring and giant marker chromosome associated with complex 

 chromosome aberrations

Immunohistochemical Features
 ▸▸  Heterologous differentiation is associated with expression of 

 appropriate differentiation markers

Differential Diagnosis
 ▸▸  Other pleomorphic sarcomas (most often pleomorphic 

 leiomyosarcoma), sarcomatoid carcinoma
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 lipogenic and nonlipogenic components is consistently  
observed.

CytogenetiCs and MoleCular genetiCs

Dedifferentiated liposarcoma usually shows the pres-
ence of ring or giant marker chromosomes, or both, as 
in well-differentiated liposarcoma, although superim-
posed additional aberrations have been reported. At the 

molecular level, a significant increase of both overex-
pression and amplification of MDM2 in the high-grade 
areas has been observed, which may account for the 
tumor progression in this subset of sarcomas. However, 
at variance with high-grade pleomorphic sarcomas that 
most often present concomitant MDM2 amplification 
and TP53 mutations (being significantly related to poor 
clinical outcome) in dedifferentiated liposarcoma, TP53 
is almost always unaffected.

A
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FIGURE 4-10
A, Abrupt transition from low-grade lipogenic areas to high-grade undif-
ferentiated pleomorphic sarcoma is frequently seen in dedifferentiated lipo-
sarcoma. B, In dedifferentiated liposarcoma, the high-grade nonlipogenic 
component most often overlaps with “malignant fibrous histiocytoma”–like 
pleomorphic sarcoma. C, Heterologous differentiation represented by 
rhabdomyoblasts is seen in the example of dedifferentiated liposarcoma.  
D, Desmin immunopositivity is seen in the rhabdomyoblastic component. 
E, A peculiar whorling growth pattern is rarely seen in dedifferentiated 
liposarcoma. Neoplastic cells have been defined as exhibiting either a 
meningothelial-like or neural-like morphology.
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diFFerential diagnosis

Dedifferentiated liposarcomas need to be kept separate 
from other pleomorphic sarcomas (most often pleomor-
phic leiomyosarcoma) that occur in the retroperito-
neum, as well as from nonsarcomatous lesions such as 
sarcomatoid carcinoma.

Prognosis and treatMent

The biologic behavior of dedifferentiated liposarcoma 
represents one of the most fascinating enigmas of tumor 
 biology: (1) despite high-grade morphology, it tends to be 
less aggressive than other types of high-grade pleomor-
phic sarcomas; (2) dedifferentiated liposarcoma can recur 
as an entirely well-differentiated liposarcoma; and (3) in 
contrast with well-differentiated liposarcoma, dedifferen-
tiation is associated with a 20% to 25% metastatic rate; 
however, mortality is more related to uncontrolled local 
recurrences than to metastatic spread. Standard treatment 
is represented by wide surgical resection. In the retroperi-
toneal location, resection should include adjacent viscera.

MYXOID LIPOSARCOMA

Myxoid liposarcoma represents the second larger group 
of adipocytic malignancies accounting for about 30% 
to 35% of all liposarcomas. Myxoid liposarcoma forms 
a morphologic continuum that includes a hypercellu-
lar neoplasm composed of oval to round cell neoplastic 
cells, formerly known as round cell liposarcoma.

CliniCal Features

Clinically, myxoid and round cell liposarcoma occur pre-
dominantly in the limbs, whereas the retroperitoneal 
location is exceptional. Peak incidence is between the 
third and the fifth decades of life, and both sexes are 
equally affected. Myxoid liposarcoma tends to recur 
repeatedly and metastasize to both bone and soft tissue 
locations including the retroperitoneum.

PathologiC Features

gross Findings

Myxoid liposarcomas are usually well-circumscribed, 
multinodular, gelatinous lesions. The presence of 

hypercellular (round cell) areas may confer a fleshy 
 appearance.

MiCrosCoPiC Findings

Purely myxoid liposarcoma is composed of a hypo-
cellular bland spindle cell proliferation set in a myxoid 
background, often featuring mucin pooling. Lipoblasts 
are most often monovacuolated and tend to cluster 
around vessels or at the periphery of the lesion. The 
most distinctive morphologic clue is represented by the 
presence of a capillary network organized in a plexiform 
pattern (Figure 4-11A).

Myxoid/round cell liposarcoma is defined by the pres-
ence of hypercellular areas, most frequently originating 
in a perivascular distribution, composed of undifferenti-
ated round cells showing increased nuclear grade, fre-
quent mitotic activity, and nuclear overlapping. Such 
foci may compose between 5% and 80% of the entire 
tumor mass (see Figure 4-11B). Pure round cell liposar-
coma is a rare neoplasm in which hypercellularity or 
round cell differentiation accounts for more than 80% 
of tumor tissue (see Figure 4-11C). Adipocytic differen-
tiation in pure round cell liposarcoma is often hardly 
appreciable, but the presence of S-100 immunopositivity 
in the majority of cases may be diagnostically helpful. 
As Evans suggested, transition to hypercellular/round 
cell areas is commonly observed in myxoid liposarcoma, 
therefore providing strong evidence in favor of the con-
cept that myxoid and round cell liposarcoma represents 
a morphologic continuum of myxoid adipocytic neo-
plasia. Recently, these morphologic observations have 
gained the conclusive support of genetic analysis by 
demonstrating that myxoid and round cell liposarcoma 
exhibit exactly the same characteristic chromosome 
translocation.

anCillary studies

iMMunohistoCheMistry

Myxoid liposarcoma usually exhibits S-100 immu-
nopositivity, which tends to be retained also in the 
hypercellular/round cell areas.

CytogenetiCs and MoleCular genetiCs

Myxoid liposarcoma is characterized by two main 
karyotypic aberrations: a t(12;16) that fuses the DDIT3 
gene on 12q13 (a member of the CCAAT/enhancer bind-
ing protein family involved in adipocyte differentiation) 
with the FUS (or TLS) gene on 16p11, and t(12;22) that 
fuses DDIT3 with EWS on 22q12. The normal function 
of the DDIT3 gene is to promote growth arrest, but as a 
consequence of the translocation, such an antiprolifera-
tive activity is lost. Trisomy 8 has been also observed as 
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MYXOID LIPOSARCOMA—FACT SHEET

Definition

 ▸▸  A variably cellular myxoid adipocytic neoplasm composed of spin-
dle and/or round cells, monovacuolated lipoblasts, and associated 
with a plexiform vascular network

Incidence and Location
 ▸▸  30% of liposarcomas and 10% of all sarcomas; deep soft tissues of 

the limbs

Sex and Age Distribution
 ▸▸  Both sexes equally affected; peak incidence in the fourth decade 

of life

Clinical Features
 ▸▸  Slow-growing mass in the limbs; disease can be multifocal

Prognosis and Treatment
 ▸▸  Overall survival: 90% for purely myxoid lesions and 40% for 

high-grade “round cell” lesions at 5 years; wide surgery can be 
 associated to adjuvant therapy in high-grade tumors

MYXOID LIPOSARCOMA—PATHOLOGIC FEATURES

Gross Findings

 ▸▸  Multinodular, well-demarcated, gelatinous mass

Microscopic Findings
 ▸▸  A proliferation of spindle cell and monovacuolated lipoblasts set 

in a richly vascularized myxoid stroma

Genetics
 ▸▸  (12;16)(q13;p11) fusing DDIT3 with TLS, and t(12;22)(q13;q11) 

fusing DDIT3 and EWS

Immunohistochemical Features
 ▸▸  Positive for S-100 protein

Differential Diagnosis
 ▸▸  Low-grade myxofibrosarcoma and myxoid chondrosarcoma
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FIGURE 4-11 
A, A cytologically bland spindle cell proliferation set in a myxoid back-
ground and associated with a distinctive plexiform capillary network 
represents the histologic hallmark of pure myxoid liposarcoma. B, In 
myxoid and round cell liposarcoma, pure myxoid liposarcoma hypercellular 
foci begin to form around blood vessels. C, In high-grade “round cell” 
liposarcoma, adipocytic differentiation can be minimal.
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a nonrandom secondary change. Molecular analysis of 
myxoid liposarcoma has shown that TP53 gene mutations 
occur in approximately one-third of cases, but these are 
independent from tumor grade. Overexpression of MDM2 
protein represented the only parameter that correlated 
with tumor progression in this subset of sarcomas.

diFFerential diagnosis

Myxoid liposarcoma must be differentiated from low-
grade myxofibrosarcoma (a myxoid neoplasm composed 
of atypical stromal cells and pseudolipoblasts associated 
with thick-walled, arborizing blood vessels) and myxoid 
chondrosarcoma (a multinodular myxoid neoplasm show-
ing oval to round cells organized in strands and cords, 
clustering at the periphery of the nodules).

Prognosis and treatMent

The presence of hypercellularity or round cell differentia-
tion is associated with worsening of prognosis. Different 
cutoff values, ranging between 5% and 25%, have been 
set by independent studies. A reliable assessment of the 
percentage of hypercellular areas is difficult to achieve 
because it may be hampered by inadequate sampling, as 
well as by that degree of subjectivity that is an intrinsic part 
of morphologic evaluation. For the time being, it appears 
safer to consider any amount of hypercellularity as prog-
nostically relevant and, if this exceeds 25%, to consider 
the lesion high grade. Standard treatment is represented 
by wide surgical resection. In high-grade lesions, adjuvant 
therapy (radiotherapy, chemotherapy, or both) may be 
indicated. Recently, the use of a marine-derived alkaloid 
labeled trabectedin (ET743) has proved extremely effec-
tive in the treatment of metastatic myxoid liposarcoma.

PLEOMORPHIC LIPOSARCOMA

Pleomorphic liposarcoma represents the rarest form of 
liposarcoma and represents a high-grade lipogenic pleo-
morphic sarcoma.

CliniCal Features

Clinically, pleomorphic liposarcoma represents an aggres-
sive neoplasm most often occurring in the limbs of older 
adults (the lower extremity, particularly the thigh, is the 
most frequent location) with a peak incidence between 

the fifth and sixth decade of life. It slightly predominates 
in the male sex. The trunk and the retroperitoneum rep-
resent less frequently affected anatomic sites. Rare cases 
of pleomorphic liposarcomas have been also reported in 
the skin; however, in these rare cases, clinical outcome 
appears mostly benign, with complete removal being 
usually curative.

PathologiC Features

gross Findings

Pleomorphic liposarcoma exhibits gross features of 
high-grade sarcomas. Usually these neoplasms are well-
 circumscribed, fleshy, with variable amount of necrosis.

MiCrosCoPiC Findings

Pleomorphic liposarcoma is a high-grade pleomorphic 
sarcoma that shows histologic evidence of adipocytic 
differentiation and represents the rarest variant of lipo-
sarcoma. The main diagnostic clue to define adipocytic 
differentiation in a pleomorphic sarcoma is the presence 
of lipoblasts, and it requires a careful histopathologic 
examination of an optimally sampled neoplasm. Lipo-
blasts are frequently large and show irregular, hyperchro-
matic, scalloped nuclei with prominent nucleoli, set in 
a multivacuolated cytoplasm. Nuclear pseudoinclusions 
and multinucleation are frequent findings. Most cases 
tend to fit into three main categories: approximately 
two-thirds are represented by a high-grade pleomorphic/
spindle cell sarcoma with scattered lipoblasts or sheets 
of lipoblasts (Figure 4-12A), in less than one-third a 
high-grade pleomorphic sarcoma with epithelioid areas 
and scattered lipoblasts is seen (see Figure 4-12B), and 
a minority of cases overlap morphologically with inter-
mediate- to high-grade myxofibrosarcoma except for the 
presence of lipoblasts (see Figure 4-12C). More rarely, 
pleomorphic liposarcoma in entirely composed of pleo-
morphic, multivacuolated lipoblasts (see Figure 4-12D).

anCillary studies

iMMunohistoCheMistry

S-100 protein immunoreactivity may help highlight 
the presence of multivacuolated lipoblasts in those cases 
in whom adipocytic differentiation tends to be focal and, 
therefore, easily overlooked.

genetiCs

Similar to most pleomorphic high-grade sarcomas, 
pleomorphic liposarcomas tend to exhibit complex 
 karyotypes.
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FIGURE 4-12
A, In this example of pleomorphic liposarcoma, a high-grade pleomorphic/spindle cell sarcoma with scattered lipoblasts is shown.  
B, Pleomorphic liposarcoma can feature an epithelioid cell component associated with pleomorphic lipoblasts. C, A myxofibrosarcoma-like 
morphology with lipoblasts is one of the possible presentations of pleomorphic liposarcoma. D, Rarely, pleomorphic liposarcoma can be 
entirely composed of pleomorphic lipoblasts.

PLEOMORPHIC LIPOSARCOMA—FACT SHEET

Definition

 ▸▸  A pleomorphic high-grade sarcoma that contains a variable 
 number of lipoblasts

Incidence and Location
 ▸▸  5% of liposarcomas and 20% of pleomorphic sarcomas; extremities

Sex and Age Distribution
 ▸▸  Elderly patients; both sexes equally affected

Clinical Features
 ▸▸  Enlarging firm mass

Prognosis and Treatment
 ▸▸  Overall mortality rate is 50%; wide surgery may be associated to 

adjuvant chemotherapy

PLEOMORPHIC LIPOSARCOMA—PATHOLOGIC FEATURES

Microscopic Findings

 ▸▸  Three main presentations are recognized: a high-grade 
 pleomorphic/spindle cell sarcoma with scattered lipoblasts or sheets 
of lipoblasts; a pleomorphic sarcoma with epithelioid areas and 
scattered lipoblasts; a neoplasm mimicking intermediate- to high-
grade myxofibrosarcoma except for the presence of lipoblasts

Fine-Needle Aspiration Biopsy Findings
 ▸▸  Collection of pleomorphic lipoblasts

Genetics
 ▸▸  Complex karyotypic aberrations

Immunohistochemical Features
 ▸▸  S-100 protein may highlight the presence of lipoblasts

Differential Diagnosis
 ▸▸  Other pleomorphic sarcomas subtypes
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diFFerential diagnosis

The main differential diagnosis of pleomorphic liposar-
coma is with other subtypes of high-grade pleomorphic 
sarcoma and with dedifferentiated liposarcoma. The 
recognition of even focal adipocytic differentiation in 
an otherwise pleomorphic sarcoma represents the most 
important diagnostic clue and permits distinction from 
other pleomorphic sarcoma subtypes. In dedifferentiated 
liposarcoma, the high-grade component is usually nonlip-
ogenic and always associated with a well-differentiated 
liposarcomatous component.

Prognosis and treatMent

Pleomorphic liposarcoma is a high-grade sarcoma asso-
ciated with poor survival. Metastatic rate is between 
30% and 50%, and overall mortality ranges between 
40% and 50%. Standard treatment is represented by 
wide surgical resection associated with adjuvant ther-
apy (radiotherapy, chemotherapy, or both).
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Depending on the site, smooth muscle neoplasms can be 
common (e.g., in female genital tract) or rare (in somatic 
soft tissue). Moreover, the incidence of benign (leiomy-
oma) versus malignant (leiomyosarcoma) smooth mus-
cle tumors (SMTs) and the criteria for differentiating 
the two are also strongly correlated with location.

Most SMTs arise in association with pre-existing smooth 
muscle (e.g., pilar, uterine, and vascular SMTs). In addi-
tion, SMTs are one of the rare mesenchymal neoplasms 
that can be associated with an infectious agent: Epstein–
Barr virus (EBV) in immunocompromised patients.

LEIOMYOMA

Leiomyomas are categorized according to site of origin 
as pilar, genital, vascular, or arising in the deep soft tis-
sue or retroperitoneum. They tend to be well circum-
scribed, though not encapsulated. On cut section, they 
usually have a firm, whorled surface that ranges from 
white to gray. Microscopically, they are composed of well-
 differentiated smooth muscle cells that are characterized 
by a spindled shape, brightly eosinophilic cytoplasm, 
and blunt-ended, cigar-shaped nuclei (Figure 5-1). Cyto-
plasmic vacuolation and a perinuclear clear zone may 

be seen. Benign SMTs express a wide range of antigens 
including desmin, smooth muscle actin, muscle specific 
actin, calponin, h-caldesmon, and smooth muscle myosin 
heavy chain. All of these may be expressed or only a sub-
set. In addition, focal expression of cytokeratin and S-100 
protein are occasionally noted. In differentiating smooth 
muscle cells from myofibroblasts, h-caldesmon can be 
useful because it is not usually expressed by the latter.

The most important entity to be considered in the dif-
ferential diagnosis of a benign SMT is a malignant SMT, 
namely, a leiomyosarcoma. In nongynecologic sites, cri-
teria are quite strict and allow only minimal cytologic 
atypia, no coagulative necrosis, and a mitotic index of 
no more than 1 per 50 high-power fields (hpf).

In most cases, simple excision is adequate therapy.
Although these tumors may recur, they do not metas-
tasize.

PILAR LEIOMYOMA

CliniCal Features

Pilar leiomyoma is a relatively rare tumor that arises from 
the arrector pili smooth muscles in the subcutis. They 
affect primarily adolescents and young adults, though they 
can be seen in any age group. Typically, they present either 
as clusters of cutaneous red to brown papules or, more 
rarely, as a single nodule, and they are frequently painful. 
The most common site is the extremities; truncal lesions, 
when they occur, are often multiple. A familial association 
has been reported, and these patients have an increased 
incidence of uterine leiomyomas and renal cell carcinoma.

PathologiC Features

gross Findings

Pilar leiomyomas are poorly circumscribed tumors, 
located in the subcutis, and are generally less than 2 cm 
in maximum dimension.

LEIOMYOMA
 • Pilar Leiomyoma
 • Leiomyomas of the External Genitalia
 • Leiomyoma of Deep Soft Tissue
 • Vascular Leiomyoma (Angioleiomyoma)
 • Leiomyoma of the Retroperitoneum
LEIOMYOSARCOMA
 • Cutaneous Leiomyosarcoma
 • Leiomyosarcomas of Deep Soft Tissue
 • Vascular Leiomyosarcoma
 • Retroperitoneal Leiomyosarcoma
 • Epstein–Barr  Virus–Associated Smooth Muscle Tumors
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MiCrosCoPiC Findings

Unlike the orderly, intersecting arrangement of tumor 
cells seen in most tumors of well-differentiated smooth 
muscle, pilar leiomyomas have a more disorganized archi-
tecture, similar to the normal arrangement of arrector 
pili smooth muscle cells (Figure 5-2). The tumor cells are 
brightly eosinophilic with blunt-ended, somewhat vesicu-
lar nuclei. Focal nuclear atypia of the degenerative type 
may be seen, but mitoses are absent. Abundant collagen 
separates individual tumor cells and bundles of cells, and at 
the periphery, an infiltrative pattern may be appreciated.

diFFerential diagnosis

The primary consideration in the differential diagno-
sis for pilar leiomyoma is benign fibrous histiocytoma 
(BFH). The latter is composed of slender spindled cells 

that are commonly admixed with secondary elements 
including giant cells and xanthoma cells, and usually 
express factor XIIIa.

Prognosis and treatMent

Solitary nodules are adequately treated by simple exci-
sion; however, in cases with multiple tumors, surgical 
excision may not be feasible. In the latter setting, tumors 
gradually progress with enlargement of existing lesions 
and development of new tumors. Pain may contribute 
significantly to morbidity in these patients.

LEIOMYOMAS OF THE EXTERNAL GENITALIA

CliniCal Features

Leiomyomas of the external genitalia occur in adults, 
are usually painless, and arise in the dartoic muscles of 
the scrotum and the muscles of the deep dermis of the 
vulva. The most common clinical presentation in female 
individuals is a mass in the labia majora that may be 
clinically interpreted as a Bartholin cyst. Scrotal tumors 
are most common in white men between the fourth and 
sixth decades of life. They can attain a significant size 
and are often clinically diagnosed as cysts.

PathologiC Features

gross Findings

Genital leiomyomas are usually solitary nodules. 
Vulvar tumors are generally better circumscribed than 
tumors arising in the scrotum. On cut section, they dis-
play a characteristic white, whorled appearance, and cal-
cifications may be present.

MiCrosCoPiC Findings

Histologically, vulvar leiomyomas are composed pri-
marily of bland spindled cells, although epithelioid mor-
phology can be seen. Myxoid stroma and hyalinization 
are also common. Vulvar leiomyomas are probably com-
posed of hormonally responsive smooth muscle, and as in 
gynecologic SMTs, the criteria for malignancy are some-
what less stringent; if only one of the following criteria 
is met, the tumor is considered a leiomyoma: moderate-
to-severe cytologic atypia, size greater than or equal to 
5 cm, infiltrative margins, and greater than or equal to 
5 mitotic figures per 10 hpf. SMTs in this location with 

Figure 5-2
Pilar leiomyoma.

Figure 5-1
Leiomyoma composed of fascicles of bland spindled cells with blunt-ended 
nuclei and cytoplasmic vacuolation.
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two of these features are considered benign but termed 
atypical leiomyomas, and if three criteria are met, the 
lesion is considered a leiomyosarcoma.

Scrotal leiomyomas are generally well circumscribed, 
although they may be focally infiltrative (Figure 5-3). 
They may display degenerative-type cytologic atypia 
that, in the absence of hypercellularity and mitotic activ-
ity, is not worrisome. Lymphoid aggregates are some-
times associated with these tumors.

iMMunohistoCheMistry

In addition to muscle-specific antigens, vulvar leiomy-
omas usually express estrogen and progesterone recep-
tors. This is not seen in scrotal tumors.

diFFerential diagnosis

Smooth muscle hyperplasia in the scrotum can mimic 
an SMT. However, unlike leiomyomas in this site, these 
lesions are less compact and display a more orderly 
architecture. In the vulva, cellular angiofibroma, a well-
circumscribed tumor that is composed of bland spindled 
cells admixed with wispy collagen and fat, may be con-
sidered in the differential diagnosis; however, these 
tumors are negative for muscle-specific antigens and 
tend to be more reminiscent histologically of spindle cell 
lipomas than SMTs.

Prognosis and treatMent

Complete excision is curative.

LEIOMYOMA OF DEEP SOFT TISSUE

CliniCal Features

Leiomyomas of deep soft tissue are extremely rare, 
because most SMTs in this clinical setting are malig-
nant. These tumors most commonly present as a single 
nodule located in the extremities and predominantly 
affect young or middle-aged adults.

PathologiC Features

gross Findings

Leiomyomas of deep soft tissue are well-circumscribed, 
fusiform-to-spherical, white-to-gray tumors that can 
grow to a substantial size: tumors larger than 30 cm 
have been reported. If significant myxoid areas are pres-
ent, the tumor may appear focally gelatinous.

MiCrosCoPiC Findings

Histologically, leiomyomas are composed of inter-
secting fascicles of well-differentiated smooth muscle 
cells that are characterized by a spindled shape, eosino-
philic cytoplasm, and blunt-ended, cigar-shaped nuclei. 
Myxoid change and hyalinization are commonly seen, 
as are calcifications (Figures 5-4 and 5-5). Necrosis, 
brisk mitotic activity (greater than 1 per 50 hpf), and 
significant cytologic atypia are not seen. The pres-
ence of any of these findings suggests a diagnosis of 
 leiomyosarcoma.

Figure 5-3
Scrotal leiomyoma with peripheral infiltration.

Figure 5-4
Leiomyoma of deep soft tissue displaying bland nuclear features and 
cytoplasmic vacuolation.
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iMMunohistoCheMistry

Smooth muscle actin, desmin, and h-caldesmon are 
at least focally expressed in leiomyomas of deep soft 
 tissue.

diFFerential diagnosis

Leiomyomas with nuclear palisading can suggest a 
diagnosis of schwannoma; the latter lesion, however, 
is usually encapsulated and is always S-100 protein 
positive.

VASCULAR LEIOMYOMA 
(ANGIOLEIOMYOMA)

CliniCal Features

Vascular leiomyomas occur in a wide age range, with 
an increased incidence in patients between the fourth 
and sixth decades of life. Most cases present as solitary 
nodules that are superficially located in the subcutis or, 
rarely, the deep dermis. The extremities, particularly the 
lower leg, are the most common site. Pain is a common 
symptom. The solid subtype of vascular leiomyoma has 
a marked female predominance, is usually located on the 
extremities, and is often painful. In contradistinction, 
the venous subtype shows a slight predilection for male 
individuals, is often located on the head, and is rarely 
painful.

PathologiC Features

gross Findings

Vascular leiomyomas are well-circumscribed, white-
to-gray nodules, generally less than 2 cm in maximum 
dimension. Calcifications can sometimes be appreciated 
macroscopically.

MiCrosCoPiC Findings

Three histologic subtypes of vascular leiomyoma have 
been identified: solid, venous, and cavernous. All sub-
types are composed of proliferating, well-differentiated 
smooth muscle cells and vessels. Calcification, myxoid 
change, and hyalinization are common findings, but 
degenerative atypia is rarely seen. Criteria for “symplas-
tic” leiomyoma (leiomyoma with degenerative nuclear 
atypia) of somatic soft tissue have not been elaborated, 
and any nuclear atypia should raise suspicion for malig-
nancy. The solid subtype is the most common and is 
characterized by intersecting fascicles of bland spindled 
cells with a well-developed, thin-walled vasculature. In 
contrast, the vessels in venous vascular leiomyomas are 
thick walled, and the constituent smooth muscle cells 
merge with surrounding muscle bundles (Figure 5-6). 
Cavernous vascular leiomyoma displays a similar merg-
ing of vessel wall and smooth muscle; however, the ves-
sels in this tumor are thin walled and dilated, as the 
name implies.

iMMunohistoCheMistry

In addition to diffuse smooth muscle actin and des-
min expression, rare cytokeratin-positive cells can be 
seen.

Figure 5-5
Calcifications in leiomyoma of deep soft tissue.

Figure 5-6
Vascular leiomyoma showing merging of smooth muscle cells with  
vessel wall.



CHAPTEr 5 Smooth Muscle Tumors 123
diFFerential diagnosis

The combination of proliferating smooth muscle cells and 
vessels has a distinctive appearance, and the differential 
diagnosis is limited, although glomus tumors should be 
considered. Glomus cells are actually considered to be 
variants of smooth muscle cells; consequently, immuno-
histochemistry is not particularly useful. In glomangio-
myomas, glomus cells blend with smooth muscle cells in 
a manner similar to the merging of vessel smooth muscle 
and proliferating smooth muscle in vascular leiomyomas. 
In glomangiopericytomas, spindled glomus cells can mimic 
proliferating smooth muscle. However, in both glomangio-
myomas and glomangiopericytomas, distinctive round cells 
with regular, distinct nuclei are present, at least focally.

Prognosis and treatMent

Vascular leiomyomas are benign and are adequately 
treated by complete excision. Local recurrence is rare.

LEIOMYOMA OF THE RETROPERITONEUM

CliniCal Features

Like leiomyomas of the vulva, leiomyomas of the retro-
peritoneum are believed to originate in hormone-sensitive 
smooth muscle. They occur almost exclusively in women,  
usually in the perimenopausal period. Because of their loca-
tion, they may reach a significant size by the time of diagnosis.

PathologiC Features

gross Findings

Retroperitoneal leiomyomas tend to be large, well-
 circumscribed, lobulated masses that are similar in ap-
pearance to uterine leiomyomas—that is, firm, whorled, 
white-to-yellow cut surface. Like uterine leiomyomas, 
cystic degeneration and hemorrhage may be apparent.

MiCrosCoPiC Findings

A fibrous pseudocapsule is often present in leiomyomas 
of the retroperitoneum. The tumors are composed of well-
differentiated smooth muscle cells arranged in a cord-like 
or reticular pattern, similar to that seen in uterine leiomy-
omas (Figure 5-7). Cytologic atypia is minimal and mitotic 
activity is very low. Hyaline necrosis may be present, but 

coagulative necrosis is not. Fatty metaplasia and epitheli-
oid change may be seen, identical to uterine leiomyomas.

iMMunohistoCheMistry

Unlike leiomyomas in other sites, retroperitoneal leio-
myomas commonly express estrogen and progesterone 
receptors, in addition to smooth muscle-specific antigens.

diFFerential diagnosis

The primary consideration in the differential diagnosis of 
retroperitoneal leiomyomas is SMT of uncertain malignant 
potential and leiomyosarcoma. Although the criteria for 

LeiOMYOMA—FACT SHeeT

Definition
 ▸▸  Benign mesenchymal tumor with smooth muscle differentiation 

that is classified according to location as pilar, genital, vascular, 
deep soft tissue, and retroperitoneal

incidence and Location
 ▸▸  Pilar: uncommon; extremities > trunk, hair-bearing skin
 ▸▸  Genital: uncommon; scrotum, vulva
 ▸▸  Deep soft tissue: rare; extremities
 ▸▸  Vascular: rare; extremities, particularly lower leg
 ▸▸  retroperitoneal: slightly more common; retroperitoneum

Morbidity and Mortality
 ▸▸  Pilar: when multiple, there can be significant morbidity secondary 

to pain
 ▸▸  Genital: none
 ▸▸  Deep soft tissue: none
 ▸▸  Vascular: may be painful
 ▸▸  retroperitoneal: none

Sex and Age Distribution
 ▸▸  Pilar leiomyoma: equal sex distribution; adolescents/young adults
 ▸▸  Genital leiomyoma: more common in female than male individuals; 

adults
 ▸▸  Deep leiomyoma: equal sex distribution; young adults to middle-

aged adults
 ▸▸  Vascular leiomyomas: solid type, more common in female than 

male individuals; venous type, more common in male than female 
individuals; middle-aged to older adults

 ▸▸  retroperitoneal: much more frequent in female than male 
 individuals; perimenopausal

Clinical Features
 ▸▸  Pilar: single or multiple; often painful
 ▸▸  Genital: single can attain significant size; painless
 ▸▸  Deep: enlarging mass
 ▸▸  Vascular: single; often painful
 ▸▸  retroperitoneal: pain; mass effect

Prognosis and Treatment
 ▸▸  Complete surgical excision is the appropriate treatment
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malignancy in uterine SMTs are well established, the signifi-
cance of increased cellularity, mitotic activity, and cytologic 
atypia are less clear in retroperitoneal leiomyomas. Gener-
ally speaking, SMTs that display greater than 3 mitotic fig-
ures per 50 hpf or have coagulative tumor necrosis should 
not be considered to be benign. It is important to emphasize 
that mitotic activity may be seen in retroperitoneal leiomy-
omas in women but is far more worrisome in somatic loca-
tions or in men. Rare retroperitoneal leiomyomas may show 
striking cytologic atypia in the absence of other worrisome  
features, akin to “symplastic” leiomyomas of the uterus.

Extragastrointestinal stromal tumor (eGIST) and cellu-
lar schwannoma are two other entities to be considered. 
eGIST is typically more cellular than leiomyomas, may have 
epithelioid areas, and is usually CD117 positive, often CD34 
positive, focally SMA positive, and rarely desmin positive. 
Cellular schwannoma also consists of spindled cells but has 
additional histologic findings such as foamy macrophages 
and hyalinized blood vessels. Furthermore, these tumors 
are strongly and diffusely positive for S-100 protein.

Prognosis and treatMent

Simple excision is curative.

LEIOMYOSARCOMA

Leiomyosarcomas of soft tissue are rare tumors that 
account for only about 10% of soft tissue sarcomas. 
They can be divided into four groups, depending on site 
of origin: cutaneous, deep soft tissue, vascular, and ret-
roperitoneal. Leiomyosarcomas are diagnosed primarily 
in middle-aged and older adults and predominate in the 
retroperitoneum. They also occur in the extremities and 
are often associated with large blood vessels. Microscopi-
cally, they range from well to poorly differentiated, the 
former composed of spindled cells similar to those seen in 
leiomyomas but with mild cytologic atypia and increased 
mitotic activity or necrosis, and the latter including 
tumors that can be difficult to identify as showing smooth 
muscle differentiation. Epithelioid morphology, myxoid 
change, and a prominent inflammatory infiltrate can be 
seen. Leiomyosarcomas display immunohistologic evi-
dence of smooth muscle differentiation including actins, 
desmin, calponin, and h-caldesmon. However, it should 
be noted that actin expression can be somewhat nonspe-
cific and can also be seen in sarcomas of myofibroblasts. 
Aside from wholly cutaneous leiomyosarcomas that are 
amenable to curative surgical excision, leiomyosarcomas 
have a poor prognosis and aggressive clinical course.

CUTANEOUS LEIOMYOSARCOMA

CliniCal Features

Cutaneous leiomyosarcomas arise from the arrector 
pili and dartoic muscles. They occur over a wide 
age range, with increased incidence in middle age. 
 Conflicting evidence exists whether it predominates 

LeiOMYOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Circumscribed to infiltrative pilar, with a rubbery texture, whorled 

surface and white-to-gray coloring; hemorrhage, cystic change, 
myxoid stroma, and calcifications may be apparent

Microscopic Findings
 ▸▸  Pilar: thickened, haphazardly arranged bundles of well-

 differentiated smooth muscle cells; infiltrative to well circumscribed
 ▸▸  Genital, deep soft tissue, vascular, retroperitoneal: well-

 circumscribed to focally infiltrative bundles of well-differentiated 
smooth muscle cells

 ▸▸  All types: no significant (moderate-to-severe) cytologic atypia, 
significant mitotic activity (less than 1 mitosis per 50 hpf) in all 
except vulvar leiomyomas, which may have up to 3 mitoses per 
50 hpf, or coagulative tumor necrosis

immunohistochemical Features
 ▸▸  Expression of desmin, smooth muscle actin, muscle-specific actin, 

calponin, h-caldesmon, and smooth muscle myosin heavy chain

Differential Diagnosis
 ▸▸  Pilar: BFH
 ▸▸  Genital: hyperplastic scrotal smooth muscle, cellular angiofibroma
 ▸▸  Deep soft tissue: schwannoma, leiomyosarcoma
 ▸▸  Vascular: glomangiomyoma/glomangiopericytoma
 ▸▸  retroperitoneal: cellular schwannoma, leiomyosarcoma, eGIST

Figure 5-7
Cord-like pattern in leiomyoma of the retroperitoneum.
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in the male or female sex. These tumors are most 
common on the extremities, particularly on the 
extensor surface. Usually, they present as solitary 
nodules that may cause ulceration or discoloration 
of the overlying epidermis. Grouped nodules have 
also been described; however, these lesions must be 
distinguished from metastatic leiomyosarcoma. They 
are small: usually less than 2 cm and rarely as large  
as 5 cm.

PathologiC Features

gross Findings

Cutaneous leiomyosarcomas arise in the subcutis 
and may be well to poorly circumscribed. They may 
be lobular or pedunculated. The cut surface varies in 
color from white to tan to gray and may have a whorled 
 appearance.

MiCrosCoPiC Findings

Most cutaneous leiomyosarcomas are well to moder-
ately differentiated, although they may display signifi-
cant cytologic atypia and brisk mitotic activity (Figure 
5-8). They can be either well-circumscribed or diffusely 
infiltrative (Figure 5-9). Epithelioid morphology is rarely 
seen.

iMMunohistoCheMistry

Smooth muscle actin is usually diffusely expressed, 
although desmin may be seen only focally. Occasionally 
cytokeratin expression is seen.

diFFerential diagnosis

Nodular fasciitis, cellular BFH, and cellular myofibro-
mas should be considered in the differential diagnosis 
of cutaneous leiomyosarcoma. The brisk mitotic activity 
and hypercellularity seen in nodular fasciitis can mimic 
a sarcomatous process; however, areas of microcystic 
breakdown, extravasated red blood cells, and thin-walled 
blood vessels combined with the clinical history of a rap-
idly growing lesion in a younger patient aid in diagno-
sis. Cellular BFH shares several histologic features with 
cutaneous leiomyosarcoma, including a fascicular archi-
tecture, eosinophilic spindled cells, and increased mitotic 
activity. The lesional cells, however, generally have a 
more tapered nucleus and are associated with giant cells, 
foam cells, and inflammatory cells. Moreover, the overly-
ing epidermis is usually hyperplastic. Factor XIIIa, which 
can be used to distinguish BFHs from pilar leiomyomas, 
is not helpful here because cellular BFHs rarely express 
this marker. In addition, cellular BFH may be focally 
actin positive, though only rarely desmin positive.

Cellular myofibromas also have brisk mitotic activ-
ity. Unlike cutaneous leiomyosarcomas, however, they 
have a biphasic pattern composed of myoid nodules with 
associated hypercellular spindled areas. They generally 
affect younger patients and may be multifocal.

Epithelioid cutaneous leiomyosarcoma should be dis-
tinguished from malignant melanoma and epithelioid sar-
coma. Malignant melanoma is usually positive for S-100 
protein and other melanocytic markers, may have a junc-
tional component, and is often associated with a lympho-
cytic infiltrate. Epithelioid sarcoma occurs primarily on the 
extremities of young patients, is positive for cytokeratins, 
and often displays necrosis with peripheral palisading.

Figure 5-8
Pilar leiomyosarcoma displaying fascicular architecture and cytologic 
atypia.

Figure 5-9
Diffusely infiltrative pilar leiomyosarcoma.
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Prognosis and treatMent

Like most superficially located malignancies, cutaneous 
leiomyosarcomas have an excellent prognosis. Although 
they may recur if simply enucleated, metastasis is rare. 
Wide local excision with negative surgical margins is 
considered appropriate treatment.

LEIOMYOSARCOMAS OF DEEP SOFT TISSUE

CliniCal Features

Leiomyosarcoma of somatic soft tissue primarily affects 
middle-aged and older patients of both sexes. They usually 
arise in the lower extremities and present as an enlarging 

mass that is generally somewhat smaller, on the range of 
5 cm, than leiomyosarcomas of the retroperitoneum.

PathologiC Features

gross Findings

Macroscopically, these tumors often appear circum-
scribed and may have a multinodular appearance. They 
have a fleshy, variegated surface, ranging from white to tan 
with areas of hemorrhage, necrosis, and cystic change.

MiCrosCoPiC Findings

Careful histologic examination often reveals an associ-
ated vessel; unlike vascular leiomyosarcomas (vide infra), 
the vessels are of small caliber and may be obliterated by 
the expanding tumor. Generally speaking, most leiomyo-
sarcomas of deep soft tissue are moderately differentiated 
and are composed of atypical spindled cells arranged, 
sometimes focally, in intersecting fascicles (Figure 5-10). 

LeiOMYOSArCOMA—FACT SHeeT

Definition
 ▸▸  Malignant mesenchymal tumor with smooth muscle differentiation 

that can be categorized as cutaneous, vascular, or arising in deep 
soft tissue or the retroperitoneum

incidence and Location
 ▸▸  Cutaneous: rare; extremities
 ▸▸  Deep soft tissue: rare; lower extremities
 ▸▸  Vascular: extremely rare; IVC
 ▸▸  retroperitoneal: most common; retroperitoneum
 ▸▸  EBV-SMT: rare; primarily lung and liver, but any location possible

Morbidity and Mortality
 ▸▸  Cutaneous, low
 ▸▸  Deep soft tissue, high
 ▸▸  Vascular, high
 ▸▸  retroperitoneal, high
 ▸▸  EBV-SMT, generally related to underlying disease

Sex and Age Distribution
 ▸▸  Cutaneous: more frequent in male than female sex; younger adults
 ▸▸  Deep soft tissue: equal distribution among sexes; middle-aged adults
 ▸▸  Vascular: more frequent in female than male sex; adults
 ▸▸  retroperitoneal: more frequent in female than male sex; adults
 ▸▸  EBV-SMT: equal distribution among sexes; all ages

Clinical Features
 ▸▸  Cutaneous, deep soft tissue, retroperitoneal: slow-growing mass
 ▸▸  Vascular: evidence of vascular obstruction, including edema
 ▸▸  EBV-SMT: growing mass or incidental finding related to surveillance

Prognosis and Treatment
 ▸▸  Cutaneous: complete surgical excision
 ▸▸  Deep soft tissue, vascular, retroperitoneal: surgical excision and 

adjuvant therapy
 ▸▸  EBV-SMT: surgical excision, questionable value of reduced 

 immunosuppression/adjuvant therapy

LeiOMYOSArCOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Fleshy red to tan, poorly circumscribed tumor that may have areas 

of necrosis, myxoid degeneration, or cystic change

Microscopic Findings
 ▸▸  Cutaneous: well-differentiated smooth muscle cells with brisk 

mitotic activity
 ▸▸  Deep soft tissue: well to moderately differentiated smooth muscle 

cells with brisk mitotic activity, a fascicular architecture, and 
often associated with a vessel wall

 ▸▸  Vascular: moderately to poorly differentiated smooth muscle cells 
with brisk mitotic activity/necrosis

 ▸▸  retroperitoneal: moderately to poorly differentiated smooth 
 muscle cells that may show areas of anaplasia or necrosis

 ▸▸  Cutaneous, deep soft tissue, vascular, and retroperitoneal: nuclear 
atypia visible on scanning magnification (4×), necrosis and/or 
mitotic activity greater than 1 per 50 hpf

 ▸▸  EBV-SMT: dual cell population of well-differentiated spindled cells 
and small, primitive round cells; prominent lymphocytic infiltrate; 
necrosis uncommon

immunohistochemical Features
 ▸▸  Expression of desmin, smooth muscle actin, muscle-specific actin, 

calponin, h-caldesmon, and smooth muscle myosin heavy chain
 ▸▸  EBV rNA in EBV-SMT

Differential Diagnosis
 ▸▸  Cutaneous: cellular BFH
 ▸▸  Deep soft tissue, vascular (extremity): monophasic synovial 

 sarcoma, fibrosarcoma, MPNST
 ▸▸  retroperitoneal, IVC: eGIST, cellular schwannoma, dedifferentiated 

liposarcoma
 ▸▸  EBV-SMT: benign nerve sheath tumor, lymphoproliferative  

disorder
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Mitotic activity can be brisk, but a mitotic index as low 
as 1 per 10 hpf can be seen in leiomyosarcomas of deep 
soft tissue. Occasionally, anaplasia similar to that seen in 
malignant fibrous histiocytomas can be seen.

diFFerential diagnosis

In well to moderately differentiated tumors, fibro-
sarcoma, malignant peripheral nerve sheath tumor 
(MPNST), and monophasic synovial sarcoma should 
be considered in the differential diagnosis. Unlike the 
blunt-ended nuclei of smooth muscle cells, the tumor 
cells of fibrosarcomas tend to be tapered, whereas those 
of MPNSTs have a wavy or buckled appearance. Mono-
phasic synovial sarcoma generally displays a greater 
degree of cellular overlap, and the long fascicles of cells 
do not usually intersect; molecular studies demonstrat-
ing the t(X:18) can confirm the diagnosis.

In poorly differentiated tumors, malignant fibrous his-
tiocytoma and pleomorphic rhabdomyosarcoma should 
be considered; the myofibroblastic rather than smooth 
muscle immunophenotype, the greater degree of intersti-
tial collagen, and the absence of fascicular architecture 
can help in identifying the former, whereas myogenin and 
MyoD1 are specific for skeletal muscle differentiation.

Prognosis and treatMent

Leiomyosarcomas of deep soft tissue are aggressive 
tumors that metastasize in approximately 40% of cases,  
usually to the liver and lung. Five-year survival is 
approximately 65%. Prognosis is influenced by tumor 
size, patient age, presence of necrosis, and vascular inva-
sion. The degree of differentiation offers only limited 
information, because even well-differentiated tumors 
may behave aggressively.

VASCULAR LEIOMYOSARCOMA

CliniCal Features

The term vascular leiomyosarcoma is reserved for 
those tumors arising in large-caliber vessels such as the 
inferior vena cava (IVC) and large veins of the lower 
extremity. Distribution in the female sex predominates 
in tumors arising in the IVC, and there is an increased 
incidence in the sixth decade of life. Leiomyosarcomas 
arising in vessels other than the IVC are equally dis-
tributed between the male and female sexes. Tumors 
that originate in the upper portion of the IVC can block 
the hepatic veins, resulting in Budd–Chiari syndrome, 
whereas those that arise in the midportion of the IVC 
can obstruct the renal veins, causing renal dysfunction. 
Tumors of the lower IVC and large veins of the lower 
extremity can cause significant lower leg edema.

PathologiC Features

gross Findings

In cases that involve large vessels such as the IVC, a 
portion of the vascular wall may be seen grossly. These 
tumors tend to be lobulated, fleshy masses with a mot-
tled white-to-tan appearance.

MiCrosCoPiC Findings

Vascular leiomyosarcomas can range from well to 
poorly differentiated (Figure 5-11). Cytoplasmic and 
perinuclear vacuolation are common. Cellularity is gen-
erally quite high, and necrosis is frequently seen. Focal 

Figure 5-10
Fascicular architecture in leiomyosarcoma of deep soft tissue.

Figure 5-11
Leiomyosarcoma arising from a blood vessel.
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areas of myxoid change may be present, but extensive 
myxoid stroma is distinctly uncommon.

Prognosis and treatMent

Leiomyosarcomas of the large vessels have a poor progno-
sis, regardless of the degree of differentiation, which may 
relate to early hematogenous spread related to the site of 
involvement. In addition, many tumors are unresectable 
because of their intimate association with critical vascular 
structures. Metastases can be seen to lung, liver, and brain.

RETROPERITONEAL LEIOMYOSARCOMA

CliniCal Features

The retroperitoneum and pelvis are the most common 
sites for leiomyosarcomas. They occur predominantly in 
women in the fifth to seventh decades of life. Pain may 
be the presenting symptom. Because of their location, 
retroperitoneal leiomyosarcomas can reach a significant 
size before diagnosis, and complete surgical resection 
can be difficult.

PathologiC Features

gross Findings

Retroperitoneal leiomyosarcomas range in appear-
ance from leiomyomatous (firm, white-to-tan, whorled 
cut surface) to a fleshy mass that displays areas of hem-
orrhage, cystic change, or necrosis. Large tumors may 
involve adjacent organs.

MiCrosCoPiC Findings

The histologic appearance of vascular leiomyosar-
coma is similar to other leiomyosarcomas: eosinophilic 
spindled cells arranged in intersecting fascicles and 
displaying a variable degree of cytologic atypia, mitotic 
activity, and necrosis (Figure 5-12). Cytoplasmic vacu-
olation is common, and areas of hyalinization or hypo-
cellularity may be present. Epithelioid morphology and 
frank anaplasia may be seen (Figure 5-13).

iMMunohistoCheMistry

Retroperitoneal leiomyosarcomas express actin, des-
min, and h-caldesmon to a varying degree. Rarely, focal 
expression of cytokeratin, epithelial membrane antigen, 
S-100 protein, or CD34 exists.

diFFerential diagnosis

Cellular schwannoma and eGIST should both be con-
sidered in the differential diagnosis of retroperitoneal 
leiomyosarcoma. Immunohistochemistry is helpful in 
distinguishing these entities, particularly on needle 
biopsy. eGIST is usually CD117 positive, often CD34 
positive, focally SMA positive, and rarely desmin posi-
tive. In contrast, cellular schwannoma is strongly and 
diffusely positive for S-100 protein.

Dedifferentiated liposarcoma, which can have a fas-
cicular appearance and immunohistochemical evidence 
of myoid differentiation, should also be considered. An 
associated well-differentiated liposarcomatous compo-
nent facilitates diagnosis.

Prognosis and treatMent

Retroperitoneal leiomyosarcomas have an extremely 
high mortality rate, related, at least in part, to the dif-
ficulty in achieving clear surgical margins and the large 

Figure 5-13
Epithelioid morphology in retroperitoneal leiomyosarcoma.

Figure 5-12
Focus of necrosis in retroperitoneal leiomyosarcoma.
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size attained by these tumors. The lungs and liver are 
the primary sites for metastasis.

EPSTEIN–BARR VIRUS–ASSOCIATED 
SMOOTH MUSCLE TUMORS

CliniCal Features

Epstein–Barr virus–associated smooth muscle tumors 
(EBV-SMTs) occur in immunocompromised patients of 
all ages such as those who have acquired immunodefi-
ciency syndrome (AIDS) or who are immunosuppressed 
subsequent to organ transplantation. Both sexes are 
affected. These tumors generally arise at least 3 years 
after transplantation but may be the presenting symptom 
in AIDS. They can arise in any site, including unusual 
sites such as endocrine glands and the central nervous 
system, but occur most commonly in the lungs and liver. 
They are often multifocal.

PathologiC Features

gross Findings

EBV-SMT can have circumscribed or infiltrative bor-
ders and usually appear white to tan with a whorled sur-
face on cross section.

MiCrosCoPiC Findings

Cytologic atypia is usually minimal and resembles that 
of a well-differentiated leiomyosarcoma (Figure 5-14). A 
dual cell population is often present, which is composed 

of well-differentiated smooth muscle cells and small, 
round, primitive smooth muscle cells (Figure 5-15). A 
lymphocytic infiltrate is common. Necrosis and myxoid 
change are rare. Mitotic activity is generally low, though 
it can be significant in some cases.

iMMunohistoCheMistry

These tumors are diffusely positive for actins and 
usually express desmin only focally. In situ hybridiza-
tion for early EBV RNA helps confirm the diagnosis.

diFFerential diagnosis

In EBV-SMT with prominent round cell morphology, a 
lymphoproliferative disorder may be suspected. Expres-
sion of actins and absence of lymphocytic markers can 
discriminate between these two entities. In predomi-
nantly spindled tumors, the bland histology may sug-
gest a schwannoma or well-differentiated nerve sheath 
tumor, neither of which will show the strong actin 
expression seen in EBV-SMT.

Prognosis and treatMent

EBV-SMT displays neither the completely benign 
behavior of a leiomyoma nor the frank aggressiveness 
of a leiomyosarcoma. Patients are more likely to die of 
their underlying disease or of complications secondary 
to immunosuppression than of EBV-SMT. Although 
these tumors are often multifocal, this finding is related 
to multiple infection events and not metastasis. Surgi-
cal excision, when possible, is often curative; however, 

Figure 5-14
Epstein–Barr virus–associated smooth muscle tumor showing well-
 differentiated smooth muscle cells.

Figure 5-15
round cell population in Epstein–Barr virus–associated smooth muscle 
tumor.
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because of multiple infection events, tumors may arise 
elsewhere. Radiofrequency ablation has also been 
attempted. Neither reducing immunosuppression nor 
adding chemotherapeutic agents has shown convincing 
efficacy.
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Mesenchymal tumors that show skeletal muscle differ-
entiation are generally rare, and as opposed to other soft 
tissue tumors, the benign variants (rhabdomyoma) are 
much rarer than their malignant counterpart (rhabdo-
myosarcoma). Nevertheless, rhabdomyosarcomas are an 
important category because they represent the largest 
subgroup of sarcomas in children. In addition, thanks 
to more reliable use of immunohistochemistry, it has 
become clear that rhabdomyosarcomas are not so rare in 
adulthood as thought earlier. Accurate subclassification of 
rhabdomyosarcomas is mandatory in view of prognostic 
implications. The embryonal and alveolar subtypes are the 
most frequent rhabdomyosarcomas of childhood, and the 
pleomorphic type is almost exclusively present in adults. 
Cytogenetic and molecular genetic analysis has become 
a powerful tool in the differential diagnosis between 
embryonal and alveolar rhabdomyosarcoma (mainly the 
solid variant), as well as with other small, blue round cell 
tumors. Recently, another type of rhabdomyosarcoma has 
been described, designated by the term adult sclerosing  
rhabdomyosarcoma.

RHABDOMYOMA

Rhabdomyomas are rare mesenchymal tumors that 
are classified into the cardiac and extracardiac types. 
Depending on the degree of differentiation, extracar-
diac rhabdomyoma is further divided into the fetal and 
adult type. Genital rhabdomyoma is a differentiated 

 rhabdomyoma of the genital tract. The main problem 
with rhabdomyomas is that, because of their rarity, they 
can be difficult to differentiate from rhabdomyosarco-
mas and other more aggressive tumors.

ADULT RHABDOMYOMA

CliniCal Features

Adult rhabdomyoma is mainly found in adults, the 
median age being 60 years, with a 3:1 male sex pre-
dominance. The mucosal surface of the oral cavity, 
larynx and pharynx, and the soft tissues of the neck 
are most frequently involved. Signs and symptoms 
relate to these locations (obstruction, mass). On occa-
sion, adult rhabdomyoma is multinodular or even 
 multicentric.

PathologiC Features

gross Findings

Rhabdomyomas are well-delineated, nodular masses 
that range from 1.5 to about 8 cm.

MiCrosCoPiC Findings

On histology, adult rhabdomyoma is an unencapsu-
lated, well-circumscribed lesion composed of nodules of 
closely packed large polygonal cells. The cells are typically 
characterized by an abundant, eosinophilic, granular-to- 
vacuolated cytoplasm (Figure 6-1). Cytoplasmic cross- 
striations or rod-like inclusions are seen focally. The 
nucleus is vesicular and centrally or peripherally located. 
Cell borders are well defined, and the intercellular stroma 
is usually scant. A PAS stain usually reveals abundant 
cytoplasmic glycogen, and a Masson trichrome or PTAH 
stain may reveal the cytoplasmic striations/inclusions 
to a better advantage. Mitotic figures are generally not 
present.

RHABDOMYOMA
 •  Adult Rhabdomyoma
 •  Fetal Rhabdomyoma
 •  Genital Rhabdomyoma
 •  Embryonal Rhabdomyosarcoma
 •  Alveolar Rhabdomyosarcoma
 •  Pleomorphic Rhabdomyosarcoma
 •  Adult Sclerosing Rhabdomyosarcoma
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anCillary studies

iMMunohistoCheMistry

Cytoplasmic positivity for muscle-specific actin, des-
min, and myoglobin is always present. Occasionally, 
tumor cells may express α smooth muscle actin or S-100 
protein.

diFFerential diagnosis

Because of the copious cytoplasm of the tumor cells, 
adult rhabdomyoma may resemble other tumors with 
this feature, such as granular cell tumor, crystal-
storing histiocytosis, and alveolar soft part sarcoma. 
Granular cell tumor does not express muscle mark-
ers and should be strongly S-100 protein and CD68 
positive. Crystal-storing histocytosis is, in fact, a pure 
histiocytic proliferation, and thus stains for CD68. 
Alveolar soft part sarcoma shows a typical alveolar 
growth pattern, with characteristic PAS-diastase–
positive crystalline cytoplasmic inclusions that have 
pathognomonic ultrastructural features. Expression 
of desmin and other myogenic markers is described 
in this sarcoma.

Prognosis and treatMent

Complete surgical excision is the treatment of choice. 
After incomplete resection, often late, recurrence may 
occur. No malignant transformation is documented.

FETAL RHABDOMYOMA

CliniCal Features

Fetal rhabdomyoma is predominantly a tumor of child-
hood. The median age is 4 years, but presentations in 
adult life (up to 58 years) are well documented. A slight 
male sex predominance exists (2.4:1). More than 90% of 
fetal rhabdomyomas occur in the soft tissues or mucosa 
of the head and neck. Associations with the nevoid basal 
cell carcinoma syndrome have been described.

PathologiC Features

gross Findings

Fetal rhabdomyomas are well-delineated solitary masses 
of 1 to 13 cm, the cut surface of which is more glistening 
than the adult counterpart.

MiCrosCoPiC Findings

These lesions are well delineated but not encapsulated. 
Depending on the cellularity, the degree of myxoid matrix 
and the degree of differentiation, one can discriminate 
between a classic immature fetal rhabdomyoma and an 
intermediate fetal rhabdomyoma. The first is myxoid, and 
contains bland spindle cells and fetal myotubes. The latter 
shows more differentiation and cellularity with bundles of 
spindled rhabdomyoblasts, and strap-like or ganglion-like 
rhabdomyoblasts (Figure 6-2). In fact, this intermediate 
rhabdomyoma, also referred to as juvenile or cellular rhab-
domyoma, shows a degree of differentiation in between 
that of classic fetal rhabdomyoma and adult rhabdomy-
oma. Fetal rhabdomyoma should not show obvious nuclear 
atypia, necrosis, or more than an occasional mitotic figure.

anCillary studies

iMMunohistoCheMistry

Skeletal muscle differentiation, with desmin, myo-
globin, and muscle-specific actin expression, is always 
seen. Occasionally, tumor cells may express α smooth 
muscle actin or S-100 protein.

diFFerential diagnosis

It can be difficult to differentiate fetal rhabdo-
myoma from embryonal rhabdomyosarcoma. Both 
are basically variably spindly and myxoid lesions. 

Figure 6-1
Adult rhabdomyoma.
Tumor consists of polygonal tumor cells with abundant eosinophilic-to-
granular cytoplasm.
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Lack of prominent nuclear atypia is the most impor-
tant criterion separating fetal rhabdomyoma from 
 rhabdomyosarcoma.

Prognosis and treatMent

Complete excision is curative. No malignant behavior is 
documented.

GENITAL RHABDOMYOMA

CliniCal Features

Most cases of genital rhabdomyoma present as polypoid 
lesions of the cervix or vagina of middle-aged women 
(age range, 30 to 48 years). Rarely, the paratesticular 
region or epididymis is involved.

A

C

B

D

Figure 6-2
Fetal rhabdomyoma. 
A, Bundles of spindled rhabdomyoblasts in a myxoid background. B, More 
cellular tumor with admixture of spindled and strap-like rhabdomyoblasts. 
C, Higher magnification of B. D, Detail of spindled rhabdomyoblasts. 
(Courtesy of C. D. M. Fletcher, Boston, MA.)



BONE AND SOFT TISSUE PATHOLOGY134
PathologiC Features

gross Findings

Genital rhabdomyoma resembles a benign vaginal 
polyp and is covered by normal smooth mucosa.

MiCrosCoPiC Findings

Genital rhabdomyoma shows an advanced degree 
of skeletal muscle differentiation, with haphazardly 
arranged round or strap-like rhabdomyoblasts with copi-
ous eosinophilic cytoplasm and cross striations. Thus, 
they resemble the ″intermediate″ fetal rhabdomyomas of 
the head and neck. However, in genital rhabdomyoma, 
the stroma is more fibrous and contains more dilated 
vessels. In addition, this lesion lacks the more variable 
cellular morphology and architecture of “intermediate” 
fetal rhabdomyoma (Figure 6-3).

anCillary studies

The immunohistochemical features of genital rhabdomy-
oma are identical to that of the other rhabdomyomas.

Figure 6-3
Low-power view of genital rhabdomyoma. 
The epithelium of the vaginal wall is seen at the left upper corner. Tumor 
consists of eosinophilic rhabdomyoblasts in a fibrous and vascular stroma. 
(Courtesy of P. Hogendoorn, Leiden, the Netherlands.)

rHABDOMYOMA—FACT SHeeT

Definition
 ▸▸  Benign mesenchymal tumor with skeletal muscle differentiation divided 

into the adult, fetal, and genital types, according to degree of differ-
entiation and location. Cardiac rhabdomyomas are not considered here.

incidence and Location
 ▸▸  rare
 ▸▸  Adult and fetal rhabdomyoma predominantly involve the head and 

neck region; genital rhabdomyoma involves the vagina

Morbidity and Mortality
 ▸▸  None

Sex, race, and Age Distribution
 ▸▸  Adult rhabdomyoma: median age, 60 years (age range, 33 to 80 

years); 3:1 male sex predominance
 ▸▸  Fetal rhabdomyoma: median age, 4 years (age range, 3 days to  

58 years); 2.4:1 male sex predominance
 ▸▸  Genital rhabdomyoma: median age, 42 years; (age range, 30 to 48 

years); presents almost exclusively in female individuals

Clinical Features
 ▸▸  Soft tissue or mucosal mass; symptoms depend on the site of 

involvement

Prognosis and Treatment
 ▸▸  Total surgical excision is the treatment of choice; no aggressive 

behavior has been documented

rHABDOMYOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Well-circumscribed mass, the fetal type being more glisten-

ing on cut surface, the genital type having a typical polypoid 
aspect

Microscopic Findings
 ▸▸  Adult type: lobules of closely packed large polygonal cells with 

abundant eosinophilic granular/vacuolated cytoplasm and vesicular 
nuclei; cross striations are focally present

 ▸▸  Fetal type: abundant myxoid stroma with primitive spindled 
cells and myotubules in the classic immature form, more cel-
lular with fascicles of spindled rhabdomyoblasts, and interlacing 
strap-like or ganglion-like rhabdomyoblasts in the intermediate 
form

 ▸▸  Genital type: haphazard arrangement of large rhabdomyoblasts 
embedded in a fibrous stroma with dilated vessels

 ▸▸  No nuclear atypia, significant mitotic activity, or necrosis in any 
type

immunohistochemical Features
 ▸▸  Expression of desmin, muscle-specific actin and myoglobin is 

always present

Differential Diagnosis
 ▸▸  Adult type: granular cell tumor, crystal-storing histiocytosis, 

alveolar soft part sarcoma
 ▸▸  Fetal type: embryonal rhabdomyosarcoma
 ▸▸  Genital type: vaginal stromal polyp, embryonal rhabdo-

myosarcoma
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diFFerential diagnosis

Because the vagina is a well-known site for embryonal 
rhabdomyosarcoma, this tumor should be excluded. The 
lack of any atypia favors a genital rhabdomyoma. A classic 
vaginal polyp does not show rhabdomyoblastic features.

Prognosis and treatMent

Local, complete excision is adequate treatment of 
genital rhabdomyoma, and no malignant behavior is 
 documented.

EMBRYONAL RHABDOMYOSARCOMA

CliniCal Features

Embryonal rhabdomyosarcoma recapitulates the pheno-
typic and biological features of embryonic skeletal muscle. 
Embryonal rhabdomyosarcoma is divided into the con-
ventional, botryoid, spindle cell, and anaplastic variant. 
It is the most frequent sarcoma of childhood, occurring 
in 3 per 1 million children in the United States younger 
than 15 years, and it represents 70% to 75% of all rhab-
domyosarcomas. Children between 5 and 15 years of age 
are typically affected (45%), whereas up to 35% occur 
before the age of 5. Adult cases are rare but well docu-
mented. A slight male-to-female predominance (1.2:1) 
exists. The majority (70%) of U.S. embryonal rhabdo-
myosarcomas occur in non-Hispanic whites. Incidence  

figures in Europe mirror those of the United States; east-
ern and southern Asia have somewhat lower figures. A 
minority (<9%) of embryonal rhabdomyosarcomas arise 
in the skeletal musculature of the extremities. The head 
and neck region is the predominant site of involvement 
(±47%), with the orbit, eyelid, oropharynx, parotid 
gland, auditory canal, middle ear, pterygoid fossa, nose, 
paranasal sinuses, tongue, and cheek being typical sites. 
The genitourinary system is involved in ±28% of cases, 
with the urinary bladder, prostate, and paratesticular 
soft tissues as typical examples. Involvement of visceral 
organs, retroperitoneum, pelvis, and perineum is rare. 
The spindle cell variant typically occurs in scrotal soft tis-
sues and head and neck; the botryoid variant occurs in the 
wall of hollow organs or beneath a mucosal lining. The  
symptoms generally relate to mass effects and obstruction.

PathologiC Features

gross Findings

Embryonal rhabdomyosarcomas present as poorly 
circumscribed, fleshy masses of 1 to 32 cm (Figure 6-4).  
The spindle cell variant is more firm and fibrous, whereas 
the botryoid variant typically has a grape-like polypoid 
and more gelatinous appearance.

MiCrosCoPiC Findings

Both at the cellular level and the architectural level, the 
conventional variant of embryonal rhabdomyosarcoma 
recapitulates embryonic skeletal muscle tissue. The most 
primitive cells are spindled to stellate-like cells with an 
ovoid nucleus and little amphophilic cytoplasm (Figure  
6-5). They hardly show recognizable skeletal muscle differ-
entiation. As these cells mature, they get more cytoplasm, 

Figure 6-4
Young child with protruding and ulcerated orbital embryonal 
 rhabdomyosarcoma.

Figure 6-5
Conventional variant of embryonal rhabdomyosarcoma, showing primitive 
spindled-to-stellate cells in a myxoid background.



BONE AND SOFT TISSUE PATHOLOGY136
which is characteristically intensely eosinophilic and, on 
occasion, fibrillar (Figure 6-6). The rounded nucleus is 
often pushed aside. For these rhabdomyoblasts, descrip-
tive terms such as tadpole, strap, or spider cell are used. 
Cells with (on hematoxylin and eosin stain) recogniz-
able cross-striations are present in only about a third 
of embryonal rhabdomyosarcomas. They represent the 
well-differentiated end of the spectrum. The relative 
proportion between the less or well-differentiated cells 
is variable from case to case. The tumor cell nuclei vary 
from spindled to rounded, and most often they contain 
dense smooth chromatin, the nucleolus being invisible 
or small and inconspicuous. Few, if any, mitotic figures 
are found in embryonal rhabdomyosarcomas composed 
of predominantly well-differentiated cells, whereas up 
to 30 mitoses per 10 high-power fields are not uncom-
mon in lesions with less differentiated cells. It is striking 
that tumors removed from patients who have had pre-
operative chemotherapy or radiation therapy often show 

prominent differentiation (Figure 6-7). Architecturally, 
the cells may be tightly packed with little intercellular 
substance, or can be scattered in an abundant myxoid 
matrix (Figures 6-5 and 6-8). Most often, the cells are 
arranged in nondescript sheets. The amount of loose and 
dense cellularity varies from case to case, as well as within 
a given tumor. Most of the differentiated or differentiat-
ing cells are set within a collagenous matrix, whereas the 
undifferentiated cells tend to be in a myxoid matrix.

The botryoid variant is characterized by a more or less 
linear arrangement of tightly packed, undifferentiated, 
spindled to rounded cells with little cytoplasm lying in 
a parallel band beneath the epithelium. This feature is 
described as “cambium layer” (Figure 6-9). Beneath the 
cambium layer, the tumor has the same outlook as con-
ventional embryonal rhabdomyosarcoma. Tumors com-
posed of more than 50% of whorls or fascicles of spindle 
cells, akin to leiomyosarcoma, constitute the spindle cell 
variant of embryonal rhabdomyosarcoma. The cells have 

Figure 6-6
Typical rhabdomyoblasts with eccentric eosinophilic cytoplasm.

Figure 6-7
Embryonal rhabdomyosarcoma after chemotherapy; note the prominence 
of rhabdomyoblasts.

Figure 6-8
Highly cellular conventional embryonal rhabdomyosarcoma.

Figure 6-9
Botryoid variant of embryonal rhabdomyosarcoma, with “cambium layer” 
of tightly packed tumor cells beneath the epithelium.
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an eosinophilic fibrillar cytoplasm, cigar-shaped, blunt-
ended nuclei, and may also be arranged in a storiform 
pattern (Figure 6-10). The anaplastic variant of embryo-
nal rhabdomyosarcoma is characterized by enlarged, 
atypical cells with hyperchromatic nuclei that are three 
times larger than the nuclei of surrounding cells. Atypi-
cal mitotic figures are commonly present (Figure 6-11). 
Generally, the anaplasia must be multifocal or diffuse 
before the tumor should be denominated as anaplastic.

anCillary studies

iMMunohistoCheMistry

Immunohistochemistry plays a pivotal role in the 
diagnosis of embryonal rhabdomyosarcoma, to the extent 
that all embryonal rhabdomyosarcomas, whatever the 

type, should stain for desmin or for more specific mark-
ers such as myogenin or MyoD1 (Figures 6-12 and 6-13). 
The latter antibodies are currently used as a standard 
approach for the diagnosis. Desmin expression is usu-
ally mirrored by muscle-specific actin immunoreactivity 
and is present in more than 90% of embryonal rhabdo-
myosarcomas, except in the anaplastic variant. The pro-
portion of desmin-positive cells may vary considerably 
from case to case, depending on the number of differ-
entiating/differentiated cells. Because undifferentiated 
cells do not express desmin, the number of positive cells 
may be as few as 5%. In the anaplastic variant, desmin 
expression is present in only about 60% of cases. Myo-
genin and MyoD1 are myogenic regulatory proteins that 
are expressed early in skeletal muscle differentiation, 
before the expression of desmin and actin. Myogenin is 
expressed in more than 90% of rhabdomyosarcomas. It 
should be noted that only nuclear staining is specific. In 
addition, regenerating skeletal muscle fibers may display 
myogenin expression. Occasional aberrant staining of 
embryonal rhabdomyosarcomas with cytokeratin, S-100 
protein, CD99, and neurofilament has been described.

genetiCs

A consistent diagnostic cytogenetic abnormality for 
embryonal rhabdomyosarcoma has not been described. 
Structural and numeric changes are quite frequent, includ-
ing extra copies of chromosomes 2, 8, and 13. Allelic loss 
in chromosomal region 11p15 has also been described.

diFFerential diagnosis

Because embryonal rhabdomyosarcoma is a small, blue 
round cell tumor, a number of entities always enter 
the differential diagnosis. Ewing sarcoma/primitive 

A B

Figure 6-10
A, Spindle cell variant of embryonal rhabdomyosarcoma is characterized by fascicles of eosinophilic spindle cells (B), some of which can show 
prominent paranuclear vacuolisation, as seen in leiomyosarcoma.

Figure 6-11
In the anaplastic variant of embryonal rhabdomyosarcoma, the tumor cells 
have enlarged hyperchromatic and atypical nuclei. Note the presence of 
a tripolar mitotic figure.



BONE AND SOFT TISSUE PATHOLOGY138
neuroectodermal tumor (PNET) is generally a more 
uniformly round cell proliferation, without clear-cut 
spindle cells and cells with eccentric eosinophilic cyto-
plasm. In addition, a classic Ewing sarcoma/PNET 
should always express CD99 and is desmin/myo-
genin/MyoD1 negative. Furthermore, this sarcoma 
has a characteristic t(11;22)(q12;q24). Neuroblas-
toma is characterized by hyperchromatic nuclei with 
granular chromatin and shows a fine, fibrillar stroma. 
Pseudorosettes may be present and chromogranin/ 
synaptophysin/neurofilament expression can usually 
be documented, whereas myogenic markers are absent. 
Nephroblastoma may show skeletal muscle differentia-
tion but also has blastema and epithelial differentiation. 
Desmoplastic, small, round cell tumor often contains 

A B

Figure 6-12
A, Embryonal rhabdomyosarcoma stained for desmin, revealing cytoplasmic immunoreactivity. B, At high power, cross-striation can be seen in 
some rhabdomyoblasts.

Figure 6-13
Myogenin expression in embryonal rhabdomyosarcoma, depicting a typical 
nuclear staining pattern.

eMBrYONAL rHABDOMYOSArCOMA—FACT SHeeT

Definition
 ▸▸  A primitive soft tissue sarcoma, showing a variable degree of 

embryonic skeletal muscle differentiation

incidence and Location
 ▸▸  The most frequent sarcoma of childhood and the most frequent 

type of rhabdomyosarcoma, occurring in 3 per 1 million children 
younger than 15 years

 ▸▸  The head and neck region and genitourinary system are most 
 frequently involved; the botryoid variant typically occurs in the 
wall of hollow organs

Morbidity and Mortality
 ▸▸  Disease-free survival rate of about 70%, depending on stage, 

 histologic type, and location

Sex, race, and Age Distribution
 ▸▸  Children younger than 10 years are typically affected with a slight 

male sex predominance
 ▸▸  Incidence figures in Europe mirror those of the United States; 

eastern and southern Asia have somewhat lower figures; in the 
United States, non-Hispanic whites are mainly affected

Clinical Features
 ▸▸  Variable and aspecific, depending on site of involvement, and 

ranging from painful/less mass, obstruction, or bleeding

Prognosis and Treatment
 ▸▸  The botryoid and paratesticular spindle cell variants have a good 

prognosis (> 90% overall survival rate), the conventional and 
nonparatesticular spindle cell variants an intermediate prognosis 
(± 70%), and the anaplastic variant a poor prognosis (± 45%)

 ▸▸  Head and neck, genitourinary, and orbital lesions have a better 
overall prognosis

 ▸▸  Treatment consists of chemotherapy, radiotherapy, and surgery
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desmin-positive cells but has a desmoplastic stroma, 
strong expression of epithelial markers, and a typical 
t(11;22)(p13;q12). Small-cell synovial sarcoma should 
express epithelial markers and no myogenic markers, 
and is characterized by a t(X;18)(p11.2;q11.2). A non-
Hodgkin’s lymphoma can be documented by CD45 
and B- or T-cell markers. Malignant rhabdoid tumor 
also shows an eccentric cytoplasm, but the nuclei are 
more vesicular with prominent nuclei, and the rhab-
doid cells should be cytokeratin positive. The differ-
ential diagnosis with a rhabdomyoma and the solid 
variant of alveolar rhabdomyosarcoma is discussed 
in the respective chapters. The spindle cell variant of 
embryonal rhabdomyosarcoma should be differenti-
ated from myofibroma(tosis), infantile fibromatosis, 
and leiomyosarcoma. The latter is unusual in the 
pediatric age group and does not express myogenin/
MyoD1. Myofibroma(tosis) and infantile fibromatosis 
do not have nuclear atypia, and the first often features 
a pericytic vascular pattern.

Prognosis and treatMent

Since the introduction of current chemotherapy, modern 
radiotherapy, and improved surgical procedures, disease-
free survival has improved from 20% to about 70%. Three 
factors influence the prognosis: histologic subtype, site, 
and stage (Intergroup Rhabdomyosarcoma Study clini-
cal group). The botryoid and spindle cell variants have a 
superior outcome, certainly the paratesticular spindle cell 
rhabdomyosarcomas. Rhabdomyosarcomas with diffuse 
anaplasia have a worse outcome. Regarding primary site, 
head and neck, genitourinary, and orbital lesions have a 
better overall prognosis. The lungs, lymph nodes, liver, 
and brain are the most common metastatic sites.

ALVEOLAR RHABDOMYOSARCOMA

CliniCal Features

Alveolar rhabdomyosarcoma is a high-grade round cell 
sarcoma characterized by alveolar and solid growth pat-
terns, and shows a variable skeletal muscle differentiation. 
It mainly affects children and young adults (age range,  
2 to 25 years). This aggressive neoplasm is fortunately 
rare and accounts for only 20% to 25% of all rhabdomyo-
sarcomas. Because of the bad prognosis, it is of utmost 
importance to distinguish alveolar rhabdomyosarcoma 
from embryonal rhabdomyosarcoma. Moreover, any 
rhabdomyosarcoma with an alveolar pattern, no matter 
how focal, behaves like an alveolar rhabdomyosarcoma. 
These tumors mainly occur in the skeletal muscle of the 
extremities; additional sites of involvement are head and 
neck, trunk, and pelvis. No sex, race, or geographic pre-
dilection exists. A rapidly growing, painless mass is a 
frequent sign, with secondary compression/obstruction, 
depending on the location. Alveolar rhabdomyosarcomas 
tend to be high-stage lesions at presentation.

PathologiC Features

gross Findings

Alveolar rhabdomyosarcomas are fleshy tumors with 
a variable amount of hemorrhagic or fibrous tissue, rang-
ing in size from 2 to 8 cm.

MiCrosCoPiC Findings

All alveolar rhabdomyosarcomas show round cell 
features, reminiscent of lymphoma, but with variable 
rhabdomyoblastic differentiation. The conventional 

eMBrYONAL rHABDOMYOSArCOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Poorly circumscribed masses
 ▸▸  Spindle cell variant: firm and fibrous
 ▸▸  Botryoid variant: grape-like polypoid

Microscopic Findings
 ▸▸  Conventional variant: nondescript sheets of cells with a variable 

density and ranging from undifferentiated spindly/stellate cells 
to classic rhabdomyoblasts with round nuclei and often eccentric 
eosinophilic cytoplasm; the intercellular matrix may be sparse or 
abundant and myxoid

 ▸▸  Botryoid variant: a cambium layer of tightly packed undifferenti-
ated cells underlining the mucosal surface and overlining a con-
ventional rhabdomyosarcoma-looking part

 ▸▸  Spindle cell variant: more than 50% fascicles/whorls of 
 leiomyosarcoma-like spindle cells

 ▸▸  Anaplastic variant: diffuse or multifocal presence of atypical 
nuclei and mitoses

genetics
 ▸▸  No consistent and diagnostic changes are present
 ▸▸  Numeric/structural changes and allelic loss of 11p15 have been 

described

immunohistochemical Features
 ▸▸  Staining for desmin, or myogenin/MyoD1 should be present

Differential Diagnosis
 ▸▸  Small, blue round cell tumors (PNET/Ewing sarcoma; neuroblasto-

ma/nephroblastoma; desmoplastic, small, round cell tumor; small-
cell synovial sarcoma; lymphoma; rhabdoid tumor; rhabdomyoma; 
alveolar rhabdomyosarcoma)

 ▸▸  The spindle cell variant should be differentiated from leiomyosar-
coma, myofibroma(tosis), and infantile fibromatosis
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type of alveolar rhabdomyosarcoma is character-
ized by fibrovascular septa that separate the tumor 
into nests. In the center of these discrete nests, the 
cells are discohesive, whereas the cells at the edge are 
attached to each other and to the septa, simulating the 
alveolar pattern of the lung (Figure 6-14). The tumor 
cells are relatively large, the largest ones (15 to 30 μm)  
often showing rhabdomyoblastic differentiation with 
eccentric eosinophilic cytoplasm, with or without 
cross striations. The majority of the cells is less dif-
ferentiated, with a round nucleus and little cytoplasm. 
Multinucleated giant (“wreath”) cells are often present 
as well and are of help in the (differential) diagnosis 
(Figure 6-15). In the diagnostically more challenging 
solid variant of alveolar rhabdomyosarcoma, the fibro-
vascular septa are hardly found, and no discohesive 
growth pattern is present (Figure 6-16). The tumor 
cells show the same morphology as in the conven-
tional variant. Occasionally, clear cell changes, ana-
plastic features, or rhabdoid features may be seen in 
alveolar rhabdomyosarcoma.

anCillary studies

iMMunohistoCheMistry

As in the embryonal type, expression of desmin and 
myogenin/MyoD1 is present in most alveolar rhabdo-
myosarcomas, whatever the type (Figure 6-17). This is 
particularly helpful in the solid variant. It is of interest 
that alveolar rhabdomyosarcoma generally stains more 
 diffusely positive for myogenin than does embryonal 
rhabdomyosarcoma (Figure 6-18). Occasional expres-
sion of other, less relevant markers is similar as in the 
embryonal type.

Fine-needle asPiration BioPsy

In addition to individually dispersed cells, loosely 
cohesive cell nests are usually present. Often, a striking 
uniformity of the rounded cells is evident. Rhabdomyo-
blastic differentiation may be seen.

genetiCs

As described in Chapter 2, alveolar rhabdomyo-
sarcoma exhibits a characteristic t(2;13)(q35;q14) or 
t(1;13)(p36;q14) as variant translocation.

diFFerential diagnosis

Because alveolar rhabdomyosarcoma is a small, blue 
round cell sarcoma, the same entities as mentioned in 
the Embryonal Rhabdomyosarcoma section (see earlier) 

Figure 6-14
Low-power view of the conventional type of alveolar rhabdomyosarcoma 
with fibrovascular septa to which tumor cells are attached. In the center 
of the cell nests, the tumor cells are discohesive.

Figure 6-15
Wreath cell is the solid variant of alveolar rhabdomyosarcoma.

Figure 6-16
Solid variant of alveolar rhabdomyosarcoma. Some rhabdomyoblasts are 
present.
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enter the differential diagnosis. This mainly holds true for 
the solid variant, because the conventional type usually 
represents a straightforward diagnosis on hematoxylin 
and eosin sections. Nevertheless, an alveolar growth pat-
tern can also be seen in poorly differentiated carcinomas 
and, more specifically, in the alveolar soft part sarcoma. 
Cytokeratin expression and absence of muscle markers 
obviously disclose a carcinoma. Alveolar soft part sar-
coma may be more difficult to rule out because of the 
same alveolar growth pattern, and because it can be des-
min and/or MyoD1 positive. A PAS-diastase stain will, 
however, show the characteristic crystalline cytoplasmic 
inclusions of alveolar soft part sarcoma. In addition, alve-
olar soft part sarcoma does not contain multinucleated 
giant cells. In view of the prognostic difference, the solid 
variant of alveolar rhabdomyosarcoma should be differ-
entiated from embryonal rhabdomyosarcoma. In alveo-
lar rhabdomyosarcoma, the nuclei generally are larger 
and more uniform, and the cells are more consistently 

rounder. In addition, multinucleated giant cells are not 
a characteristic feature of embryonal rhabdomyosar-
coma, and myogenin expression is more diffuse in the  
alveolar type.

Prognosis and treatMent

Alveolar rhabdomyosarcoma does not respond well 
to chemotherapy, and the overall survival rate for all 
stages is less than 50%. The stage of the disease obvi-
ously affects the outcome as in embryonal rhabdomyo-
sarcoma, but stage for stage, the prognosis is much 
worse in alveolar rhabdomyosarcoma. Metastases are 
twice as common as in embryonal rhabdomyosarcoma, 
with a similar distribution. PAX7/FKHR-positive 
tumors may behave less aggressively than PAX3/
FKHR-positive ones.

A B

Figure 6-17
A, Desmin staining in the conventional and (B) solid variant of alveolar rhabdomyosarcoma.

A B

Figure 6-18
Myogenin expression in alveolar rhabdomyosarcoma. Note the strong and diffuse immunoreactivity. A, Low-power view. B, High-power view.
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PLEOMORPHIC RHABDOMYOSARCOMA

CliniCal Features

Pleomorphic rhabdomyosarcoma is a high-grade sar-
coma consisting of bizarre spindled, rounded, and 
polygonal cells, some of which display skeletal muscle 
 differentiation, as evidenced by immunohistochemis-
try or electron microscopy, or both. Pleomorphic rhab-
domyosarcoma mainly occurs in predominantly male 
adults. The deep soft tissue of the lower extremities is 
typically involved, and the tumor usually presents as a 
rapidly growing, painful swelling.

PathologiC Features

gross Findings

Pleomorphic rhabdomyosarcomas are often large 
tumors (10 to 30 cm), seemingly well circumscribed, and 
commonly display areas of necrosis and hemorrhage.

MiCrosCoPiC Findings

At first glance, pleomorphic rhabdomyosarcoma 
resembles any type of pleomorphic sarcoma. The tumor 
cells range from spindly to bizarre, large polygonal to 

ALVeOLAr rHABDOMYOSArCOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Fleshy mass with variable fibrous/hemorrhagic areas

Microscopic Findings
 ▸▸  Uniform, small, blue round cell neoplasm, with variable 

 rhabdomyoblastic differentiation
 ▸▸  Conventional type: fibrovascular septa delineating discrete 

nests, the cells in the center of which show a discohesive pattern, 
whereas the cells at the edge are cohesively attached

 ▸▸  Solid type: fibrovascular septa are only focally present
 ▸▸  Multinucleated giant cells often present

genetics
 ▸▸  t(2;13)(q35;q14) or t(1;13)(p36;q14) as variant translocation
 ▸▸  Juxtaposition of the PAX3 (chromosome 2) or PAX7 (chromosome 

1) with the FKHr on chromosome 13

immunohistochemical Features
 ▸▸  Staining for desmin should be present or myogenin/MyoD1 should 

be present
 ▸▸  Myogenin expression more diffuse than in embryonal type of 

 rhabdomyosarcoma

Differential Diagnosis
 ▸▸  Similar as small, blue round cell sarcomas mentioned in embryonal 

rhabdomyosarcoma section
 ▸▸  Solid type represents the major differential diagnostic 

 problem and should be differentiated from embryonal 
 rhabdomyosarcoma

 ▸▸  Alveolar type should be differentiated from alveolar soft part 
 sarcoma and from undifferentiated carcinoma

Figure 6-19
Pleomorphic rhabdomyosarcoma showing bizarre pleomorphic tumor cells 
with eosinophilic cytoplasm.

ALVeOLAr rHABDOMYOSArCOMA—FACT SHeeT

Definition
 ▸▸  A high-grade round cell sarcoma with an alveolar or solid growth 

pattern with variable rhabdomyoblastic differentiation

incidence and Location
 ▸▸  rare (20% to 25% of all childhood rhabdomyosarcomas)
 ▸▸  Deep soft tissues of the extremities most frequently involved

Morbidity and Mortality
 ▸▸  Overall 5-year survival rate < 50%
 ▸▸  Mixed embryonal/alveolar rhabdomyosarcoma always behaves like 

the alveolar type

Sex, race, and Age Distribution
 ▸▸  Children and young adults between 2 and 25 years of age are 

mainly affected
 ▸▸  No sex or race predominance

Clinical Features
 ▸▸  rapidly growing mass, with secondary signs/symptoms depending 

on the location

Prognosis and Treatment
 ▸▸  No efficient therapy is available
 ▸▸  Prognosis dependent on stage but always more aggressive than 

embryonal rhabdomyosarcoma
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rounded undifferentiated cells. Also, the nuclei display 
an impressive pleomorphism, with a vesicular to atypi-
cal and hyperchromatic aspect. Multinuclear cells are 
not rare. The cells often have a copious eosinophilic 
cytoplasm, but convincing cross striations are rare  
(Figure 6-19). Mitotic figures are often frequent, includ-
ing atypical mitoses. The architecture varies from a 
fascicular to storiform to patternless pattern. Areas of 
necrosis complete the picture.

anCillary studies

iMMunohistoCheMistry

At least some cells must express desmin and myo-
genin/MyoD1 (Figure 6-20). The expression of the latter 
markers in pleomorphic rhabdomyosarcoma is usually 
more limited than in other rhabdomyosarcomas.

genetiCs

Only nonconsistent, highly complex karyotypes have 
been described.

diFFerential diagnosis

Any type of pleomorphic sarcoma enters the differ-
ential diagnosis for pleomorphic rhabdomyosarcoma, 
and the reader is referred to Chapter 3 on pleomor-
phic malignant fibrous histiocytoma. In this regard, the 
finding of myogenin or MyoD1 expression by immuno-
histochemistry, is crucial. It is of note that other sarco-
mas may display heterologous rhabdomyosarcomatous 
 differentiation, a Triton tumor and a dedifferentiated 

liposarcoma being classic examples. Careful sampling, 
clinical information, and immunohistochemistry may 
solve the problem. The presence of neurofibromatosis 
type I or a peripheral nerve location indicates is an 
malignant peripheral nerve sheath tumor with rhab-
domyoblastic differentiation, and a dedifferentiated  
liposarcoma stains for MDM2.

Figure 6-20
Scattered myogenin expression in pleomorphic rhabdomyosarcoma.

PLeOMOrPHiC rHABDOMYOSArCOMA—FACT SHeeT

Definition
 ▸▸  High-grade pleomorphic sarcoma that displays (often focal) 

 skeletal muscle differentiation by electron microscopy or 
 immunohistochemistry, or both

incidence and Location
 ▸▸  relatively rare tumor with a predilection for the deep soft tissues 

of the lower extremities

Sex and Age Distribution
 ▸▸  Usually affects adult men

Clinical Features
 ▸▸  rapidly growing, painful mass

Prognosis and Treatment
 ▸▸  Poor prognosis; most patients die within a year of presentation

PLeOMOrPHiC rHABDOMYOSArCOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Large tumors, often with evidence of necrosis and hemorrhage

Microscopic Findings
 ▸▸  Spindly to bizarre polygonal atypical cells, arranged in sheets, 

storiform or patternless patterns
 ▸▸  Vesicular to atypical hyperchromatic nuclei
 ▸▸  Necrosis and (atypical) mitoses frequent
 ▸▸  Cytoplasm can be eosinophilic and copious, but cross-striations 

are usually absent

ultrastructural Features
 ▸▸  rudimentary sarcomere formation indicates skeletal muscle 

 differentiation

immunohistochemical Features
 ▸▸  At least focal presence of desmin and/or myogenin/MyoD1 is 

essential and diagnostic

Differential Diagnosis
 ▸▸  Any pleomorphic sarcoma and sarcomas with heterologous 

 rhabdomyoblastic differentiation (dedifferentiated liposarcoma, 
malignant Triton tumor)



BONE AND SOFT TISSUE PATHOLOGY144
Prognosis and treatMent

Because of the rarity and flux diagnostic criteria of 
pleomorphic sarcoma in the past, only few studies are 
present, and no reliable prognostic factors have been 
established. Nevertheless, the prognosis of pleomorphic 
rhabdomyosarcoma is poor, and most patients die of dis-
seminated disease within 1 year of presentation. The 
lung is the most common site of metastases.

ADULT SCLEROSING RHABDOMYOSARCOMA

Recently, seven cases of an unusual rhabdomyosar-
coma have been described, under the names scleros-
ing pseudovascular rhabdomyosarcoma in adults and 
 sclerosing rhabdomyosarcoma in adults. These tumors 

arose in the extremities, orbit, nasopharynx, jaw, and 
sacrum of patients from 18 to 56 years old. On histol-
ogy, they showed an abundant hyaline matrix, resem-
bling primitive osteoid or chondroid, and dividing 
the rounded tumor cells into nests, lobules, or single 
files (Figure 6-21). An alveolar to pseudovascular 
pattern was focally present. Cells with rhabdomyo-
blastic differentiation were rarely present. Desmin 
expression is present, albeit with an unusual dot-like 
pattern. Myogenin expression is often less obvious 
than MyoD1 expression (Figure 6-22). These tumors 
seem to have the capacity to behave in an aggressive 
fashion. They should be differentiated from osteo-
sarcoma, chondrosarcoma, sclerosing epithelioid 
fibrosarcoma, and angiosarcoma, with appropriate 
immunohistochemical stains being discriminative. It 
is not clear yet whether these rhabdomyosarcomas are 
an unusual presentation of embryonal rhabdomyo-
sarcoma or whether they represent a separate entity. 
They do not show the genetic changes of alveolar  
rhabdomyosarcoma.

A

C

B

Figure 6-21
Adult sclerosing rhabdomyosarcoma.
A-B, Low-power view shows the hyaline-to-chondroid aspect of the 
matrix. C, At high power, some rhabdomyoblasts are present.
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Figure 6-22
Adult sclerosing rhabdomyosarcoma (A) with desmin and (B) myogenin expression.
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HEMANGIOPERICYTOMA, SOLITARY 
FIBROUS TUMOR OF SOFT TISSUES, AND 
RELATED LESIONS (Giant Cell Angiofibroma, 
Lipomatous Hemangiopericytoma)

Hemangiopericytoma (HPC) is currently considered by 
the World Health Organization to be closely related, if 
not identical, to solitary fibrous tumor (SFT) of soft tis-
sue, with classic HPC representing the cellular phase of 
this single entity. Although the precise line of differen-
tiation shown by HPC/SFT is still unclear, it seems cer-
tain that HPC is not showing differentiation along the 
lines of true microvascular contractile pericytes. Never-
theless, for historical reasons, both HPC and SFT are 
discussed in this chapter.

CliniCal Features

HPCs and SFTs are ubiquitous neoplasms that can be 
found anywhere in the body. Common locations for 
classic HPC include the abdomen and retroperitoneum, 
whereas classic SFT most often arises from the meso-
thelial surfaces of the thoracic and abdominal cavities. 
However, HPCs/SFTs may arise in essentially any soft 
tissue or visceral location, including the meninges, orbit, 

kidney, lungs, and salivary glands, among others. They 
are usually observed in middle-aged adults (average age, 
50 years) but may be seen in children. Male individu-
als are affected as frequently as female individuals. Most 
lesions present as well-circumscribed, slow-growing, 
painless masses. Large tumors may result in compres-
sion symptoms and/or may be associated with paraneo-
plastic syndromes such as hypoglycemia (caused by the 
production of an insulin-like growth factor by the tumor 
cells). Malignant tumors are often locally infiltrative.

PathologiC Features

gross Findings

HPCs/SFTs are well-delineated, solitary, lobulated 
masses that measure 5 to 8 cm on average. Cut section 
reveals a multinodular, white-to-gray, firm lesion (Figure 
7-1). HPCs/SFTs with adipocytic differentiation (lipo-
matous HPC and SFT) are often larger and may have a 
fatty appearance.

MiCrosCoPiC Findings

Most HPCs/SFTs are well-circumscribed but nonen 
capsulated or only partially encapsulated lesions. Clas-
sic HPC shows a uniform, well-developed, staghorn 

  Hemangiopericytoma, Solitary Fibrous Tumor 
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Figure 7-1
Gross photograph of a solitary fibrous tumor of soft tissue, showing  
a large, fibrous-appearing mass.
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 vasculature with perivascular hyalinization, around 
which are arrayed bland spindled to ovoid cells (Figures 
7-2 and 7-3). Classic SFT typically shows small areas 
identical to classic HPC, but additionally shows broad 
areas of collagenization, with cracking artifact, as well as 
fascicular areas, and a patternless proliferation of bland, 
fibroblastic spindled cells (Figures 7-4 and 7-5). Lesions 
that show hybrid features of classic HPC and SFT are, 
however, the rule rather than the exception, and there 
is an increasing trend to regard the classic HPC pattern 
as simply the cellular phase of SFT. Except in malignant 
cases, mitoses are scarce, usually between 1 and 3 per 
10 high-power fields (hpf). Occasional HPC/SFT may 
contain pseudovascular spaces lined by multinucleated 
giant cells (so-called giant cell angiofibroma) (Figure 7-6) 
or may contain abundant mature fat (lipomatous SFT or 
HPC) (Figure 7-7).

Malignant HPCs/SFTs are hypercellular lesions that 
usually display infiltrative borders, nuclear pleomor-
phism, hyperchromasia, areas of tumor necrosis, and/or 
increased mitotic activity (≥ 4 mitoses/10 hpf), includ-
ing atypical mitoses (Figure 7-8).

anCillary studies

iMMunohistoCheMistry

Tumors cells in HPC/SFT are characteristically posi-
tive for CD34 (90% to 95% of cases) and CD99 (70% of 
cases) (Figure 7-9). Reactivity for epithelial membrane 
antigen, bcl2, and smooth muscle actin is observed in 
about one-third of cases. Occasional focal reactivity for 
S-100 protein has been described. Nuclear beta-catenin 

Figure 7-2
Cellular zone in solitary fibrous tumor (hemangiopericytoma) with a 
prominent branching, hyalinized vasculature, surrounded by bland  
ovoid-to-spindled cells.

Figure 7-3
the more cellular zones of solitary fibrous tumor/hemangiopericytoma 
typically consist of a moderately cellular proliferation of short spindled 
cells, arranged in a patternless pattern.

Figure 7-4
Classic solitary fibrous tumor of soft tissues showing alternating hypocel-
lular/collagenized and hypercellular zones, with thick-walled vessels.

Figure 7-5
Solitary fibrous tumor of soft tissue with hyalinized collagen, cracking 
artifact, and patternless growth.
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expression may be seen. Immunohistochemistry is usu-
ally negative for cytokeratins, desmin, and CD117.

genetiC studies

No consistent genetic event has been described in 
SFT or HPC.

diFFerential diagnosis

The differential diagnosis of HPC/SFT is wide and 
depends mainly on the location of the lesion. Classic 
SFT of the pleura and peritoneum may be confused 
with desmoplastic mesothelioma, particularly in small 
biopsies. Attention to the typical vascular pattern of 

SFT, the absence of cytological atypia, and CD34 and 
cytokeratin immunostains should allow relatively easy 
resolution of this differential diagnosis. When situated 
in the subcutis, HPC/SFT should be differentiated from 
deep fibrous histiocytoma. The latter shows a more 
prominent and uniform storiform growth pattern, often 
contains siderophages and foamy macrophages, and is 
negative for CD34. In deep soft tissues, cellular and 
malignant HPC/SFT may resemble synovial sarcoma, 
malignant peripheral nerve sheath tumor, or low-grade 
fibromyxoid sarcoma. Synovial sarcoma is almost always 
negative for CD34 and bears the t(X;18) SYT-SSX trans-
location, which is not found in SFT. Malignant periph-
eral nerve sheath tumors are often less circumscribed, 
less positive for CD34, and usually develop in contact 
with nerves. Low-grade fibromyxoid sarcoma is more 
uniform and less cellular in its appearance; it is usually 
less well circumscribed and does not show the HPC-like 
vasculature so typical of SFT. In addition, low-grade 

Figure 7-6
Solitary fibrous tumor with multinucleated tumor giant cells (so-called 
giant cell angiofibroma).

Figure 7-7
Lipomatous hemangiopericytoma/solitary fibrous tumor with mature fat.

B

A

Figure 7-8
A, Low-power view of a malignant solitary fibrous tumor of soft tissue 
showing a clear transition from typical solitary fibrous tumor to much 
more cellular nodules. B, higher-power examination of the cellular nodules 
shows mitotically active, malignant-appearing, round-to-spindled cells.
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 fibromyxoid sarcoma is never diffusely positive for CD34.  
Intra-abdominal HPC/SFT must be distinguished from 
gastrointestinal stromal tumors, a lesion that seldom 
shows a staghorn vascular pattern, and that expresses, 
in most instances, CD117 (c-kit) in addition to CD34. 
It is also important to remember that essentially any 
neoplasm may show an HPC-like vascular pattern, in 
particular, mesenchymal chondrosarcoma, endometrial 
stromal tumor, thymoma, and various smooth muscle 
tumors. Clinical history, careful sampling and histologic 
evaluation, and judicious application of immunostains 
are the keys to correctly recognizing these various HPC 
mimics.

Giant cell angiofibroma, which contains numerous 
giant cells or angiectoid spaces, or both, may be confused 
with giant cell fibroblastoma. Both lesions are reactive for 
CD34 but occur in different clinical settings and locations 
(giant cell fibroblastoma is a juvenile form of dermato-
fibrosarcoma protuberans, which occurs predominantly 
in proximal extremities and trunk. Lipomatous HPC 
should not be confused with a well-differentiated lipo-
sarcoma (including the spindle cell variant) or a dedif-
ferentiated liposarcoma, especially if situated in the 
retroperitoneum. The former does not contain lipoblasts, 
lacks enlarged hyperchromatic cells, and is negative for  

HeMANgiOPeriCYTOMA, SOLiTArY FiBrOuS TuMOr OF SOFT 
TiSSueS, AND reLATeD LeSiONS—FACT SHeeT

Definition
 ▸▸  Usually benign tumor showing uncertain line of differentiation 

(not true microvascular pericytes)

incidence and Location
 ▸▸  rare
 ▸▸  Classic hpC most common in retroperitoneum and abdomen
 ▸▸  Classic SFt most common in thoracic cavity and abdomen
 ▸▸  Both may be seen in any soft tissue location
 ▸▸  Orbit is common location for giant-cell–rich SFt (giant cell  

angiofibroma)

Morbidity and Mortality
 ▸▸  Benign tumors may cause symptoms related to compression of 

local structures
 ▸▸  Malignant tumors grow in a locally aggressive fashion and may 

metastasize in 15% to 20% of cases, with death from disease

Sex, race, and Age Distribution
 ▸▸  No sex predilection
 ▸▸  adults

Clinical Features
 ▸▸  Large, nonspecific soft tissue mass
 ▸▸  tumor-induced hypoglycemia in some cases

Prognosis and Treatment
 ▸▸  Most tumors are histologically and clinically benign, and are 

adequately treated with histologically complete resection
 ▸▸  Occasional histologically benign tumors metastasize (uncertain 

malignant potential)
 ▸▸  histologically malignant examples metastasize in 15% to 20% 

of cases; require wide excision and consideration of adjuvant 
 radiotherapy, chemotherapy, or both

Figure 7-9
Solitary fibrous tumor, positive for CD34.

HeMANgiOPeriCYTOMA, SOLiTArY FiBrOuS TuMOr OF SOFT 
TiSSueS, AND reLATeD LeSiONS—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Large soft tissue mass of deep soft tissue, mesothelial-lined 

 surfaces, or superficial soft tissue

Microscopic Findings
 ▸▸  hyalinized, branching, staghorn blood vessels
 ▸▸  Bland ovoid-to-spindled cells arranged in a patternless pattern
 ▸▸  Broad zones of collagen with cracking artifact and spindled 

 fibroblastic zones in classic SFt
 ▸▸  Multinucleated giant cells (giant cell angiofibroma) and mature 

fat (lipomatous hpC/SFt) in some
 ▸▸  Malignant examples show high-nuclear-grade mitotic activity > 

4/10 hpf, necrosis, hemorrhage, infiltrative growth

immunohistochemical Findings
 ▸▸  express CD34, CD99, bcl-2
 ▸▸  May show nuclear beta-catenin expression
 ▸▸  Occasionally show cytokeratin expression, more often in malignant 

tumors

Differential Diagnosis
 ▸▸  Synovial sarcoma
 ▸▸  Malignant peripheral nerve sheath tumor
 ▸▸  Low-grade fibromyxoid sarcoma
 ▸▸  Desmoplastic mesothelioma
 ▸▸  Well-differentiated liposarcoma (lipomatous hpC/SFt)
 ▸▸  Giant cell fibroblastoma (giant cell containing hpC/SFt)
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mdm2, cdk4, or both, as opposed to well-differentiated 
and dedifferentiated liposarcomas.

Prognosis and treatMent

The prognosis of HPC/SFT is unpredictable. Most HPCs/
SFTs of soft tissues behave in a benign fashion. Con-
versely, those located in the mediastinum, abdomen, pel-
vis, and/or retroperitoneum tend to be locally aggressive 
and may metastasize. About 10% to 15% of HPCs/SFTs 
metastasize, sometimes years after removal of the primary 
tumor, mostly to the lungs, but liver and bone can also be 
affected. No strict correlation exists between morphol-
ogy and behavior, although lesions with small size (<5 
cm), low mitotic activity (<4 mitoses per 10 hpf), low 
cellularity, and that lack cellular atypia, nuclear pleo-
morphism, tumor necrosis, and/or infiltrative borders 
seldom recur after removal. Wide surgical excision with 
clear margins is the treatment of choice. To date, lesions 
described as giant cell angiofibroma and lipomatous HPC 
have all behaved in an entirely benign fashion.

MYOPERICYTOMA FAMILY OF TUMORS 
(Infantile Myofibromatosis, Solitary 
Myofibroma in infants and Adults, Infantile 
Hemangiopericytoma, Myopericytoma, 
Glomangiopericytoma)

Myopericytoma is a unifying term for a group of histo-
logically overlapping lesions, which span a spectrum 
from infantile HPC (most likely representing the cel-
lular phase of myofibroma in young children), to adult 
myofibroma and infantile myofibromatosis, to somewhat 
more glomoid-appearing lesions, termed myopericytoma 
and glomangiopericytoma.

CliniCal Features

Myofibromas principally occur as subcutaneous lesions, 
often on the head and neck. Lesions may be either soli-
tary (in adults and children) or multiple (infantile myo-
fibromatosis). Myofibromas are approximately twice as 
common in male as in female individuals. Myopericy-
tomas present as painless masses, most often of the dis-
tal extremities, although any location may be involved. 
Myopericytomas and glomangiopericytomas occur most 
often in adults, without a sex predilection. Rare intra-
vascular myopericytomas have been reported. Infan-
tile HPCs occur in the first year of life and most often 
involve the subcutis and oral cavity.

PathologiC Features

gross Findings

Myofibromas, infantile HPCs, and myopericyto-
mas appear grossly as nonspecific soft tissue masses. 
Central necrosis and calcification may be apparent in 
 myofibroma and infantile HPC. In patients with infantile  
 myofibromatosis, multiple lesions are present in skin, as 
well as bone, viscera, and deep soft tissues.

MiCrosCoPiC Findings

Myofibromas are distinctly zonated lesions, with 
peripheral hyalinized, distinctly myoid-appearing areas 
surrounding a core of smaller, pericyte-like cells (Fig-
ures 7-10 and 7-11). The peripheral zone may have a  
basophilic, vaguely chondroid appearance in some cases. 
The center of the nodule may show necrosis and calcifi-
cation. The central zone of myofibroma (corresponding 

MYOPeriCYTOMA FAMiLY OF TuMOrS—FACT SHeeT

Definition
 ▸▸  Usually benign tumors of true microvascular pericytes, related to 

glomus tumors

incidence and Location
 ▸▸  Uncommon; myofibroma/myofibromatosis is the most common, 

particularly in children
 ▸▸  any cutaneous, soft tissue, bone, or visceral location

Morbidity and Mortality
 ▸▸  Solitary myofibromas and almost all myopericytomas are benign
 ▸▸  Multicentric myofibromatosis with visceral involvement results in 

death in 75% of affected infants

Sex, race, and Age Distribution
 ▸▸  Myofibromas in children are twice as common in male as female 

individuals
 ▸▸  adult myofibromas and myopericytomas occur at any age, without 

a sex predilection

Clinical Features
 ▸▸  Multicentric myofibromatosis: multiple small lesions in skin, soft 

tissue, bone, viscera
 ▸▸  Solitary myofibroma and myopericytoma: small, solitary lesion 

usually in the skin

Prognosis and Treatment
 ▸▸  excellent prognosis for solitary myofibroma and myopericytoma; 

cured with simple excision
 ▸▸  Solitary myofibromas in children may spontaneously regress
 ▸▸  extremely rare malignant myopericytomas may show aggressive 

local growth
 ▸▸  Multicentric myofibromas in infants with visceral involvement 

cause death from respiratory or gastrointestinal causes in 75% of 
cases; low-dose chemotherapy may be of benefit
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to infantile HPC) may be highly cellular, mitotically 
active and show necrosis, features that may suggest a 
sarcoma if one does not identify the better differentiated 
myoid zones. An HPC-like vascular pattern is frequently 
present in the central zone. Myofibromas in adults often 
show a “reversed” pattern of zonation, with a central 
rather than peripheral myoid zone, or may show a dis-
organized admixture of myoid and primitive-appearing 
areas. All myofibromas may show extension into small 
blood vessels at the periphery of the lesion. Myopericy-
toma and glomangiopericytoma are best thought of as 
lesions that have hybrid features somewhere between 
myofibroma and glomus tumor. These lesions are typi-
cally composed of distinctly myoid-appearing, short, 
eosinophilic, spindled cells, which are arranged around 
an HPC-like vasculature. Myoid balls, reminiscent of 
the myoid zones in myofibroma, are often present, as 
are distinctive areas of concentric perivascular growth 
(Figures 7-12 and 7-13). In some cases, the cells are 
more glomoid (corresponding to glomangiopericytoma), 
and the histologic features of these cases overlap signifi-
cantly with glomangiomyoma.

A small number of myopericytomas have been reported 
to show histologic features of malignancy, including 
cytological atypia, high mitotic activity, and aggressive 
invasion of surrounding tissues. The histologic features 

of such lesions overlap to a significant degree with those  
of malignant glomus tumors.

anCillary studies

iMMunohistoCheMistry

The peripheral zone of myofibromas and all of the 
lesional cells of myopericytoma/glomangiopericytoma 
are strongly smooth muscle actin positive, and typically 
negative for desmin and CD34. The central zone of  
myofibroma and infantile HPCs are less often actin posi-
tive. CD34 is negative in these areas as well.

genetiCs

No consistent genetic abnormality has been identified.

diFFerential diagnosis

Highly cellular myofibromas and infantile HPCs may 
be mistaken for other primitive sarcomas, in particular, 
infantile fibrosarcoma. Although infantile fibrosarcoma 
may show an HPC-like vascular pattern, it is composed 
of more spindled, cytologically atypical cells, often with 
numerous interspersed lymphocytes. Genetic study for 
the ETV-NTRK6 fusion gene may be helpful in exclud-
ing infantile fibrosarcoma in selected cases. In general, 
careful inspection of highly cellular myofibromas and 
infantile HPCs will reveal small peripheral zones of 
bland, myoid-appearing cells, a reassuring feature. Myo-
pericytomas may closely resemble angioleiomyomas, 

Figure 7-10
adult myofibroma, showing a reversed pattern of zonation, with a cen-
tral myoid area and a peripheral zone composed of rounder cells with a 
hemangiopericytomatous vascular pattern.

MYOPeriCYTOMA FAMiLY OF TuMOrS—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Nonspecific soft tissue and skin masses
 ▸▸  Central necrosis and calcification may be apparent

Microscopic Findings
 ▸▸  Myofibroma: peripheral hyalinized, myoid-appearing spindled 

zone, central zone of primitive-appearing round to short spindled 
cells with hemangiopericytomatous vasculature, calcification, and 
necrosis

 ▸▸  adult myofibromas may show inverted or disorganized zonation
 ▸▸  Infantile hpC corresponds to the central zone of myofibroma, with 

only minimal spindling
 ▸▸  Myopericytoma: myoid-appearing, short, spindled cells arranged 

around small blood vessels, hemangiopericytomatous vascular 
 pattern, glomus-like areas (glomangiopericytoma)

immunohistochemical Findings
 ▸▸  positive for smooth muscle actins; negative for desmin and CD34; 

central zone of myofibroma is less often actin positive

Differential Diagnosis
 ▸▸  Infantile fibrosarcoma (highly cellular myofibroma in children/

infantile hpC)
 ▸▸  Glomus tumor
 ▸▸  SFt/hpC
 ▸▸  angioleiomyoma
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although they tend to lack the distinctive thick-walled 
blood vessel seen in the latter lesion and are composed, 
in part, of smaller, more glomoid-appearing cells. The 
distinction between these two benign lesions may, at 
times, be arbitrary. Similarly, the distinction between 
 myopericytomas with only small areas of spindled 
growth and glomus tumors that show smooth muscle 
differentiation (glomangiomyoma) may be difficult, if 
not impossible.

Prognosis and treatMent

Solitary myofibromas and multiple myofibromas con-
fined to soft tissue and bone have an excellent progno-
sis, with many lesions regressing spontaneously and 

 others requiring little more than simple excision. Infants 
with multiple visceral myofibromas have a much more 
guarded prognosis, with death from respiratory or gas-
trointestinal causes in up to 75% of affected patients. 
Low-dose chemotherapy has shown some value in the 
treatment of infants with multiple visceral myofibro-
mas. Solitary (adult) myofibromas are entirely benign 
and require only simple excision. Most myopericytomas 
and glomangiopericytomas are histologically and clini-
cally benign, and are treated with simple excision. Rare 
malignant myopericytomas have behaved as low-grade 
sarcomas, and require more extensive surgery, possibly 
with adjuvant radiotherapy.

A

B

Figure 7-11
A, Central zone in infantile myofibroma showing primitive-appear-
ing cells arranged around a branching vasculature. So-called infantile 
hemangiopericytomas most likely represent myofibromas with predomi-
nance of these areas. B, Other areas in this tumor showed fascicles of 
myoid-appearing spindled cells and necrosis, characteristic features of 
myofibroma.

Figure 7-12
Myopericytoma showing a cellular proliferation of myoid-appearing 
spindled cells around many small vessels.

Figure 7-13
Concentric perivascular growth in myopericytoma.
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GLOMUS TUMORS (Solid Glomus Tumor, 
Glomangioma, Glomangiomyoma, Symplastic 
Glomus Tumor, Glomus Tumor of Uncertain 
Malignant Potential, Malignant Glomus 
Tumor/Glomangiosarcoma)

CliniCal Features

Glomus tumors typically occur in young adults but may 
occur at any age. No sex predilection is seen, except 
in subungual lesions, which are far more common in 
women. Glomus tumors almost always occur in the 
skin or superficial soft tissues of the distal extremities, 
although rare cases occur in deep soft tissue or viscera. 
Superficially located glomus tumors often present with 
paroxysms of pain radiating away from the lesion; these 
symptoms are often exacerbated by changes in tem-
perature, in particular, exposure to cold. Deeply seated 
glomus tumors typically have no associated symptoms. 
Glomuvenous malformations (glomangiomas) usually 
occur in children as nonpainful masses of the distal 
extremities.

PathologiC Features

gross Findings

Glomus tumors usually present as small (<1 cm) 
red-blue nodules in the skin and superficial soft tissues. 
Subungual glomus tumors may appear as areas of discol-
oration of the nail bed. Visceral glomus tumors appear 
as a nonspecific soft tissue mass.

MiCrosCoPiC Findings

Typical glomus tumors are subcategorized as solid glo-
mus tumor, glomuvenous malformation (glomangioma), 
and glomangiomyoma, depending on the relative prom-
inence of glomus cells, vascular structures, and smooth 
muscle. Glomus cells are small, uniform, rounded cells 
with a centrally placed, round nucleus and amphophilic 
to lightly eosinophilic cytoplasm (Figure 7-14). Each cell 
is surrounded by basal lamina, seen best on PAS or tolu-
idine blue histochemical stains. Solid glomus tumors are 
the most common variant, comprising approximately 
75% of cases. They are composed of nests of glomus 
cells surrounding capillary-sized vessels. The stroma 
may show hyalinization or myxoid change (Figure  
7-15). Small cuffs of glomus cells are often seen around 
small vessels located outside of the main mass. Glomuve-
nous malformations, previously termed glomangiomas, 
are characterized by a somewhat poorly circumscribed 
 proliferation of cavernous hemangioma-like vascular  

Figure 7-14
typical glomus cells with well-defined cell borders and round, regular 
nuclei with indistinct nucleoli.

Figure 7-15
hyalinization in a glomus tumor.

Figure 7-16
Glomuvenous malformation (glomangioma), consisting of a well-
 circumscribed, cavernous hemangioma-like nodule, with perivascular 
glomus cell proliferation.
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channels surrounded by small clusters of glomus cells 
(Figures 7-16 and 7-17). Glomangiomyomas are char-
acterized by a transition from typical glomus cells to 
elongated cells resembling mature smooth muscle  
(Figure 7-18).

Rare glomus tumors show striking nuclear atypia in 
the absence of any other worrisome feature (symplas-
tic glomus tumor) (Figures 7-19 and 7-20). The marked 
nuclear atypia that characterizes these tumors is believed 
to be a degenerative phenomenon. All cases reported 
to date have behaved in a benign fashion. Although a 
single mitotic figure may occasionally be identified in 
a symplastic glomus tumor, the overall rate should be 
extremely low (<1/50 hpf).

ATYPICAL AND MALIGNANT GLOMUS 
TUMORS

Table 7-1 presents a classification scheme for atypical 
glomus tumors. Histologically or clinically malignant 
glomus tumors, or both, are exceedingly rare. Two types 
of malignant glomus tumors exist. In the first type, a 
 component of preexisting benign glomus tumor is pres-
ent, often at the periphery of a larger nodule of cytologi-
cally atypical, mitotically active, spindle cell sarcoma, 
which resembles leiomyosarcoma or fibrosarcoma (Fig-
ures 7-21 and 7-22). The second type of malignant glomus 
tumor most often lacks a clear-cut benign component; in 
this variant, the malignant component retains an over-
all architectural similarity to benign glomus tumor and 

Figure 7-17
higher-power view (compared with Figure 7-16) of glomus cell clustered 
about thick-walled vessels in glomuvenous malformation.

Figure 7-18
Glomus tumor with smooth muscle differentiation (glomangiomyoma).

Figure 7-20
hyperchromatic giant cells in symplastic glomus tumor.

Figure 7-19
Symplastic glomus tumor, showing bizarre-appearing giant cells with 
hyperchromatic nuclei, in a background of typical glomus tumor.
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consists of sheets of highly malignant-appearing round 
cells, which by immunohistochemistry express smooth 
muscle actin and pericellular type IV collagen, but not 
desmin, cytokeratins, or S-100 protein (Figure 7-23). 
Glomus tumors that do not fulfill criteria for malignancy, 
but have at least one atypical feature other than nuclear 
pleomorphism, should be diagnosed as glomus tumors of 
uncertain malignant potential.

anCillary studies

iMMunohistoCheMistry

Glomus tumors of all types typically express smooth 
muscle actin and have abundant pericellular type IV colla-
gen production. Desmin and CD34 are usually negative.

genetiCs

Multiple inherited glomuvenous malformations are 
caused by mutations in the glomulin gene located on 
chromosome 1p21-22. Glomulin is a normal component 

TABLe 7-1
Classification of Atypical glomus Tumors

Category Criteria

Malignant glomus tumor high nuclear grade plus mitotic activity
or
atypical mitotic figures

Symplastic glomus tumor Marked nuclear atypia alone
Glomus tumor of uncertain malignant potential tumors not fulfilling criteria for malignancy but having at least 

one atypical feature other than pleomorphism (e.g., large 
size and deep location, without atypia or mitotic activity)

Figure 7-21
Malignant glomus tumor showing a clear transition from typical glomus 
tumor (bottom left) and leiomyosarcoma-like malignant glomus tumor 
(upper right).

Figure 7-22
Malignant-appearing, mitotically active, round to spindled cells in malig-
nant glomus tumor.

Figure 7-23
round cell pattern and necrosis in a malignant glomus tumor.
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of vascular smooth muscle during embryogenesis. The 
genetic events underlying sporadic glomus tumors are 
not known.

diFFerential diagnosis

The distinction of glomus tumors from tumors in the 
myopericytoma family of tumors is discussed earlier. 
It is likely that myopericytic and glomus tumors form 
a morphologic spectrum, and the distinction of these 
tumors may, at times, be arbitrary. SFTs/HPCs are typi-
cally larger and more deeply situated, consist of ovoid to 
spindled, rather than round cells, and are CD34 positive 
and smooth muscle actin negative. Malignant glomus 
tumors may be confused with spindle cell sarcomas, such 

as leiomyosarcoma, when they exhibit spindled growth, 
or with round cell sarcomas, when they consist entirely 
of malignant glomus cells with round cell morphology. 
Identification of areas of more typical glomus tumor and 
demonstration of the typical glomus cell immunopheno-
type are the keys to these differential diagnoses.

Prognosis and treatMent

Histologically benign glomus tumors and glomus tumor 
variants are benign neoplasms that require only simple 
excision. Symplastic glomus tumors also require only 
simple excision. Glomus tumors of uncertain malig-
nant potential should be resected with histologically 
negative margins and the patients followed closely for 
evidence of lung metastases. Histologically malignant 
glomus tumors are highly aggressive with metastases 
in approximately 40% of cases, resulting in the death 
of the patient. These should most likely be managed as 
one would a conventional leiomyosarcoma of equivalent 
stage and grade.

gLOMuS TuMOrS—FACT SHeeT

Definition
 ▸▸  Mesenchymal tumors that differentiate along the lines of glomus 

cells, modified smooth muscle cells with a thermoregulatory 
 function

incidence and Location
 ▸▸  Uncommon
 ▸▸  Most common in skin; extremely rare tumors in deep soft tissue 

and viscera

Morbidity and Mortality
 ▸▸  Overwhelming majority of glomus tumors are benign
 ▸▸  extremely rare histologically malignant examples behave as 

high-grade sarcomas with aggressive local recurrence and distant 
metastases

Sex, race, and Age Distribution
 ▸▸  Subungual glomus tumors are far more common in women
 ▸▸  Other glomus tumors usually occur in young adults, without sex 

predilection
 ▸▸  Glomuvenous malformations (glomangiomas) occur in children

Clinical Features
 ▸▸  Cutaneous and subungual tumors frequently present with pain and 

cold sensitivity
 ▸▸  Deeply seated and visceral glomus tumors are usually 

 asymptomatic
 ▸▸  Cutaneous and subungual tumors appear as small red-blue nodules 

or discoloration under the nail bed

Prognosis and Treatment
 ▸▸  Benign glomus tumors and glomuvenous malformations are benign 

and require only excision
 ▸▸  rare malignant glomus tumors may metastasize in up to 40% 

of cases and should be treated as high-grade sarcomas, akin to 
 leiomyosarcomas

 ▸▸  rare large and deep/visceral glomus tumors have uncertain 
malignant potential and should be completely resected and the 
patients followed closely for lung metastases

gLOMuS TuMOrS—PATHOLOgiC FeATureS

gross Findings
 ▸▸  red-blue cutaneous nodule
 ▸▸  Deeply seated tumors appear as nonspecific masses

Microscopic Findings
 ▸▸  Uniform round cells with well-defined cell borders and centrally 

placed, round nuclei
 ▸▸  accentuated perivascular cellularity
 ▸▸  Variably prominent vascular pattern, often hpC-like
 ▸▸  Cells may occasionally spindle and resemble smooth muscle 

 (glomangiomyoma)
 ▸▸  May be hyalinized or myxoid
 ▸▸  Glomuvenous malformations (glomangiomas) have a low-power 

architecture reminiscent of cavernous hemangioma, surrounded by 
clusters of glomus cells

 ▸▸  “Symplastic” glomus tumors show striking degenerative cytologic 
atypia in the absence of other worrisome features (e.g., large 
size, mitotic activity, necrosis)

 ▸▸  Malignant glomus tumors show high-nuclear-grade and 
mitotic activity with atypical forms, often with spindling 
 (leiomyosarcoma-like)

immunohistochemical Findings
 ▸▸  positive for smooth muscle actin and pericellular collagen type IV
 ▸▸  Negative for desmin and CD34

Differential Diagnosis
 ▸▸  Myopericytic tumors
 ▸▸  hpC/SFt
 ▸▸  Other round cell sarcomas and spindle cell sarcomas (malignant 

glomus tumors)
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Gastrointestinal stromal tumor (GIST) is the most com-
mon mesenchymal tumor of the gastrointestinal tract. 
Tremendous progress has been made in understanding 
the molecular pathogenesis of GIST. This has resulted  
in an improved ability to diagnose and prognosticate 
GIST, as well as the development of two effective tar-
geted therapies, imatinib mesylate and sunitinib male-
ate. This chapter highlights these recent developments.

CliniCal Features

GISTs tend to arise predominantly in middle-aged to 
older adults with a median age of 58 years. They are 
slightly more common in men. Approximately 60% 
arise in the stomach, and 30% arise in the small bowel; 
the other 10% arise in the esophagus, colon, rectum, 
gallbladder, appendix, omentum, mesentery, retro-
peritoneum, and pelvis. Those GISTs that arise in the 
omentum, mesentery, retroperitoneum, and pelvis are 
collectively known as extragastrointestinal stromal 
tumors. Presenting symptoms include anemia or fatigue, 
or both, caused by ulceration and bleeding, abdominal 
pain, early satiety or fullness, or abdominal distension. 
Occasionally, GISTs are discovered incidentally during 
or after surgery for other reasons such as esophagogas-
trectomy for esophageal carcinoma. A small subset of 
GISTs occurs in pediatric patients, predominantly in 
the setting of Carney’s triad (gastric GIST, extra-adrenal 
paraganglioma, and pulmonary chondroma). Patients 
with type I neurofibromatosis also have an increased 
risk for the development of GIST.

radiologiC Features

Computed tomography (CT) and magnetic resonance 
imaging (MRI) identify GISTs, and allow preoperative 
determination of size and involvement of other struc-
tures. These modalities are also useful in identifying 
metastatic lesions. Positron emission tomographic scans 
have been of particular interest in GISTs because they 
have been used to monitor response to therapy with  

imatinib mesylate (see p. 163). Finally, endoscopic ultra-
sound is being used increasingly to identify GISTs, 
because this technique is able to localize the lesion 
within the wall of the gastrointestinal tract. All of these 
imaging techniques allow localization of lesions for core 
needle biopsy or fine-needle aspiration (FNA).

PathologiC Features

gross Findings

GISTs arise most commonly from the gastrointestinal 
wall and are unilobular or multilobular with smooth, 
circumscribed borders (Figure 8-1). They can protrude 
inward, leading to ulceration of the mucosa, or out-
ward, resulting in predominantly serosal-based lesions. 
Occasionally, GISTs can be pedunculated. Some tumors 
protrude in both directions, resulting in a characteristic 
dumbbell configuration. The cut surface is fleshy and 
often cystic. Necrosis, hemorrhage, or both are common.

MiCrosCoPiC Findings

GISTs are composed of either epithelioid or spindle-
shaped cells. Many cases have combined epithelioid and 
spindle cell cytomorphologies. Epithelioid GISTs can 
exhibit either a sheet-like or nested growth pattern (Figure  
8-2), whereas spindle cell GISTs tend to adopt a fas-
cicular arrangement of the neoplastic cells (Figure 8-3).  
Cytologically, GISTs have round-to-elongated nuclei 
with fine chromatin, inconspicuous nucleoli, and abun-
dant fibrillary cytoplasm (Figure 8-4). Cardinal diagnostic 
features of GIST include lack of cytologic pleomorphism 
and low mitotic rate. These features are so consistent 
that the presence of pleomorphism or a high mitotic rate, 
or both, should lead to a re-evaluation of the diagnosis 
of GIST. GISTs frequently exhibit paranuclear vacuoles; 
sometimes these can be prominent (Figure 8-5). Spindle 
cell GISTs can show prominent nuclear palisading that 
mimics schwannoma (Figure 8-6). A small subset of 
GISTs has acellular collagen bundles known as skeinoid 
fibers that are positive by PAS staining (Figure 8-7), and 
occasional cases have scattered lymphocytes admixed 
with the lesional cells. GISTs can exhibit a variety of 
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vascular patterns ranging from inconspicuous to those 
lesions with prominent staghorn (hemangiopericytoma-
tous) vessels. The stroma is usually hyalinized but can 
be edematous and rarely myxoid.

anCillary studies

ultrastruCtural Features

Currently, ultrastructural analysis does not play an 
important role in the diagnosis of GIST. Ultrastructural 
analysis reveals a variety of features including a relative 

lack of differentiation to those lesions with incomplete 
smooth muscle differentiation or neuraxonal differen-
tiation. Importantly, GISTs lack the bundles of actin 
filaments that are characteristic of true smooth muscle 
tumors. Although a subset of GISTs previously known 
as gastrointestinal autonomic tumors (GANTs) were 
originally defined by ultrastructural analysis as possess-
ing neuraxonal differentiation as defined by bulbous 
synapse-like structures and interdigitating processes, 
it is now believed that GANT is part of the spectrum 
of GIST, and there is no need to subclassify GANTs 
because they do not possess any meaningful clinicopath-
ologic differences from GISTs.

Figure 8-1
gross appearance of gastrointestinal stromal tumor (giST).
Gross specimen showing a well-circumscribed nodule with a fleshy appear-
ance and central hemorrhage and cyst formation. Note the overlying 
ulcerated mucosa at the top.

Figure 8-2 
Histologic appearance of epithelioid gastrointestinal stromal tumor 
(giST).
epithelioid GISt with a nested architectural pattern. Other epithelioid 
gastrointestinal stromal tumors exhibit a sheet-like growth pattern.

Figure 8-3 
Histologic appearance of spindle cell gastrointestinal stromal tumor 
(giST).
a relatively hypocellular example of a spindle cell GISt with spindle-
shaped cells arranged in fascicles. the constituent cells are monomorphic 
and lack mitotic activity.

Figure 8-4 
gastrointestinal stromal tumor (giST): Fibrillary cytoplasm.
Note the fibrillary cytoplasm in this cellular spindle cell GISt. the cells 
have fine chromatin and inconspicuous nucleoli.
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iMMunohistoCheMistry

GISTs are positive for KIT (CD117) (95%) (Figure 8-8),  
CD34 (75%), and smooth muscle actin (40%). They are 
virtually always negative for S-100 protein and desmin. 
KIT staining is usually diffuse, strong, and cytoplasmic or 
membranous but can also exhibit a paranuclear globular 
staining pattern. Approximately 5% of GISTs is negative 
for KIT. The majority of these are epithelioid gastric GISTs 
with PDGFRA mutations. These cases should be referred 
to an expert consultant pathologist for verification.

CytogenetiCs

GISTs have a characteristic cytogenetic profile that 
most commonly contains loss of chromosomes 14 and 22 
and loss of material from the short arm of chromosome 1  

(Figure 8-9). Loss of material from the short arm of 
chromosomes 9 and 11 is seen less often and is associ-
ated with clinically aggressive GISTs.

dna sequenCing

Approximately 80% to 90% of GISTs contain activat-
ing KIT or PDGFRA mutations. DNA sequencing can 
be used to verify the diagnosis in difficult cases such as 
KIT immunohistochemistry-negative GIST. Currently, 
mutational analysis for KIT and PDGFRA is strongly 
encouraged if imatinib therapy is initiated for unresect-
able or metastatic disease. Mutational analysis can be 
considered for patients with primary disease, particu-
larly those with high-risk tumors.

Figure 8-5 
gastrointestinal stromal tumor (giST) with vacuolated cytoplasm.
It is not unusual to find GISts with striking cytoplasmic vacuolization. 
this feature was previously thought to be more characteristic of smooth 
muscle tumors.

Figure 8-6 
gastrointestinal stromal tumor (giST) with prominent palisading.
Many GISts exhibit extensive palisading and can mimic schwannoma. 
Immunohistochemistry for S-100 protein is useful in distinguishing GISt 
from schwannoma because it fails to exhibit immunoreactivity for S-100 
protein.

Figure 8-7 
Skeinoid fibers in gastrointestinal stromal tumor (giST).
Some GISts contain acellular collagen bundles known as skeinoid fibers, 
which are particularly prominent in this unusual example.

Figure 8-8 
KiT(CD117) staining in gastrointestinal stromal tumor (giST).
KIt (CD117) is positive in approximately 95% of GISts. Most GISts are 
diffusely and strongly positive for KIt. Note the isolated mast cells on the 
right side of the figure. these serve as an excellent internal immunohis-
tochemical control because mast cells are usually found adjacent to most 
GISts and are invariably positive for KIt.
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Fine-needle asPiration BioPsy

FNA is being used increasingly in the diagnosis of 
GIST. Cytologic preparations of GIST are cellular and 
reveal monomorphic epithelioid or spindle cell prolifera-
tions with fibrillary cytoplasm and without nuclear pleo-
morphism or prominent mitotic activity (Figure 8-10).

diFFerential diagnosis

The differential diagnosis of GIST includes true smooth 
muscle tumors, schwannoma, desmoid fibromatosis, 
carcinoma, melanoma, and other spindle cell sarcomas, 
which rarely occur in the gastrointestinal tract, such as 
synovial sarcoma. True smooth muscle tumors (leio-
myoma and leiomyosarcoma), have brightly eosinophilic 
cytoplasm and most often exhibit spindle cell morphol-
ogy but can rarely have epithelioid cytomorphology. 
Leiomyomas tend to arise from the muscularis mucosae, 
whereas leiomyosarcomas arise from the muscularis pro-
pria. In contrast with GIST, leiomyosarcomas exhibit sig-
nificant cytologic pleomorphism and mitotic activity, and 
are positive for actin and desmin and negative for KIT 
by immunohistochemistry. Gastrointestinal schwanno-
mas are most common in the stomach, arise from the 
bowel wall, and are well-circumscribed. They are usually  

surrounded by dense aggregates of lymphocytes, and 
are diffusely and strongly positive for S-100 protein and 
negative for KIT. Desmoid fibromatosis can involve the 
bowel wall and is composed of long and broad fascicles 
of monomorphous, benign-appearing spindle cells with 
palely eosinophilic cytoplasm and oval nuclei with fine 
chromatin and inconspicuous nucleoli. They have an 
infiltrative growth pattern and are negative for KIT by 
immunohistochemistry, although they exhibit variable 
(usually focal) immunoreactivity for smooth muscle 
actin, desmin, and S-100 protein. Carcinomas of the gas-
trointestinal tract can mimic spindle cell or epithelioid 
GIST. However, they are usually more pleomorphic and 
mitotically active than GIST, and are positive for cytoker-
atins and usually negative for KIT. Melanoma frequently 
metastasizes to the gastrointestinal tract, especially the 
small bowel, and can have a variety of histologic appear-
ances. Immunohistochemical studies are useful in distin-
guishing melanoma from GIST because melanomas are 
positive for S-100 protein, MelanA, HMB-45, and tyrosi-
nase. However, melanomas can exhibit immunoreactivity 
for KIT, although it is usually less extensive than GIST. 
Other primary and metastatic sarcomas are rare in the 
gastrointestinal tract and are usually negative for KIT.

Prognosis and treatMent

Most GISTs exhibit benign clinical behavior. However, 
approximately half of lesions have the ability to recur 
locally and metastasize distantly. GISTs have a tendency 
for intra-abdominal spread and metastasize almost exclu-
sively to the liver. Lymph node metastasis is extremely 
rare, as is spread outside of the abdominal cavity. The 
most common site of metastasis outside of the abdomen 

1

6 7 8 9 10 11 12

181716151413

19 20 21 22

Sex Chromosomes

2 3 4 5

Figure 8-9 
Cytogenetic profile of gastrointestinal stromal tumor (giST).
Loss of material from the short arm of chromosome 1 (red arrow) and 
monosomy for chromosomes 14 (green arrow) and 22 (blue arrow) are 
the most common cytogenetic findings in GISt. Loss of material from the 
short arm of chromosomes 9 and 11 is less common and is associated with 
aggressive clinical behavior.

Figure 8-10 
Cytology of gastrointestinal stromal tumor (giST).
Fine-needle aspiration (FNa) smear. this smear from an FNa of a gastric 
lesion consists of a hypercellular proliferation of monomorphic spindle 
cells with fibrillary cytoplasm and a relative paucity of mitotic figures.
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is the lungs. Many prognostic factors have been studied 
in GIST, but anatomic location, mitotic rate, and size are 
most predictive of behavior. Instead of dividing GISTs 
into benign and malignant categories, a strategy of 
risk stratification based on anatomic location, size, and 
mitotic activity is recommended (Table 8-1).

It has been realized that approximately 95% of GISTs 
possess activating mutations within the KIT tyrosine 
kinase growth factor receptor. In addition, platelet-derived 
tyrosine kinase growth factor α receptor (PDGFR α)  
harbors activating mutations in a small percentage of 
GISTs that lack KIT activation. KIT and PDGFRα acti-
vation results in ligand-independent constitutive activa-
tion, which is central to promoting oncogenesis. This is 
important because it is possible to target these oncogenic 
pathways with imatinib mesylate, a small-molecule ATP 
analogue, which inhibits both KIT and PDGFRα. This 
therapy has been shown to be useful in the treatment of 
the majority of GISTs (Figure 8-11). Variability exists 
in the exons that are mutated in KIT and PDGFRα, 
and response to imatinib is dependent on the site of the 
mutation. Fortunately, the largest number of mutations 
occurs in exon 11 of KIT, and tumors harboring these 
mutations respond well to imatinib. For those lesions 
that do not respond to imatinib or for those that become 
resistant to imatinib after an initial response, sunitinib 
maleate has been approved by the U.S. Food and Drug 
Administration. Sunitinib is also a small-molecule ATP 
that binds to and inhibits KIT. 

Table 8-1
approach for Defining risk for aggressive behavior in gastrointestinal Stromal Tumors: risk Stratification of Primary 

gastrointestinal Stromal Tumor by Mitotic index, Size, and Site

risk for progressive Disease*(%)

Mitotic Index Size Gastric Duodenum Jejunum/Ileum rectum

≤5/50 high-power 
fields

≤2 cm None (0%) None (0%) None (0%) None (0%)

>2 ≤ 5 cm Very low (1.9%) Low (8.3%) Low (4.3%) Low (8.5%)
>5 ≤ 10 cm Low (3.6%) Insufficient data Moderate (24%) Insufficient data
>10 cm Moderate (10%) high (34%) high (52%) high (57%)

>5/50 high-power 
fields

≤2 cm None to small number  
of cases

Insufficient data high to small number  
of cases

high (54%)

>2 ≤ 5 cm Moderate (16%) high (50%) high (73%) high (52%)
>5 ≤ 10 cm high (55%) Insufficient data high (85%) Insufficient data
>10 cm high (86%) high (86%) high (90%) high (71%)

Data are based on long-term follow-up of 1055 gastric, 629 small intestinal, 144 duodenal, and 111 rectal gastrointestinal stromal 
tumors.
*Defined as metastasis or tumor-related death.
adapted from Miettinen M, Lasota J: Gastrointestinal stromal tumors: pathology and prognosis at different sites. Semin Diagn 
pathol 2006;23:70–83, by permission. 

Figure 8-11
Treatment of gastrointestinal stromal tumor (giST) by imatinib 
mesylate (gleevec).
Sequential positron emission tomography (pet) scans with fluorodeoxy-
glucose in a patient with disseminated GISt. Numerous metastases in the 
liver and upper abdomen are metabolically active before administration 
of imatinib (a), whereas the lesions have lost metabolic activity 5 weeks 
after administration of imatinib (b). 
(From Joensuu h, roberts pJ, Sarlomo-rikala M, et al: effect of the 
tyrosine kinase inhibitor StI571 in a patient with a metastatic gas-
trointestinal stromal tumor. N engl J Med 2001;344:1052–1056, by 
permission.)



Chapter 8 Gastrointestinal Stromal tumor 163
SuggeSTeD reaDiNg

	1.	 	Demetri GD, Benjamin rS, Blanke CD, et al: NCCN task force report: man-
agement of patients with gastrointestinal stromal tumor (GISt) – update 
of the NCCN clinical practice guidelines. J Natl Compr Canc Netw 2007;  
5 Suppl 2:S1–S29.

 2.  heinrich MC, Corless CL, Demetri GD, et al: Kinase mutations and 
imatinib response in patients with metastatic gastrointestinal stro-
mal tumor. J Clin Oncol 2003;21:4342–4349.

 3.  heinrich MC, Corless CL, Duensing a, et al: pDGFra activating muta-
tions in gastrointestinal stromal tumors. Science 2003;299:708–710.

 4.  hirota S, Isozaki K, Moriyama Y, et al: Gain-of-function muta-
tions of c-kit in human gastrointestinal stromal tumors. Science 
1998;23:577–580.

 5.  Medeiros F, Corless CL, Duensing a, et al: KIt-negative gastrointes-
tinal stromal tumors: proof of concept and therapeutic implications. 
am J Surg pathol 2004;28:889–894.

 6.  Miettinen M, Lasota J: Gastrointestinal stromal tumors: pathology 
and prognosis at different sites. Semin Diagn pathol 2006; 23:70–83.

 7.  rubin Bp: Gastrointestinal stromal tumours: an update. histopathol-
ogy 2006;48:83–96.

 8.  rubin Bp, heinrich MC, Corless CL: Gastrointestinal stromal tumour.  
Lancet 2007;369:1731–1741, 2007.

gaSTrOiNTeSTiNal STrOMal TuMOr—FaCT SHeeT

Definition
 ▸▸  Most common mesenchymal neoplasm that arises primarily in the 

gastrointestinal tract

incidence and location
 ▸▸  annual incidence of approximately 6000 new cases in the United 

States each year
 ▸▸  Gastrointestinal GISts arise in the stomach (60%), small bowel 

(30%), esophagus, colon, rectum, gallbladder, and appendix (10%)
 ▸▸  extragastrointestinal GISts are rare and arise in the omentum, 

mesentery, retroperitoneum, and pelvis

Morbidity and Mortality
 ▸▸  range of clinical behavior from benign/low-grade to fully  

malignant lesions
 ▸▸  Malignant lesions can cause death because of liver metastasis or 

intra-abdominal dissemination

Sex, race, and age Distribution
 ▸▸  Slightly more common in men
 ▸▸  tend to arise in adults, with median age of 58 years
 ▸▸  Can arise in children and young adults, especially in the setting 

of Carney’s triad

Clinical Features
 ▸▸  presenting symptoms include anemia or fatigue, or both, caused 

by ulceration/bleeding, abdominal pain, early satiety, abdominal 
distension

 ▸▸  Incidental lesions are identified in resection specimens that are 
resected for other reasons, such as gastrectomy for gastric carcinoma

 ▸▸  Most pediatric cases are associated with Carney’s triad (gastric 
GISt, extra-adrenal paraganglioma, and pulmonary chondroma)

radiologic and endoscopic Features
 ▸▸  Seen on Ct and MrI
 ▸▸  endoscopic ultrasound useful

Prognosis and Treatment
 ▸▸  prognosis is related to risk for aggressive behavior
 ▸▸  Surgery is the treatment of choice for localized lesions
 ▸▸  Imatinib mesylate (Gleevec) is useful in the treatment of  

unresectable GISts

gaSTrOiNTeSTiNal STrOMal TuMOr—PaTHOlOgiC FeaTureS

gross Findings
 ▸▸  Commonly arise from wall of the gastrointestinal tract
 ▸▸  Unilobular or multilobular with smooth, circumscribed borders
 ▸▸  Ulceration common
 ▸▸  Serosal-based pedunculated lesions occur
 ▸▸  Cut surface is fleshy, often cystic
 ▸▸  Necrosis, hemorrhage, or both are common

Microscopic Findings
 ▸▸  Spindle cell lesions arranged in fascicles
 ▸▸  epithelioid lesions arranged in nests or sheets
 ▸▸  Many cases have combined epithelioid and spindle cell  

cytomorphology
 ▸▸  Cells have nuclei with fine chromatin and abundant fibrillary cytoplasm

 ▸▸  relatively few mitotic figures
 ▸▸  pleomorphism rare
 ▸▸  Some lesions have extensive paranuclear vacuolization, prominent 

nuclear palisading, or skeinoid fibers

ultrastructural Features
 ▸▸  relative lack of differentiation; “incomplete” smooth muscle or 

neuroaxonal differentiation

immunohistochemical Features
 ▸▸  95% of cases diffusely and strongly positive for KIt (CD117) in 

membranous, cytoplasmic, or globular pattern
 ▸▸  positive for CD34 (75%), smooth muscle actin (40%)
 ▸▸  Negative for desmin and S-100 protein

Cytogenetics
 ▸▸  Loss of chromosomes 14 and 22, and loss of material from short 

arm of chromosome 1 most common
 ▸▸  also see loss of material from short arm of chromosomes 9 and 11

Fine-Needle aspiration biopsy Findings
 ▸▸  Cellular monomorphic epithelioid and spindle cell proliferations
 ▸▸  Fibrillary cytoplasm without nuclear pleomorphism or prominent 

mitotic activity

Differential Diagnosis
 ▸▸  true smooth muscle tumors: leiomyoma and leiomyosarcoma
 ▸▸  Schwannoma
 ▸▸  Desmoid fibromatosis
 ▸▸  Melanoma
 ▸▸  Carcinoma
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REACTIVE VASCULAR PROLIFERATIONS
•  Papillary Endothelial Hyperplasia
•  Pyogenic Granuloma (Lobular Capillary 

 Hemangioma)
•  Bacillary Angiomatosis
•  Glomeruloid Hemangioma
BENIGN VASCULAR TUMORS
•  Capillary Hemangioma
•  Cavernous Hemangioma
•  Spindle Cell Hemangioma
•  Deeply Located Hemangiomas Including  

Angiomatosis
•  Epithelioid Hemangioma (Angiolymphoid 

 Hyperplasia with Eosinophilia)
VASCULAR TUMORS OF INTERMEDIATE 
(BORDERLINE) MALIGNANCY: 
 HEMANGIOENDOTHELIOMAS
•  Kaposiform Hemangioendothelioma
•  Dabska-Type (Papillary Intralymphatic  

Angioendothelioma) and Retiform 
 Hemangioendotheliomas

•  Epithelioid Hemangioendothelioma
FULLY MALIGNANT VASCULAR TUMORS
•  Angiosarcoma
•  Kaposi Sarcoma
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REACTIVE VASCULAR PROLIFERATIONS

PAPILLARY ENDOTHELIAL HYPERPLASIA

CliniCal Features

Papillary endothelial hyperplasia (PEH) may occur in 
any location, but most commonly presents in the super-
ficial soft tissues of the extremities, head, and neck. The 
thumb is a particularly common location for this pro-
cess. A history of trauma is occasionally present. PEH 
may also be superimposed on a preexisting benign vas-
cular lesion, such as an intramuscular hemangioma.

PathologiC Features

gross Findings

PEH typically presents as a small, firm, red-to-blue 
mass in the superficial soft tissues. Most cases are intra-
vascular, and the lesion may be surrounded by the rem-
nants of a vessel wall or by a fibrous pseudocapsule.

MiCrosCoPiC Findings

PEH usually begins within a thrombosed blood 
 vessel, and abundant thrombotic material is usually 
present (Figure 9-1). On occasion, the process may 
extend beyond the vessel wall, and thrombotic mate-
rial and proliferating endothelial cells may be seen in 
the adjacent soft tissues. Early lesions show ingrowth 
of endothelial cells into the thrombus, with the forma-
tion of pseudopapilla. These papillae are lined by plump, 
normochromatic endothelial cells, which grow in a sin-
gle, nonstratified layer (Figure 9-2). Mitotic activity may 
rarely be focally present. In more fully developed lesions, 
the endothelial proliferation may create the appearance 
of interanastomosing vascular channels, simulating 
angiosarcoma. The bland appearance of the endothe-
lial cells, the overall circumscription of the lesion, and 
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 recognition of the typical features of PEH are the keys to 
avoiding this serious misdiagnosis. PEH may also occur 
within other vascular tumors, such as hemangiomas 
(Figures 9-3 and 9-4).

anCillary studies

iMMunohistoCheMistry

The cells of PEH are differentiated endothelial cells, 
which express markers such as CD31, CD34, FLI1 pro-
tein, and von Willebrand factor (vWF, factor VIII–related 
protein). Immunohistochemistry is seldom necessary in 
arriving at this diagnosis.

diFFerential diagnosis

As noted earlier, the most important differential diag-
nostic consideration is angiosarcoma. Most angiosarco-
mas will present as larger masses, with clear-cut nuclear 
atypism, frequent mitotic figures, and necrosis. Unlike 
PEH, which shows overall low-power circumscription, 
angiosarcomas are diffusely infiltrating lesions. Many 
cases of PEH arise within blood vessels, a distinctly 
unusual feature in angiosarcoma. It is important to 
remember that PEH may engraft itself on essentially 
any vascular tumor, as well as onto areas of hemor-
rhage and thrombosis within other types of tumors. 
Thus, one should always hunt carefully for any evi-
dence of a preexisting neoplasm, particularly in deep 
locations.

Figure 9-2
high-power view of papillary endothelial hyperplasia. Note the bland 
cytologic features of the endothelial cells and the absence of endothelial 
cell stratification.

Figure 9-3
Capillary hemangioma with superimposed thrombosis and papillary 
endothelial hyperplasia. papillary endothelial hyperplasia may occur as a 
secondary change in any type of vascular tumor.

Figure 9-4
Organized papillary endothelial hyperplasia within a hemangioma, creat-
ing a sinusoidal pattern.

Figure 9-1
Intravascular papillary endothelial hyperplasia showing a cellular prolif-
eration of benign endothelial cells within an organizing thrombus.
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Prognosis and treatMent

PEH is a reactive lesion that requires only simple 
 excision.

PYOGENIC GRANULOMA (Lobular  
Capillary Hemangioma)

CliniCal Features

Pyogenic granulomas typically occur on the mucosal 
surfaces, particularly the mouth, and the skin. Lesions 
may occasionally be multiple and arise after trauma in 
roughly one-third of cases. The tumors often have an 

initial period of rapid growth, followed by stabilization 
and occasionally regression. Identical mucosal lesions 
may arise spontaneously during pregnancy (granuloma 
gravidarum). Rarely, this process may occur within a 
small vein, so-called intravascular pyogenic granuloma.

PathologiC Features

gross Findings

Pyogenic granulomas are typically small, polypoid 
lesions, which are often ulcerated and friable.

MiCrosCoPiC Findings

At low-power magnification, pyogenic granulomas 
are exophytic, polypoid masses that often are sur-
rounded by an epidermal collarette (Figure 9-5). The 

Figure 9-5
Ulceration and polypoid growth pattern in pyogenic granuloma.

Figure 9-6
pyogenic granuloma, with a lobular proliferation of well-formed capillaries 
lined by plump endothelial cells, with numerous stromal neutrophils.

Figure 9-7
Intravascular pyogenic granuloma (intravascular lobular capillary hem-
angioma).

Figure 9-8
as in their more common extravascular counterparts, intravascular pyogenic 
granulomas show a lobular growth pattern of well-formed capillaries.
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lesions are well circumscribed and distinctly lobular, 
with central larger vessels and peripheral aggregates 
of well-formed capillaries. A mixed acute and chronic 
inflammatory cell infiltrate is almost always present, 
similar to that seen in granulation tissue (Figure 9-6). 
Mitotic activity is often brisk. Necrosis may be seen in 
association with surface ulceration. Lesions identical 
to pyogenic granuloma/lobular capillary hemangioma 
may also occasionally be seen in intravascular loca-
tions (intravascular pyogenic granuloma) (Figures 9-7 
and 9-8).

anCillary studies

iMMunohistoCheMistry

The cells of pyogenic granuloma express endothelial 
markers such as CD31, CD34, FLI1 protein, and vWF.

diFFerential diagnosis

The sometimes high cellularity and brisk mitotic activ-
ity of pyogenic granuloma occasionally create concern 
for an angiosarcoma. The most important features 
 distinguishing these two entities are the circumscrip-
tion and lobular growth pattern seen in pyogenic gran-
uloma and absent in angiosarcoma. Kaposi sarcoma 
(KS) may, on occasion, show superficial zones with a 
vaguely lobular growth pattern, suggestive of pyogenic 
granuloma. However, examination of deeper portions 
of the biopsy will invariably reveal infiltrative growth, 
with formation of slit-like vascular spaces by hyper-
chromatic, vaguely myoid-appearing spindled cells. In 

difficult cases, immunohistochemistry for human her-
pes virus type 8 (HHV-8) latency-associated nuclear 
antigen (LANA) protein (present in KS, absent in 
pyogenic granuloma) may be helpful. It is also impor-
tant to recognize that areas reminiscent of pyogenic 
granuloma may be seen at the surface of almost any 
ulcerated lesion, including oral squamous cell carcino-
mas, for example, and one should carefully examine 
the entire specimen, including the deepest portions, 
before definitely making this diagnosis.

Prognosis and treatMent

Pyogenic granulomas are usually cured with simple exci-
sion. These lesions may recur locally in 10% to 15% of 
cases, particularly when incompletely excised, and occa-
sionally recur as multiple satellite lesions.

BACILLARY ANGIOMATOSIS

CliniCal Features

Bacillary angiomatosis is a reactive vascular prolifera-
tion caused by infection with the bacteria Bartonella 
henselae and Bartonella quintana. It occurs almost exclu-
sively in immunocompromised patients, typically men 
with human immunodeficiency virus (HIV) infection, 
and usually presents as multiple, elevated, pink skin or 
mucosal lesions. This process may also involve visceral 
organs, such as the liver, where it produces peliosis.

Figure 9-9
Bacillary angiomatosis, presenting as an ulcerated dermal nodule com-
posed of blood vessels lined by epithelioid endothelial cells in association 
with marked acute inflammation.

Figure 9-10
high-power view of bacillary angiomatosis, showing epithelioid endothe-
lial cells, neutrophils, and eosinophilic debris.
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PathologiC Features

MiCrosCoPiC Findings

Bacillary angiomatosis usually shows a vaguely lobu-
lar growth pattern, with capillary-sized vessels lined 
by epithelioid endothelial cells with clear cytoplasm 
 (Figure 9-9). Numerous stromal neutrophils are seen, 
as are amorphous, eosinophilic aggregates that contain 
fibrin and bacilli (Figure 9-10). The bacilli may be iden-
tified with a Warthin–Starry stain. In the liver, peliosis 
hepatis is seen, with surrounding aggregates of fibrin 
and bacilli.

anCillary studies

The cells of bacillary angiomatosis have a typical endo-
thelial immunophenotype.

diFFerential diagnosis

Occasionally, the vaguely lobular growth pattern and the 
clear endothelial cells may be relatively inapparent, and 
bacillary angiomatosis may closely resemble ordinary 
granulation tissue. Clinical correlation may be valuable 
here. Careful inspection should reveal the characteris-
tic clear endothelial cells and eosinophilic debris seen 
in bacillary angiomatosis. The clinical setting of bacil-
lary angiomatosis also often raises the possibility of KS, 
a lesion that shows as its hallmark spindled cells form-
ing slit-like vascular spaces, rather than lobules of clear, 
epithelioid cells.

Prognosis and treatMent

Therapy of bacillary angiomatosis is aimed at eradicat-
ing the underlying infectious causative agent, most often 
with erythromycin.

GLOMERULOID HEMANGIOMA

CliniCal Features

Glomeruloid hemangioma is an extremely rare reactive 
vascular proliferation seen in patients with POEMS 
syndrome (polyneuropathy, organomegaly, endocri-
nopathy, M-protein, skin lesions). Such lesions are 
seen in roughly 25% to 45% of patients with this 
syndrome. Although patients with POEMS syndrome 
may present with other benign vascular tumors (e.g., 
microvenular hemangioma, cherry hemangioma), glo-
meruloid hemangiomas appear to be specific to this 
syndrome.

PathologiC Features

gross Findings

Glomeruloid hemangiomas present as small, red-to-
violaceous cutaneous papules, usually on the trunk and 
proximal extremities.

MiCrosCoPiC Findings

Glomeruloid hemangiomas are dermal lesions, 
consisting of collections of ectatic small vessels con-
taining intraluminal nests of proliferating capillaries, 
resembling glomeruli. A distinctive feature is the pres-
ence of large, vacuolated endothelial cells that contain 

reACTiVe VASCuLAr PrOLiFerATiONS—FACT SHeeT

Definition
 ▸▸  reactive proliferations of endothelial cells, sometimes with known 

infectious or paraneoplastic causative agents

incidence and Location
 ▸▸  rare
 ▸▸  typically cutaneous or mucosal

Morbidity and Mortality
 ▸▸  pyogenic granulomas are entirely benign
 ▸▸  Bacillary angiomatosis responds to antibiotics and treatment of 

underlying immunosuppression
 ▸▸  Glomeruloid hemangioma is seen with pOeMS syndrome, which has 

a 5-year survival rate of only 60%

Sex, race, and Age Distribution
 ▸▸  None for pyogenic granuloma
 ▸▸  Bacillary angiomatosis is more common in hIV-positive men but 

may be seen in any immunosuppressed patient
 ▸▸  Glomeruloid hemangioma occurs in older patients of either sex

Clinical Features
 ▸▸  pyogenic granuloma presents as an ulcerated, polypoid mass
 ▸▸  Bacillary angiomatosis presents as multiple, elevated, pink skin or 

mucosal lesions
 ▸▸  Glomeruloid hemangioma presents as small, red-to-violaceous 

cutaneous papules, usually on the trunk and proximal extremities

Prognosis and Treatment
 ▸▸  excellent prognosis for pyogenic granulomas with simple excision
 ▸▸  Bacillary angiomatosis has excellent prognosis with antibiotic therapy, 

particularly if underlying immunosuppression can be corrected
 ▸▸  Glomeruloid hemangioma is treated with simple excision; treatment 

of underlying cause of pOeMS syndrome may be more difficult



Chapter 9 Vascular tumors of Soft tissue 169
eosinophilic proteinaceous material (polytypic immu-
noglobulin).

anCillary studies

iMMunohistoCheMistry

Glomeruloid hemangiomas express markers of nor-
mal endothelium, such as CD31, CD34, and vWF.

diFFerential diagnosis

The differential diagnosis of glomeruloid hemangioma 
is principally with other vascular tumors that contain 
intraluminal papillations. PEH contains thrombotic 
material, shows fibrous stalks lined by plump endothe-
lial cells, and lacks vacuolated cells with eosinophilic 
inclusions. Papillary intralymphatic angioendothelioma 
(Dabska tumor, malignant endovascular papillary angio-
endothelioma) almost always occurs in young children 
and shows dilated, lymphatic-like spaces, surround-
ing fibrosis, and hyalinized papillae lined by hyper-
chromatic, “hobnailed” endothelial cells. Intravascular  
pyogenic granuloma occurs within larger vessels and 
shows a distinctly lobular growth pattern.

Prognosis and treatMent

Glomeruloid hemangioma is a reactive lesion that 
requires only simple excision. Patients with POEMS 
syndrome have a poor prognosis, with a 5-year survival 
rate of approximately 60%.

BENIGN VASCULAR TUMORS

CAPILLARY HEMANGIOMA

CliniCal Features

Capillary hemangiomas are the most common subtype of 
hemangiomas; they are also the most common subtype 
of soft tissue tumor in infants and children. Many capil-
lary hemangiomas present either at birth or immediately 
thereafter and show an initial period of rapid growth, 
followed by stabilization and eventual involution. In 
approximately 15% to 20% of infantile cases, multiple 
hemangiomas are seen. Rare familial capillary hemangi-
oma syndromes have been reported, in association with 
mutations in chromosome 5. The skin and oral mucosa 
are by far the most common locations for capillary hem-
angiomas, although they may occur in essentially any 
location, including the viscera. In infants, extremely 
large capillary hemangiomas of the head and neck may 
be seen as part of the PHACES syndrome (posterior fossa 
abnormalities, hemangiomas of the cervicofacial region, 
arterial, cardiac, and ocular abnormalities, sternal cleft-
ing). Also, in infants, lumbosacral hemangiomas have 
been associated with occult spinal malformations and 
other anomalies.

PathologiC Features

gross Findings

Great variation exists in the gross appearance of cap-
illary hemangiomas, depending on their size and depth. 
Small, superficial hemangiomas may appear as red mac-
ules, whereas larger, deeper hemangiomas may appear 
as firm, blue–violet, tumorous masses.

MiCrosCoPiC Findings

All capillary hemangiomas grow as multinodular, 
well-circumscribed, distinctly lobular proliferations of 
well-formed capillaries, lined by bland endothelial cells 
(Figures 9-11 and 9-12). In very young children, these 
lesions may be highly cellular and solid appearing, with 

reACTiVe VASCuLAr PrOLiFerATiONS—PATHOLOgiC FeATureS

gross Findings
 ▸▸  polypoid mucosal tumor or erythematous skin lesion

Microscopic Findings
 ▸▸  Lobular proliferation of mitotically active, bland endothelial 

cells in association with ulceration and neutrophilic infiltrate in 
 pyogenic granuloma

 ▸▸  Vaguely lobular growth pattern, capillary-sized vessels  
lined by epithelioid endothelial cells with clear cytoplasm, 
numerous stromal neutrophils and amorphous, eosinophilic 
aggregates that contain fibrin and bacilli in bacillary 
 angiomatosis

 ▸▸  ectatic small vessels that contain intraluminal nests of proliferating 
capillaries, resembling glomeruli, with large, vacuolated endothelial 
cells that contain eosinophilic proteinaceous material in glomeru-
loid hemangioma

immunohistochemical Findings
 ▸▸  expression of CD31, CD34, FLI-1 protein, and vWF

Differential Diagnosis
 ▸▸  pyogenic granuloma: angiosarcoma, KS, reactive vascular 

 proliferations overlying other pathology
 ▸▸  Bacillary angiomatosis: granulation tissue, KS
 ▸▸  Glomeruloid hemangioma: Dabska tumor, peh



BONe aND SOFt tISSUe pathOLOGY170
only subtle lumen formation, caused by protrusion of 
the plump endothelial cells into the lumens and the 
large numbers of pericytic cells (juvenile hemangioma) 
(Figures 9-13 and 9-14). Mitotic figures may be present. 
Such lesions may be confused with a variety of pediat-
ric round cell malignancies. In older patients (and older 
tumors), lumen formation is typically much more obvi-
ous, because the endothelial cells flatten out and the 
individual vessels are surrounded by increasing amounts 
of fibrous connective tissue (Figures 9-15 and 9-16). Old 
lesions may be largely fibrotic, with only scattered, thin-
walled vessels arranged in a vaguely lobular pattern.

Figure 9-11
typical capillary hemangioma, with a pronounced lobular pattern and 
numerous small capillaries.

Figure 9-12
Small, well-formed capillaries lined by bland endothelial cells in capillary 
hemangioma.

Figure 9-13
Cellular capillary hemangioma in a child. the cellularity of these lesions may 
suggest a round cell sarcoma, particularly in thick sections. Low-power iden-
tification of the typical lobular growth pattern is helpful in this situation.

Figure 9-14
although the cellularity of some capillary hemangiomas in children may 
obscure the lobular growth pattern, careful inspection of well-prepared 
sections will always show this feature, at least focally.

Figure 9-15
atrophic capillary hemangioma in an adult, showing stromal fibrosis and 
a lobular growth pattern.
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anCillary studies

iMMunohistoCheMistry

Capillary hemangiomas, particularly cellular juvenile 
variants, typically contain both endothelial cells (CD31, 
CD34, vWF positive) and pericytic cells (smooth muscle 

actin positive). The glucose transporter protein GLUT1 
is expressed in all juvenile capillary hemangiomas but 
not in other vascular malformations or neoplasms; this 
finding may suggest differentiation along the lines of 
placental capillary endothelium, rather than normal 
adult capillary endothelium.

diFFerential diagnosis

Highly cellular juvenile capillary hemangiomas may 
be mistaken for a pediatric round cell malignant neo-
plasm, such as Ewing sarcoma or rhabdomyosarcoma. 
This is particularly true if one is evaluating overly thick 
 sections. Careful evaluation of properly prepared sec-
tions from even the most cellular juvenile hemangioma 
will reveal subtle lumen formation, often seen best at 
the periphery of the tumor. In addition, juvenile heman-
giomas are well-circumscribed, unlike malignant round 
cell tumors, which are infiltrative. Immunohistochemi-
cal demonstration of endothelial marker expression may 
be helpful, especially in cellular cases. Large capillaryin cellular cases. Large capillary cellular cases. Large capillary 
hemangiomas may also be confused with kaposiform 
hemangioendothelioma (KHE) and vice versa. KHEs 
are usually larger than capillary hemangiomas and have 
infiltrative margins. Although KHEs do show vaguely 
lobular zones composed of well-formed capillaries, 
they also contain areas composed of spindled cells that 
form slit-like vascular spaces, glomeruloid structures 
that contain fibrin microthrombi and fibrotic stroma, 
features not seen in capillary hemangioma. KHEs do 
not express GLUT1 protein, unlike cellular capillary 
 hemangiomas.

CAPiLLArY HeMANgiOMA—FACT SHeeT

Definition
 ▸▸  Benign, regressing tumor of endothelial cells

incidence and Location
 ▸▸  Most common soft tissue tumor of childhood
 ▸▸  Most common in the skin; may involve any location

Morbidity and Mortality
 ▸▸  Benign, frequently regress spontaneously
 ▸▸  Large capillary hemangiomas may be cosmetically deforming
 ▸▸  Some are associated with various syndromes and congenital  

malformations

Sex, race, and Age Distribution
 ▸▸  No race or sex predilection
 ▸▸  Infants and young children

Clinical Features
 ▸▸  Small, superficial hemangiomas appear as red macules
 ▸▸  Larger, deeper hemangiomas appear as firm, blue–violet, tumorous 

masses

Prognosis and Treatment
 ▸▸  Many spontaneously regress
 ▸▸  Interferon therapy effective for large tumors in potentially  

dangerous locations
 ▸▸  antiangiogenic therapy may also be effective for some

CAPiLLArY HeMANgiOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  polypoid mucosal tumor or erythematous skin lesion

Microscopic Findings
 ▸▸  Multinodular, well-circumscribed, distinctly lobular proliferations 

of well-formed capillaries, lined by bland endothelial cells
 ▸▸  May be highly cellular, mitotically active, and solid appearing in 

young children
 ▸▸  Old lesions may be largely fibrotic, with only scattered,  

thin-walled vessels arranged in a vaguely lobular pattern

immunohistochemical Findings
 ▸▸  express CD31, CD34, FLI-1 protein, and vWF
 ▸▸  GLUt-1 positive

Differential Diagnosis
 ▸▸  Khe
 ▸▸  pediatric round cell tumors

Figure 9-16
In older adults, capillary hemangiomas may have a vaguely infiltrative 
appearance, because of an increase in stromal collagen and flattening of 
the blood vessels.
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Prognosis and treatMent

Treatment of capillary hemangiomas is based on the age 
of the patient, and the location and size of the tumors. 
Many tumors in children will spontaneously involute, 
and these can simply be followed clinically. Larger tumors 
or those that affect vital structures have been success-
fully treated with glucocorticosteroids or interferon-α, 
or both. A role for antiangiogenesis agents in the treat-
ment of unresectable tumors has also been proposed.

CAVERNOUS HEMANGIOMA

CliniCal Features

Cavernous hemangiomas also usually occur in young 
children but are far less frequent than are capillary 
hemangiomas. Cavernous hemangiomas tend to be 
larger than capillary hemangiomas and more frequently 
involve deep structures, with the liver being a particu-
larly common site of visceral involvement. They tend 
to be less well-circumscribed. Unlike capillary heman-
giomas, cavernous hemangiomas do not regress. Cavern-
ous hemangiomas may be associated with consumptive  

coagulopathy (Kasabach–Merritt syndrome). The asso-
ciation of cavernous hemangiomas of the skin and gas-
trointestinal tract has been referred to as the blue rubber 
bleb nevus syndrome.

PathologiC Features

gross Findings

Cavernous hemangiomas may appear as irregular red-
dish lesions when they involve the skin, or may appear 
blue or even nonpigmented when they present in deeper 
soft tissues. On cut section, a sponge-like appearance is 
common.

MiCrosCoPiC Findings

Cavernous hemangiomas consist of large, dilated, 
blood-filled spaces, often with fibrotic walls (Figure 9-17).  
The tumors may be vaguely lobular or consist of elabo-
rately interanastomosing vascular spaces, resembling a 
sponge. Thrombosis and calcification are common find-
ings, and osseous metaplasia may occasionally be seen. 
The lining endothelium is usually flattened (Figure 9-18).  
On occasion, thrombosis and recanalization may 
produce a sinusoidal pattern (so-called sinusoidal 
 hemangioma).

anCillary studies

The cells of cavernous hemangioma have a typical endo-
thelial immunophenotype.

CAVerNOuS HeMANgiOMA—FACT SHeeT

Definition
 ▸▸  Benign, nonregressing tumor of endothelial cells

incidence and Location
 ▸▸  Less common than capillary hemangioma
 ▸▸  More frequently involve deep structures, particularly the liver

Morbidity and Mortality
 ▸▸  Benign, do not regress spontaneously
 ▸▸  May be associated with consumptive coagulopathy  

(Kasabach–Merritt syndrome)

Sex, race, and Age Distribution
 ▸▸  No race or sex predilection
 ▸▸  Infants and young children
 ▸▸  Liver lesions are common in adults

Clinical Features
 ▸▸  Cutaneous tumors are irregular and reddish
 ▸▸  May appear blue or even nonpigmented when they present in 

deeper soft tissues

Prognosis and Treatment
 ▸▸  Nonregressing
 ▸▸  Do not respond to interferons or antiangiogenic therapy
 ▸▸  require surgical treatment

CAVerNOuS HeMANgiOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Sponge-like appearance, bloody

Microscopic Findings
 ▸▸  Large, dilated, blood-filled spaces with flattened endothelial  

lining, often with fibrotic walls
 ▸▸  May be vaguely lobular or consist of elaborately  

interanastomosing vascular spaces, resembling a sponge
 ▸▸  thrombosis and calcification commonly seen
 ▸▸  thrombosis and recanalization may produce a sinusoidal pattern

immunohistochemical Findings
 ▸▸  express CD31, CD34, FLI-1 protein, and vWF
 ▸▸  GLUt-1 negative

Differential Diagnosis
 ▸▸  angiosarcoma
 ▸▸  SCh
 ▸▸  Capillary hemangioma
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diFFerential diagnosis

Thrombosis, recanalization, and PEH may occur 
within a preexisting cavernous hemangioma and may 
impart the appearance of elaborately interanastomos-
ing vascular channels, worrisome for angiosarcoma. 
Low-power examination, however, reveals these lesions 
to be well circumscribed at the periphery, unlike the 
diffusely infiltrating growth seen in angiosarcoma. 
Angiosarcomas will also show nuclear atypia, mitotic 
activity, and frequently necrosis. Spindle cell heman-
gioma (SCH; spindle cell hemangioendothelioma) typi-
cally displays areas identical to cavernous hemangioma, 
admixed with spindled zones reminiscent of KS, and 
distinctive vacuolated endothelial cells. Recognition 
of this characteristic admixture of patterns, as well 
as its frequent association with a damaged-appearing  
blood vessel, is the key to the recognition of SCH.

Prognosis and treatMent

Cavernous hemangiomas do not regress and may cause 
local tissue destruction because of compressive effects.  
They require surgical removal and do not respond to medi-
cal therapy. Preoperative embolization may allow the resec-
tion of large lesions that involve locations such as the liver.

SPINDLE CELL HEMANGIOMA

SCH was originally described as spindle cell hemangio-
endothelioma and was believed to represent an unusual 
form of low-grade angiosarcoma. Subsequent studies 
have convincingly shown it to be a benign and possibly 
reactive lesion, and it has been reclassified by the World 
Health Organization as spindle cell hemangioma (SCH).

CliniCal Features

SCHs typically occur in the dermis or subcutis of the distal 
extremities in young adults. Rare cases have been reported 
in deep soft tissue. In a significant subset of patients, the 
lesions are reported to have been present for many years, 
without symptoms. Approximately 5% of SCHs occur in 
patients with Maffucci syndrome (multiple enchondro-
mas and vascular tumors), and one should always raise 
this possibility in a patient with a new diagnosis of SCH.

PathologiC Features

gross Findings

SCH typically presents as a slow-growing, violaceous, 
small, solitary, subcutaneous, small mass in the distal 
extremities.

MiCrosCoPiC Findings

SCHs typically grow in a well-circumscribed fashion and 
frequently are, at least in part, intravascular (Figure 9-19). 
Organizing thrombi, calcifications, and phleboliths are fre-
quently present. A characteristic feature is the presence of 
two distinct zones; one characterized by thin-walled, dilated 
vessels, reminiscent of cavernous hemangioma, and the 
second by a proliferation of normochromatic, eosinophilic 
spindle cells, creating slit-like vascular spaces. Within these 
spindled areas, vacuolated, epithelioid cells are identified, a 
useful diagnostic feature of SCH (Figure 9-20). Mitotic fig-
ures are rare, and necrosis is absent. A chronic inflammatory 
cell infiltrate is absent, helping to distinguish SCH from KS.

Figure 9-18
Vascular channels with fibrous walls, lined by flattened endothelial cells 
in cavernous hemangioma.

Figure 9-17
Cavernous hemangioma showing a characteristic “sieve-like” growth pattern.
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anCillary studies

iMMunohistoCheMistry

SCH contains a mixture of spindled and epithelioid endo-
thelial cells, which almost always express typical vascular 
markers such as CD31 and CD34, and smooth muscle/peri-
cytic cells, which variably express smooth muscle actins 
and desmin. The HHV-8 LANA protein is not present.

diFFerential diagnosis

SCH is most often mistaken for KS. Although KS may 
on rare occasions grow in a nodular fashion, it lacks the 
superb circumscription of SCH, does not show intra-
vascular extension, and invariably shows infiltration of 
the spindled cells into the surrounding stroma. In addi-
tion, KS lacks the admixture of spindled and vacuolated 
endothelial cells characteristic of SCH, and typically 
shows an associated chronic inflammatory cell infiltrate. 
The cells of KS also display a greater degree of nuclear 

Figure 9-19
Spindle cell hemangioma occurring, in part, within a blood vessel. at 
low power, these lesions typically show a mixture of areas resembling 
 cavernous hemangioma and Kaposi sarcoma.

Figure 9-20
Diagnostic features of spindle cell hemangioma include an admixture of 
bland spindled cells (principally pericytes) and vacuolated endothelial 
cells.

SPiNDLe CeLL HeMANgiOMA—FACT SHeeT

Definition
 ▸▸  Benign or possibly reactive endothelial tumor, frequently  

associated with Maffucci syndrome

incidence and Location
 ▸▸  rare
 ▸▸  Dermis or subcutis, rarely deep

Morbidity and Mortality
 ▸▸  Benign
 ▸▸  May propagate along damaged vessel with proximal local  

recurrences

Sex, race, and Age Distribution
 ▸▸  No sex or race predilection
 ▸▸  Young adults

Clinical Features
 ▸▸  Violaceous nodule in skin or subcutis
 ▸▸  5% of cases are associated with Maffucci syndrome (hemangiomas 

and enchondromas)

Prognosis and Treatment
 ▸▸  Benign
 ▸▸  May recur locally through propagation along vessel
 ▸▸  Surgical excision

SPiNDLe CeLL HeMANgiOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Small, circumscribed
 ▸▸  May be calcified

Microscopic Findings
 ▸▸  Organizing thrombi, calcifications, and phleboliths
 ▸▸  thin-walled, dilated vessels, reminiscent of cavernous 

 hemangioma
 ▸▸  Normochromatic, eosinophilic spindle cells, creating “slit-like” 

vascular spaces
 ▸▸  Vacuolated, epithelioid endothelial cells
 ▸▸  rare mitoses and absent necrosis
 ▸▸  absent chronic inflammatory cell infiltrate

immunohistochemical Findings
 ▸▸  Vacuolated endothelial cells express CD31, CD34, FLI-1 protein, 

and vWF
 ▸▸  Spindled cells are smooth muscle actin (SMa) positive pericytes

Differential Diagnosis
 ▸▸  angiosarcoma
 ▸▸  KS
 ▸▸  Khe
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enlargement and hyperchromasia, contrasting with the 
bland spindled cells of SCH, and frequently contain 
intracytoplasmic hyaline globules.

Occasional angiosarcomas show predominantly spin-
dled features and can be confused with SCH. Again, 
careful attention to the absence of circumscription and 
the presence of diffusely infiltrating growth should point 
one toward the correct diagnosis. Most spindled angio-
sarcomas show focal areas of typical angiosarcoma, char-
acterized by more epithelioid cells forming primitive 
vascular channels. Angiosarcomas also show significant 
nuclear atypia, frequent mitoses, and will often have 
foci of necrosis, all features typically absent in SCH.

In a child, the differential diagnosis of SCH may 
also include KHE. KHE is characterized by a distinctly 
lobular proliferation of spindled endothelial cells, sur-
rounded by a fibrous stroma. Dilated blood vessels 
and lymphatics are often noted in association with the 
tumors. Features that allow the distinction of SCH from 
cutaneous KHE include circumscription of the lesion, 
intravascular growth, the presence of vacuolated epithe-
lioid endothelial cells, and the absence of lobular growth 
or fibrosis.

Prognosis and treatMent

SCHs are benign tumors, without capacity for metasta-
sis. A significant percentage of patients may have multi-
ple lesions and local recurrences. The latter is most likely 
related to propagation of the process along adjacent, 
 possibly abnormal blood vessels.

DEEPLY LOCATED HEMANGIOMAS 
INCLUDING ANGIOMATOSIS

CliniCal Features

Deeply situated hemangiomas, principally intramuscu-
lar hemangiomas, account for less than 1% of all vascu-
lar tumors. Clinically, deep hemangiomas often present 
as large, nonspecific masses, which may be confused 
with a variety of sarcomas. Commonly, deep hemangio-
mas contain a large component of benign fat and may 
be mistaken clinically and radiographically for fatty 
tumors. Deep hemangiomas may occur in any location, 
including synovium (synovial hemangioma) and nerve 
(intraneural hemangioma). For a lesion to be classified 
as angiomatosis, it must either show extensive involve-
ment of multiple tissues planes, such as skin, subcutis, 
muscle, and bone, or it must involve more than one mus-
cle in a contiguous fashion.

PathologiC Features

gross Findings

Great diversity exists in the gross appearance of deep 
hemangiomas, depending on the relative predominance 
of fat, capillary hemangioma-like, and cavernous hem-
angioma-like areas.

MiCrosCoPiC Findings

Deep hemangiomas may show principally features 
of capillary hemangioma or cavernous hemangioma, 
and frequently show an admixture of both areas, as 
well as larger, malformed vessels resembling both 
arteries and veins (Figures 9-21 to 9-23). Although 

Figure 9-21
Intramuscular hemangioma (vascular malformation), with abundant 
mature adipose tissue, and numerous abnormal vascular channels, resem-
bling arteries, veins, and cavernous hemangioma.

Figure 9-22
abnormal aggregates of vascular channels of different types in intramus-
cular hemangioma.
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such lesions have in the past been subclassified as, for 
example, venous hemangioma or arteriovenous heman-
gioma, lesions with overlapping histologic features 
seem to be the rule, rather than the exception, and 
subclassification does not appear to be clinically rel-
evant. It has recently been suggested, particularly in 
the pediatric pathology literature, that all such lesions 

are better considered vascular malformations, rather 
than neoplasms. This has not, however, been univer-
sally accepted. Intramuscular hemangiomas of princi-
pally capillary type typically splay apart the skeletal 
muscle in a checkerboard pattern and usually contain 
abundant adipose tissue. This presence of this adipose 
tissue may make the determination of surgical margin 
status difficult.

anCillary studies

iMMunohistoCheMistry

Angiomatoses and deep hemangiomas contain mature 
endothelia, which express CD31, CD34, Fli-1, and vWf.

diFFerential diagnosis

The extensive nature of angiomatoses and deep hem-
angiomas, and their infiltrative growth in the deep soft 
tissues, may raise concern for an angiosarcoma. Unlike 
angiosarcomas, angiomatoses and deep hemangiomas 
consist of uniformly well-formed vessels, which con-
tain a muscular coat and bland, monolayered endothe-
lial cells. Diffuse infiltration by irregular, elaborately 
anastomosing, poorly formed vessels, a characteristic 
feature of angiosarcoma, is not seen. Angiomatoses and 
deep hemangiomas with a prominent adipocytic com-
ponent may be confused with both benign and malig-
nant fatty tumors. Although lipomas and liposarcomas  

DeePLY LOCATeD HeMANgiOMAS iNCLuDiNg ANgiOMATOSiS—
PATHOLOgiC FeATureS

gross Findings
 ▸▸  Large, poorly circumscribed
 ▸▸  Fatty
 ▸▸  Multiple large, abnormally configured vessels

Microscopic Findings
 ▸▸  May show principally features of capillary hemangioma or  

cavernous hemangioma
 ▸▸  Frequently show an admixture of both patterns, as well as larger, 

malformed vessels resembling both arteries and veins
 ▸▸  Splay apart skeletal muscle in a checkerboard pattern
 ▸▸  abundant adipose tissue

immunohistochemical Findings
 ▸▸  endothelial cells express CD31, CD34, FLI-1 protein, and vWF

Differential Diagnosis
 ▸▸  angiosarcoma
 ▸▸  adipocytic tumors

DeePLY LOCATeD HeMANgiOMAS iNCLuDiNg ANgiOMATOSiS—
FACT SHeeT

Definition
 ▸▸  Deeply situated, often progressive, benign vascular tumor
 ▸▸  angiomatosis must involve multiple tissue planes or involve  

multiple muscles

incidence and Location
 ▸▸  <1% of hemangiomas
 ▸▸  any soft tissue location

Morbidity and Mortality
 ▸▸  May be extensive, locally invasive, and difficult to completely 

resect

Sex, race, and Age Distribution
 ▸▸  None

Clinical Features
 ▸▸  Large, nonspecific soft tissue mass
 ▸▸  Large fatty component, often thought of as lipoma

Prognosis and Treatment
 ▸▸  Benign
 ▸▸  Frequent local recurrences
 ▸▸  treated surgically

Figure 9-23
Splaying apart of skeletal muscle by thick-walled blood vessels, a feature 
of intramuscular hemangioma.
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are highly vascular, they do not show the gaping vas-
cular channels or the lobular vascular proliferation 
generally present, at least focally, in angiomatosis/deep 
hemangioma. Atypical, hyperchromatic cells, a diag-
nostic feature of well-differentiated liposarcomas, are 
absent.

Prognosis and treatMent

Local recurrences are common in deep hemangiomas 
and angiomatoses, with up to 50% of patients with angi-
omatosis eventually suffering a local recurrence. These 
recurrences may be difficult to extirpate surgically but 
are usually nondestructive. Malignant transformation is 
essentially unheard of.

EPITHELIOID HEMANGIOMA 
(Angiolymphoid Hyperplasia with 
Eosinophilia)

CliniCal Features

Epithelioid hemangiomas usually present as small, 
superficial masses, most often in the head and neck 
region, in young to middle-aged adults. The tumors 
are more common in women than in men. Multiple 
lesions may be present. Although most epithelioid 
hemangiomas arise in the dermis or subcutis, deeply 
seated and intravascular cases may rarely occur  
(Figure 9-24).

PathologiC Features

gross Findings

Epithelioid hemangiomas have a nonspecific gross 
appearance, although, rarely, attachment to or involve-
ment of an artery may be apparent.

MiCrosCoPiC Findings

In more than 60% of cases, epithelioid hemangio-
mas will show a damaged, centrally located blood ves-
sel, often lined, in part, by epithelioid endothelial cells 
(Figure 9-25). Typically, these epithelioid endothelial 
cells emanate through the wall of this vessel, forming 
numerous capillary-sized vessels in the surrounding 
soft tissues (Figure 9-26). A vaguely lobular growth 

Figure 9-25
proliferation of epithelioid endothelial cells in sheets and capillary-sized 
vessels, both within and without the wall of a damaged vessel.

Figure 9-26
epithelioid endothelial cells with a “tombstone” configuration in epithe-
lioid hemangioma. Note also the stromal eosinophils.

Figure 9-24
Central damaged blood vessel in epithelioid hemangioma, with a diffuse 
proliferation of epithelioid endothelial cells throughout the muscular wall.
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 pattern may be appreciated at low-power magnification 
but is often to a degree obscured by the overall cellu-
larity of the lesion, and by the accompanying eosino-
phil and lymphocyte-rich inflammatory infiltrate. The 
endothelial cells that line the proliferating vessels have 
abundant eosinophilic cytoplasm, reminiscent of epi-
thelial cells, which may protrude into the lumen in a 
“tombstone” pattern. Intracytoplasmic vacuoles are 
frequently present. The nuclei of these epithelioid 
 endothelial cells are typically enlarged but normochro-
matic, with finely dispersed chromatin and small nucle-
oli. Mitotic figures may be present, but atypical mitoses 
are not seen.

anCillary studies

iMMunohistoCheMistry

Epithelioid hemangiomas express CD31, CD34, Fli-1,  
and vWF, and occasionally show anomalous expres-
sion of low-molecular-weight cytokeratins. This latter 
feature may result in confusion with an epithelial neo-
plasm, emphasizing the need to use a panel of immu-
nostains. In particularly solid and cellular examples of 
epithelioid hemangioma, immunostaining for smooth 
muscle actin may be helpful for highlighting surround-
ing pericytes and vascular smooth muscle, revealing the 
well-formed and vaguely lobular nature of the prolifer-
ating vessels.

diFFerential diagnosis

Epithelioid hemangiomas are typically confused with 
true epithelial neoplasms, such as metastatic carcino-
mas, and with other epithelioid vascular tumors, such as 
epithelioid hemangioendothelioma (EHE) and epitheli-
oid angiosarcoma. Identification of a centrally located 
damaged blood vessel, when present, and recognition of 
the vaguely lobular growth pattern and associated eosin-
ophilic infiltrate of epithelioid hemangioma are impor-
tant in distinguishing it from carcinoma. In particularly 
difficult cases, immunohistochemistry for endothelial 
markers may be helpful.

Although epithelioid hemangiomas may show intra-
cytoplasmic lumen formation, a hallmark of EHE, it 
lacks the distinctive myxochondroid matrix, single-file 
growth, and infiltration invariably present in EHE. 
Although EHEs may show origin from a larger blood 
vessel, they lack the lobular growth pattern and inflam-
matory cell infiltrate seen in epithelioid hemangioma. 
Epithelioid forms of angiosarcoma are much more 
extensive, obviously malignant-appearing tumors that 
typically grow in solid sheets and irregularly anastomos-
ing vascular channels.

ePiTHeLiOiD HeMANgiOMA—FACT SHeeT

Definition
 ▸▸  Benign or possibly reactive endothelial tumor, frequently  

identified in association with a damaged vessel

incidence and Location
 ▸▸  Uncommon
 ▸▸  head and neck
 ▸▸  May be multiple
 ▸▸  Most often in dermis or subcutis; rarely in deeper locations

Morbidity and Mortality
 ▸▸  Benign

Sex, race, and Age Distribution
 ▸▸  More common in women
 ▸▸  Young adults

Clinical Features
 ▸▸  Small subcutaneous mass

Prognosis and Treatment
 ▸▸  Benign
 ▸▸  Surgical excision

ePiTHeLiOiD HeMANgiOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Nonspecific
 ▸▸  rarely, an attached artery may be seen

Microscopic Findings
 ▸▸  Organizing thrombi, calcifications, and phleboliths
 ▸▸  Damaged, centrally located blood vessel, often lined, in part, by 

epithelioid endothelial cells in 60% of cases
 ▸▸  epithelioid endothelial cells emanate through the wall of the  

vessel, forming numerous capillary-sized vessels in the 
 surrounding soft tissues

 ▸▸  Vaguely lobular growth pattern
 ▸▸  accompanying eosinophil and lymphocyte-rich inflammatory  

infiltrate
 ▸▸  epithelioid endothelial cells have abundant eosinophilic cytoplasm 

that may protrude into the lumen in a “tombstone” pattern
 ▸▸  Intracytoplasmic vacuoles
 ▸▸  enlarged, normochromatic nuclei
 ▸▸  Mitotic figures may be present

immunohistochemical Findings
 ▸▸  endothelial cells express CD31, CD34, FLI-1 protein, and vWF
 ▸▸  May be low-molecular-weight cytokeratin positive

Differential Diagnosis
 ▸▸  ehe
 ▸▸  epithelioid angiosarcoma
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Prognosis and treatMent

Approximately 30% of epithelioid hemangiomas 
recur locally, but they have essentially no capacity for 
 metastasis. Complete surgical resection is the therapy 
of choice.

VASCULAR TUMORS OF INTERMEDIATE 
(BORDERLINE) MALIGNANCY: 
 HEMANGIOENDOTHELIOMAS

KAPOSIFORM HEMANGIOENDOTHELIOMA

CliniCal Features

KHE is a distinctive vascular neoplasm of childhood, 
which shows mixed features of a juvenile capillary hem-
angioma and KS. Unlike juvenile capillary hemangioma, 
KHE is frequently associated with the Kasabach–Merritt 
phenomenon (KMP; thrombocytopenia and hemor-
rhage) and does not spontaneously regress. KHE is not 
associated with immunosuppression.

KHE typically presents in early childhood, most 
often in the first year of life. Although it was previously 
thought to occur most often in the retroperitoneum, it is 
actually much more common in the skin and soft tissues 
of the extremities, where it presents as a large, vascu-
lar-appearing mass. Nearly 50% of patients with KHE 
will experience development of KMP. Conversely, most 
reported cases of KMP have occurred in association with 
KHE (often unrecognized).

PathologiC Features

gross Findings

In the skin, KHEs appear as large, violaceous plaques. 
In the deep soft tissues or retroperitoneum, they pres-
ent as large, vascular-appearing tumors that may involve 
adjacent structures.

MiCrosCoPiC Findings

Both superficially located and deep KHEs grow in 
an infiltrative and nodular pattern, often with associ-
ated fibrosis (Figures 9-27 and 9-28). Frequently, dilated 
lymphatics are seen at the periphery of the tumor 
mass, sometimes resembling lymphangioma. Crescen-
tic vascular spaces, identical to those seen in so-called  
tufted angioma, are frequently present (Figure 9-29). 

Figure 9-27
Kaposiform hemangioendothelioma: a large, infiltrative, dermal and sub-
cutaneous mass in a very young child.

Figure 9-28
Stromal fibrosis, crescentic vascular spaces, and spindled endothelial 
proliferation in kaposiform hemangioendothelioma.

Figure 9-29
Nodule of kaposiform hemangioendothelioma, showing Kaposi sarcoma–
like spindled cells and better formed small capillaries.
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The tumor nodules are composed of an admixture of 
well-formed, capillary-sized vessels (resembling juvenile 
hemangioma) and solid-appearing foci, with spindled 
cells and slit-like vascular spaces (resembling KS) (Figure  
9-30). Epithelioid, or glomeruloid, foci that contain small 

fibrin/platelet thrombi are found scattered throughout 
the tumor.

anCillary studies

iMMunohistoCheMistry

By immunohistochemistry, the spindled and epitheli-
oid cells express CD31, CD34, and FLI-1 protein, but not 
vWF. GLUT-1 protein, a sensitive marker of juvenile 

KAPOSiFOrM HeMANgiOeNDOTHeLiOMA—FACT SHeeT

Definition
 ▸▸  Vascular tumor of intermediate malignancy, frequently associated 

with Kasabach–Merritt syndrome

incidence and Location
 ▸▸  rare
 ▸▸  Dermis and deep subcutis of extremities
 ▸▸  retroperitoneum

Morbidity and Mortality
 ▸▸  Locally aggressive
 ▸▸  Little, if any, metastatic potential
 ▸▸  May result in death from disease if unresectable (retroperitoneal 

tumors) or from uncontrollable consumptive coagulopathy

Sex, race, and Age Distribution
 ▸▸  Infants
 ▸▸  No sex or race predilection

Clinical Features
 ▸▸  Violaceous plaque when located in extremities
 ▸▸  Large, vascular-appearing mass when retroperitoneal

Prognosis and Treatment
 ▸▸  Locally aggressive
 ▸▸  May be difficult to completely resect
 ▸▸  Does not spontaneously regress or respond to interferons
 ▸▸  Little, if any, metastatic risk
 ▸▸  Kasabach–Merritt syndrome resolves with complete resection

BA

Figure 9-30
A, Kaposiform hemangioendothelioma. B, Negative for GLUt-1 protein. absence of GLUt-1 expression is useful in distinguishing kaposiform 
hemangioendothelioma from capillary hemangioma.

KAPOSiFOrM HeMANgiOeNDOTHeLiOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Large violaceous plaque or mass

Microscopic Findings
 ▸▸  Infiltrative and nodular pattern, often with associated fibrosis
 ▸▸  Dilated lymphatics at periphery of tumor mass, resembling 

 lymphangioma
 ▸▸  Crescentic vascular spaces
 ▸▸  admixture of well-formed, capillary-sized vessels (resembling 

 juvenile hemangioma) and solid-appearing foci, with spindled cells 
and slit-like vascular spaces (resembling KS)

 ▸▸  Glomeruloid foci that contain small fibrin/platelet thrombi

immunohistochemical Findings
 ▸▸  positive for CD31, CD34, and FLI-1 protein
 ▸▸  GLUt-1 negative

Differential Diagnosis
 ▸▸  Capillary hemangioma
 ▸▸  KS
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hemangiomas, is absent in KHE. KHEs are negative for 
the HHV-8–associated LANA protein, unlike KS, which 
is uniformly positive.

diFFerential diagnosis

Although foci within KHE may closely resemble 
juvenile hemangioma, they differ significantly by 
virtue of their infiltrative growth, associated des-
moplasia, absence of a uniform lobular architecture, 
and spindled and glomeruloid foci. In small biopsies, 
immunohistochemistry for GLUT-1 protein (posi-
tive in juvenile hemangioma, negative in KHE) may 
be helpful. The histologic features of tufted angioma 
(angioblastoma of Nakagawa) are essentially identical 
to those of KHE. Although tufted angioma was origi-
nally thought not to be associated with KMP, cases 
have now been reported. Most likely, tufted angioma 
and KHE are the same tumor, some of which occur 
in more superficial locations and are less often asso-
ciated with KMP. KS typically occurs in much older 
patients than does KHE, and grows in a diffuse pat-
tern, without the nodularity of KHE. The cells of 
KS are larger and more hyperchromatic than those 
of KHE, and glomeruloid foci and microthrombi are 
not seen. Immunohistochemical detection of HHV-8 
LANA protein, specific for KS, may occasionally be of 
value in this differential diagnosis. SCH is a distinc-
tive benign vascular lesion characterized by a well-cir-
cumscribed collection of thick-walled blood vessels, 
thrombi, phleboliths, and an admixture of spindled 
and vacuolated, epithelioid endothelial cells. It is fre-
quently associated with Maffucci syndrome, and often 
recurs by propagation along a damaged blood vessel. 
It lacks the infiltrative growth and capillary heman-
gioma-like areas seen in KHE.

Prognosis and treatMent

Complete surgical resection is the therapy of choice 
for KHE, but it is not always possible because of the 
extent of local disease. Approximately 10% of patients 
with KHE will die either of local effects of the tumor 
or of complications related to KMP. KHE appears to be 
less responsive to interferons than are juvenile hem-
angiomas. Rare cases may metastasize to lymph nodes 
or perinodal soft tissue, although distant metastases 
have not yet been seen. Given the mortality associated 
with this tumor, and its low risk for metastasis, KHE 
is best considered a vascular tumor of intermediate 
malignancy, rather than benign, as has been suggested 
by some.

DABSKA-TYPE (PAPILLARY 
INTRALYMPHATIC 
ANGIOENDOTHELIOMA) AND RETIFORM 
HEMANGIOENDOTHELIOMAS

Dabska-type and retiform hemangioendotheliomas 
show significant histologic overlap, and are increasingly 
regarded as different manifestations of a single entity. 
They are discussed together here.

CliniCal Features

Dabska-type hemangioendotheliomas occur almost exclu-
sively in infants and young children, and present as ill-
defined, sometimes violaceous lesions of the head, neck, 
and extremities. Retiform hemangioendothelioma typi-
cally presents as a slow-growing mass in the extremities, 
usually in older children and adults. Both Dabska-type 
and retiform hemangioendotheliomas have been associ-
ated with lymphedema and lymphatic proliferations.

PathologiC Features 

gross Findings

Dabska-type and retiform hemangioendotheliomas 
appear grossly as ill-defined, sometimes violaceous, 
plaque-like lesions.

MiCrosCoPiC Findings

Dabska-type and retiform hemangioendotheliomas 
are fundamentally characterized by a proliferation of 
hobnail-like endothelial cells, showing cuboidal shape, 
scant cytoplasm, and irregular, hyperchromatic nuclei 
(Figure 9-31). In classic Dabska-type hemangioendo-
theliomas, these cells are found within relatively well-
formed vessels that contain distinctive intraluminal 
papillations, consisting of hyaline cores with hobnailed 
endothelial lining (Figure 9-32). These vessels are often 
surrounded by dense fibrosis and a prominent lympho-
cytic infiltrate. Occasionally, dilated lymphatics are 
present adjacent to areas of typical Dabska-type heman-
gioendothelioma (Figure 9-33). Mitotic activity is usu-
ally sparse. Retiform hemangioendotheliomas consist 
of an infiltrative proliferation of elongated, branching 
vessels, reminiscent of the rete testis, which are lined 
by hobnailed endothelial cells (Figure 9-34). As in 
Dabska-type hemangioendotheliomas, hyaline fibro-
sis and chronic inflammation are commonly present. 
 Occasional cases of retiform hemangioendothelioma 
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may contain intraluminal papillae, identical to those 
seen in Dabska-type tumors.

anCillary studies

iMMunohistoCheMistry

Both Dabska-type and retiform hemangioendothe-
liomas express common endothelial markers, such as 
CD31, CD34, and vWF, as well as putative lymphatic 
markers, such as vascular endothelial growth factor 
receptor 3 (VEGFR-3) and D2-40. This phenotype, as 
well as the association with lymphangiectasia, has led 
to the suggestion that both tumors show lymphatic 
 endothelial differentiation.

diFFerential diagnosis

Hobnail hemangiomas (targetoid hemosiderotic heman-
giomas) differ from Dabska and retiform hemangioendo-
theliomas in that they are confined to the dermis and show 
a distinctive biphasic appearance, with a superficial por-
tion showing dilated vessels lined by hobnail endothelial 

cells (occasionally with intraluminal papillae) and  
a deeper portion of slit-like capillaries, which infiltrate 
the dermal collagen. In general, the cells of hobnail hem-
angioma do not show the hyperchromatism of those 
seen in hobnailed hemangioendotheliomas, and hyaline 

Figure 9-31
hobnailed endothelial cells, the histologic hallmark of Dabska-type and 
retiform hemangioendotheliomas.

DABSKA-TYPe AND reTiFOrM HeMANgiOeNDOTHeLiOMAS— 
FACT SHeeT

Definition
 ▸▸  Vascular tumors of intermediate malignancy, defined by the pres-

ence of distinctive “hobnailed” endothelial cells, most likely 
showing lymphatic endothelial differentiation

incidence and Location
 ▸▸  rare
 ▸▸  Dermis and subcutis of head/neck and extremities

Morbidity and Mortality
 ▸▸  Locally aggressive; may be difficult to completely excise
 ▸▸  Low mortality rate

Sex, race, and Age Distribution
 ▸▸  No sex or race predilection
 ▸▸  Dabska-type hemangioendothelioma occurs in infants and very 

young children
 ▸▸  retiform hemangioendothelioma occurs in adults

Clinical Features
 ▸▸  poorly demarcated violaceous plaque

Prognosis and Treatment
 ▸▸  Locally aggressive
 ▸▸  extremely low metastatic risk
 ▸▸  almost all patients are cured with wide excision

DABSKA-TYPe AND reTiFOrM HeMANgiOeNDOTHeLiOMAS—
PATHOLOgiC FeATureS

gross Findings
 ▸▸  Ill-defined violaceous plaque that involves skin and subcutis

Microscopic Findings
 ▸▸  Infiltrative proliferation of “hobnailed” endothelial cells, showing cu-

boidal shape, scant cytoplasm, and irregular, hyperchromatic nuclei
 ▸▸  Dense fibrosis and prominent lymphocytic infiltrate
 ▸▸  Dabska-type hemangioendotheliomas show relatively well-formed 

vessels with intraluminal papillations composed of hyaline cores 
with hobnailed endothelial lining

 ▸▸  retiform hemangioendotheliomas show an infiltrative proliferation 
of elongated, branching vessels (rete testis-like) lined by hobnailed 
endothelial cells

 ▸▸  Few mitotic figures
 ▸▸  Dilated lymphatics often present adjacent to areas of typical Dab-

ska-type hemangioendothelioma
 ▸▸  retiform hemangioendothelioma may contain intraluminal papillae, 

identical to Dabska-type tumors

immunohistochemical Findings
 ▸▸  Both are positive for CD31, CD34, and FLI-1, and usually negative 

for vWF
 ▸▸  Both express lymphatic endothelial markers (VeGFr-3, D2-40)

Differential Diagnosis
 ▸▸  hobnail hemangiomas
 ▸▸  angiosarcomas with hobnailed endothelial cells
 ▸▸  angiosarcomas and hemangioendotheliomas with intraluminal 

papillations
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fibrosis is not conspicuous. Intraluminal papillations are 
not specific to Dabska-type hemangioendotheliomas, 
and may be seen in otherwise conventional angiosar-
comas and EHEs. Occasional fully malignant angiosar-
comas are composed of hobnailed endothelial cells; such 
lesions typically show higher nuclear grade and more 
frequent mitotic activity, and are diffusely infiltrative 
lesions that lack the fibrosis typically seen in Dabska-
type and retiform hemangioendotheliomas.

Prognosis and treatMent

Dabska-type and retiform hemangioendotheliomas are 
considered vascular neoplasms of intermediate malig-
nancy, based on their limited capacity for lymph node 
metastasis and rarely distant metastasis. Only a single 
patient with a Dabska-type hemangioendothelioma has 
been reported to die of disease. Local recurrences are 
common in both tumors and may be aggressive. Wide 
excision is recommended for both tumors.

EPITHELIOID HEMANGIOENDOTHELIOMA

CliniCal Features

EHE is a rare, low-grade malignant, vascular tumor that 
most often occurs in adults but may also involve chil-
dren. EHE involves the sexes equally. EHE may occur in 
the skin, deep soft tissues, bone, or viscera, in particular, 
the liver and lung (so-called intravascular bronchoalveo-
lar tumor). Many cases arise from a small blood vessel, 
and EHE may rarely present as an entirely intravascular 
tumor. Pain is a frequent presenting symptom. Lesions 
in deep soft tissue may partially ossify and may be detect-
able on plain films or computed tomographic scans.

PathologiC Features

EHE has a nonspecific, gross appearance. Microscopi-
cally, early lesions may show expansion of the affected 
blood vessel, with surrounding involvement of the 
adjacent soft tissues (Figure 9-35). Necrotic debris, 
hyaline collagen, and thrombotic material may be pres-
ent within the vessel. EHE typically elaborates a dense, 
myxochondroid, or myxohyaline matrix, in which are 
embedded nests, cords, chains, and single-file arrays 
of small, uniform, epithelioid to slightly spindled cells 
with occasional intraluminal vacuoles (Figure 9-36). 
Multicellular vascular channels are uncommon. The 

Figure 9-34
hobnailed endothelial cells and fibrosis in retiform hemangioendothelioma.

Figure 9-32
Dabska-type hemangioendothelioma, with fibrosis, chronic inflammation, 
and malignant hobnailed endothelial cells that form intravascular papillae.

Figure 9-33
retiform hemangioendothelioma, an infiltrative growth of hobnailed 
endothelial cells in a pattern reminiscent of the rete testis.
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neoplastic cells are bland, with uniform nuclei and 
infrequent mitotic activity (Figure 9-37). Occasional 
EHE may show cytoplasmic spindling (Figure 9-38). 
Metaplastic bone may occasionally be present. Approx-
imately one-third of EHEs show anaplastic features, 
including high nuclear grade, frequent mitotic activity, 
necrosis, and sheet-like growth; tumors with these fea-
tures typically pursue a more aggressive clinical course, 
and have been referred to as malignant or high-grade 
EHE (Figure 9-39).

anCillary studies

iMMunohistoCheMistry

EHE shows a typical endothelial phenotype, with 
expression of vWF, CD31, CD34, and FLI-1 protein. 
Low-molecular-weight cytokeratins may be expressed in 
approximately 25% of cases.

Figure 9-35
Intravascular epithelioid hemangioendothelioma, presenting as a throm-
bus. Note the distinctive myxochondroid matrix.

Figure 9-37
Myxochondroid matrix and small, bland cells in an epithelioid hemangio-
endothelioma of the lung.

Figure 9-36
epithelioid hemangioendothelioma, showing corded and single-file growth, 
bland, small cells, and prominent intracytoplasmic lumen formation.

ePiTHeLiOiD HeMANgiOeNDOTHeLiOMA—FACT SHeeT

Definition
 ▸▸  Low-grade malignant vascular tumor composed of bland 

 epithelioid endothelial cells in a myxochondroid to hyalinized 
matrix

incidence and Location
 ▸▸  rare
 ▸▸  Skin, soft tissue, bone, lung, liver

Morbidity and Mortality
 ▸▸  Greater metastatic risk than other hemangioendotheliomas (10% 

for typical ehe, considerably greater for high-grade ehe), better 
considered a distinctive type of low-grade angiosarcoma

Sex, race, and Age Distribution
 ▸▸  No sex or race predilection
 ▸▸  adults, rarely in children

Clinical Features
 ▸▸  May present with pain and vascular thrombosis
 ▸▸  Soft tissue lesions usually present as nonspecific masses
 ▸▸  May present as lytic bone lesions
 ▸▸  Bone, liver, and lung lesions may be asymptomatic

Prognosis and Treatment
 ▸▸  approximately 17% metastatic risk and 3% risk for mortality for 

classic ehe, lacking high-grade areas
 ▸▸  Inclusive of high-grade ehe, local recurrence risk rate is 10% to 

15%, metastatic risk is approximately 25%, and mortality rate is 
10% to 15%

 ▸▸  all should be treated with wide excision
 ▸▸  adjuvant radiotherapy may be warranted in selected cases
 ▸▸  Liver transplantation has been successfully performed for 

 extensive hepatic ehe



Chapter 9 Vascular tumors of Soft tissue 185
diFFerential diagnosis

Epithelioid hemangioma lacks the distinctive myxochon-
droid matrix, single-file growth, and infiltration invari-
ably present in EHE, and display a lobular growth pattern 
and a prominent inflammatory cell infiltrate. Epithelioid 
forms of angiosarcoma are much more extensive, obvi-
ously malignant-appearing tumors that typically grow 
in solid sheets and irregularly anastomosing vascular 
 channels. The distinction of high-grade forms of EHE 
from epithelioid angiosarcoma rests on identification of 
areas of more typical EHE.

Prognosis and treatMent

Classic EHEs, lacking high-grade areas, have an approxi-
mately 17% metastatic risk and 3% risk for mortality. 
Studies of EHE that have not excluded high-grade EHE 
have documented a local recurrence risk rate of 10% to 
15%, a metastatic risk of approximately 25%, and a mor-
tality rate of 10% to 15%. Unlike many other sarcomas, 
EHEs may metastasize to lymph nodes (Figure 9-40). A 
risk stratification model for EHE based on a combination 
of cytology, mitotic rate, and size has been proposed but 
is not yet widely accepted. Although EHE is generally 

ePiTHeLiOiD HeMANgiOeNDOTHeLiOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  May be within a thrombosed blood vessel
 ▸▸  Firm, white mass, sometimes calcified

Microscopic Findings
 ▸▸  early lesions may show expansion and occlusion of the affected 

blood vessel, with involvement of adjacent soft tissues
 ▸▸  Dense, myxochondroid or myxohyaline matrix
 ▸▸  Nests, cords, chains, and single-file arrays of small, uniform, epithe-

lioid to slightly spindled cells with occasional intraluminal vacuoles
 ▸▸  Bland cells, with infrequent mitotic activity
 ▸▸  Multicellular vascular channels are uncommon
 ▸▸  Metaplastic bone may be present
 ▸▸  approximately one-third of cases show anaplastic features, includ-

ing high nuclear grade, frequent mitotic activity, necrosis, and 
sheet-like growth (high-grade or malignant ehe), associated with 
a more aggressive clinical course

immunohistochemical Findings
 ▸▸  positive for CD31, CD34, FLI-1 protein, and vWF
 ▸▸  Low-molecular-weight cytokeratin expression in 25% of cases

Differential Diagnosis
 ▸▸  epithelioid hemangioma
 ▸▸  epithelioid angiosarcoma
 ▸▸  primary or metastatic carcinoma, especially lobular carcinoma of 

the breast

A

B

Figure 9-39
high-grade (“malignant”) epithelioid hemangioendothelioma showing a 
transition from more typical areas (A) to much more pleomorphic and 
mitotically active areas (B). Such tumors have a greater risk for aggres-
sive behavior.

Figure 9-38
Cytoplasmic spindling may be seen on occasion in epithelioid hemangio-
endothelioma.
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considered a vascular tumor of intermediate malignancy, 
it is perhaps better thought of as a low-grade form of 
angiosarcoma, given its much more aggressive behavior 
as compared with other hemangioendotheliomas.

FULLY MALIGNANT VASCULAR TUMORS

ANGIOSARCOMA

CliniCal Features

Angiosarcomas are rare sarcomas that occur in several 
different distinct clinical settings. The most common 
group of angiosarcomas is cutaneous, occurring most 
often in the head and neck region of elderly adults 
with significant solar damage. Angiosarcomas of deep 
soft tissue are uncommon and have no well-defined 
clinical associations. A significant number of angiosar-
comas may be thought of as iatrogenic in nature, includ-
ing lymphedema-associated angiosarcomas seen most 
often after radical and modified radical mastectomies 
(Stewart–Treves angiosarcoma), postirradiation cuta-
neous angiosarcoma, frequently seen in patients who 
have received breast-conserving surgery and adjuvant 
irradiation, angiosarcomas associated with the use of 
Thorotrast contrast media, angiosarcomas associated 
with implanted Dacron vascular grafts, and angiosar-
comas associated with arteriovenous fistulae. Angio-
sarcomas may also arise in association with implanted 
foreign material such as shrapnel, secondary to indus-
trial vinyl chloride exposure, and in patients with syn-
dromes associated with benign vascular proliferations, 

such as Klippel–Trenaunay syndrome. Finally, angiosar-
comas may rarely arise within other soft tissue tumors, 
in particular, nerve sheath tumors.

Cutaneous angiosarcoma usually presents as a mul-
tifocal, erythematous or violaceous lesion. Postirradia-
tion cutaneous angiosarcomas may arise in a short time 
after irradiation (median, 59 months), in contrast with 
other types of postirradiation sarcomas. Angiosarcomas 
of deep soft tissue present as large, hemorrhagic masses 
that may clinically be confused with hematomas.

PathologiC Features

Angiosarcomas are extremely variable in appearance, 
ranging from well-differentiated lesions that may be 
 difficult to distinguish from hemangiomas, to exclusively 
spindled lesions resembling fibrosarcoma or purely epithe-
lioid lesions easily mistaken for carcinoma. Vasoformative 
growth, with production of highly infiltrative, irregularly 
configured vascular channels, often with intraluminal 
papillary projections, is frequently seen (Figure 9-41). 
The majority of angiosarcomas are high-grade lesions 
characterized by somewhat epithelioid cells having high 
nuclear grade and an architectural pattern that varies 
from sieve-like to solid (Figure 9-42). Necrosis and fre-
quent mitotic figures including atypical forms are present. 
Well-differentiated lesions consist of highly differenti-
ated, ramifying vessels composed of cells of low nuclear 
grade without mitotic activity, which dissect through 
the adjacent connective tissues (Figure 9-43). Epitheli-
oid angiosarcomas are composed of sheets of epithelioid 
endothelial cells with abundant eosinophilic cytoplasm 
and uniformly high nuclear grade (Figures 9-44 and  
9-45). Such lesions may show only focal vascular channel 
formation and are easily mistaken for carcinomas.

Figure 9-40
Metastasis of epithelioid hemangioendothelioma to a lymph node.

Figure 9-41
relatively well-formed but clearly infiltrative vascular channels in a well-
differentiated dermal angiosarcoma.
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anCillary studies

iMMunohistoCheMistry

The most sensitive markers of angiosarcoma are 
CD31 and FLI-1 protein, followed by CD34. vWF is the 
least sensitive marker of angiosarcomas, particularly 
poorly differentiated ones. Subsets of angiosarcomas 
express putative lymphatic markers, such as D2-40 
and VEGFR-3; the specificity of these markers for lym-
phatic endothelial differentiation in malignant vas-
cular tumors is questionable. All angiosarcomas may 
express low-molecular-weight cytokeratins; cytokera-
tin expression is particularly common in epithelioid 
angiosarcomas.

diFFerential diagnosis

As noted earlier, angiosarcomas are notoriously pro-
tean tumors; thus, their differential diagnosis is wide. 
Well-differentiated angiosarcomas can be distinguished 
from benign vascular proliferations such as diffuse 
 hemangioma, dermal angiomatosis, and postirradia-
tion atypical vascular lesions by virtue of their infil-
trative growth, absence of well-formed vessels with 
smooth muscle coats, endothelial stratification, pres-
ence of (sometimes subtle) nuclear atypia and hyper-
chromatism, and mitotic activity. Unlike carcinomas 
and epithelioid sarcomas, epithelioid angiosarcomas 
usually show at least focal vascular channel formation, 
a helpful clue. Immunohistochemistry may be valuable 
in this differential diagnosis; expression of high-molec-
ular-weight cytokeratins is seen in many carcinomas 
and epithelioid sarcomas, but not in angiosarcomas. 

Figure 9-43
Diffuse infiltration around preexisting structures, a diagnostic feature of 
angiosarcoma.

Figure 9-44
Intravascular epithelioid angiosarcoma, occurring in association with a 
Dacron vascular graft.

Figure 9-45
epithelioid angiosarcoma, a sheet-like proliferation of highly malignant-
appearing epithelioid cells, mimicking carcinoma.

Figure 9-42
Most angiosarcomas show clear-cut vasoformation and clearly malignant 
endothelial cells.
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Conversely, CD31 expression is seen in angiosarcomas, 
but not in carcinomas or epithelioid sarcomas. It is 
important to remember that many epithelioid sarcomas 
express CD34. Loss of INI-1 protein is seen in epitheli-
oid sarcomas but not in angiosarcomas or carcinomas. 
EHEs produce distinctive myxochondroid matrix, lack 
formation of true vascular channels, and typically have 
low nuclear grade. The distinction of spindled angiosar-
comas, particularly those arising in sun-damaged skin, 
from sarcomatoid carcinomas and melanomas may be 
difficult on purely histologic grounds. It is critically 
important to include angiosarcoma in this differential 
diagnosis, to avoid misdiagnosis and undertreatment. 
Again, immunohistochemistry for vascular markers, 
S-100 protein, and high-molecular-weight cytokeratins 
may be valuable. In deep soft tissue sites, other spindle 
cell sarcomas such as monophasic synovial sarcoma, 
fibrosarcoma, and leiomyosarcoma should be excluded 
through a combination of morphology (e.g., identifi-
cation of occult glands and wiry collagen in synovial 
sarcoma and intersecting fascicles of eosinophilic cells 
in leiomyosarcoma) and immunohistochemistry for 
markers such as CD31, FLI-1 protein, cytokeratins, 
epithelial membrane antigen, smooth muscle actins, 
and desmin.

Prognosis and treatMent

Angiosarcomas in any location are aggressive sarcomas, 
with high rates of local recurrence, distant metastasis, 
and death from disease. The most common metastatic 
sites are the lungs, followed by soft tissue and skeleton. 
Approximately 35% of patients with angiosarcoma die 
of disease in less than 3 years. In general, angiosarco-
mas are resistant to all therapies, although there has 
been some recent success in the treatment of cutaneous 
angiosarcomas with taxane-based chemotherapy.

KAPOSI SARCOMA

CliniCal Features

KS occurs in four distinct clinical settings: (1) classic 
KS, typically occurring as lower extremity skin lesions 
in older men of Mediterranean, Central European, and 
African origin; (2) endemic KS, occurring in African 
young male individuals and very young children as 
bulky lymph node and soft tissue disease; (3) epidemic 
(AIDS-related) KS, occurring on the skin, mucosal sur-
faces, and viscera of HIV-infected patients (in particular, 

ANgiOSArCOMA—FACT SHeeT

Definition
 ▸▸  Fully malignant sarcoma showing endothelial differentiation

incidence and Location
 ▸▸  rare
 ▸▸  Cutaneous tumors related to sun exposure and therapeutic irradiation
 ▸▸  Deep soft tissue tumors of uncertain causative factor
 ▸▸  Iatrogenic tumors related to irradiation, thorotrast, lymphedema, 

foreign materials
	▸▸  Vinyl chloride in hepatic angiosarcomas

Morbidity and Mortality
 ▸▸  Local recurrences in 25% of cases, death from disease in > 50% of 

cases

Sex, race, and Age Distribution
 ▸▸  No sex or race predilection
 ▸▸  Older adults with sun damage

Clinical Features
	▸▸  Cutaneous tumors present as violaceous or erythematous plaque or 

nodule
 ▸▸  Deep soft tissue tumors present as hemorrhagic masses

Prognosis and Treatment
 ▸▸  poor prognosis for all angiosarcomas
	▸▸  taxanes may be of value in cutaneous angiosarcomas related to 

sun damage

ANgiOSArCOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  erythematous or violaceous plaque or nodule
 ▸▸  Large hemorrhagic deep soft tissue mass

Microscopic Findings
 ▸▸  epithelioid cells forming primitive vascular channels
	▸▸  Sieve-like and sheet-like patterns
	▸▸  Necrosis, hemorrhage, and mitotic activity
	▸▸  Diffuse infiltration of surrounding tissues by dissecting vascular 

channels
	▸▸  Spindled and epithelioid variants

immunohistochemical Findings
	▸▸  expression of CD31, CD34, FLI-1 protein, and vWF
	▸▸  D2-40 and VeGFr-3 in some (lymphangiosarcoma)
 ▸▸  Low-molecular-weight cytokeratin expression in 25% of cases, 

particularly epithelioid tumors

Differential Diagnosis
	▸▸  hemangioma, diffuse angiomatosis, atypical vascular  

proliferations after irradiation
	▸▸  Carcinoma
	▸▸  ehe
	▸▸  Spindle cell carcinoma and melanoma
	▸▸  Other spindle cell sarcomas
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in homosexual male individuals); and (4) iatrogenic KS, 
occurring as cutaneous or visceral lesions in renal trans-
plant patients. In any of these settings, cutaneous KS 
appears as a violaceous patch, plaque, papule, macule, or 
tumor, occasionally with associated limb edema. Visceral 
and lymph node involvement presents as a hemorrhagic 
mass. All forms of KS are now understood to be directly 
related to infection by HHV-8, which can be detected in 
essentially all cases of KS by reverse transcriptase poly-
merase chain reaction or with immunohistochemistry 
for HHV-8 LANA.

PathologiC Features

The histologic appearance of KS is always the same, 
regardless of clinical scenario. The earliest patch lesions 
of KS appear as proliferations of small, infiltrative 
 vessels surrounding larger, ectatic vessels, with associ-
ated chronic inflammation. In later plaque stage lesions, 
a proliferation of relatively bland, vaguely myoid spin-
dled cells producing slit-like vascular channels is more 
prominent, with extravasated red blood cells and extra-
cellular hyaline globules (Figure 9-46). Chronic inflam-
mation is common and a helpful diagnostic clue (Figure 
9-47). Papular or nodular lesions may have a polypoid 
growth pattern, mimicking pyogenic granuloma (Figure 
9-48). The lesion may trap preexisting blood vessels, 
creating the so-called promontory sign. This spindle cell 
component predominates in later nodular or tumoral 
lesions of KS, mimicking fibrosarcoma (Figure 9-49). In 
lymph nodes, early lesions of KS are often visible as sub-
tle spindle cell proliferations in the subcapsular sinus. 
Pleomorphism and mitotic activity are not generally fea-
tures of classic, epidemic, or iatrogenic KS but may be 
seen in African endemic KS.

Figure 9-47
Chronic inflammatory cell aggregates, a clue to the diagnosis of Kaposi 
sarcoma.

Figure 9-49
Fibrosarcomatous spindle cell proliferation in nodular Kaposi sarcoma.

Figure 9-46
Vaguely myoid-appearing spindled cells forming slit-like vascular spaces 
in Kaposi sarcoma.

Figure 9-48
Nodular growth phase in Kaposi sarcoma.
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anCillary studies

iMMunohistoCheMistry

CD31 and CD34 show approximately equal sensitiv-
ity in the diagnosis of KS, being positive in more than 
90% of cases. FLI-1 protein is also expressed in a similar 
percentage of cases. vWF is the least sensitive marker of 
KS. The most specific marker of KS is LANA protein, 
which is positive in nearly 100% of KS lesions at all 
stages, but not in other types of vascular tumors (Figure 
9-50). The cells of KS may also express putative markers 
of lymphatic differentiation, including VEGFR-3 and 
D2-40 (podoplanin).

diFFerential diagnosis

Vascular proliferations associated with vascular stasis 
(acroangiodermatitis) may be difficult to distinguish from 
KS on histologic grounds alone. Correlation with clini-
cal history and LANA immunostains may be valuable in 
making this distinction. Relatively low-grade–appearing  
angiosarcomas may mimic the earliest patch stage of 
KS but typically show greater cytologic atypia and more 

Figure 9-50
Nuclear expression of human herpes virus 8 latency-associated nuclear 
antigen (LaNa) protein in Kaposi sarcoma. this finding is specific for 
Kaposi sarcoma, among vascular tumors.

KAPOSi SArCOMA—FACT SHeeT

Definition
 ▸▸  Malignant vascular tumor caused by infection with hhV-8, most 

often in immunocompromised patients

incidence and Location
 ▸▸  Classic KS: rare; skin of extremities
	▸▸  epidemic (aIDS-related) KS: extremely common in hIV-infected 

patients, particularly in homosexual male individuals; skin, 
 mucosal and visceral locations

	▸▸  endemic (african) KS: rare; lymph node and soft tissue 
 involvement

	▸▸  Iatrogenic KS: rare, essentially only in kidney transplant patients; 
cutaneous and visceral locations

Morbidity and Mortality
 ▸▸  Low morbidity and mortality, and indolent clinical course in 

immunocompetent patients
	▸▸  high morbidity and mortality rates (> 90%) in hIV-infected 

patients before highly active antiretroviral therapy (haart), < 50% 
after development of haart therapy

Sex, race, and Age Distribution
	▸▸  Classic KS: older men of Mediterranean, Central european, or 

african descent
	▸▸  endemic KS: children and young male individuals
	▸▸  epidemic KS: homosexual male individuals and intravenous drug 

abusers (United States), heterosexuals (africa, India, Southeast 
asia), recipients of infected transfusions or medical equipment 
(worldwide)

 ▸▸  Iatrogenic KS: kidney transplant recipients

Clinical Features
	▸▸  patch, plaque, papule, and tumor stages
 ▸▸  Violaceous appearance
	▸▸  hemorrhagic masses in viscera and lymph nodes

Prognosis and Treatment
	▸▸  Good prognosis for cutaneous lesions in immunocompetent 

patients; may be treated with cryotherapy and radiotherapy
 ▸▸  poor prognosis for KS in immunocompromised patients without 

haart therapy; prognosis is improved with haart therapy and 
systemic chemotherapy

KAPOSi SArCOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Violaceous patch, plaque, papule, or tumor
 ▸▸  Large hemorrhagic deep soft tissue mass

Microscopic Findings
 ▸▸  proliferating, infiltrative small vessels surrounding larger vessels, 

with associated chronic inflammation in earliest lesions
 ▸▸  Increased number of vaguely myoid, cytologically bland spindled 

cells forming slit-like vascular channels in later lesions
	▸▸  extravasated red blood cells, hemosiderin staining, and hyaline 

droplets
 ▸▸  tumorous lesions may show pronounced fascicular growth 

 (fibrosarcoma-like)

immunohistochemical Findings
 ▸▸  expression of CD31, CD34, and FLI-1 protein
 ▸▸  D2-40 and VeGFr-3 expression in most cases
	▸▸  hhV-8 LaNa protein expression is the most sensitive and specific 

marker of KS

Differential Diagnosis
	▸▸  Stasis changes, angiosarcoma, SCh, various spindle cell sarcomas
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pronounced infiltrative growth. The absence of LANA 
expression may be helpful here as well. SCHs are well- 
circumscribed, typically subcutaneous lesions that contain 
phleboliths and calcifications, and consist of an admix-
ture of cavernous hemangioma-like zones with cellular 
spindled zones, showing both spindle cells and vacuolated 
epithelioid cells. Highly cellular examples of KS may be 
confused with a variety of spindle cell sarcomas, including 
leiomyosarcoma and fibrosarcoma. Identification of the 
characteristic slit-like vascular spaces of KS and panel of 
immunostains to include epithelial markers, S-100 protein, 
muscle markers, and endothelial markers including LANA 
should allow this distinction without great difficulty.

Prognosis and treatMent

In immunocompetent patients with limited cutane-
ous disease, the disease-related mortality rate of KS is 
approximately 10% to 20%. In immunocompromised 
patients, treatment of KS is aimed first at elimination or 
amelioration of the underlying immune defect. Before 
the development of highly active antiviral therapy, 
the disease-specific mortality for KS in AIDS patients 
was close to 90%; with effective therapy, this has been 
reduced to less than 50%. Cryotherapy and radiother-
apy have also been used successfully in patients with KS 
with limited cutaneous disease.
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Nerve sheath and neuroectodermal tumors are derived 
from the neuroectoderm or neural crest tissue of the devel-
oping embryo. Neuromas are mainly reactive lesions of 
existing nerves. It is first important to understand normal 
nerve architecture (Figure 10-1). Normal nerve consists 
centrally of axons, surrounded by Schwann cells. The 
connective tissue of the axons, including the Schwann 
cells, fibroblasts, mast cells, capillaries, and collagen, is 
called the endoneurium. Groups of these axons with their 
Schwann cells are surrounded by perineurium, compris-
ing a fascicle. Groups of fascicles are then surrounded 
by epineurium. Understanding normal nerve architec-
ture helps to understand the specific derivation of nerve 
sheath lesions and tumors. Neurofibromas are neoplasms 
that arise from within the nerve or axon (demonstrat-
ing residual axons within neurofibroma), and the nerve 
must be taken to excise the lesion. Schwannomas are 
neoplasms that arise from the Schwann cells that encase 
the axon; therefore, the tumor can be extracted without 
damaging the involved nerve (axons are not usually found 
within schwannoma). Other variants of nerve sheath 

tumors, including granular cell tumor, perineurioma, and 
neurothekeoma, have specific clinicopathologic features. 
The most important aspect of making a diagnosis of 
nerve sheath tumors is to determine whether the lesion 
is benign or malignant, and in doing so, to determine 
whether the patient has an associated syndrome, neurofi-
bromatosis type 1 (NF1) or NF2. Neuroectodermal tumors 
are usually malignant and have different treatment pro-
tocols from their tumor mimickers.

TRAUMATIC NEUROMA

CliniCal Features

Traumatic neuroma is a non-neoplastic lesion that 
occurs in response to injury or surgery. Usually nerves 
can repair themselves by proximal to distal proliferation 
of Schwann cells; when this reparation is interrupted 
or cannot occur in an orderly manner, the proximal 
aspect of the nerve creates a disorganized proliferation 
of nerves, that is, a neuroma. Traumatic neuromas can 
occur after amputation of a limb or autoamputation of a 
digit in utero. These lesions are often painful.

radiologiC Features

When the patient has an obvious nerve terminating into 
a bulbous mass, a radiographic diagnosis can be made 
(Figure 10-2). It is more difficult to make a radiologic 
diagnosis if the neuroma shows only fusiform thicken-
ing of a small cutaneous nerve.

PathologiC Features

gross Findings

Traumatic neuroma can be a firm, white-gray nodule 
that measures less than 5 cm.
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Figure 10-1  
Normal nerve is composed of axons surrounded by Schwann cells (small circular structures) (A), collagen fibers, capillaries, and a few mast 
cells, all comprising the connective tissue (stroma) called the endoneurium. Groups of axons, comprising a fascicle (B and C), are surrounded 
by perineurium. In turn, several fascicles of nerve are surrounded by epineurium.

Figure 10-2 
Postsurgical traumatic neuroma 
of tibial nerve after amputation.
Computed tomographic scan (left) 
shows focal soft tissue mass with 
enlarged nerve ending (white 
arrows). Magnetic resonance image 
(right) is a coronal T1-weighted 
image (500/16) showing the bul-
bous distal nerve ending, contigu-
ous with the proximal tibial nerve 
(yellow arrows). (Courtesy of Mark  
D. Murphey, MD)
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MiCrosCoPiC Findings

Traumatic neuroma is a haphazard arrangement of 
small nerve fascicles, containing axons, Schwann cells, and 
perineurial cells, surrounded by fibrosis (Figure 10-3).

diFFerential diagnosis

The differential diagnosis for traumatic neuroma 
includes palisaded encapsulated neuroma (PEN), muco-
sal neuroma, Morton’s neuroma, or neurofibroma. How-
ever, the distinctive clinical history and solid growth 
pattern with small nerve twigs enwrapped in fibrosis 
helps to distinguish this from other entities. Mucosal 
neuroma also has a unique clinical setting with mul-
tiple endocrine neoplasia type 2b (MEN-2b), which is 
not associated with traumatic neuroma. Morton’s neu-
roma is a variant of traumatic neuroma with distinctive 
clinical features and a slightly different morphologic 

 appearance. Although myxoid traumatic neuromas may 
mimic neurofibroma, neurofibroma can be further 
 distinguished by its characteristic collagen bundles, cen-
trally cellular architecture, and scattered mast cells.

Prognosis and treatMent

Traumatic neuroma is a non-neoplastic but painful 
lesion; its removal, prior reapproximation of nerve end-
ings, or re-embedding of proximal nerve stump in an 
area away from scar are treatments of choice.

MUCOSAL NEUROMA

CliniCal Features

Mucosal neuroma (Figure 10-4) may occur during 
the first few decades of life in patients with and with-
out MEN-2b syndrome (bilateral pheochromocytoma,  
C-cell hyperplasia of the thyroid or medullary thyroid 
 carcinoma, and parathyroid hyperplasia). These are 
usually multiple and involve the mucosal surfaces of the 
lips, gingiva, tongue, eyelids, and intestines.

PathologiC Features

gross Findings

Mucosal neuroma is a firm, submucosal complex 
 nodule.

Figure 10-3 
Traumatic neuroma is composed of bundles of disorganized axons sur-
rounded by fibrosis.

TrAuMATiC NeurOMA—FACT SHeeT

Definition
 ▸▸  Disorganized proliferation of nerve in response to injury or 

 disruption

incidence and Location
 ▸▸  Any nerve that has been surgically or autoamputated, especially 

the limbs and digits

Morbidity and Mortality
 ▸▸  None

Clinical Features
 ▸▸  Patient has firm, painful nodule

radiologic Features
 ▸▸  Observation of bulbous end of truncated nerve

Prognosis and Treatment
 ▸▸  Benign reactive; treatments include prior reapproximation of 

nerve, removal, or re-embedding of proximal nerve stump

TrAuMATiC NeurOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Small, firm, gray–white nodule at site of interrupted nerve

Microscopic Findings
 ▸▸  Proliferation of small nerve twigs with surrounding fibrosis

Differential Diagnosis
 ▸▸  PEN, mucosal neuroma, Morton’s neuroma, and neurofibroma
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MiCrosCoPiC Findings

Irregular bundles of nerve in the submucosa sur-
rounded by prominent perineurium and myxoid change 
are classic histologic features (see Figure 10-4). In the 
 gastrointestinal tract, these may include Schwann cells, 
neurons, and ganglion cells in a bandlike process of the 
submucous and myenteric plexuses, synonymous with 
ganglioneuroma.

diFFerential diagnosis

The differential diagnosis would include other nerve 
sheath tumors such as palisading encapsulated neuroma, 
neurofibroma, and possibly ganglioneuroma, but the 
location and specific clinical associations would make it 
easy to distinguish from the other entities.

MuCOSAL NeurOMA—FACT SHeeT

Definition
 ▸▸  Multiple submucosal convoluted nerves that may be associated 

with MEN-2b syndrome

incidence and Location
 ▸▸  These are located on the mucosal surface of the lips, mouth, 

 eyelids, and intestines

Morbidity and Mortality
 ▸▸  By itself, this is benign; however, if associated with MEN-2b, this 

lesion may indicate potential poor prognosis

Clinical Features
 ▸▸  Multiple submucosal lesions; potential association with MEN-2b 

syndrome

A

C

B

Figure 10-4 
A, Mucosal neuroma in patient with multiple endocrine neoplasia type 2b 
syndrome, demonstrated by an increase in size and number of nerve in the 
oral submucosa. B, Neuroma is also adjacent to this patient’s medullary 
carcinoma of the thyroid (C).
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Prognosis and treatMent

The incidental finding of multiple mucosal neuromas 
may portend an underlying MEN-2b syndrome that can 
be life-threatening.

PACINIAN NEUROMA

CliniCal Features

Pacinian neuroma is a post-traumatic and painful lesion 
or lesions of the pressure receptors of the digit in middle-
aged adults.

PathologiC Features

gross Findings

Pacinian neuroma has small to continuous subepi-
neurial nodule(s), attached to a nerve by stalk, and can 
be up to 1.5 cm.

MiCrosCoPiC Findings

Pacinian neuroma demonstrates mature Pacinian cor-
puscle(s) of increased size or number, associated with 
degenerative changes and fibrosis of the adjacent nerve.

diFFerential diagnosis

Normal Pacinian corpuscle, Pacinian neurofibroma, neu-
rothekeoma, and congenital nevi may be in the differen-
tial diagnosis; however, attention to increase in size and 
number of Pacinian corpuscles with history of trauma 
and pain is helpful.

Prognosis and treatMent

Complete excision of this benign mass arrests pain; no 
recurrence of this hyperplastic process occurs.

PALISADED ENCAPSULATED NEUROMA 
(SOLITARY CIRCUMSCRIBED NEUROMA)

CliniCal Features

PEN is probably better considered as a neoplastic process, 
a variant of neurofibroma unassociated with NF1, rather 
than a “neuroma.” PEN affects middle-aged adults with 
no definite sex predilection. PEN is clinically a solitary, 
asymptomatic, skin-colored papule. The most common 
locations include the nose, cheek, and perioral region, 

MuCOSAL NeurOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Firm, submucosal complex nodule

Microscopic Findings
 ▸▸  Multiple, irregular, convoluted submucosal nerves with prominent 

perineurium and focal myxoid change

Differential Diagnosis
 ▸▸  Other neuromas, neurofibroma, ganglioneuroma

PACiNiAN NeurOMA—FACT SHeeT

Definition
 ▸▸  Localized hyperplasia or hypertrophy of Pacinian corpuscles after 

trauma

incidence and Location
 ▸▸  Digits

Morbidity and Mortality
 ▸▸  None

Clinical Features
 ▸▸  Post-traumatic painful Pacinian corpuscles in digit of middle-aged 

adult

Prognosis and Treatment
 ▸▸  Excision of benign process relieves pain completely, no  

recurrence

PACiNiAN NeurOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Single to multiple or contiguous subepineurial nodules attached 

to nerve

Microscopic Findings
 ▸▸  Increase in number or size of Pacinian corpuscles with 

 degeneration or fibrosis of adjacent nerve

Differential Diagnosis
 ▸▸  Normal Pacinian corpuscle, other neuromas, neurofibroma, 

 congenital nevi
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 especially the palate. Occasionally, PEN can be plexiform or 
multinodular and associated with acne. PEN may be more 
common than neurofibroma or schwannoma in the maxil-
lofacial region because it is possibly under-recognized. No 
association of PEN with NF1 or MEN-2b exists.

PathologiC Features

gross Findings

PEN is a small, cutaneous, white, dome-shaped 
nodule(s), usually less than 5 mm.

MiCrosCoPiC Findings

This Schwann cell tumor is not encapsulated but is 
circumscribed with one or more nodules and is ovoid to 
spheric in shape. Sometimes the normal adjacent tissue 

is compressed, giving the appearance of a capsule. PEN 
is predominantly dermal with spindled cells arranged in 
interlacing, compact fascicles (Figure 10-5), sometimes 
separated by narrow clefts. Palisading can be observed, 
but there are no well-formed Verocay bodies. An adja-
cent peripheral nerve can be identified in many cases.

anCillary studies

iMMunohistoCheMistry

PEN has staining features similar to both neurofi-
broma and schwannoma: there is diffusely strong S-100 
protein expression (as in schwannoma), neurofilament 
 protein–positive axons (as in neurofibroma), and epithe-
lial membrane antigen (EMA)–positive peripheral cells 
representing epineurial cells (as found in schwannoma 
and intraneural neurofibroma).

A

C

B

D

Figure 10-5 
A, This palisading encapsulated neuroma (solitary circumscribed neuroma) is often found in the face and perioral region. B, It is usually well 
delineated. C, At low power it looks Schwannian with palisading of tumor cells. However, it is probably a neurofibroma variant but demonstrates 
spindled Schwann cells without well-formed Verocay bodies (B–D). The lesion has abundant axons like a neurofibroma but is not associated 
with neurofibromatosis type 1.
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diFFerential diagnosis

PEN can be separated from schwannoma, neurofibroma, 
spindled melanoma, and other neuromas by its ana-
tomic location, compact appearance in the dermis, and 
immunophenotype (see earlier). Schwannoma lacks the 
neurofilament protein (NFP)-positive neurites within 
the lesion and usually demonstrates well-formed Vero-
cay bodies. Spindled melanomas exhibit greater nuclear 
atypia and hyperchromatism, and may variably express 
specific melanocytic markers, such as HMB45. True 
neuromas resemble normal nerves and have more fibro-
sis and inflammation than PEN.

Prognosis and treatMent

PEN has benign behavior after simple excision; no asso-
ciation exists with NF1 or MEN-2b.

NEUROFIBROMA, NEUROFIBROMATOSIS 
TYPE 1, AND EARLY MALIGNANT CHANGE 
IN NEUROFIBROMA

CliniCal Features

Neurofibromas are relatively common. Solitary neu-
rofibromas are almost never associated with NF1, 
whereas presentation with multiple neurofibromas 
should prompt consideration of possible NF1. NF1, 
von Recklinghausen disease, is a syndrome that arises 
from a germline mutation of the NF1 gene, a tumor 
suppressor gene on chromosome 17. Fifty percent of 
NF1 cases are autosomal dominant, and the rest are 
a result of a new mutation of the NF1 gene. The NF1 
gene encodes for a protein product called neurofibro-
min, homologous to the GAP protein that influences 
cell cycling by down-regulating the p21 ras gene. This 
product is present in neurofibromas of patients with 
NF1 and is absent when these undergo malignant 
transformation. Criteria for the diagnosis of NF1 
are listed in Table 10-1. It is important to identify 
patients with NF1 because they are at risk for devel-
opment of a malignant peripheral nerve sheath tumor 
(MPNST). Malignant transformation is most common 
in large, plexiform neurofibromas, followed by other 
deep neurofibromas associated with NF1, followed by 
cutaneous NF1-associated neurofibromas. The rate of 
malignant transformation is extremely low in non–
NF1-associated neurofibromas.

PALiSADeD eNCAPSuLATeD NeurOMA—FACT SHeeT

Definition
 ▸▸  A Schwann cell tumor of the face and oral regions

incidence and Location
 ▸▸  Probably more common than previously recognized; located in 

face and oral regions

Morbidity and Mortality
 ▸▸  Benign; no associated syndromes

Clinical Features
 ▸▸  Adult, male predominance; solitary flesh-colored, dome-shaped 

papule or nodule

Prognosis and Treatment
 ▸▸  Benign, simple excision

PALiSADeD eNCAPSuLATeD NeurOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Small whitish nodule, less than 5 mm

Microscopic Findings
 ▸▸  One or more circumscribed nodules of spindled Schwann cells with 

focal palisading

immunohistochemical Findings
 ▸▸  Diffuse S-100 reactivity, positive residual neurites, EMA in cap-

sule, lack of CD34 and melanoma markers

Differential Diagnosis
 ▸▸  Other benign nerve sheath tumors, spindled melanoma

TABLe 10-1
Criteria for Neurofibromatosis Type 1

The patient must have at least two or more of the following:

•  Six or more café-au-lait macules > 5 mm (prepubertal) or  
> 15 mm (postpubertal)

• Two or more neurofibromas or one plexiform type
• Freckling in the axillary or inguinal regions
• Optic glioma
• Two or more Lisch nodules (iris hamartomas)
•  Distinctive osseous lesion (e.g., sphenoid dysplasia 

or long-bone cortical thinning with or without 
pseudarthrosis)

•  First-degree relative with neurofibromatosis type 1 by 
above criteria

From Enzinger and Weiss’s Soft Tissue Tumors, 4th ed. SW 
Weiss, JR Goldblum, eds. Philadelphia, Mosby, 2000, by 
permission.
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Both nonsyndromic and NF1-associated neurofibro-
mas occur more often in men than in women. Non–
NF1-associated neurofibromas typically occur between 
the ages of 20 and 40 years. In patients with NF1, 
café-au-lait spots appear shortly after birth, with Lisch 
nodules, axillary and inguinal freckles, and neurofibro-
mas occurring in childhood before or around puberty. 
Solitary neurofibromas can arise in any location where 
there is a peripheral nerve, either as a superficial dermal 
or a deep soft tissue tumor. Diffuse neurofibromas, asso-
ciated with NF1 in approximately 10% of cases, are 
often deeply situated and may occur in a variety of loca-
tions. The diagnosis of plexiform neurofibroma implies 
NF1, and it is important to emphasize that this diagno-
sis requires clinicopathologic correlation, inasmuch as 
these must be large, deeply seated tumors that expand 
and distort a large nerve, often with hypertrophy of the 
adjacent bone or soft tissue and overlying skin redun-
dancy and hyperpigmentation.

radiologiC Features

Neurofibroma generally has a centrally located exiting or 
entering nerve that can be detected by radiologic meth-
ods. It is sometimes difficult to radiologically separate 
from schwannoma and even from MPNST. It is often 
difficult to determine whether the nerve is entering cen-
trally or off center (the latter in schwannoma). The tar-
get sign is common in neurofibroma (Figure 10-6) but 
can also be seen in schwannoma.

PathologiC Features

gross Findings

Solitary neurofibromas are fusiform shaped, rubbery, 
gray, and glistening, and usually measure approximately 
1 to 2 cm. These are nonencapsulated and arise within 
the nerve, secondarily growing beyond the nerve sheath 
into the surrounding soft tissue. Diffuse neurofibroma 
demonstrates a plaque-like thickening of the dermis by 
a grayish firm tissue. Plexiform neurofibroma is often 
associated with overlying loose, redundant skin that 
may be hyperpigmented. The nerve is enlarged and dis-
torted, and has a characteristic gross appearance, a bag 
of worms.

MiCrosCoPiC Findings

Solitary neurofibromas are often relatively well delin-
eated and zoned with cellular regions to the center, 
representing the residual nerve twigs, and myxoid to 
paucicellular regions at the periphery (Figure 10-7). The 
dermis, subcutis, or deeper soft tissue can be involved. 
A milieu of several cell types and stromal elements com-
pose a neurofibroma: Schwann cells, hybrid perineu-
rial cells, intraneural fibroblasts, bundles of collagen 
arrayed in a characteristic shredded carrot pattern, scat-
tered mast cells, and myxoid change. The Schwann cells 
are spindled to ovoid and slender with characteristic 
wavy nuclei. Depending on which component predomi-
nates and the shape of the cells or possible pigmenta-
tion, neurofibroma can be further classified into various 

Figure 10-6 
Magnetic resonance imaging (MRI) of 
neurofibroma. Left, Centrally entering 
(yellow diamond) and exiting (yellow 
triangle) nerve of neurofibroma on 
sagittal T1-weighted image. Right, 
Target sign radiologically of neu-
rofibroma, axial T2-weighted MRI 
(right). This corresponds histologi-
cally to the more cellular central 
portion and more myxoid peripheral 
area of neurofibroma.
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 subtypes, including classic, myxoid, cellular, hyalinized, 
pigmented, or epithelioid. When solitary neurofibroma 
becomes cellular, it exhibits a swirling or storiform pat-
tern, similar to fibrous histiocytoma. Diffuse neurofi-
broma consists of small round to spindled cells, with an 
associated fibrillar and myxoid background, which infil-
trate subcutaneous fat in a honeycomb pattern, reminis-
cent of dermatofibrosarcoma protuberans (Figure 10-8). 
Wagner–Meissner bodies are the hallmark morphologic 

characteristic of diffuse neurofibroma (Figure 10-9). 
Plexiform neurofibroma demonstrates plexiform archi-
tecture radiologically, grossly, and microscopically 
(Figures 10-10 and 10-11), with multiple intraneural 
nodules of tumor separated by epineurium and stroma. 
It can involve the subcutis or skeletal structure, or both. 
Both plexiform and diffuse patterns of growth can be 
seen together. Although scattered enlarged, hyper-
chromatic cells, presumably representing degenerative 
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Figure 10-7 
A, Neurofibroma is composed of a melange of Schwann cells, perineurial 
hybrid cells, intraneural fibroblasts, scattered mast cells, collagen fibers, 
and myxoid change. The central portion is usually more cellular (see 
starred areas B, D, e) compared with the peripheral, more myxoid areas 
(C–e), creating the target sign radiologically (see Figure 10-6).



BONE AND SOFT TISSUE PATHOLOGY202
Figure 10-8 
Radiologic imaging of diffuse neu-
rofibroma in a patient who does 
not have neurofibromatosis type 
1 (NF1). T2-weighted magnetic 
resonance imaging, axial, shows 
heterogeneous reticular growth pat-
tern (white arrow, left). T2 post-
gadolinium, fat suppressed (right) 
showing reticular growth along 
preexisting connective tissue septa 
(yellow arrow).

NeurOFiBrOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Solitary: fusiform shaped, 1 to 2 cm
 ▸▸  Diffuse: gray, firm, plaquelike thickening of dermis
 ▸▸  Plexiform: large, grossly visible “bag of worms” appearance

Microscopic Findings
 ▸▸  Cellular and stromal milieu: Schwann, perineurial hybrid, intraneu-

ral fibroblasts, mast cells, collagen bundles, and myxoid change; 
increased cellularity at center of neurofibroma compared with 
edematous periphery

 ▸▸  Solitary: well-delineated and intraneural to growth outside of 
nerve into surrounding tissue

 ▸▸  Diffuse: infiltrative into subcutis and hallmark Wagner–Meissner 
bodies

 ▸▸  Plexiform: tortuous distention of peripheral nerve cut tangen-
tially, appearing plexiform, made as a clinicopathologic diagno-
sis with “bag of worms” appearance

 ▸▸  Early malignant transformation of neurofibroma (low-grade 
MPNST): increased cellularity and fascicular growth, pleomor-
phism, and mitotic activity, especially atypical mitoses, particu-
larly in center of deep neurofibroma or plexiform neurofibroma, 
in the setting of NF1

immunohistochemical Findings
 ▸▸  Schwann cells: S-100 protein positive, diffusely throughout tumor 

but other cell types are negative
 ▸▸  Perineurium if still intraneural: EMA positive
 ▸▸  Intraneural fibroblasts: CD34 positive
 ▸▸  Residual neurites in center: NFP positive
 ▸▸  Other: glial fibrillary acidic protein (GFAP) occasionally positive

Differential Diagnosis
 ▸▸  Schwannoma, MPNST, benign fibrous histiocytoma, desmoplastic 

malignant melanoma

NeurOFiBrOMA—FACT SHeeT

Definition
 ▸▸  Neurofibroma is a tumor arising from within a peripheral nerve; it 

can be associated with NF1

incidence and Location
 ▸▸  The prevalence of NF1 is approximately 1:4000; solitary neu-

rofibromas are relatively common; plexiform neurofibromas are 
relatively rare and are found only in patients with NF1; both can 
occur in any peripheral nerve; diffuse neurofibroma is quite rare, 
has a greater than 10% association with NF1, and is generally 
found in the scalp and lower extremity

Morbidity and Mortality
 ▸▸  Neurofibroma is benign but can undergo malignant transformation 

in approximately 3% to 22% of cases in patients with NF1, espe-
cially with deep or plexiform neurofibroma in NF1

Clinical Features
 ▸▸  Male sex predominance; age 20 to 40 years; childhood/puberty in 

NF1

Prognosis and Treatment
 ▸▸  Solitary, diffuse, and plexiform types are by themselves benign 

tumors and are excised for diagnosis, possible association with 
NF1, and to rule out early malignant change

 ▸▸  Diffuse type can be locally recurrent
 ▸▸  Solitary and diffuse type can be associated with NF1
 ▸▸  Plexiform type is associated with NF1
 ▸▸  Solitary and especially plexiform have propensity to undergo 

malignant transformation
 ▸▸  Complete local excision warranted for neurofibroma
 ▸▸  Early malignant transformation is treated as a low-grade sar-

coma
 ▸▸  High-grade malignant transformation requires treatment as a 

high-grade sarcoma
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change akin to that seen in ancient schwannoma, may 
be seen in all types of neurofibroma, features such as 
marked hypercellularity, pronounced fascicular growth, 
 necrosis, and mitotic activity should prompt consider-
ation of malignant change.

Early malignant transformation may be subtle 
and is to a degree subject to interobserver variation. 
Important clues to this diagnosis include the presence 
of areas of increased cellularity, particularly in asso-
ciation with fascicular growth and uniform cytologic 
atypia. Although rare mitotic figures may be found in 
ordinary neurofibromas, the finding of more than an 
occasional mitotic figure, and certainly atypical mitotic 

figures, is cause for concern. In general, mitotic figures 
are best searched for in areas showing increased cel-
lularity and fascicular growth. Mitotic activity is best 
observed in the center of a neurofibroma, especially 
a deep or plexiform neurofibroma, where early malig-
nant transformation is first apparent. One should be 
particularly alert for this possibility in NF1-associated 
neurofibromas, particularly in plexiform tumors (Fig-
ure 10-12). Diffuse neurofibromas only rarely undergo 
malignant transformation; in tumors with mixed dif-
fuse and plexiform features that occur in patients with 
NF1, early malignant change occurs within the plexi-
form component.
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Figure 10-9 
A, Diffuse neurofibroma involving dermis and subcutis, with honeycomb pattern of subcutis infiltration (B). Hallmark Wagner–Meissner bodies 
(B, C) are positive for S-100 protein (D).
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Figure 10-10 
radiologic images of plexiform neurofibroma in neurofibromatosis type 1 (NF1).
A, Multiple low-attenuation masses on computed tomography represent solitary and plexiform neurofibromas in NF1. B, Target sign of plexiform 
neurofibroma on T2 (arrow), low central high periphery of plexiform neurofibroma on long axis, near elbow. C, Magnetic resonance imaging long-
axis proximal forearm shows typical bag of worms that correlates with (D) gross findings. 

(Continued)
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anCillary studies

iMMunohistoCheMistry

Neurofibromas have a distinctive immunoprofile, with 
multiple cell populations. The majority of cells within 
a neurofibroma express S-100 protein (Schwann cells), 
with a minority of cells expressing CD34 (perineurial 
fibroblasts) and EMA (perineurial cells). Residual axons 
may be demonstrated, on occasion, with neurofilament 
protein immunostains (Figure 10-13). Expression of 
S-100 protein tends to be significantly diminished in 
MPNSTs (see later), and loss of S-100 protein expres-
sion in areas worrisome for malignant change may be a 
useful adjunctive finding on occasion.

diFFerential diagnosis

Solitary neurofibromas may be distinguished from 
PENs and schwannomas by virtue of their distinctive 
collagen pattern, lack of encapsulation, and immuno-
phenotype, with multiple cell populations. Although 
the Antoni-B areas of schwannoma may be indistin-
guishable from neurofibroma, identification of cel-
lular Antoni A zones showing nuclear palisading and 
Verocay bodies should allow this distinction without 
undue trouble. Perineuriomas show a different pattern 
of collagenization and are EMA positive, S-100 protein  

negative. Benign fibrous histiocytomas (dermatofibro-
mas) show peripheral collagen trapping, contain second-
ary elements (giant cells, foamy macrophages), and are  
S-100 protein-negative. Desmoplastic malignant mela-
nomas will often show an associated atypical junctional 

E

Figure 10-10—Cont’d
e, Another example of NF1 multiple and plexiform neurofibromas.
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C

Figure 10-11 
Plexiform neurofibroma must be a clinicopathologic diagnosis. It is a 
complex intraneural mass that involves (A) fat or skeletal muscle. B, 
Sometimes plexiform and diffuse forms coexist, yet it is the plexiform 
component that may undergo malignant transformation (C).
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melanocytic proliferation, frequently have an associ-
ated lymphocytic inflammatory response, and usually 
show enlarged, hyperchromatic spindled cells. Large, 
deep neurofibromas may occasionally be confused with 
low-grade fibromyxoid sarcoma but lack the whirling 
growth pattern, curvilinear vessels, and abrupt tran-
sition into myxoid nodules seen in the latter lesion. 
Diffuse neurofibromas should be distinguished from 
 dermatofibrosarcoma protuberans, which is composed 
of slender CD34-positive, S-100 protein-negative, spin-
dled cells arranged in a prominent storiform pattern. 
Plexiform neurofibromas may be confused with plexi-
form schwannomas; the latter lesions are typically much 
smaller, uniformly S-100 protein-positive, and contain 
areas of solid Antoni growth.

Prognosis and treatMent

Neurofibroma, by itself, is benign and is excised mainly 
for diagnosis and ruling out early malignant transfor-
mation in the setting of NF1. Early malignant change 

in neurofibroma is treated as a low-grade sarcoma, with 
wide excision and careful patient follow-up. Neurofibro-
mas with flagrant malignant transformation should be 
treated as high-grade sarcomas, typically in a multidis-
ciplinary fashion.

SCHWANNOMA AND NEUROFIBROMATOSIS 
TYPE 2

CliniCal Features

Schwannomas usually occur between the ages of 20 
and 50 years without a sex predilection, except in 
the setting of NF2, where there is a slight female pre-
dominance. Schwannoma is a common tumor of 
peripheral nerves; it accounts for 8% of intracranial 
and 28% of primary spinal tumors. Most commonly 
located in the head and neck, it can also be located 
on the extensor areas of the extremities or centrally/
axially located. In the head and neck, schwannoma 
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Figure 10-12 
early malignant transformation of neurofibroma.
A, Cytologic atypia by itself is not worrisome. B, Cellularity usually makes neurofibroma resemble the loose storiform pattern of fibrous his-
tiocytoma but is not, by itself, diagnostic of malignant change. C, Fascicular growth and mitoses, especially atypical mitoses (D), are the 
first signs of early malignant transformation, especially in a patient with neurofibromatosis type 1 (NF1). With these latter early changes, the 
tumors are treated as low-grade malignant.
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 commonly involves the vestibular division of the eighth  
cranial nerve.

Bilateral vestibular schwannomas indicate NF2, a  
syndrome caused by germline mutation of the NF2 
gene, located on chromosome 22, with a protein prod-
uct merlin. NF2 criteria are listed in Table 10-2. In 
addition to bilateral vestibular schwannoma, these 
patients may also have meningiomas, glial tumors, 
and posterior lens opacities and/or cerebral calcifica-
tions. Schwannomas can be multiple, nonacoustic, and 
associated with a somatic rather than a germline muta-
tions of NF2. In addition, schwannoma can also be 
plexiform, associated with gliomas, meningiomas, and 
neural deficits but not associated with a germline or 
somatic mutation of NF2.

Schwannoma may be asymptomatic or cause tinni-
tus, hearing loss, and facial paresthesias when in the 
cerebellopontine angle. Peripheral schwannoma usually 
presents as an asymptomatic mass, favoring sensory 
nerves. The axial and retroperitoneal schwannomas 
are usually histologically found to be the cellular  
variant.

radiologiC Features

The radiologic features for schwannoma are similar to 
features for neurofibroma, except the mass is eccen-
tric to the nerve (Figure 10-14). Sometimes this is 
hard to appreciate. The target sign is less common for 
schwannoma than for neurofibroma. Degenerative fea-
tures may create central necrosis or cyst formation and 
be radiologically detected in schwannoma. Intracranial 
calcifications can be detected radiologically in patients 
with NF2, particularly in the cerebral and cerebellar 
cortices, periventricular areas, and choroid plexus.

PathologiC Features

gross Findings

Because schwannomas arise from Schwann cells 
outside of the nerve, it can be surgically separated from 
the nerve, sparing the patient’s nerve (Figure 10-15). 
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C

Figure 10-13 
Immunohistochemistry of all neurofibroma subtypes: A, Diffuse S-100 
protein, but only Schwann cells are positive, so not every cell is stain-
ing; CD34 is throughout the tumor, staining intraneural fibroblasts.  
B, Residual axons within the nerve are positive for neurofilament  
protein (C).
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Schwannomas are tan–yellow, firm, and encapsulated 
(Figure 10-16), measuring 2 to 10 cm.

MiCrosCoPiC Findings

Classic schwannoma is encapsulated, except when 
in a sinonasal or intracranial location. Microscopi-
cally, classic schwannoma is composed of alternating 

Antoni A cellular areas with Verocay bodies (nuclear 
palisading around cell processes) and Antoni B hypo-
cellular areas with myxoid change, a similar milieu to 
neurofibroma, and numerous thick-walled vessels with 
perivascular hyalinization (Figure 10-17). The spindled 
cells are deeply eosinophilic and have elongated nuclei. 
Schwannoma can frequently undergo cystic change and 
may, at times, resemble a thrombosed vessel with a thin 
rim of tumor at the periphery (Figure 10-18). Cellular 
schwannoma, usually found in an axially location, is 
defined by the presence of almost exclusive Antoni A pat-
tern growth, fascicular architecture, and absent Verocay 
bodies. Frequently, the capsule of cellular schwannomas 
shows pericapsular lymphocytic cuffing (Figure 10-19). 
Lipid-laden histiocytes within the tumor may be a clue 
to the diagnosis of cellular schwannoma. Degenerative 
cytologic atypia (ancient change) and occasional mitotic 
figures may be seen in otherwise benign schwannomas. 
A plexiform growth pattern is observed in approximately 
5% of schwannomas; this subtype is not associated with 
NF1 but may be occasionally associated with NF2, par-
ticularly when multiple. Occasionally, schwannomas are 
composed principally of epithelioid-appearing cells; rec-
ognition of more typical areas and strong S-100 protein 
expression should allow recognition of this unusual 
variant.

TABLe 10-2
Criteria for Neurofibromatosis Type 2

Definite Neurofibromatosis Type 2

• Bilateral vestibular schwannoma or
•  Family history of neurofibromatosis type 2 (first-degree 

relative) plus
• Unilateral vestibular schwannoma at age < 30 years or
•  Any two of the following: meningioma, glioma, 

schwannoma, juvenile posterior subcapsular lenticular 
opacities/juvenile cortical cataract

Presumptive or Probable Neurofibromatosis Type 2

•  Unilateral vestibular schwannoma at age < 30 years 
plus at least one of the following: meningioma, glioma, 
schwannoma, or juvenile posterior subcapsular lenticular 
opacities/juvenile cortical cataract or

•  Multiple meningiomas (two or more) plus unilateral 
vestibular schwannoma at age < 30 years or one of the 
following: meningioma, glioma, schwannoma, or juvenile 
posterior subcapsular lenticular opacities/juvenile cortical 
cataract

From Enzinger and Weiss’s Soft Tissue Tumors, 4th ed. SW 
Weiss, JR Goldblum, eds. Philadelphia, Mosby, 2000, by 
permission.

SCHWANNOMA—FACT SHeeT

Definition
 ▸▸  A peripheral nerve sheath tumor arising eccentric to nerve

incidence and Location
 ▸▸  Common; 8% of intracranial and 29% of primary spinal tumors; 

any peripheral or axial nerve may be involved, particularly in the 
head and neck, extremities, retroperitoneum

Morbidity and Mortality
 ▸▸  Generally none, but acoustic schwannomas can cause pain, hear-

ing loss, face drop, and deformity, especially when excised; careful 
search for NF2 warranted with bilateral acoustic schwannomas

Clinical Features
 ▸▸  Affects mainly ages 20 to 50 years; female sex predilection only when 

associated with NF2; tinnitus, hearing loss, facial paresthesias with 
acoustic schwannoma; asymptomatic mass for peripheral schwannomas

radiologic Features
 ▸▸  Mass eccentric to nerve, sometimes target sign, sometimes degen-

erative and cystic features observed

Prognosis and Treatment
 ▸▸  Benign, excision advised for diagnosis; exceedingly rare epithelioid 

malignant transformation from classic schwannoma; multiple non-
acoustic schwannomas associated with somatic mutation of NF2 gene; 
plexiform schwannoma may be associated with glioma, meningioma, 
neurologic deficit, without somatic or germline mutation of NF2

SCHWANNOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  2- to 10-cm, tan–yellow, firm-to-cystic mass

Microscopic Findings
 ▸▸  Classic: encapsulated; alternating Antoni A cellular (with Verocay) 

and Antoni B myxoid, hypocellular areas
 ▸▸  Cellular: encapsulated, pericapsular lymphocytic cuffing; all Antoni A, 

no Antoni B, or well-formed Verocay, more fascicular arrangement 
of tumor cells

 ▸▸  Immunohistochemical features: diffuse, strong S-100 protein 
expression; rarely cytokeratin positive

Differential Diagnosis
 ▸▸  Neurofibroma, nevomelanocytic lesions, leiomyosarcoma, gastroin-

testinal stromal tumor, MPNST
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anCillary studies

iMMunohistoCheMistry

By immunohistochemistry, all schwannomas are 
uniformly and strongly S-100 protein positive. Occa-
sional EMA-positive perineurial cells may be seen in 
the capsule or around blood vessels; axons are absent. 
Rare schwannomas may show significant cytokeratin 
immunopositivity, which most likely represents cross 
 reactivity with GFAP rather than true expression 
 (Figure 10-20).

A B

Figure 10-15 
A, Intraoperative view of schwannoma with lesion adjacent to nerve but inside sheath. B, Tumor can be extracted from the nerve, leaving the 
patient’s nerve intact.

Figure 10-16 
Gross photograph of a schwannoma with yellow color and firm 
 consistency.

Figure 10-14 
Magnetic resonance image of schwan-
noma, coronal T1 (left), entering 
(green diamond) and exiting (green 
triangle) nerve is slightly eccentric to 
the intermuscular mass. On axial pro-
ton density T2, the mass is between 
the muscles in the distribution of the 
sciatic nerve and shows a fascicular 
sign with circular low-intensity areas, 
seen here in schwannoma but also 
noted in neurofibroma.
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diFFerential diagnosis

Typical schwannomas are most often confused with 
neurofibromas; attention to the presence of both Antoni 
A and B zones, encapsulation, hyalinized blood ves-
sels, and diffuse S-100 protein expression should allow 
this distinction without great difficulty. Epithelioid 
schwannomas may mimic nevomelanocytic tumors 

and true epithelial tumors; recognition of areas of more 
 typical schwannoma, encapsulation, and immunohis-
tochemistry for melanocytic markers (e.g., HMB45, 
Melan-A) and cytokeratins are the keys to eliminat-
ing this diagnosis. Cellular schwannomas are most 
often confused with leiomyosarcomas, gastrointestinal 
stromal tumors, and MPNST. The distinction from 
leiomyosarcoma and gastrointestinal stromal tumor 
is greatly facilitated by immunohistochemistry for  

A

C

E

B

D

F

Figure 10-17 
Microscopic appearance of classic schwannoma with cellular Antoni A areas (A, B) and well-defined Verocay bodies (nuclear palisading) (C, D) 
alternating with myxoid neurofibroma-like areas (e), with typical perivascular hyalinization (F).
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S-100 protein, smooth muscle actin, desmin, and CD117  
(c-kit), and these markers should be evaluated before the 
diagnosis of any of these tumors, particularly in the retro-
peritoneum. MPNSTs are unencapsulated, usually show 
clear-cut cytologic atypia, frequently contain necrosis, 
and are only focally and weakly S-100 protein-positive.

Prognosis and treatMent

Schwannomas are benign tumors that only infrequently 
recur. Exceptionally rare typical schwannomas may 
undergo malignant transformation, typically showing 
morphologic features of epithelioid MPNST. Curiously, 
 angiosarcomas arising within schwannomas have been 
reported with sufficient frequency to suggest that this 
is more than a chance occurrence. Cellular schwanno-
mas have not been reported to undergo malignant 
 transformation.

PSAMMOMATOUS MELANOTIC 
SCHWANNOMA

CliniCal Features

Psammomatous melanotic schwannoma should be con-
sidered as a separate clinicopathologic entity from con-
ventional or cellular schwannoma. Approximately 50% 
of patients with psammomatous melanotic schwannoma 
will have associated Carney’s complex, an autosomal 
dominant syndrome characterized by spotty pigmenta-
tion (lentigines, blue nevus, epithelioid blue nevus), endo-
crine overactivity (Cushing disease, acromegaly, or sexual 
precocity), superficial angiomyxomas, and most impor-
tantly, atrial myxomas, which can cause patient mortal-
ity. Psammomatous melanotic schwannoma in the setting 
of Carney’s complex occurs at a peak age one decade 
before those without Carney’s complex. Most commonly,’s complex. Most commonly, complex. Most commonly,  
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Figure 10-18 
Gross photograph of the cross section 
of a common occurrence in classic 
schwannoma: (A) central degenera-
tion, which correlates microscopi-
cally with an appearance mimicking 
a thrombosed vessel (B) but showing 
positivity for S-100 protein by immu-
nohistochemistry on the thin rim of 
residual schwannoma (C).



BONE AND SOFT TISSUE PATHOLOGY212
A B

C

Figure 10-20 
Immunohistochemistry of all schwannoma subtypes: A, Diffuse S-100 pro-
tein staining of Schwann cells in Antoni A areas; CD34 reactivity only in 
scant Antoni B areas. B, Epithelial membrane antigen stains perineurial 
cells around peripheral (capsule) of schwannoma (C).
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Figure 10-19 
A, Histologic appearance of central, cellular schwannoma: fascicu-
lar growth pattern, only Antoni A, lack of Verocay bodies, and lack 
of Antoni B, as well as distinctive pericapsular lymphocytic cuffing  
(B) unlike classic schwannoma. C, Foam cells can be found in both cellular 
and classic schwannoma but mainly in the former.
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the spinal nerve roots, soft tissues of the trunk and 
extremities, and intestinal tract nerves may be involved. 
The heart, bone, liver, bronchus, and skin may also be 
involved. This lesion, on occasion, can be multiple.

PathologiC Features

gross Findings

Psammomatous melanotic schwannoma forms a 
black–brown pigmented and circumscribed globoid to 
fusiform mass, ranging from 1 to 10 cm (mean, 5 cm). 
Cysts may be present.

MiCrosCoPiC Findings

Psammomatous melanotic schwannoma (Figure  
10-21) is composed of tightly packed spindled cells with 
a solid, fascicular, or whorled growth pattern. The cells 
are deeply eosinophilic, and any nuclear atypia may be 
obscured by the dark brown melanin pigmentation. The 
cells are polygonal to spindled, and cytoplasmic borders 
are difficult to visualize. The nuclei are wavy and may 
have intracytoplasmic inclusions. Nuclear palisading 
may be present. Most nuclei are only mildly atypical. 
However, nucleoli may be prominent or nuclei may 
be hyperchromatic. Coarse pigment is found in tumor 
cells and melanophages. Calcified psammoma bodies are 
present in nearly all cases. Histologic features of marked 
nuclear atypia, mitotic activity, and necrosis have been 
associated with malignant behavior; however, melanotic 
schwannomas without these features may also behave 
in a malignant fashion.

anCillary studies

iMMunohistoCheMistry

The tumors strongly express schwannian markers, 
such as S-100 protein and GFAP, as well as melanocytic 
markers, such as HMB45. It may be necessary to bleach 
the sections to visualize this immunoreactivity.

diFFerential diagnosis

Malignant melanoma is the most important tumor in 
the differential diagnosis; the absence of psammoma 
bodies may help separate it from psammomatous mela-
notic schwannoma. Blue nevi may also enter the dif-
ferential diagnosis, and may be distinguished by the 
absence of psammoma bodies, generally smaller size 
and cutaneous location, and lesser degree of nuclear 
atypia.

Prognosis and treatMent

A careful search for other elements of Carney’s com-
plex is warranted when the diagnosis of melanotic 
schwannoma is made. The majority of psammoma-
tous melanotic schwannomas are benign. Complete 
excision with tumor-free margin is the optimal treat-
ment. Malignant behavior occurs in less than 10% 
of cases, with metastasis to lungs, pleura, liver, and  
spleen.

A B

Figure 10-21 
A, Typical morphologic appearance of psammomatous melanotic schwannoma: a spindle cell lesion with plump cells and heavy pigmentation 
obscuring morphologic detail. Melanophages (histiocytes that have engulfed melanin pigment from the tumor) are also present. B, The helpful 
additional diagnostic feature is the psammoma bodies (arrow).
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MALIGNANT PERIPHERAL NERVE SHEATH 
TUMOR

CliniCal Features

MPNSTs, comprising about 5% to 10% of soft tissue 
sarcomas, can arise de novo from a nerve or in the set-
ting of NF1 from a neurofibroma. When de novo, they 
most often occur in the fourth decade of life, although 
they may occur at any age. Patients with NF1 experi-
ence development of MPNSTs at earlier ages. NF1-
 associated MPNST accounts for between 50% and 67% 
of cases. A marked male predominance is seen with 
both sporadic and NF1-associated tumors. The most 
common sites of involvement include the buttocks or 

thigh, the brachial plexus and upper arm, and the para-
spinal region.

radiologiC Features

MPNST is difficult to separate radiologically from benign 
nerve sheath tumors. Potential clues include the pres-
ence of multiple associated neurofibromas, particularly 
a plexiform neurofibroma, size greater than 5 cm, an 
infiltrative appearance, and necrosis. Figures 10-22 and 
10-23 demonstrate radiologic appearances of MPNST.

PathologiC Features

gross Findings

MPNST is a fusiform to globoid, pseudoencapsu-
lated tumor with a firm-to-hard consistency, often with 
gross evidence of necrosis (Figure 10-24). An attached 
medium or large nerve is often evident, if the tumor is 
arising from a nerve. De novo MPNST is cream gray, 
with foci of necrosis and hemorrhage. MPNST arising in 
neurofibroma, in the setting of NF1, also shows necrosis 
and hemorrhage evident in an otherwise homogeneous 
rubbery gray lesion. Almost all MPNSTs are greater 
than 5 cm at presentation.

MiCrosCoPiC Findings

MPNST (Figure 10-25) can be spindled in 95% of 
cases and epithelioid in 5% of cases. At low power, 
spindled MPNSTs exhibit a marbled appearance, with 
alternating zones of hypercellularity and hypocellu-
larity. The neoplastic cells grow in long fascicles and 
occasionally in storiform arrays, contain a moderate 
amount of lightly eosinophilic cytoplasm, and have 
wavy or buckled, hyperchromatic nuclei. Accentuated 
perivascular cellularity, often with herniation of the 
tumor into blood vessels, is a relatively characteristic 
feature of MPNST. A hemangiopericytoma-like vascu-
lar pattern may also be present. Wiry collagen, of the 
type seen in synovial sarcoma, is usually absent. Epi-
thelioid MPNSTs show a distinctly nested appearance, 
with epithelioid to rhabdoid-appearing cells with promi-
nent macronucleoli (reminiscent of melanoma). Diver-
gent differentiation, in the form of rhabdomyoblasts  
(so-called malignant Triton tumor), mucinous glands, 
osteoid, and cartilage may be seen, typically in patients 
with NF1. It should be emphasized that there are no his-
tologic features that are absolutely diagnostic of MPNST, 
and this diagnosis often requires clinical correlation for 
a history of NF1 and careful exclusions of other similar-
appearing tumors, in particular, monophasic synovial 
sarcoma (MSS).

PSAMMOMATOuS MeLANOTiC SCHWANNOMA—FACT SHeeT

Definition
 ▸▸  Melanin pigmented neural tumor arising from sympathetic nervous 

system; differs substantially from typical schwannomas

incidence and Location
 ▸▸  Rare; 14% of patients with Carney’s complex have melanotic 

schwannomas; locations include spinal or autonomic nerves near 
the midline

Morbidity and Mortality
 ▸▸  Difficult to predict the biologic behavior from histology, but 

metastases may develop

Clinical Features
 ▸▸  Age range, 20 to 40 years; 50% of cases have associated Carney’s 

complex (myxomas including atrial myxoma, endocrine overactiv-
ity, pigmented skin lesions)

Prognosis and Treatment
 ▸▸  The majority of tumors are benign; complete excision with tumor-

free margin is optimal treatment; malignant behavior can occur 
in less than 10% of cases, with metastasis to lungs, pleura, liver, 
and spleen

PSAMMOMATOuS MeLANOTiC SCHWANNOMA— 
PATHOLOgiC FeATureS

gross Findings
 ▸▸  Mean size, 5 cm; circumscribed fusiform or sausage-shaped  

gray–black tumor

Microscopic Findings
 ▸▸  Spindled eosinophilic cells with wavy nuclei obscured by dense 

melanin pigment; psammoma bodies
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Figure 10-22 
Radiologic images of de novo malig-
nant peripheral nerve sheath tumor 
(MPNST). T1 (top left), after gad-
olinium (middle), T2 (top right), 
and split-screen sonogram show-
ing entering and exiting nerve of 
MPNST.

MALigNANT PeriPHerAL NerVe SHeATH TuMOr— 
PATHOLOgiC FeATureS

gross Findings
 ▸▸  Fusiform, cream gray, necrosis, hemorrhage, greater than 5 cm

Microscopic Findings
 ▸▸  Alternating hypocellularity and hypercellularity, fascicular growth, 

accentuated perivascular cellularity, wavy to buckled nuclei; may 
be purely epithelioid; heterologous differentiation (skeletal mus-
cle, osteochondroid, glands) in a minority of NF1-related cases

immunohistochemical Findings
 ▸▸  Weak and focal S-100 protein expression in spindled tumors; 

diffuse strong S-100 protein expression in epithelioid MPNST; 
desmin, myogenin and MyoD1 expression in MPNST with rhabdo-
myoblastic differentiation

Differential Diagnosis
 ▸▸  Synovial sarcoma, fibrosarcoma, malignant solitary fibrous tumor, 

melanoma

ultrastructural Findings
 ▸▸  Varying stages of melanosomes combined with schwannian features 

of complex cell processes and well-developed basement membranes

immunohistochemical Findings
 ▸▸  Strong S-100 protein and HMB45 expression, best seen on 

bleached sections

Differential Diagnosis
 ▸▸  Malignant melanoma, blue nevus

MALigNANT PeriPHerAL NerVe SHeATH TuMOr—FACT SHeeT

Definition
 ▸▸  A malignant tumor arising from peripheral nerve, a neurofibroma, or 

showing nerve sheath differentiation; half are associated with NF1

incidence and Locati on
 ▸▸  Malignant transformation occurs in approximately 3% to 22% of 

neurofibromas; MPNST represents 5% to 10% of sarcomas; most 
common locations include the buttocks, thigh, brachial plexus, 
upper arm, and paraspinal region

Morbidity and Mortality
 ▸▸  Older studies report 5-year survival rate of 15% for MPNST in NF1; 

5-year survival rate of 50% for de novo MPNST; newer studies sup-
port 5-year survival rate of 85% for both groups; best prognosis is 
for head and neck MPNST, which can be low grade

Clinical Features
 ▸▸  Second to fifth decade of life for sporadic tumors, and third to 

sixth decade in NF1-related tumors

radiologic Features
 ▸▸  Difficult to separate from benign nerve sheath tumors, size 

greater than 5 cm, irregular borders, and necrosis are suggestive 
of malignancy

Prognosis and Treatment
 ▸▸  Most MPNSTs are high grade and require adjuvant therapy in addi-

tion to surgery
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Figure 10-23 
Coronal T1 and coronal T1 after gadolinium showing malignant peripheral nerve sheath tumor (MPNST) arising in plexiform neurofibroma of 
sciatic nerve in patient with neurofibromatosis type 1. Necrosis and invasion are present along nerve; the tumor has an infiltrative margin 
(A). MPNST arising in neurofibromatosis demonstrates coronal short Tau inversion recovery (B) and gross correlation of nerve, branches, and 
tumor (C).
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anCillary studies

iMMunohistoCheMistry

Spindled and epithelioid MPNSTs have different 
staining patterns (Figure 10-26). Spindled MPNST are 
generally only focally positive for S-100 protein, and 
are occasionally positive for GFAP and CD34. Although 
EMA-positive cells may be present, reflecting limited 
perineurial differentiation, cytokeratin-positive cells 
should not be seen, except in MPNST with glandular 
differentiation. MPNST with rhabdomyoblastic differ-
entiation will show expression of desmin, myogenin, 
and MyoD1, often in many more cells than might 
be expected on routinely stained slides. Epithelioid 
MPNSTs, unlike spindled MPNSTs, are diffusely and 
strongly positive for S-100 protein. Melanocytic markers 
are negative in these tumors, assisting in their distinc-
tion from melanoma.

diFFerential diagnosis

The differential diagnosis of spindled MPNST includes 
principally the other monomorphic spindle cell sarco-
mas, including MSS, fibrosarcoma, leiomyosarcoma, 
and malignant solitary fibrous tumor. The histologic 
features of spindled MPNST and MSS overlap to a sig-
nificant degree, necessitating the routine use of immu-
nostains to cytokeratins (positive scattered cell in nearly 
all MSSs, generally negative in MPNSTs), S-100 protein 
(weakly positive in almost all MPNSTs, weakly posi-
tive in ~20% of MSSs), and CD34 (variably positive 
in MPNST, invariably absent in MSS). In particularly 
difficult cases, such as MSS arising in association 
with nerves, cytogenetic, or molecular genetic analysis, 

looking for the synovial sarcoma-associated t(X;18)  
(SYT-SSX) may be essential in arriving at a defini-
tive diagnosis. Leiomyosarcoma and malignant soli-
tary fibrous tumor may be excluded by a combination 
of morphologic and immunohistochemical findings, 
such as intersecting fascicles of eosinophilic, actin, and 
desmin-positive cells in leiomyosarcoma, and abun-
dant collagen with cracking artifact and diffuse CD34 
 expression in malignant solitary fibrous tumor. Epi-
thelioid MPNST may closely simulate malignant mela-
noma histologically; lack of expression of melanocytic 
markers may be helpful here.

Prognosis and treatMent

Most MPNSTs are high-grade sarcomas (Fédération  
Nationale des Centres de Lutte Contre le Cancer/
National Federation for the Fight against Cancer 
[FNCLCC] or National Cancer Institute [NCI] grades 2 
or 3), which metastasize to the lungs and bone. Those 
that occur in patients with NF1 have a greater mor-
bidity and shorter 5-year survival rate (15%) as com-
pared with sporadic MPNST (5-year survival, 50%). 
The epithelioid variant of MPNST can also metasta-
size to lymph nodes, and thus mimic malignant mela-
noma. Rare MPNST, particularly those tumors that 
occur in the head and neck, and “early” tumors aris-
ing in neurofibromas are histologically and clinically 
low grade.

GRANULAR CELL TUMOR: BENIGN, 
ATYPICAL, AND MALIGNANT

CliniCal Features

Granular cell tumors are schwannian tumors with 
granular eosinophilic cytoplasmic features, because of 
abundant lysosomes. These are usually benign tumors 
and can occur in almost any anatomic location, includ-
ing the dermis, subcutis, submucosal, and even inter-
nal organs, including the larynx, bronchus, stomach, 
and bile duct. An individual may be affected at any 
age, but these tumors occur most commonly in adults 
between the ages of 40 and 60 years. A female sex and 
African American  predominance exist. The lesions are 
usually painless and are of less than 6 months in dura-
tion. Although most are solitary lesions, about 15% 
to 25% of patients are found to have multiple lesions, 
either simultaneously or over time. When multiple 
lesions occur, they are usually either all dermal/sub-
cutaneous (superficial) or all internal (organ related); 

Figure 10-24
Gross photograph of tan malignant peripheral nerve sheath tumor with 
areas of yellow–gray necrosis; nerve entering into lesion at right.
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rarely do patients with multiple granular cell tumors 
have extremity/trunk and internal organ involve-
ment simultaneously. Although these are schwannian 
tumors, no association of multiple granular cell tumors 
with NF1 or NF2 exists. Malignant granular cell tumors 

are found de novo, not arising from a benign granular 
cell tumor, and usually occur in an older age popula-
tion than benign granular cell tumors, most commonly 
in the superficial or deep soft tissue of the proximal 
upper extremity.

A

C
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D

Figure 10-25 
Microscopic images of malignant peripheral nerve sheath tumor. A, Patient with neurofibromatosis type 1 and malignant (blue, deep) trans-
formation of cutaneous neurofibroma (pink, superficial). B, Typical histologic appearance of malignant peripheral nerve sheath tumor (MPNST) 
with perivascular tumor sparing and adjacent geographic necrosis of spindled MPNST and (C) epithelioid MPNST. D, Spindled bluish MPNST (left) 
compared with pinker synovial sarcoma (right).
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PathologiC Features

gross Findings

Benign granular cell tumors are usually less than  
3 cm, poorly delineated, and pale yellow–tan on cut sur-
face. Malignant granular cell tumors have a similar gross 
appearance but tend to be larger, with a median size  
of 4 cm.

MiCrosCoPiC Findings

Most granular cell tumors are poorly circumscribed 
proliferations of large polygonal cells with eosino-
philic, granular cytoplasm, and ovoid dark nuclei with 
inconspicuous nucleoli and minimal mitotic activity, 
which involves the dermis, subcutis, or submucosal 
area (Figure 10-27). Cytoplasmic aggregation of lyso-
somes yields a cytoplasmic globule surrounded by 
an artifactual halo, a diagnostically useful feature in 
separating true granular cell tumors from granular 
cell variants of other tumor types. The overlying epi-
dermis may be acanthotic or show pseudoepithelio-
matous hyperplasia, and the tumor is often found in 
close association with small peripheral nerves, often 

with perineurial growth. The diagnosis of malignant 
granular cell tumor is given to tumors that show at 
least three and usually five or six of the following six 
histologic features: pronounced spindling with fascicu-
lar growth, necrosis, mitotic activity greater than 2 in 
10 high-power fields (hpf), high nuclear-to-cytoplas-
mic ratio, diffuse nuclear pleomorphism, and vesicular 
nuclei with prominent macronucleoli (Figure 10-28). 
Tumors with only one or two of these features may be 
classified as atypical; such lesions appear to behave in 
a similar fashion to entirely benign-appearing tumors 
(Figure 10-29).

anCillary studies

iMMunohistoCheMistry

All granular cell tumors are intensely positive for 
S-100 protein and CD68, highlighting the characteris-
tic cytoplasmic granular (Figure 10-30). Inhibin α sub-
unit may be positive in benign granular cell tumors but 
has not been fully evaluated in malignant granular cell 
tumors. Basement membrane proteins such as collagen 
type IV and laminin are present.

A

B C

Figure 10-26 
Typical immunohistochemistry for spindled malignant peripheral nerve sheath tumor (MPNST) arising in neurofibroma in patient with neurofi-
bromatosis type 1. Diffuse S-100 protein of pink neurofibroma (left of both images) is decreased or absent with malignant transformation to 
spindled MPNST (right of both images, A), whereas epithelioid MPNST is diffusely strongly positive for S-100 protein (B). Both epithelioid and 
spindled MPNST can demonstrate glial fibrillary acidic protein (C).
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diFFerential diagnosis

Essentially any tumor type may show granular cell 
change; thus, the differential diagnosis of true granu-
lar cell tumors is quite broad. In general, granular cell  
variants of other tumor types lack the large, clumped 
granules surrounded by an artifactual halo seen in true 

granular cell tumors. Demonstration of intense S-100 
protein in the absence of expression of other markers 
(e.g., factor XIIIa, actins, desmin) may be helpful in this 
differential diagnosis. It should be remembered that 
CD68 is a nonspecific marker of lysosomes, which may, 
therefore, be positive in any tumor with granular cell 
features.

A B

Figure 10-27
Microscopic appearance of benign granular cell tumor with large polygonal cells, small nuclei, absence of mitoses, infiltrative appearance, 
granular cytoplasm, and cytoplasmic lysosomal aggregates with clear halos (A, arrow; B, better demonstrated).

grANuLAr CeLL TuMOr—FACT SHeeT

Definition
 ▸▸  A Schwann cell tumor with cytoplasmic granules representing 

lysosomes and lysosomal aggregates

incidence and Location
 ▸▸  Benign granular cell tumor is common, occurring in soft tissue, 

gastrointestinal tract, and respiratory tract; malignant granular 
cell tumor is rare and has been reported only in soft tissue, most 
commonly the proximal upper extremity

Morbidity and Mortality
 ▸▸  Benign granular cell tumor may recur locally and can be multiple 

in 15% to 25% of cases; malignant granular cell tumors have been 
reported to have a 50% distant metastatic rate, with associated 
poor prognosis and short survival

Clinical Features
 ▸▸  These tumors may occur in patients of any age but are most com-

mon in the second to fourth decades of life; a female sex and 
African American predominance exist

Prognosis and Treatment
 ▸▸  Benign granular cell tumors may recur locally if incompletely 

excised; histologically malignant granular cell tumors behave as 
high-grade sarcomas

grANuLAr CeLL TuMOr—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Poorly delineated, pale yellow–tan, small (< 3 cm) tumors; malig-

nant tumors may be larger

Microscopic Findings
 ▸▸  Sheets of infiltrative large granular cells, usually with small 

nuclei and indistinct nucleoli and low mitotic activity; distinctive 
cytoplasmic aggregations of lysosomes separated by a clear halo 
are found; atypical granular cell tumors have one or two of the 
following histologic features, and malignant granular cell tumors 
have at least three and usually five to six of the following histo-
logic features: sarcomatoid spindling, necrosis, mitoses greater 
than 2 per 10 hpf, high nuclear-to-cytoplasmic ratio, diffuse pleo-
morphism, vesicular nuclei with macronucleoli

ultrastructural Findings
 ▸▸  Granular cytoplasm contains numerous autophagic vacuoles; some 

cells have large boat-shaped cytoplasmic crystals (angulated bodies)

immunohistochemical Findings
 ▸▸  S-100 protein, CD68, α-inhibin positive

Differential Diagnosis
 ▸▸  Granular cell variants of many other types of neoplasm
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Figure 10-28
Atypical granular cell tumor with focally enlarged nuclei and prominent nucleoli. A, Low-power view. B, Higher magnification of A.

A B

C

Figure 10-29
Malignant granular cell tumor with obvious high-grade sarcoma features: 
diffuse pleomorphism, diffusely enlarge nucleoli, high nuclear-to-cytoplas-
mic ratio, mitoses, and necrosis (A–C, better demonstrated in other areas 
of the tumor).
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Prognosis and treatMent

Benign granular cell tumors are often relatively infil-
trative tumors, which are commonly initially resected 
with positive surgical margins. Such tumors may recur 
locally, unless completely excised. Malignant granular 
cell tumors behave as high-grade sarcomas and should 
be treated as such.

PERINEURIOMA: INTRANEURAL, SOFT 
TISSUE, AND MALIGNANT

CliniCal Features

Perineurioma is generally a benign tumor composed of 
perineurial cells, the peripheral counterpart of menin-
geal cells from the intracranial pia-arachnoid membranes. 

 Perineurioma involves mainly peripheral nerves of the 
extremities (intraneural type) or is unassociated with 
nerve (soft tissue type). Sclerosing perineurioma is the 
most common type of perineurioma, followed by typical 
soft tissue perineurioma, intraneural perineurioma, and 
rare reticular perineuriomas. Perineuriomas can be super-
ficial or deep. Intraneural perineurioma most commonly 
occurs in adolescence with an equal sex distribution; soft 
tissue perineurioma occurs in adults with a female pre-
dominance, but children can also be affected. Symptoms 
of intraneural perineurioma include progressive muscle 
weakness and sometimes skeletal muscle atrophy. Soft tis-
sue perineuriomas often present as an asymptomatic mass.

PathologiC Features

gross Findings

Intraneural manifestations include segmental or tubu-
lar enlargement of nerve, up to 10 cm or longer. Soft tissue 
involvement includes solitary, small, well-circumscribed  
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Figure 10-30
Immunohistochemistry of granular cell tumor: A, Diffuse S100 protein 
staining; (B) silhouette of clusters of tumor cells in benign granular 
cell tumor by CD34-positive fibroblasts; and (C) KP1 (CD68) highlight-
ing cytoplasmic lysosomal aggregates, so characteristic for granular cell 
tumor and not identified in other tumors with granular cell features.
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mass, measuring 1.5 to up to 12 cm in greatest dimen-
sion. These can be firm to gelatinous and gray–white.

MiCrosCoPiC Findings

Intraneural findings include neoplastic perineurial 
cells seen throughout the endoneurium, forming con-
centric layers around nerve fibers, creating an onion 
bulb–like effect. The lesion may become progressively 
hyalinized.

Soft tissue perineuriomas are composed of spindled 
wavy cells with elongated cytoplasmic processes. In myx-
oid areas, these processes can be seen to overlap from 
cell to cell. The tumors typically grow in short fascicles 
and meningioma-like whorls (Figure 10-31). Although 
degenerative atypia may be observed in longstanding 
lesions, mitoses are generally rare and necrosis is absent. 

Sclerosing perineuriomas display bland epithelioid to 
spindled cells arranged in concentric whorls, embedded 
in a distinctly sclerotic matrix (Figure 10-32).

Malignant perineurioma, also known as perineu-
rial MPNST, displays greater cellularity, nuclear 
enlargement and hyperchromatism, mitotic activity, 
infiltrative growth, and necrosis. Ultrastructural or 
 immunohistochemical study, or both, is typically nec-
essary to distinguish malignant perineuriomas from 
other types of MPNST. This distinction currently is not 
known to be clinically significant.

anCillary studies

iMMunohistoCheMistry

Intraneural involvement shows EMA-positive peri-
neurial cells surrounding S-100-protein–positive resid-
ual Schwann cells and NFP-positive residual axons of 
the nerve fibers.

Soft tissue perineuriomas (Figure 10-33), including 
sclerosing perineuriomas, are positive for EMA and neg-
ative for S-100 protein or CD34. All perineuriomas can 
be claudin-1 positive. Claudin-1, a tight junction-related 
protein, and GLUT-1, a glucose transporter protein, are 
frequently positive in perineurial tumors and not in 
the majority of tumors in the differential diagnosis. On 
occasion, claudin-1, GLUT-1, or both may be positive in 
tumors that lack or nearly lack EMA expression.

genetiC Features

Cytogenetic study of both intraneural and soft tissue 
perineuriomas has shown monosomy of chromosome 
22.

Figure 10-31 
Soft tissue perineurioma demonstrating whorls of bland, ovoid peri-
neurial cells embedded in a myofibrous matrix. (Courtesy of John  
F. Fetsch, MD)

A B

Figure 10-32 
Sclerosing perineurioma is the most common type of soft tissue perineurioma, demonstrating whorls of uniform perineurial cells embedded in 
collagenized stroma (A, B).
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Figure 10-33
Immunohistochemistry of soft tissue perineurioma: (A) Glut-1,  
(B) epithelial membrane antigen, and (C) diffuse laminin.  
(C, Courtesy of John F. Fetsch, MD)

PeriNeuriOMA—FACT SHeeT

Definition
 ▸▸  A tumor of nerve or soft tissue composed mainly of perineurial 

cells

incidence and Location
 ▸▸  Rare, located in peripheral extremity nerves for intraneural type 

and mainly in extremities for soft tissue type

Morbidity and Mortality
 ▸▸  Low for intraneural and benign soft tissue perineuriomas; greater 

for malignant perineuriomas

Clinical Features
 ▸▸  Intraneural perineurioma occurs in adolescents to young adults, 

with equal sex distribution, in peripheral extremity nerves, 
 causing muscle weakness

 ▸▸  Soft tissue perineurioma occurs in adults with a female 
 predilection, not arising within nerve

Prognosis and Treatment
 ▸▸  Intraneural tumors are benign and require only biopsy for 

 diagnosis
 ▸▸  Most other perineuriomas are benign and require only local 

 excision
 ▸▸  Malignant perineuriomas should be treated as sarcomas

PeriNeuriOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Intraneural perineurioma: thickening of nerve
 ▸▸  Soft tissue perineurioma: small, circumscribed mass

Microscopic Findings
 ▸▸  Intraneural perineurioma: concentric onion bulb–like perineurial 

cells around residual nerve twigs and fibrosis
 ▸▸  Soft tissue perineurioma: spindled, wavy, perineurial cells 

 embedded in collagen with some whorls

immunohistochemical Findings
 ▸▸  Intraneural perineurioma: residual S-100 protein-positive 

Schwann cells and NFP-positive axons surrounded by EMA-positive 
 perineurial cells

 ▸▸  Soft tissue perineurioma: EMA reactivity, negative for S-100 
 protein; both can be claudin-1 and GLUT-1 positive

genetic Findings
 ▸▸  Monosomy of chromosome 22

Differential Diagnosis
 ▸▸  Intraneural perineurioma: none
 ▸▸  Sclerosing perineurioma: glomus tumor, benign fibrous 

 histiocytoma, myoepithelial tumors
 ▸▸  Soft tissue perineurioma: neurofibroma, low-grade fibromyxoid 

sarcoma, solitary fibrous tumor, dedifferentiated liposarcoma with 
meningothelial-like whorls, conventional MPNST
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diFFerential diagnosis

Intraneural perineuriomas are quite distinctive and 
unlikely to be confused with other tumors. Sclerosing 
perineuriomas, by virtue of their frequent location on 
the extremities, may be confused with hyalinized glo-
mus tumors, benign fibrous histiocytoma and collage-
nous fibroma, and myoepithelial tumors. Identification 
of EMA expression, in the absence of expression of 
actins, desmin, S-100 protein, cytokeratin, or factor 
XIIIa, may be helpful. Deeply seated perineuriomas may 
be confused with a variety of collagenized or myxoid 
tumors, including neurofibroma, low-grade fibromyx-
oid sarcoma, solitary fibrous tumor, and rare variants of 
dedifferentiated liposarcoma with meningothelial-like 
whorls. Neurofibromas may be recognized by virtue of 
their distinctive shredded carrot-like collagen and S-100 
protein expression. Low-grade fibromyxoid sarcomas 
show a characteristic abrupt transition from heavily 
collagenized zones into myxoid nodules and are EMA-
negative. Solitary fibrous tumors typically show a more 
patternless pattern of growth, hemangiopericytoma-
like blood vessels, and diffuse CD34 expression. 
Although the meningothelial-like whorls seen in rare 
cases of dedifferentiated liposarcoma may closely 
resemble perineurioma, they are seen in the con-
text of areas of well-differentiated liposarcoma and  
are EMA negative.

Prognosis and treatMent

Intraneural perineuriomas are benign, without risk for 
local recurrence. Biopsy for diagnosis is sufficient because 
resection will result in loss of neurologic function. Soft 
tissue perineuriomas are generally benign and can be 
surgically excised without recurrence or postoperative 
morbidity. Malignant perineuriomas do have significant 
potential for local recurrences and some risk for metas-
tasis; their biologic potential relative to other types of 
MPNST remains to be determined.

NEUROTHEKEOMA: NERVE SHEATH 
MYXOMA

Neurothekeoma was first described by Harkin and 
Reed in 1969. It is a benign myxoid tumor of nerve 
sheath origin. Although the tumor known as cellular 
neurothekeoma has traditionally been considered a vari-
ant of myxoid neurothekeoma, more recent evidence 
suggests this is an unrelated neoplasm of possible 

 fibrohistiocytic derivation. Cellular neurothekeoma 
will not be discussed in this chapter.

CliniCal Features

Nerve sheath myxoma affects children and young adults 
with no definite sex predilection. The head and neck 
and extremities, especially the upper extremities, are the 
most common locations for this tumor. These are der-
mal and subcutaneous lesions that only rarely involve 
deep soft tissue. No known association exists with NF1 
or NF2.

PathologiC Features

gross Findings

Nerve sheath myxoma is generally a multinodular 
mucoid mass in the dermis or subcutis that is small, 0.5 
to 2.0 cm.

MiCrosCoPiC Findings

Nerve sheath myxoma is a highly distinctive neo-
plasm composed of well-demarcated, abundantly myx-
oid lobules of varying sizes, separated by fibrous septa 
(Figure 10-34). Within this myxoid stroma the tumor 
cells are stellate, spindled, and occasionally epithelioid, 
with lightly eosinophilic cell processes and small, darkly 
staining nuclei. Usually, little pleomorphism or mitotic 
activity is present, although occasional tumors may 
show scattered enlarged, hyperchromatic cells.

anCillary studies

iMMunohistoCheMistry

Myxoid neurothekeomas are strongly positive for S-
100 protein and basement membrane proteins, such as 
collagen type IV. EMA-positive cells may occasionally be 
found around the periphery of the tumor, representing 
residual perineurial cells.

diFFerential diagnosis

Myxoid neurothekeoma may be confused with other 
myxoid neoplasms of the skin and subcutis, such as cuta-
neous angiomyxoma and myxofibrosarcoma (myxoid 
malignant fibrous histiocytoma). Both cutaneous angio-
myxoma and myxofibrosarcoma are more infiltrative 
lesions that lack the distinctly lobular growth pattern 
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of myxoid neurothekeoma and show other features not 
seen in neurothekeoma, such as stromal neutrophils in 
angiomyxoma and mitotically active, hyperchromatic, 
pleomorphic spindled cells in myxofibrosarcoma. These 
two lesions are also S-100 protein-negative. On occasion, 
both schwannoma and neurofibroma may show abun-
dant myxoid change and mimic neurothekeoma. Clues 
to these diagnoses include the focal presence of Antoni 
A zones with Verocay bodies in myxoid schwannoma 
and the distinctive collagen pattern of neurofibroma.

Prognosis and treatMent

Myxoid neurothekeoma is a benign tumor that can be 
treated with local excision.

NEUROBLASTOMA, 
GANGLIONEUROBLASTOMA,  
AND GANGLIONEUROMA

CliniCal Features

Neuroblastoma is a tumor of the primitive migratory 
neural crest elements that normally invade the fetal 
adrenal gland and form the sympathetic nervous system. 
Neuroblastomas that occur along the sympathetic ner-
vous system chain and adrenal gland are the most fre-
quent of the pediatric neural tumors, 96% occurring in 
the first year of life, and almost all by 5 years of age. No 

NeurOTHeKeOMA—FACT SHeeT

Definition
 ▸▸  A peripheral, superficial, multiloculated nerve sheath tumor in 

young adults
 ▸▸  Incidence and location: typically extremities, not uncommon

Morbidity and Mortality
 ▸▸  None; benign; no association with NF1 or NF2

Clinical Features
 ▸▸  Young adults, equal sex distribution, extremity mass
 ▸▸  Prognosis and treatment: benign, simple excision

NeurOTHeKeOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Dermal or subcutaneous multinodular mucoid mass, less than  

2.0 cm

Microscopic Findings
 ▸▸  Nodules of myxoid change separated by fibrous septa with stel-

late, usually bland cells in a slight whorled pattern; sometimes 
hyperchromasia or multinucleation, rare mitoses

immunohistochemical Findings
 ▸▸  S-100 protein-positive

Differential Diagnosis
 ▸▸  Angiomyxoma, myxofibrosarcoma, myxoid schwannoma, myxoid 

neurofibroma

A B

Figure 10-34 
A, Nerve sheath myxoma (neurothekeoma) demonstrating lobules of myxoid change separated by fibrous septa and (B) higher magnification of 
stellate whorling cells in areas of myxoid change.
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sex predilection exists. The adrenals (40%) are the most 
common site, followed by the abdominal cavity (25%), 
thoracic cavity (15%), cervical region (5%), and pelvic 
sympathetic ganglia (5%). Patients present with a pal-
pable abdominal mass, hepatomegaly, or a thoracic mass 
on routine chest radiograph. Secretion of vasoactive 
intestinal polypeptide by the tumor can cause the patient 
to have watery diarrhea and hypokalemia. Ganglioneu-
roma is a benign sympathetic nervous system tumor that 
occurs in children and young adults in the retroperito-
neum, pelvis, adrenals, gastrointestinal tract, and poste-
rior mediastinum, with a female sex predominance.

radiologiC Features

Neuroblastoma can be detected on radiographic or CT 
scan, especially when demonstrating stippled calcifi-
cations, present in both ganglioneuroma and the less 

mature neuroblastoma variants. Magnetic resonance 
imaging (MRI) is generally nonspecific, demonstrating 
an intermediate or low intensity on T1-weighted images 
and a high signal on T2-weighted images. A radioisotope 
study using 131I-meta-iodobenzylguanidine, a substance 
taken up by adrenergic secretory vesicles, can be used to 
demonstrate primary and metastatic tumors.

PathologiC Features

gross Findings

Neuroblastoma may present as a large (>10 cm) 
mass and is lobulated, encapsulated, soft, tan–gray, hem-
orrhagic, sometimes cystic, and often calcified. Intra-
adrenal lesions may show a thin rim of residual adrenal 
gland flattened against the capsule of the neuroblastoma. 
Ganglioneuroblastoma and ganglioneuroma tumors are 
more firm and tan–white. Ganglioneuroblastomas often 
contain nodules of grossly different appearance and 
 consistency.

MiCrosCoPiC Findings

The Shimada classification is used to separate four main 
neuroblastoma subtypes: (1) neuroblastoma (Schwannian 
stroma poor; Figure 10-35); (2) ganglioneuroblastoma 
(Schwannian stroma rich, >50%, grossly intermingled 
areas); (3) ganglioneuroblastoma (Schwannian stroma-
poor component and either Schwannian stroma-rich or 

NeurOBLASTOMA—FACT SHeeT

Definition
 ▸▸  Neuroblastoma is a spectrum of tumors from mature ganglioneu-

roma to ganglioneuroblastoma to undifferentiated neuroblastoma 
that arise from primitive neural crest cells

incidence and Location
 ▸▸  Neuroblastoma is the third most common pediatric tumor and the 

most common tumor in patients younger than 5 years, usually in 
the adrenal or other retroperitoneal or posterior mediastinal site; 
ganglioneuroma is found in the retroperitoneum in older children

Morbidity and Mortality
 ▸▸  Prognosis depends on stage, patient age, location, histologic clas-

sification, and molecular findings; poor prognosis is associated 
with nodular ganglioneuroblastoma, high MKI, undifferentiated 
or poorly differentiated in a child between 1 and 5 years old, and 
deletions or loss of hybridization of 1p36, amplification or MYCN, 
or both; those with intermixed schwannian stroma, differentiat-
ing or low MKI, or ganglioneuroma have good prognosis; alterna-
tively, neuroblastomas, even high stage, in very young (less than 
1 year) patients may involute or spontaneously regress

Clinical Features
 ▸▸  Abdominal mass, child younger than 5 years, for neuroblastoma; 

older child or young adult, retroperitoneum, for ganglioneuroma

radiologic Features
 ▸▸  Stippled calcification by X-ray or CT, in patient younger than  

5 years with midline or adrenal mass with high signal intensity on 
T2-weighted MRI, is suggestive of neuroblastoma; ganglioneuroma 
can also show calcification on radiograph or CT scan

 ▸▸  Prognosis and treatment: prognosis depends on type, staging, and 
above factors (see Morbidity and Mortality). Treatment is accord-
ing to risk protocol, varying from no additional therapy to chemo-
therapy to myeloablative treatment with stem cell transplantation 
for high-stage, poor prognosis patients

NeurOBLASTOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Hemorrhagic foci, stippled calcification, neuroblastoma. More 

firm, tan-white for ganglioneuroma

Microscopic Findings
 ▸▸  See earlier Shimada classification, separates neuroblastoma into 

four main subtypes; spectrum from primitive round cell embedded 
in neuropil stroma to tumor with schwannian features and mature 
ganglion cells

immunohistochemical Findings
 ▸▸  Synaptophysin, chromogranin, neurofilament, NSE, and protein 

gene product 9.5 may be positive in neuroblastoma; CD99 is gen-
erally negative; CD44 expression may be a prognostic factor

genetic Findings
 ▸▸  FISH: MYCN amplification; cytogenetics: deletion chromosome 1p, 

dm chromosomes, hsrs

Differential Diagnosis
 ▸▸  Other small blue cell tumors, including primitive neuroectodermal 

tumor, rhabdomyosarcoma, lymphoma, and desmoplastic small 
round cell tumor; ganglioneuroma: schwannoma and neurofibroma
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Schwannian stroma-dominant component, grossly in 
separate nodules); and (4) ganglioneuroma (Schwannian 
stroma dominant). The first subtype is further separated 
into three variants. It can be fully undifferentiated, requir-
ing ancillary studies for diagnosis, poorly differentiated 
with readily recognizable neuropil and Homer–Wright 
rosette formation, or differentiating (usually abundant 
neuropil and at least 5% of tumor cells maturing to gan-
glion cells). Neuroblasts are small, dark cells with high 
nuclear-to-cytoplasmic ratio and stippled chromatin. 
Neuroblastoma usually has high mitotic activity and kary-
orrhexis, and is often hemorrhagic. Ganglion cells matur-
ing from neuroblasts are defined as having an enlarged, 
eccentrically located nucleus with a prominent nucleolus 
and synchronously abundant amphophilic cytoplasm 
that is twice or more the diameter of the nucleus (Figure 
10-36). In the second subtype, the ganglioneuroblastoma 
has greater than 50% Schwannian stroma, neuropil, and 

neuroblasts in various stages of differentiation. The third 
subtype has grossly visible nodules (Figure 10-37), with 
coexistence of the first and third or first and fourth sub-
types. The fourth subtype can be further subdivided into 
a Schwannian stroma-dominant tumor with maturing 
ganglion cells and that with fully mature ganglion cells 
(and small round satellite cells; Figure 10-38). Ganglio-
neuroma should, therefore, be well sampled to rule out 
areas of immature components, especially if neuropil 
is identified. Tumors that have a few immature cells in 
an otherwise ganglioneuroma-like tumor are considered 
maturing ganglioneuroma. Ganglion cells in ganglioneu-
roma may be multinucleated or may occasionally have 
satellite cells around them but are usually intermixed in a 
neurofibroma-like Schwannian tumor. The mitosis–kary-
orrhexis index (MKI) is a semiquantitative valued derived 
from counting the number of mitoses and fragmented 
karyorrhectic nuclei in a 40X objective, high-power field.

A

C

B

D

Figure 10-35 
A, The spectrum of neurofibroma (Shimada classification) ranges from poorly or undifferentiated neuroblastoma with round blue cells sometimes 
identified in (B) a neuropil stroma, (C) often abundant necrosis, or (D) apoptosis, and

(Continued)
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anCillary studies

iMMunohistoCheMistry

Synaptophysin, chromogranin, neuron specific eno-
lase (NSE) and protein gene product 9.5 may be positive 
in neuroblastoma. Used only for research, high levels of 
TrkA, one of the nerve growth factor receptors, have 
been found in 82% of neuroblastomas.

For any other ancillary method, MYC-related onco-
gene (MYCN), normally located on chromosome 2p24 
and known to play a role in transcriptional activa-
tion, has been found to be amplified in 25% of pri-
mary untreated neuroblastomas by fluorescent in situ 
hybridization (FISH). Thirty to forty percent of cases 
may demonstrate deletion of chromosome 1p by DNA 
polymorphisms; allelic loss of chromosome 11q can 
be detected by DNA polymorphism and by compara-
tive genomic hybridization in 30% to 50% of cases. 
Another karyotypic abnormality of neuroblastoma may 
be trisomy for chromosome 17q. In addition to loss of 

Figure 10-36 
Neuroblastoma immature round cells can fully mature to ganglion cells. 
Depending on the percentage of ganglioneuroma (schwannian stroma), 
these can be then classified into ganglioneuroblastoma subtypes of dif-
fuse, nodular when the stomal component reaches 50% and then final 
maturation without small round cells (ganglioneuroma).

G

E F

Figure 10-35—CONT’D
(e) occasionally barely recognizable Homer–Wright rosettes, occasionally 
metastasizing to (F, g) bone marrow.
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Figure 10-37 
Ganglioneuroblastoma has greater than 50% ganglioneuroma (bottom pinkish portion) and either nodular or intermixed maturing neuroblastoma, 
in this case as separate nodules representing type 3 (A, above arrows); higher magnification of these immature areas (B). Ganglioneuroblastoma 
has a maturing neuroblastoma component that can be intermixed with the ganglioneuroma (B) or as separate nodules from ganglioneuroma.

A B

C

Figure 10-38 
Ganglioneuroma: fully mature schwannian tumor with mature ganglion 
cells (A, B) and often calcification (C).
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1p, cytogenetics of neuroblastoma can also reveal a dou-
ble-minute (dm) chromosome or homogenous staining 
regions (hsrs).

diFFerential diagnosis

Other small round blue cell tumors, including rhabdo-
myosarcoma, Ewing sarcoma/primitive neuroectodermal 
tumor, desmoplastic round cell tumor, and lymphoma, 
may be considered in the differential diagnosis of neu-
roblastoma. Neuroblastoma usually occurs in a younger 
age and has catecholamine secretion, and does not usu-
ally express CD99 as does Ewing sarcoma/primitive neu-
roectodermal tumor or desmoplastic round cell tumor. 
The true rosettes of neuroblastoma are different from 
the pseudorosettes of primitive neuroectodermal tumor. 
Rhabdomyosarcoma can be separated by its morphol-
ogy and reactivity with myoid (skeletal muscle–specific) 
markers. Desmoplastic small round cell tumor is gener-
ally desmin and keratin positive, and demonstrates stro-
mal desmoplasia. Lymphoma can also be separated by 
 hematopoietic immunostains specific to type. Ganglio-
neuroma can be separated from schwannoma and neu-
rofibroma by its morphology and presence of ganglion 
cells.

Prognosis and treatMent

Tumor prognosis depends on stage, patient age, tumor 
location, histologic subtype, and laboratory genetic 
markers. Lower stage tumors (1 or 2) have a better prog-
nosis than do those at higher stages (3 or 4), with the 
exception of 4S (stage 1 or 2 with liver, skin, or marrow 
involvement). Stage 1, for example, usually has an 80% 
survival rate compared with 47% survival rate in stage 
4. Neuroblastoma can metastasize to bone marrow, 
lymph node, and rarely lung. Metastases to bone are 
a particular ominous sign. Younger patients, less than  
1 year of age, have better prognosis than do older 
patients, because some of these tumors will involute 
on their own or spontaneously regress (and are usually 
associated with lack of 1p deletion, MYCN amplifica-
tion, and near triploidy). Adrenal tumors have worse 
prognosis than extra-adrenal tumors, particularly tho-
racic tumors. Specific histologic features portend worse 
prognosis: mitotic rate greater than 10 mitoses per hpf, 
necrosis, and foam cells. Alternatively, calcification,  
S-100 reactivity, multinucleation, and ganglion cells are 
associated with better prognosis. The four subtypes have 
worse prognosis for the undifferentiated, poorly differ-
entiated (first subtype), and composite (third subtype) 
than for the intermixed, maturing, and mature (second 
and fourth subtypes). Both MYCN amplification and 

1p loss of heterozygosity have been correlated with 
poor outcome. Finally, lack of CD44 expression by 
immunohistochemistry may correlate with poor prog-
nosis. PHOX2B is the first bona fide neuroblastoma 
predisposition gene identified but is mutated in only a 
small subset of cases. Somatically acquired alterations 
at chromosome arms 3p and 11q are highly correlated 
with acquisition of metastases in the absence of MYCN 
amplification and may be useful as prognostic markers. 
Much data exist on potential clinical and biologic mark-
ers in neuroblastoma that it is often difficult to decide 
which ones will be helpful in specific patient neuroblas-
toma cases. Treatment is by protocols according to risk, 
varying from no additional therapy besides surgery to 
chemotherapy to myeloablative treatment with stem 
cell transplantation for high stage and poor prognosis 
tumors.

CLEAR CELL SARCOMA

Clear cell sarcoma was originally described by Dr. Franz 
Enzinger in 1968. Although clear cell sarcoma shows 
melanocytic differentiation (see later), it differs from 
cutaneous malignant melanoma by virtue of its soft tis-
sue location in association with tendons and aponeu-
roses, absent junctional changes, and specific t(12;22) 
with a EWS-ATF1 fusion transcript.

CliniCal Features

Clear cell sarcoma represents 1% of all sarcomas. It 
is generally a slowly enlarging and painful mass that 
usually does not ulcerate the skin surface. Clear cell 
sarcoma mainly affects adolescents and young adults, 
between the ages of 20 and 40 years, with a female 
sex predominance. It is actually the most common sar-
coma of the foot and ankle; this location accounts for 
50% of all clear cell sarcomas. Other sites of involve-
ment include the knee, thigh, hand, neck, and trunk. 
Rarely, retroperitoneum and primary bone lesions 
exist. So-called clear cell sarcoma of the kidney is a 
different entity and should not be confused with this 
entity.

radiologiC Features

Clear cell sarcoma frequently involves/invades the 
tendon sheath, and tendon (Figure 10-39) may be seen 
on either side of the tumor. The tumor may be slightly 
hyperintense on T1-weighted MRI.
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PathologiC Features

gross Findings

Clear cell sarcoma is generally lobulated or multinodu-
lar, gray–white, and involves the tendon or aponeuroses. 
Tumor sizes vary from 1 to 10 cm, with a mean of 4 cm.

MiCrosCoPiC Findings

Microscopically, the tumor can often be seen infiltrat-
ing into the dense fibroconnective tissue of the associ-
ated tendon (Figure 10-40). The tumor is usually at least 
focally separated into nests by variably thick fibrous bands 
(Figure 10-41). Melanin pigment may be found in up to 
50% of cases. The neoplastic cells vary from epithelioid 
to spindled with clear-to-pale eosinophilic cytoplasm, 
vesicular nuclei, and prominent nucleoli (Figure 10-42). 
A characteristic feature is the presence of multinucleated, 
Touton-type tumor giant cells. Mitotic activity is mini-
mal. Necrosis, when present, is a poor prognostic factor.

anCillary studies

iMMunohistoCheMistry

The neoplastic cells express a variety of melanocytic 
markers, including S-100 protein, gp100 (HMB45), 

Melan-A, tyrosinase, and MiTF. HMB45 and/or Melan-
A expression may be stronger than S-100 protein expres-
sion (Figure 10-43).

Molecular findings are characterized by a reproducible 
t(12;22) (q13;q12), with an EWS-ATF1 fusion transcript. 
This fusion gene is specific for clear cell sarcoma and is not 
found in conventional malignant melanoma. Other molec-
ular changes involve chromosome 8, sometimes with addi-
tional copies, but these are not found in every tumor.

diFFerential diagnosis

The most important differential diagnostic consid-
eration is conventional malignant melanoma, either 
metastatic or primary to the deep dermis/subcutis. No 
morphologic or immunohistochemical findings reliably 
separate these two entities, and clinical correlation and 
molecular testing for the EWS-ATF1 fusion gene may 
be necessary. As noted earlier, conventional melanoma 
does not contain this fusion gene. Epithelioid MPNST 
may closely resemble clear cell sarcoma. The presence 
of spindled zones resembling conventional MPNST 
and the absence of expression of specific markers of 
melanocytic differentiation (e.g., HMB45) may help 
to establish the correct diagnosis. Epithelioid sarcoma 
tends to involve the skin and expresses cytokeratins but 
not S-100 protein. Cellular blue nevus lacks cytologic 

T1 GRE
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Figure 10-39 
Clear cell sarcoma is a tumor that actually involves tendon, not just surrounds it, as noted on these T1- (A) and T2-weighted (B) images; the 
tendon (A, circled) is seen on either side of this 4-cm quadriceps tendon mass, and the mass is heterogeneous (B, arrow).
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B

A

Figure 10-40 
A, B, Microscopically, corresponding with the radiology, the tumor infiltrates dense fibroconnective tissue, representing tendon.
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C

Figure 10-41 
Clear cell sarcoma is often separated into nests by variably thick fibrous septa and demonstrates both clear cytoplasm (A, left, hence its name) 
and eosinophilic cytoplasm (A, right). Sometimes clear cell sarcoma has a focal epithelioid appearance to tumor cells (B), and in other areas 
of the tumor it may be more spindled (C).
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atypia, frequently grows in a dumbbell-shaped configu-
ration, and is negative for the EWS-ATF1 gene fusion.

Prognosis and treatMent

Clear cell sarcoma has a poor prognosis. Approximately 
50% or more patients die of metastatic disease to lung, 
lymph node, or bone. The 5-year survival rate is 50% to 
65%, which decreases over time, with late metastases 
reported up to two to three decades after onset of dis-
ease. Recurrences occur in about 20% of patients, with 
an increased risk for metastasis after multiple recur-
rences. Unfavorable prognostic factors include tumor 
size larger than 5 cm, necrosis, and local recurrence. 
The most effective treatment for clear cell sarcoma is 
wide surgical resection. Although almost always radia-
tion and sometimes chemotherapy are utilized, both and 
particularly chemotherapy are largely ineffective. It is 
unclear whether there is a role for sentinel lymph node 
biopsy in the management of patients with this disease.

A
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C

Figure 10-42 
Whether clear, eosinophilic, epithelioid, or spindled, clear cell sarcoma always has large eosinophilic prominent nucleoli (A–C).

CLeAr CeLL SArCOMA—FACT SHeeT

Definition
 ▸▸  A malignant melanocytic lesion that occurs within soft tissue, fre-

quently in association with a tendon, differing from conventional 
malignant melanoma

incidence and Location
 ▸▸  Lower extremity, relatively rare tumor

Morbidity and Mortality
 ▸▸  50% metastatic potential with low long-term survival rate

Clinical Features
 ▸▸  20 to 40 years, lower extremity tendinous painful mass with no 

overlying ulceration

radiologic Features
 ▸▸  Intratendinous mass with possible hyperintensity on T1-weighted 

MRI

Prognosis and Treatment
 ▸▸  Poor; adjuvant therapy advocated but largely ineffective
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Figure 10-43 
Helpful to separate clear cell sarcoma from malignant melanoma is that the HMB45 (A) is always stronger and more diffuse than the S-100 
protein staining (B) in clear cell sarcoma, whereas the reverse is true for malignant melanoma.

CLeAr CeLL SArCOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Lobulated, gray–white, and involves the tendon; mean size, 4 cm
 ▸▸  Microscopic findings: infiltrates dense fibroconnective tissue, 

sheets or nests of tumor separated by variably thick fibrous band, 
melanin pigment in 50%, epithelioid to spindled tumor cells with 
variable clear-to-pale eosinophilic cytoplasm, vesicular nuclei with 
prominent eosinophilic nucleoli, low mitotic activity, Touton-type 
neoplastic giant cells

immunohistochemical Findings
 ▸▸  Express S-100 protein, melanocytic markers
 ▸▸  Molecular features: t(12;22) (EWS-ATF1)

Differential Diagnosis
 ▸▸  Conventional malignant melanoma, epithelioid MPNST, epithelioid 

sarcoma, cellular blue nevus



CHAPTER 10 Nerve Sheath and Neuroectodermal Tumors 237
Neurofibroma, Neurofibromatosis Type 1, and early Malignant Change 
in Neurofibroma

		 1.	 	Arun D, Gutmann DH: Recent advances in neurofibromatosis type 1.  
Curr Opin Neurol 2004;17:101–105.

		 2.	 	Laskin WB, Fetsch JF, Lasota J, et al: Benign epithelioid peripheral 
nerve sheath tumors of the soft tissues: clinicopathologic spectrum 
of 33 cases. Am J Surg Pathol 2005;29:39–51.

		 3.	 	Levy P, Bieche I, Leroy K, et al: Molecular profiles of neurofibro-
matosis type 1-associated plexiform neurofibromas: identification 
of a gene expression signature of poor prognosis. Clin Cancer Res 
2004;10:3763–3771.

		 4.	 	Melean G, Sestini R, Ammannati F, et al: Genetic insights into famil-
ial tumors of the nervous system. Am J Med Genet 2004;129C:74–84.

		 5.	 	Scheithauer BW, Woodruff JM, Erlandson RA, et al: Tumors of the 
 peripheral nervous system. Washington, DC, Armed Forces Institute 
of Pathology, 1999, p 421.

		 6.	 	Stephens K: Genetics of neurofibromatosis 1-associated peripheral 
nerve sheath tumors. Cancer Invest 2003;21:897–914.

		 7.	 	Upadhyaya M, Han S, Consoli C, et al: Characterization of the 
somatic mutational spectrum of the neurofibromatosis type 1 (NF1) 
gene in neurofibromatosis patients with benign and malignant 
tumors. Hum Mutat 2004;23:134–146.

Schwannoma and Neurofibromatosis Type 2

		 1.	 	Baser ME, Evans DGR, Gutmann DH: Neurofibromatosis 2. Curr Opin 
 Neurol 2003;16:27–33.

		 2.	 	Baser ME, Kuramoto L, Joe H, et al: Genotype-phenotype correlations 
for nervous system tumors in neurofibromatosis 2: a population-
based study. Am J Hum Genet 2004;75:231–239.

		 3.	 	Feany MB, Anthony DC, Fletcher CD: Nerve sheath tumours with 
hybrid features of neurofibroma and schwannoma: a conceptual 
challenge. Histopathology 1998;32:405–410.

		 4. 	Ferner RE, O’Doherty MJ: Neurofibroma and schwannoma. Curr Opin 
 Neurol 2002;15:679–684.

		 5.	 	Kissil JL, Wilker EW, Johnson KC, et al: Merlin, the product of the 
NF2 tumor suppressor gene, is an inhibitor of the p21-activated 
kinase, Pak1. Mol Cell 2003;12:841–849.

		 6.	 	Kurtkaya-Yapicier O, Scheithauer B, Woodruff JM: The pathobiologic 
spectrum of Schwannomas. Histol Histopathol 2003;18:925–934.

		 7.	 	Lim HS, Jung J, Chung KY: Neurofibromatosis type 2 with multiple 
 plexiform schwannomas. Int J Dermatol 2004;43:336–340.

		 8.	 	McMenamin ME, Fletcher CD: Expanding the spectrum of malignant 
change in schwannomas: Epithelioid malignant change, epithelioid 
malignant peripheral nerve sheath tumor, and epithelioid angiosar-
coma: a study of 17 cases. Am J Surg Pathol 2001;25:13–25.

		 9.	 	Woodruff JM, Scheithauer BW, Kurtkaya-Yapicier O, et al: Congeni-
tal and childhood plexiform (multinodular) cellular schwannoma: a 
troublesome mimic of malignant peripheral nerve sheath tumor. Am 
J Surg Pathol 2003;27:1321–1329.

Psammomatous Melanotic Schwannoma

		 1.	 	Carney JA: Psammomatous melanotic schwannoma. A distinctive, 
 heritable tumor with special associations, including cardiac myxoma 
and the Cushing syndrome. Am J Surg Pathol 1990;14:206–222.

		 2.	 	Carney JA: The Carney complex (myxomas, spotty pigmenta-
tion, endocrine overactivity, and schwannomas). Dermatol Clin 
1995;13:19–26.

		 3.	 	Utiger CA, Headington JT: Psammomatous melanotic schwannoma. 
A new cutaneous marker for Carney’s complex. Arch Dermatol 
1993;129:202–204.

Malignant Peripheral Nerve Sheath Tumor

		 1.	 	Cashen DV, Parisien RC, Raskin K, et al: Survival data for patients 
with malignant schwannoma. Clin Orthop Relat rev  2004;(426): 
69–73.

		 2.	 	Frahm S, Mautner VF, Brems H, et al: Genetic and phenotypic 
 characterization of tumor cells derived from malignant peripheral 
nerve sheath tumors of neurofibromatosis type 1 patients. Neurobiol 
Dis 2004;16:85–91.

		 3.	 	Kluwe L, Friedrich RE, Peiper M, et al: Constitutional NF1 mutations 
in neurofibromatosis 1 patients with malignant peripheral nerve 
sheath tumors. Hum Mutat 2003;22:420.

		 4.	 	Perrone F, Tabano S, Colombo F, et al: p15INK4b, p14ARF, and 
p16INK4a inactivation in sporadic and neurofibromatosis type 1-
related malignant peripheral nerve sheath tumors. Clin Cancer Res 
2003;9:4132–4138.

		 5.	 	Zhou H, Coffin CM, Perkins SL, et al: Malignant peripheral nerve 
sheath tumor: A comparison of grade, immunophenotype, and cell 
cycle/growth activation marker expression in sporadic and neurofi-
bromatosis 1-related lesions. Am J Surg Pathol 2003;27:1337–1345.

granular Cell Tumor

		 1.	 	Brannon RB, Anand PM: Oral granular cell tumors: An analysis of 10 
new pediatric and adolescent cases and a review of the literature.  
J Clin Pediatr Dent 2004;29:69–74.

		 2.	 	Fanburg-Smith JC, Meis-Kindblom JM, Fante R, et al: Malignant 
granular cell tumor of soft tissue: Diagnostic criteria and clinico-
pathologic correlation. Am J Surg Pathol 1998;22:779–794.

		 3.	 	Fine SW, Li M: Expression of calretinin and the alpha-subunit of 
inhibin in granular cell tumors. Am J Clin Pathol 2003;119:259–264.

		 4.	 	Kindblom LG, Widehn S, Meis-Kindblom JM: The role of electron 
microscopy in the diagnosis of pleomorphic sarcomas of soft tissue. 
Semin Diagn Pathol 2003;20:72–81.

		 5.	 	Le BH, Boyer PJ, Lewis JE, et al: Granular cell tumor: Immunohis-
tochemical assessment of inhibin-alpha, protein gene product 9.5, 
S100 protein, CD68, and Ki-67 proliferative index with clinical cor-
relation. Arch Pathol Lab Med 2004;128:771–775.

		 6.	 	Ordonez NG: Granular cell tumor: a review and update. Adv Anat 
Pathol 1999;6:186–203.

		 7.	 	Ordonez NG, Mackay B: Granular cell tumor: a review of the pathol-
ogy and histiogenesis. Ultrastruct Pathol 1999;23:207–222.

Perineurioma

		 1.	 	Fetsch JF, Miettinen M: Sclerosing perineurioma: a clinicopathologic 
study of 19 cases of a distinctive soft tissue lesion with a predilec-
tion for the fingers and palms of young adults. Am J Surg Pathol 
1997;21:1433–1442.

		 2.	 	Folpe AL, Billings SD, McKenney JK, et al: Expression of claudin-1,  
a recently described tight junction-associated protein, distinguishes 
soft tissue perineurioma from potential mimics. Am J Surg Pathol 
2002;26:1620–1626.

		 3.	 	Giannini C, Scheithauer BW, Jenkins RB, et al: Soft-tissue peri-
neurioma. Evidence for an abnormality of chromosome 22, crite-
ria for diagnosis, and review of the literature. Am J Surg Pathol 
1997;21:164–173.

		 4. 	Graadt van Roggen JF, McMenamin ME, Belchis DA, et al: Reticular 
perineurioma: A distinctive variant of soft tissue perineurioma. Am J 
Surg Pathol 2001;25:485–493.

		 5.	 	Hirose T, Scheithauer BW, Sano T: Perineurial malignant peripheral 
nerve sheath tumor (MPNST): a clinicopathologic, immunohisto-
chemical, and ultrastructural study of seven cases. Am J Surg Pathol 
1998;22:1368–1378.

		 6.	 	Rankine AJ, Filion PR, Platten MA, et al: Perineurioma: a clinico-
pathological study of eight cases. Pathology 2004;36:309–315.

		 7.	 	Tsang WY, Chan JK, Chow LT, et al: Perineurioma: an uncommon soft 
 tissue neoplasm distinct from localized hypertrophic neuropathy and 
neurofibroma. Am J Surg Pathol 1992;16:756–763.

		 8.	 	Yamaguchi U, Hasegawa T, Hirose T, et al: Sclerosing perineurioma:  
a clinicopathological study of five cases and diagnostic utility  
of immunohistochemical staining for GLUT1. Virchows Arch 
2003;443:159–163.

		 9.	 	Zelger B, Weinlich G, Zelger B: Perineurioma. A frequently unrec-
ognized entity with emphasis on a plexiform variant. Adv Clin Path 
2000;4:25–33.

Neurothekeoma

		 1.	 	Gallager RL, Helwig EB: Neurothekeoma—a benign cutaneous tumor 
of neural origin. Am J Clin Pathol 1980;74:759–764.



BONE AND SOFT TISSUE PATHOLOGY238
		 2.	 	Laskin WB, Fetsch JF, Miettinen M: The neurothekeoma: immuno-
histochemical analysis distinguishes the true nerve sheath myxoma 
from its mimics. Hum Pathol 2000;31:1230–1241.

		 3.	 	Scheithauer BW, Woodruff JM, Erlandson RA, et al: Tumors of the 
 peripheral nervous system. Washington, DC, Armed Forces Institute 
of Pathology, 1999.

Neuroblastoma, ganglioneuroblastoma, and ganglioneuroma

		 1.	 	Fritsch P, Kerbl R, Lackner H, et al: “Wait and see” strategy in local-
ized neuroblastoma in infants: an option not only for cases detected 
by mass screening. Pediatr Blood Cancer 2004;43:679–682.

		 2.	 	Gultekin M, Dursun P, Salman C, et al: Ganglioneuroma mimicking 
ovarian tumor: a report of a case and review of the ganglioneuro-
mas. Arch Gynecol Obstet 2005;271:66–68.

		 3.	 	Hicks MJ, Mackay B: Comparison of ultrastructural features among 
neuroblastic tumors: maturation from neuroblastoma to ganglioneu-
roma. Ultrastructural Pathol 1995;19:311–322.

		 4.	 	Hsiao CC, Huang CC, Sheen JM, et al: Differential expression of 
delta-like gene and protein in neuroblastoma, ganglioneuroblastoma 
and ganglioneuroma. Mod Pathol 2005;18:656–662.

		 5. 	Hsu WM, Hsieh FJ, Jeng YM, et al: Calreticulin expression in neu-
roblastoma—a novel independent prognostic factor. Ann Oncol 
2005;16:314–321.

		 6.	 	Iwanaka T, Yamamoto K, Ogawa Y, et al: Maturation of mass-
screened localized adrenal neuroblastoma. J Ped Surg 2001;36: 
1633–1636.

		 7.	 	Kobayashi C, Monforte Munoz HL, Gerbing RB, et al: Enlarged and 
prominent nucleoli may be indicative of MYCN amplification: a study 
of neuroblastoma (Schwannian stroma-poor), undifferentiated/
poorly differentiated subtype with high mitosis-karyorrhexis index. 
Cancer 2005;103:174–180.

		 8.	 	Kushner BH, LaQuaglia MP, Kramer K, et al: Radically different treat-
ment recommendations for newly diagnosed neuroblastoma: pitfalls 
in assessment of risk. J Pediatr Hematol Oncol 2004;26:35–39.

		 9. 	Limpt VV, Schramm A, Lakeman A, et al: The Phox2B homeobox gene 
is mutated in sporadic neuroblastomas. Oncogene 2004;23: 
9280–9288.

	10.	 	Maris JM: The biologic basis for neuroblastoma heterogeneity and 
risk stratification. Curr Opin Pediatr 2005;17:7–13.

	11.	 	Peuchmaur M, d’Amore ES, Joshi VV, et al: Revision of the Inter-
national Neuroblastoma Pathology Classification: confirmation of 
favorable and unfavorable prognostic subsets in ganglioneuroblas-
toma, nodular. Cancer 2003;98:2274–2281.

	12.	 	Scaruffi P, Parodi S, Mazzocco K, et al: Detection of MYCN amplifica-
tion and chromosome 1p36 loss in neuroblastoma by cDNA microar-
ray comparative genomic hybridization. Mol Diagn 2004;8:93–100.

	13.	 	Shimada H, Ambros IM, Dehner LP, et al: Terminology and morpho-
logic criteria of neuroblastic tumors. Recommendations by the Inter-
national Neuroblastoma Pathology Committee. Cancer 1999;86: 
 349–363.

	14.	 	Shimada H, Ambros IM, Dehner LP, et al: The International Neu-
roblastoma Pathology Classification (the Shimada system). Cancer 
1999;86:364–372.

	15.	 	Spitz R, Hero B, Skowron M, et al: MYCN-st atus in neuroblastoma: 
characteristics of tumours showing amplification, gain, and non-
amplification. Eur J Cancer 2004;40:2753–2759.

	16.	 	Shimada H, Nakagawa A, Peters J, et al: TrkA expression in periph-
eral neuroblastic tumors: Prognostic significance and biological 
relevance. Cancer 2004;101:1873–1881.

	17.	 	Wei JS, Greer BT, Westermann F, et al: Prediction of clinical outcome 
using gene expression profiling and artificial neural networks for 
patients with neuroblastoma. Cancer Res 2004;64:6883–6891.

Clear Cell Sarcoma

		 1.	 	Antonescu CR, Tschernyavsky SJ, Woodruff JM, et al: Molecular 
diagnosis of clear cell sarcoma: detection of EWS-ATF1 and MITF-M 
transcripts and histopathological and ultrastructural analysis of 12 
cases. J Mol Diagn 2002;4:44–52.

		 2.	 	Choi JH, Gu MJ, Kim MJ, et al: Primary clear cell sarcoma of bone. 
Skeletal Radiol 2003;32:598–602.

		 3.	 	Chung EB, Enzinger FM: Malignant melanoma of soft parts. A reas-
sessment of clear cell sarcoma. Am J Surg Pathol 1983;7:405–413.

		 4.	 	Enzinger FM: Clear-cell sarcoma of tendons and aponeuroses. An 
analysis of 21 cases. Cancer 1965;18:1163–1174.

		 5.	 	Ferrari A, Casanova M, Bisogno G, et al: Clear cell sarcoma of 
tendons and aponeuroses in pediatric patients: a report from the 
Italian and German Soft Tissue Sarcoma Cooperative Group. Cancer 
2002;94:3269–3276.

		 6.	 	Jacobs IA, Chang CK, Guzman G, et al: Clear cell sarcoma: an institu-
tional review. Am Surg 2004;70:300–303.

		 7.	 	Kuiper DR, Hoekstra HJ, Veth RP, et al: The management of clear cell 
sarcoma. Eur J Surg Oncol 2003;29:568–570.

		 8.	 	Langezaal SM, Graadt van Roggen JF, Cleton-Jansen AM, et al: Malig-
nant melanoma is genetically distinct from clear cell sarcoma of 
tendons and aponeurosis (malignant melanoma of soft parts). Br J 
Cancer 2001;84:535–538.

		 9. 	Panagopoulos I, Mertens F, Isaksson M, et al: Absence of muta-
tions of the BRAF gene in malignant melanoma of soft parts (clear 
cell sarcoma of tendons and aponeuroses). Cancer Genet Cytogenet 
2005;156:74–76.

	10.	 	Panagopoulos I, Mertens F, Debiec-Rychter M, et al: Molecular 
genetic characterization of the EWS/ATF1 fusion gene in clear cell 
sarcoma of tendons and aponeuroses. Int J Cancer 2002;99:560–567.

	11.	 	Patel SR: Classification of clear-cell sarcoma. Curr Oncol Rep 
2004;6:307.



239

Normally, the somatic soft tissues do not contain mature 
osteoblasts or chondrocytes; therefore, these tissues do 
not typically contain bone or cartilage. However, under 
certain circumstances, undifferentiated mesenchymal 
cells are stimulated to develop into these specialized cells. 
This results in a variety of bone and cartilage matrix-
 producing “tumors.” These span the spectrum from reac-
tive conditions through benign and malignant neoplasms. 
This chapter deals with those lesions that present clini-
cally as matrix-producing tumors of the soft tissues.

MYOSITIS OSSIFICANS

Myositis ossificans (MO) is a non-neoplastic reactive 
bone and cartilage matrix-producing pseudotumor that 
develops in skeletal muscle after trauma. The clinical and 
pathologic appearance of MO will vary depending on the 
time after the injury at which the mass is discovered. Early 
lesions (within the first few weeks) can simulate spindle 
cell sarcomas of various types, whereas lesions examined 
later in their evolution consist of mature lamellar bone.

CliniCal Features

MO typically occurs in young adults. Male and female 
individuals are affected equally. Patients present with a 
short history (usually less than 3 months) of pain and 
swelling in the affected area. Greater than 75% of cases 

of MO occur in the large skeletal muscles of proximal 
extremities (the quadriceps and the brachialis muscles 
are the most common sites). Occasionally there may be 
localized erythema in the overlying skin. Although MO 
represents a peculiar reaction to trauma, not all patients 
recount a history of trauma to the site.

radiologiC images

The radiologic appearance of MO varies depending 
on its degree of “maturity.” Early lesions (see earlier) 
exhibit a nonspecific soft tissue mass–type appear-
ance. Later lesions appear as ossified soft tissue nodules  
(Figure 11-1).
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Figure 11-1
A mature mass of myositis ossificans within the Brachialis muscle. Note 
the well-formed shell of bone.
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PathologiC Features

gross Findings

MO typically measures less than 5.0 cm. Lesions 
examined early in their evolution are solid gray and may 
exhibit gritty tan regions of mineralized bone. More 
mature MO has the appearance of a solid bone nodule 
that requires cutting with a saw (Figure 11-2).

miCrosCoPiC Findings

In the early phase, MO demonstrates intense cel-
lularity being composed of sheets and fascicles of 
plump spindled myofibroblastic cells (Figure 11-3). 
These cells have oval nuclei with vesicular chroma-
tin and eosinophilic nucleoli. They are embedded 

within a myxoid to collagenous ground substance. 
Mitotic figures are usually readily found. They are all 
 typical in type. Necrosis is usually not seen. Intersect-
ing trabeculae of fibrillary eosinophilic osteoid appear 
to arise from the spindle cells (Figure 11-4). These 
immature foci of woven osteoid transition to thicker, 
more obvious, mineralized, woven bone trabeculae 
that show prominent osteoblastic rimming. These, in 
turn, become continuous with more mature lamellar 
bone trabeculae (Figure 11-5). This gradual evolu-
tion in the histologic appearance from plump spindle 
cells through immature woven bone to mature lamel-
lar bone is referred to as a zoning phenomenon. This is 
one of the key histologic hallmarks of MO. Obviously, 
the degree to which this is identifiable will depend on 

Figure 11-2
The mass from Figure 11-1 has been bisected with a saw. The center has 
the appearance of normal cancellous bone.

Figure 11-3
The center of an immature myositis ossificans. A residual skeletal myocyte 
is surrounded by a proliferation of plump myofibroblasts. Early woven 
bone formation is also evident.

Figure 11-4
Woven bone with prominent osteoblastic rimming arises from the cellular 
spindle cell proliferation.

Figure 11-5
A transition from immature woven to mature lamellar type bone. This is 
the hallmark of myositis ossificans.
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the type of surgical pathology specimen. In practical 
terms, although it is one of the most characteristic  
features of MO, it is not always perfectly represented 
on histologic materials.

anCillary studies

immunohistoChemistry

The spindle cells that comprise the early phases of 
MO stain positively for smooth muscle actin and mus-
cle-specific actin consistent with their myofibroblastic 
 phenotype.

diFFerential diagnosis

MO is histologically virtually identical to so-called fibro-
osseous pseudotumor of digits (FOPD). However, the 
latter entity (discussed in detail later), as is suggested 

by its name, occurs exclusively in the nonmuscular soft 
tissues of the digits. The central immature regions of 
MO closely resemble nodular fasciitis (NF). NF typi-
cally occurs in the superficial soft tissues and does not 
contain bone except in rare cases. These two lesions 
are easily differentiated on clinical grounds. The most 
important differential diagnostic consideration is soft 
tissue osteosarcoma (STO). STO also occurs in the deep 
soft tissues, but it most commonly arises in patients in 
the fifth and sixth decades of life. STO is usually larger 
than 5.0 cm, grossly heterogeneous with hemorrhagic 
and necrotic regions, and histologically demonstrates 
nuclear pleomorphism and cytologic atypia (see later).

Prognosis and treatment

MO is a benign non-neoplastic condition that is 
treated by simple excision only. Recurrence is 
extremely uncommon, even when resection margins 
are positive.

MYOSiTiS OSSiFiCANS—FACT SHeeT

Definition

	▸▸  A non-neoplastic reactive bone- and cartilage-producing pseudotu-
mor that develops in skeletal muscle after trauma

incidence and Location

	▸▸  rare (annual incidence less than 1 per 1 million individuals)
	▸▸  The large muscles of the proximal extremities are most commonly 

involved

Morbidity and Mortality

	▸▸  Benign condition

Sex and Age Distribution

	▸▸  Male and female sexes affected equally
	▸▸  Most common in the second and third decades of life

Clinical Features

	▸▸  Short history of pain and swelling at the affected site
	▸▸  Uncommonly localized erythema

radiologic Features

	▸▸  With plain radiographs, initially only a soft tissue mass may be 
visible

	▸▸  Lesions ossify as they mature
	▸▸  Magnetic resonance imaging in early lesions shows an inhomoge-

neous soft tissue mass

Prognosis and Treatment

	▸▸  Local excision results in cure
	▸▸  recurrence is extremely uncommon, even when excision margins 

are positive

MYOSiTiS OSSiFiCANS—PATHOLOgiC FeATureS

gross Findings

	▸▸  Most lesions measure 5.0 cm or less
	▸▸  In early lesions, an ill-defined soft tissue mass may exhibit focal 

gritty calcifications
	▸▸  In more mature examples, the mass is completely ossified and 

readily demarcated from the skeletal muscle

Microscopic Findings

	▸▸  The morphology of the lesion depends on the time point in rela-
tion to the inciting injury at which it is examined

	▸▸  In “early” lesions, sheets of plump “myofibroblastic-like” spindle 
cells are arranged as sheets and fascicles associated with inter-
secting trabeculae of lace-like woven bone

	▸▸  Cellular hyaline/fibrocartilage may be present
	▸▸  Mitotic figures are readily found
	▸▸  Necrosis is not present
	▸▸  In “later” lesions, the bone is more mature and well organized
	▸▸  Typically, a transition occurs from the sheets of spindled myo-

fibroblastic cells at the center of the lesion to the bone-rich 
periphery; this is referred to as a zoning phenomenon

	▸▸  Fully mature examples are composed of lamellar cortical and can-
cellous bone that may contain fatty and hematopoietic marrow

immunohistochemical Features

	▸▸  In the early lesions, the spindle cells express smooth muscle  
actin and muscle-specific actin reflecting their myofibroblastic 
morphology

Differential Diagnosis

	▸▸  FOPD
	▸▸  NF
	▸▸  Extraskeletal osteosarcoma
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FIBRO-OSSEOUS PSEUDOTUMOR OF DIGITS

FOPD is a non-neoplastic, reactive pseudotumor analo-
gous to MO. Unlike MO, FOPD occurs in the nonmus-
cular soft tissues of the digits. Similar to MO, FOPD 
develops as a reaction to injury, although less than half 
of the affected patients are able to pinpoint a specific 
preceding injury.

CliniCal Features

FOPD usually occurs in young patients, with a peak 
incidence in the second and third decades of life. Male 
and female sexes are affected equally. Patients present 
with a short history of localized digital swelling that 
may be painful or painless.

radiologiC Features

Plain radiographs show soft tissue swelling with or with-
out linear periosteal-type new bone formation.

PathologiC Features

gross Findings

FOPDs are firm, rubbery, tan nodules that typically 
measure less than 3.0 cm in maximum size (Figure 11-6).

miCrosCoPiC Findings

The histologic features of FOPD are similar to 
MO (see earlier). Microscopically, the lesion consists 
of an admixture of plump spindle cells and cellular 
 osteocartilaginous tissue. The “zoning phenomenon” 
that characterizes MO is usually not evident in FOPD. 
Cellular callus-like fibrocartilage is also a more promi-
nent feature than in MO (Figures 11-7 and 11-8). Typical 
mitotic figures are found; however, high-grade nuclear 
atypia and necrosis are not present.

diFFerential diagnosis

The differential diagnosis of FOPD includes MO, STO, 
soft tissue chondroma (STC), and fracture callus. 
Although microscopically similar, MO is readily distin-
guished from FOPD on clinical grounds. Similarly, STO 
usually occurs in the deep soft tissues of the proximal 

Figure 11-6
A small, circumscribed, rubbery nodule of fibro-osseous pseudotumor with 
adherent fat.

Figure 11-7
A whole-mount view of the specimen from Figure 11-6 demonstrating 
central cartilage and peripheral bone.

Figure 11-8
Plump spindle cells and spicules of woven bone, morphologically similar to 
myositis ossificans; however, note the absence of skeletal muscle fibers.
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extremities, and it usually demonstrates high-grade 
nuclear atypia in comparison with FOPD. STC com-
monly occurs in the distal extremities, including the 
digits. In comparison with FOPD, STC is composed of 
plump chondrocytes embedded in a hyaline cartilage 

matrix. The cellular heterogeneity that is one of the 
features of FOPD is not seen in STC (see later). Frac-
ture callus can appear histologically identical to FOPD. 
Despite the microscopic similarity, appropriate clinical 
and radiographic information should allow these two 
lesions to be readily distinguished.

Prognosis and treatment

FOPD is treated by simple excision. Recurrence is 
extremely uncommon, even when initial resection mar-
gins are positive. Aggressive, destructive growth does 
not occur.

SOFT TISSUE OSTEOSARCOMA

STOs arise in extraskeletal sites and are defined by the 
manufacture of bone/osteoid by the tumor cells. Most of 
these tumors are histologically high grade and clinically 
aggressive.

CliniCal Features

STO occurs in adults with a peak incidence in the fifth 
and sixth decades of life. This is in contrast with skeletal 
osteosarcoma that most commonly occurs in younger 
patients. The tumors typically arise in the deep soft tis-
sues of the proximal extremities where they present as 
a painless mass. Rarely, patients may have a history of 
prior therapeutic irradiation at the site of the tumor. 
Male individuals are affected approximately twice as 
frequently as female individuals.

radiologiC Features

Usually the tumors present nonspecific imaging charac-
teristics that appear only as soft tissue masses. Radio-
graphically detectable mineralization is uncommon.

PathologiC Features

gross Findings

STOs are usually large (often >10 cm), grossly het-
erogeneous tumors that exhibit regions of hemorrhage, 
necrosis, or both (Figure 11-9). Like most soft tis-
sue sarcomas, they may appear grossly circumscribed; 

FiBrO-OSSeOuS PSeuDOTuMOr OF DigiTS—FACT SHeeT

Definition

	▸▸  A non-neoplastic, reactive bone- and cartilage-producing pseudo-
tumor that selectively occurs in the soft tissues of the digits; it is 
clinically and pathologically analogous to MO

incidence and Location

	▸▸  rare (annual incidence less than 1 per 1 million individuals)
	▸▸  The soft tissues adjacent to the small tubular bones of the hands 

(most commonly) and feet

Morbidity

	▸▸  Benign condition

Sex and Age Distribution

	▸▸  Male and female sexes affected equally
	▸▸  Most common in the second and third decades of life

Clinical Features

	▸▸  Short history of digital swelling
	▸▸  Less than half of patients give a history of trauma

radiologic Features

	▸▸  Plain radiographs demonstrate soft tissue swelling with or without 
linear periosteal bone formation affecting the underlying bone

Prognosis and Treatment

	▸▸  Local excision results in cure
	▸▸  recurrence is extremely uncommon, even when excision margins 

are positive

FiBrO-OSSeOuS PSeuDOTuMOr OF DigiTS—PATHOLOgiC FeATureS

gross Findings

	▸▸  Lesions typically measure less than 3.0 cm
	▸▸  Lesions are firm, tan, and rubbery

Microscopic Findings

	▸▸  Plump spindle cells similar to MO
	▸▸  Visible mitotic activity
	▸▸  Bone formation that varies from immature woven in type to 

mature lamellar
	▸▸  Cellular, callus-like cartilage
	▸▸  No necrosis or high-grade nuclear atypia
	▸▸  The zoning phenomenon of MO is typically not apparent

Differential Diagnosis

	▸▸  MO
	▸▸  STO
	▸▸  STC
	▸▸  Fracture callus
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 however, they are microscopically infiltrative. Grossly 
detectable mineralized bone is not usually present.

miCrosCoPiC Findings

STOs are highly cellular, cytologically pleomorphic 
sarcomas. Most tumor cells are spindled to epithelioid 
in shape. The defining feature is the presence of neo-
plastic osteoid or bone production, or both. This usu-
ally outlines individual cells or clusters of cells in a 
“lace-like” manner; however, solid sheets of amorphous 
osteoid may also be found (Figure 11-10). Usually, 
the bone/osteoid matrix is found in a minority of the 
tumor, and often much of the neoplasm has a nonspe-
cific, undifferentiated, spindle cell sarcoma appearance 
(Figure 11-11). Lobules of highly cellular atypical hya-
line/fibrocartilage may also be present. In essence, any 
of the microscopic patterns of high-grade intraosseous 
osteosarcoma may be seen in STO. This means that foci 
of small-cell and telangiectatic osteosarcoma may also 

be encountered. Usually, the tumors demonstrate a high 
mitotic rate, including atypical mitotic figures. Necrosis 
may be prominent.

immunohistoChemistry

The STO tumor cells have an identical pattern of 
staining to skeletal osteosarcoma. Diffuse strong vimen-
tin staining occurs. Focal staining for S-100, desmin, 
and smooth muscle actin may also be present. Early 
experience suggests that antibodies to the bone matrix 
protein osteocalcin may have good specificity for both 
tumor cells and bone/osteoid matrix.

diFFerential diagnosis

Most STOs are high-grade tumors, and because the 
bone/osteoid production may be a focal finding, only 
the differential diagnosis will include other high-grade  

Figure 11-10
Coarse, irregular neoplastic osteoid outlines highly pleomorphic sarcoma 
cells in a typical lace-like manner.

SOFT TiSSue OSTeOSArCOMAS—FACT SHeeT

Definition

	▸▸  A sarcoma arising in extraskeletal somatic soft tissue in which the 
neoplastic cells produce osteoid or bone matrix, or both

incidence and Location

	▸▸  rare; STOs account for between 1% and 2% of soft tissue sarco-
mas

	▸▸  The most common locations for these tumors are the deep soft 
tissues of the thigh and buttocks

Morbidity and Mortality

	▸▸  High rate of metastases, and up to 75% of patients die of disease 
within 5 years of diagnosis

	▸▸  The rare examples of low-grade STO have a much better prognosis

Sex and Age Distribution

	▸▸  Male individuals are affected approximately twice as often as 
female individuals

	▸▸  Most common in the fifth and sixth decades of life

Clinical Features

	▸▸  As with most soft tissue sarcomas, patients present with a  
painless mass

radiologic Features

	▸▸  Most of the tumors have nonspecific imaging features similar to 
other high-grade soft tissue sarcomas

	▸▸  Mineralization, if radiologically detectable, tends to be minimal

Prognosis and Treatment

	▸▸  High-grade tumors, which form the majority, have a poor 
 prognosis because of the high rate of metastases

	▸▸  Treatment is by wide surgical excision, with systemic 
 chemotherapy

Figure 11-9
A large hemorrhagic and necrotic soft tissue mass without grossly apparent 
bone formation, as is typically seen in soft tissue osteosarcoma.
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spindle cell sarcomas. The key to the diagnosis is iden-
tifying the matrix surrounding the tumor cells. Anti-
bodies to osteocalcin have shown some promise in 
providing positive identification of this bone matrix. 
MO, particularly in its early cellular phase, when the 

bone production is scant and somewhat “lace-like,” is 
usually readily distinguished from STO by the uniform 
reactive appearance to the proliferating myofibroblastic 
and osteoblastic cells. High-grade nuclear atypia, which 
is present in virtually all STOs, is not seen in MO. Clini-
cal features (see earlier) also are usually of help in the 
distinction of the two entities. Soft tissue recurrence or 
metastasis of skeletal osteosarcoma will appear histo-
logically identical to STO and can be recognized only 
by history.

Prognosis and treatment

STOs are high-grade tumors. Patients commonly 
present with metastatic disease, which accounts for 
the high mortality rate with these tumors. Treat-
ment involves wide surgical resection and systemic  
chemotherapy.

SOFT TISSUE CHONDROMA

STCs are benign tumors composed of mature chondro-
cytes associated with hyaline cartilage matrix. They are 
histologically similar to the osseous enchondroma.

CliniCal Features

STCs are relatively uncommon tumors that usually pres-
ent as painless masses that involve the distal extremities. 
The soft tissues about the wrist and fingers represent 
the most commonly affected site. The tumors occur 
in male and female individuals with equal frequency, 
with most being diagnosed in adults in the fourth 
through seventh decades of life. Although most of these 
tumors are composed of well-formed hyaline cartilage, 
a recently recognized variant tends to exhibit greater 
cellularity, have less matrix, and may resemble osseous  
chondroblastoma.

radiologiC Features

Often, no imaging studies are performed in affected 
patients because the tumors present as small, superfi-
cial masses. If radiographs have been done, the tumor 
may either appear as a nonspecific soft tissue mass, 
or on occasion, typical “rings and arcs” of miner-
alization characteristic of cartilage matrix may be  
present.

SOFT TiSSue OSTeOSArCOMAS—PATHOLOgiC FeATureS

gross Findings

	▸▸  Most tumors measure between 5 and 15 cm
	▸▸  Their cut surface is tan/hemorrhagic with focal regions of necrosis
	▸▸  Focal calcification may be present but is often indistinct
	▸▸  As with many soft tissue sarcomas, they may appear grossly well 

circumscribed

Microscopic Findings

	▸▸  Highly cellular mitotically active tumors
	▸▸  Usually considerable nuclear pleomorphism with necrosis
	▸▸  Lace-like eosinophilic osteoid outlines individual cells or clusters 

of cells
	▸▸  Mineralized osteoid (bone) is relatively uncommon
	▸▸  Lobules of cellular atypical hyaline cartilage may be present
	▸▸  All histologic patterns of osseous osteosarcoma including  

small-cell, telangiectatic, and undifferentiated spindle cell 
 sarcoma patterns may be seen

immunohistochemical Features

	▸▸  Similar to osseous osteosarcoma
	▸▸  Vimentin-positive with focal positive staining for smooth muscle 

actin, desmin, and S-100 protein (cartilage cells and some  
non-cartilaginous cells)

	▸▸  Osteocalcin stains both tumor cells and the neoplastic matrix 
(Fanburg-Smith and colleagues, 1999)

Differential Diagnosis

	▸▸  Other nonmatrix-producing, high-grade soft tissue sarcomas
	▸▸  MO
	▸▸  Osseous osteosarcoma (primary or metastatic/recurrent)

Figure 11-11
A transition between an undifferentiated spindle cell sarcoma region of a 
tumor and an area that demonstrates clear neoplastic osteoid production.
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PathologiC Features

gross Findings

Most STCs measure less than 2.0 cm. Usually, they 
are readily separable from the adjacent soft tissues and 
commonly are described as “popping out” at the time of 
surgical removal (Figure 11-12). The tumors are usually 
lobulated and gray–white. Gritty regions of calcification 
may be present.

miCrosCoPiC Findings

Most STCs are composed of mature chondrocytes 
arranged in a clustered pattern embedded within well-
formed hyaline cartilage (Figure 11-13). The lesional 

cells may demonstrate mild nuclear irregularity and 
visible nucleoli, but mitotic figures are only rarely 
encountered. The overall cellularity of these tumors 
is greater than normal hyaline articular cartilage 
and may resemble or exceed that of low-grade osse-
ous chondrosarcoma. The tumors are lobulated, and 
although well demarcated from the adjacent soft tis-
sues, they are nonencapsulated. Microscopic stromal 
calcification, with or without enchondral ossification, 
is commonly found (Figure 11-14). A minority of 
STCs exhibit greater cellularity, have less extracellular 
matrix, and are composed of more plump epithelioid 
chondrocytes. These tumors may also show clusters 
of multinucleated osteoclast-like giant cells and have 
been designated as “chondroblastoma-like” STCs 
 (Figure 11-15).

Figure 11-12
Intraoperative image showing a glistening red–gray soft tissue chondroma 
adjacent to a tendon and tendon sheath.

Figure 11-13
Lobule of moderately cellular hyaline cartilage with the typical clustering 
of chondrocytes.

Figure 11-14
Punctate stromal calcification.

Figure 11-15
Cellular region of a soft tissue chondroma, chondroblastoma-like, with 
larger plump chondrocytes and osteoclast-like giant cells.
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diFFerential diagnosis

STC shows many histologic similarities to synovial 
chondromatosis, a condition characterized by the forma-
tion of well-formed lobules of hyaline cartilage within 
intra-articular or extra-articular synovial membranes. 
Because the individual nodules of cartilage are histo-
logically identical in both entities, the association with 
a synovial surface is crucial in establishing the correct 
diagnosis. In addition, extra-articular synovial chondro-
matosis usually forms a larger mass. FOPD (see earlier), 
although occurring in a similar location to many STC, 
is microscopically more varied. The cartilage present in 
the former is characteristically less well organized and 
more resembles fracture callus. Soft tissue chondrosar-
comas (see later) are usually larger, exhibit more varied 
cellularity, and typically occur more centrally as opposed 
to the acral location for most STCs.

Prognosis and treatment

STC is managed by simple local excision. Recurrence 
develops in about 20% of cases.

EXTRASKELETAL MYXOID 
CHONDROSARCOMA

Extraskeletal myxoid chondrosarcoma (EMC) is a soft 
tissue sarcoma composed of spindle and epithelioid 
tumor cells associated with extracellular matrix that 
histologically and histochemically resembles cartilage. 
The majority of tumors exhibit the t(9;22)(q22;q12) 
translocation involving the EWS and CHN genes. These 
tumors are histologically, immunohistochemically, and 
genetically distinct from osseous chondrosarcoma.

CliniCal Features

EMC typically presents as a painless mass occurring 
in the deep soft tissues of adults in the fourth through 
seventh decades of life. Male individuals are more com-
monly affected than female individuals. The original 
descriptions of EMCs suggested that they were low-
grade tumors; however, as greater numbers of patients 
with this tumor have been identified, treated, and fol-
lowed up for longer periods, it has become apparent that 
distant metastases and aggressive clinical behavior are 
more common than originally thought.

radiologiC Features

EMCs present as nonspecific soft tissue masses. They 
are virtually always unmineralized.

SOFT TiSSue CHONDrOMA—FACT SHeeT

Definition

	▸▸  Benign soft tissue tumor composed of mature chondrocytes, 
 typically associated with well-formed hyaline cartilage matrix

incidence and Location

	▸▸  rare
	▸▸  Tumors characteristically occur in the distal extremities, particu-

larly involving the fingers and wrist region

Morbidity and Mortality

	▸▸  Benign tumor

Sex and Age Distribution

	▸▸  Slightly more common in male individuals
	▸▸  Predominantly in adults, with most cases in the fourth through 

seventh decades of life

Clinical Features

	▸▸  Usually a painless soft tissue mass

radiologic Features

	▸▸  Usually a nonspecific appearance
	▸▸  No attachment to the underlying skeleton

Prognosis and Treatment

	▸▸  Benign tumor treated by local excision only
	▸▸  recurrence in less than 20% of cases

SOFT TiSSue CHONDrOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Usually less than 2.0 cm
	▸▸  Well-circumscribed and easily removed from the surrounding structures
	▸▸  Pearly white with “chalk-like” areas of calcification

Microscopic Findings

	▸▸  Cellular lobules of hyaline cartilage
	▸▸  Clustered chondrocytes with pale nuclei and small nucleoli
	▸▸  Infrequent mitotic figures
	▸▸  Stromal calcification
	▸▸  A minority resemble osseous chondroblastoma

immunohistochemical Features

	▸▸  Vimentin and S-100-positive

Differential Diagnosis

	▸▸  Synovial chondromatosis
	▸▸  FOPD
	▸▸  Soft tissue chondrosarcoma
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PathologiC Features

gross Findings

EMCs typically measure greater than 5.0 cm. Like 
many soft tissue sarcomas, they appear grossly lobulated. 
The cut surface of the tumors is typically gray, soft, and 
gelatinous (Figure 11-16).

miCrosCoPiC Findings

EMCs demonstrate a lobular growth pattern at low-
power examination. Typically, these are composed of 
cords, clusters, and nests of uniform oval to spindled 
cells embedded within flocculent basophilic matrix 
(Figure 11-17). Blood vessels are indistinct, and indi-
vidual lobules of tumor are separated by fibrous bands. 
The tumor cells have uniform dark staining nuclei with 
indistinct nucleoli. Alcian blue histochemical staining 
is positive at pH 4.0 and 1.0, suggesting the presence of 
chondroitin sulphates (Figure 11-18). In recent years, 
the existence of cellular matrix–poor regions of EMC 
has been recognized. In these areas, often a sheet-like 
growth of tumor cells with relatively little interven-
ing extracellular matrix is present (Figure 11-19). The 
tumor cells in these areas are larger, have higher nuclear/

Figure 11-16
A massive extraskeletal myxoid chondrosarcoma extensively involving 
the thigh and knee joint, demonstrating the typical lobulated gelatinous 
tumor nodules.

Figure 11-17
Cords of uniform oval spindle cells within flocculent myxoid ground 
substance.

Figure 11-18
An Alcian blue stain showing strong positive staining of the tumor 
 extracellular matrix.

Figure 11-19
A high-grade tumor exhibiting greater cellularity and relatively scant 
extracellular matrix.
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cytoplasmic ratios, and demonstrate diffuse nuclear 
atypia with hyperchromatism and visible eosinophilic 
 nucleoli. Mitotic figures are readily found in these areas 
but are usually infrequent in the conventional matrix-
rich areas.

anCillary studies

immunohistoChemistry

EMC tumor cells usually demonstrate diffuse posi-
tive staining for vimentin. Early reports suggested S-100 
staining in more than half of these tumors, although as 
experience with these lesions has accumulated, it has 
become apparent that S-100 staining occurs in a minor-
ity (<20%) of tumors. Positive staining for neuron 
specific enolase (NSE) and synaptophysin commonly 
occurs, particularly in the more cellular regions of the 
tumor.

diFFerential diagnosis

Differential diagnoses of EMC include STC, STO, and 
osseous chondrosarcoma with soft tissue extension.  
The first two entities were discussed in detail earlier. 
The essential histologic difference pertains to the nature 
of the cartilage-like matrix. In both STC and STO, bone 
fide hyaline cartilage matrix occurs; however, in EMC, 
the matrix is only cartilage-like. Osseous chondrosarcoma 
with soft tissue extension, particularly when myxoid, 
may be confused with EMC; however, appropriate clini-
cal and radiologic information should readily clarify the 
issue. Myoepithelioma/mixed tumor of soft tissue and 
ossifying fibromyxoid tumor are rare soft tissue tumors 
of uncertain histogenesis that may exhibit focal areas 
that are microscopically similar to EMC. These are dis-
cussed in detail in another chapter.

Prognosis and treatment

Treatment of EMC is principally by wide surgical exci-
sion. Five-year survival rates are high (>80%); however, 
10- and 15-year disease-free survival rates are consider-
ably lower, primarily because of a high metastatic rate.

eXTrASKeLeTAL MYXOiD CHONDrOSArCOMA—FACT SHeeT

Definition

	▸▸  A soft tissue sarcoma composed of uniform spindle and epithelioid 
cells in which the extracellular matrix exhibits some histologic 
and histochemical characteristics of cartilage; the majority exhib-
its the t(9;22)(q22;q12) translocation involving the EWS and CHN 
genes

incidence and Location

	▸▸  The tumors are rare, comprising approximately 2.5% of soft tissue 
sarcomas

	▸▸  They primarily occur in the deep soft tissues of the proximal 
extremities and trunk, although any site may be affected

Morbidity and Mortality

	▸▸  The tumors have a high rate of metastasis (approximately 50%), 
although long-term survival after diagnosis, even in the presence 
of metastasis, is characteristic

Sex and Age Distribution

	▸▸  Male individuals are affected more commonly than female  
individuals

	▸▸  Tumors occur throughout adulthood, with most in the fourth 
through seventh decades of life

Clinical Features

	▸▸  Most tumors present as a painless soft tissue mass
	▸▸  rare cases may present with lung metastases and an occult  

primary

Prognosis and Treatment

	▸▸  Treatment is principally by surgical excision
	▸▸  Five-year survival rates are high (> 80%); however, late lung 

metastases occur, and 10- and 15-year disease-free survivals are 
considerably lower

eXTrASKeLeTAL MYXOiD CHONDrOSArCOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Most tumors measure greater than 5.0 cm
	▸▸  They are typically lobulated, tan–gray, and gelatinous

Microscopic Findings

	▸▸  Cytologically uniform oval and spindle cells embedded in floccu-
lent myxoid ground substance

	▸▸  Fibrous bands dividing individual lobules of tumor
	▸▸  Hypovascular
	▸▸  The cells may be arranged as cords, strands, nests, and sheets
	▸▸  Typically uniform dark staining nuclei with indistinct nucleoli
	▸▸  In hypercellular matrix-poor regions, the tumor cells often display 

larger, more vesicular nuclei with visible nucleoli; some tumor 
cells may have a distinctly rhabdoid morphology

	▸▸  Alcian blue–positive staining of matrix at pH 4.0 and 1.0  
(chondroitin sulfate positive)

immunohistochemical Features

	▸▸  Uniformly vimentin positive
	▸▸  Focal positivity for S-100 (less than 50%), NSE, and synaptophysin

Differential Diagnosis

	▸▸  STC
	▸▸  Osseous chondrosarcoma with soft tissue extension
	▸▸  STO
	▸▸  Myoepithelioma/mixed tumor of soft tissue
	▸▸  Ossifying fibromyxoid tumor
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MESENCHYMAL CHONDROSARCOMA

Mesenchymal chondrosarcomas (MCs) are high-grade, 
biphasic sarcomas composed of an admixture of small, 
blue, undifferentiated cells and islands of well-formed 
hyaline cartilage.

CliniCal Features

MCs are uncommon tumors that account for less than 
1% of soft tissue sarcomas. Male and female individu-
als are affected equally. The tumors may occur at any 
age, although most cases are diagnosed in adults within 
the second through fourth decades of life. The tumors 
may occur at diverse locations, although they most 
commonly arise in the soft tissues adjacent to the cra-
niospinal axis including the paraspinal musculature. 
The meninges are one of the most common extraskel-
etal sites for these tumors. As with most soft tissue 
sarcomas, the patients usually present with a pain-
less mass. Patients with meningeal tumors commonly 
present with focal neurologic signs depending on their 
intracranial location.

radiologiC Features

Typically, MC has the appearance of a soft tissue mass 
that shows focal cartilaginous-type calcification.

PathologiC Features

gross Findings

MCs have a wide range in size from less than 5.0 to 
greater than 20.0 cm. The tumors appear grossly well 
defined and have a tan–gray cut surface. Focal hemor-
rhage or necrosis is commonly present. Gritty areas 
representing the calcified cartilage are often present  
(Figure 11-20).

miCrosCoPiC Findings

Typically, the majority of the tumor consists of the 
undifferentiated “small blue cell” component. These 
cells are usually arranged as sheets, vague nests, or both 
(Figure 11-21). A characteristic feature is the presence 
of a supporting capillary network that has acute angle 
branching, resulting in a “hemangiopericytoma-like” 
growth pattern (Figure 11-22). The blue cells often 
are associated with bands of hyalinized eosinophilic  

collagen that may resemble the “rope-like” collagen of 
solitary fibrous tumor. The defining light microscopic 
feature is the presence of island of hyaline cartilage. 
These typically form only a minority of the tumor and 
show an abrupt separation from the blue cell regions 
(Figure 11-23). Focal coarse purple deposits of calcifica-
tion may occur on the hyaline matrix. Mitotic activity 
is variable but often high within the blue cell regions. 
Similarly, necrosis usually involved this component of 
the tumor.

immunohistoChemistry

Vimentin labels the small blue cells and the chondro-
cytes. CD99 is positive within the blue cell component, 
whereas S-100 labels the chondrocytes.

MeSeNCHYMAL CHONDrOSArCOMA—FACT SHeeT

Definition

	▸▸  High-grade biphasic sarcoma composed of undifferentiated small 
blue cells and islands of well-formed hyaline cartilage

incidence and Location

	▸▸  These tumors are rare, comprising less than 1% of soft tissue 
 sarcomas

	▸▸  The most common location is within the soft tissues of the 
 craniospinal axis, including the paraspinal musculature; the 
meninges represent the most common extraskeletal site for this 
tumor

Morbidity and Mortality

	▸▸  These are aggressive malignant neoplasms that have a high rate 
of metastases and tumor-related mortality

	▸▸  Metastases may occur as late as 20 years after the initial 
 presentation

Sex and Age Distribution

	▸▸  Male and female individuals are affected equally
	▸▸  Tumors occur at all ages; however, the majority occur in the  

second through the fourth decades of life

Clinical Features

	▸▸  Patients present with a soft tissue mass similar to other soft 
 tissue sarcomas

	▸▸  Because of their association with the craniospinal axis, focal 
 neurologic signs or symptoms, or both, may occur

radiologic Features

	▸▸  Cartilaginous-type calcification is often present on plain 
 radiographs that otherwise show a nonspecific appearance

Prognosis and Treatment

	▸▸  Treatment involves a combination of surgical excision and 
 systemic chemotherapy

	▸▸  Prognosis is determined by the location and stage at presentation
	▸▸  Up to 50% of patients succumb to disease within 5 years of 

 diagnosis
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diFFerential diagnosis

Other small blue cell sarcomas such as Ewing sarcoma/
primitive neuroectodermal tumor (PNET) and small-cell 
osteosarcoma may histologically closely resemble MC. 
Because the islands of cartilage, which allow distinction 
of MC from Ewing sarcoma/PNET, are often few, this 
differential may be extremely difficult on small biopsy 
samples. Molecular genetic examination for the translo-
cation associated with Ewing sarcoma/PNET (t[11;22]) 
is extremely helpful in resolving this differential. Small-
cell osteosarcoma may demonstrate sheets and nests of 
blue cells similar to MC; however, lace-like osteoid out-
lining individual cells or clusters of cells is present in the 
former tumor and not found in the latter. Solitary fibrous 
tumor and synovial sarcoma are two tumors that may 

Figure 11-20
Large soft tissue mesenchymal chondrosarcoma of the anterior lower leg. 
Note the yellow calcification within the tan tumor mass.

Figure 11-21
Sheets of undifferentiated small blue cells.

Figure 11-22
Typical irregular acute angle branching, so-called hemangiopericytoma-
like vascular pattern.

MeSeNCHYMAL CHONDrOSArCOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Soft gray–tan tumors that are well delineated from the surround-
ing tissues

	▸▸  Focal gritty calcification may be evident within the cartilaginous 
areas

	▸▸  Necrosis may be present
	▸▸  There is a wide range in size from less than 5 cm to more than 20 cm

Microscopic Findings

	▸▸  Most of the tumor is composed of undifferentiated “small blue” 
cells arranged as sheets and nests

	▸▸  Well-formed acute angle branching capillary vasculature between 
“blue cells” producing a “hemangiopericytoma” appearance

	▸▸  Highly variable mitotic rate
	▸▸  Necrosis often present
	▸▸  Focal aggregates of hyalinized eosinophilic collagen
	▸▸  Microscopic islands of well-formed, hyaline-type cartilage matrix 

with embedded well-differentiated chondrocytes; typically, these 
islands exhibit granular purple mineralization of the matrix

	▸▸  Cartilage islands may be extremely few (this must be considered 
in core needle biopsy or small incisional biopsy specimens)

immunohistochemical Features

	▸▸  Vimentin staining in the small blue cells and the chondrocytes
	▸▸  CD99 staining in the blue cell regions
	▸▸  S-100 staining in the cartilaginous regions but not in the blue 

cell areas

Differential Diagnosis

	▸▸  Ewing sarcoma/PNET
	▸▸  STO (small cell variant)
	▸▸  Solitary fibrous tumor
	▸▸  Synovial sarcoma
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exhibit sheets of small, rather undifferentiated appearing 
cells often associated with a hemangiopericytoma-like 
vascular pattern. These tumors do not show islands of 
hyaline cartilage, however. 

Prognosis and treatment

MCs are high-grade, clinically aggressive tumors that are 
treated by a combination of surgery and systemic che-
motherapy. Up to 50% of patients have died of disease 
at 5-year follow up.

ANEURYSMAL CYST OF SOFT TISSUE

ACSTs are benign soft tissue tumors that are histologi-
cally identical to aneurysmal bone cyst, but that show 
no association with the skeleton.

CliniCal Features

ACSTs are exceptionally rare soft tissue tumors that 
arise in the deep soft tissues of the extremities of adults. 
Male and female individuals are affected equally. Patients 
typically present with a history of a painless soft tissue 
mass. Some patients report rapid growth.

radiologiC Features

Plain radiographs demonstrate a soft tissue mass with 
focal linear ossification. Computed tomographic imaging 
demonstrates a well-formed shell of bone at the periphery 
of the mass. Magnetic resonance imaging shows the multi-
nodular pattern of growth with blood-filled cystic spaces.

PathologiC Features

gross Findings

ACSTs usually measure less than 10.0 cm and are 
well circumscribed within the affected muscle. The 
peripheral shell of well-formed bone is readily apparent. 
The cut surface of the mass demonstrates its center to 
consist of blood-filled spaces separated by thin strands 
of red–gray soft tissues (Figure 11-24).

miCrosCoPiC Features

The cystic spaces do not have an endothelial lining. 
Rather, the walls of the spaces are composed of a popu-
lation of reactive fibroblasts and myofibroblastic cells 
that often exhibit a fasciitis-like arrangement. Clusters 
of osteoclast-like multinucleated giant cells are usually 
present, although these do not form the majority of the 
mass (Figure 11-25). Hemosiderin-laden macrophages 
are present. Mitotic figures are found within the mono-
nuclear spindle cell population; however, atypical mito-
ses or high-grade nuclear atypia is not a feature. At the 
periphery of the tumor, a shell of well-formed lamellar 
and woven bone is found. Infiltration of cells into the 
surrounding skeletal muscle is not present.

Figure 11-23
Abrupt transition between small blue cell tumor and an island of hyaline 
cartilage.

Figure 11-24
Soft tissue aneurysmal cyst with a shell of bone and central hemorrhagic 
cystic cavities.
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diFFerential diagnosis

The differential diagnosis of ACST includes giant cell 
tumor of soft tissue, MO, and STO. Giant cell tumor 
of soft tissue may show focal cystic change but not to 
the degree seen in ACST. In addition, the fasciitis-like 
spindle cell population dominates in ACST but does not 
form a significant component of giant cell tumor of soft 
tissue. MO, although exhibiting a reactive fasciitis-like 
appearance, does not demonstrate blood-filled cystic 
spaces that dominate the morphology of ACST. Finally, 
STO rarely can exhibit a telangiectatic appearance, and 
thus grossly simulate ACST. The distinction is read-
ily apparent microscopically because of the high-grade 
nuclear morphology that the cells in STO exhibit.

Prognosis and treatment

ACSTs are benign tumors that are managed by local 
excision. If the surgical excision is incomplete, then local 
recurrence may develop, but aggressive local growth or 
metastases do not occur.

Figure 11-25
Blood-filled cystic spaces divided by nonendothelial lined septae com-
posed of a mixture of mononuclear spindle cells and osteoclast-like giant 
cells.

ANeurYSMAL CYST OF SOFT TiSSue—FACT SHeeT

Definition

	▸▸  A tumor occurring in soft tissue that is histologically identical to 
aneurysmal bone cyst

incidence and Location

	▸▸  These tumors are exceptionally rare
	▸▸  Aneurysmal cysts predominantly arise in the skeletal muscles of 

the extremities

Morbidity and Mortality

	▸▸  Benign tumors

Sex and Age Distribution

	▸▸  Male and female sexes are affected equally
	▸▸  Wide age range of affected patients; most are in the third through 

fifth decades of life

Clinical Features

	▸▸  Presents as a painless soft tissue mass
	▸▸  Some patients give a history of rapid growth

radiologic Features

	▸▸  Plain radiographs demonstrate a soft tissue mass with focal  
ossification

	▸▸  Computed tomographic images show a well-formed peripheral shell 
of bone

	▸▸  Magnetic resonance images show a multinodular tumor with 
blood-filled cystic spaces

Prognosis and Treatment

	▸▸  Treatment is by local excision only
	▸▸  Local recurrence may occur in incompletely excised cases
	▸▸  Metastasis or aggressive local growth does not occur

ANeurYSMAL CYST OF SOFT TiSSue—PATHOLOgiC FeATureS

gross Findings

	▸▸  Tumors typically measure less than 10 cm
	▸▸  Tumors are well circumscribed within the affected skeletal  

muscle
	▸▸  A peripheral shell of bone is present
	▸▸  The center of the tumor is composed of hemorrhagic cystic spaces 

separated by thin strands of soft tissue

Microscopic Findings

	▸▸  The blood-filled cystic spaces are nonendothelial lined
	▸▸  The “walls” of the cysts are composed of plump, spindled, fibro-

blastic cells arranged as fascicles and storiform aggregates
	▸▸  Clusters of multinucleated osteoclast-like giant cells are present
	▸▸  Hemosiderin granules are present
	▸▸  A peripheral shell of mixed woven and lamellar bone is present

Differential Diagnosis

	▸▸  Giant cell tumor of soft tissue
	▸▸  MO
	▸▸  STO
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The synovium is one of the more recent phylogenetic 
developments of the vertebrate locomotor system, 
with the first synovial joints appearing in the piscine 
jaw of ancestors of the modern lungfish. Embryologi-
cally, synovium is derived from specialized mesoderm 
termed interzonal mesenchyme, which differentiates 
from the primitive mesenchyme that lies between and 
connects the developing mobile cartilaginous anlage of 
the skeleton (Figure 12-1). In a specific sequence con-
trolled genetically, the mesenchyme around the joint 
cavity subsequently cavitates, and forms the joint 
space and synovial membrane. The synovium helps 
generate synovial fluid, which nourishes the articular 
cartilage and helps reduce the friction associated with 
articulation. It also has the capacity to remove small 
particles from the joint space. Tumors of the synovium 
can be divided into those that are primary or arise de 
novo within the joint and those that are secondary and 
access the joint by invading from neighboring bones 
and soft tissues or by spreading from distant sites via 
the vascular system. Primary joint neoplasms are the 
more common tumor and tend to recapitulate the phe-
notype of tissues that normally construct the joint, 
namely, synovium, fat, blood vessels, fibrous tissue, 
and cartilage. Regardless of the histologic type, the 
benign variants greatly outnumber their malignant 
counterparts, and as a group, these tumors tend to 
develop in the synovium, not the other periarticular 
structures.

Normal aNatomy

The synovial intima is composed of two to three layers 
of specialized connective tissue cells named synovio-
cytes that form the lining of joints, tendons, and bursae. 
These cells overlay loose connective tissue that contains 
variable elements of fat, collagen, and blood vessels. By 
light microscopy, quiescent synoviocytes are relatively 
indistinct, appearing as flattened oval dark staining 
nuclei with indistinct cytoplasmic borders; however, 
when they are stimulated, as in reaction to some form of 
injury, they enlarge and acquire abundant eosinophilic 
cytoplasm and have a more epithelioid morphology 
 (Figure 12-2).

Ultrastructurally, the cells lining the luminal aspect 
of the synovial cavity have ovoid nuclei, inconspicuous 
nucleoli, and long cytoplasmic processes that radiate in 
a tendril-like fashion from the cell body. The cytoplas-
mic processes contain flattened endoplasmic reticulum, 
ribosomes, a well-developed Golgi apparatus, and numer-
ous subplasmalemmal pinocytotic vesicles. Although the 
processes interdigitate extensively, cell junctions are 
not present. These cells have traditionally been termed 
B cells. The so-called type A cells lack cytoplasmic pro-
cesses, but they have short filopodia. The A cells have a 
similar complement of cytoplasmic organelles as the B 
cells, as well as harbor occasional lysosomes. Transitional 
forms between A and B cells are also present. The syno-
vial cells adhere directly to the underlying connective tis-
sue; no basement membrane is present. This absence of 
basement membrane facilitates the transport of material 
into and out of the synovial fluid (Figure 12-3).

Immunohistochemically, synoviocytes stain posi-
tively for vimentin and may express CD68 (KP1). How-
ever, they are negative for cytokeratin, S-100 protein, 
actins, desmin, CD34, and leukocyte common antigen.

TENOSYNOVIAL GIANT CELL TUMOR

Based on the growth characteristic, tenosynovial giant 
cell tumor can be divided into two categories, localized 
(giant cell tumor of tendon sheath [GCTTS]) and diffuse 
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TENOSYNOVIAL GIANT CELL TUMOR
• Pigmented Villonodular Synovitis
• Localized Giant Cell Tumor of Tendon Sheath
• Hemosiderotic Synovitis
•  Villous Lipomatous Proliferation of Synovial 

 Membrane (Lipoma Arborescens)
• Fibroma of Tendon Sheath
• Primary Synovial Chondromatosis
• Loose Bodies
• Malignant Tumors of the Joint
MALIGNANT TENOSYNOVIAL GIANT CELL TUMOR
• Synovial Reaction to Loosened Joint Arthroplasties
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(pigmented villonodular synovitis [PVNS]). The local-
ized one forms a discrete nodule and primarily affects 
the tenosynovium of the hand, whereas the diffuse form 
diffusely involves the synovium, usually of large weight-
bearing joints. These two tumors are closely related to 
one another and are thought to recapitulate synovio-
cytes (hence the old term synovioma). Once considered 
a reactive process, possibly in response to repeated hem-
orrhage, many tenosynovial giant cell tumors have now 
been shown to result from a translocation between chro-
mosomes 1p13 and 2q35 in which the gene encoding 
colony-stimulating factor-1 (CSF1) is fused to collagen 
VI α-3 (COL6A3) gene. Consequently, overexpression 
of CSF1 exists in the neoplastic cells, which account for 
only 2% to 16% of the cells in mass. The remaining 
cells largely represent non-neoplastic inflammatory cells 
that are recruited into the tumor because they contain 
the receptor for CSF. This phenomenon has been termed 
a landscape effect and is also observed in certain types of 
lymphomas.

PIGMENTED VILLONODULAR SYNOVITIS

PVNS produces widespread thickening of the synovium. 
Any synovial-lined structure may be affected, although 
the large joints, especially the knee, are most commonly 
involved, followed by the hip, ankle, and foot. Rare loca-
tions include the temporomandibular joint and the pos-
terior element of the spine. Extra-articular involvement 
is uncommon and usually arises in tendon sheaths prox-
imal to the ankle and wrist, and produces a periarticular 
soft tissue mass. Bursal involvement is rare, but when it 
does occur, it usually involves popliteal and iliopectineal 
bursa and the bursa anserina.

CliNiCal Features

PVNS affects male and female individuals equally and 
has its greatest incidence in the second to fourth decades 
of life. PVNS is slow growing and typically produces 
pain, swelling, or limitation of movement of the affected 
joint. Bilateral or involvement of separate joints has 
infrequently been reported.

radiologiC Features

Plain radiographs are often normal or show only a soft 
tissue density. Computed tomography (CT) scans and 
magnetic resonance imaging (MRI) may be helpful in 
that they can demonstrate the extent of the tumor and 

Figure 12-2
Normal synoviocytes overlying loose connective tissue.

Figure 12-3
electron microscopy.
Synoviocytes adhere directly to the underlying connective tissue without 
any basement membrane.

Figure 12-1
Interzonal mesenchyma connecting cartilaginous anlage of the skeleton.
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presence of intralesional lipid and iron (hemosiderin). 
A minority of tumors erode into adjacent bones, in 
which case multiple well-marginated, subchondral,  
 cyst-like lucencies or pressure erosions are seen (Figures 
12-4 and 12-5).

PathologiC Features

gross FiNdiNgs

PVNS forms a diffuse villous and nodular red–brown 
thickening of the synovium and contains finger-like 
excrescences admixed with 0.5- to 2.0-cm round nod-
ules. Scattered areas of grossly uninvolved synovium are 
invariable present. On cross section, the tumor is solid, 
rusty brown and yellow with white gray foci (Figures 
12-6 and 12-7).

miCrosCoPiC FiNdiNgs

The synovium has a prominent papillary, villous, 
and nodular architecture. The preexisting synoviocytes 
overlie sheet-like proliferation of mononuclear cells, 
multinucleated osteoclast-like giant cells, and lipid- or 
hemosiderin-rich cells. It is the mononuclear cells that 
are thought to be the neoplastic cells (Figure 12-8). The 

Figure 12-4
Pigmented villonodular synovitis (PVNS).
Plain radiograph showing destructive changes of fibula and tibia from a 
PVNS arising in the tibiofibular joint.

Figure 12-5
intra-articular pigmented villonodular synovitis (PVNS).
Gross photo showing diffuse nodularity and discoloration of the 
synovium.

Figure 12-6
Pigmented villonodular synovitis.
Magnetic resonance imaging and gross picture of a pigmented villonodu-
lar synovitis involving the knee joint with extension into a Baker’s cyst. 
On cross section, it is has the characteristic brown, fibrous, and yellow 
areas similar to giant cell tumor of tendon sheath (see Figure 12-9).

Figure 12-7
Extra-articular pigmented villonodular synovitis involving tenosynovium.
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mononuclear cells are round or polygonal and have 
eosinophilic cytoplasm and frequently eccentric nuclei. 
The osteoclast-like giant cells are not as numerous as in 
giant cell tumor if tendon sheath and the collagenous 
or hyalinized matrix are usually less prominent. The 
mononuclear cells may demonstrate mild nuclear pleo-
morphism and prominent nucleoli. Mitotic counts rarely 
exceed 5 per 10 high-power fields (hpf). Necrosis is rare, 
and when present, it is usually of the infarct type. The 
surface synoviocytes are hyperplastic and may contain 
phagocytized hemosiderin, mimicking hemosiderotic 
synovitis.

ProgNosis aNd treatmeNt

PVNS is treated by surgical excision; however, the dif-
fuse involvement of the synovium makes complete exci-
sion difficult, resulting in a high local recurrence rate 

(>50%). PVNS that is refractory to repeated surgical 
excisions has been managed by low-dose radiation ther-
apy in some cases.

Figure 12-8
Pigmented villonodular synovitis.
Microscopically, the tumor cells diffusely infiltrate the subsynovial con-
nective tissue. Otherwise, the morphology is identical to giant cell tumor 
of tendon sheath.

PigMeNTeD ViLLONODuLAr SYNOViTiS—FACT SHeeT

Definition

	▸▸  Proliferative disorder of the synovial lining of joints that results 
in diffuse papillary and nodular thickening of the synovium

incidence and Location

	▸▸  Any synovial joint may be affected; most commonly, PVNS affects 
the knee joint

Morbidity and Mortality

	▸▸  PVNS is a benign condition that does not metastasize

Sex, race, and Age Distribution

	▸▸  Male and female sexes are affected with equal frequency
	▸▸  Most common in the second through fourth decades of life

Clinical Features

	▸▸  Symptoms are related to mechanical disruption of the affected 
joint; typically, pain, swelling, and limitation of movement; 
rarely, PVNS may result in erosion of one or more of the bones 
comprising the articulation

radiologic Features

	▸▸  Plain radiographs may show soft tissue mass or bone erosion if 
present

	▸▸  MrI accurately defines the extent of the lesion and is able to 
positively identify lipid and iron deposits that are characteristi-
cally present

Prognosis and Treatment

	▸▸  Treatment is primarily surgical excision
	▸▸  Low-dose radiation therapy may be used in cases refractory to 

surgery
	▸▸  Local recurrence rates after surgical excision are high (> 50%) 

because of the diffuse involvement of the synovial membrane that 
makes complete excision difficult

PigMeNTeD ViLLONODuLAr SYNOViTiS—PATHOLOgiC FeATureS

gross Findings

	▸▸  Diffuse thickening of the synovial membrane with villous-like 
excrescences and nodules up to 2.0 cm

	▸▸  Golden yellow to dark brown

Microscopic Findings

	▸▸  Intact enlarged cuboidal surface synovial cells
	▸▸  Underlying sheets and nodules of epithelioid cells, multinucleated 

osteoclast-like giant cells, lipid-rich cells, and lymphocytes
	▸▸  Hemosiderin granules within deeper located mononuclear cells
	▸▸  Mitoses usually less than 6/10 hpf
	▸▸  relatively scant intercellular hyalinized collagen

immunohistochemical Features

	▸▸  The mononuclear cells demonstrate a mixed histiocyte and 
 fibroblastic/myofibroblastic immunophenotype (CD68, smooth 
muscle actin (SMA) positive)

	▸▸  The giant cells stain intensely and strongly for CD68

Differential Diagnosis

	▸▸  Localized GCTTS (extra-articular)
	▸▸  Localized nodular synovitis (intra-articular)
	▸▸  Giant cell tumor of bone with extraosseous extension
	▸▸  Lipoma arborescens
	▸▸  rhabdomyosarcoma (when strongly desmin positive and arising in 

an extra-articular location)
	▸▸  Acral myxoinflammatory fibroblastic sarcoma (can involve or arise 

from synovium)
	▸▸  Hemosiderotic synovitis
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LOCALIZED GIANT CELL TUMOR OF 
TENDON SHEATH

Localized GCTTS contains the same cell population as 
PVNS, but unlike PVNS, it has a tendency to arise in extra-
articular locations and grow as a well-defined nodule.

CliNiCal Features

GCTTS may occur at any age but is usually diagnosed 
in patients between 30 and 50 years of age, and is more 
common in women. It may arise in any synovial sheath; 
however, those of the hands are preferentially affected, 
usually close to the interphalangeal joint. In fact, GCTTS 
is the most common soft tissue tumor of the hand. The 
tumor is slow growing and produces a firm nodule that 
is usually less than 2.0 cm in diameter.

radiologiC Features

GCTTS appears as a circumscribed soft tissue mass that 
may be associated with bony erosions of the adjacent 
bone. The erosions are well defined and have sclerotic 
margins, and are due to the direct pressure of the lesion 
on the underlying bone (Figure 12-9).

PathologiC Features

gross FiNdiNgs

GCTTS is well circumscribed and lobulated. They 
are usually small, and on cross sections are gray–tan  

with brown and yellow areas, depending on the 
amount of hemosiderin and lipid-laden macrophages  
(Figure 12-10).

miCrosCoPiC FiNdiNgs

GCTTS is well demarcated, encapsulated, and 
attached to the adjacent tendon sheath. Fibrous septae 
transverse the tumor, giving it a lobulated appearance 
(Figure 12-11). In general, GCTTS contains less hemo-
siderin than PVNS and more extracellular collagen. 
GCTTS is basically identical to the individual lobules of 
PVNS; however, the amount of sclerosis and number of 
mononuclear cells, osteoclast-type giant cells, hemosid-
erin, and foamy macrophages vary (see Figures 12-11A,  
12-12, 12-13, and 12-14). Mitoses and vascular invasion 
may be seen, but these features usually do not indicate a 
more aggressive behavior.

ProgNosis aNd treatmeNt

The tumor is treated with surgical excision, preferen-
tially with a cuff of normal tissue. The local recurrence 
rate is approximately 10% to 20%.

aNCillary studies

immuNohistoChemistry

Immunohistochemically, PVNS and GCTTS exhibit 
a similar staining reaction as normal and reactive 
synovium; that is, the mononuclear cells and multinu-
cleated osteoclast-like giant cells stain positively with 

Figure 12-9
giant cell tumor of tendon sheath.
Plain radiograph shows a soft tissue mass and scalloping of the underly-
ing bone.

Figure 12-10
giant cell tumor of tendon sheath.
Cross sections showing brown, gray, and yellow areas.
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antibodies to CD68 and vimentin. Some tumors may 
also show staining for desmin that sometimes may be 
strong and diffuse (Figure 12-15). The mononuclear 
cells have also been shown to stain for Ham56, PGM1, 
and MAC387.

diFFereNtial diagNosis

The distinction between GCTTS and PVNS can be diffi-
cult to make on a small biopsy, and the histologic features 
have to be correlated with the clinical or radiographic 
findings. The diagnosis can also be difficult in cases 
where the needle biopsy samples areas of sclerosis or 

Figure 12-12
giant cell tumor of tendon sheath.
Hemosiderin deposition is seen in the mononuclear cells often peripher-
ally in the cytoplasm.

A

B

Figure 12-11
A, B, Giant cell tumor of tendon sheath, lobulated and composed of an 
admixture of osteoclast-type giant cells and mononuclear cells in a col-
lagenous stroma.

Figure 12-13
Giant cell tumor of tendon sheath showing aggregates of foamy 
 histiocytes.

Figure 12-14
Giant cell tumor of tendon sheath showing extensive sclerosis.
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cellular areas devoid of multinucleated giant cells. A dif-
fuse desmin stain of the mononuclear cells may suggest 
the diagnosis of a rhabdomyosarcoma. Also, acral myx-
oinflammatory fibroblastic sarcoma can have a similar 
growth pattern as PVNS; however, a closer inspection 
shows a different histologic appearance.

HEMOSIDEROTIC SYNOVITIS

Hemosiderotic synovitis develops as a result of chronic 
intra-articular hemorrhage. This usually occurs in 
patients with hemophilia who are predisposed to hem-
arthrosis, especially of the knees, elbows, and ankles. 
Hemosiderotic synovitis is rarely caused by a synovial 
hemangioma. Areas indistinguishable from hemosider-
otic synovitis may also be seen in synovium affected by 
PVNS.

CliNiCal Features

Patients with hemosiderotic synovitis report pain and 
stiffness of the involved joint. This is almost invariably 
caused by secondary osteoarthritis, developing in asso-
ciation with chronic intra-articular hemorrhage.

radiologiC Features

Radiologic features that may be seen are juxtaepiphy-
seal osteoporosis and subperiosteal hemorrhage. Dur-
ing arthroscopy or surgery, diffuse discoloration of the 
synovium is present.

Figure 12-15
Pigmented villonodular synovitis.
Immunohistochemical stain for desmin shows numerous positive cells.

LOCALiZeD giANT CeLL TuMOr OF TeNDON SHeATH—FACT SHeeT

Definition

	▸▸  Localized proliferation of extra-articular synovial cells that results 
in a well-circumscribed soft tissue tumor

incidence and Location

	▸▸  GCTTS is uncommon
	▸▸  Any tendon sheath may be affected; by far the most common site 

is the tendon sheaths of the digits of the hand

Morbidity and Mortality

	▸▸  Benign condition

Sex, race, and Age Distribution

	▸▸  More common in female than male individuals
	▸▸  Adults in fourth through sixth decades of life most commonly 

affected

Clinical Features

	▸▸  Typically presents as a painless or minimally painful lump in the 
hand or digits

	▸▸  Usually measures less than 3.0 cm in maximum size

radiologic Features

	▸▸  Because of its location in the hands and digits, GCTTS may result 
in bone erosion of the adjacent small bones

	▸▸  Erosions are usually well defined

Prognosis and Treatment

	▸▸  Simple local excision usually results in cure
	▸▸  recurrence occurs in 10% to 20% of patients after incomplete 

excision

LOCALiZeD giANT CeLL TuMOr OF TeNDON SHeATH— 
PATHOLOgiC FeATureS

gross Findings

	▸▸  A well-circumscribed, usually firm nodule
	▸▸  Variegated cut surface with tan, brown, and yellow areas

Microscopic Findings

	▸▸  Similar to the nodules of PVNS (see earlier)
	▸▸  Usually no villous projections
	▸▸  Smaller amounts of hemosiderin compared with PVNS
	▸▸  Often more hyalinized collagen present that may outline indi-

vidual cells or groups of cells
	▸▸  rare cases have few giant cells and are recognized based on the 

mononuclear cellular component and architecture

immunohistochemical Findings

	▸▸  Same as PVNS (see earlier)

Differential Diagnosis

	▸▸  PVNS, diffuse GCTTS (histologically identical to the localized type 
but characterized by larger size and less well-defined growth char-
acteristics)

	▸▸  Diffuse GCTTS demonstrates many of the gross and microscopic 
features of PVNS albeit in an extra-articular location
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PathologiC Features

gross FiNdiNgs

The synovium shows a diffuse brown–rust discolor-
ation. In early hemosiderotic synovitis, fine villous pro-
jections are present, but the larger nodules and thickened 
fronds of PVNS do not occur. In the later stages, after 
chronic repeated hemorrhage, the synovium becomes 
thickened and opaque because of intrasynovial and sub-
synovial fibrosis. The adjacent articular cartilage may 
show a greenish-black discoloration.

miCrosCoPiC FiNdiNgs

The synovium is hyperplastic and contains yellow–
brown hemosiderin granules. Within the subsynovial 
connective tissue, hemosiderin-laden macrophages are 
present, often in association with small blood vessels 
(Figure 12-16). Sheets of mononuclear synovial cells, 
lipid-laden cells, or multinucleated osteoclast-like giant 
cells as seen in PVNS are not a feature of hemosiderotic 
synovitis. The articular cartilage may show hemosiderin 
deposition within chondrocyte lacunae and necrosis of 
the chondrocytes.

ProgNosis aNd treatmeNt

Hemosiderotic synovitis is often associated with severe 
degenerative changes of the articular cartilage, and hence 
the treatment revolves around surgical and conservative 
management of the arthritis.

diFFereNtial diagNosis

A subset of hemosiderotic synovitis is caused by intra-
synovial hemangiomas. These are rare tumors. Any joint 
may be affected, although the knee joint is the most 
frequent site. Intrasynovial hemangiomas are localized 
tumors that occur within the subsynovial supporting 
connective tissue. Patients describe pain or a mass, which 
diminishes in size when the affected limb is elevated to 
allow the blood to drain out of the lesion. Radiographic 
studies show a vague soft tissue swelling. These heman-
giomas are classified as capillary, cavernous, and arterio-
venous types. Occasionally, thrombosed large vascular 
spaces with papillary endothelial hyperplasia (Masson’s 
lesion) may be found. Intra-articular hemorrhage may 
cause acute pain and swelling of the involved joint 
and, if repeated, may produce the histologic features of 
hemosiderotic synovitis. The hemorrhage is rarely as 
progressive as that in the bleeding diatheses, and accel-
erated osteoarthritis is usually not a feature. Synovial  

hemangiomas are managed by local excision and recur-
rence is uncommon. Ochronosis (when fragments of 
articular cartilage become embedded in the synovium) 
and metallosis (secondary to prosthesis) can cause dif-
fuse discoloration of the synovium.

HeMOSiDerOTiC SYNOViTiS—FACT SHeeT

Definition

	▸▸  Proliferation of synovial tissue accompanied by variable fibrosis 
caused by repeated episodes of intra-articular hemorrhage

incidence and Location

	▸▸  Hemosiderotic synovitis occurs most commonly in the knee joints 
of patients with hemophilia

	▸▸  Other causes include recurrent joint trauma or bleeding from 
synovial hemangioma

	▸▸  Condition is rare

Morbidity and Mortality

	▸▸  Condition is benign, but when progressive and long standing, it 
results in severe degenerative arthritis of the affected joint

Sex, race, and Age Distribution

	▸▸  Predominantly affects male sex
	▸▸  Usually occurs in the second through fourth decades of life

Clinical Features

	▸▸  Acute hemarthrosis presents with abrupt painful swollen joints
	▸▸  Chronic hemosiderosis results in chronic pain, swelling, and 

 limitation in joint movement

Prognosis and Treatment

	▸▸  Prognosis is determined by the treatment of the underlying  
condition that is resulting in the recurrent hemorrhage

	▸▸  Chronic hemosiderotic synovitis may require joint replacement 
surgery because of the severe osteoarthritis

Figure 12-16
Hemosiderotic synovitis showing hemosiderin deposition within synovio-
cytes and subsynovial tissue.
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VILLOUS LIPOMATOUS PROLIFERATION 
OF SYNOVIAL MEMBRANE (LIPOMA 
ARBORESCENS)

Lipoma arborescens, which is characterized by diffuse 
fatty infiltration of the subsynovial connective tissue, is 
one of the rarest of the synovial proliferative lesions.

CliNiCal Features

Lipoma arborescens preferentially affects adult men and 
presents as a slowly developing swelling of the affected 
joint. Any synovial-lined joint may be involved, although 
once more the knee is the favored site. Lipoma arbore-
scens is thought to be non-neoplastic, probably a reac-
tive process, and to represent an excessive accumulation 
of fat in the subsynovial space secondary to trauma or 
chronic synovitis.

radiologiC Features

Plain radiograph usually shows joint fullness and osteo-
arthritic changes. CT and MRI show a low-density 
thickening of the synovium that has the characteristic 
features of fat (Figure 12-17).

PathologiC Features

gross FiNdiNgs

The entire synovium has a bright yellow nodular and 
papillary appearance. On cross section, the subsynovial 
connective tissue is replaced by yellow adipose tissue 
(Figure 12-18).

HeMOSiDerOTiC SYNOViTiS—PATHOLOgiC FeATureS

gross Findings

	▸▸  Brown–rust discoloration of the synovial membrane
	▸▸  Early cases have thin villous excrescences that extend into the 

joint space
	▸▸  Established/chronic cases have a flattened atrophic  

appearance

Microscopic Findings

	▸▸  Surface synovial cells are plump cuboidal and have abundant 
 readily found intracytoplasmic hemosiderin granules

	▸▸  Hemosiderin-laden macrophages are present with the subsynovial 
connective tissue

	▸▸  Nodular thickening of the synovial membrane in the manner that 
occurs in PVNS does not occur in hemosiderotic synovitis

Differential Diagnosis

	▸▸  PVNS
	▸▸  Synovial hemangioma
	▸▸  Metallosis
	▸▸  Ochronosis

Figure 12-17
Lipoma arborescens.
Magnetic resonance image showing diffuse fatty infiltration of the 
synovium.

Figure 12-18
Lipoma arborescens.
Grossly, the synovium is yellow nodular and papillary.
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miCrosCoPiC FiNdiNgs

The subsynovial connective tissue is thickened and 
replaced by mature adipocytes. The surface synovial 
cells typically appear reactive and epithelioid. Chronic 
inflammation is invariably seen admixed with the fat 
(Figure 12-19).

ProgNosis aNd treatmeNt

Treatment of lipoma arborescens is synovectomy or treat-
ment of the underlying condition. Recurrence is rare.

diFFereNtial diagNosis

Minor degrees of fatty infiltration of the subsynovial space 
are normal in certain parts of the synovial membrane, 
particularly in the knee joint, and similarly, slight nodu-
lar thickening is a nonspecific finding in the synovium 
of osteoarthritic joints. Although in a single microscopic 
field these may simulate lipoma arborescens, this diagnosis 
should be suggested only when there is an appropriate dif-
fuse villous and nodular involvement of the synovium.

FIBROMA OF TENDON SHEATH

CliNiCal Features

Fibroma of tendon sheath (FTS) is an uncommon benign 
lesion that clinically mimics GCTTS. It usually arises 
from the tendon sheaths of the flexor surfaces of the dis-
tal extremities, and approximately 70% of cases involve 
the hand or fingers. Large joints are rarely affected. It 
usually arises in adults 20 to 50 years of age and is more 

Figure 12-19
Lipoma arborescens.
Microscopically, the subsynovial connective tissue is replaced by mature 
adipocytes.

LiPOMA ArBOreSCeNS—FACT SHeeT

Definition

	▸▸  Diffuse infiltration of the synovial connective tissue by mature fat, 
resulting in a villous and nodular thickening of the synovial membrane

incidence and Location

	▸▸  Lipoma arborescens is an extremely uncommon condition
	▸▸  Any synovial joint may be affected, although the knee is by far 

the most commonly involved

Morbidity and Mortality

	▸▸  Condition is benign but is often associated with coexistent 
 osteoarthritis

Sex, race, and Age Distribution

	▸▸  Adult men predominantly affected

Clinical Features

	▸▸  Patients have swelling, pain, or both

radiologic Features

	▸▸  Plain films show osteoarthritis of the involved joint
	▸▸  CT and MrI show thickening of the synovial membrane with 

expansion by tissue with fat signal characteristics

Prognosis and Treatment

	▸▸  Synovectomy is the treatment of choice
	▸▸  recurrence is uncommon

LiPOMA ArBOreSCeNS—PATHOLOgiC FeATureS

gross Findings

	▸▸  The synovial membrane is diffusely papillary/nodular and bright 
yellow

Microscopic Findings

	▸▸  Surface synovial cells are enlarged cuboidal and reactive in 
appearance

	▸▸  The subsynovial tissue is massively infiltrated by mature 
 adipocytes

	▸▸  Increased deposits of hemosiderin or inflammatory cells are not 
present

Differential Diagnosis

	▸▸  Nonspecific focal accumulation of fat in synovial connective tissue 
in osteoarthritic joints

	▸▸  PVNS
	▸▸  rheumatoid arthritis
	▸▸  Hoffa’s disease (a condition of irritation, inflammation, and 

hyperplasia of the synovial lining in regions where fat is normally 
present, such as adjacent to the patella or patellar ligament)



CHAPTEr 12 Tumors of Synovial Tissue 265

common in male than female individuals. The patients 
have a slow-growing lesion, usually less than 2 cm in 
diameter. Recent cytogenetic studies suggest that FTS is 
neoplastic and not a reactive process.

radiologiC Features

Radiographically, soft tissue fullness is present; the 
underlying bone rarely shows any changes. MRI and CT 
show a well-circumscribed lesion.

PathologiC Features

gross FiNdiNgs

Grossly, FTS is nodular or multinodular with inter-
vening cleft-like spaces, has a rubbery consistency, and 
has a tan–white cut surface (Figure 12-20).

miCrosCoPiC FiNdiNgs

FTS is multinodular with clefts between lobules 
(Figure 12-21). These lobules are composed of spindle 
and stellate fibroblasts embedded in a collagenous and 
sometimes myxoid stroma (Figure 12-22). Cellular areas 
mimicking nodular fasciitis may be present especially in 
the early phase of the lesion. Prominent cytologic degen-
erative cytologic atypia is seen in the rare examples of 
the pleomorphic fibroma of the tendon sheath.

ProgNosis aNd treatmeNt

Treatment of FTS is surgical excision, which is associ-
ated with an approximately 20% local recurrence rate.

Figure 12-20
Fibroma of tendon sheath.
Grossly, it is uniform and tan–yellow with characteristic clefting.

FiBrOMA OF TeNDON SHeATH—FACT SHeeT

Definition

	▸▸  A circumscribed, benign, soft tissue tumor arising in tendon 
sheaths

incidence and Location

	▸▸  Uncommon lesion
	▸▸  Most lesions arise in the tendon sheaths of the digits  

of the hand

Morbidity and Mortality

	▸▸  Benign condition that has limited growth potential

Sex, race, and Age Distribution

	▸▸  Most common in adult men

Clinical Features

	▸▸  Patients describe a slowly enlarging mass, usually involving the 
flexor surfaces of the digits of the hands

Prognosis and Treatment

	▸▸  Simple excision results in cure; recurrence is rare

FiBrOMA OF TeNDON SHeATH—PATHOLOgiC FeATureS

gross Findings

	▸▸  Small (usually less than 3.0 cm), tan, rubbery nodular tumor

Microscopic Findings

	▸▸  Variable cellularity
	▸▸  Most lesions are hypocellular and richly collagenous
	▸▸  A minority can show hypercellularity with a tissue culture-like 

appearance resembling nodular fasciitis
	▸▸  Aggregated nodules of tissue are often separated from adjacent 

nodules by cleft-like spaces that may show a synovial lining
Figure 12-21
Fibroma of tendon sheath.
Low-power view shows that the tumor is hypocellular and collagenous 
with clefting or pseudovascular spaces.
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aNCillary studies

Immunohistochemical findings and electron microscopy 
show features to suggest fibroblastic and myofibroblastic 
differentiation.

PRIMARY SYNOVIAL CHONDROMATOSIS

Synovial chondromatosis is an uncommon condition 
characterized by the formation of multiple nodules of 
hyaline cartilage within the subsynovial connective 
tissue. If the nodules undergo enchondral ossification, 
then the term synovial osteochondromatosis is appropri-
ate. It is unclear whether the proliferating cartilage is 
metaplastic or neoplastic; however, recent cytogenetic 
abnormalities involving chromosome 6 support a neo-
plastic process.

CliNiCal Features

Synovial chondromatosis affects patients in a wide age 
range from childhood to late adult life without any sex 
preference. Patients report pain and swelling related to 
the involved joint. Any synovial-lined structure can be 
affected, although the large joints are the most frequent 
location; the knee is affected in more than 50% of cases. 
Other common sites include the hip, elbow, shoulder, 
and ankle. Infrequently, it can affect the small joints of 
the hand and feet, and the temporomandibular joint. 
Outside the joints, the term extra-articular synovial 
chondromatosis is used.

radiologiC Features

Plain radiographic findings depend on whether the nod-
ules are mineralized or ossified, in which case multiple 
nodules are seen within joints tendon sheaths (Figures 
12-23 and 12-24). CT and MRI scans are also helpful 
in diagnosing the lesion, in addition to identifying the 
intra-articular locations of the lesion and its anatomic 
extent.

Figure 12-23
Synovial chondromatosis.
Intra-articular synovial chondromatosis showing numerous mineralized 
nodules within the joint.

Figure 12-24
Synovial chondromatosis.
Extra-articular synovial chondromatosis involving the synovium of the 
hand and arm.

Figure 12-22
Fibroma of tendon sheath.
High-power view shows bland spindle and stellate cells embedded in 
abundant extracellular collagenous matrix.
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PathologiC Features

gross FiNdiNgs

Synovial chondromatosis appears as numerous glis-
tening gray–blue nodules within the synovial membrane 
(Figure 12-25). The nodules range from 2.0 mm to more 
than 1.0 cm in size and are firm on cut section. They 
often demonstrate chalky yellow regions that represent 
calcification or foci of enchondral ossification, in which 
case the term synovial osteochondromatosis is used.

miCrosCoPiC FiNdiNgs

Nodules of hypercellular hyaline cartilage are embed-
ded within the subsynovial connective tissue (Figure 
12-26). Individual nodules are circumscribed, round, 
and demonstrate greater cellularity than normal hya-
line articular cartilage. Chondrocytes are typically clus-
tered rather than being evenly distributed throughout 
the matrix (Figure 12-27). The individual cells exhibit 

a considerable range in size. Most have pyknotic dark 
staining nuclei; however, many cells exhibit atypical 
features, including larger nuclei, dispersed chromatin, 
and visible nucleoli. Occasional mitoses may be found. 
The degree of cellularity and nuclear atypia found in 
synovial chondromatosis is, in most cases, equal to or 

Figure 12-25
Synovial chondromatosis.
Multiple gray, glistening nodules involving extra-articular synovium.

PriMArY SYNOViAL CHONDrOMATOSiS—FACT SHeeT

Definition

	▸▸  Condition in which multiple benign nodules of hyaline cartilage 
develop in synovial membranes

incidence and Location

	▸▸  Condition is rare
	▸▸  Any synovial lined joint may be affected
	▸▸  Large joints such as the knee are most commonly involved; excep-

tionally, the condition may involve extra-articular synovial sheaths

Morbidity and Mortality

	▸▸  Condition is benign; sarcomatous transformation may occur, but it 
is uncommon

Clinical History

	▸▸  Patients describe pain and swelling of the affected joint
	▸▸  Joint locking may also occur

radiologic Features

	▸▸  Plain radiographs may show typical cartilage-type calcifications if 
present

	▸▸  CT and MrI accurately delineate the location and extent of the 
disease

Prognosis and Treatment

	▸▸  Treatment is synovectomy
	▸▸  After surgery, recurrence develops in approximately 15% of cases

PriMArY SYNOViAL CHONDrOMATOSiS—PATHOLOgiC FeATureS

gross Findings

	▸▸  Numerous nodules of gray glistening cartilage embedded within 
the synovial membrane

	▸▸  Nodules range in size from 0.2 to greater than 1.0 cm
	▸▸  Chalky yellow calcified/ossified foci may be evident

Microscopic Findings

	▸▸  The hyaline cartilage nodules exhibit “relative hypercellularity” 
and clustering of chondrocytes

	▸▸  Individual chondrocytes demonstrate mild variability in nuclear 
size chromaticity

	▸▸  Small nucleoli may be evident
	▸▸  Mitotic figures are infrequent
	▸▸  High-grade nuclear pleomorphism is not present

Differential Diagnosis

	▸▸  Loose bodies
	▸▸  Soft tissue/articular invasion by osseous chondrosarcoma
	▸▸  Soft tissue chondrosarcoma

Figure 12-26
Synovial chondromatosis.
Multiple cartilaginous nodules involving the subsynovial connective 
 tissue.
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exceeds that seen in low- to intermediate-grade intraos-
seous chondrosarcoma. Hence, care must be taken not 
to overdiagnose malignancy in this setting. Knowledge 
of the radiographic and clinical features is, therefore, 
essential. Enchondral ossification, when present, pro-
ceeds from the periphery toward the center of the lob-
ules (Figure 12-28).

ProgNosis aNd treatmeNt

Synovial chondromatosis is managed by synovectomy of 
the involved joint. Recurrence develops in up to 15% of 
cases. Rare cases of malignant transformation have been 
reported.

LOOSE BODIES

Loose bodies or joint mice are generic terms for any free-
floating structures within a joint cavity. They develop 
when intra-articular fragments of bone or hyaline 
articular cartilage come to lie free within the joint. Con-
ditions resulting in loose body formation include idio-
pathic epiphyseal osteonecrosis, osteochondral fracture, 
and osteochondritis dissecans. The sloughed articular 
cartilage remains viable because it receives its nutrition 
from the synovial fluid, whereas the bone dies because of 
lack of blood supply. These fragments reside in the joint 
for some time, and its edges become round and smooth. 
Eventually, they become embedded in the synovium. 
Joint locking is the cardinal symptom of intra-articu-
lar loose bodies. Other symptoms include pain and  
swelling.

PathologiC Features

gross FiNdiNgs

Loose bodies may be single or multiple, and often are 
larger than individual nodules of synovial chondromato-
sis, measuring in excess of 1.5 cm each (Figure 12-29). 
The external aspect of an individual loose body is hard, 
white, and typically nodular and bosselated. Sectioning 
the nodule sometimes demonstrates within its center 
the fragment that initiated the process surrounded by 
linear deposition of cartilage.

Figure 12-27
Synovial chondromatosis.
Clustering of chondrocytes is seen; synovial lining (bottom right) is 
present.

Figure 12-28
Synovial chondromatosis showing endochondral ossification.

Figure 12-29
Loose bodies.
Numerous smooth and rounded loose bodies from the knee joint.
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miCrosCoPiC FiNdiNgs

After loose bodies become embedded in the synovium, 
they may either be resorbed or stimulate a proliferative 
response in which the loose body fragments serve as a 
nidus for the deposition of newly formed fibrocartilage 
and hyaline cartilage, which may undergo enchondral 
ossification. The newly formed cartilage and bone sur-
round the loose bodies like a cambium layers of a tree 
(Figures 12-30 and 12-31). As the fragments become 
larger, the central portion can no longer be supplied by 
diffusion of synovial fluid and undergoes necrosis and 
becomes calcified. This explains the speckled and ring-
like calcifications seen radiographically.

diFFereNtial diagNosis

The main differential diagnosis of loose bodies includes 
synovial chondromatosis. In contrast with synovial chon-
dromatosis, loose bodies are predominantly composed of 
reactive/metaplastic cartilage, which is usually nonlobular 
and exhibits features intermediate between hyaline carti-
lage and fibrocartilage. The matrix typically stains eosin-
ophilic in hematoxylin and eosin sections, and exhibits a 
more uniform cellularity than primary synovial chondro-
matosis in addition to a distinctly laminar arrangement 
of cells and matrix. Loose bodies rarely demonstrate the 
range of chondrocyte pleomorphism, atypia, and mitotic 
activity that is a feature of synovial chondromatosis.

ProgNosis aNd treatmeNt

Loose bodies are managed by local excision only; total 
synovectomy is not necessary. Recurrences are less com-
mon than primary synovial chondromatosis and depend 
on the underlying disease process.

Figure 12-30
Loose body.
Cross section of a loose body shows the characteristic cambium layering.

Figure 12-31
Loose body.
Cartilaginous nidus (top upper) surrounded by layers of fibrocartilage.

LOOSe BODieS—FACT SHeeT

Definition

	▸▸  Condition in which one or more osteocartilaginous fragments 
come to reside either free within joint space or embedded within 
the synovial membrane

incidence and Location

	▸▸  The most commonly affected synovial joint is the knee

Morbidity and Mortality

	▸▸  Condition is benign

Sex, race, and Age Distribution

	▸▸  Both sexes are affected equally; the condition is most common in 
adults

Clinical Features

	▸▸  Patients report pain and/or swelling of the affected joint
	▸▸  Because the fragments are mobile within the joint, locking may 

also occur
	▸▸  Preexisting skeletal conditions that result in epiphyseal bone 

necrosis such as idiopathic epiphyseal osteonecrosis, osteochon-
dritis dissecans, and osteochondral fracture may be present

radiologic Features

	▸▸  If the fragment is ossified or mineralized, it may be visible on 
plain radiographs

Prognosis and Treatment

	▸▸  Treatment is surgical removal
	▸▸  recurrence may occur, particularly in the setting of one of the 

above listed conditions
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MALIGNANT TUMORS OF THE JOINT

CliNiCal Features

Malignant tumors of joints are uncommon and are 
classified into primary and secondary types. Primary 
malignancies are virtually always sarcomas and usu-
ally arise within the synovium of large diarthrodial 
joints, especially the knee. Patients are adults who 
have chronic symptoms of pain, swelling, and effusion, 
and most of the tumors are either chondrosarcomas or 
synovial sarcomas. Rarely, other sarcomas originate 
within a joint such as intra-articular myxoinflamma-
tory fibroblastic sarcoma, pleomorphic fibrosarcoma, 
synovial sarcoma, conventional chondrosarcoma, 
extraskeletal myxoid chondrosarcoma, and angiosar-
coma. Secondary malignant tumors of joints, by defi-
nition, originate beyond the confines of the joint and 
most are sarcomas that extend from neighboring bones 
or surrounding soft tissues. Although synovial tissue 
is vascular, metastases or involvement of the synovium 
by carcinoma, lymphoma, or leukemia is relatively 
 uncommon.

PathologiC Features

Bona fide chondrosarcomas of synovium are rare; cur-
rently, less than 50 cases have been reported in the 
English language literature. In approximately 50% of 
cases, the chondrosarcoma arises in association with 

preexisting synovial chondromatosis. In patients who 
have preexisting synovial chondromatosis, the dura-
tion of symptoms is usually longstanding and, in some 
instances, may be present for as many as 25 years. 
Patients with chondrosarcoma of the joint are usu-
ally in their fifth to seventh decade of life, and chon-
drosarcoma has an equal sex distribution. The tumors 
are frequently large, being bigger than synovial chon-
dromatosis, and more consistently present as a soft tis-
sue mass. Bone destruction adjacent to the joint is a 
suspicious feature, although this may also be seen in 
minority of examples of synovial chondromatosis. Most 
chondrosarcomas arise in the knee joint, followed by 
the hip and elbow joints. Radiographic studies usually 
demonstrate a periarticular soft tissue mass that may 
have dense irregular or ring-like calcifications. Grossly, 
the involved joint is filled with one to many nodules 
of firm, opalescent, blue–white cartilage. Histologically, 
synovial chondrosarcomas exhibit diffuse hypercellu-
larity and usually lack the clustering of chondrocytes 
that is typically seen in synovial chondromatosis. 
Nuclear atypia is usually prominent, with the chon-
drocytes nuclei being large, irregular, hyperchromatic, 
and contain prominent nucleoli. Multinucleated chon-
drocytes, some having three or more nuclei, are com-
monplace. Mitoses and myxoid change of the stroma 
are other frequent findings. An important indicator of 
malignancy is destructive invasion and permeation of 
the marrow of the adjacent bone. This is in contrast 
with synovial chondromatosis, which grows into bone 
with a pushing border. Treatment is usually surgical 
and may necessitate amputation. Chemotherapy may 
be given in high-grade lesions or those that have metas-
tasized. Metastases occur in approximately one-third of 
patients, with the lung being the most common site for 
systemic spread.

MALIGNANT TENOSYNOVIAL GIANT CELL 
TUMOR

Primary malignant tenosynovial giant cell tumor or 
malignant transformation in a preexisting benign 
tumor is rare. One of the larger series is by Bertoni 
and coworkers, who reported eight cases of what 
they considered malignant tenosynovial giant cell 
tumor. Five tumors were primary and three second-
ary, arising in patients with a previous diagnosis of 
diffuse tenosynovial giant cell tumor. The histologic 
features of malignancy were a nodular, solid, infil-
trative pattern; large, atypical plump, round, or oval 
cells with deep eosinophilic cytoplasm and indistinct 
borders; large nuclei with prominent nucleoli; and 
areas of necrosis. Four patients died with pulmonary  
metastasis.

LOOSe BODieS—PATHOLOgiC FiNDiNgS

gross Findings

	▸▸  Loose bodies that have become embedded in the synovium have a 
bosselated white bone-like appearance

	▸▸  Nodules frequently are larger than 1.5 cm
	▸▸  The synovial membranous layer is often indistinct and often is not 

grossly apparent when the specimen is received in the  
laboratory

Microscopic Findings

	▸▸  The nodule is formed of concentric layers of moderately cellu-
lar fibrocartilage centered on piece of necrotic bone or hyaline 
 articular cartilage

Differential Diagnosis

	▸▸  Synovial chondromatosis
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SYNOVIAL REACTION TO LOOSENED JOINT 
ARTHROPLASTIES

large JoiNt detritiC syNovitis

Large joint arthroplasty is one of the most common elec-
tive orthopedic surgical procedures performed today. 
Complications are few; however, because arthroplasties 
are being performed on younger and more physically 
active patients, an increased incidence of aseptic loosen-
ing of the prostheses has occurred. This is because the 
materials used in large joint reconstruction (i.e., poly-
ethylene, metal alloys, and methyl methacrylate [bone 
cement]) do have a tendency to undergo mechanical 
failure over time, particularly with excessive use. The 
mechanical failure is usually manifested by progressive 
fragmentation of the components. This occurs at the 
interface between moving parts of the artificial joint or 
between host tissue and foreign material. The net result 
is that microscopic fragments of the arthroplasty compo-
nents are extruded into the joint cavity where they elicit 
an inflammatory reaction. This is usually accompanied 
by osteolysis of the involved bones, producing clinical 
loosening of the arthroplasty. The cardinal symptom of 
loosened prostheses is progressive pain.

Detritic synovitis is the descriptive term applied to the 
constellation of changes seen in the synovium and soft 
tissue that surrounds these loose large joint arthroplas-
ties. The most commonly involved joints are the hips 
and knees. Detritic synovitis presents as red–tan nodu-
lar thickening of the synovium. In a minority of cases, 
the synovium may be black because of the extensive 
deposition of metal debris.

In detritic synovitis, particles of synthetic material 
embedded within the synovium are associated with a his-
tiocytic and foreign body giant cell reaction (Figures 12-32  
and 12-33). The histiocytes are oval and rounded, and 

have abundant eosinophilic foamy to granular cytoplasm 
(Figure 12-34). Nuclei are central, round, and lack nucle-
oli. Mitoses are not seen. Three types of foreign material 
are recognizable. Methyl methacrylate (bone cement) is 
dissolved in tissue processing. It elicits a foreign body 
giant cell reaction and surrounds large oval and rounded 
defects, which appear empty but often contain fine yel-
low–green granules of refractile nonpolarizable barium 
(Figure 12-35). Needle-shaped fragments of polyethylene 
are also found within foreign body giant cells. These are 
typically small and may be overlooked without examin-
ing slides under polarized light (Figure 12-36). The metal 
debris is the most inconspicuous and, therefore, most easily 
overlooked of the foreign material, and is evenly dispersed 
as single fragments within the cytoplasm of histiocytes 
(Figure 12-37). Additional histologic findings include 

Figure 12-33
Low-power view showing diffuse histiocytic infiltrate of the subsynovial 
connective tissue.

Figure 12-32
Detritic synovitis.
Diffuse nodular thickening of the synovium.

Figure 12-34
Detritic synovitis.
Diffuse histiocytic reaction to prosthetic material. The histiocytes have a 
granular, gray–blue cytoplasm.
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papillary fibrocartilaginous metaplasia of the synovial 
surface, sheets of coagulative necrosis without inflamma-
tion, aggregates of hemosiderin-laden macrophages, and 
in a minority of cases, reactive myofibroblastic prolifera-
tion that resembles nodular/proliferative fasciitis. The 
presence of stromal infiltrates of neutrophils is strongly 
correlated with bacterial infection surrounding the pros-
thesis. It is worth noting that particles of metal, polyethyl-
ene, and the typical histiocytic reaction that accompanies 
them can also be found in regional lymph nodes (Figure 
12-38). These lymph nodes are often enlarged and may 
be suspicious for involvement by a malignant tumor. This 
can result in confusion at the time of staging procedures 
performed during treatment of pelvic malignancies, usu-
ally prostatectomy in male individuals and hysterectomy 
and/or oophorectomy in female individuals.

Detritic synovitis occurs on the background of 
loose large joint prostheses, and hence its management 
revolves around reconstruction of the affected joint. 
This is frequently troublesome because of the severe 
localized osteoporosis that usually accompanies loosen-
ing of the prosthesis.

Sarcoma arising in association with a metallic pros-
thesis or hardware is uncommon but is a recognized 
complication. The material used in these prostheses is 
generally considered to be nontoxic; however, some of 
the constituents have been shown to be potentially car-
cinogenic in animal studies. These sarcomas are of dif-
ferent types but are usually osteosarcoma or malignant 
fibrous histiocytoma, although a variety of other sarco-
mas have also been reported (Figure 12-39). In a study 
by Keel and colleagues on 12 cases, the patients ranged 
in age from 18 to 85 (mean, 55) years, and the time inter-
val between the placement of hardware and diagnosis of 
sarcoma ranged from 2.5 to 33 (mean, 11) years. The 
patients described pain, swelling, or loosening of hard-
ware, and were found to have a destructive bone or soft 
tissue mass radiographically. Of eight patients with fol-
low-up, five died of disease. Although the possibility of a 
sarcoma arising in association with an implant is small, 

Figure 12-35
Detritic synovitis.
Giant cell reaction to methyl methacrylate. The methyl methacrylate 
is dissolved during processing, leaving behind the fine yellow barium 
granules.

B

A

Figure 12-36
A, B, Detritic synovitis.
Histiocytic reaction to prosthetic material (A), with focal giant cell reac-
tion to polarizable polyethylene fibers (B).

Figure 12-37
Draining lymph node of a prosthetic joint showing florid histiocytic reac-
tion.
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it should be considered when pain or other new findings 
develop in patients with metallic orthopedic hardware. 
One should, however, also be aware that destructive 
tumoral reaction (tumoral detritic synovitis) can occur 
around a prosthesis (Figure 12-40).

small JoiNt detritiC syNovitis

The prostheses used to replace damaged small synovial 
joints such as those in the hands and feet are different 
from the ones that are used for large joint arthroplasty. 
Small joint prostheses are composed of silicone polymers. 
Silicone (dimethyl siloxane) is composed of carbon, oxy-
gen, hydrogen, and silica. The solid silicone prostheses, 
which are often referred to by their proprietary name as 
silastic prostheses, have been used extensively for small 
joint reconstruction, and like their large joint counter-
parts, have for the most part been extremely successful 
in alleviating pain and dysfunction. Unfortunately, as 

with large joint arthroplasties, a minority of patients 
encounter problems because of mechanical failure, par-
ticularly in joints that are subjected to greater degrees 
of stress and activity, such as the thumb and hallux. 
The abraded silicone particles are capable of eliciting an 
inflammatory reaction that differs somewhat from large 
joint detritic synovitis.

Small joint detritic synovitis produces a nodular 
thickening of the synovial membrane similar to its large 
joint counterpart. Blackening of the membrane does 

Figure 12-39
Sarcoma arising in association with a metal prosthesis.

Figure 12-40
Tumoral detritic synovitis.
Destructive lesion is seen around a prosthesis. A biopsy showed that this 
tumor was composed of histiocytic reaction to the prosthesis.

A

B

Figure 12-38
A, B, Detritic synovitis.
Black metal particles are seen within synoviocytes and subsynovial con-
nective tissue.
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not occur because metal alloys are not a part of these 
prostheses. Microscopically, the subsynovial space is 
expanded by a histiocytic and multinucleated giant cell 
infiltrate that surrounds small fragments of yellow–green 
lobulated foreign material (the fragmented solid phase 
silicone) (Figure 12-41). This material predominantly 
occurs within the cytoplasm of mononuclear histiocytes, 
synovial cells, and multinucleated giant cells; however, 
small pieces may be found in an entirely extracellular 
location. Solid silicone is refractile but not birefringent, 
and hence is not visible when viewed with polarized 
light. Neutrophils are not typically found unless there 
is a coexistent bacterial infection. Other changes in the 
synovial membrane include scattered lymphocytes and 
plasma cells, strands of fibrosis, and embedded shards of 
bone. The latter probably arise from the adjacent bones, 
which may also contain large amounts of silicone par-
ticles. In a minority of cases, the intraosseous silicone 
elicits intense osteoclastic resorptive activity that may 
produce radiographically and surgically detectable cystic 
defects. Silicone synovitis is managed by thorough curet-
tage and reconstruction of the affected joint if possible.
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13 Tumors of Miscellaneous Type  
or Uncertain Lineage
Andrew L. Folpe
A significant number of soft tissue tumors either show no 
clear line of differentiation or appear to differentiate along 
the lines of a cell type with no known normal counterpart. 
Some of these tumors, for example, myxoma, appear to 
show principally fibroblastic differentiation but have not 
traditionally been included among the fibroblastic tumors 
of soft tissue. As with all other soft tissue tumors, the 
tumors of uncertain lineage span a spectrum from benign 
to intermediate malignancy to fully malignant sarcomas.

MYXOMA

The myxomas are a group of relatively common, probably 
unrelated lesions, which most commonly involve large mus-
cles (intramuscular myxoma) but may also occur around 
large joints (juxta-articular myxoma) or in the skin (cuta-
neous myxoma). All are characterized by abundant myxoid 
matrix, bland stellate to spindled cells, and hypovascularity.

INTRAMUSCULAR MYXOMA

CliniCal Features

Intramuscular myxomas occur almost exclusively in 
middle-aged to older adults, more often in women than 
in men. A strong association exists between the pres-
ence of multiple intramuscular myxomas and fibrous 
dysplasia, typically of the monostotic type (Mazabraud 
syndrome). The large muscle of the buttocks, thigh, 
shoulder, and upper arm are most commonly involved, 
although rare cases have been reported in almost any 
location. These tumors usually present as a nonspe-
cific soft tissue mass, without characteristic clinical or 
radiographic features. Most are between 5 and 10 cm, 
although occasional cases can be considerably larger.

PathologiC Features

gross Findings

Intramuscular myxomas are almost always well-
delineated, gelatinous-appearing masses, which may 
show cystic change.

MiCrosCoPiC Findings

Despite their gross appearance of circumscription, 
intramuscular myxomas typically extend into muscle to 
a limited extent, splaying apart individual skeletal mus-
cle fibers; this finding is a helpful clue to their diagnosis 
(Figure 13-1). Microscopically, they contain abundant 
myxoid matrix, which typically shows multifocal micro-
cystic change (Figure 13-2). The tumor cells are spindled 
to stellate in appearance, with darkly staining, pyknotic-
 appearing nuclei and a small amount of eosinophilic cyto-
plasm (Figure 13-3). Myxomas lack the well-developed, 
arborizing vasculature seen in myxoid sarcomas. Occa-
sionally, a myxoma may show greater cellularity and focal 
areas of fascicular growth, sometimes accompanied by 
slightly greater number of blood vessels (cellular myxoma). 

 Myxoma
 Intramuscular Myxoma
  Juxta-Articular Myxoma
 Cutaneous Myxoma
  Angiomyofibroblastoma and Related Tumors 

 (Cellular Angiofibroma, Angiomyofibroblastoma-like 
Tumor of the Male Genital Tract)

  Aggressive Angiomyxoma
  Ossifying Fibromyxoid Tumor of Soft Parts
  Pleomorphic Hyalinizing Angiectatic Tumor
  Phosphaturic Mesenchymal Tumor
  Perivascular Epithelioid Cell Neoplasms
  Epithelioid Sarcoma
  Alveolar Soft Part Sarcoma
  Ewing Family of Tumors (Ewing Sarcoma and 

 Primitive Neuroectodermal Tumor)
  Synovial Sarcoma
  Desmoplastic Small Round Cell Tumor

•
•
•
•
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•
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•
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Identification of areas of more typical myxoma is the key 
to recognizing such cellular myxomas. The matrix of myx-
omas is Alcian blue positive, hyaluronidase sensitive.

anCillary studies

iMMunohistoCheMistry

The cells of intramuscular myxoma usually express 
only vimentin but may rarely express smooth muscle 
actin in a myofibroblastic, tram-track pattern.

diFFerential diagnosis

Intramuscular myxomas are commonly confused with 
a wide variety of both benign and malignant myx-
oid tumors. Myxoid nodular fasciitis is usually much 
smaller, more often superficially located, and shows at 
least focal areas of increased cellularity, with short, ran-
domly arranged fascicles of bland myofibroblasts. Myx-
oid variants of desmoid fibromatosis more often occur 
within the abdomen, and contain a well-developed, 
thin-walled, nonarborizing vasculature and at least 
focal areas of typical fibromatosis. Myxoid liposarcoma 
contains an extremely well-developed, arborizing, capil-
lary-sized vasculature and easily identifiable lipoblasts. 
Myxofibrosarcoma (myxoid malignant fibrous histiocy-
toma) has a well-developed, thick-walled vasculature 
and contains hyperchromatic, pleomorphic tumor cells. 
Extraskeletal myxoid chondrosarcoma is composed of 
cords and chains of small eosinophilic cells, embed-
ded in a dense-appearing myxoid matrix, often with 
abundant hemorrhage, but with relatively few blood 
 vessels.

Prognosis and treatMent

Intramuscular myxomas are entirely benign lesions that 
require only simple excision.

JUXTA-ARTICULAR MYXOMA

CliniCal Features

As indicated by their name, juxta-articular myxomas 
occur in direct association with large joints. By far the 
most common location is adjacent to the knee joint, 

Figure 13-1
Intramuscular myxoma, a uniformly myxoid, hypocellular lesion with char-
acteristic splaying apart of skeletal muscle.

Figure 13-2
Myxoid matrix, relative hypovascularity without arborizing vessels, and 
microcystic change in intramuscular myxoma.

Figure 13-3
the cells of intramuscular myxoma are bland, with scant eosinophilic 
cytoplasm and pyknotic nuclei.
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 followed by the shoulder, hip, and ankle. Most patients 
are older men, frequently with a history of osteoarthritis. 
The tumors are usually 2 to 6 cm at the time of diagnosis,  
although some may be significantly larger.

PathologiC Features

gross Findings

Juxta-articular myxomas are grossly identical to intra-
muscular myxomas.

MiCrosCoPiC Findings

In general, juxta-articular myxomas closely recapitu-
late the histologic features of intramuscular myxoma. 
However, a significant subset of these lesions may show 
features of cellular myxoma, with fascicular growth, 
areas of well-developed vasculature, and mild pleomor-
phism (Figures 13-4 and 13-5). As with cellular intra-
muscular myxomas, identification of areas of typical 
myxoma is the key to correct diagnosis (Figure 13-6).

anCillary studies

ultrastruCtural Features

Ultrastructural features of juxta-articular myxoma 
are identical to those seen in intramuscular myxoma.

iMMunohistoCheMistry

Juxta-articular myxomas show the same immunophe-
notype as intramuscular myxomas, with expression of 
vimentin and occasionally smooth muscle actin.

diFFerential diagnosis

The differential diagnosis of juxta-articular myxoma is 
essentially the same as that of intramuscular myxoma. 
Although particularly cellular, juxta-articular myxomas 
may mimic myxofibrosarcoma, among others; the char-
acteristic location around the knee joint and the frequent 
history of osteoarthritis should point one in the correct 
direction. In this location adjacent to the knee, a myxoid 
monophasic fibrous synovial sarcoma (MSS) may also 
be a diagnostic consideration. Myxoid change in syno-
vial sarcomas is almost always focal rather than diffuse, 
and identification of areas of more typical synovial sar-
coma, characterized by hyperchromatic nuclei, alternat-
ing hypocellular and hypercellular zones, wiry collagen, 
and focal keratin immunoreactivity, is diagnostic.

Figure 13-4
Juxta-articular myxomas are frequently more cellular and vascular than 
are other myxomas, and may mimic various myxoid sarcomas.

Figure 13-5
Fascicular, cellular growth in juxta-articular myxoma.

Figure 13-6
Careful inspection of juxta-articular myxomas, and other cellular myxo-
mas, will invariably reveal small areas of more typical myxoma, with 
cystic change.
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Prognosis and treatMent

Juxta-articular myxomas are entirely benign, but may 
recur locally in up to 30% of cases, particularly if incom-
pletely excised.

CUTANEOUS MYXOMA

CliniCal Features

Cutaneous myxoma, also known as superficial myxoma 
or superficial angiomyxoma, is a rare myxoid tumor of 
the skin and subcutis. Cutaneous myxomas are histolog-
ically identical to the cutaneous myxoid tumors seen in 
patients with Carney’s syndrome, although most occur 
sporadically. Men are affected slightly more often than 
women, and the typical patient is a middle-aged adult. 
The most common locations for sporadic cutaneous 
myxomas are the trunk, lower extremities, and head and 
neck; Carney’s syndrome–associated myxomas are more 
often multiple, and involve the eyelids and ear.

PathologiC Features

gross Findings

Cutaneous myxomas are typically small, sometimes 
polypoid tumors that have a gelatinous appearance. 
These lesions are often poorly circumscribed, and may 
involve the subcutis and occasionally deeper muscle.

MiCrosCoPiC Findings

Cutaneous myxomas are considerably more vascu-
lar than other myxomas, as reflected in the alternative 
term, superficial angiomyxoma (Figure 13-7). This vas-
culature may be well developed and arborizing, remi-
niscent of myxoid liposarcoma. However, the overall 

MYXOMA (iNTrAMuSCuLAr AND JuXTA-ArTiCuLAr)—FACT SHeeT

Definition
 ▸▸  Benign, mesenchymal tumor composed of bland spindled cells 

embedded in hypovascular, frequently cystic, myxoid matrix

incidence and Location
 ▸▸  relatively common
 ▸▸  Intramuscular myxoma: large muscles of thigh and buttock
 ▸▸  Juxta-articular myxoma: near knees, shoulders, hips

Morbidity and Mortality
 ▸▸  None

Sex, race, and Age Distribution
 ▸▸  Intramuscular myxoma is more common in women; may be associ-

ated with fibrous dysplasia (Mazabraud syndrome)
 ▸▸  Juxta-articular myxoma is most common in men with degenerative 

joint disease

Clinical Features
 ▸▸  painless soft tissue mass

Prognosis and Treatment
 ▸▸  Cured with complete excision

MYXOMA (iNTrAMuSCuLAr AND JuXTA-ArTiCuLAr)—
PATHOLOgiC FeATureS

gross Findings
 ▸▸  Well-circumscribed mass, myxoid appearing, cystic

Microscopic Findings
 ▸▸  abundant alcian blue–positive, hyaluronidase-sensitive myxoid 

matrix
 ▸▸  Splaying apart of skeletal muscle
 ▸▸  hypovascular, without well-developed arborizing vessels
 ▸▸  Slender spindled cells with pyknotic nuclei
 ▸▸  Juxta-articular myxomas often show areas of increased cellularity, 

with partial fascicular growth pattern

immunohistochemical Findings
 ▸▸  typically express only vimentin, occasionally show limited smooth 

muscle actin expression

Differential Diagnosis
 ▸▸  Myxofibrosarcoma, myxoid liposarcoma, myxoid chondrosarcoma, 

myxoid nodular fascitis, myxoid desmoid-type fibromatosis Figure 13-7
Cutaneous myxoma (angiomyxoma), a highly vascularized myxoid tumor 
of the skin and subcutis.
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cellularity of the lesion is quite low, and the lesional 
cells are small, cytologically bland, and spindled to 
stellate in shape. A prominent neutrophilic infiltrate 
is often present and is a helpful clue to this diagnosis 
(Figure 13-8). Epithelioid structures, probably repre-
senting entrapped adnexal glands, are seen in roughly 
one-third of cases. A vaguely lobular growth pattern is 
often present.

anCillary studies

The ultrastructural and immunohistochemical features 
of cutaneous myxoma are identical to those of the other 
myxomas.

diFFerential diagnosis

Focal cutaneous mucinosis lacks the neutrophils, lobular 
growth pattern, and elaborate vasculature seen in cuta-
neous myxoma. Digital mucinous cyst occurs exclusively 
in the digits and lacks a well-developed vasculature. 
Aggressive angiomyxoma is a deeply seated tumor of the 
genital region, which only focally involves the skin (if 
at all), lacks neutrophils, and contains ectatic, nonarbo-
rizing vessels. Neurothekeoma is more distinctly lobular 
and is composed of plumper, occasional pleomorphic,  
S-100 protein–positive cells. Myxoid neurofibromas lack 
the well-developed vasculature of myxoma and contain 
wavy, comma-shaped cells that express S-100 protein. 
Myxoid dermatofibrosarcoma protuberans are much 
more infiltrative, CD34-positive lesions that typically 

show at least small areas of more typical dermatofibro-
sarcoma.

Prognosis and treatMent

Local, complete excision is adequate treatment, and no 
malignant behavior is documented.

CuTANeOuS MYXOMA—FACT SHeeT

Definition
 ▸▸  Benign myxoid mesenchymal tumor of the skin and subcutis

incidence and Location
 ▸▸  rare
 ▸▸  Sporadic cutaneous myxoma: trunk, legs, head and neck
 ▸▸  Carney syndrome–associated myxomas: eyelids and ear, may be 

multiple

Morbidity and Mortality
 ▸▸  None

Sex, race, and Age Distribution
 ▸▸  Most often occur in middle-aged men

Clinical Features
 ▸▸  polypoid or papular skin lesion

Prognosis and Treatment
 ▸▸  May recur locally
 ▸▸  Complete excision

CuTANeOuS MYXOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  poorly circumscribed, gelatinous, small

Microscopic Findings
 ▸▸  Vaguely lobular
 ▸▸  Much more vascular than other myxomas; may show well-

 developed arborizing vasculature
 ▸▸  Bland spindled cells
 ▸▸  abundant myxoid matrix
 ▸▸  Stromal neutrophils and entrapped adnexal units in some

immunohistochemical Findings
 ▸▸  typically express only vimentin

Differential Diagnosis
 ▸▸  Cutaneous mucinosis, digital mucinous cyst, aggressive 

 angiomyxoma, nerve sheath myxoma (neurothekeoma), myxoid 
neurofibroma, myxoid dermatofibrosarcoma protuberans

Figure 13-8
the cells of cutaneous myxoma are uniformly normochromatic, assisting 
in its distinction from superficially located myxofibrosarcomas. Note also 
the presence of stromal neutrophils, a useful clue.
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ANGIOMYOFIBROBLASTOMA AND 
RELATED TUMORS (Cellular Angiofibroma, 
Angiomyofibroblastoma-like Tumor of the 
Male Genital Tract)

CliniCal Features

Angiomyofibroblastoma is an uncommon, benign, non-
recurring myofibroblastic lesion of the vulva and pelvi-
perineal region. So-called cellular angiofibroma appears 
to represent a morphologic variant of angiomyofibroblas-
toma, and these two tumors will be considered together. 
Most cases are observed in the vulva of middle-aged 
women, and less frequently in the vagina (10%–15% 
of cases), perineum, or inguinal region. Rare tumors 
essentially identical to cellular angiofibroma have been 
reported in men as angiomyofibroblastoma-like tumors of 
the male genital tract; such lesions typically involve the 
scrotum, spermatic cord, or inguinal region. Angiomyo-
fibroblastomas present as slow-growing, painless masses, 
which are usually considered clinically to be Bartholin 
gland cysts.

PathologiC Features

gross Findings

Angiomyofibroblastomas are well circumscribed but 
usually nonencapsulated lesions, 1 to 10 cm (4 cm on 
average). The consistency is soft, and the cut section of  
the lesion is gray–pink with a glistening appearance. Cel-
lular angiofibromas tend to be larger in men (2.5–14 cm).

ANgiOMYOFiBrOBLASTOMA AND reLATeD TuMOrS  
(Cellular Angiofibroma)—FACT SHeeT

Definition
 ▸▸  Benign myofibroblastic lesions of the vulva, inguinoscrotal, and 

pelviperineal regions

incidence and Location
 ▸▸  angiomyofibroblastoma
 ▸▸  rare
 ▸▸  Mostly observed in the vulva, less frequent in the vagina
 ▸▸  rare cases in men (scrotum, spermatic cord, inguinal region)
 ▸▸  Cellular angiofibroma
 ▸▸  rare
 ▸▸  Found in the vulva, and in the inguinoscrotal region in male 

individuals

Morbidity and Mortality
 ▸▸  Benign, nonrecurring neoplasms
 ▸▸  Malignant angiomyofibroblastoma exceptional

Sex, race, and Age Distribution
 ▸▸  Middle-aged women and men

Clinical Features
 ▸▸  Slow-growing painless nodule

Prognosis and Treatment
 ▸▸  Benign, nonrecurring neoplasms

ANgiOMYOFiBrOBLASTOMA AND reLATeD TuMOrS  
(Cellular Angiofibroma)—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Well circumscribed
 ▸▸  Small (2–3 cm on average)
 ▸▸  Cellular angiofibroma in male individuals tend to be larger  

(5–10 cm)

Microscopic Findings
 ▸▸  angiomyofibroblastoma
 ▸▸  Numerous small- to medium-sized vessels
 ▸▸  round to spindle-shaped myofibroblasts concentrated around 

vessels
 ▸▸  epithelioid-appearing, plasmacytoid, binucleate, and 

 multinucleate cells frequent
 ▸▸  Loose edematous stroma
 ▸▸  Mitotic figures rare
 ▸▸  Intralesional mature adipocytes in about 10% of cases
 ▸▸  Cellular angiofibroma
 ▸▸  Numerous spindle cells (strong resemblance to spindle cell 

lipoma)
 ▸▸  Numerous small- to medium-sized hyalinized vessels
 ▸▸  Fibrinoid deposits around small vessels/organizing intraluminal 

thrombi
 ▸▸  Mitoses often numerous in vulvar lesions, rare in lesions in male 

individuals
 ▸▸  Intralesional mature adipocytes in about 50% of cases

immunohistochemical Findings
 ▸▸  angiomyofibroblastoma
 ▸▸  Strong positivity for desmin
 ▸▸  Focal reactivity for smooth muscle actin
 ▸▸  Occasional reactivity for CD34
 ▸▸  positivity for estrogen and progesterone receptors in women
 ▸▸  Negativity for S-100 protein, keratins, and eMa
 ▸▸  Cellular angiofibroma in female individuals
 ▸▸  Frequent negativity for smooth muscle actin and desmin
 ▸▸  Variable positivity for CD34
 ▸▸  positivity for estrogen and progesterone receptors
 ▸▸  Cellular angiofibroma in male individuals
 ▸▸  Frequent positivity for smooth muscle actin, desmin, and/or CD34
 ▸▸  positivity for estrogen and progesterone receptors

Differential Diagnosis
 ▸▸  angiomyofibroblastoma
 ▸▸  aggressive angiomyxoma, epithelioid smooth muscle tumors
 ▸▸  Cellular angiofibroma
 ▸▸  Spindle cell lipoma, solitary fibrous tumor
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MiCrosCoPiC Findings

Angiomyofibroblastoma, which develops in the pel-
viperineal subcutaneous tissue, is composed of small- to 
medium-sized, well-formed vessels, round to spindled 
myofibroblasts arranged around the vessels, and loose 
edematous stroma in varying proportions (Figure 13-9).  
The tumor cells have an eosinophilic cytoplasm and bland 
nuclei, occasionally with smudged chromatin. Epitheli-
oid to plasmacytoid neoplastic cells may be present, as 
well as binucleate or multinucleate cells (Figure 13-10). 
Mitotic figures are rare, and no tumor necrosis is pres-
ent. Interstitial mast cells are commonly observed. About 
10% of cases also contain mature adipocytes. Fibrosis 
and perivascular hyalinization are common in longstand-
ing lesions. Some cases show considerable morphologic 
overlap with cellular angiofibroma, and these are best 
thought of as morphologic variants of the same lesion.

Cellular angiofibroma is generally well circumscribed 
and is composed of proliferating bland spindle cells. 
In addition, the lesion contains numerous small- to 
medium-sized vessels with hyalinized walls, perivas-
cular fibrinoid deposits, and/or intraluminal thrombi 
(Figures 13-11 and 13-12). Atypical mitotic figures and 
necrosis are absent. As in angiomyofibroblastoma, intra-
lesional fat can be observed in cellular angiofibroma, as 
well as interstitial mast cells.

anCillary studies

iMMunohistoCheMistry

Most angiomyofibroblastomas are strongly positive 
for desmin and focally positive for smooth muscle actin 
and CD34. Desmin staining may be reduced or absent 

Figure 13-9
angiomyofibroblastoma, showing abundant myxohyaline stroma and clus-
ters of epithelioid genital-type myofibroblasts surrounding blood vessels.

Figure 13-10
Clusters of bland epithelioid cells arrayed about a small blood vessel in 
angiomyofibroblastoma.

Figure 13-11
Cellular angiofibroma is closely related to angiomyofibroblastoma but con-
sists of more spindled cells arrayed about thicker, hyalinized blood vessels.

Figure 13-12
Bland spindled cells, wiry collagen, and hyalinized blood vessels in cel-
lular angiofibroma.



Chapter 13 tumors of Miscellaneous type or Uncertain Lineage 283
in postmenopausal cases. Positivity for estrogen and 
progesterone receptors is the rule. S-100 protein, kera-
tins, and epithelial membrane antigen (EMA) are not 
expressed. Smooth muscle actin, desmin, and CD34 are 
variably expressed in cellular angiofibroma. In contrast 
with lesions in male individuals, vulvar cellular angio-
fibromas tend to be negative for smooth muscle actin 
and desmin but positive for estrogen and progesterone 
receptors.

diFFerential diagnosis

Angiomyofibroblastoma is a small, cellular, superficially 
located lesion with numerous small vessels, unlike aggres-
sive angiomyxoma, a large, deeply situated, hypocellular 
myxoid lesion with gaping vessels. Epithelioid smooth 
muscle tumors are more solid, eosinophilic tumors 
that typically show at least small areas of more typical 
smooth muscle, and are diffusely smooth muscle actin 
and desmin positive. The cellular angiofibroma end of 
this morphologic spectrum may closely resemble spindle 
cell lipoma but tends to lack bundles of refractile col-
lagen and a packeted pattern of growth. Solitary fibrous 
tumors (SFTs) show more abundant collagen, a pro-
nounced hemangiopericytoma-like vascular pattern, and 
have a patternless growth pattern.

Prognosis and treatMent

Angiomyofibroblastoma and cellular angiofibromas are 
benign nonrecurring lesions. Simple excision is curative. 
Malignant angiomyofibroblastomas have been reported 
but are exceptional.

AGGRESSIVE ANGIOMYXOMA

CliniCal Features

Most aggressive angiomyxomas occur in the genital, 
perineal, and pelvic regions of women of reproduc-
tive age, although rare cases also occur in the pelvis, 
spermatic cord, or scrotum of men (female/male ratio, 
6:1). These tumors typically present as slowly grow-
ing, deeply situated masses that may infiltrate adjacent 
structures, including the soft tissues surrounding the 
rectum and vagina. Because of their infiltrative growth 
and myxoid nature, aggressive angiomyxomas may be 
difficult to completely excise, and recur in up to 30% 
of cases. More recent series have, however, empha-
sized that correctly diagnosed and appropriately treated  

angiomyxomas have a much lower rate of local recur-
rence (<10%). Metastases are not seen.

PathologiC Features

gross Findings

Aggressive angiomyxomas typically appear as soft, 
myxoid, variably circumscribed masses of up to 60 cm. 
Some tumors may be polypoid.

MiCrosCoPiC Findings

Aggressive angiomyxomas are composed of bland, 
spindled to stellate cells widely dispersed in a myxoid 
matrix (Figure 13-13). A characteristic feature is the 
presence of numerous blood vessels, ranging from capil-
laries up to large, gaping vessels with hyalinized walls. 
In general, these vessels tend to be nonarborizing. Small 
aggregates of conventional-appearing smooth muscle 
cells often are seen in close proximity to the blood ves-
sels. Cellularity is typically low, mitotic figures are rare, 
and necrosis is absent (Figure 13-14). Mast cells and 
lymphoid aggregates may be present. Occasional tumors 
show areas reminiscent of angiomyofibroblastoma, 
including aggregates of epithelioid cells arrayed about 
blood vessels, suggesting a possible link between these 
two genital tumors.

anCillary studies

iMMunohistoCheMistry

Most angiomyxomas express both desmin and smooth 
muscle actins, with some also expressing CD34. S-100 
protein and cytokeratins are absent. Estrogen and pro-
gesterone receptors are positive.

genetiC studies

Aggressive angiomyxomas are typified by clonal 
 aberrations involving the HMGA2 gene, located at 
12q13-15.

diFFerential diagnosis

Extensively myxoid leiomyomas may closely mimic 
aggressive angiomyxoma but are typically better cir-
cumscribed, contain larger areas of more typical smooth 
muscle, and have larger, thick-walled blood vessels. 
Angiomyofibroblastomas are superficially located and 
smaller, and consist of epithelioid cells arranged in a 
perivascular distribution. Myxoid change is unusual in 
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 angiomyofibroblastoma. Fibroepithelial polyps of the 
 genital region blend into the overlying epidermis or 
mucosa, without a Grenz zone, and are usually much 
more cellular and cytologically variable than are angio-
myxomas. Myxofibrosarcomas show much greater cyto-
logical atypia and have a well-developed, arborizing, 
thick-walled vasculature. Myxomas, including cutane-
ous myxoma, are unusual in the genital region and have 
distinctive histologic features, as described earlier in 
this chapter.

Prognosis and treatMent

Despite its name, aggressive angiomyxoma is not an espe-
cially aggressive lesion. It does, however, have significant 
potential for local recurrence, because of its infiltrative 
growth pattern and the difficulty of completely resecting 

extensively myxoid tumors. As noted earlier, incom-
pletely excised aggressive angiomyxomas have a roughly 
30% risk for recurrence; this risk decreases with more 
complete initial resection. Aggressive angiomyxoma 
has no potential for distant metastasis or malignant  
transformation.

Figure 13-13
aggressive angiomyxoma, a deeply situated, uniformly myxoid tumor, 
with low cellularity and numerous thin-walled, nonarborizing vessels.

Figure 13-14
Spindled to stellate tumor cells in aggressive angiomyxoma.

AggreSSiVe ANgiOMYXOMA—FACT SHeeT

Definition
 ▸▸  Distinctive myxoid tumor of the genital region, most often seen 

in women of reproductive age

incidence and Location
 ▸▸  rare
 ▸▸  perineum, pelvis, and genital region in women
 ▸▸  Scrotum, spermatic cord, and pelvis in men

Morbidity and Mortality
 ▸▸  Benign neoplasm with significant potential for local recurrence

Sex, race, and Age Distribution
 ▸▸  Much more common in women than in men (6:1)
 ▸▸  reproductive-aged women and adult men
 ▸▸  No race predilection

Clinical Features
 ▸▸  Slow-growing, deeply situated mass

Prognosis and Treatment
 ▸▸  Significant potential for local recurrence if incompletely excised
 ▸▸  requires wide excision
 ▸▸  No known role for adjuvant therapies

AggreSSiVe ANgiOMYXOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Variably circumscribed but infiltrative
 ▸▸  Large (up to 60 cm)
 ▸▸  Myxoid

Microscopic Findings
 ▸▸  Infiltrative
 ▸▸  Grenz zone present if near skin/mucosa
 ▸▸  abundant myxoid matrix
 ▸▸  Bland spindled to stellate cells
 ▸▸  prominent vasculature: capillaries and dilated, hyalinized larger 

vessels
 ▸▸  Small smooth muscle aggregates near blood vessels
 ▸▸  Lymphoid aggregates and mast cells

immunohistochemical Findings
 ▸▸  positive for desmin, smooth muscle actins, often CD34
 ▸▸  S-100 protein and cytokeratins negative

Differential Diagnosis
 ▸▸  angiomyofibroblastoma, myxoid leiomyoma, other myxomas, 

myxofibrosarcoma, fibroepithelial polyp
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OSSIFYING FIBROMYXOID TUMOR OF SOFT 
PARTS

CliniCal Features

Ossifying fibromyxoid tumor of soft parts (OFMT) is 
an extremely rare mesenchymal tumor that may occur 
in essentially any location, usually in adults. Although 
OFMTs were initially believed to be benign, they are 
better classified as mesenchymal tumors of intermedi-
ate (borderline) malignancy, because even histologically 
benign OFMTs may produce distant metastases in up to 
6% of cases. Histologically malignant OFMT are high-
grade sarcomas, with distant metastases and adverse 
patient outcome in nearly 60% of cases.

PathologiC Features

gross Findings

OFMTs present as relatively small, painless masses, 
often with a radiographically apparent shell of bone.

MiCrosCoPiC Findings

Typical OFMTs are characterized by a peripheral  
shell of bone in 70% of cases, lobulated growth, and 
small, bland cells arranged in cords and nests within 
a fibromyxoid stroma (Figure 13-15). The stroma of 
OFMTs varies from highly myxoid to fibrous, and may, 
on occasion, be hyalinized and calcify. A character-
istic feature of OFMT is its even and regular cell-cell 
spacing (Figure 13-16). Mitotic activity is usually low. 
Hyalinized blood vessels are often present. Malignant 
OFMTs maintain the overall cytoarchitectural features 
of benign OFMT but show accentuated lobularity, 
greatly increased cellularity with nuclear overlapping, 
coarse chromatin and prominent nucleoli, necrosis, vas-
cular invasion, and mitotic activity of more than 2 per 
50 high-power fields (hpf) (Figures 13-17 and 13-18). 
Prominent spindling or extensive stromal hyalinization 
may be present. Bone production may be either absent 
or increased, sometimes within the center of the lesion.

anCillary studies

iMMunohistoCheMistry

S-100 protein is expressed by more than 70% of typi-
cal OFMTs and by a smaller percentage of atypical or 
malignant OFMTs, or both. A minority of OFMTs will 
show focal expression of cytokeratins, smooth muscle 

actin, or desmin. Some OFMTs may also express other 
markers of putative nerve sheath differentiation, such 
as CD57 (Leu 7), neuron-specific enolase, and glial fibril-
lary acidic protein.

genetiC studies

No consistent genetic abnormality for OFMT has 
been reported, although occasional cases have been 
reported to show various translocations.

diFFerential diagnosis

Epithelioid schwannomas lack the bone shell and 
extremely uniform cell-cell spacing seen in OFMT, and 
often arise adjacent to a nerve. Epithelioid malignant 

Figure 13-15
typical ossifying fibromyxoid tumor of soft parts, with a peripheral shell 
of bone surrounding a lobulated, moderately cellular proliferation of uni-
form cells in a fibromyxoid background.

Figure 13-16
Uniform cell-cell spacing, cytologically bland, amitotic round to ovoid 
cells, and fibromyxoid matrix in ossifying fibromyxoid tumor.
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peripheral nerve sheath tumors show much greater 
cytologic atypia than do OFMT, resembling melanoma. 
Mixed tumors/myoepitheliomas do not produce a 
bone shell, usually show epithelial differentiation, and 
express epithelial markers, such as cytokeratins, much 
more often than do OFMTs. Extraskeletal myxoid chon-
drosarcomas contain distinctly eosinophilic cells that 
grow in nests, cords, and chains, often with abundant 
associated hemorrhage and hemosiderin deposition. 
Osteosarcomas lack a lobular growth pattern, show 
much greater cytologic atypia and pleomorphism than 
do even malignant OFMTs, and often produce abun-
dant lace-like osteoid, as well as malignant-appearing 
chondroid matrix.

Figure 13-17
Area of transition from typical to malignant ossifying fibromyxoid 
tumor.
Note retention of the bone shell and maintenance of the overall cytoar-
chitectural pattern in the much more cellular malignant zone.

Figure 13-18
Malignant ossifying fibromyxoid tumor, showing high cellularity, high 
nuclear grade, and brisk mitotic activity.

OSSiFYiNg FiBrOMYXOiD TuMOr OF SOFT PArTS—FACT SHeeT

Definition
 ▸▸  Mesenchymal tumor of intermediate (borderline) malignancy and 

an uncertain line of differentiation, characterized by a shell of 
bone and bland, round cells in a fibromyxoid matrix

incidence and Location
 ▸▸  rare
 ▸▸  any soft tissue location including head and neck

Morbidity and Mortality
 ▸▸  None

Sex, race, and Age Distribution
 ▸▸  adults
 ▸▸  No sex or race predilection

Clinical Features
 ▸▸  Small, painless soft tissue mass, often with a shell of bone

Prognosis and Treatment
 ▸▸  More than 90% of histologically typical tumors are cured with 

complete excision
 ▸▸  Local recurrences and distant metastases in approximately 10% 

and 6% of histologically typical tumors, respectively
 ▸▸  histologically malignant ossifying fibromyxoid tumors have an 

approximately 60% risk for distant metastases and death from 
 disease

OSSiFYiNg FiBrOMYXOiD TuMOr OF SOFT PArTS—PATHOLOgiC 
FeATureS

gross Findings
 ▸▸  Small, nonspecific mass, often with a visible shell of bone

Microscopic Findings
 ▸▸  Shell of woven bone in 70% of cases
 ▸▸  Bland, round to ovoid cells with uniform cell-cell spacing in a 

fibromyxoid to hyalinized matrix
 ▸▸  Lobulated
 ▸▸  May entrap adnexal glands if superficially located
 ▸▸  rare mitotic figures and absent necrosis
 ▸▸  Malignant examples show accentuated lobularity, increased 

 cellularity, high nuclear grade, high mitotic activity, increased 
intralesional bone/osteoid and necrosis; bone shell is less frequent

immunohistochemical Findings
 ▸▸  S-100 protein expression in 70% of typical and 30% of malignant 

ossifying fibromyxoid tumors, respectively
 ▸▸  Desmin expression in approximately 10%
 ▸▸  rare cases with smooth muscle actin or cytokeratin expression, or both
 ▸▸  May express CD57, neuron specific enolase, and glial fibrillary 

acidic protein

Differential Diagnosis
 ▸▸  epithelioid schwannoma, epithelioid malignant peripheral nerve 

sheath tumor, osteosarcoma, mixed tumor/myoepithelioma, 
extraskeletal myxoid chondrosarcoma
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PLEOMORPHIC HYALINIZING ANGIECTATIC 
TUMOR

CliniCal Features

Pleomorphic hyalinizing angiectatic tumor (PHAT) is an 
extremely rare mesenchymal tumor that typically occurs 
in the subcutaneous tissues of the distal extremities, usu-
ally the ankles and feet. PHATs typically present as slow-
 growing masses, thought clinically to represent hematomas 
or Kaposi sarcoma. These tumors are slightly more com-
mon in women than in men. Although PHATs were ini-
tially believed to be benign, they are better classified as 
mesenchymal tumors of intermediate (borderline) malig-
nancy, because they frequently recur locally (50% local 
recurrence rate) and may necessitate amputation. Extraor-
dinarily rare examples have been reported to progress his-
tologically to myxoid sarcoma (myxofibrosarcoma-like).

PathologiC Features

gross Findings

PHATs most often present as 5- to 7-cm masses, 
with a variably myxoid, cystic, fibrous, or hemorrhagic 
appearance.

MiCrosCoPiC Findings

PHATs are circumscribed but nonencapsulated 
masses composed of numerous ectatic, partially throm-
bosed, fibrin-filled, thin-walled blood vessels, sur-
rounded by a sheet-like to fascicular proliferation of 
pleomorphic but largely amitotic cells, with bizarre-
appearing hyperchromatic nuclei, containing pseu-
donuclear inclusions (Figures 13-19 to 13-21).  
Intracytoplasmic hemosiderin is often conspicuous 
within the neoplastic cells. A mixed chronic inflam-
matory cell infiltrate is often present. The periphery of 
PHAT often shows a distinctive pattern, descriptively 
termed early PHAT, of relatively uniform spindled cells, 
with intracytoplasmic hemosiderin and rare enlarged 
cells, which infiltrate adipose tissue and surround small 
capillaries and blood vessel aggregates (Figure 13-22). 
Occasional damaged vessels with intraluminal throm-
botic material can often be found in these peripheral 
zones as well, suggesting that these areas represent the 
earlier stage of PHAT.

anCillary studies

iMMunohistoCheMistry

PHAT are typically CD34 positive and negative for 
all other markers except vimentin.

PLeOMOrPHiC HYALiNiZiNg ANgieCTATiC TuMOr—FACT SHeeT

Definition
 ▸▸  Mesenchymal tumor of intermediate (borderline) malignancy, charac-

terized by angiectasia and largely amitotic, pleomorphic tumor cells

incidence and Location
 ▸▸  rare
 ▸▸  Distal extremities, particularly foot and ankle

Morbidity and Mortality
 ▸▸  Local recurrences in up to 50% of cases
 ▸▸  recurrences may be extensive and require amputation
 ▸▸  Metastases and death from disease have not been reported

S ex, race, and Age Distribution
 ▸▸  Older adults
 ▸▸  No sex or race predilection

Clinical Features
 ▸▸  Slow-growing mass resembling hematoma or Kaposi sarcoma

Prognosis and Treatment
 ▸▸  50% local recurrence rate
 ▸▸  requires wide excision
 ▸▸  No known role for adjuvant therapies

PLeOMOrPHiC HYALiNiZiNg ANgieCTATiC TuMOr— 
PATHOLOgiC FeATureS

gross Findings
 ▸▸  Variably sized soft tissue mass, occasionally with myxoid, cystic, 

or hemorrhagic appearance

Microscopic Findings
 ▸▸  Circumscribed but nonencapsulated
 ▸▸  Clusters of ectatic, thin-walled vessels filled with thrombotic 

material and fibrin
 ▸▸  Sheets and fascicles of pleomorphic but largely amitotic cells with 

bizarre-appearing nuclei, pseudonuclear inclusions, and intracyto-
plasmic hemosiderin

 ▸▸  Chronic inflammation
 ▸▸  peripheral zone (early PHAT) consisting of relatively monomorphic 

spindled cells infiltrating though fat and around clusters of 
 damaged blood vessels

immunohistochemical Findings
 ▸▸  CD34 positive in most cases

Differential Diagnosis
 ▸▸  Schwannoma, undifferentiated pleomorphic sarcoma, so-called 

hemosiderotic fibrohistiocytic lipomatous lesion



BONe aND SOFt tISSUe pathOLOGY288
genetiC studies

No consistent genetic abnormality has been reported.

diFFerential diagnosis

Unlike schwannomas, PHATs are nonencapsulated, 
contain intracytoplasmic hemosiderin, and are S-100 
protein negative. Undifferentiated pleomorphic sarco-
mas may at times show vascular changes identical to 
PHAT but show far greater mitotic activity and lack 
intranuclear pseudoinclusions. The histologic features of 
early PHATs and so-called hemosiderotic fibrohistiocytic 

 lipomatous lesions are identical, and these almost cer-
tainly represent the same entity.

PHOSPHATURIC MESENCHYMAL TUMOR

CliniCal Features

Phosphaturic mesenchymal tumors are rare mesen-
chymal tumors that result in systemic osteomalacia 
through secretion of a phosphaturic hormone, recently 
identified as fibroblast growth factor-23 (FGF-23). Most 

Figure 13-19
at low power, pleomorphic hyalinizing angiectatic tumors are most 
notable for large congeries of dilated, thrombosed, thick- and thin-walled 
blood vessels. Note prominent hemosiderin staining in surrounding cells.

Figure 13-20
pleomorphic hyalinizing angiectatic tumor, with a sheet-like proliferation 
of pleomorphic cells with rare intranuclear pseudoinclusions and abun-
dant intracytoplasmic hemosiderin.

Figure 13-21
thrombosed, fibrin-filled vessels in pleomorphic hyalinizing angiectatic 
tumor.

Figure 13-22
the periphery of pleomorphic hyalinizing angiectatic tumor (phat) often 
shows a distinctive spindle cell proliferation, descriptively termed early 
PHAT. these spindled cells appear to surround and damage small vessels, 
a phenomenon that likely leads to the development of classic phat over 
time.
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 phosphaturic mesenchymal tumors comprise a single 
histologic entity, designated phosphaturic mesenchymal 
tumor, mixed connective tissue type (PMTMCT). PMT-
MCTs are rare tumors, which most often occur in middle-
aged adults, either in soft tissue or bone. Most PMTMCTs 
present as small, inapparent lesions that may require 
careful clinical examination and radionuclide scans for 
localization in some cases. A long history of osteomalacia 
is almost always present. The overwhelming majority of 
PMTMCTs are histologically and clinically benign, with 
complete excision resulting in dramatic improvement of 
phosphate wasting and osteomalacia. Rare PMTMCTs 
are histologically and clinically malignant.

PathologiC Features

gross Findings

Most PMTMCTs present as nonspecific soft tissue  
or bone masses. Some tumors may be highly calcified.

MiCrosCoPiC Findings

PMTMCTs are variable in their appearance but often 
show an admixture of calcified matrix, mature fat, bland 
spindled cells, and osteoclast-like giant cells (Figure  
13-23). The neoplastic component of PMTMCT is 
characterized by a proliferation of small, innocuous-
appearing, round to spindled cells embedded in a highly 
vascular, myxochondroid matrix, with a variable com-
ponent of mature adipose tissue (Figure 13-24). This 
matrix commonly calcifies in an unusual, grungy fash-
ion, inciting an osteoclast-rich and fibrohistiocytic 
response (Figure 13-25). Malignant PMTMCTs contain 
obviously sarcomatous foci, resembling an undifferenti-
ated pleomorphic sarcoma or fibrosarcoma.

anCillary studies

iMMunohistoCheMistry

By immunohistochemistry (IHC), the cells of PMT-
MCTs express FGF-23 and vimentin, in the absence of 
other markers.

genetiC studies

A specific genetic event has not been identified in 
PMTMCTs. Reverse transcriptase-polymerase chain 
reaction (RT-PCR) can confirm that the tumor cells are 
producing FGF-23.

Figure 13-23
phosphaturic mesenchymal tumor, mixed connective tissue variant, show-
ing a characteristic admixture of calcified matrix, small vessels, innocuous 
spindled cells, and osteoclast-like giant cells.

Figure 13-24
Unusual hyalinized, partially calcified matrix and fat in phosphaturic 
mesenchymal tumor, mixed connective tissue variant.

Figure 13-25
phosphaturic mesenchymal tumor, mixed connective tissue variant, show-
ing distinctive grungy pattern of matrix calcification.
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diFFerential diagnosis

In most cases of PMTMCT, a clinical history of osteo-
malacia will be available, and the tumor will have been 
resected specifically for treatment of tumor-induced 
osteomalacia, greatly simplifying the diagnosis of PMT-
MCT. Unsuspected PMTMCT may be confused with 
hemangiopericytomas/SFTs, hemangiomas, giant cell 
tumors, spindle cell lipomas, and various cartilaginous 
tumors, among others. Recognition of the unique con-
stellation of histologic features shown by PMTMCT, 
in particular, the distinctive grungy-appearing calci-
fied matrix, is the best way to distinguish it from other 
tumors. The histologic features of PMTMCT overlap 
considerably with those of chondromyxoid fibroma of 
bone, and radiographic studies and clinical/laboratory 
correlation may be required to make this distinction.

PERIVASCULAR EPITHELIOID CELL 
NEOPLASMS

CliniCal Features

The perivascular epithelioid cell neoplasms (PEComas)  
are a group of related tumors, the members of which 
include angiomyolipoma of the kidney (and other 
locations), clear cell sugar tumor of the lung, lymphan-
gioleiomyomatosis, and rare tumors that occur in the 
soft tissues, bone, skin, abdominal cavity, and gyne-
cologic tract, among other locations. This family 
of tumors is defined by the presence of distinctive 
perivascular epithelioid cells with a myomelanocytic 
immunophenotype (see later), and by an associa-
tion with tuberous sclerosis complex in subsets of 
patients. Angiomyolipoma, clear cell sugar tumor, and 
lymphangioleiomyomatosis are covered in depth in the 
textbooks in this series on tumors of the kidney and 
lung, and will not be covered in this chapter. The term 
PEComa, as used later, refers only to PEComas other 
than these three entities.

PEComas are far more common in women than in 
men (female/male ratio, 7:1) and most often occur in 
middle-aged adults, although they may be seen in very 

PHOSPHATuriC MeSeNCHYMAL TuMOrS—PATHOLOgiC FeATureS

gross Findings
 ▸▸  partially fatty-appearing mass, sometimes calcified

Microscopic Findings
 ▸▸  Small round to spindled cells embedded in a distinctive 

 myxochondroid matrix, with grungy calcification
 ▸▸  Variable amount of mature fat
 ▸▸  highly vascular; may show capillary or hemangiopericytoma-like 

pattern
 ▸▸  Chondroid- or osteoid-like matrix
 ▸▸  aggregates of osteoclast-like giant cells and associated fibrohis-

tiocytic proliferation
 ▸▸  Malignant examples resemble undifferentiated pleomorphic 

 sarcoma or fibrosarcoma

immunohistochemical Findings
 ▸▸  typically express only vimentin
 ▸▸  FGF-23 production may be identified by IhC; however, the anti-

body is not commercially available (may also be detected by  
rt-pCr)

Differential Diagnosis
 ▸▸  hemangiopericytoma, hemangioma, chondrosarcoma, osteosarcoma,  

chondromyxoid fibroma, spindle cell lipoma, giant cell tumor

PHOSPHATuriC MeSeNCHYMAL TuMOrS—FACT SHeeT

Definition
 ▸▸  Usually benign, distinctive mesenchymal tumor that produces 

oncogenic osteomalacia through elaboration of a phosphaturic 
hormone, FGF-23

incidence and Location
 ▸▸  rare
 ▸▸  roughly equal incidence in bone and soft tissue locations; tend to 

involve extremities rather than trunk
 ▸▸  May involve head and neck, particularly the sinuses

Morbidity and Mortality
 ▸▸  tumor-induced osteomalacia may be extremely debilitating and 

does not resolve without complete tumor resection
 ▸▸  rare malignant examples may metastasize and kill patients

Sex, race, and Age Distribution
 ▸▸  Usually occur in middle-aged to older adults
 ▸▸  No sex or race predilection

Clinical Features
 ▸▸  presents in almost all cases with long-standing osteomalacia
 ▸▸  Usually a small and difficult to find mass in soft tissues or bone
 ▸▸  Octreotide nuclear medicine study may be extremely valuable in 

finding occult tumors

Prognosis and Treatment
 ▸▸  almost all pMtMCts are cured with complete excision; phosphatu-

ria resolves with complete tumor removal
 ▸▸  patients with incompletely resected tumors may be successfully 

managed medically in some instances, but resection should always 
be the goal

 ▸▸  rare malignant examples behave as sarcomas and require wide 
resection

 ▸▸  No known role for adjuvant therapies
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young and old patients. They most commonly involve 
the gynecologic tract, in particular the uterus, but 
are also relatively common in intra-abdominal loca-
tions including the falciform ligament and omentum. 
Tumors in somatic soft tissue, bone, and cutaneous 
locations have been reported but are rare. PEComas 
present as nonspecific masses with symptoms refer-
able to impingement of local anatomic structures. 
Most PEComas behave in a benign fashion and require 
only complete excision. Rare PEComas are clinically 
malignant, with aggressive local recurrences and dis-
tant metastases. Little, if any, data have been reported 
on the role of adjuvant therapies in the management 
of malignant PEComas. Only a small minority of soft 
tissue, bone, intra-abdominal, or gynecologic PECo-
mas occur in patients with known tuberous sclerosis  
complex.

PathologiC Features

gross Findings

PEComas appear grossly as nonspecific soft tissue 
masses.

MiCrosCoPiC Findings

Perivascular epithelioid cells are characterized by 
spindled to epithelioid morphology, clear to lightly 
eosinophilic, somewhat stringy-appearing cytoplasm, 
and round to ovoid nuclei with small, visible nucleoli. 
These tumors may grow in principally a spindled and 
partially nested pattern in association with an elaborate 
renal cell carcinoma–like capillary network (clear cell 
myomelanocytic pattern) (Figure 13-26), as sheets of 

epithelioid cells (epithelioid angiomyolipoma pattern) 
(Figure 13-27), or with prominent perivascular and stro-
mal hyalinization (sclerosing pattern) (Figure 13-28).  
Combinations of these three patterns are common, 
and there do not appear to be any clinical differences 
between tumors showing one or the other growth pat-
tern. Hemosiderin-laden macrophages are commonly 
present, and calcifications may be seen. Occasional 
tumors show multinucleated tumor giant cells or giant 
cells resembling the spider cells of rhabdomyoma, with 
central cytoplasmic eosinophilia and peripheral clear-
ing. Rare tumors show striking degenerative cytological 
atypia, similar to that seen in symplastic uterine leio-
myomas. Malignant PEComas show high nuclear grade, 

Figure 13-26
perivascular epithelioid cell neoplasm of the thigh with an elaborate 
capillary vasculature (renal cell carcinoma-like), stromal calcification, and 
fascicles of clear to lightly eosinophilic spindled cells.

Figure 13-27
Nested proliferation of spindled to epithelioid cells with clear cytoplasm 
and round to ovoid nuclei in perivascular epithelioid cell neoplasm of 
the omentum.

Figure 13-28
Mesenteric perivascular epithelioid cell neoplasm with stromal and peri-
vascular sclerosis.
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high cellularity, frequent mitotic activity with atypical 
forms, and necrosis.

anCillary studies

iMMunohistoCheMistry

PEComas are, in part, defined by their myomelano-
cytic immunophenotype, with coexpression of melano-
cytic markers such as HMB45, Melan-A, and tyrosinase 
with muscle markers, such as smooth muscle actin. 
Expression of these melanocytic markers in PEComas 
is believed to represent true melanocytic differentiation, 
as reflected in the presence of premelanosomes on ultra-
structural study. A minority of cases may show expres-
sion of S-100 protein or desmin, potentially resulting in 
confusion with melanocytic tumors and true smooth 
muscle tumors, respectively. Expression of cytokeratins, 
CD34, and CD117 (c-kit) is rare. Loss of tuberin expres-
sion has been demonstrated in a small number of stud-
ied PEComas. Estrogen and progesterone receptors may 
be expressed.

genetiC studies

PEComas show frequent deletions of one of the tuber-
ous sclerosis–associated genes, TSC2, with activation of 
the mammalian target of rapamycin pathway.

diFFerential diagnosis

Malignant melanocytic tumors, including melanoma, 
clear cell sarcoma, and gastrointestinal clear cell sar-
coma-like tumor, show uniform strong S-100 protein 
expression and lack expression of smooth muscle actin. 
Melanocytic tumors also tend to lack the distinctive 
clear to lightly eosinophilic cytoplasm of PEComas 
and show much more prominent nucleoli. Smooth 
muscle tumors are composed of fascicles of eosino-
philic spindled cells with cigar-shaped nuclei and peri-
nuclear vacuoles, show strong desmin expression in 
most cases, and lack expression of Melan-A and tyrosi-
nase. It is important to remember that some conven-
tional smooth muscle tumors may show positivity with 
HMB45, thought to represent a cross-reactivity, rather 
than true melanocytic differentiation. Clear cell carci-
nomas of renal or adrenal origin almost always show 
strong expression of cytokeratins, using modern immu-
nohistochemical technique. Alveolar soft part sarcoma 
(ASPS) lacks expression of myomelanocytic markers 
and shows much higher nuclear grade. Gastrointesti-
nal stromal tumors are negative for myomelanocytic 
markers and positive for CD117 in more than 90% of 
cases.

PeriVASCuLAr ePiTHeLiOiD CeLL NeOPLASMS—FACT SHeeT

Definition
 ▸▸  Family of related tumors, defined by the presence of morphologi-

cally and immunohistochemically distinctive perivascular epitheli-
oid cells

incidence and Location
 ▸▸  rare
 ▸▸  Most commonly involve gynecologic tract and intra-abdominal 

locations such as falciform ligament, but may involve any soft 
 tissue, bone, cutaneous, or visceral location

Morbidity and Mortality
 ▸▸  Great majority of peComas are histologically and clinically benign
 ▸▸  Malignant peComas behave as high-grade sarcomas, with signifi-

cant potential for aggressive growth and distant metastasis

Sex, race, and Age Distribution
 ▸▸  Far more common in women than in men (7:1)
 ▸▸  Usually occur in middle-aged patients, but may affect children 

and older adults

Clinical Features
 ▸▸  Mass, with symptoms depending on location and extent of disease
 ▸▸  Infrequent association with known tuberous sclerosis complex

Prognosis and Treatment
 ▸▸  Benign peComas require only complete excision
 ▸▸  Malignant peComas should be treated surgically as high-grade 

 sarcomas
 ▸▸  Little or no data on the role of adjuvant therapies in malignant 

peComa exist

PeriVASCuLAr ePiTHeLiOiD CeLL NeOPLASMS—PATHOLOgiC 
FeATureS

gross Findings
 ▸▸  Nonspecific mass

Microscopic Findings
 ▸▸  Clear to lightly eosinophilic, spindled to epithelioid cells with 

round to ovoid nuclei and small nucleoli
 ▸▸  elaborate vasculature, ranging from capillary sized to large and 

hyalinized
 ▸▸  three main patterns: spindled, epithelioid, and sclerosing
 ▸▸  Multinucleated giant cells and “spider cell”–like giant cells in 

some

immunohistochemical Findings
 ▸▸  Myomelanocytic immunophenotype, with coexpression of smooth 

muscle actin and hMB45/Melan-a/tyrosinase
 ▸▸  May show limited S-100 protein or desmin expression in a 

 minority of cases

Differential Diagnosis
 ▸▸  Melanoma, clear cell sarcoma, gastrointestinal clear cell  

sarcoma–like tumor, gastrointestinal stromal tumor, aSpS, clear 
cell carcinoma, true smooth muscle tumors
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EPITHELIOID SARCOMA

CliniCal Features

Epithelioid sarcomas most commonly occur in the 
hands, fingers, and lower arm of adolescents and young 
adults but may occur in essentially any location and 
any age group. Many occur in association with a ten-
don or aponeurosis; however, they may involve skin 
away from such structures. Epithelioid sarcomas recur 
in more than 70% of cases, often as multiple subcuta-
neous nodules in the more proximal extremity. Nearly 
50% of epithelioid sarcomas will eventually metasta-
size distantly, most often to lymph nodes and the lungs, 
but also to skin and soft tissue sites. Metastatic epithe-
lioid sarcomas are almost uniformly fatal. Epithelioid 
sarcomas are not graded; adverse prognostic features 
include male sex, proximal location, size larger than  
5 cm, deep location, high mitotic rate, necrosis, and vas-
cular invasion.

PathologiC Features

gross Findings

Epithelioid sarcomas typically present as relatively 
small, ulcerated, firm, single or multiple nodules that 
may mimic nonspecific ulcers.

MiCrosCoPiC Findings

Epithelioid sarcomas typically grow as nodular, 
vaguely circumscribed, infiltrative masses, often with 
central necrosis (Figure 13-29). Fusion of individual 
tumor nodules and extension along tendons may create 
a garland-like appearance. The relatively bland nuclear 
features of the neoplastic cells in association with cen-
tral necrosis may closely mimic a granulomatous pro-
cess, such as a necrobiotic granuloma. The neoplastic 
cells range from small epithelioid cells, to larger rhab-
doid cells, to elongated and distinctly spindled forms 
(Figure 13-30). The nuclei of epithelioid sarcomas are 
relatively uniform appearing but hyperchromatic. Some 
epithelioid sarcomas consist almost entirely of spindled 
cells, mimicking benign fibrous histiocytoma or fibrosar-
coma. Epithelioid sarcomas in more proximal locations 
are typically composed of more pleomorphic, rhabdoid 
cells (proximal variant) (Figure 13-31). Rare epithelioid 
sarcomas may show prominent hemorrhage and pseu-
dovascular space formation, mimicking angiosarcoma 
(Figure 13-32), or may contain calcifications or bone, or 
both, suggesting synovial sarcoma or calcifying aponeu-
rotic fibroma.

ePiTHeLiOiD SArCOMA—FACT SHeeT

Definition
 ▸▸  Malignant mesenchymal tumor showing epithelial differentiation

incidence and location
 ▸▸  rare
 ▸▸  Fingers, hands, and lower arm
 ▸▸  May occur in more proximal locations

Morbidity and Mortality
 ▸▸  Local recurrences in 70% of cases
 ▸▸  recurrences often involve more proximal soft tissues
 ▸▸  eventual metastases in 50% of patients
 ▸▸  almost all patients with metastases die of disease

Sex, race, and Age Distribution
 ▸▸  Most common in adolescent and young adults of both sexes
 ▸▸  May involve patients of any age

Clinical Features
 ▸▸  Small ulcerated nodule, may be multiple

Prognosis and Treatment
 ▸▸  Local recurrence and metastases in 70% and 50% of patients, 

respectively
 ▸▸  requires aggressive surgical management, often including ampu-

tation
 ▸▸  radiotherapy and chemotherapy may be indicated but are not 

known to be highly effective

ePiTHeLiOiD SArCOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Single or multiple nodules involving the skin and subcutis
 ▸▸  May be ulcerated or show necrosis on cut section
 ▸▸  proximal lesions appear as nonspecific, often necrotic large masses

Microscopic Findings
 ▸▸  Deceptively bland epithelioid cells growing in nodules, sheets, 

chain, and garlands
 ▸▸  Central necrosis (granuloma-like)
 ▸▸  May modulate between epithelioid and spindled forms, or rarely 

be predominantly spindled (fibroma-like variant)
 ▸▸  May contain rhabdoid cells, particularly in larger, proximal lesions
 ▸▸  pseudovascular changes in some
 ▸▸  rarely, metaplastic bone

immunohistochemical Findings
 ▸▸  Coexpression of cytokeratins (low and high molecular weight) and 

vimentin
 ▸▸  CD34 expression in 50%
 ▸▸  Loss of INI-1 expression in 90%

Differential Diagnosis
 ▸▸  Necrobiotic granulomas, cutaneous carcinomas (squamous cell 

and adnexal), metastatic carcinoma, benign fibrous histiocytoma 
(fibroma-like variants), epithelioid angiosarcoma (pseudovascular 
variants)
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anCillary studies

iMMunohistoCheMistry

By IHC, epithelioid sarcomas coexpress cytokeratins 
(including both low and high molecular weights iso-
forms) and vimentin, and express CD34 in roughly 50% 
of cases. In general they do not express cytokeratins 5/6, 
a finding that may help to distinguish them from squa-
mous cell carcinomas. A small number of epithelioid sar-
comas are cytokeratin-negative. Epithelioid sarcomas do 
not express other vascular markers, such as CD31, FLI-1,  
or von Willebrand factor (vWF). Recent studies have 
shown loss of INI-1 protein in more than 90% of epi-
thelioid sarcomas, a finding that may be useful in their 
distinction from carcinomas and other sarcomas, which 
essentially always show retained INI-1 expression.

diFFerential diagnosis

Epithelioid sarcomas can be distinguished from granulo-
matous inflammation by virtue of its infiltrative growth, 
true tumor cell necrosis, and typical admixture of hyper-
chromatic epithelioid and spindled cells. Pseudovascular 
epithelioid sarcomas may be distinguished from angiosar-
coma by positive staining for high-molecular-weight cyto-
keratins and negative staining for CD31, FLI-1 protein, 
vWF, and INI-1. Unlike most squamous cell carcinomas, 
epithelioid sarcomas lack associated in situ carcinoma, do 
not show squamous pearl formation, and often appear 
to blend into the surrounding collagen. IHC for CD34 
(positive in epithelioid sarcoma but not squamous cell 
carcinoma), and p63, CK5/6, and INI-1 (positive in 
squamous cell carcinoma but not in epithelioid sarcoma) 

Figure 13-29
epithelioid sarcoma, with a garland-like proliferation of malignant epithe-
lioid cells around a central focus of necrosis.

Figure 13-30
relatively bland, but hyperchromatic, epithelioid to spindled cells in 
epithelioid sarcoma.

Figure 13-31
Proximal-type epithelioid sarcoma, with greater pleomorphism and many 
rhabdoid cells.

Figure 13-32
pseudovascular or pseudoglandular change in epithelioid sarcoma.
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may be helpful. Spindled epithelioid sarcomas are decep-
tively bland appearing, often contain hyalinized collagen, 
and may closely simulate benign fibrous histiocytoma 
 (dermatofibroma), particularly in unusual locations 
where clinical suspicion for epithelioid sarcomas may be 
low. Epithelioid sarcomas do not contain the foamy mac-
rophages and siderophages seen in fibrous histiocytomas, 
and show a greater degree of nuclear hyperchromatism. 
Cytokeratin immunostains are critical in making this cru-
cial distinction. Epithelioid sarcomas may be factor XIIIa 
positive, and this marker is not helpful in this situation.

ALVEOLAR SOFT PART SARCOMA

CliniCal Features

Most cases of ASPS occur in the deep soft tissues of the 
extremities. A substantial percentage occurs in the head 
and neck, particularly in children, often involving the 
orbit and tongue. ASPS is extremely rare, accounting for 
less than 1% of soft tissue tumors overall. Approximately 
60% of ASPSs occur in women. ASPSs are relatively 
indolent but relentless sarcomas, characterized by late 
metastases and an extended clinical course. ASPSs are 
not graded. Reported survival rates are 77% at 2 years, 
60% at 5 years, 38% at 10 years, and only 15% at 20 
years. ASPSs most frequently metastasize to lungs, brain, 
and bone. No effective systemic therapy exists for ASPS.

PathologiC Features

gross Findings

ASPSs usually present as painless masses, which may 
be highly vascular on imaging studies.

MiCrosCoPiC Findings

ASPSs are characterized by uniform, organoid nests 
of polygonal tumor cells, separated by fibrovascular septa 
and delicate capillary-sized vascular channels (Figure  
13-33). Within these nests, there is prominent cellular 
dyshesion, imparting the characteristic pseudoalveolar 
pattern. Intravascular tumor extension is usually present. 
The cells of ASPS have distinct cell borders and abun-
dant eosinophilic to clear, somewhat granular cytoplasm  
(Figure 13-34). A characteristic finding is the presence 
of PAS-positive, diastase-resistant crystalline structures, 
which may be rhomboid, rod-like, or spiked. The nuclei 
of ASPS are round, regular, and eccentrically placed with 
vesicular chromatin and a prominent central nucleolus. 
Mitotic activity is usually low, and necrosis is infrequent.

anCillary studies

iMMunohistoCheMistry

IHC plays a limited role in the diagnosis of ASPS. 
ASPSs are negative for cytokeratins, EMA, chromo-
granin A, synaptophysin, HMB45, and Melan-A. Non-
specific markers such as neuron-specific enolase and 
vimentin may be present in roughly 30% to 50% of 
cases. Antibodies to pan-muscle actins, smooth mus-
cle actins, and skeletal muscle actins are occasionally 
positive. Focal desmin expression may be seen in some 
ASPSs, typically only in a small number of cells. ASPSs 
are consistently negative for specific markers of skeletal 
muscle differentiation, such as myogenin and MyoD1. 
Nuclear expression of TFE3 is a highly sensitive and 
specific marker of ASPS.

Figure 13-33
alveolar soft part sarcoma with hemorrhage and prominent nested 
growth.

Figure 13-34
tumor cells with abundant eosinophilic cytoplasm and prominent nucleoli 
in alveolar soft part sarcoma.
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genetiC studies

At the genetic level, ASPS is characterized by an 
unbalanced translocation: der(17)t(X:17)(p11;p25), 
resulting in the fusion of a gene of unknown function, 
ASPL (alveolar soft part sarcoma locus), on chromosome 
17 to the TFE3 (transcription factor 3) transcription 
factor gene on the X chromosome. This fusion gene may 
be detected by RT-PCR or fluorescent in situ hybridiza-
tion (FISH) for TFE3.

diFFerential diagnosis

The differential diagnosis of ASPS includes other 
tumors with nested/organoid patterns of growth and 
cells with abundant eosinophilic cytoplasm, such as 
metastatic carcinoma (renal, adrenal, hepatocellular), 
paraganglioma, melanoma, and granular cell tumor. 
Positive immunostaining for TFE3 and negative immu-
nostaining for cytokeratins, melanocytic markers (e.g., 
HMB45), and chromogranin/synaptophysin distinguish 
ASPS from carcinomas, melanomas, and paraganglio-
mas, respectively. Although granular cell tumors may 
express TFE3, they lack the striking cytologic atypia 
seen in ASPS, in most instances, and show strong S-100 
protein expression.

EWING FAMILY OF TUMORS (Ewing Sarcoma 
and Primitive Neuroectodermal Tumor)

CliniCal Features

Ewing sarcoma (ES) and primitive neuroectodermal 
tumor (PNET) are rare sarcomas of bone and soft tissue, 
which may involve any location. ES/PNETs most often 
occur in children and young adolescents, with a male 
sex predilection. ES/PNET is extremely rare in African 
American patients, for unknown reasons. Although ES 
and PNET were originally regarded as distinct entities, 
it is now known that they are ends along the histologic 
spectrum of a single neoplasm, sharing in more than 
90% of cases a balanced translocation (11;22) (q24;q12) 
(513). The term Ewing family of tumors (EFT) comprises 
both ES and PNET. EFTs are high-grade sarcomas, with 
a 10-year survival rate of just greater than 60% reported 
in patients treated with modern multimodality therapy. 
EFT is not graded.

PathologiC Features

In its classic form, ES shows a sheet-like to vaguely lobu-
lar growth pattern (Figure 13-35), a well-developed cap-
illary vasculature, and uniform cell population of round 
cells with small amounts of clear to lightly eosinophilic 
cytoplasm, regular nuclear contours, finely dispersed 

ALVeOLAr SOFT PArT SArCOMA—FACT SHeeT

Definition
 ▸▸  Malignant mesenchymal tumor characterized by large eosinophilic 

cells with an alveolar growth pattern

incidence and Location
 ▸▸  rare, < 1% of soft tissue tumors
 ▸▸  Deep soft tissues of extremities
 ▸▸  head and neck
 ▸▸  Oral cavity in children

Morbidity and Mortality
 ▸▸  relatively indolent with extended clinical course
 ▸▸  Late metastases in many, with 5-year survival rate of 60% but 

only 15% at 20 years

Sex, race, and Age Distribution
 ▸▸  60% of cases occur in women

Clinical Features
 ▸▸  painless soft tissue mass, often highly vascular

Prognosis and Treatment
 ▸▸  Good short-term survival (77% at 2 years) but poor long-term 

 survival
 ▸▸  aggressive surgical management
 ▸▸  No proven role for chemotherapy or radiotherapy

ALVeOLAr SOFT PArT SArCOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Large, hemorrhagic, soft tissue mass

Microscopic Findings
 ▸▸  Uniform, organoid nests of large, dyshesive, eosinophilic tumor 

cells with prominent nucleoli
 ▸▸  paS-positive, diastase-resistant intracytoplasmic crystals
 ▸▸  Intravascular extension
 ▸▸  Mitoses are rare, and necrosis is uncommon
 ▸▸  rare cases with pleomorphism, spindling, or both

immunohistochemical Findings
 ▸▸  Vimentin positive; negative for epithelial and melanocytic markers
 ▸▸  May show limited desmin expression; usually negative for actins
 ▸▸  Negative for nuclear expression of myogenin/MyoD1
 ▸▸  Nuclear tFe3 expression

Differential Diagnosis
 ▸▸  Carcinoma (renal, adrenal, hepatocellular), melanoma, 

 paraganglioma, granular cell tumor
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chromatin, and inapparent or small nucleoli (Figure  
13-36). Geographic necrosis and individual degenerat-
ing cells are frequently present. Features suggesting 
more complete neuroectodermal differentiation (i.e., 
PNET) include pseudorosette formation and a mild-to-
moderate degree of spindling. Rare histologic variants of 
ES/PNET may be seen, including large-cell (atypical), 
adamantinoma-like, sclerosing, and extensively spindled 
tumors.

anCillary studies

iMMunohistoCheMistry

By IHC, the overwhelming majority of ES/PNET 
shows intense membranous expression of CD99 (p30/32, 
MIC2). CD99 expression is, however, not specific for  
ES/PNET, being present in lymphoblastic lymphomas, 
poorly differentiated synovial sarcomas (PDSSs), a sub-
set of rhabdomyosarcomas, and many other small blue 
round cell tumors. IHC for FLI1 protein is positive in close 
to 90% of histologically typical ES/PNETs and is useful 
in confirming this diagnosis in difficult cases. Approxi-
mately 25% of ES/PNETs may show focal anoma-
lous expression of low-molecular-weight cytokeratins. 
Anomalous desmin expression may be seen in a small 
minority of cases (<3%), typically limited to only a few 
cells. Other markers such as CD56, S-100 protein, chro-
mogranin A, or synaptophysin are only rarely positive.

genetiC Findings

At the genetic level, more than 90% of EFTs harbor the 
t(11; 22) (q24; q12) (EWS-FLI1), with approximately 5% 
of cases showing t(21; 22) (q22;q12) (EWS-ERG), and  
less than 1% of cases harboring rare translocations, 

such as t(7;22) (p22; q12) (EWS-ETV1), t(17; 22) (q12; 
q12) (EWS-E1AF), and t(2; 22) (q33; q12) (EWS-FEV) 
(513). The identification of these translocations is gen-
erally regarded as highly specific for the diagnosis of 
EFT. These genetic events may be identified by tradi-
tional cytogenetic study, or by molecular genetic study 
with RT-PCR or FISH.

diFFerential diagnosis

The differential diagnosis of EFT includes other round 
blue cell tumors, including lymphoblastic lymphoma, 
esthesioneuroblastoma/neuroblastoma, PDSS, alveolar 
rhabdomyosarcoma, mesenchymal chondrosarcoma, 
small-cell osteosarcoma, small-cell carcinoma, and small-
cell variants of melanoma. Lymphoblastic lymphoma 
may occur in both bone and soft tissue locations, invari-
ably expresses both CD99 and FLI1, and is commonly 
CD45 (common leukocyte antigen) negative. IHC for 
terminal deoxynucleotide transferase, CD43, and CD10 
(CALLA) helps to distinguish lymphoblastic lymphoma 
from EFT. Esthesioneuroblastomas and neuroblastomas 
generally consist of more uniform-appearing cells within 
a neurofibrillary background and are CD99 negative/
CD56 positive. PDSSs almost always show at least focal 
areas of more typical monophasic or biphasic synovial 
sarcoma (BSS), and although they are CD99 positive, 
usually show greater cytokeratin expression, includ-
ing high-molecular-weight cytokeratins, and lack FLI-1 
expression. Alveolar rhabdomyosarcomas show greater 
nuclear variability than do EFTs, often contain multinu-
cleated tumor giant cells, and show diffuse expression of 
desmin and myogenin. Mesenchymal chondrosarcomas 
and small-cell osteosarcomas contain chondroid or oste-
oid, respectively. Small-cell carcinomas generally lack 

Figure 13-35
ewing sarcoma/primitive neuroectodermal tumor, showing a vaguely lobu-
lar to sheetlike proliferation of uniform small blue round cells.

Figure 13-36
the cells of ewing sarcoma/primitive neuroectodermal tumor are typically 
regular, with small amounts of clear to lightly eosinophilic cytoplasm, 
finely dispersed chromatic, and small nucleoli.
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CD99 expression, and show much stronger expression 
of cytokeratins and neuroendocrine markers. Small-
cell variants of melanoma, which may be only focally 
S-100 protein positive, are usually strongly positive for 
HMB45, Melan-A, or both.

SYNOVIAL SARCOMA

CliniCal Features

Synovial sarcomas are relatively common, accounting for 
approximately 10% of soft tissue sarcomas. Synovial sar-
comas usually occur in young adults, although they may 
be seen in patients of any age. The most common location 
for synovial sarcoma is adjacent to the knee, although this 
tumor may occur in any somatic soft tissue location, as 
well as rarely within the viscera. For unknown reasons, 
synovial sarcomas are rare in the retroperitoneum. Calci-
fications may be present radiographically. By definition, 
synovial sarcomas are at least grade II sarcomas under 
the National Cancer Institute (NCI) or French sarcoma 
grading systems, with cases showing poorly differenti-
ated histology having the worst prognosis. Tumors that 
occur in patients younger than 15 years, are less than  
5 cm in dimension, and contain massive calcification 
with relatively few tumor cells appear to have the best 
prognosis. Although one large study has suggested a sig-
nificant difference in the outcome of synovial sarcomas 
that contain the SYT/SSX1 or SYT/SSX2 gene fusions, 
this has not been confirmed by other studies. Synovial 
sarcomas are treated with aggressive multimodality ther-
apy, with a 5-year survival rate of approximately 55%.

PathologiC Features

gross Findings

Most synovial sarcomas appear as relatively nonspe-
cific soft tissue masses. Calcified examples may have a 
gritty texture.

MiCrosCoPiC Findings

Monophasic synovial sarcomas account for approxi-
mately 70% of synovial sarcomas, and are characterized by 
uniform, hyperchromatic spindled cells, with carrot-shaped 
nuclei, arranged in moderately long fascicles, with alternat-
ing zones of hypercellularity and hypocellularity (Figure 
13-37). Other typical features of MSS include abundant 
wiry collagen, a hemangiopericytoma-like vascular pattern, 
and stromal calcification (Figure 13-38). BSSs show foci of 
glandular differentiation, frequently containing necrotic 
debris, alongside spindled areas identical to MSS (Figure 
13-39). These glands are lined by low cuboidal to columnar 
epithelium, rarely with extensive squamous differentiation. 
Glandular differentiation may be focal (occult glandular dif-
ferentiation) (Figure 13-40). PDSSs may arise from either 
MSS or BSS, and are characterized by round cell differenti-
ation, rhabdoid features, geographic necrosis, and increased 

eWiNg FAMiLY OF TuMOrS—FACT SHeeT

Definition
 ▸▸  highly malignant small blue round cell tumor of bone or soft tissue

incidence and Location
 ▸▸  rare
 ▸▸  any soft tissue or bone location

Morbidity and Mortality
 ▸▸  10-year survival rate of 60% with modern treatment regimens

Sex, race, and Age Distribution
 ▸▸  Most common in children and young adolescents but may occur at 

any age
 ▸▸  Uncommon in african americans for unknown reasons

Clinical Features
 ▸▸  Large, destructive mass of bone or soft tissue

Prognosis and Treatment
 ▸▸  10-year survival rate of 60%
 ▸▸  requires modern multimodality therapy (chemotherapy and 

 radiotherapy)

eWiNg FAMiLY OF TuMOrS—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Large, destructive mass involving soft tissue or bone, frequently 

with necrosis and hemorrhage

Microscopic Findings
 ▸▸  Vaguely lobular
 ▸▸  Uniform, malignant-appearing round blue cells with clear to 

lightly eosinophilic cytoplasm, fine chromatic, and small nucleoli
 ▸▸  “Light and dark cell” pattern
 ▸▸  pseudorosettes and mild spindling in some (pNet)
 ▸▸  rare variants with more extensive spindling, hyalinization, 

 pleomorphism, or epithelial differentiation

immunohistochemical Findings
 ▸▸  Membranous CD99 expression in 100%
 ▸▸  FLI-1 expression in 90%
 ▸▸  anomalous low-molecular-weight cytokeratin expression in 25%
 ▸▸  < 5% with anomalous desmin expression
 ▸▸  typically negative for chromogranin, synaptophysin, CD56

Differential Diagnosis
 ▸▸  alveolar rhabdomyosarcoma, lymphoblastic lymphoma, neuroblas-

toma, esthesioneuroblastoma, desmoplastic small round cell tumor 
(DSrCt), mesenchymal chondrosarcoma, small-cell osteosarcoma, 
small-cell carcinoma
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mitotic activity. The hemangiopericytoma-like vascular  
pattern is often accentuated in PDSS (Figure 13-41).

anCillary studies

iMMunohistoCheMistry

BSS does not require IHC for diagnosis, although occa-
sionally a cytokeratin immunostain may reveal occult 
glandular differentiation in a tumor previously regarded 
as MSS. MSSs express both low- and high-molecular-
weight cytokeratins, and antibodies to high-molecular-
weight cytokeratins may be somewhat more sensitive in 
the diagnosis of PDSS. Cytokeratin expression is typically 
quite focal in MSS and PDSS, and may be confined to 
only rare cells in an entire section. EMA may be positive 
in some cytokeratin-negative MSSs and PDSSs. S-100 

Figure 13-39
Biphasic synovial sarcoma, with overt glandular differentiation.

Figure 13-40
Biphasic synovial sarcoma with occult glandular differentiation.
Immunostains for cytokeratins may be helpful in identifying small, inap-
parent foci of glandular differentiation.

Figure 13-37
Monophasic synovial sarcoma, with alternating areas of hypercellularity 
and hypocellularity, moderately long fascicles, wiry collagen, and uniform 
hyperchromatic spindled cells.

Figure 13-38
Stromal calcification should always suggest the possibility of synovial 
sarcoma in a small spindle cell tumor of the hands and feet.

Figure 13-41
poorly differentiated synovial sarcoma, showing a malignant hemangio-
pericytoma growth pattern.
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protein expression is present in close to 20% of synovial 
sarcomas, but CD34 expression is not seen. More than 
70% of synovial sarcomas are CD99 positive, particularly 
PDSS. Nuclear expression of TLE-1 protein has recently 
been reported to be a sensitive and specific marker of 
synovial sarcoma, although data are limited.

genetiC Findings

The balanced, reciprocal translocation t(X; 18) (p11.2; 
q11.2) is found in more 90% of synovial sarcomas of all 
types, resulting in fusion of the SYT gene on chromo-
some 18 with the SSX1, SSX2, or rarely, SSX4 gene on the 
X chromosome. These translocations may be detected by 
traditional cytogenetics, RT-PCR, or FISH (571) (572). 
To date, no credible evidence exists to suggest that this 
translocation may be seen in nonsynovial sarcomas.

diFFerential diagnosis

MSS should be distinguished from MPNST, fibrosar-
coma, and SFTs. The histologic features of MSS and 
MPNST overlap significantly, and it may be impossible to 
distinguish these two entities by light microscopy alone. 
Although both MSS and MPNST may occur within 

nerves, occurrence in a patient with known NF1 or clear-
cut origin from a neurofibroma strongly favors MPNST. 
Expression of cytokeratins, in the absence of S-100 pro-
tein and CD34, is most characteristic of MSS, although  
up to 20% may show S-100 protein expression. Cytoge-
netic or molecular genetic evidence of the t(X;18) is the 
gold standard for this distinction. Fibrosarcoma is a diag-
nosis of exclusion. Although the wiry collagen and heman-
giopericytomatous areas seen in SFT may suggest MSS, 
SFTs lack the fascicular arrangement, alternating hypo-
cellularity and hypercellularity, and hyperchromatism 
exhibited by MSS, and are CD34 positive. PDSS may be 
distinguished from other round cell sarcomas by identi-
fication of areas of more typical MSS or BSS. Molecular 
genetic testing may be valuable in the distinction of PDSS 
from cytokeratin-positive EFT. Small synovial sarcomas 
of the hands and feet may be deceptively bland-appear-
ing and confused with benign fibrous histiocytomas. The 
presence of calcifications should always suggest synovial 
sarcoma. Immunostains for epithelial markers assist in 
this differential diagnosis.

SYNOViAL SArCOMA—FACT SHeeT

Definition
 ▸▸  Malignant mesenchymal tumor showing epithelial differentiation, 

either overtly (BSS) or by IhC alone (monophasic synovial sarcoma)

incidence and Location
 ▸▸  10% of soft tissue sarcomas
 ▸▸  Most common near the knees
 ▸▸  May occur in any soft tissue location, although retroperitoneal 

lesions are extremely rare

Morbidity and Mortality
 ▸▸  high-grade sarcoma with significant potential for metastases and 

adverse outcome

Sex, race, and Age Distribution
 ▸▸  Most common in young adults but may be seen at any age
 ▸▸  No sex or race predilection

Clinical Features
 ▸▸  Soft tissue mass, occasionally painful
 ▸▸  Small lesions on hands and feet may be present for many years 

before diagnosis
 ▸▸  Calcifications may be present on radiographic studies and are 

highly suggestive of this diagnosis

Prognosis and Treatment
 ▸▸  5-year survival of approximately 55%
 ▸▸  requires modern multimodality therapy

SYNOViAL SArCOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Synovial sarcomas of the hands and feet may be small
 ▸▸  Usually appears as nonspecific soft tissue mass
 ▸▸  Calcified lesions may have a gritty texture

Microscopic Findings
 ▸▸  alternating zones of hypercellularity and hypocellularity
 ▸▸  Wiry collagen
 ▸▸  Moderately long fascicles of hyperchromatic spindled cells with 

“carrot-shaped” nuclei
 ▸▸  hemangiopericytoma-like vascular pattern
 ▸▸  Scattered calcifications
 ▸▸  Mitoses and necrosis are infrequent in typical monophasic and 

BSSs but are common in poorly differentiated tumors
 ▸▸  Biphasic tumors show a variable degree of glandular differentia-

tion, often with intraluminal necrotic debris
 ▸▸  Glands are lined by cuboidal to columnar cells, rarely with squa-

mous differentiation

immunohistochemical Findings
 ▸▸  Limited expression of low- and high-molecular-weight cytokeratins 

and eMa, often confined to individual cells
 ▸▸  S-100 protein expression in 20% of cases
 ▸▸  CD34 negative
 ▸▸  CD99 expression is common, particularly in poorly differentiated 

tumors
 ▸▸  Nuclear expression of tLe-1

genetic Features
 ▸▸  t(X; 18) (p11.2; q11.2) (SYT-SSX1/2)

Differential Diagnosis
 ▸▸  Malignant peripheral nerve sheath tumor, fibrosarcoma, solitary 

fibrous tumor, benign fibrous histiocytoma, various small blue 
round cell tumors (pDSS)
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DESMOPLASTIC SMALL ROUND CELL 
TUMOR

CliniCal Features

DSRCTs are relatively rare sarcomas that almost always 
involve the peritoneum of the pelvis or peritoneum, 
typically in male individuals between the ages of 15 and 
35. Extraordinarily rare examples of DSRCT have, how-
ever, been reported in locations such as the hand and 
parotid gland (among others) and in very young and 
very old patients. DSRCT is far more common in men 
than in women (male/female ratio, 4:1). Most patients 
have a large intra-abdominal mass, with symptoms 
attributable to mass effect. The prognosis for patients 
with DSRCT is extremely poor, with most series report-
ing more than 75% of patients dead of disease in less 
than 5 years from metastases and uncontrollable local 
disease. Improved progression-free survival has been 
reported in patients who underwent extensive tumor 
debulking surgery and showed a good response to mul-
tiagent chemotherapy.

PathologiC Features

gross Findings

DSRCT typically present as a large, solid, fibrous-
appearing mass, sometimes with areas of necrosis and 
hemorrhage.

MiCrosCoPiC Findings

DSRCTs are relatively stereotypical tumors, almost 
always consisting of small nests of highly malignant-
appearing round blue cells, in a highly vascular, desmo-
plastic stroma (Figure 13-42). The neoplastic cells usually 
have little cytoplasm and hyperchromatic nuclei with 
inapparent nucleoli, although examples with greater pleo-
morphism and rhabdoid morphology have been reported 
(Figure 13-43). Occasional cases may show formation of 
glandular or papillary structures.

anCillary studies

iMMunohistoCheMistry

DSRCTs have a unique immunophenotype, with coex-
pression of vimentin, desmin, and cytokeratins, often 
in a dot-like pattern. Other markers of epithelial differ-
entiation, such as EMA and Ber-Ep4, are also typically 
expressed. Myogenin and MyoD1 are negative. CD99 

expression may be seen in approximately one-third of 
cases but is typically not as diffusely positive as in ES/
PNET. Antibodies directed to the carboxy-terminus of 
WT-1 are frequently positive in DSCRT, reflecting the 
presence of the diagnostic translocation t(11;22)(p13; 
q12)(EWS-WT1). Other markers of mesothelial differ-
entiation, such as calretinin and CK5/6, are negative. 
DSRCT express neuron-specific enolase but are negative 
for specific markers of neuroendocrine differentiation, 
such as chromogranin A and synaptophysin.

genetiC Findings

DSRCTs are characterized in almost all instances by the 
specific translocation t(11;22)(p13; q12), which results 
in fusion of the EWS and WT1 genes and formation of 

Figure 13-43
In most instances, the cells of desmoplastic round cell tumor are rela-
tively small and monotonous, although rare examples with pleomorphic 
and rhabdoid features may be seen.

Figure 13-42
Desmoplastic small round cell tumor, with nests of malignant cells in a 
highly vascular, desmoplastic stroma.
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a EWS-WT1 fusion protein. This fusion protein appears 
to act, in part, by causing upregulation in expression of 
platelet-derived growth factor A. This translocation can 
be detected by traditional cytogenetics and by molecu-
lar methods, such as RT-PCR and FISH. Rare cases of 
DSRCT have been reported to contain ES/PNET-associ-
ated fusion genes such as EWS-FLI1 and EWS-ERG; the 
exact nature of these cases is controversial.

diFFerential diagnosis

DSRCTs should be distinguished from other small 
round blue cell tumors, including alveolar rhabdomyo-
sarcoma, ES/PNET, small-cell carcinoma, and small-cell 
variants of mesothelioma. Alveolar rhabdomyosarcoma 
is uncommon in the abdomen, typically lacks promi-
nent desmoplasia, and expresses myogenin/MyoD1, in 
addition to desmin. It is important to remember that 
cytokeratins are frequently expressed in alveolar rhabdo-
myosarcoma. Although ES/PNET may show expression 
of either cytokeratin or desmin, coexpression of these 
markers is rare. ES/PNET also typically shows uniform 
CD99 expression and is FLI1 positive but carboxyl- 
terminal WT1 negative. In problematic cases, RT-PCR  
for the EWS-WT1 and EWS-FLI1/ EWS-ERG fusions 
may be helpful. Small-cell carcinomas tend to occur in 

much older patients, lack desmin expression, and are pos-
itive for chromogranin, synaptophysin, or both. Small-
cell mesotheliomas also occur in older patients, often 
with a history of asbestos exposure, and express other 
mesothelial markers, such as calretinin and CK5/6.
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DeSMOPLASTiC SMALL rOuND CeLL TuMOr—FACT SHeeT

Definition
 ▸▸  Malignant small blue round cell tumor typified by striking 

 desmoplasia and a unique immunophenotype, with coexpression 
of cytokeratins, desmin, and vimentin

incidence and Location
 ▸▸  rare
 ▸▸  almost always occurs in mesothelial lined spaces, particularly the 

abdomen and pelvis, but may rarely occur in other locations

Morbidity and Mortality
 ▸▸  highly aggressive sarcoma with poor outcome

Sex, race, and Age Distribution
 ▸▸  Males individuals 15 to 35 years of age
 ▸▸  rare cases in young children and older adults

Clinical Features
 ▸▸  Large intra-abdominal or pelvic mass

Prognosis and Treatment
 ▸▸  > 75% of patients dead of disease in < 5 years
 ▸▸  progression-free survival may be increased with aggressive 

 debulking, in patients whose tumors have responded to 
 multiagent chemotherapy

DeSMOPLASTiC SMALL rOuND CeLL TuMOr—PATHOLOgiC 
FeATureS

gross Findings
 ▸▸  Large, fibrous mass, often with necrosis and hemorrhage

Microscopic Findings
 ▸▸  Nests of malignant round blue cells in a highly vascular, 

 desmoplastic stroma
 ▸▸  Occasional cases with pleomorphism and rhabdoid cells
 ▸▸  Glandular and papillary structures may rarely be seen

immunohistochemical Findings
 ▸▸  Coexpression of desmin, cytokeratins, and vimentin, often in a 

dot-like pattern
 ▸▸  positivity with antibody to carboxyl-terminal Wt1, reflecting 

 presence of eWS-Wt1 fusion protein
 ▸▸  positive for CD99 in up to one-third of cases
 ▸▸  positive for epithelial markers such as eMa and Ber-ep4; negative 

for mesothelial markers such as calretinin and CK5/6
 ▸▸  Neuron-specific enolase positive; negative for chromogranin a and 

synaptophysin

genetic Features
 ▸▸  t(11;22)(p13; q12)(eWS-Wt1)

Differential Diagnosis
 ▸▸  alveolar rhabdomyosarcoma, eS/pNet, small-cell carcinoma,  

small-cell mesothelioma
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Bone-forming tumors of the skeletal system represent 
a broad spectrum of neoplasms that vary significantly 
in their morphology and biology. They are defined as 
 neoplasms that arise within or on the surface of a bone 
in which the neoplastic cells synthesize and secrete the 
organic components of bone matrix that may or may not 
mineralize. The neoplastic cells have the phenotype of 
osteoblasts, and in lesions in which the cells are rapidly 
synthesizing matrix, the cells are large, polyhedral, and 
have a moderate to abundant amount of eosinophilic 
cytoplasm that is intimately associated with the newly 
formed matrix. The nuclei tend to be eccentric in location 
and polarized away from the bone-forming surface, and 
have fine chromatin and prominent nucleoli. Tumor cells 
entrapped within the matrix are frequently smaller than 
those lining the surfaces and appear similar in appearance 
to non-neoplastic osteocytes, a phenomenon known as 
normalization. This compilation of cytologic features, how-
ever, varies with the biological potential of the tumor.

The growth pattern of the bone-forming tumor (cir-
cumscribed vs infiltrative) and the architecture of the 
neoplastic bone (cortical vs trabecular and woven vs 
lamellar) also correlates with the nature of the tumor. 
Benign tumors are usually well circumscribed, and the 
bone matrix is typically deposited as trabeculae of woven 
or lamellar bone, whereas osteosarcoma grows with an 
infiltrative pattern, and the bone is woven in architec-
ture and deposited in a coarse, lace-like pattern. Corti-
cal type bone is distinctly uncommon in bone tumors, 
except in osteomas and bone islands, and lamellar bone 
is rarely present in osteosarcoma.

The morphologic heterogeneity of bone-forming 
tumors has made them notorious for causing diagnostic 
difficulties. Because treatment may vary from observation 
to en bloc excision with neoadjuvant therapy, careful 

correlation of the tumor morphology with their radio-
graphic features is required for their accurate diagnosis.

BONE ISLAND

CliniCal Features

Bone island (enostosis) is a benign, bone-forming tumor 
composed of cortical-type bone that involves the med-
ullary cavity. The frequency is unknown because it is 
usually detected as an incidental radiographic finding. 
Its prevalence in pelvic bones and ribs has been reported 
to be 1.08% and 0.43%, respectively. Bone islands have 
been identified in all age groups, are uncommon in chil-
dren, and occur equally in male and female individuals. 
The pelvis, proximal femur, and ribs are the most fre-
quently involved sites. Within tubular bones, they usu-
ally involve the epiphyses. Clinically, bone islands are 
asymptomatic, with only exceptional cases causing pain.

Osteopoikilosis is a syndrome that may be inherited 
in an autosomal dominant fashion and is caused by a 
loss-of-function mutation in LEMD3. Some patients 
may also have melorheostosis and Buschke–Ollendorff 
syndrome. Clinically, the disorder is characterized by the 
presence of innumerable bone islands. The enostoses 
are bilateral and symmetric, but unequal in distribution, 
and are most numerous in the metaphyseal and epiphy-
seal regions of tubular bones, carpal and tarsal bones, 
and the flat bones of the proximal limb girdles. Radio-
graphically, macroscopically, and histologically, they are 
identical to sporadic, solitary bone islands.

radiologiC Features

Bone islands have characteristic radiographic features. 
On plain films they appear as small, round, single or 
multiple, homogeneously radiodense lesions that have 
spiculated margins that merge with the surrounding can-
cellous bone (Figure 14-1). The lesions, especially larger 
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variants, may abut or be based on the endosteal surface; 
however, they do not involve the cortex and do not elicit 
a periosteal reaction. On computed tomographic (CT) 
scans, bone islands have the same characteristics as cor-
tical bone (Figure 14-2). On magnetic resonance imag-
ing (MRI), they are dark; on bone scan, they are cold.

PathologiC Features

Bone islands arise in the medullary cavity, are generally 
not much larger than 1 cm in diameter, and are hard, 
solid, and tan–white. Their periphery blends into the 
surrounding cancellous trabeculae.

Bone islands consist of cortical-type bone that is pre-
dominately lamellar but may be focally woven, which 
contains haversian-like canals (Figure 14-3). The 
osteoblasts lining the surfaces are flat and quiescent, 
and the osteocytes are small and cytologically banal. 
The periphery of lesion blends with the surrounding 
 cancellous bone.

diFFerential diagnosis

The most important tumor to distinguish a bone island 
from is well-differentiated intramedullary osteosarcoma. 
In contrast with bone island, well-differentiated osteo-
sarcoma is infiltrative, the bone is usually trabecular and 
not cortical in pattern, and the neoplastic matrix is sur-
rounded by groups of proliferating spindle cells and not 
a single layer of quiescent surface osteoblasts.

Another lesion that may enter into consideration is 
an osteoblastic metastasis. In contrast with an enostosis, 
the newly formed bone in an osteoblastic metastasis is 
trabecular and generally surrounds islands of carcinoma 
cells that are cytologically malignant and not present in 
a bone island.

Figure 14-1
Bone island involving the wing of the sacrum. The lesion is small, round, 
and radiodense.

Figure 14-2
Axial computed tomographic scan of a bone island in the ilium. Note the 
 speculated margin and homogeneous radiodensity.

Figure 14-3
Bone island composed of cortical-type bone merging with the surrounding 
bony trabeculae.
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Prognosis and treatment

Bone islands usually do not need any type of treatment 
because they are indolent and typically asymptomatic. 
Occasional cases, particularly larger variants, may 
require a biopsy to exclude a more aggressive neoplasm 
such as well-differentiated osteosarcoma and sclerotic 
metastases.

OSTEOMA

CliniCal Features

Osteoma is a benign, bone-forming tumor that arises on 
the surface of the cortex. The majority of tumors are com-
posed of mature, dense, compact, cortical-like bone; how-
ever, some may be composed of cancellous bone. They 
usually develop on the surfaces of the craniofacial skel-
eton and have a propensity to involve the bones of the 
paranasal and frontal sinuses and the orbit where they 
are found in 1% to 3% of the adult population. Rarely, 
osteomas are located in the vertebral column and the 
appendicular skeleton where they develop on the surfaces 
of long tubular bones. They affect male individuals a little 
more frequently than female individuals and are typi-
cally diagnosed during midadulthood. Osteoma is usu-
ally solitary but may be multiple in a minority of cases. 
Importantly, a diagnosis of osteoma in a young patient or 
multiple osteomas should raise the suspicion of Gardner 
syndrome (autosomal dominant intestinal polyposis that 
progresses to adenocarcinoma, osteomas, dental anoma-
lies, epidermal inclusion cysts, and soft tissue tumors).

Craniofacial osteomas are commonly asymptomatic 
and detected as an incidental radiographic finding. Larger 
tumors, however, may cause swelling, facial asymmetry, 
and symptoms secondary to sinus obstruction, includ-
ing discharge and mucocele formation. Orbital osteomas 
can produce a variety of problems including dacryocys-
titis and exophthalmos. Tumors that involve the spine 
can be complicated by spinal cord or nerve compression, 
and those developing in the extremities can present as a 
palpable mass that may be painful.

radiologiC Features

Osteomas are usually round or ovoid, uniformly 
radiodense, sharply demarcated from the surrounding 
soft tissue, and have a broad base of attachment to the 
cortical surface with which it merges (Figures 14-4 and 
14-5). On CT and MRI, an osteoma manifests as a well-
delineated surface-based mass of cortical-type bone; 
however, the cancellous variant has the characteristics 
of trabecular bone with intervening fat (Figure 14-6).

PathologiC Features

Most osteomas are 0.5 to 2 cm in diameter, round to 
oval, hard, tan–white, and resemble and merge with the 
cortical bone from which they arise. Large lesions in the 

BONe iSLAND—FACT SHeeT

Definition
 ▸▸  Benign bone-forming tumor composed of cortical-type bone
 ▸▸  Osteopoikilosis is a syndrome characterized by innumerable bone 

islands

incidence and Location
 ▸▸  Frequency is unknown because it is a frequent incidental finding
 ▸▸  Pelvis, proximal femur, and ribs are most common locations

Morbidity and Mortality
 ▸▸  Bone island is benign

Sex, race, and Age Distribution
 ▸▸  Male and female sexes are affected with equal frequency
 ▸▸  Identified in all age groups but rare in children

Clinical Features
 ▸▸  Usually asymptomatic and incidental finding
 ▸▸  rarely causes pain

radiologic Features
 ▸▸  radiodense lesion(s) that are spiculated and merge with the 

 surrounding cancellous bone

Prognosis and Treatment

 ▸▸  No is treatment necessary
 ▸▸  Biopsy sometimes performed on large bone islands to exclude a 

low-grade osteosarcoma or sclerotic metastases

BONe iSLAND—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Spiculated, dense, solid, and tan–white

Microscopic Findings
 ▸▸  Cortical-type bone that is spiculated and blends with the surround-

ing cancellous bone

immunohistochemical Findings
 ▸▸  Not helpful

Differential Diagnosis
 ▸▸  Well-differentiated intramedullary osteosarcoma
 ▸▸  Osteoblastic metastasis
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appendicular skeleton are frequently sessile and elon-
gate (Figure 14-7).

The bone in osteomas is cortical-like in appearance 
with vascular channels similar to haversian systems, 
and is usually composed of lamellar or an admixture 
of lamellar and woven bone (Figure 14-8). In the can-
cellous variant, the core of the lesion consists of inter-
connecting broad trabeculae of bone that is surrounded 
by fatty marrow. The cells that line the surfaces of the 
bone are flattened osteoblasts with small elongate nuclei 
and sparse amounts of eosinophilic cytoplasm. The 
osteocytes are also small and quiescent in appearance. 
Infrequently, however, especially in lesions that are in a 
stage of more rapid growth, the osteoblasts are large and 
polyhedral with prominent nuclei, and a layer of loose 
fibrous tissue cuffs the adjacent bone.

diFFerential diagnosis

Parosteal osteosarcoma can be clinically confused with 
osteoma, especially those that are large and arising in 
the appendicular skeleton. Histologically, parosteal 

Figure 14-4
Osteoma arising on the surface and filling the frontal sinus on lateral 
radiograph.

Figure 14-5
Osteoma arising on the surface of the fibula. The tumor is ovoid, well 
circumscribed, and radiodense.

Figure 14-6
Axial computed tomography of osteoma involving frontal sinus.

Figure 14-7
gross image of osteoma of long bone. 
The tumor is dense, tan–white, and merges with the underlying cortex.
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 osteosarcoma is characterized by long trabeculae of 
woven bone surrounded by sheets of proliferating 
spindle cells that are absent in osteoma. Also, parosteal 
osteosarcoma may contain neoplastic cartilage that is 
not present in osteoma.

Melorheostosis can resemble osteoma radiographi-
cally; however, in melorheostosis, the thickened cor-
tex has the appearance of flowing wax rather than a 
discrete ovoid or mushroom-shaped cortically based 
mass, although exceptions occur. Also, melorheosto-
sis frequently involves more than one bone and may 
be associated with localized sclerotic lesions of the 
skin. Histologically, in our experience, the bone in 
a bona fide osteoma and melorheostosis are similar 
and cannot confidently be distinguished from one 
another.

Prognosis and treatment

Osteomas are slow growing and indolent. Only symp-
tomatic lesions need to be treated, which should consist 
of simple excision. Large osteomas of the long tubular 
bones may mimic low-grade surface osteosarcoma (par-
osteal osteosarcoma), and require diagnostic biopsy and 
excision. Malignant transformation of osteoma does not 
occur.

OSTEOID OSTEOMA

CliniCal Features

Osteoid osteoma is a benign, bone-forming tumor char-
acterized by its small size, morphologic and radiographic 
features, and classic symptomatology. Although its 

Figure 14-8
Osteoma composed of an admixture of woven and lamellar bone deposited 
in a cortical-type pattern.

OSTeOMA—FACT SHeeT

Definition
 ▸▸  Benign bone-forming tumor composed of cortical and less 

 frequently cancellous bone

incidence and Location
 ▸▸  1% to 3% of adult population; true incidence unknown as many 

are incidental findings
 ▸▸  Craniofacial skeleton especially around sinuses; rarely affects the 

spine or long bones
 ▸▸  Usually solitary but may be multiple in patients with Gardner 

syndrome

Morbidity and Mortality
 ▸▸  Slow growing and benign

Sex, race, and Age Distribution
 ▸▸  Slight male predominance and diagnosed in midadulthood

Clinical Features
 ▸▸  Commonly asymptomatic and incidental finding
 ▸▸  Can produce a variety of symptoms depending on location

radiologic Features
 ▸▸  Surface based, homogeneously radiodense, and well demarcated

Prognosis and Treatment
 ▸▸  No treatment unless symptomatic
 ▸▸  Symptomatic tumors are conservatively excised
 ▸▸  Large osteomas of long tubular bones may require biopsy and 

 excision to exclude a low-grade surface osteosarcoma

OSTeOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Hard, tan–white, mimicking normal bone

Microscopic Findings
 ▸▸  Admixture of lamellar and woven bone mimicking compact cortical 

or trabecular bone

immunohistochemical Findings
 ▸▸  Not applicable

Differential Diagnosis
 ▸▸  Low-grade surface osteosarcoma
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 neoplastic nature has been debated, cytogenetic studies 
have revealed clonal chromosomal abnormalities involv-
ing 22q in several cases, which supports the concept that 
osteoid osteoma is likely a neoplasm. Responsible for 
approximately 11% of benign bone tumors and 3% of 
all primary bone tumors, osteoid osteoma is usually diag-
nosed during the second and third decades of life, and 
is associated with a male-to-female predominance of 3:1. 
Osteoid osteoma commonly causes significant localized 
pain that is most severe at night and that is alleviated 
by aspirin and nonsteroidal anti-inflammatory drugs 
(NSAIDs). Tumors that arise in periarticular sites may 
elicit joint pain, swelling, effusions, and limited range of 
motion, which can cause confusion with an inflamma-
tory arthritis. Lesions that involve the spine can produce 
painful scoliosis secondary to spasm of paravertebral mus-
cles, whereas lesions of the small bones of the hand and 
feet may produce marked soft tissue swelling mimicking 
infection. Tumors in the vicinity of a growth plate may 
cause increased growth and bone length discrepancy.

Osteoid osteoma most frequently arises in the diaph-
yseal and metaphyseal regions of long tubular bones, 
especially the femur, and the posterior elements of ver-
tebrae. The tumor frequently originates in the cortex 
and less commonly the medullary canal. By definition, 
osteoid osteoma is 1 to 2 cm in diameter, as morpho-
logically similar tumors larger than 2 cm are classified 
as osteoblastomas. Most tumors are solitary, with rare 
cases being multicentric in the same bone.

radiologiC Features

Osteoid osteoma is round and radiolucent with frequent 
central patchy mineralization (Figure 14-9A). The 
lesion or nidus has well-defined margins and is often sur-
rounded by a zone of sclerosis (reactive zone) that may 
be so extensive that it obscures the underlying lesion 
and even simulates an aggressive tumor. Tumors of the 
cortex are more commonly associated with prominent 
reactive bone formation than those arising within the 
medullary canal. Thinly sliced CT scans may be invalu-
able in identifying a tumor that is obscured by sclerosis, 
and in contrast, MRI is of limited utility and generally 
reveals edema in the marrow and soft tissues adjacent 
to the nidus (see Figure 14-9B). Technetium bone scan 
shows that the tumor is avid and exquisitely hot.

PathologiC Features

Osteoid osteoma is round, 1 to 2 cm in diameter, dark 
red with central tan–white speckled gritty mineraliza-
tion and is well delineated from the surrounding reactive 
bone, which is often sclerotic and ivory white (Figure 
14-10).

Haphazard, interanastomosing trabeculae of woven 
bone rimmed prominently by osteoblasts with intervening 

A B

Figure 14-9
A, Anteroposterior radiograph and B, axial computed tomography of osteoid osteoma arising beneath the periosteum of the femur. The tumor 
is small, radiolucent, and surrounded by a prominent rim of reactive woven bone.
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richly vascularized loose connective tissue characterize 
osteoid osteoma (Figure 14-11). Also present are scat-
tered osteoclasts on some of the trabecular surfaces. 
Occasionally, the bone is sheet-like in architecture, and 
in our experience, chondroid areas are rarely seen and, 
when present, should raise the possibility of other types 
of tumors. The synovium in juxta-articular tumors may 

resemble rheumatoid arthritis with papillary hyperpla-
sia and lymphoid follicles.

Immunohistochemistry generally does not have 
a role in diagnosing osteoid osteoma. However, anti-
bodies to S-100 and neurofilament demonstrate nerve 
fibers within the tumor and the surrounding reactive 
zone. The presence of nerve fibers in primary bone 
tumors is uncommon and is usually seen only in oste-
oid osteoma. These nerve fibers, as well as high levels 
of prostaglandin E2 and prostacyclins within the nidus, 
are likely responsible for the pain associated with this 
tumor.

diFFerential diagnosis

The histologic differential diagnosis of osteoid oste-
oma is largely with osteoblastoma. Because of their 
 morphologic similarity, tumors larger than 2 cm are 
considered osteoblastomas. This distinction usually 
correlates with the characteristic clinical symptoms of 
osteoid osteoma, which include significant pain that is 
most severe at night, and sensitive to aspirin and related 
anti-inflammatory agents. Other findings such as cystic 
change or the presence of cartilage supports the diagnosis 
of osteoblastoma.

Lesions such as an abscess and Langerhans cell histo-
cytosis are excluded by virtue of the prominent inflam-
matory cell infiltrate seen in both, and fracture callus is 
distinguished by the haphazard arrangement of the bony 
trabeculae in osteoid osteoma and its sharply demar-
cated round shape.

Prognosis and treatment

Osteoid osteoma has limited growth potential. Some 
patients treated medically have their symptoms dis-
appear over a period of months to a number of years. 
In these patients, the lesion may persist or eventu-
ally undergo mineralization and merge with the sur-
rounding zone of sclerosis so it is not longer visible as 
a discrete mass. Many patients, however, have severe 
symptoms and require some form of eradication of the 
tumor. In the past, the treatment of osteoid osteoma 
was frequently burring down and curettage and en 
bloc resection. These invasive procedures are expen-
sive, require hospitalization, and frequently weaken 
the underlying bone, requiring the insertion of metal 
hardware or bone grafts. In recent years, percutaneous 
ablations of the nidus by CT-guided core-drill excision 
and obliteration of the tumor by thermocoagulation, 
radiofrequency, or laser have become the treatment of 
choice. These techniques have a reported success rate 
of 80% to 100%.

Figure 14-10
Gross image of osteoid osteoma. The small ovoid red–tan tumor is sur-
rounded by dense reactive bone.

Figure 14-11
Osteoid osteoma composed of haphazardly interconnecting trabeculae of 
woven bone that are lined prominently by osteoblasts. The intervening 
loose connective tissue is vascular.
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OSTEOBLASTOMA

CliniCal Features

Osteoblastoma is a rare, benign, bone-forming tumor that 
by definition is larger than 2 cm in greatest dimension 
and is composed of neoplastic osteoblasts that deposit 
trabecular woven bone. It is uncommon and accounts for 
only approximately 1% of primary bone tumors. Osteo-
blastomas have been reported to arise in most bones of 
the body, but approximately 32% develop in the poste-
rior elements of the spine, 12% in the femur, 10% in 
the tibia, and 9% in the bones of the foot and ankle. In 
the long bones, they usually originate within the med-
ullary canal of the metadiaphyseal region but may also 
be juxtacortical or subperiosteal. In most instances, the 
tumor is diagnosed during the second to fourth decades 
of life, and male individuals are affected approximately 
twice as frequently as female individuals. Most osteo-
blastomas are solitary; however, rare cases of multifocal 
disease have been documented.

radiologiC Features

On imaging studies, osteoblastoma is greater than 2 cm 
in size, oval to round, radiolucent with scattered areas of 
mineralization that have the density of trabecular bone, 
especially in the center, and has well-defined margins 
(Figure 14-12). Some cases may be extensively mineral-
ized, whereas others may be almost completely radiolu-
cent. The tumors are hot on bone scan, and a minority 
may contain areas of cystic degeneration and hemor-
rhage that is best appreciated on MRI.

PathologiC Features

Dark red with speckled white areas, round to ovoid, 
osteoblastoma is well delineated from the surrounding 
cancellous and cortical bone, and expansile lesions are 
demarcated from the neighboring soft tissues by a layer 
of reactive subperiosteal bone. Cystic elements are hem-
orrhagic and blood filled, and they may involve small to 
large portions of the tumor (Figure 14-13).

Histologically, osteoblastoma has a sharp margin with 
the adjacent bone (Figure 14-14). It is composed of hap-
hazardly interconnecting trabeculae of woven bone of 
variable mineralization that are surfaced by prominent 
osteoblasts and scattered osteoclasts (Figure 14-15). The 
intertrabecular spaces are filled with loose connective 

OSTeOiD OSTeOMA—FACT SHeeT

Definition
 ▸▸  Benign, bone-forming tumor characterized by a central nidus 

 surrounded by sclerotic bone
 ▸▸  The nidus is smaller than 2 cm

incidence and Location
 ▸▸  Accounts for approximately 11% of benign bone  

tumors
 ▸▸  Diaphysis of long bones, especially the femur, but can affect any 

bone

Morbidity and Mortality
 ▸▸  Osteoid osteoma is benign, but painful

Sex, race, and Age Distribution
 ▸▸  More common in male individuals at a ratio of 3:1
 ▸▸  Children and young adults

Clinical Features
 ▸▸  Localized pain most severe at night and relieved by  

NSAIDs
 ▸▸  Lesions close to joints can cause symptoms mimicking  

arthritis
 ▸▸  Lesion involving vertebrae can cause painful scoliosis

radiologic Features
 ▸▸  Well-demarcated radiolucency with central mineralization sur-

rounded by dense sclerosis

Prognosis and Treatment
 ▸▸  Treated with aspirin and related analgesics, surgical resection, or 

percutaneous ablation
 ▸▸  Local recurrence rate around 5%

OSTeOiD OSTeOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  The nidus is well-demarcated, dark red and gritty, and is 

 surrounded by dense sclerotic bone

Microscopic Findings
 ▸▸  The nidus is composed of interanastomosing woven bone with 

prominent osteoblastic rimming, with intervening fibrovascular 
stroma

immunohistochemical Findings
 ▸▸  Immunohistochemical stains show nerve fibers within the tumor 

and surrounding reactive zone

Differential Diagnosis
 ▸▸  Osteoblastoma
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tissue that contains many thin-walled vascular spaces. 
In some cases, the bone is sheet-like or coarse and lace-
like in appearance. The osteoblasts are large, ovoid, or 
round with eccentric nuclei and moderate amounts of 
eosinophilic or purple cytoplasm (Figure 14-16). Mito-
ses may be present but are not numerous, and necrosis 

Figure 14-12
Osteoblastoma of the femoral neck. 
The tumor is oval, well defined, and radiodense.

Figure 14-13
resected osteoblastoma of the proximal fibula. 
The tumor is large, hemorrhagic, and cystic, and has extended into the 
adjacent soft tissue.

Figure 14-14
Osteoblastoma with well-circumscribed margin from the surrounding 
bone.

Figure 14-15
Interanastomosing trabeculae of osteoblastoma are rimmed by osteo-
blasts.
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is absent or limited in quantity unless there has been a 
pathologic fracture.

A variety of histologic variants of osteoblastoma 
is recognized and includes those with cystic change, 
 cartilage matrix, epithelioid osteoblasts, and osteoblasts 
with so-called pseudomalignant malignant change. In 
cystic osteoblastoma, the cyst walls are composed of 
fibroblasts, collagen, extravasated red blood cells, scat-
tered osteoclast-type giant cells, and trabeculae of woven 

bone that are deposited in a fashion that follows the 
contours of the wall (Figure 14-17). Areas diagnostic of 
osteoblastoma can be found in the solid components of 
the mass. In the cartilaginous variant, the chondrocytes 
are cytologically banal and the matrix is hyaline or 
 chondro-osseous in appearance, with varying degrees of 
calcification and enchondral ossification (Figure 14-18). 
The cartilage may merge or be sharply demarcated from 
the adjacent tumor bone. Aggressive osteoblastoma is 
characterized by osteoblasts that are epithelioid, being 
two to three times larger than conventional osteoblasts,  
and have abundant eosinophilic cytoplasm and large 
vesicular nuclei with prominent nucleoli (Figure 14-19). 
The neoplastic bone may be trabecular or coarse and 
lace-like in appearance. This type of osteoblastoma can 
be confused with osteosarcoma, but the sharp margin of 
the tumor and the presence of osteoblastic rimming are 
helpful features in making this distinction. Pseudoma-
lignant osteoblastoma is a rare variant and contains neo-
plastic cells with large, bizarre, and degenerative nuclei. 
This finding has no clinical significance except that the 
unusual pathology may be misinterpreted as represent-
ing osteosarcoma (Figure 14-20).

diFFerential diagnosis

Osteoblastoma is in the differential diagnosis of a 
 variety of benign and malignant bone tumors. Of these, 
the most important is osteosarcoma because of the 
 drastic differences in treatment and prognosis. Notable 
 distinguishing features are the infiltrative growth pattern 

Figure 14-16
Osteoblasts in osteoblastoma are prominent.

Figure 14-17
Osteoblastoma with large hemorrhagic cystic component.

Figure 14-18
Osteoblastoma with hyaline-type cartilage.
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and lack of osteoblastic rimming of the neoplastic bone 
in osteosarcoma, because osteoblastoma is well circum-
scribed and the tumor matrix is cuffed prominently by 
osteoblasts, which, in turn, is surrounded by vascular 
loose connective tissue. Also, many osteosarcomas show 
significant nuclear atypia in the form of hyperchromasia, 
distorted nuclear-to-cytoplasmic ratios, and abundant 

mitoses including atypical forms, which are absent in 
osteoblastoma.

Cystic osteoblastoma can be confused with aneurys-
mal bone cyst. Generally, the trabeculae of reactive bone 
in aneurysmal bone cyst are deposited in an organized 
fashion such that they follow the contours of the cyst 
wall. In comparison, the bone in osteoblastoma is haphaz-
ard in arrangement and lacks a pattern of organization. 
Fibrous dysplasia differs from osteoblastoma in that the 

Figure 14-19
So-called aggressive osteoblastoma composed of epithelioid osteoblasts 
associated with coarse lace-like bone.

Figure 14-20
Pseudomalignant osteoblastoma. 
Osteoblasts and some stromal cells demonstrate marked degenerative 
nuclear atypia.

OSTeOBLASTOMA—FACT SHeeT

Definition
 ▸▸  Benign, bone-forming tumor that is histologically similar to 

osteoid osteoma but larger and does not contain the surrounding 
sclerotic bone

incidence and Location
 ▸▸  Accounts for approximately 1% of primary bone tumors
 ▸▸  Vertebrae, femur, tibia bones of the foot and ankle

Sex, race, and Age Distribution
 ▸▸  More common in male sex (M:F ratio, 2:1)
 ▸▸  Second to fourth decades of life

Clinical Features
 ▸▸  Pain

radiologic Features
 ▸▸  Well-defined, mixed lytic, and mass greater than 2 cm

Prognosis and Treatment
 ▸▸  Curettage or en bloc resection
 ▸▸  Local recurrence rate after curettage is 10% to 20%

OSTeOBLASTOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Well circumscribed, dark red and gritty

Microscopic Findings
 ▸▸  Sharp margin and composed of trabeculae of woven bone with 

prominent osteoblastic rimming and richly vascularized stroma
 ▸▸  Variants contain aneurysmal bone cyst-like changes, cartilage 

matrix, epithelioid osteoblasts, and degenerative nuclear atypia

immunohistochemical Findings
 ▸▸  Not helpful

Differential Diagnosis
 ▸▸  Osteoid osteoma
 ▸▸  Aneurysmal bone cyst
 ▸▸  Fibro-osseous lesions
 ▸▸  Osteosarcoma
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bone lacks osteoblastic rimming and the stroma is more 
collagenous. In osteofibrous dysplasia, the stroma is also 
more collagenous, the spindle cells often are arranged 
in a storiform pattern and also focally express keratin, 
features not observed in osteoblastoma.

Prognosis and treatment

The various histologic subtypes of osteoblastoma behave 
in a similar fashion, although there has been some con-
troversy regarding the aggressive type. In essence, osteo-
blastoma is a benign tumor that can grow, become large, 
and produce bone destruction and pain. It does not have 
the capacity to metastasize; accordingly, its treatment 
is surgical and depends on the location and size of the 
mass. Curettage is a common mode of therapy and is 
associated with local recurrence in approximately 10% 
to 20% of cases. En bloc resection, which is usually cura-
tive, can be performed on tumors located in expendable 
bones or cortically based masses. Malignant transforma-
tion is exceptionally rare.

OSTEOSARCOMA

Osteosarcoma of bone is a primary malignancy of any 
part of the skeleton in which the neoplastic cells manu-
facture and deposit the organic constituents of bone 
matrix, which may undergo mineralization. No mini-
mal amount of bone matrix is necessary to consider a 
tumor as osteosarcoma; therefore, the presence of any 
neoplastic bone, even if only minute in amount, is rea-
son enough to categorize the tumor as an osteosarcoma.

Osteosarcoma has been recognized for almost two cen-
turies and is the most common primary nonhematopoietic 
malignancy of the skeletal system. It accounts for approx-
imately 20% of all primary malignant bone tumors, and 
its incidence in the United States is 4 to 5 per 1 million 
individuals, with 1000 to 1500 new cases diagnosed annu-
ally. Osteosarcoma has a bimodal age distribution and a 
propensity to develop in adolescents and young adults, 
with 60% of tumors occurring in patients younger than 
25 years and only 13% to 30% in persons older than 40 
years. Male individuals are affected more frequently than 
female individuals at a ratio of 1.3 to 1.6:1, with equal 
distribution among races. Osteosarcoma can arise in any 
bone of the body, but most tumors originate in the long 
bones of the appendicular skeleton, especially the dis-
tal femur, followed by the proximal tibia and proximal 
humerus, sites that contain the most proliferative growth 
plates. In the long bones, the tumor is most frequently 
centered in the metaphysis (90%), infrequently in the 
diaphysis (9%), and rarely in the epiphysis.

The clinicopathologic features of osteosarcoma form 
the basis of its classification, and important among them 
include the histologic features, biologic potential (grade), 
relation to bone (surface or intramedullary), multiplicity 
(solitary and multifocal), and the pre-existing state of 
underlying bone (primary or secondary). Most osteosar-
comas can be categorized into four important groups: 
(1) conventional high-grade osteosarcoma and its his-
tologic subtypes (75%–85%), (2) high-grade secondary 
osteosarcoma that arises in a diseased bone (10%), (3) 
intramedullary well-differentiated osteosarcoma (1%), 
and (4) surface osteosarcomas (5%–10%).

Conventional osteosarcoma, namely, garden-vari-
ety osteosarcoma, is solitary, arises in the medullary 
cavity of an otherwise normal bone, is high-grade, and 
 produces neoplastic bone with or without cartilaginous 
or fibroblastic components. Surface osteosarcoma incl-
udes well-differentiated juxtacortical osteosarcoma also 
known as parosteal osteosarcoma (3%–5%), juxtacortical 
intermediate-grade chondroblastic osteosarcoma, which 
is known as periosteal osteosarcoma (2%–4%), and 
high-grade surface (1%). Juxtacortical well-differentiated 
osteosarcoma usually arises during the third decade of life, 
whereas juxtacortical intermediate-grade chondroblastic 
osteosarcoma and high-grade osteoblastic osteosarcoma 
(high-grade surface osteosarcoma) commonly develop  
in the second decade of life. Parosteal and periosteal 
osteosarcomas have a predilection for female individu-
als, whereas high-grade surface osteosarcomas more fre-
quently affect male individuals. Parosteal osteosarcoma is 
most commonly based on the posterior femoral cortex in 
the metaphyseal-diaphyseal area of the popliteal region, 
followed by the metaphyseal-diaphyseal zone of the proxi-
mal tibia. Periosteal osteosarcoma originates from the cor-
tex of the diaphysis or metaphysis of the tibia, followed 
in frequency by the femur. High-grade surface osteosar-
coma arises on the metaphyseal surface of long bones in 
a distribution similar to conventional osteosarcoma, and 
most frequently involves the distal femur or proximal 
humerus. Intramedullary well-differentiated osteosar-
coma is uncommon, most tumors develop during the sec-
ond to fifth decades of life, and almost 50% of affected 
individuals are in their 20s at the time of diagnosis.

The cause of osteosarcoma is unknown; however, a 
variety of agents and disease states are associated with 
its development. The best-known causative association 
with osteosarcoma is radiation. Its causal relation was 
first documented in the radium dial painters. Since that 
time, numerous studies have evaluated the minimum 
dosage, the accumulated dosage, and the rate of delivery 
of the dosage of radiation necessary to induce an osteo-
sarcoma. Osteosarcoma after therapeutic irradiation is 
an uncommon complication and usually develops after 
approximately 15 (range, 3–55) years.

Osteosarcoma is associated with a variety of genetic 
syndromes (Table 14-1). Information derived from 
these relations has provided insight into the molecular 
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pathogenesis of sporadic osteosarcoma, which appears 
to result from the accrual of complex genetic alterations, 
usually involving the inactivation of tumor-suppressor 
genes and the overexpression of oncogenes.

Cytogenetic abnormalities are found in approximately 
70% of osteosarcomas and are frequently complex. 
Unfortunately, they have proved to be of little impor-
tance in diagnosing, predicting prognosis, and under-
standing the molecular pathogenesis of these tumors. 
Some of the more frequent numeric chromosomal 
abnormalities involve gain of chromosome 1 and losses 
of genetic material on chromosomes 6, 9, 10, 13, and 
17. Some recurring structural rearrangements are found 
in regions of chromosomes 1p11-13, 1q11-12, 1q21-22, 
11p14-15, 14p11-13, 15p1-13, 17p, and 19q13. Compar-
ative genomic hybridization studies have shown DNA 
sequence copy-number changes involving 1q21, 3q26, 
6p, 8q, 12q12-q13, 14q24-qter, 17p11.2-p12, and 19q12-
q13. Amplification of genes in the form of ring chromo-
somes, double minutes, and homogeneously staining 
regions are commonplace. Tumors with chromosomal 
abnormalities limited mainly to ring chromosomes,  
however, almost always parosteal osteosarcomas (low-
grade surface osteosarcomas), and the ring chromo-
somes are composed of amplified regions of 12q13-15.  
Low-grade intramedullary osteosarcomas possess simi-
lar ring chromosomes, as well as abnormalities in chro-
mosome 6p.

Osteosarcoma is known to affect approximately 1% 
of patients with Paget disease of bone, which reflects 
a several thousand-fold increase in risk in comparison 
with that of the general population. The tumor usually 
develops in patients with severe disease and arises in 
an affected site; histologically, it has the appearance of 
conventional high-grade osteosarcoma. The underlying 
genetic abnormalities linking the two disorders have yet 
to be identified with certainty.

Osteosarcoma may also arise in sites of previous bone 
infarction, chronic osteomyelitis, preexisting primary 
benign bone tumors (osteochondroma, enchondroma, 

fibrous dysplasia, giant cell tumor, osteoblastoma, aneu-
rysmal bone cyst, and unicameral bone cyst), and adjacent 
to metallic implants. These secondary osteosarcomas 
account for only a small percentage of osteosarcomas, 
and their pathogenesis is likely related to chronic cell 
turnover that is associated with the underlying disease 
states.

CliniCal Features

Pain associated with a progressively enlarging mass 
is the typical manifestation of conventional osteosar-
coma. The pain is often noted months before diagnosis, 
is deep seated, boring in nature, increases in intensity 
over time, and eventually produces unremitting discom-
fort. The skin overlying the tumor is hyperemic, warm, 
edematous, and cartographed by prominent engorged 
veins. Range of motion and musculoskeletal function is 
compromised by large tumors that may also cause joint 
effusions and, in far advanced cases, weight loss and 
cachexia. In 5% to 10% of cases, the heralding event 
is a sudden, devastating pathologic fracture through the 
destructive mass.

Surface osteosarcomas may or may not be associated 
with pain but usually present as an enlarging, firm, fixed 
mass. The low-grade variants are slow growing, may be 
painless, and are often of long duration.

Well-differentiated intramedullary osteosarcomas fre-
quently cause pain that persists for months to years before 
diagnosis. In some instances, the tumor may be first 
detected as an enlarging palpable mass. Infrequently, we 
have seen cases that have been discovered as an incidental 
finding.

Laboratory studies are usually not helpful in assess-
ing osteosarcoma. However, the serum alkaline phos-
phatase level is increased in many cases, and extremely 
high levels are associated with the presence of metastatic 
disease.

radiologiC Features

Osteosarcoma has an extremely variable appearance on 
imaging studies. A conventional tumor is typically a 
large, destructive, poorly defined, mixed lytic, and blas-
tic mass that transgresses the cortex and forms a large 
soft tissue component (Figure 14-21A). Some tumors 
are entirely lytic, a feature often seen in the telangiec-
tatic variant, whereas others are diffusely mineralized 
producing a densely sclerotic mass. The periphery of the 
lesion is the least radiodense, and the soft tissue compo-
nent may have a fine cloud-like pattern of radiodensity. 
As the enlarging mass destroys and invades beyond the 
cortex, it physically increases the periosteum, which 

TABLe 14-1
genetic Syndromes Associated with Osteosarcoma

Syndrome Mutation Molecule Function

rothmund–
Thompson

Chromosome 8q24.3 DNA helicase

Bloom Chromosome 15q26.1 DNA helicase
Werner Chromosome 8p11 DNA helicase
Li–Fraumani Chromosome 17p13 DNA repair
Bilateral 

retinoblastoma
Chromosome 13q14 Cell-cycle regulator
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deposits layers of reactive bone at the proximal and 
distal extent of the tumor forming so-called Codman’s 
triangle. In addition, reactive bone is deposited in a 
sunburst or onion skin-like pattern along the bulk of 
the length of the tumor. Conventional osteosarcoma 
is heterogeneous on CT and MRI, and these modali-
ties provide valuable information regarding the overall 
dimensions of the tumor, its extent within the medul-
lary cavity and soft tissue, and its relation to important 
neighboring anatomic structures (see Figure 14-21B). 
This type of information is essential in planning suc-
cessful limb salvage surgical resection.

Surface osteosarcomas have a broad base of attach-
ment to the underlying cortex. Parosteal tumors may be 
circumferential or mushroom shaped, and usually have 
large areas that are radiodense (Figure 14-22). Periosteal 
reaction is minimal. Sometimes present is a radiolucent 
line that separates the base of the tumor from the adja-
cent cortex. Periosteal osteosarcomas are fusiform, pre-
dominately lucent, and are frequently associated with 
a periosteal reaction in the form of Codman’s triangle 
and perpendicular linear striae that radiate from the 
underlying bone and course through the tumor. High-
grade surface osteosarcoma is similar in appearance to 
periosteal osteosarcoma but, in addition, tends to have 
fine cloud-like radiopacities. CT is helpful in assessing 
invasion of the cortex and medullary canal. MRI facili-
tates the identification of cartilage, which may be in the 

form of a peripheral cap in parosteal osteosarcoma or 
scattered throughout the mass in cases of periosteal or 
high-grade surface osteosarcoma.

Intramedullary well-differentiated osteosarcomas have 
heterogeneous radiographic findings. The tumors are 
poorly demarcated, contain lytic and densely mineral-
ized regions, and may expand the underlying bone with 
little periosteal reaction (Figure 14-23). A soft tissue 
component, if present, is relatively small compared with 
the extent of intramedullary involvement.

PathologiC Features

Conventional osteosarcoma manifests as a large, metaph-
yseal, intramedullary, and tan–gray–white, gritty mass 
(Figure 14-24). Tumors that contain abundant miner-
alized bone are tan–white and hard, whereas nonmin-
eralized, cartilaginous components are glistening, gray, 
and may be mucinous if the matrix is myxoid or more 
rubbery if hyaline in nature. Areas of hemorrhage and 
cystic change are commonplace and, when extensive, 
produce a friable, bloody, and spongy mass (telangi-
ectatic osteosarcoma). Intramedullary involvement is 
often considerable, and the tumor usually destroys the 
overlying cortex and forms an eccentric or circumferen-
tial soft tissue component that displaces the periosteum 

A B

Figure 14-21
Large, poorly defined osteosarcoma of  the distal diaphysis of the femur 
associated with a pathologic fracture. A, The tumor is poorly defined,The tumor is poorly defined, 
and contains fine cloud-like mineralization on radiograph. B, MagneticMagnetic 
resonance imaging shows the extent of the neoplasm.

Figure 14-22
Juxtacortical low-grade osteosarcoma (parosteal osteosarcoma) arising on 
the posterior surface of the distal femur. The tumor is large and ovoid, 
and irregularly mineralized.
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peripherally. The dislodged periosteum becomes a sharp 
interface between the mass and the bordering skeletal 
muscle and fat. In addition, in the proximal and distal 
regions of the tumor, the raised periosteum deposits a 
layer of reactive bone known as Codman’s triangle. In 
some cases, the tumor grows into the joint space via 
pathways offering little resistance to spread, such as 
tracking along the cortical surface and entering the joint 
beneath the synovium, or through tendoligamentous 
and joint capsule insertion sites. This phenomenon may 
be associated with coating of the peripheral portions of 
the articular cartilage by the sarcoma. Advancing tumors 
may be halted by an open growth plate; however, pen-
etration of the physis and invasion into the epiphysis 
to the base of the articular surface occasionally occurs. 
Solitary or multiple skip metastases appear as intramed-
ullary, firm, ovoid, tan–white nodules located in the 
vicinity of or far from the main mass.

Rigidly attached to the underlying cortex, surface 
osteosarcomas are broad based and demarcated from 
the surrounding soft tissues. Well-differentiated jux-
tacortical tumors (parosteal osteosarcoma) are solid, 
tan–white, hard, and gritty, and may have a gray, firm, 
glistening, hyaline cartilage cap or areas that are softer 
and fish flesh-like, representing elements that are fibro-
sarcomatous in appearance (Figure 14-25). High-grade 
juxtacortical osteosarcomas (periosteal and high-grade 

Figure 14-23
Intramedullary well-differentiated osteosarcoma involving the distal 
femur. Although relatively large, the ill-defined radiodense tumor does 
not extend into the soft tissues.

Figure 14-24
Gross specimen of osteosarcoma in Figure 14-21. The large tumor is solid 
tan–white and hemorrhagic.

Figure 14-25
Juxtacortical low-grade osteosarcoma (parosteal osteosarcoma) arising on 
the cortex. The tumor is homogenous pink–tan and solid. The surface is 
covered by a layer of neoplastic cartilage.
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surface) may be dominated by cartilaginous tissue or be 
composed of hard, tan–white areas admixed with fish 
flesh-like regions. Cortical destruction and invasion into 
the medullary canal is often absent, but when present, is 
only focal. If extensive, it becomes difficult, if not impos-
sible, to distinguish an intramedullary tumor with an 
eccentric soft tissue component from a surface neoplasm 
with extensive invasion of the medullary canal.

Intramedullary well-differentiated osteosarcoma is 
typically centered in the medullary cavity of the metaph-
ysis or metaphyseal-diaphyseal region. The tumor is 
hard, gritty, tan–white, and has poorly defined margins. 
Cortical destruction and an associated small soft tissue 
mass may be present.

By light microscopy, high-grade osteosarcoma perme-
ates the marrow space, surrounds and erodes preexisting 
bony trabeculae, and fills and expands haversian systems 
(Figure 14-26). The conventional type can be subclas-
sified into osteoblastic, chondroblastic, fibroblastic, and 
mixed types, by virtue of the predominance of the neo-
plastic component. The malignant cells in the osteoblas-
tic variant have hyperchromatic nuclei that are central or 
eccentric in position, and frequently contain prominent 
nucleoli and eosinophilic cytoplasm that varies in volume 
according to cell size (Figure 14-27). The tumor cells are 
intimately related to the surface of the neoplastic bone, 
which is woven in architecture, varies in quantity, and 
is deposited as primitive, disorganized trabeculae that 
produce a coarse lace-like pattern or broad, large sheets 
fashioned by coalescing trabeculae as seen in the scleros-
ing variant. Depending on its state of mineralization, the 
bone is eosinophilic or basophilic and may have a paget-
oid appearance caused by haphazardly deposited cement 
lines. Tumor cells surrounded and imprisoned by the 
matrix appear smaller and less atypical. Chondroblastic 
components are usually hyaline in appearance but may be 

predominately myxoid, particularly in tumors arising in 
jaw bones (Figure 14-28). Severe cytologic atypia charac-
terize the neoplastic chondrocytes, which reside in lacu-
nar spaces in hyaline matrix, or float singly or in cords 
in myxoid matrix. Fibroblastic foci manifest as cytologi-
cally malignant spindle cells arranged in a herringbone 
of storiform pattern (Figure 14-29). The degree of atypia 
is variable but is frequently severe. Mitoses are numer-
ous, and structurally abnormal forms are common.

High-grade tumors that contain numerous blood-
filled cystic spaces comprising the majority of the tumor 
are known as telangiectatic osteosarcoma. Lining the 

Figure 14-26
Osteosarcoma growing with a permeative pattern. 
The tumor replaces the marrow and surrounds the preexisting bone tra-
beculae.

Figure 14-27
Osteoblastic osteosarcoma containing pleomorphic malignant cells and 
coarse neoplastic woven bone.

Figure 14-28
Chondroblastic osteosarcoma with neoplastic cartilage merging with 
tumor bone.
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cyst walls and percolating throughout them are malig-
nant cells that produce variable amounts of neoplastic 
bone (Figure 14-30). The neoplastic cells in small-cell 
 osteosarcoma are uniform, small, round, or spindle 
shaped and contain little cytoplasm. In the giant-cell–
rich variant, numerous non-neoplastic osteoclast-type 
giant cells are present throughout the tumor, whereas 
large polyhedral tumor cells typify the epithelioid vari-
ant. Deceptively banal tumor cells in the osteoblastoma-
like variant rim neoplastic bony trabeculae in a pattern 
that imitates osteoblastoma. Distinguishing features are 

the permeative growth pattern and solid cellular inter-
trabecular tissue that are found in osteosarcoma.

The presence of streamers of relatively well-formed 
trabeculae of woven bone surrounded by a mildly to 
moderately cellular spindle cell proliferation entangled 
in collagen fibers is the hallmark of parosteal osteo-
sarcoma (Figure 14-31). The spindle cells have elon-
gate nuclei with pointed ends and demonstrate limited 
degrees of cytologic atypia (Figure 14-32). The nuclei in 
deceptively bland-appearing cases have finely stippled 
chromatin, small nucleoli, poorly defined eosinophilic 
cytoplasm, and few mitoses, thereby simulating fibroma-
tosis. Tumor cells with hyperchromatic nuclei are pres-
ent in higher-grade tumors, and are frequently arranged 
in a herringbone pattern and exhibit a greater degree of 
mitotic activity. Malignant hyaline cartilage may be pres-
ent in parosteal osteosarcoma, and when present, grows 
as a cap covering the periphery of the tumor and contains 
mildly to moderately atypical chondrocytes. This compo-
sition and configuration can cause confusion with osteo-
chondroma. Rarely, parosteal osteosarcoma undergoes 
dedifferentiation that manifests as foci of pleomorphic 
spindle cell sarcoma or even high-grade osteosarcoma.

A grade 2/3 chondroblastic osteosarcoma arising on 
the cortical surface defines periosteal osteosarcoma. The 
lobules of neoplastic hyaline cartilage contain mitotically 
active chondrocytes that show moderate-to-severe cyto-
logic atypia. The neoplastic bone usually has a coarse 
lace-like pattern and either merges with or is surrounded 
by the cartilage, or is enveloped by significantly atypical 
proliferating spindle or polyhedral-shaped tumor cells.

A high-grade surface osteosarcoma is a conventional 
osteoblastic osteosarcoma originating on the surface of 
the cortex. The tumor is densely cellular, and the neo-
plastic cells demonstrate severe cytologic atypia, mitotic 
activity, and areas of necrosis. Foci of neoplastic cartilage 
and fibroblastic components may be present as well.

Figure 14-29
Fibroblastic osteosarcoma containing fascicles of malignant spindle cells 
adjacent to deposits of neoplastic bone.

A B

Figure 14-30
A, Telangiectatic osteosarcoma with numerous large cystic spaces filled with blood and fibrinous material. B, Malignant tumor cells associated 
with neoplastic bone comprise the cyst wall.
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Similar to its juxtacortical counterpart, intramedullary 
well-differentiated osteosarcoma contains long trabecu-
lae or round islands of woven bone intimately associ-
ated with a mildly to moderately cellular population of 
 cytologically bland neoplastic spindle cells (Figure 14-33).  
The neoplastic matrix may have a pagetoid appearance 
and is frequently deposited on the surfaces of the pre-
existing bony trabeculae.

anCillary studies

Ancillary studies have a limited role in diagnosing 
osteosarcoma, as the tumor is recognized largely by 
its morphologic features. In problematic cases, where 
Ewing sarcoma/primitive neuroectodermal tumor, meta-
static carcinoma, and melanoma, as well as lymphoma, 
are in the histologic differential diagnosis, however, 
 immunohistochemical analysis, electron microscopic 
evaluation, and molecular studies may be helpful. Unlike 
these tumors, osteosarcoma cells have the features of mes-
enchymal cells with abundant dilated rough endoplasmic 
reticulum, and the matrix contains collagen fibers, which 
may show calcium hydroxyapatite crystal deposition.

Figure 14-31
Streamers of woven bone surrounded by relatively bland spindle cells in 
parosteal osteosarcoma.

Figure 14-32 

Sometimes the spindle cells can grow in sheets in parosteal osteosar-
coma.

A

B

Figure 14-33
A, Intramedullary well-differentiated osteosarcoma permeates the med-
ullary cavity, and B, the trabeculae of neoplastic woven bone are sur-
rounded by minimally atypical spindle cells.
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Unfortunately, osteosarcoma has a broad immuno-
profile that lacks diagnostic specificity. Vimentin, osteo-
calcin, osteonectin, S-100 protein, actin, smooth muscle 
actin, neuron-specific enolase, and CD99 are some of 
the antigens that are commonly expressed. Importantly, 
some tumors also stain with antibodies to keratin and 
epithelial membrane antigen. Also, it is worthy to note 
that osteosarcoma usually does not stain with antibod-
ies to factor VIII, CD31, and leukocyte common antigen. 
Biopsies of osteosarcoma that lack neoplastic bone can 
be problematic because its immunophenotype can gen-
erate a broad list of differential diagnoses that includes 
Ewing sarcoma/primitive neuroectodermal tumor, meta-
static carcinoma and melanoma, leiomyosarcoma, and 
malignant peripheral nerve sheath tumor. In this cir-
cumstance, ultrastructural analysis provides information 
regarding the phenotype of the tumor. Molecular analy-
sis, such as karyotyping and fluorescent in situ hybrid-
ization (FISH), can be used in selective cases, especially 
when small-cell osteosarcoma and Ewing sarcoma are 
being considered. The presence of the t(11;22) transloca-
tion or one of its variants is diagnostic of Ewing sarcoma 
and is not present in any type of osteosarcoma.

diFFerential diagnosis

The many varieties of osteosarcoma introduce diverse 
tumors in its histologic differential diagnosis. Osteo-
sarcoma is distinguished from benign tumors and 
fibro-osseous lesions by virtue of its infiltrative growth 
pattern, with the tumor replacing the marrow space 
and surrounding preexisting bony trabeculae, which 
may also serve as scaffolding for the deposition of neo-
plastic bone. Telangiectatic osteosarcoma differs from 
aneurysmal bone cyst because it contains cytologically 
malignant cells within the cyst walls, whereas the cells 
in aneurysmal bone cyst are banal in appearance. Small-
cell osteosarcoma is distinguished from Ewing sarcoma 
by the presence of neoplastic bone, and dilated rough 
endoplasmic reticulum by electron microscopy, and the 
absence of the t(11:22) translocation.

Stress fracture and accompanying callus can some-
times be confused with osteosarcoma because the reac-
tive bone and cartilage is deposited around pre-existing 
bony trabeculae, which mimics an infiltrative pattern of 
growth. However, the cells in reactive tissues are banal, 
and osteoblastic rimming is usually present.

Prognosis and treatment

The treatment of osteosarcoma is tailored to the age and 
medical condition of the patient and the location, size, 
grade, and stage of the tumor. Eradication of the primary 

tumor and the elimination of any metastases is the goal 
of therapy. The local disease is managed by limb salvage, 
wide surgical resection for appendicular tumors, and sur-
gical excision in combination with radiation for tumors 
that are not resectable in their entirety with negative 
margins (such as those involving the spine or large areas 
of the pelvis). Preoperative adjuvant chemotherapy is 
now standard and is usually employed for all high-grade 
intramedullary and surface osteosarcomas, and contin-
ues after the surgical resection has been completed and 
wound healing has begun. The low-grade tumors such 
as intramedullary well-differentiated osteosarcoma and 
parosteal osteosarcoma are usually treated by surgery 
alone, because the risk of dissemination is very low.

A number of factors influence the prognosis of patients 
with osteosarcoma, including patient age, gender, tumor 
size, location, stage and response to chemotherapy, 

OSTeOSArCOMA—FACT SHeeT

Definition
 ▸▸  Malignant, bone-forming tumor in which the neoplastic cells form 

bone

incidence and Location
 ▸▸  Account for approximately 20% of primary malignant bone tumors, 

representing the most common primary (nonhematopoietic) 
 malignancy of the skeletal system

 ▸▸  Long bones commonly affected, although any bone may be 
 involved

Morbidity and Mortality
 ▸▸  High-grade osteosarcoma is aggressive, and 80% of untreated 

patients die of disease

Sex, race, and Age Distribution
 ▸▸  Slightly more common in male individuals
 ▸▸  Bimodal age distribution with 60% occurring before age 25, and 

13% to 30% occurring in individuals older than 40 years

Clinical Features
 ▸▸  Localized pain with or without a mass
 ▸▸  Pathologic fracture
 ▸▸  Low-grade surface osteosarcoma may present as a painless mass

radiologic Features
 ▸▸  radiographic appearance is extremely variable
 ▸▸  High-grade osteosarcomas are usually large, poorly defined, 

destructive, mixed lytic, and blastic, and often have a soft tissue 
mass

 ▸▸  Low-grade osteosarcomas are sclerotic and frequently arise on the 
cortical surface

Prognosis and Treatment
 ▸▸  Combination of surgery and chemotherapy
 ▸▸  Prognosis is dependent of a variety of factors
 ▸▸  Survival rate for localized conventional high-grade osteosarcoma is 

50% to 80%
 ▸▸  Low-grade surface osteosarcoma has a 90% to 100% survival rate
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 multidrug resistance status, loss of heterozygosity of 
the retinoblastoma gene, and HER2/erbB-2 expression. 
Factors associated with a poor outcome are proximal 
location in an extremity or in the axial skeleton, large 
tumor size, detected metastases at the time of diagno-
sis, and poor response of the tumor to preoperative che-
motherapy. Chemotherapy-induced tumor necrosis as 
measured histologically is believed to be one of the most 
important prognostic features for localized appendicu-
lar high-grade osteosarcoma (most of the tumors): good 
response is 90% or greater necrosis, and poor response 
is less than 90% necrosis. The histologic assessment of 
tumor necrosis requires extensive sampling and evalua-
tion of the treated neoplasm.

Patients with a fatal outcome usually die from 
unrelenting disease progression (90%), whereas the 
remainder succumb to treatment-related complications 
(cardiomyopathy, pancytopenia, or the development of 
secondary malignancies).

Survival rates for relapse-free patients with localized 
conventional high-grade osteosarcoma of the extremity 
vary from 50% to 80%, which is a marked improve-
ment from the pre-chemotherapy era when only 10% 
to 20% of patients were cured. Actuarial 10-year sur-
vival rates for patients with axial tumors are approxi-
mately 27% for patients with metastatic disease, 53% 
for patients with large tumors (greater than one-third 

length of involved bone), 47% for patients with tumors 
with a poor response, and 73% for patients with tumors 
with a good response. The chondroblastic variant of 
conventional osteosarcoma has been shown to be asso-
ciated with a poor preoperative chemotherapy response 
and, in some studies, has a worse prognosis than other 
variants. Tumors with dismal prognoses include Paget 
osteosarcoma (approximately 10% survival rate) and 
radiation-induced osteosarcomas (long-term survival 
rate of 30–35%).

Patients with parosteal osteosarcoma have an excel-
lent prognosis, with survival rates ranging from 91% to 
100%. The outcome for periosteal osteosarcoma is not as 
good, with approximately a 75% survival rate, although 
a recent study utilizing chemotherapy achieved a  
10-year metastasis-free survival rate of 100%. The prog-
nosis of high-grade surface osteosarcoma is similar to 
that of conventional intramedullary osteosarcoma.

Intramedullary well-differentiated osteosarcoma is an 
indolent tumor and is associated with a metastatic rate 
of approximately 15%. Tumors that are associated with 
metastases have usually undergone dedifferentiation.
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OSTeOSArCOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Variable depending on the amount of bone and other components 

present
 ▸▸  Conventional osteosarcoma is large, destructive, necrotic, hemor-

rhagic, and cystic

Microscopic Findings
 ▸▸  Composed of malignant cells depositing coarse lace-like bone; 

other components include malignant-appearing cartilage and 
fibroblastic elements; the microscopic appearance is variable and 
depends on the type of osteosarcoma

immunohistochemical Findings
 ▸▸  Variable and usually not helpful in diagnosing osteosarcoma

Differential Diagnosis
 ▸▸  Variety of benign and malignant bone tumors
 ▸▸  Fibrous dysplasia may mimic well-differentiated intramedullary 

osteosarcoma
 ▸▸  Osteoblastoma-like osteosarcoma can be confused with osteoblas-

toma
 ▸▸  Aneurysmal bone cyst needs to be distinguished from telangiec-

tatic osteosarcoma
 ▸▸  Small-cell osteosarcoma can mimic Ewing sarcoma and other 

malignant small round cell tumors
 ▸▸  Stress fracture
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Cartilage is an extracellular matrix rich in aggrecan, 
a proteoglycan that serves to retain a large amount 
of water. The matrix consists of approximately 65% 
water, 15% proteoglycan, 15% collagen (predominantly 
type II), and less than 5% cells. Cartilage is unique in 
that it receives nutrients and oxygen by simple diffu-
sion rather than a capillary network, thus limiting the 
extent of growth of native cartilaginous structures to, 
at most, 1 to 2 cm. The assessment of the presence of 
cartilage matrix is best made on hematoxylin-and-eosin 
(H&E)–stained sections where hyaline cartilage has a 
smooth basophilic quality with clearing around individ-
ual tumor cells (Figure 15-1). Fibrocartilage tends to be 
richer in collagen, imparting a pinker fibrillary quality 
on H&E. Some authors have used the term chondroid 
matrix interchangeably with cartilage matrix, but chon-
droid, strictly defined, is the putatively immature matrix 
with intermediate histologic features between osteoid 
and cartilage.

Chondrocytes are round with indistinct cytoplas-
mic borders and small, dark nuclei with perinuclear 
clearing (Figure 15-2). Benign chondrocytes typically 
demonstrate regular, albeit darkly staining, nuclei that 
are too small to make out nuclear detail at intermedi-
ate (200X) magnification. Nuclear atypia in chondro-
cytes is generally defined as the ability to detect nuclear 

detail, vesicular chromatin, or macronucleoli especially 
at intermediate magnification. Although cellularity 
and cytologic atypia are not typical of benign cartilage 
tumors, enchondromas located in the small bones of 
the hands and feet can show increased cellularity and 
slight atypia. Periosteal chondromas and enchondromas 
of Ollier disease also characteristically show more cyto-
logic atypia and hypercellularity when compared with 
other benign cartilage tumors. Although binucleation 
of chondrocytes has historically been correlated with 
cytologic atypia, this finding is quite nonspecific for 
malignancy. Many benign tumors (e.g., synovial chon-
dromatosis, periosteal chondroma, enchondroma) fre-
quently demonstrate binucleated chondrocytes. Mature 
chondrocytes have little to no proliferative capacity, but 
it is thought that undifferentiated mesenchymal stem 
cells can undergo chondrocyte differentiation given the 
correct signals.

As for all bone tumors, evaluation of a cartilage lesion 
requires adequate correlation with radiographic find-
ings. Oftentimes plain films (two views) of the lesion are 
sufficient to guide the diagnosis. Computed tomography 
(CT) and magnetic resonance imaging (MRI) are useful 
adjuncts to further evaluate the pattern of mineraliza-
tion, cortical involvement, and presence or absence of 
soft tissue involvement.

BENIGN

OSTEOCHONDROMA

CliniCal Features

Osteochondroma is a benign cartilaginous tumor most 
commonly located in the distal femoral, proximal tib-
ial, or proximal humeral metaphysis of adolescents 
and young adults (peak incidence in second decade of 
life). The lesion is more frequently seen in men than in 
women (2:1). Osteochondromas may present as a symp-
tomatic, slow-growing mass as an incidental finding by 
 radiography. It may be a mass lesion of long duration, 
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with pain caused by compression of nearby structures 
or, less commonly, pain from fracture of the stalk. Recent 
and rapid growth of a preexisting osteochondroma, espe-
cially in a proximal skeletal location, can raise suspicion 
of malignant transformation.

The majority of patients will have a solitary osteo-
chondroma. Less commonly, it occurs as multiple lesions 
in patients with the autosomal dominant disorder mul-
tiple osteochondromas or hereditary multiple exostoses. In 
almost 90% of multiple osteochondroma patients, germ-
line mutations in the tumor-suppressor genes EXT1 or 
EXT2 are found. Moreover, EXT1 appears to function 
as a classic tumor-suppressor gene in the cartilage cap 
of solitary nonhereditary osteochondromas. The rate of 
malignant transformation for solitary osteochondromas 

is approximately 1% to 3%. This is in contrast with 
patients with multiple osteochondromas who have 
greater rates of malignant transformation (between 5% 
and 25%). However, these data are from large referral 
centers and may overestimate the true incidence second-
ary to selection bias.

radiologiC Features

An osteochondroma presents as an exophytic, sessile, 
or pedunculated projection of bone capped by carti-
lage (Figure 15-3). Importantly, the osteochondroma 
demonstrates both medullary and cortical compo-
nents that are contiguous with the medulla and cortex, 
 respectively, of the underlying native bone. Features 
that have been associated with malignant transforma-
tion include irregularity of the margin, inhomogeneous 
mineralization (Figure 15-4), and an associated soft 
 tissue mass.

PathologiC Features

gross Findings

If resected intact, the lesion shows a thin (1–2 cm), 
pale blue, smooth cartilage cap overlying cortical and 
medullary bone (Figure 15-5). A pedunculated osteo-
chondroma demonstrates a prominent stalk, whereas 

Figure 15-1
Normal cartilage demonstrates the amphophilic quality of hyaline cartilage 
matrix and pericellular clearing around chondrocytes in lacunae.

Figure 15-2
high-power view of benign chondrocytes has small, dark nuclei with 
smooth contours.

Figure 15-3
Osteochondroma is a relatively small, purely extraosseous tumor that is 
well circumscribed.
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the sessile form shows a broad attachment to underlying 
normal bone.

MiCrosCoPiC Findings

In general, osteochondroma mimics an epiphyseal 
growth plate beginning with a thin (usually <1 cm) 
cartilaginous cap superficially, a zone of endochondral  
ossification followed by regular trabecular bone sur-
rounded by fatty, hematopoietic marrow as one scans 
proximally (Figure 15-6). The chondrocytes may be some-
what haphazard superficially but are arranged in orderly  

columnar growth at the ossification zone. Scattered 
zones of residual cartilage may be seen among the tra-
beculae. Occasionally, degenerative change and calcifica-
tion are seen in the cartilage cap.

diFFerential diagnosis

Rarely, secondary chondrosarcoma can arise from 
osteochondroma. The distinction between these entities 
requires clinical, radiographic, and pathologic correla-
tion. Clinical or radiographic evidence of recent growth, 
pain, involvement of the proximal skeleton, irregular 
mineralization, or soft tissue destructive growth are con-
cerning features. The thickness of the cartilage cap (nor-
mally <1 cm) has long been reported as an indicator of 
potential malignancy. However, in skeletally immature 
individuals, a cartilage cap of up to 2 cm may be identi-
fied. One of the best criterion for confirming a diagno-
sis of malignancy is histologic evidence of permeative 
growth pattern into surrounding soft tissue. Other help-
ful microscopic features that suggest malignant change 
include prominent myxoid cystic change in the matrix, 
increased cellularity, and loss of the normal columnar 
arrangement of chondrocytes at the ossification zone.

Parosteal osteosarcoma may also demonstrate a 
superficial cap of cartilage with underlying bone. How-
ever, radiographically and grossly, the bone is not con-
tiguous with the medullary cavity of the native bone. 
Most importantly, the intertrabecular space within 
parosteal osteosarcoma is occupied by a spindle cell 
proliferation with minimal nuclear atypia rather than 
fat and hematopoietic marrow, as is typically seen in 
osteochondroma.

Figure 15-4
Malignancy in osteochondroma may be suggested by large size, irregular 
mineralization, and poor circumscription.

Figure 15-5
Gross photograph of osteochondroma demonstrates a thin, pale blue 
cartilage cap covering cancellous bone. In sessile examples, such as this, 
the attachment to the cortex (base) is relatively broad.

Figure 15-6
Low-power view of osteochondroma shows a thin cartilage cap and an 
orderly arrangement of chondrocytes undergoing endochondral ossifica-
tion to create trabecular bone separated by marrow fat.
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Bizarre parosteal osteochondromatous prolifera-
tion (Nora’s lesion) differs clinically in the age of pre-
sentation (adults) and location (hands). Although the 
lesion is composed of a mixture of bone and cartilage, 
it is not contiguous with the underlying medullary 

cavity, nor does it show the organization of a growth 
plate.

Prognosis and treatMent

Surgical excision should be curative treatment for osteo-
chondromas. Wide surgical margins are indicated when 
the tumor has undergone malignant transformation into 
chondrosarcoma.

PERIOSTEAL CHONDROMA

CliniCal Features

Periosteal chondroma is a benign cartilage tumor that 
grows in the periosteal region, frequently eroding the 
underlying cortex. These tumors present in the second 
and third decades of life with a male predilection (2:1), 
are usually asymptomatic, and are found incidentally 
on radiographs obtained for other reasons. However, a 
painful, palpable mass involving the femur or humerus 
(metaphysis or diaphysis) may bring the lesion to clini-
cal attention.

radiograPhiC Features

Periosteal chondromas are small (1–3 cm), infrequently 
calcified masses attached to the cortex with cortical ero-
sion (saucerization) and cortical sclerosis underlying 
the base of the lesion. Periosteal reaction with periph-
eral buttressing may be seen.

PathologiC Features

gross Findings

The mass is firm, translucent, and pale blue, indica-
tive of hyaline cartilage. The interface between the 
tumor and the underlying cortex is sharp with a zone of 
sclerotic bone. The medullary cavity is not involved.

MiCrosCoPiC Findings

The tumor consists of lobules of hyaline cartilage of 
moderate-to-high cellularity. The tumor does not perme-
ate Haversian canals or the medulla. Binucleated chon-
drocytes are common (Figure 15-7), and rare examples 
can be hypercellular.

OSTeOCHONDrOMA—FACT SHeeT

Definition

	▸▸  Benign, exophytic tumor of cartilage and bone that recapitulates 
a growth plate

incidence and Location

	▸▸  Syndromic form (multiple osteochondromas) estimated at 1 in 
50,000

	▸▸  Sporadic form (solitary) six times more common than those in the 
setting of multiple osteochondromas

	▸▸  Most common in metaphysis of long bones, especially distal 
femur, proximal tibia, and proximal humerus

	▸▸  pelvic bones and scapula are uncommon sites

Sex, race, and Age Distribution

	▸▸  More common in male than female sex (2:1); peak in second 
decade of life

Clinical Features

	▸▸  asymptomatic or painless mass of long duration
	▸▸  May be found incidentally on imaging for unrelated complaints
	▸▸  pain may be a feature because of local effects or fracture of lesion

Prognosis and Treatment

	▸▸  asymptomatic lesions can be observed
	▸▸  Surgical excision is curative for symptomatic lesions
	▸▸  Malignant transformation < 1% (sporadic form) and 5% to 25% 

(multiple osteochondroma syndrome)

OSTeOCHONDrOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  thin (< 2 cm), pale blue, firm cartilage cap overlying a stalk 
 composed of hard bone

	▸▸  Cut surface reveals medullary and cortical bone contiguous with 
underlying native bone

Microscopic Findings

	▸▸  Cartilage cap undergoing endochondral ossification with orderly 
arrangement of chondrocytes

	▸▸  Cancellous bone beneath the cartilage cap
	▸▸  Intertrabecular spaces filled by fat and hematopoietic marrow
	▸▸  Occasionally, degenerative changes in cartilage cap

Differential Diagnosis

	▸▸  Chondrosarcoma arising in osteochondroma
	▸▸  parosteal osteosarcoma
	▸▸  Bizarre parosteal osteochondromatous proliferation (Nora’s lesion)
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diFFerential diagnosis

Synovial chondromatosis may be a consideration if the 
lesion is near a joint but can be distinguished radio-
graphically by the presence of a solitary mass attached 
to the cortex with cortical sclerosis. Periosteal (juxta-
cortical) chondrosarcoma and periosteal osteosarcoma 
are tumors with some clinical and morphologic overlap. 
Like periosteal chondroma, periosteal chondrosarcomas 
arise from the surface of bone and may erode the cortex 
but do not involve the medulla. However, these tumors 
are typically large (>5 cm) with poorly defined mar-
gins. Periosteal osteosarcoma is also in the differential 

diagnosis because it is a surface lesion that contains car-
tilage. However, it also contains osteoid production typi-
cally found in the center of the cartilage lobules that are 
surrounded by a proliferation of atypical spindle cells.

Prognosis and treatMent

Surgical removal is the treatment of choice. Local recur-
rence is rare.

CHONDROBLASTOMA

CliniCal Features

Chondroblastoma is a benign chondroid-producing tumor  
that affects the epiphyses of adolescents and young 
adults with a slight male predominance (3:2). The most 
common complaint is a several months to years history 
of pain involving a joint that may be accompanied by 
gait abnormality, swelling, or decreased mobility. Recur-
rence in chondroblastoma has been estimated at 15% 
for long bones. It should be noted that although most 
chondroblastomas occur in the epiphyses of long bones, 
the temporal bone and calcaneus are also common 
sites (5–10% of cases), and recurrence risk is generally 
greater in these “unusual” sites. Malignant transforma-
tion is the subject of case reports only.

radiograPhiC Features

The lesion is sharply marginated, predominantly 
lytic, and rimmed by sclerotic bone. In long bones, it 
involves the epiphysis but may cross the physis into the 

PeriOSTeAL CHONDrOMA—FACT SHeeT

Definition

	▸▸  Benign tumor of cartilage that involves the surface of the bone

incidence and Location

	▸▸  Most common in metaphysis and diaphysis of long bones, 
 especially femur and humerus

Sex, race, and Age Distribution

	▸▸  More common in male than female sex (2:1); peak in second and 
third decades of life

Clinical Features

	▸▸  painless mass present for years
	▸▸  May be found incidentally on imaging for unrelated complaints

Prognosis and Treatment

	▸▸  asymptomatic lesions can be observed
	▸▸  Surgical excision or curettage is curative for symptomatic lesions

PeriOSTeAL CHONDrOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Small (1-4 cm), pale blue, firm cartilage attached to cortical 
 surface

	▸▸  Sclerotic interface with cortex, no medullary involvement

Microscopic Findings

	▸▸  Lobular cartilage of moderate cellularity, variable nuclear atypia

Differential Diagnosis

	▸▸  Synovial chondromatosis
	▸▸  periosteal chondrosarcoma
	▸▸  periosteal osteosarcoma

Figure 15-7
periosteal chondroma can demonstrate binucleated chondrocytes, but 
chondrocytes do not have increased nuclear size, and nuclear detail is 
visible only at high power.
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 metaphysis. Periosteal reaction is uncommon. Matrix 
calcifications within the tumor may be seen in 25% of 
cases (Figure 15-8).

PathologiC Features

gross Findings

Because these lesions are most often curetted, the 
material usually consists of fragmented, gray–pink firm 
tissue notably without the pale blue material of hyaline 
cartilage. Gritty calcifications and hemorrhage may be 
present. If resected, the tumor is usually smaller than  
5 cm, sharply marginated from the surrounding bone, 
and often encapsulated with a thin rim of sclerotic bone.

MiCrosCoPiC Findings

The matrix of chondroblastoma has an amphophilic  
or eosinophilic quality that has been described as fibro-
chondroid (Figure 15-9). True hyaline cartilage is almost 
never present. Approximately 35% of chondroblasto-
mas demonstrate delicate stippled calcifications that 
surround individual tumor cells in the so-called chicken 
wire pattern, although denser zones of calcification may be 
present (Figure 15-10). The cellular component consists 
of mononuclear cells and multinucleated giant cells. The 

mononuclear cells are predominantly ovoid with pale 
eosinophilic cytoplasm, relatively well-defined plasma 
membranes, and eccentric nuclei with nuclear grooves 
(Figure 15-11). Mitotic activity is often present but low. 
The osteoclast-like giant cells are irregularly scattered 
and demonstrate fewer than 10 nuclei with fine chroma-
tin and prominent nucleoli. It is important to recognize 
that chondroblastoma can show varying degrees of the 
typical histologic findings, and only a minority of cases 
demonstrate all of the characteristic features (fibrochon-
droid matrix, chicken wire calcifications, and nuclear 
grooves). Secondary aneurysmal bone cyst is a common 
feature of chondroblastoma (30% of cases) and can, in 
fact, predominate on small biopsies that do not adequately 
sample the epiphyseal component of a chondroblastoma. 
Some chondroblastomas, particularly those located in 

Figure 15-10
Chondroblastoma demonstrates sheets of round to ovoid cells admixed 
with osteoclast-like giant cells. the delicate pericellular calcification of 
the matrix has been described as chicken wire.

Figure 15-9
the cartilage matrix in chondroblastoma typically stains pink.

Figure 15-8
Chondroblastoma typically affects the epiphysis or, as in this case, the 
apophysis (greater trochanter of the femur). the lesion is well circum-
scribed, predominantly lytic, but with matrix calcifications.
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the craniofacial bones, contain plump epithelioid stromal 
cells with abundant eosinophilic cytoplasm with or with-
out hemosiderin deposition. Immunohistochemistry for 
S-100 is positive in about 75% of chondroblastomas. 
Whether chondroblastoma is truly a chondrogenic neo-
plasm has been challenged using biochemical studies of 
the matrix proteins. Furthermore, histologically, chon-
droblastoma almost never demonstrates conventional 
hyaline cartilage but rather a fibrochondroid matrix.

diFFerential diagnosis

The epiphyseal location and relative circumscription 
combined with the presence of osteoclast-type giant cells 
raises the possibility of giant cell tumor of bone. Clinically, 
giant cell tumor is unusual in skeletally immature indi-
viduals, and although both lesions can be circumscribed, 
the presence of a sclerotic rim radiographically points to 
chondroblastoma. Microscopically, the presence of fibro-
chondroid matrix, chicken wire calcifications, smaller, 
unevenly distributed giant cells, and mononuclear cells 
with nuclear grooves support chondroblastoma.

Aneurysmal bone cyst may also contain abundant 
osteoclast-like giant cells and basophilic calcifications. 
Primary aneurysmal bone cyst, however, typically does 
not involve the epiphysis and demonstrates collagenous, 
fibrous septae with hemosiderin and lacks the ovoid cells 
with nuclear grooves. As mentioned earlier, aneurysmal 
bone cyst can be seen as a secondary process in chon-
droblastoma. At times, secondary aneurysmal bone cyst 
is the predominate finding and, therefore, overshadows 
an underlying chondroblastoma. Care should be taken to 
exclude the possibility of chondroblastoma when an aneu-
rysmal bone cyst is found centered in the epiphysis.

The matrix of chondromyxoid fibroma may sometimes 
resemble chondroblastoma, and both lesions can contain 
numerous osteoclast-like giant cells. However, chondro-
myxoid fibroma is almost never epiphyseal and demon-
strates more prominent lobular growth pattern. The tumor 
cells of chondromyxoid fibroma grow in a sieve-like pat-
tern, have stellate cytoplasm, and lack nuclear grooves.

Clear cell chondrosarcoma may enter the radiologic 
differential diagnosis of an epiphyseal lesion with calci-
fications and relative circumscription. However, the his-
tologic picture of clear cell chondrosarcoma (described 
later) of large, clear cells with well-defined cytoplasmic 
borders, prominent macronucleoli, and delicate osteoid 
matrix distinguishes this tumor from chondroblastoma.

Figure 15-11
the mononuclear cells in chondroblastoma show eccentric, round to ovoid 
nuclei with occasional nuclear grooves (arrow).

CHONDrOBLASTOMA—FACT SHeeT

Definition

	▸▸  Benign, amphophilic or eosinophilic matrix-producing tumor that 
commonly involves the ends of long bones

incidence and Location

	▸▸  rare (< 1% of bone tumors)
	▸▸  Most common in epiphysis of long bones, rarely in flat bones of 

cranium or pelvis

Sex, race, and Age Distribution

	▸▸  More common in male than female sex (3:2); peak in second 
 decade of life

Clinical Features

	▸▸  pain common, present for months to years, associated with limp

Prognosis and Treatment

	▸▸  Curettage and bone graft are curative in almost all cases with rare 
(< 15%) recurrence

CHONDrOBLASTOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Curettage fragments of tan–pink firm tissue with calcifications 
without typical pale blue hyaline cartilage

Microscopic Findings

	▸▸  amphophilic or eosinophilic fibrochondroid matrix; no mature 
hyaline cartilage

	▸▸  Chicken wire calcifications
	▸▸  Ovoid to round, mononuclear cells with nuclear grooves
	▸▸  Irregularly distributed osteoclast-like giant cells
	▸▸  aneurysmal bone cyst features may be secondary

Differential Diagnosis

	▸▸  Giant cell tumor
	▸▸  aneurysmal bone cyst
	▸▸  Chondromyxoid fibroma
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CHONDROMYXOID FIBROMA

CliniCal Features

Chondromyxoid fibroma is a rare, benign, intramedul-
lary tumor with a peak in the second and third decades 
of life, but with a wide age range. Pain is common, but 
usually mild and of long duration. Swelling and tender-
ness are less common features, typically seen if the small 
bones of the distal extremities are affected. The proxi-
mal tibia is the most common site, followed by the distal 
femur. However, the distribution is widespread includ-
ing the pelvis, cranium, and the bones of the feet.

radiograPhiC Features

Chondromyxoid fibroma lesions are typically eccentri-
cally located in the metaphysic, predominantly lucent, 
and only rarely contain matrix calcification. Typical 
cases show sclerotic margins with scalloping (Figure 
15-12). Especially in small tubular bones, soft tis-
sue extension may be present, but the periosteum is 
intact.

PathologiC Features

gross Findings

In curettage specimens, chondromyxoid fibroma is 
composed of pale blue cartilage that may be softer than 
typical hyaline cartilage but not the viscous liquid of 
myxoid areas in chondrosarcoma. In a resection speci-
men, the tumor demonstrates lobulated architecture 
with a rim of sclerotic bone.

MiCrosCoPiC Findings

Chondromyxoid fibromas grow in a micro-lobular or 
macro-lobular pattern (Figure 15-13), with a tendency for 
increased cellularity at the periphery of individual lobules 

Figure 15-12
Chondromyxoid fibroma is marginated, lytic, and trabeculated.

CHONDrOMYXOiD FiBrOMA—FACT SHeeT

Definition

	▸▸  Benign neoplasm composed of nodules with myxoid matrix and 
spindled to stellate spindle cells

incidence and Location

	▸▸  rare (< 1% of bone tumors); proximal tibia, distal femur, and 
bones of feet are common locations

Sex, race, and Age Distribution

	▸▸  Male sex predominance (2:1); wide age range with peak in second 
and third decades of life

Clinical Features

	▸▸  pain is common; a mass may be present if small bones are involved

Prognosis and Treatment

	▸▸  Curettage and bone grafting is curative in most cases with rare 
recurrence (15%)

CHONDrOMYXOiD FiBrOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  pale blue, matrix softer than hyaline cartilage but not liquid
	▸▸  Well marginated with sclerotic rim

Microscopic Findings

	▸▸  Lobular growth pattern with increased cells and giant cells at 
periphery of lobules

	▸▸  tumor cells within lobules are spindled to stellate with long 
 cytoplasmic processes

	▸▸  Occasional cells with larger, smaller hyperchromatic nuclei but 
preserved nuclear-to-cytoplasmic ratio

Differential Diagnosis

	▸▸  Chondroblastoma
	▸▸  enchondroma
	▸▸  Chondroblastic osteosarcoma
	▸▸  Chondrosarcoma
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(Figure 15-14). The matrix is myxoid, lacking true hyaline 
cartilage in most cases. The tumor cells consist of small, 
delicate spindled to stellate cells with long processes that 
appear to interconnect, forming a reticular pattern (Figure 
15-15). Occasional cells with larger, hyperchromatic, though 
smudgy, nuclei may be seen (so-called pseudomalignant cells 
because the nuclear/cytoplasmic ratio is preserved) (Figure 
15-16). Osteoclast-like giant cells may be present at the 
periphery of lobules. Necrosis and prominent mitotic activ-
ity are not typically observed in chondromyxoid fibroma.

diFFerential diagnosis

Chondromyxoid fibroma can, focally, demonstrate 
ovoid to round cells with similar cytomorphology to 
chondroblastoma. However, chondroblastoma is almost 

 exclusively an epiphyseal lesion and does not demon-
strate the lobular growth pattern with increased cellu-
larity at the periphery of lobules. Enchondroma can be 
excluded by the presence of true hyaline cartilage and 
 predominantly round rather than stellate cells. Chon-
droblastic osteosarcoma is an important consideration 
because of overlap in both the quality of the matrix and 
cytomorphology. However, chondroblastic osteosar-
coma will demonstrate, at least focally, hyaline cartilage, 
as well as cells with dense, sheet-like growth associ-
ated with osteoid (Figure 15-17) and atypical spindle 
cells. Furthermore, osteosarcoma usually has a malig-
nant radiographic appearance, whereas chondromyxoid 
fibroma looks benign. Finally, chondrosarcoma demon-
strates a permeative pattern, both radiographically and 

Figure 15-13
at low power, chondromyxoid fibroma has a lobulated growth pattern.

Figure 15-14
Lobules of chondromyxoid fibroma have increased cellularity at the 
periphery and loose myxoid stroma centrally.

Figure 15-15
the cells of chondromyxoid fibroma within the lobules have spindled 
to stellate cytoplasm and small round to polygonal nuclei with fine 
chromatin and eosinophilic cytoplasmic extensions.

Figure 15-16
Occasional cells may show nuclear atypia with larger nuclei with smudgy 
chromatin. Cytoplasm is abundant so that the nuclear-to-cytoplasmic 
ratio is not increased.
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microscopically, hyaline cartilage, and pools or cystic 
spaces with viscous liquid myxoid matrix.

ENCHONDROMA

CliniCal Features

Enchondroma, or simply chondroma, is the prototypical 
benign intraosseous tumor of hyaline cartilage. These 
tumors, by definition, are benign, and other than rare 
case reports, do not recur. They are often discovered 
incidentally because they are usually painless. Conse-
quently, the exact incidence of enchondromas in the gen-
eral population is not known. Pain, when present, may 
be related to pathologic fracture and is more common 
in small tubular bones of the hands and feet. Enchon-
dromas demonstrate a wide age range (most common in 
third to fourth decades of life) and approximately equal 
sex distribution.

A small percentage of patients with enchondroma will 
have multiple tumors. Maffucci and Ollier syndromes 
are both sporadic and present with multiple enchon-
dromas of the metaphyseal regions of tubular, and less 
commonly, flat bones. Maffucci differs from Ollier in 
the presence of cavernous hemangiomas in the former. 
Although various incidences have been reported for 
progression to chondrosarcoma for the two syndromes, 
the range of lifetime risk in Ollier syndrome is slightly 
greater, approaching 30% to 50%. Regardless of the 
exact lifetime risk, patients with these syndromes need 
to be carefully managed clinically and radiographically.

radiograPhiC Features

Typically, enchondroma is a centrally placed intramed-
ullary lesion with rarification and variable amounts 
of mineralization. Perhaps the most classic finding 
on plain films of enchondromas, and a prime exam-
ple of radiopathologic correlation, is the presence of 
so-called ring calcifications. Although not invariably 
present, the radiographic finding of such rings corre-
lates with the peripheral ossification and subsequent 
mineralization of individual lobules of cartilage as 
seen histologically (Figure 15-18). Expansile growth, 
but with an intact cortex and sclerotic rim, is typical. 
Transcortical spread, soft tissue extension, or perme-
ative growth is generally incompatible with the diag-
nosis of enchondroma.

PathologiC Features

gross Findings

Curettage specimens will demonstrate firm to rubbery 
pale blue translucent hyaline cartilage without viscous 
liquid areas. Small spicules of white–tan hard bone may 
represent endochondral ossification. In a resection spec-
imen, a rim of sclerotic bone will surround the tumor.

MiCrosCoPiC Findings

Pale blue hyaline cartilage will dominate the histo-
logic picture. The interface between the cartilage and 
the surrounding bone is sharp (Figure 15-19), and tight 
permeation of trabeculae or invasion within the Haver-
sian canals is absent. Chondrocytes in lacunae are hap-
hazardly scattered without obvious columnar or nested 
distribution. Individual chondrocytes are round with 
pale-eosinophilic cytoplasm and small, central dark 
nuclei (Figure 15-20). Nuclear detail is difficult to dis-
cern except at high magnification (400X) (Figure 15-21). 
Mitotic activity is almost invariably absent. Although  
cellularity and cytologic atypia are not features of 
enchondroma, some sites, particularly the small bones 
of the hands and feet, can show increased cellularity and 
slight atypia (Figure 15-22). Enchondromas of Ollier dis-
ease also characteristically show more cytologic atypia 
and hypercellular areas with clustering, but these are 
usually focal findings.

diFFerential diagnosis

A cartilage tumor with increased cellularity and atypia 
in the long bones raises the possibility of a low-grade 
chondrosarcoma. Various guidelines, based on histology 

Figure 15-17
Chondroblastic osteosarcoma may demonstrate stellate cells in a myx-
oid stroma similar to chondromyxoid fibroma. however, the sheet-like 
growth, absence of lobular architecture, and diffuse cytologic atypia are 
features of osteosarcoma.



BONe aND SOFt tISSUe pathOLOGY340

or radiology, have been proposed to distinguish these 
entities. Radiographically, the features that have been 
most reproducibly associated with chondrosarcoma are 
pathologic fracture, soft tissue mass, periosteal reaction, 
and cortical disruption or thickening. The presence 
of permeation of viable, lamellar bone by the cartilage 

tumor represents the best histologic criterion to separate 
enchondroma from grade 1 chondrosarcoma. More spe-
cifically, enchondroma demonstrates islands of cartilage 
separated by marrow or endochondral ossification that 
conforms to the cartilage (Figure 15-23A). Conversely, 
chondrosarcoma circumferentially entraps the preexist-
ing lamellar bone (see Figure 15-23B) or seeps through 
Haversian canals. In fragmented curettage specimens 
and especially in small needle biopsies, architecture is 
difficult to discern. The histology is sufficient only to 
recognize the presence of a cartilage-forming tumor. 
Some tumors contain a less overt degree of hypercellu-
larity and cytologic atypia than grade 1 chondrosarcoma 
in combination with borderline radiographic features of 

A

B

Figure 15-18
A, Lobules of cartilage can undergo peripheral endochondral ossification. 
B, Calcification of the osteoid correlates with the characteristic ring cal-
cifications of enchondromas observed on plain films.

Figure 15-19
the border of an enchondroma with the surrounding cortex is sharp.

Figure 15-20
enchondromas may demonstrate increased cellularity, but nuclear detail 
is not visible at intermediate power (200X).
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malignancy. These have been called aggressive or active 
enchondromas. The distinction between enchondroma 
and chondrosarcoma of the small bones of the hands 
and feet is further discussed later in the Chondrosar-
coma section.

anCillary studies

The diagnostic utility of molecular techniques in sepa-
rating enchondroma from chondrosarcoma is evolving. 
Karyotypic analysis has demonstrated that enchondromas  
and borderline lesions are karyotypically normal in 

 contrast with grade 1 chondrosarcomas, which har-
bor both numeric and structural aberrations. In con-
trast, recent work by using more sensitive comparative 
genomic hybridization suggests similar numbers of 
aberrations (an average of seven) between enchondro-
mas and chondrosarcomas, although some aberrations 
are specific to either chondrosarcoma or enchondroma. 
It also appears that peripheral chondrosarcomas (those 
arising is association with osteochondromas) show more 

Figure 15-21
enchondroma at high magnification (400X). Nuclear detail is visible, but 
chondrocytes demonstrate small, usually dark nuclei with sharp nuclear 
contours and ample cytoplasm.

Figure 15-22
enchondromas of the small bones of the hands and feet often demon-
strate increased cellularity and nuclear atypia.

eNCHONDrOMA—FACT SHeeT

Definition

	▸▸  Benign, intramedullary tumor of hyaline cartilage

incidence and Location

	▸▸  Common, exact incidence is unknown because many cases are 
undetected

	▸▸  estimated 5% of all bone tumors and 16% of cartilage tumors

Sex, race, and Age Distribution

	▸▸  approximately equal sex distribution
	▸▸  Wide age range (10-80 years), with most cases in their  

20s to 50s

Clinical Features

	▸▸  Large bone examples are asymptomatic
	▸▸  Small bones of hands and feet present with slow-growing mass 

and pain

Prognosis and Treatment

	▸▸  asymptomatic tumors with benign radiographic findings can be 
observed

	▸▸  In symptomatic tumors, curettage is curative

eNCHONDrOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Curettage specimens composed of firm, pale blue hyaline cartilage 
with occasional gritty calcifications

	▸▸  resection specimens are well circumscribed

Microscopic Findings

	▸▸  pale-blue cartilage matrix
	▸▸  Low cellularity of round chondrocytes in lacunae
	▸▸  Minimal nuclear atypia: small, dark nuclei with nuclear detail  

visible only at high magnification
	▸▸  examples in small bones of hands and feet can display more  

cellularity and atypia

Differential Diagnosis

	▸▸  Low-grade chondrosarcoma
	▸▸  Chondroblastic osteosarcoma 
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loss of heterozygosity and wider variation in ploidy sta-
tus than intramedullary, or central, chondrosarcomas.

MALIGNANT

CONVENTIONAL CHONDROSARCOMA

CliniCal Features

Chondrosarcoma arising in an intramedullary location has 
also been termed central chondrosarcoma to contrast with 
peripheral chondrosarcoma arising in association with 
osteochondroma. Chondrosarcoma is primarily a tumor of 
adulthood with a wide age distribution (20s to 80s) and 
a peak in the fourth to sixth decades of life. Unlike most 
enchondromas, chondrosarcomas commonly affect the 
proximal appendicular skeleton and axial skeleton, espe-
cially the pelvic and shoulder girdles and ribs. The pelvis is 
the single-most common location. Most patients have pain, 
sometimes slowly increasing for years or even decades. 
Pain may be referred if the tumor affects the spinal nerve 
roots. A palpable, firm, tender mass is often present.

radiograPhiC Features

In long bones, the tumors are metadiaphyseal. The 
matrix demonstrates the typical calcifications suggesting 
a cartilage tumor (Figure 15-24). However, the tumor 
is poorly marginated with infiltration of the medullary 

cavity and erosion of the cortex. Other general features 
that have been most reproducibly associated with chon-
drosarcoma are pathologic fracture, soft tissue mass, 
periosteal reaction, and cortical disruption or thick-
ening. Periosteal reaction is uncommon. In the small 
bones of the hands and feet, cortical erosion without 
soft tissue extension may be observed in enchondro-
mas and, therefore, does not constitute a diagnosis of  
chondrosarcoma.

PathologiC Features

gross Findings

The matrix consists of translucent pale blue hyaline 
cartilage with scattered gritty calcifications. However, 
prominent myxoid change to a viscous, transparent liq-
uid may be prominent and suggests malignancy. High-
grade examples may demonstrate necrosis, cysts, and 
hemorrhage. Resection specimens show poor circum-
scription and infiltrative growth within the medullary 
cavity into soft tissue or both (Figure 15-25).

MiCrosCoPiC Findings

The matrix consists of pale, basophilic, hyaline car-
tilage, but areas of cystic change to myxoid matrix can 
be prominent (Figure 15-26). On average, chondrosar-
comas display more cellularity and cytologic atypia than 
enchondromas. However, field for field, overlap can exist. 
Therefore, it is important to take into consideration the 
overall picture. The single-best histologic diagnostic cri-
terion supporting chondrosarcoma is the presence of 
permeation of existing trabecular bone (Figure 15-27).  

A B

Figure 15-23
endochondral ossification should not be confused with permeative growth of cartilage tumors. A, endochondral ossification in an enchondroma 
is a gradual transformation from cartilage to lamellar bone that conforms to the shape of the cartilage lobule. B, permeation of a chondrosar-
coma characterized by a single mass of cartilage that entraps host lamellar bone with an abrupt transition between bone and cartilage.
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Permeation can also take the form of growth of the tumor 
through the Haversian canals of the cortex (Figure 15-28).  
Endochondral ossification should not be mistaken for 
true permeation. Both benign and malignant cartilage 
can undergo endochondral ossification in which one 
sees a gradual transition from cartilage to woven bone. 
This is in contrast with the abrupt transition of cartilage 
to lamellar bone characteristic of permeation.

Cytomorphologically, the chondrocytes demonstrate 
increased nuclear-to-cytoplasmic ratios, irregular nuclear 
membranes, and nucleoli. The nuclei are usually sufficiently 

large to make out detail at intermediate magnification 
(200X) (Figure 15-29). Binucleation of chondrocytes is 
 relatively insensitive in distinguishing benign from malig-
nant cartilage tumors. Spindling of chondrocytes, however, 
does point to chondrosarcoma (Figure 15-30). Mitotic 
activity is rare, except in high-grade tumors.

Of note, benign cartilage tumors of the small bones 
of the hands and feet can demonstrate many of the fea-
tures described earlier. Histologically, enchondromas of 
small bones are often hypercellular and contain nuclear 
enlargement, features that would suggest chondrosar-
coma in larger bones. Thus, in the small bones, cortical 
destruction and soft tissue extension radiographically 

Figure 15-25
Chondrosarcoma forming a large, destructive mass arising from the 
right acetabulum. Some areas have the gray–white color of hyaline 
cartilage, whereas other show cystic myxoid change typically seen in 
chondrosarcoma 001.

Figure 15-24
Chondrosarcoma involving the illum. radiographically, the tumor is large, 
lytic, and mineralized.

Figure 15-26
Myxoid change in chondrosarcoma results in a paler blue, stringy quality 
to the matrix.

Figure 15-27
Chondrosarcoma permeates bone as a single, confluent mass entrapping 
existing bony trabeculae.
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or histologically, or permeation through cortex into soft 
tissues (Figure 15-31), are required for the diagnosis of 
chondrosarcoma. Not all authors agree that the diagno-
sis can be made on cytologic features, but the presence 
of grade 3 findings should be viewed with high suspicion 
as chondrosarcoma.

ChondrosarCoMa grading

Although no strict scoring system is universally 
accepted, the general features of cellularity, nuclear 
size and detail, and mitotic activity are the variables 

 associated with grade. Figures 15-32, 15-33, and 15-34 
are examples of Grades 1, 2, and 3, respectively. It should 
be noted that decalcification can obscure nuclear detail, 
and interobserver variability can be high. Nevertheless, 
grade does correlate with prognosis.

diFFerential diagnosis

The distinction between enchondroma and low-
grade chondrosarcoma can be challenging. Clinically, 
chondrosarcomas present in the proximal skeleton 
as large masses in late adulthood. Radiographically, 
malignancy should be suspected if destructive cortical 
changes, permeative growth or soft tissue extension, 
and cortical thickening and expansion are observed. 
Individual tumors may have some or all of the wor-
risome radiographic features for malignancy. As 
described earlier, histologic evidence of permeation 
of viable, trabecular bone substantiates a diagnosis of 
chondrosarcoma. Myxoid change, increased cellular-
ity, nuclear atypia, and mitotic activity all point to 
chondrosarcoma.

Chondroblastic osteosarcoma typically affects a young-
 er age group but can resemble chondrosarcoma because 
of hypercellular cartilage and atypical chondrocytes. 
Although atypia of the chondrocytes can be present, 
growth of atypical tumor cells in sheets should suggest 
osteosarcoma. The presence of osteoid associated with 
malignant cells and zones of atypical spindle cells that 

Figure 15-28

permeation in chondrosarcoma may also extend through the haversian 
canals of the cortex.

Figure 15-29
Nuclei of low-grade chondrosarcomas may show only slightly more atypia 
than enchondroma at intermediate magnification.

Figure 15-30
Spindling of chondrocytes is a feature of chondrosarcoma.
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frequently surround the cartilage establishes the diagno-
sis of osteosarcoma.

Prognosis and treatMent

Chondrosarcomas are treated by surgical resection with 
wide margins. They do not respond to radiation or che-
motherapy. Some have suggested that chondrosarcomas 
of the phalanges may be treated by intralesional exci-
sion and close follow-up, with amputation as a last 
resort.

CHONDROSARCOMA VARIANTS

Most chondrosarcomas are of the conventional hya-
line cartilage type. However, less common variants of 
dedifferentiated, clear cell, and mesenchymal types 
(representing 10%, 1%, and 1% of cartilage tumors, 

A

B

Figure 15-31
Chondrosarcomas of the small bones of the hands and feet are rare. the 
diagnosis requires demonstration of transcortical spread and soft tissue 
growth as suggested on this plain radiograph (A) or histologically (B).

CONVeNTiONAL CHONDrOSArCOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  pale blue, firm cartilage with myxoid, viscous liquid change in 
matrix

	▸▸  Gritty calcifications may be present
	▸▸  resection specimens show permeation through medulla or cortex 

into soft tissue

Microscopic Findings

	▸▸  permeation through viable, lamellar bone or haversian canals
	▸▸  Increased cellularity
	▸▸  Spindling of chondrocytes, increased nuclear atypia
	▸▸  Mitotic activity is rare
	▸▸  a diagnosis of chondrosarcoma in the small bones of hands and 

feet requires permeation through cortex or soft tissue extension, 
or both

Differential Diagnosis

	▸▸  enchondroma
	▸▸  Chondromyxoid fibroma
	▸▸  Chondroblastic osteosarcoma

CONVeNTiONAL CHONDrOSArCOMA—FACT SHeeT

Definition

	▸▸  Malignant tumor of hyaline cartilage

incidence and Location

	▸▸  rare, representing 10% of bone tumors and 15% of malignant 
bone tumors

Sex, race, and Age Distribution

	▸▸  Slight male sex predominance (1.1:1)
	▸▸  Majority of patients in fourth through sixth decades of life

Clinical Features

	▸▸  pain is invariably present
	▸▸  pain may be referred if tumor affects vertebral or sacral nerve roots
	▸▸  a hard, tender mass is often present

Prognosis and Treatment

	▸▸  prognosis related to grade: 5-year survival rate ranges from 90% 
for grade 1 tumors to 40% for grade 3 chondrosarcomas

	▸▸  Significant mortality from local recurrence without metastasis 
even decades after diagnosis, therefore requiring long follow-up

	▸▸  resection with wide margins is preferred, limb sparing or amputa-
tion depending on reconstruction options
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respectively) form distinct clinicopathologic entities 
that are described in the following sections.

CLEAR CELL CHONDROSARCOMA

CliniCal Features

Clear cell chondrosarcoma is probably the rarest vari-
ant of chondrosarcoma, representing 1% to 2% of 
chondrosarcomas, and is unusual in that it affects a 

younger age group than conventional chondrosar-
coma (peak in third decade). The male-to-female ratio 
is approximately 2:1. Most patients have pain of sev-
eral years duration and a tender mass. More than half 
of clear cell chondrosarcomas involve the proximal 
femur, with the proximal humerus and distal femur 
other common sites. However, examples involving 
the spine, calvarium, and distal extremities have been 
reported.

radiologiC Features

Unlike other chondrosarcomas, the clear cell type is usu-
ally epiphyseal. The tumors can be osteolytic or sclerotic 
(Figure 15-35) but often circumscribed, sometimes even 
marginated, leading to a radiographic differential diag-
nosis of chondroblastoma. Calcifications indicative of 
cartilage matrix may be present in a quarter of cases. 
However, larger tumors may demonstrate features of 
malignancy including permeative growth and soft tissue 
destruction.

PathologiC Features

gross Findings

Curettage specimens demonstrate gritty calcifica-
tions, cyst formation, and variable amounts of pale 
blue matrix that is usually softer than normal hyaline 
 cartilage.

Figure 15-32

Grade 1 chondrosarcoma shows only mildly increased cellularity and 
minimal atypia compared with normal cartilage. the morphology overlaps 
substantially with enchondroma.

Figure 15-33
Grade 2 chondrosarcoma is visible with increased cellularity and cytologic 
atypia (note nuclear detail is visible even at intermediate magnification). 
permeation of viable lamellar bone is also present on the right.

Figure 15-34

Grade 3 chondrosarcoma demonstrates diffuse hypercellularity, pleomor-
phic chondrocytes with nuclear hyperchromasia, irregular nuclear mem-
branes, and necrosis. Mitotic activity is present in this case, but mitoses 
may be rare even in grade 3 tumors.
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MiCrosCoPiC Findings

Histologically, the tumor consists of plump cells with 
well-defined cytoplasmic borders, clear-to-pale eosino-
philic cytoplasm, and round nuclei with prominent nucle-
oli and vesicular chromatin (Figure 15-36). The growth 
pattern is at least focally permeative. Hyaline cartilage 
is not prominent and can be completely absent. Variable 
amounts of woven bone are typically present (Figure 
15-37). Osteoclast-like giant cells are common, a finding 
that is unusual in conventional chondrosarcoma. Mitotic 
activity is usually low. Approximately half of cases dem-
onstrate areas resembling conventional chondrosarcoma. 
By immunohistochemistry, the clear cells are strongly  
S-100 protein–positive. Rare examples of dedifferenti-
ated clear cell chondrosarcoma have been described.

diFFerential diagnosis

The histologic differential diagnosis of clear cell chon-
drosarcoma includes chondroblastic osteosarcoma and 
osteoblastoma. The unique clear cells and the radio-
graphic features of a well-marginated epiphyseal lesion 
help exclude these possibilities. The degree of pleomor-
phism, nuclear hyperchromasia, and mitotic activity of 
osteosarcoma is not present in clear cell chondrosarcoma. 

Radiographically, chondroblastoma can be difficult to dis-
tinguish from clear cell chondrosarcoma, especially in a 
skeletally immature patient. The cytomorphology of the 
clear cells, the hyaline cartilage (when present), and the 
presence of delicate woven bone trabeculae help distin-
guish clear cell chondrosarcoma from chondroblastoma.

Prognosis and treatMent

In general, clear cell chondrosarcoma is treated as a 
low-grade sarcoma with en bloc resection whenever 
possible. If insufficiently eradicated, for example, with 
 intralesional curettage, patients may progress with 
destructive or local recurrence. Pulmonary or other 
metastases lead to mortality in 15% of cases.

Figure 15-35
radiographically, clear cell chondrosarcoma presents as a sclerotic, 
epiphyseal lesion with relatively good circumscription. the radiographic 
differential diagnosis includes chondroblastoma.

Figure 15-36
Clear cell chondrosarcoma typically contains delicate trabeculae of oste-
oid and multinucleated giant cells.

Figure 15-37
the cells of clear cell chondrosarcoma show ample pale to clear cytoplasm, 
well-defined nuclear membranes, and centrally placed round to ovoid 
nuclei with prominent nucleoli. Nuclear atypia is typically not marked.
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DEDIFFERENTIATED CHONDROSARCOMA

Dedifferentiated chondrosarcoma is defined by the pres-
ence of a biphasic tumor composed of a conventional 
chondrosarcoma (usually grade 1) and a high-grade 

sarcoma. The term dedifferentiated chondrosarcoma 
may not accurately describe the pathogenesis of the 
tumor. That is, dedifferentiated chondrosarcoma prob-
ably does not represent true dedifferentiation of a 
well-differentiated chondrosarcoma into a high-grade 
sarcoma but diversion of a common progenitor cell 
down chondrogenic and nonchondrogenic differentia-
tion pathways.

CliniCal Features

Dedifferentiated chondrosarcomas represent about 10% 
of all chondrosarcomas and tend to occur in the same 
locations as conventional chondrosarcomas (pelvis 
and proximal humerus) but with a far worse prognosis  
(5-year survival rate of <10% in some series). The 
peak incidence is in the sixth decade, and the sexes are 
equally affected. Pain is invariably present, and a mass 
is common. Some patients have rapid increase in pain 
and/or size of a mass that may have been asymptomatic 
for years.

radiologiC Features

The tumors are large and contain: (1) a mineralized 
chondroid-containing tumor with evidence of perme-
ation or cortical erosion; and (2) a second component 
that is lytic, destructive, and oftentimes associated with 
a soft tissue mass (Figure 15-38). Usually the transition 
between the two components is sharp.

PathologiC Features

gross Findings

Typically, the dedifferentiated chondrosarcoma lesion 
is centered in the medullary cavity and consists of pale 
blue hyaline cartilage, possibly with cystic or liquefied 
myxoid areas. Peripherally, or at times within the car-
tilage component, the tumor is composed of fleshy, soft 
tumor with necrosis and hemorrhage that extends into 
the soft tissues (Figure 15-39).

MiCrosCoPiC Findings

Microscopic findings of dedifferentiated chondrosar-
coma include a biphasic pattern with an abrupt transi-
tion between hyaline cartilage tumor and a high-grade 
sarcoma (Figure 15-40). The well-differentiated com-
ponent typically consists of grade 1 chondrosarcoma. 
The high-grade component demonstrates sheets of pleo-
morphic cells with large, hyperchromatic, sometimes 

CLeAr CeLL CHONDrOSArCOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Curettage specimens have gritty calcifications, pale blue cartilage 
softer than normal hyaline cartilage, cysts

Microscopic Findings

	▸▸  Large, clear cells with prominent cytoplasmic borders, round-to-
oval nuclei with vesicular chromatin, and prominent nucleoli

	▸▸  Matrix including variable amounts of woven bone and hyaline  
cartilage

	▸▸  Multinucleated, osteoclast-like giant cells may be present

Differential Diagnosis

	▸▸  Chondroblastic osteosarcoma
	▸▸  Osteoblastoma

CLeAr CeLL CHONDrOSArCOMA—FACT SHeeT

Definition

	▸▸  Low-grade malignant neoplasm of cartilage with characteristic 
large, clear cells

incidence and Location

	▸▸  rare, 1% to 2% of all cartilage tumors
	▸▸  Most commonly affects proximal femoral epiphysis, less common 

in proximal humerus and distal femur

Sex, race, and Age Distribution

	▸▸  2:1 male-to-female ratio
	▸▸  affects younger patients (peak in third decade of life) than does 

conventional chondrosarcoma but with wide age range (20-70 years)

Clinical Features

	▸▸  pain of several years’ duration
	▸▸  tender mass

radiographic Features

	▸▸  Variable, most present as well-circumscribed, lytic lesion involving 
the epiphysis

	▸▸  Sclerotic rim may be present suggesting a benign lesion including 
chondroblastoma

	▸▸  Stippled calcifications in 25% of cases
	▸▸  Larger examples are permeative with soft tissue destruction

Prognosis and Treatment

	▸▸  en bloc resection results in cure as a rule
	▸▸  Incomplete eradication by curettage may result in metastases and 

mortality in 15% of such cases
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bizarre nuclei. The latter cells can grow in various pat-
terns including storiform to fascicular and may produce 
osteoid. Mitotic figures, including atypical forms, are 
 common.

diFFerential diagnosis

The presence of a malignant tumor producing both car-
tilage and bone raises the possibility of chondroblastic 
osteosarcoma. However, in the latter tumor, cartilage- and  
osteoid-forming areas merge and are intermixed without 
the abrupt transition seen radiographically, grossly, and 
microscopically in dedifferentiated chondrosarcoma.

Conventional chondrosarcoma can be distinguished 
by the absence of the high-grade component. Conversely, 
malignant fibrous histiocytoma and fibrosarcoma may 

Figure 15-38
radiograph shows a dedifferentiated chondrosarcoma involving the 
proximal humerus. the pattern of central mineralization is typical for 
chondrosarcoma. however, the aggressive appearance with a large soft 
tissue mass suggests dedifferentiated chondrosarcoma.

Figure 15-39
Dedifferentiated chondrosarcoma.
the medullary part of the tumor is composed of gray–white cartilage. 
the tan–brown extraosseous portion represents the high-grade sarcoma 
component.

A

B

Figure 15-40
A, Dedifferentiated chondrosarcoma is characteristically a biphasic tumor 
with broad zones of hyaline cartilage juxtaposed with a second high-grade 
sarcoma. B, the dedifferentiated component consists of a high-grade sarcoma 
such as malignant fibrous histiocytoma, as in this example, or osteosarcoma.
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be indistinguishable from the high-grade component of a 
dedifferentiated chondrosarcoma microscopically, espe-
cially if the biopsy is from the periphery of the lesion. 
Radiologic evidence of a pre-existing cartilaginous lesion 
is helpful in such cases.

Prognosis and treatMent

Unfortunately, the prognosis of dedifferentiated chon-
drosarcoma is poor with a 5-year survival rate of less 
than 10%. Standard management consists of wide 
resection of the tumor, although limb salvage is often 
impossible given the large soft tissue component of these 
tumors. The response to adjuvant chemotherapy has 
been unsatisfactory.

MESENCHYMAL CHONDROSARCOMA

CliniCal Features

Mesenchymal chondrosarcoma is a rare variant of 
chondrosarcoma, representing 1% to 3% of chondro-
sarcomas. Like clear cell chondrosarcoma, the mes-
enchymal variant peaks during the second and third 
decades of life. Most patients have pain and swelling. 
The sexes are equally affected. These tumors often 
involve the pelvis, ribs, and jaw. Unlike the other 
malignant cartilage tumors, mesenchymal chondrosar-
comas frequently occur primarily in extraosseous sites 
(approximately 30%).

radiologiC Features

Mesenchymal chondrosarcoma is infiltrative with corti-
cal destruction and soft tissue extension. Most examples 
are primarily lytic with matrix calcifications. However, 
the findings are not specific and may suggest conven-
tional chondrosarcoma or osteosarcoma (Figure 15-41). 
Rare examples may demonstrate margination and a rim 
of sclerotic bone belying their malignant nature.

PathologiC Features

gross Findings

The most common finding in mesenchymal chon-
drosarcoma is a haphazard admixture of pale blue, firm 
cartilage, and fleshy pink, soft tumor tissue. Gritty cal-
cifications may be present. Cystic change, necrosis, and 
hemorrhage are common.

MiCrosCoPiC Findings

Mesenchymal chondrosarcoma demonstrates a 
biphasic pattern composed of a hyaline cartilage compo-
nent and a small blue cell malignancy (Figure 15-42) in 

DeDiFFereNTiATeD CHONDrOSArCOMA—FACT SHeeT

Definition

	▸▸  Malignant tumor of cartilage with a second, high-grade,  
noncartilaginous component

incidence and Location

	▸▸  rare, 10% of all chondrosarcomas
	▸▸  Most commonly affects pelvis and proximal femur epiphysis

Sex, race, and Age Distribution

	▸▸  Male-to-female ratio is 1:1
	▸▸  affects same age range as conventional chondrosarcoma, with 

peak in sixth decade of life

Clinical Features

	▸▸  pain, sometimes with recent increase in severity
	▸▸  tender mass

radiographic Features

	▸▸  Biphasic tumor
	▸▸  Intramedullary component with ring or stippled calcifications  

suggesting cartilage
	▸▸  Second component is aggressive, permeative, usually with a large 

soft tissue mass

Prognosis and Treatment

	▸▸  Wide excision, usually with amputation and adjuvant chemotherapy
	▸▸  Long-term survival rate is < 10%

DeDiFFereNTiATeD CHONDrOSArCOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Biphasic tumor
	▸▸  Central zone of pale blue hyaline cartilage with rubbery to liquid 

myxoid consistency
	▸▸  peripheral tumor and soft tissue component fleshy, soft with 

necrosis and hemorrhage

Microscopic Findings

	▸▸  the two components are sharply demarcated
	▸▸  Central area of conventional chondrosarcoma (usually grade 1)
	▸▸  high-grade component of osteosarcoma, fibrosarcoma, or malignant 

fibrous histiocytoma; pleomorphic nuclei, necrosis, abundant mitoses

Differential Diagnosis

	▸▸  Chondroblastic osteosarcoma
	▸▸  Chondrosarcoma
	▸▸  Malignant fibrous histiocytoma
	▸▸  Fibrosarcoma
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variable amounts. The two components are oftentimes 
abruptly adjacent to one another; however, occasionally, 
the interface is more gradual. The cartilage component 
is well differentiated cytologically and may demonstrate 
areas of endochondral ossification (Figure 15-43A). In 

contrast, the small-cell component is hypercellular with 
a high nuclear-to-cytoplasmic ratio, raising the possibil-
ity of Ewing sarcoma or lymphoma (see Figure 15-43B). 
Spindling in the small-cell component can be seen as a 
“hemangiopericytomatous” pattern of vasculature.

MeSeNCHYMAL CHONDrOSArCOMA—FACT SHeeT

Definition

	▸▸  high-grade malignant biphasic neoplasm of benign cartilage and 
primitive small round blue cells

incidence and Location

	▸▸  rare, 1% to 3% of all cartilage tumors
	▸▸  Most commonly affects pelvis, ribs, and jaw, 30% are extraosseous

Sex, race, and Age Distribution

	▸▸  equal sex ratio
	▸▸  affects younger patients than conventional chondrosarcoma; peak 

in second and third decades of life

Clinical Features

	▸▸  pain with tender mass

radiographic features

	▸▸  permeative, lytic mass with cortical destruction and soft tissue 
destruction

	▸▸  Calcifications suggesting cartilage are common

Prognosis and Treatment

	▸▸  recurrence and metastases can be observed decades after initial 
diagnosis

	▸▸  Wide local excision with adjuvant chemotherapy is warranted in 
most cases

MeSeNCHYMAL CHONDrOSArCOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  admixture of firm, pale blue cartilage and soft, fleshy, pink tis-
sue; gritty calcifications may be present

Microscopic Findings

	▸▸  Biphasic, composed of cytomorphologically well-differentiated 
hyaline cartilage and a small round blue cell neoplasm

	▸▸  haphazard arrangement of two components, interface may be 
gradual or abrupt

	▸▸  Small-cell component contains spindled areas and demonstrates 
hemangiopericytoma-like vascular pattern, necrosis, and hemorrhage

Differential Diagnosis

	▸▸  Chondroblastic osteosarcoma
	▸▸  ewing sarcoma
	▸▸  Dedifferentiated chondrosarcoma

Figure 15-41
radiograph of mesenchymal chondrosarcoma involving the proximal tibia. 
It is a permeative metaphyseal lesion with calcifications.

Figure 15-42
at low power, mesenchymal chondrosarcoma is a biphasic tumor composed 
of hyaline cartilage and small round blue cells. hemangiopericytoma-like 
vessels may be prominent.
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anCillary studies

Specific immunohistochemical stains do not establish the 
diagnosis of mesenchymal chondrosarcoma. The cartilage 
component is typically S-100 positive, and importantly, 
the small-cell component can express CD99. However, 
the t(11;22) EWS:FLI1 translocation of Ewing sarcoma 
has not been detected in mesenchymal chondrosarcoma.

diFFerential diagnosis

The presence of matrix production by the tumor should 
exclude Ewing sarcoma and lymphoma, although confirma-
tion by cytogenetic or molecular genetic means (confirming 
an absence of the EWS translocation) may be necessary on 
small biopsies. Dedifferentiated chondrosarcoma may be a 
consideration because of the biphasic pattern. However, 
the high-grade component in dedifferentiated component 
is typically not a small round blue cell tumor but rather an 
osteosarcoma or malignant fibrous histiocytoma. Dedif-
ferentiated chondrosarcoma also typically affects an older 
age group. The diagnosis of chondroblastic osteosarcoma 
should be considered in the differential but can be distin-
guished by the presence of cytologically malignant cells in 
the cartilage component, which blend gradually, rather 
than abruptly, into the spindle cell proliferation.

Prognosis and treatMent

Mesenchymal chondrosarcoma typically has an extended 
clinical course with recurrence and pulmonary metasta-
sis, sometimes after a long interval. Primary treatment 

consists of wide excision and reconstruction. Extensive 
soft tissue involvement may negate the possibility of 
limb-sparing surgery. Adjuvant chemotherapy may be 
useful, but established protocols do not exist for this rare 
tumor. Unresectable tumors may be treated with defini-
tive chemoradiation.
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The four principle fibrous tumors of bone are differ-
ent from one another and cover the entire spectrum of 
clinical behavior. They can be entirely benign, or they 
can behave in an aggressive, malignant fashion. At the 
benign end of the spectrum is nonossifying fibroma. 
This is a self-limited developmental lesion that often-
times does not require treatment. At the aggressive end 
of the spectrum are high-grade malignant fibrous histio-
cytoma and fibrosarcoma, both of which can be lethal 
tumors. Between these extremes of clinical behavior are 
two other fibrous lesions that carry more moderate prog-
noses: desmoplastic fibroma, a locally aggressive lesion 
that does not metastasize, and low-grade fibrosarcoma, a 
low-grade malignancy that is often curable.

FIBROUS LESIONS

NONOSSIFYING FIBROMA (Metaphysical 
Fibrous Defect, Fibrous Cortical Defect)

Nonossifying fibromas are common benign proliferations 
of fibrous tissue that occur in the metaphyseal region of 
long bones. They form during skeletal growth and most 
probably are caused by exaggerated subperiosteal osteo-
clastic resorption during metaphyseal modeling. This 
exaggerated resorptive process often begins at the site 
of tendon insertions. Small lesions, known as fibrous 
cortical defects, result from the same process. Although 

nonossifying fibromas form in the metaphyseal region, 
they migrate into the diaphysis during bone growth. 
Although they are lytic processes initially, lesions often 
fill in with reparative new bone.

CliniCal Features

Nonossifying fibromas most commonly involve the dis-
tal femur and the proximal tibia, sites that account for 
80% of lesions. The distal tibia, both ends of the fib-
ula, and the distal radius may also be involved. The flat 
bones, the small bones of the hands and feet, the spine, 
and the craniofacial skeleton are not affected. Lesions 
in these locations with similar histologic features are 
best regarded as benign fibrous histiocytomas. Many 
nonossifying fibromas are asymptomatic and are discov-
ered incidentally on radiographs taken for other lesions. 
Undoubtedly, many are never diagnosed. Large non-
ossifying fibromas may cause pain, and some present 
with pathologic fracture. Symptoms, when present, usu-
ally develop when patients are in their midteens. The 
development of a nonossifying fibroma before age 5 is 
rare. Occasionally, patients have multiple nonossifying 
fibromas in the same bone. A syndrome of nonossifying 
fibromas in multiple bones and café-au-lait spots on the 
skin is known as the Jaffe–Campanacci syndrome.

radiologiC Features

Nonossifying fibromas are lytic metaphyseal lesions. 
Characteristically, lesions are eccentric in the med-
ullary canal and are juxtaposed to one cortex. In 
 addition, the margins are scalloped, and a sclerotic 
rim is present (Figure 16-1). Nonossifying fibromas 
in older patients often have intralesional radioden-
sity, a manifestation of healing (Figure 16-2). Small 
lesions, from 1 to 2 cm, are regarded as fibrous corti-
cal defects (Figure 16-3). Alternatively, some lesions 
reach 7 cm in maximum diameter and cause cortical 
expansion, and some present with pathologic fracture 
(Figure 16-4).

16 Fibroblastic and Fibrohistiocytic Tumors
Edward F. McCarthy

FIBROUS LESIONS
 •  Nonossifying Fibroma (Metaphysical Fibrous Defect, 

Fibrous Cortical Defect)��
 •  Desmoplastic Fibroma
 •  Fibrosarcoma of Bone
FIBROHISTIOCYTIC LESIONS
 •  Benign Fibrous Histiocytoma of Bone
 •  Malignant Fibrous Histiocytoma of Bone
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PathologiC Features

gross Findings

Curettings from a nonossifying fibroma are portions 
of friable, yellow–brown soft tissue.

MiCrosCoPiC Findings

Nonossifying fibromas consist of a spindle cell stroma 
with scattered small multinucleated giant cells, although 
the giant cells may be scarce. Characteristically, the spin-
dle cells are arranged in a whorled or storiform pattern 
(Figure 16-5). Occasionally, the stroma is cellular, and 
the spindle cells often have plump uniform nuclei (Fig-
ure 16-6). In some larger lesions, a moderate number 
of typical mitotic figures are present. In addition to the 
giant cells and the stromal cells, foam cells and occa-
sional hemosiderin-laden macrophages are present (Fig-
ure 16-7). Reactive bone is common, especially in older 
lesions.

diFFerential diagnosis

Because nonossifying fibromas consist of spindle cells 
admixed with many giant cells, giant cell tumor of bone 
may be considered as a diagnosis. However, giant cell 
tumor of bone always involves both the epiphyseal and 
metaphyseal portions of a bone, whereas nonossifying 
fibromas are confined to the metaphases.

The fibrous stroma of a nonossifying fibroma fre-
quently contains reactive new bone. This combination 
of new bone and a fibrous stroma may lead to the misdi-
agnosis of fibrous dysplasia. However, the radiographic 
pattern of nonossifying fibroma is characteristically an 

Figure 16-1
Nonossifying fibroma: radiographic appearance.
Lesions show a well-defined lytic area in the metaphyseal portion of 
a long bone. A sclerotic rim is present, and the lesion is based on the 
cortex.

Figure 16-2
Nonossifying fibroma: radiographic appearance.
Lesions in older patients show features of healing. Well-defined radioden-
sity is in the metaphysis adjacent to the cortex.

Figure 16-3
Nonossifying fibroma: radiographic appearance.
Small radiolytic lesions in the metaphysis are known as fibrous cortical 
defects (arrow).
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Figure 16-4
Nonossifying fibroma: radiographic appearance.
Lesions may occasionally present with a pathologic fracture.

Figure 16-5
Nonossifying fibroma: histologic appearance.
Low-power view photomicrograph showing bland spindle cells admixed 
with multinucleated giant cells. The spindle cells assume a storiform 
pattern.

Figure 16-6
Nonossifying fibroma: histologic features.
The spindle cells are often numerous and contain plump vesicular nuclei.

NONOSSiFYiNg FiBrOMA—FACT SHeeT

Definition

	▸▸  Nonossifying fibromas are benign spindle cell proliferations that 
occur in the metaphyseal portion of long bones

incidence and location

	▸▸  80% of lesions occur in the distal femur or proximal tibia; the 
exact incidence is unknown, but they are relatively common

Morbidity and Mortality

	▸▸  Occasionally, lesions present with pathologic fracture

Sex, race, and Age Distribution

	▸▸  Lesions form in childhood during skeletal growth

Clinical Features

	▸▸  Most lesions are asymptomatic; rarely, larger lesions cause pain
	▸▸  Lesions may present with pathologic fracture

radiologic Features

	▸▸  A well-defined eccentric lytic lesion in the metaphyseal portion of 
a long bone

	▸▸  A sclerotic rim is present

Prognosis and Treatment

	▸▸  Most lesions can be left untreated. Larger lesions or lesions with 
pathologic fracture may need to be curetted

NONOSSiFYiNg FiBrOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Lesions consist of friable, yellow–brown tissue

Microscopic Findings

	▸▸  Cellular but uniform spindle cells arranged in a storiform pattern; 
often, multinucleated giant cells, foam cells, and hemosiderin-
laden macrophages are present

Differential Diagnosis

	▸▸  Giant cell tumor
	▸▸  Malignant fibrous histiocytoma
	▸▸  Fibrous dysplasia
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eccentric lucency with a sclerotic rim, a pattern almost 
never seen in fibrous dysplasia.

Some nonossifying fibromas may show extreme 
 cellularity and contain numerous mitotic figures. 
These features may lead to the misdiagnosis of a malig-
nant fibrous histiocytoma. However, nuclear pleomor-
phism and atypical mitotic figures are never present 
in a nonossifying fibroma. Moreover, the radiographic 
 features are those of a benign, well-circumscribed lesion 
with a sclerotic rim, features not seen in malignant 
 neoplasms.

Prognosis and treatMent

Nonossifying fibromas are self-limited lesions. Although 
a rare lesion may reach 7 cm in maximum diameter, 
lesions are usually from 2 to 4 cm. Small, asymptomatic, 
nonossifying fibromas need no therapy; most heal spon-
taneously over several years. Larger lesions, particularly 
those that expand the cortex or those that present with 
pathologic fracture, should be treated with curettage 
and bone grafting. Recurrence after treatment is rare. 
Because nonossifying fibromas are almost never discov-
ered in older adults, asymptomatic lesions must have 
healed spontaneously.

DESMOPLASTIC FIBROMA

Desmoplastic fibroma is an extremely rare bone tumor. 
This lesion is the interosseous counterpart of soft 
 tissue fibromatosis. Like fibromatosis of soft tissue, 

 desmoplastic fibroma of bone does not metastasize. 
However, it is extremely aggressive locally, and incom-
plete removal often leads to a recurrence.

CliniCal Features

Desmoplastic fibroma has occurred in patients between 
ages 20 months and 60 years. However, most lesions 
occur in adolescents and young adults, the peak inci-
dence being between ages 15 and 25 years. Patients 
have pain, often for several years, which suggests slow 
growth. On rare occasions, a desmoplastic fibroma may 
be an incidental finding. Any bone may be affected by 
desmoplastic fibroma. However, most lesions occur 
in the long bones, particularly the distal femur and 
proximal tibia. The pelvis is frequently involved. Des-
moplastic fibroma also shows a predilection for the 
mandible.

radiologiC Features

Desmoplastic fibromas are radiolytic lesions that 
 characteristically show a multicystic, expansile pat-
tern (Figure 16-8). Lesions are usually well defined 
and often have a bubbly appearance (Figure 16-9). 
When they occur in a long bone, they are centered 
in the metaphysis (Figure 16-10). Occasionally, the 
 epiphyseal portion may also be involved. The cortex 
is often focally destroyed, and a soft tissue mass, best 
visualized on magnetic resonance imaging (MRI), 
may be present. Twelve percent of patients present 
with pathologic fracture. A helpful clue to the diag-
nosis of desmoplastic fibroma on MRI is that most 
lesions have a low to intermediate signal on T2-
weighted images.

Figure 16-7
Nonossifying fibroma: histologic appearance.
Lesions often contain large numbers of hemosiderin-laden macrophages 
and foam cells. These features have led some pathologists to the name 
fibroxanthoma.

Figure 16-8
Desmoplastic fibroma of bone: radiographic appearance.
This specimen radiograph of a lesion in a rib shows a multicystic, expans-
ile pattern.
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PathologiC Features

gross Findings

Desmoplastic fibromas are extremely dense fibrous 
lesions. They are gray–white and range in size from 3 to  
10 cm, although lesions as large as 20 cm have been reported.

MiCrosCoPiC Findings

Desmoplastic fibromas are histologically identical to 
the fibromatoses of soft tissue. They show a pattern-
less proliferation of benign-appearing myofibroblasts 
with a densely collagenized stroma (Figure 16-11). 
The fibroblasts have bland, oval, or elongated nuclei, 

Figure 16-9
Desmoplastic fibroma of bone: radiographic appearance.
This lesion in the calcaneus shows a well-defined, bubbly area of bone 
destruction.

Figure 16-10
Desmoplastic fibroma of bone: radiographic appearance.
This lesion in the proximal tibia is well-defined and involves the metaphyseal 
portion of bone.

DeSMOPLASTiC FiBrOMA—FACT SHeeT

Definition

	▸▸  Desmoplastic fibroma of bone is a benign but locally aggressive 
interosseous proliferation of fibroblasts; it is the intraosseous 
equivalent to soft tissue fibromatosis

incidence and Location

	▸▸  Desmoplastic fibroma is rare; it most commonly occurs in the long 
bones; the mandible is also a frequently involved site

Morbidity and Mortality

	▸▸  Desmoplastic fibroma is a benign tumor; morbidity results from 
local recurrence of incompletely removed lesions

Sex, race, and Age Distribution

	▸▸  Desmoplastic fibroma usually occurs in adolescents and young 
adults; however, cases have been reported between the ages of  
20 months and 60 years

Clinical Features

	▸▸  Pain is the most frequent presenting complaint; often, the pain 
has been present for many years

radiologic Features

	▸▸  Lesions are lytic with a multicytic destructive pattern; the cortex 
is often destroyed; with MrI, lesions are low to intermediate 
 signal on T2-weighted images

Prognosis and Treatment

	▸▸  resection with clear margins is the treatment of choice; a 
 curettage results in a recurrence rate of 50%

DeSMOPLASTiC FiBrOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Lesions are shiny, gray, firm tissue that range from 3 to 10 cm in 
maximum diameter

Microscopic Findings

	▸▸  Bland spindle-shaped fibroblasts in a collagenized extracellular 
matrix; atypia is absent, and mitotic figures are rare

immunohistochemical Features

	▸▸  Vimentin stains are usually positive

Differential Diagnosis

	▸▸  Low-grade fibrosarcoma
	▸▸  Fibrous dysplasia
	▸▸  Nonossifying fibroma
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 usually without a nucleolus (Figure 16-12). Mitotic 
figures are rare. The fibroblastic proliferation has an 
infiltrative growth pattern, often entrapping native 
trabeculae.

anCillary studies

iMMunohistoCheMistry

Immunohistochemistry is not helpful in the diagnosis 
of desmoplastic fibroma of bone. Lesions are usually pos-
itive for vimentin and negative for other markers. This 
finding is nonspecific and nondiagnostic.

diFFerential diagnosis

Desmoplastic fibroma of bone may be extremely dif-
ficult to distinguish from low-grade fibrosarcoma of 
bone. Fibrosarcoma, however, will have cellular atypia, 
 occasional mitotic figures, and a “herringbone” arrange-
ment of cells.

Lesions of fibrous dysplasia that show little woven 
bone may also be confused with desmoplastic fibroma. 
However, careful attention to radiographic features typi-
cal of fibrous dysplasia, as well as thoroughly searching 
the neoplastic tissue for woven bone, will help diagnose 
fibrous dysplasia.

Desmoplastic fibroma may also be misdiagnosed as 
a nonossifying fibroma. However, the radiographic fea-
tures of nonossifying fibroma are characteristic. Lesions 
are well demarcated with a sclerotic rim and based on 
the cortex. By contrast, desmoplastic fibroma has an 
expansile destructive pattern. In addition, nonossi-
fying fibroma has a storiform pattern of spindle cells 

admixed with multinucleated giant cells and foam cells 
pattern. These features are not present in desmoplastic 
fibroma.

Prognosis and treatMent

Wide local excision with tumor-free margins is the treat-
ment of choice for desmoplastic fibroma. A simple curet-
tage has a recurrence rate of close to 50%. Patients with 
huge lesions or patients who have had recurrences may 
require an amputation. Desmoplastic fibroma does not 
metastasize.

FIBROSARCOMA OF BONE

Fibrosarcoma of bone is a spindle cell neoplasm that is 
usually of low- to intermediate-grade malignancy. Since 
the 1970s, when the concept of malignant fibrous histio-
cytoma was formulated, the diagnosis of fibrosarcoma in 
bone has become rare. This is because lesions formally 
classified as high-grade spindle cell neoplasms are now 
regarded as malignant fibrous histiocytomas or fibro-
blastic osteosarcomas.

CliniCal Features

Although rare cases of fibrosarcoma of bone have been 
reported in infancy, this neoplasm usually occurs in 
adults, the peak incidence being in the fifth decade of 
life. Patients have pain, usually long standing, or they 

Figure 16-11
Desmoplastic fibroma of bone: histologic features.
Bland spindle cells are present in a heavy collagenized matrix.

Figure 16-12
Desmoplastic fibroma of bone: histologic features.
The spindle cells show no atypia, and mitotic figures are extremely rare.
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may present with pathologic fracture. This neoplasm 
usually occurs in the long bones, and more than half the 
cases occur in either the distal femur or proximal tibia.

radiologiC Features

Fibrosarcomas are poorly defined radiolucent lesions 
(Figure 16-13). The lytic process typically involves the 
central portion of the medullary canal, although occa-
sional lesions may be centered on the cortex (Figure  
16-14) and have a significant soft tissue mass. Many 
lesions have a permeative or “moth-eaten” pattern of 
bone destruction. Pathologic fracture may be present.

PathologiC Features

gross Findings

Fibrosarcoma of bone is a firm, white soft tissue mass 
that shows extensive replacement of the cancellous and 
cortical bone.

MiCrosCoPiC Findings

Fibrosarcoma of bone is composed of spindle cells 
arranged in a fascicular or “herringbone” pattern (Fig-
ure 16-15). In low-grade tumors, the spindle cells are 

uniform and mild-to-moderate nuclear atypia is present 
(Figure 16-16). High-grade tumors are highly cellular and 
contain obvious cytologic atypia with numerous mitotic 
figures. Some lesions have large amounts of extracellu-
lar collagen (Figure 16-17). Occasionally, lesions have a 
myxoid appearance.

FiBrOSArCOMA OF BONe—FACT SHeeT

Definition

	▸▸  Spindle cell neoplasm of low- to intermediate-grade malignancy

incident and Location

	▸▸  Fibrosarcoma of bone is rare; most commonly, lesions affect the 
distal femur and proximal tibia

Sex, race, and Age Distribution

	▸▸  Most patients are adults, the peak incidence being between ages 
40 and 50

Clinical Features

	▸▸  Patients present with pain

radiologic Features

	▸▸  Lesions are poorly defined radiolytic lesions, often with a 
 permeative pattern of bone destruction; a soft tissue mass may 
also be present

Prognosis and Treatment

	▸▸  Treatment is surgical ablation with disease-free margins;  
low-grade fibrosarcomas have a 10-year survival rate of 80%; 
high-grade lesions have a lower survival rate

FiBrOSArCOMA OF BONe—PATHOLOgiC FeATureS

gross Findings

	▸▸  Shiny, white, firm soft tissue replacing bone

Microscopic Findings

	▸▸  Cellular spindle cell neoplasm with mild nuclear atypia
	▸▸  Spindle cells are arranged in a “herringbone” pattern
	▸▸  Varying amount of collagen may be present

immunohistochemical Features

	▸▸  Lesions are positive for vimentin
	▸▸  A few tumor cells may be weakly positive with smooth muscle actin

Differential Diagnosis

	▸▸  Desmoplastic fibroma
	▸▸  Malignant fibrous histiocytoma

Figure 16-13
Fibrosarcoma of bone: radiographic features.
This fibrosarcoma in the neck of the femur exhibits a poorly defined area 
of bone destruction.
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anCillary studies

iMMunohistoCheMistry

Fibrosarcoma of bone is positive for vimentin. These 
tumors typically are also mildly or focally positive with 
smooth muscle actin.

diFFerential diagnosis

Histologically, a low-grade fibrosarcoma may be diffi-
cult to distinguish from a desmoplastic fibroma. How-
ever, two important histologic differences exist. First, 
unlike the spindle cells of a desmoplastic fibroma, which 
are haphazardly arranged, the spindle cells of fibrosar-
coma are usually arranged in bundles. Sometimes the 
bundles interlace to form the “herringbone” pattern. 
Second, fibrosarcoma of bone has mild-to-moderate 
nuclear atypia, a feature that is missing in desmoplastic 
fibroma.

High-grade fibrosarcoma of bone may also be con-
fused with malignant fibrous histiocytoma. However, 

Figure 16-14
Fibrosarcoma of bone: radiographic features.
This fibrosarcoma in the distal femur shows a poorly defined lytic lesion 
centered on the cortex with an associated soft tissue mass.

Figure 16-15
Fibrosarcoma of bone: histologic features.
Lesions consist of a cellular population of spindle cells that often assumes 
a “herringbone” pattern.

Figure 16-16
Fibrosarcoma of bone: histologic features.
The spindle cells usually show mild nuclear atypia.

Figure 16-17
Fibrosarcoma of bone: histologic features.
Some low-grade lesions are heavily collagenized. The spindle cells, 
 however, show some mild nuclear atypia.
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malignant fibrous histiocytoma generally contains a 
storiform, rather than a herringbone, pattern and more 
nuclear pleomorphic. A diagnosis of fibroblastic osteo-
sarcoma should be made whenever any amount of oste-
oid production is identified.

Prognosis and treatMent

Fibrosarcoma of bone is treated with ablative surgery. 
Chemotherapy may also be considered for high-grade 
tumors.

Prognosis depends on histologic grade. Low-grade 
(grade 1) lesions have a 10-year survival rate of about 
80%. In higher-grade tumors, the survival approaches 
that of malignant fibrous histiocytoma. These higher-
grade fibrosarcomas may have a 10-year survival closer 
to 34%.

FIBROHISTIOCYTIC LESIONS

BENIGN FIBROUS HISTIOCYTOMA OF BONE

Some pathologists recognize an entity called benign 
fibrous histiocytoma of bone. This lesion is histologically 
characterized by a storiform arrangement of spindle 
cells, scattered foam cells, and giant cells. When a 
lesion of this histologic pattern is seen in the metaph-
ysis, it is more properly regarded as a nonossifying 
fibroma. The term benign fibrous histiocytoma should 
be used for tumors with similar histologic features 
that occur in other locations, such as the flat bones 
and vertebrae. In the epiphysis, where most cases have 
been reported, this histologic pattern most probably 
represents involutional change in a conventional giant 
cell tumor.

MALIGNANT FIBROUS HISTIOCYTOMA  
OF BONE

The concept of malignant fibrous histiocytoma was for-
mulated in the 1960s to describe a pleomorphic spindle 
cell sarcoma with a storiform pattern. This neoplasm 
was believed to be a proliferation of facultative fibro-
blasts that could either have a spindle cell or histiocytic 
morphology. This sarcoma could be primary in any 
organ, including bone.

With the increasing use of immunohistochemical 
stains, the idea of malignant fibrous histiocytoma has 

become blurred. Lesions may exhibit a wide variety 
of antigens, including actin, desmin, S-100, epithelial 
membrane antigen (EMA), and even keratin. This find-
ing has led some pathologists to postulate that malignant 
fibrous histiocytoma should not be regarded as a distinct 
entity. However, a large proportion of these neoplasms 
lack these specific immunohistochemical markers, and 
because they usually have a significant population of 
spindle cells, they may be regarded as pleomorphic fibro-
sarcomas. In addition, many contain desmin and may 
be regarded as pleomorphic myofibroblastic sarcomas. 
Alternatively, this entity may be thought of as undiffer-
entiated sarcoma, the connective tissue counterpart of 
undifferentiated carcinomas of parenchymal organs. For 
convenience, however, we will continue to regard this 
neoplasm as a malignant fibrous histiocytoma in this 
chapter.

CliniCal Features

Malignant fibrous histiocytoma may occur in bone as 
a primary lesion. However, it can also arise second-
arily in preexisting osseous lesions such as radiation 
damage, Paget disease, and cartilaginous neoplasms. 
In addition, malignant fibrous histiocytoma may, 
on rare occasions, occur as a complication of a bone 
infarct.

Primary malignant fibrous histiocytoma may 
involve any bone. However, the femur is the most 
 common site (one-third of cases), followed by the tibia 
and humerus. Patients range in age from 6 to 81 years, 
but more than 50% of cases occur in patients older 
than 40 years. Patients present with pain, and 67% 
have swelling or a mass. Some patients have a patho-
logic fracture.

radiologiC Features

Malignant fibrous histiocytomas are poorly circum-
scribed lytic lesions (Figure 16-18). Often, a permeative 
or moth-eaten pattern of bone destruction is present. 
Destruction of the cortex is common. Most commonly, 
malignant fibrous histiocytoma involves the metaphyseal 
portion of bone. However, secondary involvement of the 
epiphysis is common. A periosteal new bone reaction is 
usually absent, and no evidence of matrix mineraliza-
tion exists. An MRI scan shows a high signal on T2-
weighted images, and often an adjacent soft tissue mass 
is apparent. Because malignant fibrous histiocytoma is a 
complication of preexisting bone diseases, radiographic 
evidence of Paget disease, radiation osteodysplasia, and 
a cartilaginous lesion may be adjacent to or within the 
lytic lesion.
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PathologiC Features

gross Findings

Malignant fibrous histiocytoma is a pink–tan, fleshy, 
soft tissue. Frequently, large areas of necrosis are 
 present.

MiCrosCoPiC Findings

Malignant fibrous histiocytoma is composed of spin-
dle cells, rounded histiocyte-like cells, or a combination 
of the two in varying proportions. The spindle cells are 
arranged in a storiform pattern, the most characteris-
tic feature of malignant fibrous histiocytoma (Figure 
16-19). The nuclei are oval and fascicular, with mild-to-
moderate pleomorphism. Occasionally, broad bands of 
osteoid-like collagens separate the stroma cells, a feature 
that may lead to the misdiagnosis of osteosarcoma. In 
contrast with the spindle cell/storiform pattern, some 
malignant fibrous histiocytomas exhibit a histiocyte-like 
differentiation (Figure 16-20). The cells of these tumors 
are rounded and have a large oval or lobulated nucleus, 
often with a prominent eosinophilic nucleolus. Some 
of the histiocytic cells contain hemosiderin or lipid, an 
expression of histiocyte-like activity. Large, bizarre, mul-
tinucleated giant cells may also be present.

Malignant fibrous histiocytomas may have a variety 
of secondary histopathologic features. First, some may 
have a heavy inflammatory cell infiltrate, a feature that 
may lead to the misdiagnosis of Hodgkin’s disease. Sec-
ond, large areas of myxoid stroma may be present, a 
change that is also seen in malignant fibrous histiocyto-
mas of soft tissue (Figure 16-21). Some have a collage-
nized stroma. Finally, neoplastic cells may be arranged 
in an organoid pattern around branching of vascular 
spaces, a pattern reminiscent of hemangiopericytoma. 
As in analyzing the radiographs, histologic evaluation 
should include the search for underlying pre-exist-
ing bone diseases such as Paget disease and radiation 
 osteodysplasia.

Figure 16-18
Malignant fibrous histiocytoma: radiographic features. 
Lesions are poorly defined areas of radiolucency. Often a “moth-eaten” 
pattern is present.

Figure 16-19
Malignant fibrous histiocytoma: histologic features.
Most commonly, lesions show pleomorphic, spindle cells in a storiform 
pattern.

Figure 16-20
Malignant fibrous histiocytoma: histologic features.
Other lesions show a predominately histiocytic-like pattern with bizarre 
round cells and highly pleomorphic nuclei.
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anCillary studies

iMMunohistoCheMistry

The immunohistochemical profile of malignant 
fibrous histiocytomas is varied. Most commonly, the 
cells are positive only with vimentin, a nonspecific 
marker. Lesions with significant histiocyte-like differen-
tiation may be positive with antitrypsin or antichymo-
trypsin stains. In addition, occasional malignant fibrous 
histiocytomas will exhibit muscle markers such as des-
min or smooth muscle actin. Also, S-100 may be positive 
occasionally. Keratin stains and stains for EMA may be 
focally positive.

diFFerential diagnosis

In patients older than 40 years, malignant fibrous his-
tiocytoma must be distinguished from metastatic carci-
noma with a sarcomatoid growth pattern, particularly 
sarcomatoid renal cell carcinoma. Most sarcomatoid 
renal cell carcinomas will have more extensive keratin 
immunoreactivity than seen in malignant fibrous his-
tiocytoma. Rarely, malignant fibrous histiocytoma may 

contain some cells that are positive with keratin mark-
ers. Sometimes, the final diagnosis may require a chest 
and abdominal computed tomographic scan in order to 
rule out a primary carcinoma.

Occasionally, malignant fibrous histiocytomas 
will be confused with osteogenic sarcomas that have 
little osteoid production. This differentiation may, 
at times, be extremely difficult. But it may also be 
unnecessary because both are high-grade lesions that 
require the same treatment and have the same prog-
nosis. Reactive bone formation is sometimes present 
in malignant fibrous histiocytomas, but this bone has 
a zonal pattern. To be regarded as a true malignant 
fibrous histiocytoma, tumor osteoid production must 
be absent.

MALigNANT FiBrOuS HiSTiOCYTOMA OF BONe—FACT SHeeT

Definition

	▸▸  A high-grade, pleomorphic spindle cell sarcoma with a storiform 
pattern; matrix calcification or ossification is not present

incident and Location

	▸▸  Malignant fibrous histiocytoma usually involves the appendicular 
skeleton, most commonly the femur; the humerus and tibia are 
also frequent sites of involvement

Morbidity and Mortality

	▸▸  Patients usually require ablative surgery

Sex, race, and Age Distribution

	▸▸  Patients range from age 6 to 80 years; however, 50% of cases 
occur in patients older than 40

Clinical Features

	▸▸  Patients most commonly present with pain and swelling;  
a pathologic fracture sometimes occurs

radiologic Features

	▸▸  Lesions are poorly circumscribed lytic lesions with a permeative 
pattern of bone destruction; the cortex is frequently destroyed

Prognosis and Treatment

	▸▸  Patients require complete surgical ablation with disease-free  
margins; chemotherapy is often a helpful adjuvant; the 5-year  
survival rate is 34% to 50%

MALigNANT FiBrOuS HiSTiOCYTOMA OF BONe— 
PATHOLOgiC FeATureS

gross Findings

	▸▸  Lesions consist of gray–tan, fleshy, soft tissue; necrosis is  
frequent

Microscopic Findings

	▸▸  Cells have either a spindle cell or histiocyte-like morphology, or 
they may have a mixture of both; the spindle cells are elongated 
pleomorphic cells that assume a storiform pattern; the histiocyte-
like cells are large, bizarre, rounded cells; multinucleated giant 
cells are often present

immunohistochemical Features

	▸▸  Vimentin is almost always positive; occasional lesions will be 
positive for S-100, smooth muscle markers, keratin, and EMA

Figure 16-21
Malignant fibrous histiocytoma: histologic features.
Occasionally, lesions show extensive extracellular mucoid material, a 
pattern similar to myxoid variant of malignant fibrous histiocytoma of 
soft tissue.
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Prognosis and treatMent

Malignant fibrous histiocytoma is best treated by wide 
surgical excision. A high risk for local failure exists 
unless the entire tumor and a cuff of normal tissue are 
removed. Sometimes amputation may be necessary to 
remove the whole lesion. Pulmonary metastasis devel-
oped in 30% to 40% of patients. The 5-year survival 
rate of malignant fibrous histiocytoma is from 34% to 
50%. Survival can be prolonged with adjuvant chemo-
therapy.
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In 1921, James Ewing described a highly lethal, undiffer-
entiated tumor of bone he termed diffuse endothelioma. 
The origins of this tumor were hotly debated over the 
next several decades by some of the world’s most promi-
nent pathologists but remained obscure. Although its 
origins would wait many years for clarification, Ewing 
sarcoma has the distinction of being the only eponymic 
tumor of bone without a universally accepted pathologic 
synonym. It is currently used to describe a tumor com-
posed of small, round cells lacking extracellular matrix, 
containing variable amounts of glycogen, and showing 
scant evidence of neuroectodermal derivation histologi-
cally, ultrastructurally, and immunohistochemically. In 
1979, a histologically similar tumor involving the thora-
copulmonary region of young individuals was described 
by Askin and colleagues. The concept of primitive neu-
roectodermal tumor (PNET) of bone was introduced 
in 1984 by Jaffe and coworkers based on their reclas-
sification of four Ewing sarcomas that were sparse in 
glycogen, contained Homer Wright rosettes, and exhib-
ited neural differentiation in tissue culture. In the same 
year, the presence of a unique reciprocal translocation 
of the long arms of chromosomes 11 and 22 in Ewing 
sarcomas was independently confirmed. Whang-Peng, 
Triche, and Knutsen and researchers soon described 
the same translocation in PNET and in Askin tumors. 
Most pathologists now believe that based on their com-
mon cytogenetic and molecular features, Ewing sar-
coma, PNET, and small-cell thoracopulmonary tumors 
comprise a single family of tumors that show varying 
degrees of neural differentiation. Those tumors at the 
least differentiated end of the spectrum are still classi-
fied as Ewing sarcomas; those with the most neural dif-
ferentiation are referred to as PNETs.

CliniCal Features

The Ewing sarcoma family is the most malignant of 
all primary bone tumors of childhood. At an estimated 
incidence of 1 case per 1.5 million individuals, Ewing 
sarcoma is about one-third as common as osteosarcoma, 
with an estimated frequency of about 200 new cases per 
year in a U.S.-sized population. Like most malignant 

bone tumors, a slight male predilection exists. It is excep-
tionally rare in African Americans. Although there have 
been cases reported in infancy and even in octogenar-
ians, more than 80% of cases arise between the ages of 
8 and 20. Ewing sarcoma tends to originate in skeletal 
sites populated by hematopoietic marrow, so a tendency 
exists for younger individuals to have more distal tumors 
than older individuals. It is extremely uncommon in the 
phalanges. When long bones are affected, the tumor 
tends to arise in the metadiaphyseal regions.

Patients with Ewing sarcoma have signs and symp-
toms that are not specific. As with any malignant 
bone tumor, a history of pain, often beginning as 
pain noticed on exertion, is usually present, and it 
may cause loss of normal function. The pain is usu-
ally present at rest by the time patients present, and it 
is sometimes severe enough to wake the patient from 
sleep. On physical examination, localized tenderness 
is demonstrable, and an associated fullness or even a 
mass may be present. Approximately 10% of patients 
present with pathologic fracture. Other clinical find-
ings include nonspecific systemic symptoms such as 
intermittent low-grade fever, easy fatigability, and 
weight loss. Laboratory findings are nonspecific and 
occasionally include leukocytosis, increased erythro-
cyte sedimentation rate, and anemia.

radiologiC Features

The radiographic appearance of Ewing sarcoma is the 
result of its rapid expansion and its characteristic inter-
action with the host bone. The pattern of radiographic 
destruction associated with Ewing sarcoma is often 
described as permeative, implying that radiographs do 
not demonstrate obvious defined lesional margins. This 
is because Ewing sarcoma will often grow and spread 
within the confines of the bone at a more rapid rate 
than the capacity of the bone to react to the tumor. 
Where the lesion is oldest, there may be small, poorly 
delimited areas of bone destruction, but occasionally, 
unless a significant soft tissue mass is present, perme-
ative lesions may be almost invisible on routine roent-
genograms.

17 Ewing Sarcoma
Michael J. Klein
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The radiodensity of bone in conventional roentgen-
ographs is primarily dependent on the integrity of the 
cortex in the metadiaphysis and more on the integrity 
of cancellous bone in the bone ends. Replacement of 
the intertrabecular spaces by tumor without osseous 
destruction is insignificant on a routine x-ray film. This 
is because tumor cells, having the radiodensity of water, 
replace the marrow, which has the radiodensity of fat. 
Both radiodensities are minuscule when contained to 
the radiodensity of an intact cortex (Figure 17-1).

Because the tumor cells of Ewing sarcoma have the 
ability to percolate through the Haversian and Volk-
mann canals, and thereby gain access to the less con-
fining periosteal connective tissues of the outer cortex, 
there is often a large soft tissue mass outside the bone 
even without obvious radiographic evidence of corti-
cal destruction. Should the bulk of this mass be con-
fined between the periosteum and the cortex, a concave 
pressure erosion of the cortex by osteoclasts on its 
outer surface will develop over time. This is sometimes 
referred to radiographically as cortical saucerization 
(Figure 17-2).

Alternately, and sometimes simultaneously, rapid 
and repeated periosteal elevation and irritation by the 
expanding tumor mass results in a multilayered, discon-
tinuous periosteal reaction resembling onion skin (Fig-
ure 17-3). In general, the greater the discontinuity of 
the periosteal new bone, the more rapid is the growth of 
the underlying process. Less commonly, the periosteal 
reaction in Ewing sarcoma is vertically oriented with 
respect to the underlying cortex, and a discontinuous 
hair-on-end or sunburst periosteal reaction is generated 
(Figure 17-4). Finally, periosteal new bone discontinu-
ous only at the edge of a soft tissue extension of tumor 
will result in an open periosteal reaction, or Codman’s 
angle (Figure 17-5).

Complementary imaging studies are good for dem-
onstrating the extent of osseous and soft tissue involve-
ment in Ewing sarcoma when this is not obvious by 
conventional radiography. One of the best ways to 
accomplish this is by technetium99 radionuclide scan-
ning. Because this technique demonstrates early osteo-
blast activity, reactive changes at the interface of bone 
and lesional tissue are demonstrable long before actual 
anatomic changes in the bone can be seen on a con-
ventional roentgenogram (Figure 17-6A, B). Magnetic 
resonance imaging (MRI) is useful in demonstrating 
the extent of both intraosseous tumor and any tumor 
mass in the overlying soft tissues before there is any 
evidence of osseous abnormality on conventional 
radiographs (see Figure 17-6C). Computerized tomo-
graphic scanning may also be used to demonstrate the 
presence and extent of intramedullary and soft tissue 
tumor. Because computed tomography (CT) has higher 
resolution than MRI and is an x-ray technique, it is 
particularly valuable in demonstrating cortical destruc-
tion too subtle to be seen on conventional radiography 
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Figure 17-1
ewing sarcoma.
A. B, Anteroposterior and lateral views of the left lower leg in an 18-year-
old high-school football player who complained of lower leg pain persisting 
on exercise 3 months after football season but now present at rest. A slight 
increase in tibial metadiaphyseal radiodensity visible only in the lateral 
view is present. This is not due to the tumor permeating the medullary 
cavity, but because the tumor has caused the periosteum to form reactive 
new cortical bone. No visible soft tissue mass is present. The tumor is oth-
erwise invisible on these conventional roentgenographs. C, The technetium 
bone scan shows markedly increased uptake from the proximal tibia to the 
mid-diaphysis, corresponding to the areas in which the bone reacts to the 
tumor. These cannot be seen in the conventional views.
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Figure 17-2
A, Saucerization of the tibial cortex in Ewing sarcoma. A concavity of the outer tibial cortex is present. The soft tissue mass is poorly visible, 
and no periosteal reaction is visible. B, T2-weighted magnetic resonance imaging demonstrates increased marrow signal and increased signal 
in extraosseous soft tissue mass with underlying pressure erosion of cortex. C, resected tibial specimen demonstrating a subperiosteal mass 
eroding the underlying cortex. Tumor necrosis with associated organized periosteal reaction after neoadjuvant chemotherapy.
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Figure 17-3
A, Onion-skin periosteal reaction of Ewing sarcoma showing multiple delicate layers of periosteal reaction surrounding the distal humerus, 
which are discontinuous distally. Note slight saucerization of the humeral surface because of soft tissue extension of tumor external to the 
metadiaphysis. B, Gross illustration of duplicated subperiosteal bone layers having an onion-skin configuration in a chemotherapy-treated 
resection specimen.

BA

Figure 17-4
A, Specimen radiograph of resected midfemur specimen 
containing Ewing sarcoma. Cortical and medullary perme-
ation are plainly visible, and the soft tissue extensions 
of tumor contain vertically oriented periosteal new bone 
streamers that are discontinuous and resemble hairs-
on-end. A fracture is in the proximal specimen, but this 
occurred intraoperatively and does not constitute true 
pathologic fracture. B, Gross specimen demonstrates 
nontumorous new bone beneath the periosteum and 
within the tumor mass external to the bone on both 
sides.
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Figure 17-6
A, Ewing sarcoma, causing a slight expansion and relative area of poorly circumscribed lucency in the intertrochanteric region of the right 
femur. B, Technetium-99 radionuclide scan of the pelvis reveals increased uptake not only in the right femoral metaphysis compared with the 
left, but extension of the increased uptake well into the diaphysis, indicating distal permeation invisible on the radiograph. C, Corresponding 
T1-weighted coronal magnetic resonance imaging demonstrates a lengthy area of replacement of normal bright marrow signal (seen in the 
patient’s left femur) compared with that on the right.

Figure 17-5
So-called Codman’s angle (or triangle, arrow) is unusual in Ewing sarcoma. 
It reflects periosteal new bone that abruptly stops at the extension of the 
soft tissue mass out of the cortex. reactive overlapping of periosteal new 
bone associated with the periosteal separation from the cortex is respon-
sible for the apparent sclerosis of the distal humerus.
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(Figure 17-7). On the other hand, because it is a lower-
contrast technique than MRI, the extent of medullary 
and soft tissue tumor is more difficult to visualize on 
CT than in MRI.

PathologiC Features

gross Findings

In the age of neoadjuvant chemotherapy, it is unusual 
to examine intact specimens from patients with Ewing 
sarcoma. When whole specimens are examined, the 
areas of tumor are yellow to gray–pink. In the areas in 
which the tumor is oldest, the bone is replaced by tumor, 
which is soft to liquid in consistency, and may even 
resemble pus. Places where the tumor has been present 
for a shorter time show less bone destruction, and tumor 
may be seen between intact trabeculae or even within 
vascular canals in the cortex that are normally not visi-
ble to the unaided eye (Figure 17-8A). Depending on 
the rate of spread through the cortex and the type of 
external reaction, periosteal new bone may be visible in 
a multilayered onion-skin distribution, in a hair-on-end  
distribution, as an open-ended Codman’s angle, or as 
no reaction at all. In specimens from patients who did 
not receive chemotherapy, or when there has been poor 
response to neoadjuvant chemotherapy, there is often an 
associated soft tissue mass outside the bone, which may 
be larger than the entire intraosseous tumor component 
(see Figure 17-8B).

MiCrosCoPiC Findings

Histologically, Ewing sarcoma is uniform and dark 
blue at low power. Areas that stain pink at low power 
usually contain fibrous tissue or have some degree of 
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Figure 17-7
A, Ewing sarcoma. Computed tomographic scan demonstrating cortical 
thickening with subtle internal erosion and posteromedial soft tissue 
mass involving the left femur. At this level, some cancellous bone destruc-
tion is visible. B, Coronal T2-weighted magnetic resonance imaging of 
same patient demonstrates extensive intramedullary and extraosseous 
bright signal corresponding to tumor. Compare with normal hypointense 
medullary signal in right femur.

BA

Figure 17-8
A, Ewing sarcoma of the clavicle. The gross specimen demonstrates cystic destruction of the proximal clavicle and yellow–gray tumor destroy-
ing the adjacent cortex with extension into the superior soft tissues. Note that the tumor replaces much of the normal red marrow between 
trabeculae and causes linear defects in the adjacent cortex. These correspond to expanded Haversian systems. B, Ewing sarcoma of the scapula. 
The red marrow has been completely replaced by tumor, but the associated soft tissue mass of tumor infiltrating the periscapular muscles is 
much larger than the intraosseous tumor.
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necrosis, but extracellular matrix is characteristically 
lacking in the tumor (Figure 17-9A). At low magnifi-
cation, the spread of the tumor throughout the inter-
trabecular marrow spaces and in the Haversian canals 
when cortex is present in the biopsy is usually striking 
(see Figure 17-9B, C). The tumor cells themselves are 
monomorphic with cytoplasmic borders that are incon-
spicuous (Figure 17-10). Because their large, spherical 
nuclei with finely divided chromatin are their domi-
nant characteristic, the cells appear round at almost 
all magnifications. The typical low mitotic activity and 
rather inconspicuous nucleoli in fairly uniform hyper-
chromatic nuclei further contribute to the impression 
of tumor monomorphism. Some tumors, regardless of 
whether neural differentiation is demonstrable by other 
techniques, contain structures that resemble rosettes. 
In most instances, rosette-like structures are due to the 
presence of either spotty tumor necrosis or of tumor cells 

surrounding small blood vessels or collagen bands, par-
ticularly when viewed on end. It is the presence of true 
Homer Wright rosettes, particularly when they predom-
inate in a small round cell tumor of bone, that first led 
to the use of the term primitive neuroectodermal tumor 
(PNET) (Figure 17-11). These structures are character-
ized by the grouping of tumor cells about a central space 
containing cytoplasmic processes from the cells border-
ing the space. The term PNET was first used for a tumor 
otherwise identical to Ewing sarcoma that had identifi-
able rosettes in 20% or more of the section volume. Cur-
rently, it is generally accepted that Ewing sarcoma and 
PNET are histologic variants of the same tumor spec-
trum. Because almost all the tumors in this group share 
a common cytogenetic and molecular abnormality, and 
in general have the same prognosis, the designation of a 
particular tumor as Ewing sarcoma or as PNET may be 
relatively unimportant.

C
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Figure 17-9
A, At low-power magnification, Ewing sarcoma appears to be a sea of blue nuclei. The pink areas correspond to spontaneous necrosis.  
B, At medium power, the permeation of preexisting Haversian canals by the tumor cells is easily appreciated. C, At low power, the permeation 
of intertrabecular spaces with displacement of normal marrow fat demonstrates the local invasive potential of the tumor. 
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anCillary studies

iMMunohistoCheMistry

Although no immunohistochemical marker is pathog-
nomonic for Ewing sarcoma, some markers are more 
specific for classes of other tumors that have a similar 
histology. The most important of these other tumors 
are hematologic malignancies, because lymphoma and 
leukemia may affect patients at the youngest and old-
est ends of the Ewing sarcoma age spectrum. Because 
Ewing sarcoma and PNET are tumors of nonhemato-
logic origin, positivity for CD45 (leukocyte common 
antigen) is important because it eliminates the Ewing 
sarcoma family as a consideration. On the other hand, 
negativity for CD45 does not disprove a primitive tumor 
of hematopoietic/lymphoid origin.

An additional antigen of importance is CD99 or  
O-13, a marker for the expression of the MIC2 gene 
product. Although it is not specific for the Ewing sar-
coma group of tumors, it is identifiable in about 90% of 
the tumors of this group. Because the antigen it detects 
is associated with T-cell adhesion, it may be seen 
in some types of lymphoma, so it is best interpreted 
in concert with leukocyte markers (Figure 17-12).  
It is also a useful marker because small, round cell 
tumors of bone in very young children must be differ-
entiated from metastatic neuroblastoma, which does 
not express CD99. In tumors that are positive for this 
antigen, the staining is localized on the cell membrane. 
FLI-1 is another sensitive, but not specific, marker for 
Ewing sarcoma.

Immunohistochemistry for neural markers occasion-
ally may also be useful. The expression of neuron-specific  

C D
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Figure 17-10
A, Ewing sarcoma at high magnification demonstrates prominent large blue nuclei with amphophilic cytoplasm. Note that a few nuclei at 
the periphery appear darker and more condensed; this may be because of early apoptosis. B, Ewing sarcoma. A different high-power field 
demonstrates tumor cells with clear to amphophilic cytoplasm. A population of cells with round nuclei and finely divided chromatin and a 
subpopulation of cells with condensed chromatin that may be undergoing apoptosis are present. C, Ewing sarcoma. Another high-power field 
demonstrates monotonous and uniformly appearing nuclei with solid groupings of viable tumor cells in an alveolar arrangement created by 
delicate vasculature. D, Ewing sarcoma. A very-high-power photograph demonstrates that in the nonapoptotic tumor cells, nucleoli, when pres-
ent, are single and not prominent. Note the lack of mitotic activity and poor cellular demarcations.
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enolase is usually regarded as a nonspecific finding. 
Other markers such as synaptophysin, neuron triplet 
filament protein, glial fibrillar acid protein, and even  
S-100 protein are considered more specific of neural dif-
ferentiation when they are positive in the presence of 
neuron-specific enolase staining.

CytogenetiCs/MoleCular Pathology

The unifying feature of the Ewing sarcoma tumor 
family is a fixed reciprocal translocation involving the 
long arm of chromosome 22 and the long arm of another 
chromosome. The first and most common such translo-
cation is a reciprocal translocation between bands q24 
and q12 of chromosomes 11 and 22, respectively (Figure 
17-13). The revelation that the identical chromosomal 
abnormality was present not only in 90% of Ewing sar-
comas but also in the same percentage of Askin tumors 
and PNETs of bone more than anything else has led to 
the unifying hypothesis that the entire group of small, 
round cell tumors of bone should be considered a spec-
trum of the same disease.

Molecular cloning of the Ewing sarcoma family has 
revealed that the chromosomal translocation creates 
new chimeric genes that encode for proteins having 
major secondary effects on cell regulation. The first 
of these described was the EWS/FLI-1 gene associated 
with the t(11:22) (q24; q12) translocation. The EWS 

gene is located on chromosome 22 at band q12. The 
latter (FLI-1) gene is a member of a family of onco-
genes related to avian leukemia retrovirus E26 that 
was originally designated v-ETS, standing for E 26 
specific.

Other, less common variant translocations all involv-
ing the EWS locus on chromosome 22 have been 
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Figure 17-11
A, Ewing sarcoma demonstrating rosette-like organization of tumor cells. B, Ewing sarcoma low-power view of tumor demonstrating Homer 
Wright rosettes in both intramedullary (bottom left) and soft tissue portions (right). Inset demonstrates detail of rosettes composed of small 
cells arranged about neural processes.

Figure 17-12
Ewing sarcoma cells demonstrate diffuse membrane distribution stain-
ing with CD99 (0-13).
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 elucidated that conjoin EWS to at least four additional 
transcription factors in the ETS family. Translocations 
between chromosomes 21 and 22 fuse the EWS gene 
on chromosome 22 with the ERG gene on chromosome 
21 (see Figure 17-13). Translocations between chro-
mosomes 7 and 22 fuse the EWS gene with ETV-1 on 
 chromosome 7.

Translocations between chromosomes 17 and 22 fuse 
the EWS gene with E1AF on chromosome 17, whereas 
those between chromosomes 2 and 22 fuse the EWS 
gene with FEV on chromosome 2. Although they are 
not usually necessary for diagnosis, the actual transloca-
tions may be demonstrated by interphase fluorescence 
in situ hybridization on cytologic suspensions, as well as 
by short-term cell cultures. The chimeric sequences may 
be amplified and demonstrated with reverse transcrip-
tase-polymerase chain reaction.

diFFerential diagnosis

Ewing sarcoma may be confused with other tumors 
composed of small cells in which the nuclei predomi-
nate. The entities in the differential diagnoses have 
changed somewhat over the years. From the time Ewing 
described the tumor until the 1970s, the major differen-
tial diagnosis was metastatic neuroblastoma and malig-
nant lymphoma of bone. The differentiation was often 
made by age, because neuroblastoma tended to arise 
early in the first decade of life, Ewing sarcoma in the late 
first decade and second decade of life, and lymphoma 
after the second or third decades of life. Even though 
there is no immunohistochemical profile specific for 

Ewing sarcoma, the use of leukocyte antigenic markers 
can almost always be used to distinguish lymphomas 
and leukemias from Ewing sarcoma. The necessity for 
distinguishing Ewing sarcoma from PNET was a short-
lived problem once cytogenetic techniques and molecu-
lar cloning demonstrated that they were spectral ends 
of the same neoplastic transformation.

The remaining tumors in the differential diagnosis 
of Ewing sarcoma are mesenchymal chondrosarcoma, 
round cell variants of rhabdomyosarcoma that may 
metastasize to bone or rarely arise as primary lesions in 
bone, and small-cell osteosarcoma.

Mesenchymal chondrosarcoma has a small-cell, 
undifferentiated component, as well as a cartilaginous 
component. Particularly in small biopsies, no cartilage 
may be visible, and if the undifferentiated component 
is not perceived as a spindle cell lesion, the diagnosis 
of Ewing sarcoma might otherwise be rendered. The 
usual immunohistochemistry battery may not aid in 
the distinction because both tumors are usually posi-
tive for CD99 and vimentin, and negative for leukocyte 
common antigen. Stains for S-100 protein are positive 
in the cartilaginous areas of mesenchymal chondro-
sarcoma but are negative in the small-cell component. 
If the cartilage component is present histologically, 
the diagnosis can be made without the differentiating  
immunohistochemistry.

Rhabdomyosarcomas resembling Ewing sarcoma are 
usually of alveolar or so-called solid alveolar morphol-
ogy. They almost always represent tumors metastatic 
to bone, although a few have been ascribed to be pri-
mary lesions. If they are carefully sectioned, some of 
their small, round cells have distinctly eosinophilic cyto-
plasm and are larger than the smaller background cells 
in Ewing sarcoma. Immunohistochemistry will usually 
demonstrate the presence of muscle antigens absent in 
Ewing sarcoma, and negativity for CD99 more than 
80% of the time.

Small-cell osteosarcoma is a tumor that has a small, 
round cell stromal component resembling Ewing sar-
coma, but because it produces variable amounts of bone 
or osteoid matrix, it is classified as an osteosarcoma. 
Interestingly, some of the cells in this tumor have shown 
positivity for glycogen, and its immunohistochemistry 
is essentially the same as that for Ewing sarcoma. A few 
cases defined histologically as small-cell osteosarcoma 
have demonstrated the same chromosomal transloca-
tion on cytogenetic analysis. Because osteosarcoma is 
defined as a malignant connective tissue tumor pro-
ducing bone or osteoid, the problem in differentiating 
small-cell osteosarcoma from Ewing sarcoma is whether 
the histologic definition of osteosarcoma applies to 
small-cell osteosarcoma having the typical Ewing sar-
coma translocation or whether its apparent production 
of bone merely represents divergent differentiation in 
a tumor that is otherwise phenotypically and genotypi-
cally Ewing sarcoma.
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Figure 17-13
Schematic diagram of chromosomal translocations and fusion transcripts 
described for EWS.
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Prognosis and treatMent

The prognosis for patients with Ewing sarcoma has 
changed dramatically. Up to 25% of patients with these 
tumors have demonstrable metastatic disease at the 
time of presentation. Before the advent of effective sys-
temic chemotherapy, the 5-year survival rate of patients 

eWiNg SArCOMA/PriMiTiVe NeurOeCTODerMAL TuMOr—FACT 
SHeeT

Definition
 ▸▸  A group of primitive sarcomas composed of small cells with uniform, 

round, hyperchromatic nuclei that demonstrate differing degrees of 
neuroectodermal differentiation

 ▸▸  Ewing sarcoma is the name applied when the tumors are devoid of 
neural differentiation by conventional means

 ▸▸  PNET is applied when some degree of neuroendocrine differentia-
tion can be demonstrated

incidence and Location

	▸▸  rare, with an estimated annual incidence of 1 per 1.5 million per-
sons per year

	▸▸  Usually affects the metadiaphyseal regions of long bones in children
	▸▸  In adolescents and young adults, it may be seen in the axial bones
	▸▸  rare in the short tubular bones.

Sex, race, and Age Distribution

	▸▸  Male predominance (male/female ratio, 1.4:1)
	▸▸  Extremely uncommon in black individuals of African ancestry
	▸▸  Peak incidence is in the second decade of life; only 20% of 

patients are younger than 8 years or older than 20 years

Clinical Features

	▸▸  Pain severe enough to wake patients from sleep is the most 
 common symptom

	▸▸  Pain may be associated with a mass
	▸▸  Systemic symptoms include intermittent low-grade fever, easily 

fatigued, and weight loss
	▸▸  Laboratory findings are nonspecific and include leukocytosis, 

increase of the erythrocyte sedimentation rate, and anemia

radiological Features

	▸▸  No absolute radiographic appearance for Ewing sarcoma exists
	▸▸  Tumor is often radiolucent and ill-defined
	▸▸  Lesions are usually in the metadiaphysis or diaphysis of long bones
	▸▸  The degree of periosteal reaction may be disproportionate to the 

amount of bone destruction
	▸▸  A large soft tissue mass may be present
	▸▸  The outer cortex may be indented or “saucerized” from the 

 outside, even when the soft tissue mass originates in the bone
	▸▸  CT may demonstrate cortical destruction more readily
	▸▸  radionuclide scanning demonstrates intramedullary spread better 

than conventional radiographs
	▸▸  MrI best demonstrates associated extraosseous soft tissue masses

Prognosis and Treatment

	▸▸  Overall survival rate in long-term studies is about 60% to 75%
	▸▸  Current studies show an approximately 65% survival rate at  

5 years
	▸▸  In general, the more proximal the lesion, the worse the prognosis, 

especially for lesions of the trunk
	▸▸  The larger the lesion at presentation, the worse the prognosis
	▸▸  Patients with systemic symptoms or fractures often have a poorer 

prognosis
	▸▸  Surgery (with a wide margin) and chemotherapy are the mainstays 

of therapy
	▸▸  Local radiation may be part of treatment plan
	▸▸  An increased incidence of post-treatment osteosarcomas in  

long-term survivors who have received both local radiation and 
chemotherapy exists

eWiNg SArCOMA/PriMiTiVe NeurOeCTODerMAL  
TuMOr—PATHOLOgiC FeATureS

gross Findings

	▸▸  Grayish yellow and soft
	▸▸  Areas of spontaneous necrosis may resemble chyle or pus
	▸▸  Gross specimens not altered by prior chemotherapy demonstrate 

permeative destruction
	▸▸  There is often but not always an overlying soft tissue tumor mass 

connected to the intraosseous tumor histologically even though 
their gross continuity is not always obvious

Microscopic Findings

	▸▸  Tumor is monomorphous at low magnification
	▸▸  No extracellular matrix is present
	▸▸  Tumor cells are small and contain round, dark nuclei with scant 

mitoses and small nucleoli
	▸▸  The cytoplasm is fairly scant and clear to amphophilic with poorly 

visualized cell borders
	▸▸  A few tumors contain larger cells with prominent nucleoli and 

increased mitotic activity
	▸▸  Aggregates of cells may be arranged along delicate fibrous septae 

or around small blood vessels
	▸▸  rosettes or pseudorosettes may be present
	▸▸  Necrosis is a regular feature, even in the absence of prior therapy

immunohistochemical Findings

	▸▸  CD99 (O-13, HBA-74) stains the cells in a characteristic 
 membranous distribution

	▸▸  FLI-1 is a sensitive but not specific marker for Ewing sarcoma
	▸▸  Neuron-specific enolase, synaptophysin, and neuron triplet 

 filament protein are expressed in tumors with neural differentiation
	▸▸  Tumor cells are negative with CD45 (leukocyte common antigen)

genetics and Molecular Findings

	▸▸  A characteristic reciprocal translocation between chromosomes  
11 and 22 is found in about 85% of cases

	▸▸  A second variant of reciprocal translocation between chromosomes 
21 and 22 is found in 10% to 15% of cases

	▸▸  The remaining tumors have shown translocations of chromosomes 
7 and 22, 17 and 22, 2 and 22, and inversions of chromosome 22; 
the resulting chimeric proteins function as abnormal transcription 
factors

Differential Diagnosis

	▸▸  Lymphoma
	▸▸  Leukemia
	▸▸  Osteomyelitis
	▸▸  Metastatic neuroblastoma
	▸▸  Mesenchymal chondrosarcoma
	▸▸  Small-cell osteosarcoma
	▸▸  Embryonal rhabdomyosarcoma
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regardless of clinical presentation was less than 5%. 
With the advent of multimodality therapy, patients with 
localized tumors have reported 5- and 10-year survival 
rates of 57% and 49%, respectively. The overall sur-
vival rates have been reported as ranging from 61% to 
72%. Patients who present with metastatic tumors have 
survival rates of about 20%. The most important clini-
cal prognostic factors other than whether the disease is 
localized at the time of presentation include anatomic 
location and tumor size. Tumors arising in axial loca-
tions, particularly in the pelvis and spine, impart a poor 
prognosis. In addition, an inverse relation exists between 
tumor size and survival. It has also been reported that 
patients having tumors with the most common type 
of fusion transcript (EWS/FLI1) have better progno-
ses than those with EWS/ERG and other less common 
fusion transcripts. More recent reports have suggested 
a strong positive correlation between telomerase activ-
ity and negative outcome in patients with nonmetastatic 
Ewing sarcoma tumors. Complications including local 
recurrence, metastatic disease, the development of other 
malignancies, pathologic fractures, and the comorbidi-
ties of radiation and chemotherapy thus develop in a 
majority of patients. The implications are that patients 
with Ewing sarcoma require longer-term follow-up than 
the standard 5 years.
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Lymphocytes and plasma cells often reside in company 
with the hematopoietic elements of the bone marrow. 
Therefore, malignant proliferations of lymphocytes and 
plasma cells are often centered in the bone marrow and 
destroy bone secondarily. When these neoplasms are 
confined to a finite area of a single bone, they respond 
well to radiation therapy and chemotherapy, and the 
prognosis may be excellent. However, these neoplasms 
can spread rapidly, and a delay in diagnosis leads to dis-
semination. In this event, there is a poorer prognosis. 
Although some lymphomas occur in children, hemato-
poietic neoplasms in bone usually affect older adults.

MULTIPLE MYELOMA

Multiple myeloma is a neoplastic proliferation of mono-
clonal plasma cells involving multiple sites in the skel-
eton. This disease is part of a spectrum of disorders 
called the plasma cell dyscrasias. These disorders are 
all characterized by a monoclonal plasma cell prolif-
eration, but they vary in clinical severity. The plasma 
cells in these disorders preserve their function–they 
secrete immunoglobulins. Because these immunoglobu-
lins are monoclonal, these disorders can be recognized 
by a monoclonal immunoglobulin spike in the patient’s 
serum. The monoclonal immunoglobulin, known as 
an M protein, is usually an IgG. In addition to a serum  
M protein, the light chains released from the breakdown 
of the immunoglobulins are excreted in the urine. These 
urinary light chains, known as Bence–Jones proteins, 
can be identified by urinary immunoelectrophoresis.

There are several well-defined syndromes in the spec-
trum of plasma cell dyscrasia. One syndrome, known as 
monoclonal gammopathy of undetermined significance, 

is an indolent disorder. It occurs in more than 3% of 
individuals older than 50 and progresses to myeloma or 
related malignancy at a rate of 1% per year. Patients are 
asymptomatic and have no bone lesions. They do have a 
serum M protein, but marrow histology shows less than 
10% plasma cells.

Solitary plasmacytoma is another disease in the spec-
trum of plasma cell dyscrasia. In this disorder, a single 
skeletal lesion caused by a neoplastic plasma cell pro-
liferation is present. The histologic and immunohisto-
chemical features of tissue from a solitary plasmacytoma 
of bone are indistinguishable from those of multiple 
myeloma. Wider spread involvement is ruled out by bone 
marrow biopsies showing less than 5% plasma cells in 
the marrow and no radiographic evidence of additional 
lesions. The prevalence of an M protein in the serum 
or urine of patients with solitary plasmacytoma varies 
from 24% to 72%, and the levels of the M protein tend 
to be low. Although some patients are cured with radia-
tion therapy or surgery, almost 50% experience devel-
opment of multiple myeloma, typically after a median 
duration of 2 to 3 years.

Multiple myeloma, the most aggressive manifestation 
of plasma cell dyscrasia, is the principal topic of this 
chapter section. The diagnosis of this disorder rests on 
meeting specific criteria, including 10% or more plasma 
cells in the bone marrow (or plasmacytoma of bone),  
M protein in the serum and/or urine, and evidence of 
end-organ damage (hypercalcemia, renal insufficiency, 
anemia, or bone lesions).

CliniCal Features

Although multiple myeloma is a hematologic malig-
nancy, it almost always confines itself to the skeleton. 
It is the most common primary malignancy to involve 
bone. Each year about 15,000 new cases are diagnosed 
in the United States. This disease is twice as common 
in African Americans, and is slightly more common 
in male than in female individuals (1.62:1.0). Multiple 
myeloma is a disease of older adults and is generally dis-
covered between the ages of 50 and 80 with a median age 
at onset of 66 years. Therefore, it should be considered 
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in the differential diagnosis of all lytic bone lesions in 
patients in this age range. Less than 2% of cases occur 
in patients younger than 40 years.

Multiple myeloma often has a nonspecific presenta-
tion. Pain, present in two-thirds of patients, is the most 
common symptom. Back and chest pain (secondary to 
rib fractures) commonly occur. Although the onset of 
pain is usually insidious, it may be sudden, especially 
when pathologic fracture occurs. This is particularly 
true when compression fractures of the vertebra occur.

Other presenting symptoms in patients with myeloma 
include bacterial infections, gross bleeding (most com-
monly, epistaxis), and fever. Weakness and fatigue may 
occur secondary to anemia and may be found in up to 
two-thirds of patients.

Patients may experience development of systemic 
complications from the myeloma protein. Renal insuf-
ficiency, hypercalcemia, and amyloid deposition often 
complicate the late stages of the disease. Light chains 
are often deposited in tissue as amyloid and may cause 
congestive heart failure, hypercalcemia, nephrotic syn-
drome, peripheral neuropathy, or increased bleeding 
tendency.

The most important laboratory studies in the diagno-
sis of multiple myeloma are the serum and urine immu-
noelectrophoresis and immunofixation. Almost 99% 
of patients will have a serum immunoglobulin spike, 
Bence–Jones proteinuria, or both. Other laboratory tests 
may provide helpful clues. Anemia and an increased 
erythrocyte sedimentation rate occur in 62% and 76% 
of patients, respectively. Hypercalcemia and hyperurice-
mia are also common.

radiologiC Features

Multiple myeloma is characterized by a wide spectrum 
of radiographic changes. In keeping with the insidious 
evolution of this disorder, some patients present only 
with diffuse osteopenia. This change may mimic senile 
or postmenopausal osteoporosis, especially if there is 
significant spinal involvement. As in osteoporosis, there 
may be a loss of height and biconcave deformities of the 
vertebrae. Single or multiple compressions fractures 
may occur. As the disease progresses, subtle, moth-eaten 
radiolucencies appear (Figure 18-1). A misdiagnosis 
of diffuse osteoporosis is common in this radiographic  
presentation.

The most common radiographic change of myeloma, 
however, is multiple, discrete, punched-out lytic bone 
lesions (Figure 18-2). They are most commonly seen 
in the skull, spine, pelvis, and proximal femurs or 
humeri. Lesions may vary in size from 3 to 4 mm to 
5 to 10 cm. They have well-defined borders and lack a 
sclerotic rim. In the long bones, a circular or elliptical 
lytic area may be seen on the endosteal bone surface. 

Larger lesions cause extensive cortical destruction 
(Figure 18-3). In other bone diseases, such as meta-
static carcinoma, the technetium bone scan is useful 
to quantify the extent of skeletal involvement. How-
ever, in multiple myeloma, the bone scan often fails to  

Figure 18-1
early multiple myeloma involving the proximal femur.
Arrows highlight faint, ill-defined radiolucencies.

Figure 18-2
Classic pattern of lytic bone lesions of multiple myeloma.
The skull is involved with multiple, discrete, punched-out lytic lesions 
characteristic of advanced multiple myeloma.
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identify all the lesions. This is because many lytic 
myeloma foci lack a secondary osteoblastic response 
and, therefore, do not concentrate radioactive tracer. 
But because many myeloma lesions do accumulate 
tracer, a positive bone scan does not rule out this  
disease.

On rare occasions (about 3% of cases), patients have 
radiodense lesions (Figure 18-4). This presentation, 
known as osteosclerotic myeloma, occurs in a slightly 
younger age group (median age, 56 years) and more 
likely affects male individuals. Many patients with this 
presentation have disorders in other organ systems that 
are not related to plasma cells. The most common asso-
ciated disorder, affecting 30% to 50% of patients, is 
polyneuropathy. However, numerous other organ sys-
tems may be involved and result in a disorder known 
as POEM syndrome (polyneuropathy, organomegaly, 
endocrinopathy, M protein).

PathologiC Features

gross Findings

In the early phases of myeloma, cancellous bone may 
be intact. The marrow, however, is deeply red or hemor-
rhagic. In advanced disease, bone is replaced by hemor-
rhagic, friable soft tissue. When tumor masses are large, 
pathologic fractures may occur.

MiCrosCoPiC Findings

Bone biopsies in multiple myeloma show marrow 
replacement by diffuse sheets of plasma cells. From case 
to case, the plasma cells exhibit a spectrum of differen-
tiation. Some patients have well-differentiated myeloma 
with mature plasma cells that are not dissimilar from 
normal plasma cells (Figure 18-5). The cells are charac-
terized by an eccentric nucleus with a clock-faced chro-
matin pattern. Adjacent to nucleus is an amphophilic 
area, the hallmark of a plasma cell, which corresponds 
to the Golgi apparatus on electromicroscopy. This is 
the zone where the immunoglobulin is packaged for 
secretion. Other patients may have a poorly differenti-
ated plasma cell neoplasm. Plasma cells in these cases 
are barely recognizable as plasma cells. Considerable 
nuclear pleomorphism, a prominent nucleolus, and 
numerous mitotic figures are present (Figure 18-6). 
The perinuclear clear zone is much less prominent. In 
about 10% of cases, the bone marrow and visceral sites 
will show infiltration by amyloid deposits. The amyloid 
deposited is AL amyloid—the light chains deposited by 
the immunoglobulin molecule. On rare occasions, a sin-
gle deposit of amyloid in bone will be the only presenta-
tion of plasma cell dyscrasia (Figure 18-7). Patients with 
these lesions almost always experience a progression to 
multiple myeloma.

Figure 18-3
Larger lesions of multiple myeloma cause significant bone destruction and 
cortical expansion as present in this radius lesion.

Figure 18-4
Osteosclerotic myeloma is characterized by poorly defined radiodensities 
(arrows).

Figure 18-5
Histologic features of well-differentiated myeloma are characterized by 
cells easily recognizable as plasma cells.
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anCillary studies

iMMunohistoCheMistry

Immunohistochemistry is often necessary to firmly 
establish the diagnosis of myeloma. Although plasma 
cells are in the B-cell lineage of lymphocytes, they usu-
ally do not express the typical B-cell markers such as 
CD20 or CD19. However, plasma cells express CD138. 
CD138 is a reliable marker of both normal and neoplas-
tic plasma cells (Figure18-8). The monoclonal nature of 
the myeloma neoplasm is best identified by staining with 
kappa and lambda light chains. Plasma cells in inflam-
matory lesions will exhibit both kappa and lambda light 
chains, whereas multiple myeloma will exhibit only one 
or the other.

diFFerential diagnosis

Metastatic carcinoma to bone and multiple myeloma 
may have identical clinical and radiographic presen-
tations. Fortunately, virtually all patients with mul-
tiple myeloma have an M-protein spike, and this is an 
important tool to differentiate these diseases. Problems 
may arise differentiating a solitary plasmacytoma from 
a focus of metastatic cancer because solitary plasmacy-
toma may not cause an M-protein spike. Therefore, in 
destructive bone lesions in adults, cytokeratin stains 
may be used to differentiate myeloma from meta-
static carcinoma. Plasmacytomas are positive with 
CD138, but alone not necessarily diagnostic because  
occasionally carcinomas are immunoreactive with this 
marker.

Myeloma must sometimes be differentiated from 
malignant lymphoma in bone. Both processes present 
with diffuse populations of small, rounded cells. Malig-
nant lymphoma of bone will show an immunophe-
notypic profile of B cells, or less often, T cells. These 
markers are typically absent in myeloma.

Occasionally, chronic osteomyelitis with a heavy 
plasma cell infiltration can be mistaken for multiple 
myeloma. However, the radiographic appearance of 
chronic osteomyelitis is almost always a sclerotic lesion, 
whereas multiple myeloma causes punched-out lytic 
areas. Also, the plasma cells of chronic osteomyelitis will 
be polyclonal for both kappa and lambda light chains. 
By contrast, myeloma plasma cells are monoclonal for 
either kappa or lambda lights chains.

Figure 18-6
Poorly differentiated myeloma is occasionally difficult to recognize. Cells 
show significant pleomorphorism. Nuclear features of plasma cells are 
absent, and a large nucleus is prominent.

Figure 18-7
Characteristic lesion of amyloid in a patient with plasma cell dyscrasia. 
This is AL amyloid and will show the characteristic apple green birefrin-
gence in polarized light.

Figure 18-8
Immunohistochemical stain for CD138 highlights plasma cells with a 
uniform membrane positivity.
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Prognosis and treatMent

Chemotherapy, most commonly consisting of melphalan 
and prednisone, is the mainstay of treatment for patients 
with multiple myeloma. In addition, high-dose therapy 
with autologous stem-cell transplantation is also incor-
porated routinely into the treatment strategy.

Although chemotherapy is the mainstay of treatment, 
radiation therapy is often used in specific clinical situa-
tions. These would include impending cord compression 
caused by spinal lesions or impending long-bone frac-
tures. Occasionally, radiation therapy is useful to control 

pain related to bone lesions. Surgery may be necessary 
to prevent pathologic fracture, and in the spine, verte-
broplasty is frequently used.

Currently, no cure for multiple myeloma exists. Stan-
dard therapy affords a median survival time of about  
3 years. However, some patients can live longer than  
10 years.

LYMPHOMA OF BONE

Malignant lymphomas primarily involve lymph nodes. 
The classification of these neoplasms is complex and in 
a constant state of flux. They are divided into two major 
groups: Hodgkin lymphomas and the non-Hodgkin lym-
phomas. The non-Hodgkin lymphomas, the main topic 
of this section, may be generally classified according 
whether they are of B-cell, T-cell, or natural killer cell 
lineage. As malignant lymphomas progress, they spread 
from lymph nodes to other visceral organs. The skeletal 
system is frequently involved secondarily as malignant 
lymphomas progress to extranodal sites.

Approximately one-third of lymphomas originate in 
tissues other than lymph nodes. These tissues have native 
population of lymphoid cells, such as lung, gastrointes-
tinal tract, and bone. Lymphomas of these extranodal 
sites are regarded as primary extranodal lymphomas. 
Approximately 5% of extranodal lymphomas are pri-
mary in bone. This entity is known as primary lym-
phoma of bone, and it accounts for 7% of all malignant  
bone tumors.

MuLTiPLe MYeLOMA—FACT SHeeT

Definition

	▸▸  A monoclonal neoplastic proliferation of plasma cells that is 
 usually confined to the skeleton; the malignant plasma cells 
almost always secrete an immunoglobulin that can be detected in 
the urine or serum

incidence and Location

	▸▸  15,000 new cases per year are reported in the United States
	▸▸  Can involve any area of the skeleton but is most common in the 

skull, spine, and pelvis

Sex, race, and Age Distribution

	▸▸  African Americans are affected twice as often as Caucasian 
Americans

	▸▸  Most cases occur between the ages of 50 and 80 years (median, 
66 years)

	▸▸  Less than 2% of cases occur in patients younger than 40 years

Clinical Features

	▸▸  Pain is the most common presentation; some patients present 
with pathologic fracture, usually in the spine

	▸▸  Weakness and fatigue are often secondary to anemia
	▸▸  99% of patients have a serum immunoglobulin spike, Bence–Jones 

proteinuria, or both

radiologic Features

	▸▸  Early involvement may show only osteoporosis; developed 
lesions are usually multiple and show punched-out, discrete 
 radiolucencies

	▸▸  The bone scan is not as sensitive as a skeletal survey for defining 
all lesions

	▸▸  rarely lesions may be osteoblastic

Prognosis and Treatment

	▸▸  Chemotherapy oftentimes is associated with autologous stem-cell 
transplantation

	▸▸  radiation therapy may be necessary for individual lesions that 
threaten skeletal integrity

	▸▸  Median survival of all patients with multiple myeloma is 3 years
	▸▸  50% of patients with solitary plasmacytoma of bone experience 

development of multiple myeloma after a median duration of 2 to 
3 years

MuLTiPLe MYeLOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Early lesions may show only deep red marrow without bone 
destruction

	▸▸  Well-developed lesions are soft and friable

Microscopic Findings

	▸▸  Solid sheets of plasma cells are present
	▸▸  Often the plasma cells are well differentiated; sometimes they are 

poorly differentiated with large nuclei and prominent nucleoli

immunohistochemical Findings

	▸▸  Neoplastic cells consistently stain with CD138, the marker for 
plasma cells

	▸▸  Monoclonal staining for either kappa or lambda light chains will 
be present

Differential Diagnosis

	▸▸  Malignant lymphoma
	▸▸  Metastatic carcinoma
	▸▸  Chronic osteomyelitis
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CliniCal Features

Primary lymphoma of bone occurs at any age. However, 
50% of patients are older than 40 years. Rarely, children 
may experience development of primary lymphoma of 
bone. In a child, a variant of this neoplasm may be the 
precursor B-cell (lymphoblastic) lymphoma.

The femur and pelvis are the most common bones to 
be involved. The spine and other long bones are also fre-
quently affected. In about 25% of cases, multiple bones 
are involved. Pain is the most common presenting symp-
tom, although some patients present with a pathologic 
fracture.

radiologiC Features

The radiologic features of primary lymphoma of bone are 
nonspecific and are typical of any aggressive bone-destroy-
ing process. The femur, pelvis, and spine are the most 
common locations. In the long bones, the metadiaphy-
seal region is favored, and there is often a long segment 
of involvement. Lymphoma of bone is usually a poorly 
defined, permeative lytic lesion (Figure 18-9). Some 
lesions have varying amounts of interosseous reactive 

bone that imparts a mottled appearance. Occasionally, a 
lesion may have extensive osteosclerosis, a feature that 
often leads lymphoma of bone to be misdiagnosed as 
other lesions, particularly Paget disease (Figure 18-10).

Occasionally, the permeative pattern of bone destruc-
tion is subtle and difficult to appreciate on plain radio-
graphs (Figure 18-11A). However, an MRI may show a 
strikingly strong signal on T2-weighted images. There-
fore, the amount of the magnetic resonance signal may 
be out of proportion to the subtle changes seen on plain 
radiographs (see Figure 18-11B).

Primary lymphoma of bone easily penetrates the cor-
tex such that an adjacent soft tissue mass is present in 
about half of cases (Figure 18-12). Although an aggres-
sive periosteal reaction occurs in 60% of the cases, the 
amount of periosteal reaction is not proportional to the 
amount of bone destruction. About 25% of patients 
have a pathologic fracture.

PathologiC Features

MiCrosCoPiC Findings

Almost all primary lymphomas of bone are diffuse 
large B-cell lymphomas (DLBCLs). The malignant 
cells diffusely infiltrate the bone marrow, often leaving 

Figure 18-9
Typical plain radiographic lesion of a primary lymphoma of bone showing 
a poorly defined area of radiolucency in the tibia.

Figure 18-10
Occasionally, radiodensity is present diffusely throughout the lesion as a 
result of reactive bone formation. The radiodense variant may be mistaken 
for Paget disease.
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 trabeculae intact. Most often the tumor cells display a cen-
troblastic morphology with scant cytoplasm, significant 
nuclear pleomorphism, finely clumped chromatin, and 
two or three membrane-bound nucleoli (Figure 18-13).  
An immunoblastic morphology with round nuclei, a 
single prominent nucleoli, and abundant amphophilic 
cytoplasm is seen in some tumors.

In addition to DLBCLs, occasionally other lymphoid 
malignancies including precursor B-cell lymphoblastic 

BA

Figure 18-11
A, T2-weighted magnetic resonance imaging of a lymphoma in the distal femur shows diffuse involvement of the bone marrow. B, The plain 
radiograph shows almost no changes.

Figure 18-12
Malignant lymphoma of the tibia with extensive cortical destruction and 
a soft tissue mass.

Figure 18-13
Almost all lymphomas of bone are diffuse large B-cell lymphomas. The 
cells have a large, round, noncleaved nucleus with clumped chromatin. 
Cytoplasm is scant.
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lymphoma, T-cell lymphoma, and anaplastic large-cell 
lymphoma present as primary lymphoma of bone. Ana-
plastic large-cell lymphomas show nuclei of markedly 
varying sizes and shapes (Figure 18-14). Horseshoe 
nuclei are common. Lymphoblastic lymphoma, which is 
usually restricted to children, contains sheets of tumor 
cells with rounded nuclei, and a fine, stippled chromatin 
pattern infiltrates the marrow spaces (Figure 18-15).

Many lymphomas of bone have associated histologic 
features that make a diagnosis difficult. First, many contain 
a dense population of inflammatory cells, most of which 
are T lymphocytes; neutrophils may also be present. These 
inflammatory infiltrates may obscure the lymphoma cells 
and lead to the incorrect diagnosis of osteomyelitis. Second, 
lymphoma of bone may contain loose or dense fibrous 

tissue, which entraps the neoplastic cells in a pseudo-
organoid pattern. This pattern may lead to the misdiag-
nosis of metastatic carcinoma. Lesions with extensive 
fibrosis also have abundant reactive bone (Figure 18-16).  
These cells may be arranged in a storiform pattern and mas-
querade as a sarcoma. Third, decalcification, and in par-
ticular crush artifact, can also hinder accurate histologic  
interpretation of surgical biopsies (Figure 18-17).

anCillary studies

iMMunohistoCheMistry

Immunohistochemical studies are required to estab-
lish an accurate histologic diagnosis of primary lym-
phoma of bone. The panel should include markers 

Figure 18-16
Many primary lymphomas of bone have areas of fibrosis and reactive bone 
formation. 

Figure 18-14
Anaplastic large-cell lymphoma shows considerable nuclear pleomor-
phism. These cells are almost always T cells.

Figure 18-17
Extensive crush artifact oftentimes obscures the cytologic features of the 
lymphoid cells in malignant lymphomas of bone.

Figure 18-15
Lymphoblastic variant.
Lymphoblastic lymphoma typically shows uniform rounded nuclei with 
almost no cytoplasm. The chromatin of the nuclei shows a fine granularity 
typical of primitive cells.
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against B cells (CD20 and CD79a), T cells (CD3), 
and leucocyte common antigen (CD45). Because ana-
plastic large-cell lymphoma cells express CD30, this 
marker should be added to the panel when large pleo-
morphic lymphoid cells are the predominate finding. 
Most anaplastic large-cell lymphomas are of T lineage 
and, therefore, are generally positive for T-cell markers 
such as CD3 and CD4. When precursor B-cell lympho-
blastic lymphoma of bone is in the differential diagno-
sis, additional immunostains including CD10, CD43, 
CD79a, and Tdt are required.

diFFerential diagnosis

The differential diagnosis depends on the age of the 
patient. In children, primary lymphoma of bone must 
be differentiated from other round blue cells tumors, 
particularly Ewing sarcoma. Ewing sarcomas will be 
positive with CD99 and negative with CD45. How-
ever, precursor B-cell lymphoblastic lymphomas can 
also be positive with CD99, and negative with CD45 

and CD20. Therefore, it may be easy to misdiagnose 
a lymphoblastic lymphoma as a Ewing sarcoma. Addi-
tional markers such as Tdt, CD43, and CD79a that are 
expressed by lymphoblastic lymphoma but not Ewing 
sarcoma are helpful in sorting through the differential 
diagnosis.

In adults, primary lymphoma of bone may be con-
fused with multiple myeloma. In some poorly differenti-
ated myelomas, the plasma cell features are not apparent. 
In this setting, clinicopathologic and radiographic find-
ings will solve the problem in most instances. Immuno-
stains can also be helpful because myeloma cells show 
strong cytoplasmic immunoglobulin light-chain stain 
restriction, whereas they are weakly positive or negative 
for CD45 and CD20. In contrast, most B-cell lymphomas 
show the converse staining pattern, with strong positiv-
ity for CD45 and CD20, and little reactivity for CD138 
and immunoglobulin light chains.

Metastatic carcinoma must also be included in the 
differential diagnosis in adults. Some lymphomas are 
anaplastic and may be confused with metastatic epithe-
lial neoplasms. Therefore, cytokeratin stains should be 
performed to rule out metastatic carcinoma.

Some primary lymphomas of bone have a secondary 
population of inflammatory cells, particularly lympho-
cytes. These lymphocytes are most often T lympho-
cytes. Therefore, it is important to recognize that the 

LYMPHOMA OF BONe—FACT SHeeT

Definition

	▸▸  A neoplastic proliferation of lymphocytes involving a bone 
 without evidence of systemic or nodal disease

incidence and Location

	▸▸  Primary lymphoma of bone accounts for 7% of all malignant bone 
tumors

	▸▸  Femur and pelvis are the most common bones to be involved

Sex, race, and Age Distribution

	▸▸  Lymphoma of bone affects both children and adults, but 50% of 
patients are older than 40 years

	▸▸  No significant age or racial variation

Clinical Features

	▸▸  Pain is the most common symptom
	▸▸  Some patients present with pathologic fracture
	▸▸  Some patients also have a soft tissue mass

radiologic Features

	▸▸  Lesions are usually poorly defined with a permeative pattern of 
bone destruction

	▸▸  Some lesions have interosseous reactive bone that causes focal 
radiodensity

	▸▸  MrI shows long segments of increased signal on T2-weighted 
images, often larger than the lytic area

	▸▸  Periosteal reactive bone is frequently present

Prognosis and Treatment

	▸▸  Treatment includes radiation and chemotherapy
	▸▸  Five-year survival rate ranges from 50% to 90%
	▸▸  Patients older than 60 years have a worse prognosis

LYMPHOMA OF BONe—PATHOLOgiC FeATureS

gross Findings

	▸▸  Areas of bone destruction are replaced by soft hemorrhagic or 
fleshy tissue

Microscopic Findings

	▸▸  Diffuse sheets of lymphoid cells
	▸▸  Most often, centroblastic morphology with multilobated nuclei
	▸▸  Occasionally, immunoblastic morphology with round nuclei and 

abundant amphophilic cytoplasm
	▸▸  rarely, anaplastic large-cell lymphoma with large pleomorphic 

nuclei
	▸▸  May contain dense fibrosis associated with crush artifact of tumor 

cells or sarcomatoid appearance
	▸▸  reed–Sternberg cells in Hodgkin lymphoma

immunohistochemical Findings

	▸▸  Most commonly DLBCL; cells will be positive for CD45 and CD20
	▸▸  Anaplastic large-cell lymphomas are positive with CD30
	▸▸  Precursor B-cell lymphoblastic lymphomas may be positive for 

CD99, and negative for CD20 and CD3; Tdt, CD43, and CD79a will 
be positive

Differential Diagnosis

	▸▸  Ewing sarcoma
	▸▸  Metastatic carcinoma
	▸▸  Sarcoma in tumors with extensive fibrosis
	▸▸  Myeloma
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 neoplastic cells stain with B-cell markers and the smaller, 
non-neoplastic lymphocytes stain for T cells. Similarly, 
chronic osteomyelitis with an abundant population of 
lymphocytes can be excluded by the polyclonal nature 
of the lymphocytes. Inflammatory lesions in bone will 
consist mainly of T lymphocytes with an admixture of a 
smaller number of B lymphocytes.

Prognosis and treatMent

Unlike most primary bone malignancies, surgical resec-
tion is not the treatment of choice for primary lymphoma 
of bone. This disease is best treated with radiation and 
chemotherapy. Lymphomas of bone without visceral or 
nodal disease have a good prognosis with this therapy. In 
patients with lymphoma confined to the bone, reported 
5-year survival rates range from 60% to 90%. Tumor 
location is not a factor in prognosis. In general, patients 
older than 60 have a somewhat worse prognosis. Sur-
gery may be used in the event of local recurrence.

HODGKIN LYMPHOMA OF BONE

As with non-Hodgkin lymphomas, bones may be sec-
ondarily involved in disseminated Hodgkin lymphoma 
in the late stages. In Hodgkin lymphoma, radiologic 
evidence of bone involvement is present in 13% of 
advanced cases, although the incidence at autopsy is 
much greater. Bone marrow involvement without radio-
logic change may occur in 15% of advanced cases. In 
disseminated (stage IV) disease, bone involvement is 
due to hematogenous spread.

On rare occasions, Hodgkin lymphoma presents pri-
mary in bone without obvious lymph-node involvement. 
To date, only 21 cases of this presentation have been 
documented. After close clinical and radiologic study, 
however, many of these cases also had adjacent nodal 
disease, a finding that suggests that bones were second-
arily involved by contiguous spread from nodal disease. 
The bones most frequently involved were the sternum, 
femur, vertebrae, tibia, and humerus. The bone lesions 
were usually lytic, and the age range was 5 to 83 years, 
with the average age being 31 years.

In most cases, the Hodgkin lymphoma associated with 
bone involvement is the nodular sclerosing or mixed cel-
lularity type. Histologically, Reed–Sternberg cells and 
mononuclear variants are present in a polymorphous 
background that includes lymphocytes, plasma cells, 

eosinophils, and fibrous tissue. Reed–Sternberg cells 
stain with CD15, CD30, and PAX 5. They are negative 
with CD45 and T-cell and B-cell markers.

Hodgkin lymphoma in bone with only limited nodal 
disease responds to combine aggressive radiotherapy and 
chemotherapy. Most patients survive at least 3 years. By 
contrast, patients with bone involvement secondary to 
disseminated Hodgkin disease have a poorer prognosis. 
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Vascular tumors of bone range from common, and usu-
ally asymptomatic, benign hemangiomas to rare malig-
nant angiosarcomas. Multifocality is common in both 
benign and malignant vascular tumors. Syndromes such 
as Klippel–Trenaunay and Sturge–Weber can predis-
pose patients to vasoformative bone tumors, but most 
tumors are sporadic.

Some controversy exists in the nomenclature of lesions 
with intermediate grade histology: The term hemangio-
endothelioma has historically been used to describe both 
benign and malignant lesions. Currently, most authors 
agree that epithelioid hemangioendothelioma (EHE) 
straddles the clinical spectrum between hemangioma and 
angiosarcoma; that is, it represents a low-grade malig-
nancy with a more favorable prognosis than angiosar-
coma. To avoid confusion, we recommend the diagnoses 
of angiosarcoma and hemangioma be used to identify 
malignant and benign vascular tumors, respectively, 
whereas the term hemangioendothelioma be reserved for 
the specific diagnosis of EHE only. For practical purposes, 
assignment of a vascular tumor into one of these three 
categories is clinically relevant in predicting outcome.

HEMANGIOMA

CliniCal Features

Hemangioma is a benign proliferation of blood ves-
sels that is most often asymptomatic. It commonly 
affects the spine, specifically the vertebral bodies, and 
can be multifocal, involving multiple bones or adjacent 
soft tissue sites, or both. Autopsy studies suggest that 

 asymptomatic hemangiomas of the spine are quite com-
mon, with an incidence rate of 12% in adults. The age 
range is broad (first to eighth decades of life), but the 
majority of cases present in middle age (peak during fifth 
decade of life). Men are affected about twice as often 
as women. Although mostly asymptomatic, hemangio-
mas may come to clinical attention through local mass 
effect (particularly in the skull), or pain from spinal 
cord compression or pathologic fracture. In congenital 
examples, hemangiomas can produce limb hyperplasia 
or hypoplasia. The distinction between hemangioma 
and arteriovenous malformation is best made clinically 
or angiographically insofar as the latter demonstrates 
direct continuity between arterial and venous channels 
without an interposed capillary bed. Consequently, arte-
riovenous malformations may present with hemody-
namic sequelae of a left-to-right shunt.

radiologiC Features

The classic spinal hemangioma often affects multiple 
adjacent vertebral bodies and may include pathologic 
fracture (Figure 19-1). Plain films demonstrate a cor-
duroy appearance, and computed tomography (CT) 
scans show a polka-dot pattern (Figure 19-2). The above 
terms correspond to hyperintense, coarsened, verti-
cal trabeculae interposed between hypointense fat and 
are sufficiently specific that, in asymptomatic cases, the 
diagnosis can be made without tissue confirmation. The 
findings in the skull and long bones are less specific, and 
include sharp margins and a variegated density.

PathologiC Features

gross Findings

If resected intact, a hemangioma shows sclerotic trabecu-
lae radiating between soft, bloody clefts. More often, how-
ever, hemangiomas are curetted, resulting in soft, friable  
clot, rare spicules of bone, and firm pink connective tissue.

19 Vascular Tumors of Bone
Andrew Horvai

• Hemangioma
• Epithelioid Hemangioendothelioma
• Angiosarcoma
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MiCrosCoPiC Findings

Hemangiomas may be subdivided based on the pre-
dominant type of vessel, analogous to their soft tissue 
counterparts. However, most examples consist of vessels 
of a variety of sizes. Cavernous hemangiomas consist 
of large, gaping vascular lakes that replace the marrow 
space (Figure 19-3) and may erode the cortex (Figure 
19-4). The vascular structures are lined by flattened, 
cytologic bland endothelial cells (Figure 19-5). Capillary 
hemangiomas consist predominantly of small vascular 
spaces lined by a single layer of endothelial cells (Figure 
19-6). By definition, the endothelial cells lack atypia, and 
in the stroma between individual capillaries is hypocel-
lular with little to no inflammation. Occasionally, the 
endothelial cells may be plump and cuboidal, producing 
an epithelioid appearance (Figure 19-7). Focal areas of 

Figure 19-1
Reformatted sagittal computed tomographic scan of a hemangioma 
involving C5 and C6 vertebrae with a compression fracture of C6.

Figure 19-2
Axial computed tomographic scan of a hemangioma affecting C5 vertebral 
body shows characteristic polka-dot pattern. The pattern corresponds to 
dense vertical trabeculae interposed between adipose tissue and vascular 
spaces.

Figure 19-3
Low-power view of cavernous hemangioma demonstrates growth pattern 
with gaping vascular spaces replacing marrow cavity between trabeculae.

Figure 19-4
Low-power view of cavernous hemangioma with erosion of cortical bone 
(top left).
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such epithelioid endothelial cells may be a component 
in many hemangiomas. However, if this finding is dif-
fuse, such lesions have been classified as epithelioid 
hemangioma, especially if they also demonstrate the 
prominent lymphoeosinophilic infiltrate analogous to 
the soft tissue epithelioid hemangioma (angiolymphoid 
hyperplasia with eosinophilia) (Figure 19-8).

anCillary studies

The endothelial cells of hemangioma stain for antibod-
ies against CD31, CD34, factor VIII antigen, and Fli-1, 
although immunohistochemistry is seldom required to 
diagnose these lesions.

diFFerential diagnosis

Radiographically, the presence of multiple lytic lesions 
of the long bones or calvarium may suggest Langer-
hans histiocytosis in young patients or metastatic car-
cinoma in adults. Reactive vascular proliferations, such 
as granulation tissue from a fracture callus, may mimic 
vasoformative neoplasms. Reactive proliferations often 
demonstrate a proliferation of benign mesenchymal cells 
between the vascular spaces, as well as mixed inflam-
mation including neutrophils. Angiosarcoma may enter 
the differential if the radiographic appearance is particu-
larly aggressive. The distinction is based on the presence 

Figure 19-5
High-power view of cavernous hemangioma showing a dilated vascular 
space is lined by a single layer of attenuated, cytologically bland 
endothelial cells.

Figure 19-6
High-power view of capillary hemangioma with a predominance of small vas-
cular spaces, still lined by a single layer of endothelial cells without atypia.

Figure 19-7
Epithelioid hemangiomas demonstrate predominantly cuboidal endothe-
lial cells but still confined to a single layer around well-formed vascular 
channels. Cytologic atypia and mitotic activity are not prominent.

Figure 19-8
Some examples of epithelioid hemangioma of bone may show a prominent 
lymphoeosinophilic infiltrate between vascular channels in a pattern 
similar to the analogous lesion in soft tissue (angiolymphoid hyperplasia 
with eosinophilia).
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of cytologic atypia, mitotic activity, and a diffuse, rather 
than lobular, growth pattern.

The presence of epithelioid endothelial cells in a 
vascular lesion raises the differential of EHE. This 
differential diagnosis is further confused by nonuni-
formity in nomenclature. Some authors have used the 
terms hemangioendothelioma (without the epithelioid 
qualifier) interchangeably with epithelioid hemangi-
oma. It is best to consider epithelioid hemangioma as a 
completely benign vascular proliferation in which the 
endothelial cells are plump and cuboidal but line well-
formed vessels throughout the lesion; in other words, 
the tumor is uniformly vasoformative. EHE (described 
in more detail in the next section) shows at least focal 
presence of endothelial cells in clusters, cords, or singly 
without well-formed vessels but with intracytoplasmic  
lumina.

Prognosis and treatMent

The prognosis for hemangioma is excellent. Incidental 
hemangiomas require no treatment. Symptomatic cases 
may be treated with curettage and cement with a low 
rate of local recurrence. Tumors that may not be amena-
ble to surgical eradication (i.e., multiple bones involved 
in a limb) may occasionally be treated with radiation 
therapy.

EPITHELIOID HEMANGIOENDOTHELIOMA

CliniCal Features

EHE represents a vascular neoplasm intermediate 
between hemangioma and angiosarcoma in terms of 
recurrence and metastatic potential. The tumor, espe-
cially in bone, is often multicentric, and most patients 
have pain, a mass, or both. A slight predilection for the 
spine and pelvis has been reported, but these tumors 
have a widespread distribution throughout the axial 
and appendicular skeleton. EHE can present simul-
taneously in somatic soft tissue and viscera including 
the liver. The sexes are affected equally with a slight 
peak in the third decade but with a wide age range 
(20–80 years). For solitary bone lesions, the treat-
ment of choice is wide local excision, with possible 
regional lymph-node dissection, but without adjuvant 
radiotherapy or chemotherapy. Patients with multi-
centric, monomelic tumors can be offered radiation 
therapy, with or without surgery. Novel techniques 
such as radiofrequency thermal ablation are most often  
necessary in cases of multifocal bone involvement.

radiologiC Features

The radiographic features of EHE are relatively nonspe-
cific and may mimic a number of other entities. In long 
bones, EHE most commonly affects the metaphysis. The 

HeMANgiOMA—FACT SHeeT

Definition
 ▸▸  Benign vascular proliferation of bone

incidence and Location
 ▸▸  Incidence rate of up to 12% of autopsy cases
 ▸▸  Wide skeletal distribution
 ▸▸  Most commonly affects the spine (vertebral body) and calvarium

Sex, race, and Age Distribution
 ▸▸  Male-to-female ratio of 2:1, peak in fifth decade of life

Clinical Features
 ▸▸  Mostly asymptomatic
 ▸▸  Pain associated with spinal cord compression and mass in tumors 

of calvarium

radiographic Features
 ▸▸  Plain films of spine show corduroy pattern
 ▸▸  CT demonstrates polka-dot pattern

Prognosis and Treatment
 ▸▸  Incidental cases require no treatment
 ▸▸  Curettage and cement is usually curative
 ▸▸  Other options include external beam radiation

HeMANgiOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Predominantly hemorrhage, scattered spicules of bone, and soft 
pink vascular tissue

Microscopic Findings

	▸▸  Vasoformative nature is evident at low power
	▸▸  Size of predominant vessels determines subtype (cavernous,  

capillary), although most examples are mixed
	▸▸  Epithelioid endothelial cells may be focal or diffuse
	▸▸  Cytologic atypia and mitotic activity absent

Differential Diagnosis

	▸▸  Reactive vascular proliferation
	▸▸  Angiosarcoma
 ▸▸  Epithelioid hemangioendothelioma
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plain radiographic appearance of EHE of bone is typically 
osteolytic but may be either poorly demarcated or show 
a sclerotic rim. Periosteal reaction is usually absent. CT 
(Figures 19-9 and 19-10) and magnetic resonance scans 
are not entirely specific in this setting either; the radio-
graphic differential diagnosis will likely include entities 
such as lymphoma, metastatic carcinoma, and fibrous 
dysplasia. The presence of multiple lesions clustering in 
a single bone or anatomic region may imply a vascular 
neoplasm including EHE.

PathologiC Features

gross Findings

Curettage specimens show bloody, soft red tissue with 
a few intact spicules of bone. Higher-grade lesions may 
have necrosis and little to no residual bone. Soft tissue 
extension may be present.

MiCrosCoPiC Findings

EHE demonstrates a vaguely lobulated growth 
pattern. The predominant matrix is myxoid (Fig-
ure 19-11) to hyalinized (Figure 19-12). At low 
power, a distinct vasoformative growth pattern is 
typically absent. Rather, the tumor cells grow in nests  

Figure 19-9
Axial computed tomographic image of sacral epithelioid 
hemangioendothelioma (EHE). The presence of multiple lesions, in this 
case, lytic with sclerotic margins, suggests a vascular lesion but is not 
entirely specific for EHE.

Figure 19-10
Coronal reformatted computed tomographic image of sacral epithelioid 
hemangioendothelioma shows multiple lytic lesions.

Figure 19-11
Epithelioid hemangioendothelioma usually contains myxoid stroma and 
epithelioid cells in nests.

Figure 19-12
In some examples of epithelioid hemangioendothelioma, the stroma may 
be focally or diffusely hyalinized.
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or anastomosing cords (Figure 19-13). Individual 
tumor cells are plump, and have ample pale eosino-
philic cytoplasm and round nuclei with prominent 
central nucleoli imparting a distinctly epithelioid cyto-
morphology at high power. A characteristic feature of 
this tumor is the presence of a single intracytoplas-
mic vacuole in occasional tumor cells (Figure 19-14). 
Such cells have been termed blister cells. Some authors 
have divided EHE into conventional and high-grade 
forms. The latter shows more nuclear pleomorphism  
(Figure 19-15), necrosis, and mitotic activity, essen-
tially resembling conventional angiosarcoma.

anCillary studies

A variety of proteins, with varying degrees of specific-
ity for endothelial cells, may be useful to identify EHE, 
including factor VIII–related antigen, CD34, and CD31. 
Generally, a panel of CD31 (Figure 19-16), CD34 (Figure 
19-17), and Fli-1 (Figure 19-18) can achieve high sensi-
tivity and specificity. Importantly, like other epithelioid 
vascular tumors, EHE can express cytokeratins (Figure 
19-19) and epithelial membrane antigen.

Only small numbers of EHE cases have been analyzed 
for genetic abnormalities. Of these, two have demon-
strated a t(1;3)(p36.3;q25) translocation, although the 
specificity of this finding remains to be determined.

Figure 19-13
The neoplastic cells of epithelioid hemangioendothelioma may grow in 
anastomosing cords.

Figure 19-14
Occasional cells of epithelioid hemangioendothelioma contain intracyto-
plasmic lumina (so-called blister cells) that may mimic adenocarcinoma.

Figure 19-15
Example of a high-grade epithelioid hemangioendothelioma with more 
striking nuclear pleomorphism and increased cellularity.

Figure 19-16
Immunohistochemical stain for CD31 shows membrane positivity in epi-
thelioid hemangioendothelioma.



CHAPTER 19 Vascular Tumors of Bone 395

diFFerential diagnosis

The combination of multifocal lesions and nonspecific 
radiographic findings may suggest the diagnosis of meta-
static carcinoma in an adult. The epithelioid cytomor-
phology, intracytoplasmic vacuoles, and expression of 
epithelial makers in EHE can cause further confusion. 
Although the lobular growth pattern, at low power, 
and relative lack of nuclear anaplasia may suggest EHE 
over carcinoma, resolution of this differential diagnosis 
will usually require immunohistochemical confirma-
tion of expression of vascular markers. As mentioned 
earlier, the panel of CD34, CD31, and Fli-1 achieves 

high specificity in establishing a diagnosis of EHE and 
excluding carcinoma, particularly in keratin- or EMA-
positive cases. Based on clinical history, specific markers 
for a site of origin (prostate, breast, among others) may 
be useful to confirm the diagnosis of carcinoma.

Because EHE straddles a continuum between benign 
epithelioid hemangioma and epithelioid angiosarcoma, 
these two entities may enter into the differential diag-
nosis. As mentioned earlier, epithelioid hemangioma is 
uniformly vasoformative and lacks nests and cords of 
cells with intracytoplasmic vacuoles. It may be difficult 
to distinguish between an EHE with increased nuclear 
atypia and an epithelioid angiosarcoma. In fact, the 
distinction between such a malignant EHE and frank 
angiosarcoma is somewhat subjective and without much 
practical clinical utility. In any event, most epithelioid 
angiosarcomas (discussed later in more detail) are high 
grade and are composed of sheets of anaplastic cells with 
abundant mitotic activity, occasional atypical mitotic 
figures, and necrosis. A vasoformative growth pattern 
may not be evident.

The lobular growth pattern and myxoid to hyaline 
stroma may suggest chondromyxoid fibroma. However, 
chondromyxoid fibroma demonstrates spindled and stel-
late cells rather than nests of epithelioid or blister cells. 
Furthermore, chondromyxoid fibroma tends not to be 
multifocal. Finally, immunohistochemistry for endothe-
lial differentiation can help confirm the diagnosis.

A tibial or fibular EHE may raise the possibility of 
adamantinoma given keratin positivity and a pattern 
of anastomosing cords. The stroma of adamantinoma 
is typically fibrous rather than myxoid or hyaline. Ada-
mantinoma lacks expression of endothelial markers.Figure 19-17

CD34 stains the cell membrane and, to a lesser extent, the cytoplasm of 
epithelioid hemangioendothelioma but is less specific than CD31.

Figure 19-18
Fli-1 transcription factor is a sensitive marker for endothelial cells. It 
is useful in the diagnosis of epithelioid hemangioendothelioma, and 
the nuclear staining may be easier to interpret than some membrane or 
cytoplasmic antigens.

Figure 19-19
Focal keratin expression is common in epithelioid hemangioendothelioma, 
so vascular markers (CD34, CD31, and Fli-1) are required to differentiate 
this tumor from metastatic carcinoma.
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Prognosis and treatMent

The most important predictor of outcome for EHE is the 
presence of visceral (especially liver and lung) involve-
ment. Patients who have localized bone disease have a 
good survival rate. The mainstay of treatment is wide 
local excision with negative margins for localized tumors. 
Additional options for multifocal disease include radia-
tion therapy or radiofrequency ablation.

ANGIOSARCOMA

CliniCal Features

Angiosarcoma of bone is rare, representing less than 
1% of malignant bone tumors. Patients typically report 
bone pain and a mass if the tumor is in a superficial 
site. Vertebral tumors may produce spinal cord compres-
sion symptoms. The sex predilection is approximately 
equal. The age distribution is fairly even from the sec-
ond through seventh decades of life. Similar to their soft 
 tissue counterparts, angiosarcomas can arise as postradi-
ation sarcomas. The tumors are slightly more prevalent 

in the spine and pelvic bones (each approximately 15% 
of cases, respectively), but the entire skeleton can be 
affected. Like other vascular tumors, multicentricity in 
a given anatomic region is common.

radiologiC Features

Angiosarcoma lesions are predominantly lytic without 
periosteal reaction. A sclerotic rim may be present in 
grade 1 angiosarcomas and is less common with increas-
ing grade. Cortical destruction with a soft tissue mass 
is also more common with high-grade tumors. Mul-
tifocality involving a single bone or limb is frequent  
(Figure 19-20).

PathologiC Features

gross Findings

Curettage specimens consist of soft, reddish, bloody 
tissue usually without bone. Resection specimens have 
infiltrative borders, more so in grade 3 lesions, that 
replace the medullary space with reddish clot. Cortical 
destruction and soft tissue extension may be present 
(Figure 19-21).

MiCrosCoPiC Findings

At low power, the growth pattern of angiosarcoma is 
vasoformative with irregular, anastomosing channels 
permeating and destroying native bone (Figure 19-22). 

ePiTHeLiOiD HeMANgiOeNDOTHeLiOMA—FACT SHeeT

Definition
 ▸▸  A neoplasm of endothelial cells of intermediate malignancy

incidence and Location
 ▸▸  Rare; < 1% of malignant bone tumors

Sex, race, and Age Distribution
 ▸▸  Male-to-female ratio is 1:1
 ▸▸  Wide age distribution from third to eighth decades of life

Clinical Features
 ▸▸  Pain at site, mass if tumor is in a superficial bone

radiographic Features
 ▸▸  Findings are nonspecific; many are lytic with a sclerotic rim
 ▸▸  Multifocality in an anatomic region suggests vascular neoplasm 

but not specifically EHE

Prognosis and Treatment
 ▸▸  Prognosis is generally good for tumors limited to the skeleton
 ▸▸  Mortality increases with visceral involvement
 ▸▸  Wide local excision for localized tumors
 ▸▸  Radiotherapy or radiofrequency thermal ablation considered for 

multifocal disease

ePiTHeLiOiD HeMANgiOeNDOTHeLiOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Predominantly bloody, scattered spicules of bone and soft pink 
vascular tissue

Microscopic Findings

	▸▸  Lobular growth at low power
	▸▸  Myxoid to hyalinized matrix
	▸▸  Cells in nests or anastomosing cords
	▸▸  Epithelioid cells with pale eosinophilic cytoplasm, prominent 

nucleoli, and occasional intracytoplasmic vacuoles (blister cells)

Differential Diagnosis
 ▸▸  Metastatic carcinoma
	▸▸  Epithelioid hemangioma
	▸▸  Epithelioid angiosarcoma
	▸▸  Chondromyxoid fibroma
 ▸▸  Adamantinoma
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Extensive hemorrhage may obscure the vasoforma-
tive pattern at scanning magnification. Collagenous or 
bony matrix is usually absent. The defining feature of 
angiosarcoma is the presence of cytologic atypia in the 
endothelial cells lining the vascular channels. In grade 
1 angiosarcomas, mitotic activity and necrosis may not 
be prominent, but nuclear hyperchromasia, nuclear 
membrane irregularity, and intravascular budding 
are present (Figure 19-23). Grade 2 angiosarcomas 
demonstrate increased nuclear atypia but still retain 
a vasoformative growth pattern. Grade 3 angiosarco-
mas show more marked nuclear anaplasia, necrosis, 
and mitotic activity, including atypical mitotic figures 
(Figure 19-24).

Some grade 3 angiosarcomas may present with 
sheet-like growth and plump cells with abundant 
eosinophilic cytoplasm and marked nuclear atypia, 
whereas the vasoformative nature may be subtle or 
essentially absent. These tumors have been classified 
as epithelioid angiosarcomas if the plump cells domi-
nate the histologic picture (Figure 19-25). In such 
cases, the diagnosis of angiosarcoma may require 
immunohistochemical confirmation of endothelial cell 
differentiation.

anCillary studies

If a definitive vasoformative growth pattern is pres-
ent, additional studies are generally not necessary. 
In grade 3 angiosarcomas, and especially epithelioid 
angiosarcomas, immunohistochemical staining for 

Figure 19-20
Radiograph of angiosarcoma showing multiple lytic lesions involving the 
tibia. Angiosarcoma should be in the differential diagnosis with other 
malignant tumors such as metastatic carcinoma and lymphoma that can 
present as a multicentric process.

Figure 19-21
Gross photo of angiosarcoma involving the proximal fibula. The tumor is 
red–brown and extending into soft tissue.

Figure 19-22
At low-power view, angiosarcoma has a destructive, vasoformative growth 
pattern of anastomosing channels and extensive hemorrhage.
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CD34 (Figure 19-26) and CD31 (Figure 19-27) is usu-
ally positive. Of note, keratin and epithelial membrane 
antigen may be positive in a subset of epithelioid 
angiosarcomas.

diFFerential diagnosis

The distinction between grade 1 angiosarcomas and 
hemangiomas may be difficult. However, angiosarcomas 
should demonstrate cytologic atypia and an anastomos-
ing network of capillary-sized vessels. The vessels of 

angiosarcoma never demonstrate a muscular media but 
consist exclusively of endothelial cells.

An epithelioid angiosarcoma, typically com-
posed of sheets of anaplastic cells without a defined 
 vasoformative growth pattern, raises the differential 
 diagnosis of a variety of high-grade epithelioid malig-
nancies including metastatic carcinoma, melanoma, 
or pleomorphic undifferentiated sarcoma. A panel of 
immunohistochemical stains including CD31 and CD34 
to confirm endothelial differentiation may be necessary 
to establish the diagnosis. Immunostaining for keratin 

Figure 19-23
Grade 1 angiosarcoma typically shows only mild cytologic atypia. Mitotic 
activity, though present in this case, may be relatively low.

Figure 19-24
Grade 3 angiosarcoma demonstrates more marked cytologic atypia with at 
least some cells lining vascular spaces.

Figure 19-25
Epithelioid angiosarcoma (by definition grade 3) is composed of sheets 
of highly pleomorphic cells with atypical mitotic figures. A vasoformative 
growth pattern may not be obvious, raising the differential of other high-
grade malignancies.

Figure 19-26
CD34 immunostaining is positive in most angiosarcomas but may be vari-
able such as in this epithelioid angiosarcoma.
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and epithelial membrane antigen may be positive in 
 epithelioid angiosarcomas (and, focally, even in conven-
tional angiosarcomas). However, CD31 is usually nega-
tive in carcinomas. Additional immunostains tailored  
to exclude melanoma and other high-grade malignan-
cies may be necessary.

EHE and epithelioid angiosarcoma, as discussed ear-
lier, probably exist on a continuum such that EHEs with 
sheet-like growth and marked cytologic atypia should 
probably be classified as angiosarcomas outright. EHEs 
can be distinguished from conventional angiosarcomas 
by the presence of myxoid to hyaline stroma, nests and 
cords of cells, and blister cells.

Prognosis and treatMent

Treatment of angiosarcoma involves complete resection 
of the tumor with wide margins and adjuvant radio-
therapy for close or positive margins. Multifocal lesions 
not amenable to surgery may be treated with primary 
radiation therapy. Most studies indicate that prognosis 
is related to grade, with an up to 95% survival rate in 
grade 1 lesions as opposed to a less than 20% survival 
rate in grade 3 tumors. Notably, conflicting prognostic 
data from other studies suggest poor survival rates even 
in grade 1 angiosarcomas.
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Figure 19-27
CD31 immunostaining is a relatively sensitive and specific marker for endo-
thelial cells, and is useful in the diagnosis of high-grade angiosarcomas.

ANgiOSArCOMA—FACT SHeeT

Definition

	▸▸  A malignant neoplasm of endothelial cells

incidence and Location

	▸▸  Rare; < 1% of malignant bone tumors

Sex, race, and Age Distribution

	▸▸  Male-to-female ratio is approximately 1:1
	▸▸  Wide age distribution from second to seventh decades of life

Clinical Features

	▸▸  Pain at site
	▸▸  Mass if tumor is in a superficial bone

radiographic Features

	▸▸  Lytic usually without periosteal reaction
	▸▸  Sclerotic rim may be present in grade 1 tumors, absent in  

higher-grade angiosarcomas
	▸▸  Multifocality in an anatomic region suggests vascular neoplasm 

but not necessarily malignancy

Prognosis and Treatment

	▸▸  Prognosis correlates with histologic grade (some controversy 
exists); survival rate ranges from 95% for grade 1 to < 20% for 
grade 3 angiosarcomas

	▸▸  Wide local excision for localized tumors
	▸▸  Radiation therapy for positive margins or multifocal disease

ANgiOSArCOMA—PATHOLOgiC FeATureS

gross Findings
 ▸▸  Predominantly bloody, scattered spicules of bone and soft pink 

tissue

Microscopic Findings
 ▸▸  Anastomosing vascular channels permeating and destroying native 

structures, lined by endothelial cells with cytologic atypia
 ▸▸  Extensive hemorrhage may obscure vasoformative growth pattern
 ▸▸  Cytologic atypia of endothelial cells ranges from mild (grade 1) to 

marked anaplasia (grade 3)
 ▸▸  Necrosis and atypical mitotic figures in grade 3 angiosarcomas
 ▸▸  Epithelioid angiosarcomas may show sheets of pleomorphic cells 

without obvious vasoformative growth

Differential Diagnosis
 ▸▸  Hemangioma
 ▸▸  Metastatic carcinoma (especially for epithelioid angiosarcoma)
 ▸▸  Epithelioid hemangioendothelioma
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GIANT CELL TUMOR OF BONE

Giant cell tumor of bone consists of a mononuclear cell 
proliferation intermixed with numerous multinucle-
ated, osteoclast-like giant cells (Figure 20-1). It has been 
referred to as osteoclastoma and benign giant cell tumor. 
However, because of the slightly unpredictable behavior 
of the lesion, the adjective benign is better dropped. The 
mononuclear cells are considered to be reactive and non-
neoplastic in nature. However, they may also be present 
in distant metastases.

CliniCal Features

Most giant cell tumors occur in skeletally mature per-
sons, principally young adults; they are rare in children 
(less than 2% of cases). Women are more commonly 
affected than men and may be affected at a slightly 
younger age (late adolescence) because of earlier closure 
of the epiphyseal plates. These tumors are rare in the 
elderly.

The most common locations are the ends of long 
bones, principally around the knee, distal femur and 
proximal tibia, which are the two most common sites of 
involvement in the Mayo Clinic files, followed by the dis-
tal radius and sacrum (Figure 20-2). The lesion is always 
epiphyseal or metaepiphyseal; only in rare cases that 
occur before closure of the growth plate may it be purely 
metaphyseal. The spine is less frequently involved; in 
this setting, the vertebral body is more often involved 
than the posterior elements (which tend to be affected 
more by osteoblastoma and aneurysmal bone cyst). 
Almost any bone may be affected, but lesions in the ribs, 
scapula, skull, long-bone diaphysis, and small bones 
of the hands and feet are extremely rare. Multicentric 
lesions are likewise exceptional, and hyperparathyroid-
ism or Paget disease has to be ruled out in these cases. 
Giant cell tumor usually presents with swelling, pain, or 
both, rarely with pathologic fracture.

radiologiC Features

Plain radiographs will show a purely lucent, destruc-
tive lesion that extends to the end of the bone—at least 
into the epiphysis, if not up to the articular cartilage 
(Figure 20-3). The margins may be well-defined but 
without sclerosis (puddle on the sand) in lesions con-
sidered latent or inactive. In aggressive cases, margins 
are poorly demarcated and the cortex may be thinned, 
expanded, or destroyed with soft tissue extension, but 
little or no periosteal reaction occurs. Marginal sclerosis 
may be present in old or inactive lesions, and periph-
eral ossification around a soft tissue recurrence or a lung 
metastasis (egg-shell appearance) (Figure 20-4). The 
tumor will appear solid on computed tomography and 
with a nonhomogenous signal on magnetic resonance 
imaging: low in T1 and high in T2. An isotope scan 
will show a focus with a cooler center and hotter rim  
(donut sign).

20 Giant Cell Tumor of Bone
Patrizia Bacchini • Franco Bertoni

Figure 20-1
giant cell tumor of bone.
High-power view showing the two typical cell populations.
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Figure 20-2
Typical locations of giant cell tumor.
Proximal tibia: Plain radiograph, (A) anteroposterior view, and (B) lateral view. Distal radius: (C) radiograph of specimen and (D) corresponding 
gross appearance.

BONE AND SOFT TISSUE PATHOLOGY
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PathologiC Features

gross Findings

Giant cell tumor of bone has a variable gross appear-
ance. It is usually meaty, soft, purple–red to brown, and 
may be uniform or variegated in aspect, with small, squishy 
yellow foci or extensive areas of cystic change. Extension 
into soft tissues, or soft tissue recurrence, will appear as a 
well-defined mass with peripheral calcification.

MiCrosCoPiC Findings

Microscopically, giant cell tumors of bone consist 
of two cell populations: a fairly dense mononucleated 
cell population, among which the multinucleated giant 
cells are uniformly distributed. The nuclei of the mono-
nuclear cells are round to oval with granular chromatin 
and one or two nucleoli. The nuclei of the giant cells 
are identical, to such an extent that it may be difficult to 
pick out the limits of a giant cell against a mononuclear 
cell background. The giant cells have abundant eosin-
ophilic cytoplasm and may contain dozens of nuclei 
(Figure 20-5A, B). Mitotic figures may be numerous in 
the mononuclear cell population but not atypical. The 
mononuclear cells are irregular in contour and tend to 
form sheets but may be spindled, and storiform areas 
can often be identified, as can aggregates of foam cells 
(the yellow areas grossly visible). Also present can be 
foci of infarct-type necrosis, usually small, but which 
can, on occasion, comprise almost the entire tumor 
(see Figure 20-5C). Little or no cellular reaction to this 
necrosis occurs. Occasionally, tumor plugs can be identi-
fied in vessels at the periphery of the lesion, but these do 
not affect the prognosis adversely. Other features found 
more rarely include the formation of osteoid or bone, 
usually focal (see Figure 20-5D, E) or aneurysmal bone 
cyst-like changes. Exceptionally, there may be areas 

within a lesion or even entire lesions in which few or no 
giant cells can be seen. A purely histologic diagnosis in 
these cases in impossible, and correlation with clinical 
and radiographic features becomes paramount. Rarely, 
nuclear hyperchromasia or degenerative atypia may also 
complicate the diagnosis.

diFFerential diagnosis

As with all bone tumors, radiographic correlation is 
essential when diagnosing giant cell tumor. Virtually any 
tumor of bone may contain multinucleated giant cells in 
varying numbers, but most do not show the characteristic 
resemblance between the ovoid cell nuclei and the giant 
cell nuclei. The main sources of confusion are aneurysmal 
bone cyst, benign fibrous histiocytoma, chondroblastoma, 
and giant-cell-rich osteosarcoma. Pure aneurysmal bone 
cysts usually occur at a younger age and in metaphyseal 
locations, so much so that if a lesion with the appearance 
of an aneurysmal bone cyst occurs in an epiphyseal loca-
tion, microscopic foci of giant cell tumor must be sought. 
Benign fibrous histiocytoma is usually more storiform in 
appearance and contains more foam cells; an inactive 
giant cell tumor may present this pattern, but small foci 
of typical giant cell tumor will also be identifiable. The 
diagnosis of chondroblastoma requires the identification 
of chondroid matrix or mineralization, at least focally. 
The nuclei of the principal cell population are often 
grooved (coffee-bean appearance) and do not resemble 
the nuclei of the giant cells. Clinically, chondroblasto-
mas usually appear in skeletally immature patients and 
predominate in male individuals. Finally, giant cell–rich 
osteosarcoma, albeit rare, must not be mistaken for giant 
cell tumor. The former is a histologic variant of conven-
tional osteosarcoma and may, therefore, be found in the 
same locations (long-bone metaphyses or metaepiphyses,  

E F

Figure 20-2—ConT’D
Sacrum: (e) radiograph of specimen and (F) corresponding gross appearance.
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Figure 20-3
radiologic features of giant cell tumor. 
A large, purely lytic lesion involving the metaepiphyseal region of the radius, with thinning and focal destruction of the cortex, soft tissue 
extension, and extension to the articular cartilage. (A) Plain radiograph, anteroposterior view; (B) radiograph of specimen; and (C) correspond-
ing gross appearance.
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around the knee) and in the same age group as giant cell 
tumor. However, histologically, the degree of cellular 
atypia in the stromal cells is greater, and atypical mitotic 
figures may be found. Formation of osteoid and bone is 
also more apparent. Historically, an important differen-
tial diagnosis was with brown tumor of hyperparathy-
roidism, which is histologically similar in appearance, 
but this rarely poses a clinical problem nowadays.

Prognosis and treatMent

Most giant cell tumors of bone are benign, but they may 
be locally aggressive—in long bones, up to 25% recur 
after surgery. The surgical approach chosen depends on 
the desired result: Wide resection reduces the risk for 
recurrence but may have a significant impact on limb 
function, depending on the site of the tumor; a thorough 
curettage, followed or not by phenol/alcohol injection or 
cement, may better preserve function but is at greater 
risk for recurrence. Recurrences are likewise treated sur-
gically. Radiotherapy may be administered in surgically 
difficult locations (e.g., vertebral body). Chemotherapy 
is not used in the treatment of giant cell tumor.

A small minority of giant cell tumors (2%) metasta-
sizes to the lungs, but these metastases are slow growing 
and may regress spontaneously. No histologic criteria 
exist to identify which lesions have metastatic potential. 
Conventional giant cell tumors are locally aggressive 
but progress slowly, and lead to the death of the patient 
only in exceptional cases; they are not considered  
malignant.

A different problem is posed by the rare cases of 
malignancy in giant cell tumor, sometimes called dedif-
ferentiated giant cell tumor or malignant giant cell 
tumor. This means a high-grade sarcoma that devel-
ops at the site of a previously excised or irradiated 
giant cell tumor (secondary malignancy in giant cell 
tumor). More rarely, a sarcoma may develop adjacent 
to, or juxtaposed on, an untreated giant cell tumor 
(primary malignancy in giant cell tumor). In this case, 
both the benign and the sarcomatous components are 
visible histologically, and the limits between the two 
are abrupt. The sarcoma is usually of spindle-cell type 
(fibrosarcoma, malignant fibrous histiocytoma) and 
may produce osteoid. The prognosis in malignant giant 
cell tumor is that of a high-grade spindle cell sarcoma. 
These cases account for less than 1% of all cases of 
giant cell tumor.

A B

Figure 20-4
giant cell tumor. 
A, Peripheral ossification around a soft tissue recurrence giving an egg-shell appearance on plain X-ray. B, Low-power histologic view of a lung 
 metastasis with peripheral ossification.
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Figure 20-5
Microscopic appearance of giant cell tumor.
A, High-power view showing sheets of spindled or ovoid cells interspersed with multinucleated giant cells. Both cell populations have eosino-
philic cytoplasm and the same fairly regular, oval nuclei with a distinct membrane and one or two small nucleoli. Note large numbers of nuclei 
in some of the giant cells. B, Low-power view showing dense cellularity and peripheral ossification. C, Low-power view of an area of infarct-type 
necrosis. D, e, High-power views of small foci of osteoid production within the tumor.
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giAnT CeLL TuMor oF Bone—FACT SHeeT

Definition

	▸▸  Benign neoplasm composed of sheets of ovoid or spindled 
mononuclear cells interspersed with numerous osteoclast-like 
 multinucleated giant cells

incidence and Location

	▸▸  20% of benign bone tumors (5% of all bone tumors)
	▸▸  Metaepiphyseal or epiphyseal, long bones: distal femur, proximal 

tibia, distal radius; sacrum; also rarely occurs in spine, typically in 
the vertebral body

	▸▸  Multicentric forms exceptional

Morbidity and Mortality

	▸▸  Benign but locally aggressive: extension into soft tissues 
 common; overall 20% to 25% recurrence rate

	▸▸  Distant metastases rare (< 2%)

Sex, race, and Age Distribution

	▸▸  Slight female predominance
	▸▸  Mature skeleton, mainly young adults (third to fourth decades of 

life); rare in childhood and old age.

Clinical Features

	▸▸  Pain, swelling, pathologic fracture

radiologic Features

	▸▸  Purely lytic lesion with either well-defined, but not sclerotic, 
 margins or poorly defined margins

	▸▸  Aggressive cases may show cortical destruction and occasionally 
periosteal reaction

	▸▸  Soft tissue extension or recurrence has marginal calcification 
(egg-shell appearance)

Prognosis and Treatment

	▸▸  Surgical excision or curettage; radiotherapy for inaccessible 
lesions

	▸▸  recurrences usually appear within 2 years and are treated 
 surgically

	▸▸  Lung metastases rare (2%), usually slow growing
	▸▸  Malignancy in giant cell tumor: < 1% of cases overall; prognosis is 

that of a high-grade spindle-cell sarcoma

giAnT CeLL TuMor oF Bone—PATHoLogiC FeATureS

gross Findings

	▸▸  red–brown, fleshy, well-demarcated mass
	▸▸  May be yellow areas and/or cystic areas

Microscopic Findings

	▸▸  Sheets of ovoid, mononuclear cells interspersed with numerous 
osteoclast-like, multinucleated giant cells

	▸▸  The nuclei of the giant cells and the mononuclear cells look 
 similar

	▸▸  Mitotic figures common in mononuclear cells, not atypical
	▸▸  May also be aggregates of foam cells; focal osteoid or bone 

production; aneurysmal bone cyst-like changes; storiform areas; 
necrosis, often small foci with little or no cellular reaction

Pathologic Differential Diagnosis

	▸▸  Aneurysmal bone cyst
	▸▸  Benign fibrous histiocytoma
	▸▸  Chondroblastoma
	▸▸  Giant cell–rich osteosarcoma
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CHORDOMA

The notochord is a midline, ectoderm-derived struc-
ture that defines the phylum of chordates. In humans, 
the degeneration of the notochord �egins during fetalnotochord �egins during fetal�egins during fetal 
development and is complete �y the second decade of 
life. However, asymptomatic vestigial rests can occasion-
ally �e found in the nucleus pulposus of interverte�ral 
disks in adults. Some controversy exists as to the origin 
of chordomas from these cells �ecause chordomas arise 
from �one (clivus, sacrum, and coccyx), not interverte-
�ral disks. Furthermore, histochemical differences have 
�een reported �etween fetal notochord and chordoma 
cells. Nevertheless, chordoma represents a low-grade 
malignant mesenchymal neoplasm with distinct clinical 
and pathologic features and histologic similarities to the 
notochord. It represents approximately 4% of malignant 
�one tumors.

CliniCal Features

Most patients have pain. The majority of chordomas are 
located in the sacrococcygeal region (35-50%) or the �ase 
of the skull (30%�40%). �pproximately �0% to 30%%�40%). �pproximately �0% to 30%�40%). �pproximately �0% to 30% 
are located in the verte�rae of the mo�ile spine. Sacro-
coccygeal tumors produce lower �ack pain, oftentimes of 
long duration. � mass may �e palpa�le on rectal exami-
nation. Patients with clivus tumors may report visual 
impairment (from a�ducens nerve involvement) in addi-
tion to headache. Male individuals are affected a�out 
twice as frequently as female individuals, with a peak 
incidence in the fifth and sixth decades of life, though 
clivus tumors present slightly earlier. Rare examples 

may recur as a high-grade spindle cell sarcoma, an entity 
known as dedifferentiated chordoma, although some of 
these examples may represent postradiation sarcomas.

radiologiC Features

Chordoma presents as a midline, lytic, destructive lesion 
with soft tissue involvement in the majority of cases. 
Plain radiographs may �e difficult to interpret �ecause 
of overlying structures in the pelvis and cranium; there-
fore, computed tomography (CT) and especially mag-
netic resonance imaging studies are particularly useful 
for diagnosis and treatment planning (Figure �1-1). 
Matrix calcification may �e present in some cases �ut 
most likely represents residual native �one rather than 

21 Notochordal Tumors
Andrew Horvai

•  Chordoma

Figure 21-1
Sagittal T2-weighted magnetic resonance image of sacral chordoma.
Chordomas may show extension into soft tissue anteriorly or, as in this 
case, posteriorly.
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neoplastic �one. Clivus tumors may extend to the sella 
turcica (Figure �1-�), whereas sacral tumors commonly 
involve the soft tissues anteriorly. Verte�ral chordomas 
often cross interverte�ral disks to involve more than one 
verte�ral �ody.

PathologiC Features

gross Findings

Chordomas have a characteristic lo�ular architecture. 
Tumor lo�ules are shiny, translucent �lue�gray and sep-
arated �y thin, white fi�rous septae (Figure �1-3). Gross 
resections demonstrate soft tissue extension and a push-
ing �order. Recurrences may �e multifocal.

MiCrosCoPiC Findings

�t low magnification, chordomas invaria�ly show a 
lo�ular growth pattern (Figure �1-4). ��undant �aso-
philic myxoid stroma comprises the majority of the 
tumor volume. Thin, collagenous septae divide lo�ules. 
The cells of chordoma are round to ovoid with pale 
eosinophilic cytoplasm growing in strands, cords, and 
clusters (Figure �1-5). Varia�le amounts of the so-called 
physaliphorous tumor cells may �e present. The latter 
cells contain one or several intracytoplasmic vacuoles, 
creating a �u��ly appearance (Figure �1-6). Nuclei are 

generally small and central, although occasional tumors 
may demonstrate focal areas of enlarged, pleomorphic, 
and hyperchromatic nuclei (Figure �1-7). In the latter 
case, the nuclear-to-cytoplasmic ratio is retained, and 
this finding does not predict a worse prognosis. Rare 
tumors may �e highly cellular with sheet-like growth of 
round to ovoid cells and scant stroma. Necrosis is seen 

A B

Figure 21-2
A, Coronal and (B) axial t1-weighted magnetic resonance images of chordoma involving clivus. Note that the tumor is well circumscribed with 
a pushing border that may involve the optic nerves and sella turcica.

Figure 21-3
Gross image of chordoma showing a lobulated and destructive tumor.
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in approximately 35% of sacral tumors. Mitotic activity 
is rare in chordomas.

Chondroid chordoma occurs almost exclusively 
in the �ase of the skull. Histologically, chondroid 
 chordoma contains chondroid tissue in addition to 
conventional chordoma. Both components stain posi-
tive with epithelial markers. Highly cellular histologic 
variants of chordoma have recently �een descri�ed 
in the skull �ase of children and adolescents. These 
tumors have a solid growth pattern and lack the myx-
oid matrix of classic chordoma. � su�set within this 
group that lacks the typical cytologic features of chor-
doma has �een termed poorly differentiated chordoma. 
The poorly differentiated variant has �een associated 
with a poorer prognosis when compared with the other  
variants.

anCillary studies

Chordomas express cytokeratins, specifically CK8, CK18, 
and CK19, and epithelial mem�rane antigen (EM�). 
S-100 protein expression is varia�le. Chordomas also 
express a relatively new marker, �rachyury, that can �e 
useful in the differential diagnosis.

diFFerential diagnosis

The myxoid matrix, lo�ular growth pattern, and cyto-
morphology of chordoma may suggest chondrosarcoma. 
The diagnosis can �e particularly challenging for �ase of 

Figure 21-4
Low-power view of a lobular growth pattern in a chordoma.

Figure 21-5
at intermediate magnification, the cells in chordoma grow in cords, 
strands, and clusters amid a loose myxoid stroma.

Figure 21-6
the cells of chordoma demonstrate pale eosinophilic to somewhat foamy 
cytoplasm with central ovoid to round and cytologically bland nuclei.

Figure 21-7
Chordoma containing pseudomalignant cells.
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skull tumors if hyaline cartilage is present (chondroid 
chordoma) and on small �iopsies. The distinction may 
have prognostic implications in that chondrosarcoma 
of the skull �ase tends to have a �etter prognosis than 
does chordoma. �lthough the cells of chondrosarcoma 
may grow in cords, the cell-cell contact consists of deli-
cate processes projecting �etween cells as opposed to the 
�road contact �etween the chains of cells in chordoma 
(Figure �1-8). Both chondrosarcoma and chordoma may 
stain for S-100 protein. However, positive immunoreac-
tivity with EM�, keratin, and �rachyury supports the 
diagnosis of chordoma.

Extraskeletal myxoid chondrosarcoma shares some 
gross and histologic features with chordoma �ut is almost 
exclusively a soft tissue tumor that does not stain for 
keratins. If necessary, molecular or genetic techniques 
to detect the t(9;��) (EWS:NR4A3) translocation can 
help confirm the diagnosis of extraskeletal myxoid chon-
drosarcoma and exclude chordoma.

Metastatic adenocarcinoma usually lacks a lo�ular 
growth pattern �ut may �e confused with chordoma on a 
small �iopsy. The presence of keratin and EM� staining 
in �oth chordoma and carcinoma can also cause diag-
nostic confusion. Metastatic adenocarcinoma, however, 
shows diffuse nuclear atypia, necrosis, and mitotic activ-
ity. �dditional immunohistochemical stains, including 
�rachyury (supporting a diagnosis of chordoma) or lin-
eage-specific markers (e.g., CDX-� for colorectal, TTF-1 
for thyroid and lung, estrogen and progesterone recep-
tors for �reast) may �e necessary in difficult cases.

Giant notochordal rest (GNR) is a recently descri�ed 
entity of notochordal origin that has also �een termed 
giant notochordal hamartoma and intraosseous benign 
notochord cell tumor. Conventional radiograph and CT 
images of GNR are normal or show minimal sclerosis. 
This differs from the lytic and destructive findings seen 

with chordomas. GNR is usually detected in magnetic 
resonance images as a homogeneous mass that occupies 
some or nearly all of a verte�ra. However, it does not 
show aggressive features or a soft tissue mass. Histo-
logically, at low magnification, GNR lacks the lo�ulated 
growth pattern of conventional chordoma. In contrast, 
it fills the marrow spaces without destroying the medul-
lary or cortical �one. The cells do not display the degree 
of cytologic atypia seen in chordoma. They contain 
small, round nuclei containing fine nuclear chromatin 
surrounded �y clear to faintly eosinophilic cytoplasm 
with varying amounts of vacuolization. The tumor may 
�e overlooked �ecause of its resem�lance to marrow 
fat. Immunostains can �e helpful �ecause GNR shows 
strong immunoreactivity with keratin markers. So far, 
it appears that the �iologic �ehavior of GNR is that of a 
�enign or indolent lesion (Figure �1-9).

Prognosis and treatMent

Chordomas involving the sacrum and mo�ile spine are 
treated with surgery, prefera�ly with a wide surgical 
margin. Cranial �ase chordomas are treated with sur-
gery and various types of high-dose radiation therapy 
(stereotactic radiosurgery, proton �eam, heavy particle). 
Chordomas are difficult to excise �ecause of their loca-
tion and intimate relation to critical structures. Thus, 
they are associated with a high incidence of local recur-
rence. Five- and 10-year survival rates of 45% to 77% 
and �8% to 5�%, respectively, have �een reported for 
sacral chordomas. Distant metastases, most commonly 
to the lung, occur late in disease in approximately 30% 
of cases, �ut mortality is most often related to recurrence 
and progression with local effects.

A B

Figure 21-8
A, Chordoma shows broad attachment of cells. B, In contrast, spindle cells in a conventional intraosseous chondrosarcoma extend delicate 
processes to establish intercellular contact.
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Figure 21-9
giant notochordal rest.
A, rather than lobular growth, the tumor is composed of a single mass amid trabeculae of lamellar bone. B, the physaliphorous cells predomi-
nate with an appearance that can mimic fat necrosis.

CHOrDOMA—FACT SHeeT

Definition

	▸▸  Low-grade malignant neoplasm of notochord origin

incidence and Location

	▸▸  4% of malignant bone tumors
	▸▸  35–50% located in sacrococcygeal region
	▸▸  30–40% located in base of skull
	▸▸  20–30% located in the mobile spine

Sex, race, and Age Distribution

	▸▸  Male-to-female ratio is 2:1; peak incidence in fifth and sixth 
decades of life

Clinical Features

	▸▸  Lower back pain from sacrococcygeal tumors; headache and visual 
disturbances from cranial tumors

Prognosis and Treatment

	▸▸  Complete surgical resection with negative margins
	▸▸  adjuvant radiation therapy or radiosurgery for cranial base 

 chordomas
	▸▸  Morbidity and mortality from local destructive recurrence
	▸▸  Metastasis in ~30% of cases

CHOrDOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Lobules of glistening blue–gray tumor separated by white, fibrous 
septae

	▸▸  Cortical destruction and soft tissue extension usually anteriorly

Microscopic Findings

	▸▸  Fibrovascular bands separate lobules of tumor
	▸▸  tumor cells grow in cords and small nests
	▸▸  tumor cells set in a blue myxoid background
	▸▸  Small, round uniform nuclei with abundant cytoplasm
	▸▸  Bubbly cytoplasm (physaliphorous cells)

Differential Diagnosis

	▸▸  Chondrosarcoma
	▸▸  Metastatic adenocarcinoma
	▸▸  Giant notochordal rest
	▸▸  extraskeletal myxoid chondrosarcoma
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ADAMANTINOMA

CliniCal Features

Adamantinoma is a low-grade malignant epithelial neo-
plasm of uncertain embryogenesis with a strong pre-
dilection for involvement of the midshaft of the tibia 
with or without involvement of the fibula. A stromal 
component with a fibrous dysplasia-like appearance is 
present in many cases. A close histogenetic relation to 
osteofibrous dysplasia (OFD) and differentiated ada-
mantinoma is suggested by clinical, histologic, immuno-
histochemical, and cytogenetics features.

Adamantinomas constitute between 0.1% to 0.5% 
of all malignant bone tumors. A wide age spectrum 
exists, but young adults are most frequently affected. 
The mean age at presentation is about 30 years with 
only about 3% of patients younger than 10 years. Some 
series report a slight male preponderance. A striking 
feature of this neoplasm is its predilection for involve-
ment of the midshaft of the tibia, which accounts for 
about 85% of all cases. Synchronous involvement of 
tibia and fibula occurs in about 10% of all cases. Iso-
lated case reports document involvement of ulna, 
femur, humerus, radius, rib, ischium, tarsal, metatarsal, 
and capitate. Reports also exist of extraskeletal pretibial 
soft tissue involvement. Swelling with or without pain 
is the usual presenting feature. The lesion may cause 
a pathologic fracture. A history of significant trauma 
has been noted in some cases. Adamantinoma exhib-
its a tendency to both long recurrence and metastasis, 
predominantly to the lung. The mean duration to local 
recurrence may be as long as 7 years, and metastases 
have been documented more than two decades after 
diagnosis.

radiologiC Features

The typical mid-diaphyseal tibial lesion is osteolytic, 
eccentric, expansile, and medullary in location. It is 
composed of multifocal radiolucencies surrounded by 
ring-shaped densities producing the characteristic soap-
bubble appearance (Figure 22-1). The entire lesion may 
have a prominent sclerotic margin indicative of slow 
growth. The lesion is longitudinally oriented with an 
average length in one series of 11 cm. The expansile ele-
ment tends to involve the anterior tibial surface, and the 
lesion may produce a bowing deformity of the tibia. The 
periosteal reaction is variable from minimal to promi-
nent. In about 15% of cases, extracortical extension into 
soft tissues occurs. Additional computed tomography 
(CT) and magnetic resonance imaging (MRI) studies 
are of limited diagnostic value but are helpful in assess-
ing the extent and invasiveness of the lesion.

PathologiC Features

The neoplasm is composed of epithelial cells surrounded 
by a fibrous stroma. In some cases, the stroma contains 
woven bone spicules rimmed by osteoblasts resembling 
OFD. Based on the pattern of the epithelial cell compo-
nent and the presence or absence of the OFD-like ele-
ment, several histologic variants have been described. 
The most frequent is the tubular variant in which nar-
row cords of epithelial cells form branching and anasto-
mosing structures. A central gland-like space produces 
the tubular appearance and probably results from loss 
of cellular cohesion rather than true gland formation 
(Figure 22-2). A basaloid variant resembles basal cell 
carcinoma with palisading of its peripheral layer (Fig-
ure 22-3). The squamous variant resembles a well-dif-
ferentiated squamous carcinoma and may exhibit 
keratinization, or cell separation may result in forma-
tion of the stellate reticulum pattern seen commonly in 
gnathic ameloblastoma (Figure 22-4). Frequently, over-
lapping patterns are present between these variants in 
individual cases. The spindle cell variant is the most 
complicated to recognize because the spindle-shaped  

22 Adamantinoma
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neoplastic epithelial cells may be difficult to distinguish 
from the mesenchymal cells and may produce patterns 
resembling those of mesenchymal neoplasms, namely, 
storiform, fascicular, and herringbone (Figure 22-5). A 
clue to their identification is their tendency to outline 

cleft-like or tubule-like spaces. The OFD-like variant is 
usually composed of scant strands and single epithelial 
cells within a lesion otherwise indistinguishable from 
OFD. The relation between this variant and OFD will 
be elaborated on in the sections dealing with OFD and 
differentiated adamantinoma. The least common vari-
ant has been described as Ewing�s-like adamantinoma�s-like adamantinoma-like adamantinoma  
or adamantinoma-like Ewing�s sarcomasarcoma and is com-
posed of anastomosing cords of small, uniform, round 
cells set in a myxoid stroma. However, the demonstra-
tion of a t(11:22) translocation in this variant favors a 
closer pathogenetic relation to Ewing’s sarcoma than to 
 adamantinoma.

anCillary studies

genetiCs

Cytogenetic studies have demonstrated trisomies in 
chromosomes 7, 8, 12, 19, and 21 in classic and differen-
tiated adamantinoma.

immunohistoChemistry

Initial immunohistochemical studies showed strong 
positive staining of the neoplastic cells with pan-
 cytokeratin antibody, confirming the epithelial histo-
genesis. It has been demonstrated utilizing antibodies 
to cytokeratin subtypes that the immunoprofile dif-
fers from that of other bone and soft tissue neoplasms 
with known epithelial characteristics, namely, synovial 
sarcoma, chordoma, and epithelioid sarcoma, which 
exhibit immunoreactivity for keratins 8 and 18. By con-
trast, all adamantinomas studied, irrespective of histo-
logic subtype, showed uniform positivity for keratins 

A B

Figure 22-2
Adamantinoma.
tubular variant. A, Small, tubular spaces lined by cuboidal cells embedded in a spindle cell stroma. the central gland-like spaces result from 
loss of cellular cohesion. B, the spaces are nearly filled with the cuboidal cells in this area of the same tumor.

Figure 22-1
Adamantinoma.
Osteolytic, eccentric, expansile lesion involving the cortex and medulla of 
the proximal third of the diaphysis of the tibia. Note the multiple radiolu-
cencies surrounded by ring-shaped densities producing the characteristic 
soap-bubble appearance.
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14 and 19, 74% showed positivity for keratin 5, and 
50% positivity for keratin 17. These findings suggest a 
histogenesis from basal epithelial–type cells. The prolif-
eration marker Ki-67, epidermal growth factor receptor, 
and fibroblast growth factor type 2 have been identified 
either exclusively or predominantly in the epithelial 
component, suggesting that this component constitutes 
the primary proliferating neoplastic cell population 
that is able to stimulate a reactive fibrous growth. DNA 
flow cytometry and p53 immunohistochemistry have 
demonstrated aneuploidy and significant p53 immu-
noreactivity only in nuclei of cells of epithelial pheno-
type. Furthermore, in several cases, with pulmonary 

 metastasis, only cytokeratin-positive epithelial cells and 
not the osteofibrous stromal component were detected 
in the metastatic lesions.

diFFerential diagnosis

Adamantinoma of the usual variety should be distin-
guished from the closely related histiogenic entities, OFD 
(see Chapter 23) and differentiated adamantinoma (see 
later discussion), in view of the more indolent behavior 
of these latter two diseases. OFD occurs in a younger 
age group and histologically is composed of only a fibro-
osseous lesion devoid of recognizable epithelial cells in 
hematoxylin-and-eosin–stained sections. Likewise, dif-
ferentiated adamantinoma affects a younger age group 
and exhibits a fibro-osseous lesion with a paucity of 
epithelial cells forming small nests or strands. The typi-
cal location and radiologic features will usually serve to 
distinguish adamantinoma from metastatic carcinoma. 
In addition, one or more of the typical histologic pat-
terns of adamantinoma in the lesion are usually fairly 
diagnostic. The trabecular pattern of adamantinoma 
may be misconstrued as indicative of a vascular histo-
genesis and the diagnosis of an epithelioid hemangio-
endothelioma (low-grade angiosarcoma) rendered. The 
presence of foci with a more obvious epithelial configu-
ration and immunohistochemical studies for endothelial 
and epithelial markers will aid in this distinction. The 
biphasic epithelial-mesenchymal pattern in adamanti-
noma may be mistaken for a synovial sarcoma especially 
if the lesion has extended into adjacent soft tissue mim-
icking a soft tissue tumor with secondary bone involve-
ment. The mesenchymal component in adamantinoma 

Figure 22-3
Adamantinoma.
Basaloid variant. Nests of epithelial cells resembling those of a basaloid 
cell carcinoma.

Figure 22-4
Adamantinoma.
Squamous variant. Nests of epithelial cells with squamous differentiation 
within a spindle cell stroma.

Figure 22-5
Adamantinoma.
Spindle cell variant. histologically, the broad solid nests of tumor cells 
resemble other types of spindle-cell sarcomas and may be so misdiag-
nosed.
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lacks the hypercellularity, nuclear atypia, and mitotic 
 activity seen in the spindle cell component of a synovial 
sarcoma. The distinction of a monophasic synovial sar-
coma from a pure spindle cell variant of adamantinoma 
may be more problematic and require careful clinical and 

 radiologic correlation. Immunohistochemical analysis is 
not helpful in making this distinction.

Prognosis and treatment

Adamantinomas have a propensity to both local recur-
rence and metastatic disease, predominantly to the lung. 
The mean duration to local recurrence may be as long 
as 7 years, and metastases have been documented as 
occurring up to 27 years after diagnosis. A relatively 
large series studied 70 patients with adamantinoma who 
were treated at 23 different cancer centers in Europe 
and North America between 1982 and 1992 with a 
median follow-up period of 7 years. More than 90% of 
these patients were treated by wide, local, limb-sparing 
resections. The local recurrence rate was 19%, and the 
mortality rate was 13%. These results indicate that 
wide local resection with reconstructive surgery is the 
treatment of choice, with results at least as good as those 
after amputation. Radiotherapy and chemotherapy have 
not been shown to be effective modalities of treatment.

DIFFERENTIATED ADAMANTINOMA

In a number of reported cases otherwise resembling 
OFD in young children, the presence of epithelial cells 
forming small nests or strands recognizable in routine 
hematoxylin-stained sections has been identified (Fig-
ures 22-6 and 22-7). These lesions have been designated 
as differentiated, regressive, juvenile intracortical, or 

Figure 22-6
Differentiated adamantinoma.
plain radiograph showing an intracortical radiolucent lesion involving the 
midshaft of the tibia. (Courtesy of Dr. Michael Klein.)

A B

Figure 22-7
Differentiated adamantinoma.
A, at low magnification of this fibro-osseous lesion from the tibia, the stromal element contains numbers foamy histiocytes. It would be easy 
to overlook the epithelial nest in the top right of the photo. B, a keratin immunostain highlights the epithelial nest together with additional 
cells that were not visible in the hematoxylin and eosin stained slide.



BONe aND SOFt tISSUe pathOLOGY418

OFD-like adamantinomas. The follow-up information 
on these cases is limited, but the overwhelming major-
ity has pursued a benign course. However, a few well-
documented cases have been reported in which patients 
initially diagnosed with OFD or juvenile adamantinoma 
have experienced development of full-blown classic ada-
mantinoma. In some instances, this apparent evolution 
may be explained by inadequate curettage or sampling 
of the curetted material so that the more classic pat-
tern of adamantinoma was missed. As with OFD, these 
examples of juvenile adamantinoma have also exhibited 
immunohistochemical homology of cytokeratin sub-
sets with the classic form of adamantinoma. They also 
share the same cytogenetic abnormalities (extra cop-
ies of chromosomes 7, 8, 12, 19, and 21) seen in clas-
sic adamantinoma. With a few notable exceptions, as 
mentioned earlier, juvenile adamantinomas have exhib-
ited a relatively indolent course comparable with that of 
OFD. The therapeutic recommendations parallel those 
for OFD.
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ADAMANTiNOMA—FACT SHeeT

Definition

	▸▸  Low-grade malignant epithelial neoplasm involving predominantly 
midshaft of tibia with or without involvement of fibula

incidence and Location

	▸▸  Constitute between 0.1% to 0.5% of malignant bone tumors
	▸▸  Most common: tibia (85% of cases); tibia and fibula (10% of all 

cases); other bones (ulna, femur, humerus, radius, rib, ischium, 
tarsal, metatarsal, capitate)

Morbidity and Mortality

	▸▸  tendency to local recurrence and metastases, especially lung with 
long mean duration from diagnosis

	▸▸  Current local recurrence rate of about 19% and mortality rate of 
13% after wide local limb-sparing resection

Sex, race, and Age Distribution

	▸▸  Slight male preponderance
	▸▸  racial distribution unknown
	▸▸  Mean age at presentation is 30 years

Clinical Features

	▸▸  Swelling with or without pain
	▸▸  pathologic fracture in some cases

radiologic Features

	▸▸  Osteolytic, eccentric, expansile, and medullary in location; 
 characteristic soap-bubble appearance

	▸▸  Sclerotic margin indicative of slow growth
	▸▸  Longitudinally oriented with average length of 11.0 cm
	▸▸  Ct and MrI helpful in assessing extent and invasiveness of lesion
	▸▸  extracortical extension into soft tissue in 15% of cases

ADAMANTiNOMA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Well-demarcated lesion with peripheral lobulated contours
	▸▸  eccentric involving cortex and medulla

Microscopic Findings

	▸▸  Nests of epithelial cells within a fibrous or fibro-osseous stroma
	▸▸  epithelial cells arranged in tubular, basaloid, squamous with 

 stellate reticulum, or spindle cell patterns

immunohistochemical Findings

	▸▸  epithelial cells positive for pan-cytokeratin
	▸▸  exhibit a more specific subset profile (CK14 and CK19, CK5 and 

CK17)

Differential Diagnosis

	▸▸  OFD
	▸▸  Differentiated adamantinoma
	▸▸  epithelial hemangioendothelioma (low-grade angiosarcoma)
	▸▸  Synovial sarcoma
	▸▸  Metastatic carcinoma

Prognosis and Treatment

	▸▸  Wide, local, limb-sparing resection is treatment of choice
	▸▸  radiotherapy and chemotherapy ineffective
	▸▸  exhibits local recurrence and metastatic disease, predominantly to 

lungs
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FIBROUS LESIONS

FIBROUS DYSPLASIA

Fibrous dysplasia represents a noninherited dysplastic 
disorder of bone characterized by a solitary or multifo-
cal intraosseous proliferation of fibrous stroma within 
which trabeculae of woven immature bone are formed. 
The defective bone maturation is related to postzygotic 
point mutation of the GNAS1 gene, which encodes the α 
subunit of the Gs α-stimulatory protein.

CliniCal Features

Fibrous dysplasia most commonly occurs as an isolated 
skeletal lesion (monostotic, 70%) and less frequently 
affects multiple sites (polyostotic, 30%). In a small pro-
portion of patients (3%), predominantly those with 
polyostotic disease, McCune–Albright syndrome occurs. 
This is characterized by associated endocrine abnormal-
ities and cutaneous pigmentation. Approximately 50% 
of patients with McCune–Albright syndrome experi-
ence development of renal phosphate wasting. Soft tis-
sue myxomas occurring in conjunction with fibrous 
dysplasia form the basis of Mazabraud syndrome, a rare 
phenomenon. Polyostotic fibrous dysplasia is most often 
monomelic in distribution, although the more severe 

cases may be polymelic. All forms occur most often in 
the long bones (in particular, the proximal femur and 
the tibia), the craniofacial bones (in particular, the max-
illa), and the ribs. The monomelic variant of polyostotic 
fibrous dysplasia usually affects the lower limbs and 
homolateral pelvis. Involvement of the vertebrae is rare, 
but documented. The disease is slightly more common 
in male individuals, although the female sex predomi-
nates in cases involving the jaws and long bones, and 
the male sex is more frequently represented in those 
involving the ribs and skull. The disease may present 
at any age, but the majority of cases manifest in the first 
three decades of life. Those with rib lesions alone tend 
to be older and are often asymptomatic. Symptoms vary 
depending on the location and extent of the abnormal-
ity. Fracture and deformity of the weight-bearing bones 
is not uncommon, and large craniofacial lesions are 
characterized by asymmetry and deformity. Cases with 
polyostotic fibrous dysplasia usually present in the first 
decade, often with symptoms related to endocrine hyper-
activity, in particular, sexual precocity, hyperthyroidism, 
acromegaly, hyperprolactinemia, and adrenal hyperpla-
sia. Fracture and deformity are more frequent in these 
patients, both of which may result in crippling disease, 
compounded by the effects of phosphate wasting.

radiologiC Features

The lesions of fibrous dysplasia are centered in the 
medulla of the metaphysis or diaphysis, or both, of long 
bones. They are usually well circumscribed, bordered by 
a sclerotic rim that may be quite thick, forming a rind 
(Figure 23-1A). The density of the lesion varies depend-
ing on the relative proportions of bone and fibrous tis-
sue. Those with abundant immature bone, as seen in 
the craniofacial skeleton, may be dense, whereas those 
with sparse trabeculae are relatively lucent. The classic 
appearance is that of ground glass (see Figure 23-1B).  
Expansion of the contour of the bone may occur par-
ticularly in smaller tubular bones and in flat bones 
(fibula, rib, pelvis). Bone deformity is most common in 
the weight-bearing long bones resulting in the classic 
shepherd’s crook deformity. If cartilaginous metaplasia is 

23 Bone Tumors of Miscellaneous  
Type or Uncertain Lineage
S. Fiona Bonar

FIBROUS LESIONS
 •  Fibrous Dysplasia
 •  Osteofibrous Dysplasia
CYSTIC LESIONS
 •  Aneurysmal Bone Cyst
 •  Simple (Unicameral/Solitary) Bone Cyst
 •  Intraosseous Ganglion
 •  Langerhans Cell Histiocytosis
 •  Erdheim–Chester Disease
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prominent, ring-like and dot-like calcifications may be 
present, mimicking a chondroid tumor.

PathologiC Features

gross Findings

The lesions are clearly defined and centrally located, 
with an expanded bony contour and thinned cortex. 
They have a tan-to-gray appearance and a gritty con-
sistency because of the presence of small bone spicules 
(Figure 23-2A). The bone is rarely sufficiently sclerotic 
to warrant decalcification, but if so, areas with a more 
yellow-to-white appearance may be seen. Cyst forma-
tion, including blood-filled, spongy cysts caused by 
aneurysmal bone cyst (ABC) formation, may be present, 
xanthogranulomatous areas may have a yellow appear-
ance, and chondroid foci may be represented by bluish 
white opalescent nodules (see Figure 23-2B).

MiCrosCoPiC Findings

Fibrous dysplasia is characterized by the presence of 
plump spindle cells in a fibrous stroma arranged in a 
vague whorled or storiform pattern in which admixed 

variably distributed trabeculae of immature woven bone 
that lacks osteoblastic rimming are present. Osteogenic 
cells associated with the trabecular surfaces are incon-
spicuous in nature with a retracted stellate morphology. 
The stromal cells are cytologically bland without atypia, 
nuclear pleomorphism, or hyperchromatism. Mitoses 
are rare, and atypical mitoses are not seen. The bony 
trabeculae are widely spaced within the stroma, and 
they most often have a distinct curvilinear or branching 
appearance, so-called Chinese character, hockey stick, or 
C, S, and Y shapes (Figure 23-3A, B).

The amount of bone within lesions varies consid-
erably from sparse to abundant, the latter often seen 
in craniofacial lesions where the trabeculae may have 
a rounded concentric and laminated appearance, so-
called cementoid bodies. These rounded cementoid bod-
ies may rarely be the exclusive component of lesions 
elsewhere. In addition, in the craniofacial skeleton, the 
bone may have a dense sclerotic nature reminiscent of 
Paget disease, and occasionally the trabeculae have a 
parallel arrangement (see Figure 23-3C, D). The bony 
trabeculae in fibrous dysplasia are consistently imma-
ture with a disordered, woven appearance on polar-
ization microscopy, the collagen fibers being arranged 
like threads in a fabric. Direct continuity of collagen 
between the fibrous stroma and the immature trabec-
ulae may be seen on hematoxylin and eosin (H&E), 
and on polarization microscopy, so-called combed bone 

A B

Figure 23-1
A, Characteristic appearance of fibrous dysplasia comprising a centrally located, well-circumscribed lesion with a thick sclerotic rim forming a 
rind, located in the metaphysis of the femur. B, Extensive involvement of humerus by intramedullary lesion with a ground-glass appearance of 
variable texture. Associated bone deformity is present.
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or Sharpey’s fibers may be seen (see Figure 23-3E, F). 
 Secondary changes such as hemorrhage, admixed foamy 
histiocytes, fibrohistiocytic proliferation, and giant 
cell reaction are frequent. Osteoclasts may be found 
sometimes in clusters and occasionally forming tun-
nels within the immature trabeculae, the latter having 
recently been recognized as participating in active bone 
turnover in these lesions. Myxoid change within the 
stroma is well documented, and fatty change may also 
occur. Microscopic foci of chondroid metaplasia may 
be present, although massive cartilaginous differentia-
tion that can occur and mimic cartilaginous tumors 
is rare but well recognized (see Figure 23-3G, H).  
Cystic change with accumulation of serous fluid is 
common. ABC formation is well documented, and 
reactive new bone formation with osteoblastic rim-
ming may occur with fracture, confusing the histologic 
findings. Malignant change is extremely rare, mani-
fest as high-grade osteosarcoma or malignant fibrous 
 histiocytoma.

anCillary studies

Ancillary studies are usually not helpful for diagnostic 
purposes.

Careful radiological correlation may support any con-
cerns, a lack of clear margination of the tumor lending 
support to the diagnosis of a low grade malignancy.

diFFerential diagnosis

The differential diagnosis includes a number of other fib-
rous or fibro-osseous lesions. Osteofibrous dysplasia bears a 
strong histologic resemblance to fibrous dysplasia because 
it is composed of a mixture of woven and lamellar bone 
embedded in bland fibrous tissue. However, it also contains 
prominent osteoblastic rimming, which is a feature not 
typically seen in fibrous dysplasia. In addition, osteofibrous 
dysplasia is a cortically based lesion that predominately 
affects the tibia of young patients. Cementifying fibroma is 
a fibro-osseous lesion located in the jaw bones. In contrast 
with fibrous dysplasia, which merges with the bony cor-
tex, cemento-ossifying fibroma is clearly demarcated and 
can be shelled out rather than removed piecemeal; hence, 
radiographic studies are usually necessary to make the dis-
tinction. If numerous foamy histiocytes are present in the 
stroma, the possibility of nonossifying fibroma must be con-
sidered. This lacks metaplastic bone, and any reactive bone 
that is present is usually related to a pathologic fracture. 
Radiologically are eccentric lesions centered in the cortex 
in contrast with that of fibrous dysplasia, which is located 
in the medulla. If the fibrous component is prominent, 
desmoplastic fibroma may be considered. This is usually 
associated with cortical disruption radiologically. Chondro-
sarcoma may be considered in tumors with massive car-
tilaginous differentiation. However, in fibrocartilaginous 
fibrous dysplasia, the cartilage contains no cytologic atypia, 
a bone infiltration pattern is not expected, and the lobules 
of cartilage will show a bone encasement pattern with 
endochondral ossification at their margins. Parosteal osteo-
sarcoma may closely mimic fibrous dysplasia, but this is a 
surface lesion, not central, so with radiologic correlation, 
confusion should not occur. The most difficult differential 
diagnosis is that of low-grade intraosseous fibrous dysplasia- 
like osteosarcoma. In the latter, there is usually some, albeit 
subtle, cytologic atypia of the stromal cells with variabil-
ity in size and shape and hyperchromatism. Most impor-
tantly, low-grade osteosarcoma typically permeates the 
surrounding pre-existing normal lamellar bone, soft tissue,  
or both.

In recent years the molecular basis of all forms of 
fibrous dysplasia has been clarified. All have post zygotic 
activating mutation of the Gs alpha protein encoded by 
the GNAS1 locus on the distal long arm of chromosome 
20. The affected individuals are somatic mosaics and 

A

B

Figure 23-2
A, Macroscopically, fibrous dysplasia within a rib causes an expanded 
contour clearly demarcated at one edge, comprising tan and gray tissue 
with markedly thinned cortex. B, Expanded lesion of rib comprising solid 
pale fibrous component and exhibiting cystic change. The margins of the 
lesion are well defined. (A: Courtesy of Dr. Stan McCarthy, NSW Tumour 
Registry.)
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represent a heterogeneous patient population, depending 
on the pattern of mutated cells throughout the body. It is 
believed that mutations early in embryogenesis induce 
more severe abnormalities as seen in McCune Albright 
syndrome, whereas those occurring later induce the 
more restricted form of monostotic disease. The muta-
tions inhibit intrinsic GTPase of the Gs alpha such 
that it remains active in stimulating adenylyl cyclase 
and leads to overproduction of cyclic AMP (cAMP). In 
osteoblastic cells, overproduction of cAMP results in cell 
retraction from the surface of forming bone with abnor-
mally organized collagen fibres resulting in immature 
woven bone. Cyclic AMP overactivity in endocrine tis-
sues leads to increased cellular proliferation and secre-
tion in these tissues, characteristic of McCune Albright 
syndrome. Elevation in cAMP also leads to alteration in 
the expression of downstream genes resulting in altered 
osteoblastic and osteoclastic recruitment and function. 
It is thought that the increased osteoclastogenesis and 

Figure 23-3
Fibrous dysplasia. 
A, Low-power view shows bony trabeculae with a curvilinear branching appearance, so-called Chinese characters, hockey stick, or C, S, and Y 
shapes, within a fibrous stroma. B, At higher power, trabeculae of immature woven bone are devoid of a plump lining osteoblast layer and lie 
within a fibrous stroma comprising bland stromal cells arranged in a whorled or storiform manner. C, Trabeculae of immature bone merge with 
mature cortical bone. The trabeculae are somewhat thick in this example from the craniofacial skeleton. D, rounded cementoid bodies occur 
occasionally, most frequently in the craniofacial skeleton. e, At high power, immature bony trabeculae are bordered by somewhat retracted 
osteoblast/stromal cells and exhibit continuity of collagen fibers between stroma and trabeculae, so-called combed bone or Sharpey’s fibers.  
F, Polarization microscopy accentuates the woven nature of trabeculae and Sharpey’s fibers. g, Focal fatty change within the stroma may be 
seen. H, Areas of chondroid metaplasia may occur and may be extensive. (Courtesy of Dr. Stan McCarthy, NSW Tumour Registry.)

FiBrOuS DYSPLASiA—FACT SHeeT

Definition

	▸▸  Noninherited dysplastic disorder characterized by fibrous stroma 
with trabeculae of immature woven bone, reflecting defective 
bone maturation, due to somatic mutation of GNAS 1 gene

incidence and Location

	▸▸  Approximately 1% of bone tumors for which biopsy was performed
	▸▸  Long bones (neck of femur, tibia), craniofacial bones, and ribs
	▸▸  rare in spine

Sex, race, and Age Distribution

	▸▸  Slight male sex predominance (1.2:1)
	▸▸  racial distribution equal
	▸▸  Age range from infant to adult, majority younger than 30 years
 ▸▸  Polyostotic form presents in the first decade of life
 ▸▸  Monostotic form presents in the second and third decades of 

life
 ▸▸  rib lesions present often in fourth and fifth decades of life

Clinical Features

	▸▸  Monostotic
 ▸▸  Often asymptomatic/incidental finding
 ▸▸  Fracture
 ▸▸  Deformity/asymmetry (craniofacial bones particularly)
 ▸▸  Polyostotic
 ▸▸  Effects of endocrine hyperplasia
 ▸▸  Sexual precocity, hyperthyroidism, acromegaly, 

 hyperprolactinemia, adrenal hyperplasia
 ▸▸  Fracture, deformity

radiologic Features

	▸▸  Centrally located medullary lesions
	▸▸  Metadiaphyseal in long bones
	▸▸  Well circumscribed with sclerotic rim rind
	▸▸  Variable density with ground glass appearance
	▸▸  Expansion of smaller bones in particular
	▸▸  Deformity of long bones: shepherd’s crook deformity of proximal 

femur

Prognosis and Treatment

	▸▸  Conservative treatment recommended
	▸▸  Monostotic has excellent outcome
	▸▸  Often stabilize after puberty
	▸▸  May progress within an individual bone
	▸▸  In polyostotic forms, the outlook depends on extent and severity 

of both bone lesions and endocrine abnormalities in McCune–
Albright syndrome

	▸▸  Some evidence of beneficial effect of bisphosphonate in all forms

FiBrOuS DYSPLASiA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Centrally located, clearly defined
	▸▸  Thin cortex, expanded contour
	▸▸  Tan–gray fibrous tissue, gritty consistency
	▸▸  With or without cysts and hemorrhage

Microscopic Findings

	▸▸  Bland fibrous stroma with vague storiform appearance
	▸▸  Trabeculae of immature woven bone without osteoblastic rimming
 ▸▸  Chinese character, C, Y, and S shapes
	▸▸  May contain foam cells
	▸▸  Occasional stromal myxoid and/or cystic change
	▸▸  Continuity of collagen from stroma to bone
	▸▸  Sarcomatous transformation is rare

immunohistochemistry

	▸▸  Generally not useful for diagnosis

Differential Diagnosis

	▸▸  Osteofibrous dysplasia
	▸▸  Cemento-ossifying fibroma of gnathic bones
	▸▸  Desmoplastic fibroma
	▸▸  Parosteal and low-grade intraosseous osteosarcoma
	▸▸  Chondrosarcoma if prominent chondroid component
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bone resorption seen in some cases of fibrous dysplasia 
may be a reflection of interleukin 6 activity in particular. 
Point mutation of the Gs alpha proteins has also been 
documented in liposclerosing myxofibrous tumor, sup-
porting the general impression that rather than being a 
separate distinct entity, it represents a variant of fibrous 
dysplasia. The mutation has also been characterized in 
the myxomas present in patients with Mazzabraud’s 
syndrome. In the dysplastic bone lesions Gs alpha muta-
tions are expressed in osteoprogenitor cells in the mar-
row and can be identified by RT PCR analysis.

Prognosis and treatMent

The distribution of disease within individuals is sta-
ble in that progression from monostotic to polyostotic 
forms does not occur; however, an individual lesion may 
show enlargement and progression. This is most likely 
to occur during skeletal growth, often stabilizing after 
puberty. Surgical treatment depends on the extent and 
site of disease, but in general is conservative. The goal 
of treatment is aimed at correction of deformity and 
prevention of fracture. Radiation therapy is no longer 
recommended. In recent years, some suggestion has 
been made that bisphosphonates, which decrease bone 
remodeling, may be of benefit in McCune–Albright syn-
drome in particular. Management of renal phosphate 
wasting may also alter the fracture risk in these patients. 
Malignant transformation is extremely rare. It can be 
spontaneous or, more frequently, associated with prior 
radiotherapy. The risk is greater for the more severely 
affected polyostotic variant, and it usually develops in 
the third and fourth decades of life.

OSTEOFIBROUS DYSPLASIA

Osteofibrous dysplasia is a benign fibro-osseous lesion of 
childhood characteristically occurring in an intracorti-
cal location in the anterior aspect of the midshaft of the 
tibia with or without involvement of the fibula. It is a 
distinctly separate entity from fibrous dysplasia.

CliniCal Features

Osteofibrous dysplasia occurs predominantly in children 
younger than 10 years with an age range from newborn 
to 39 years, and most cases (95%) being younger than 
15. Male and female sexes are equally affected. Charac-
teristically, these lesions occur in the diaphysis of the 
tibia, a small proportion exhibiting synchronous fibular 

involvement. Involvement of the fibula alone is rare, 
and involvement of other bones including the ulna and 
radius, although documented, is rare. The majority of 
patients have pain, swelling, and deformity. It may pres-
ent as congenital pseudoarthrosis.

radiologiC Features

Osteofibrous dysplasia affects the cortex of the diaphy-
sis of the tibia as an intracortical radiolucency, which is 
well marginated with surrounding sclerosis (Figure 23-4 
A, B). It may have a ground-glass texture. Multiple lucen-
cies with intervening sclerosis are frequent. The lesions 
are elongated and can vary in size from several centi-
meters to involvement of most of the bone, some being 
circumferential (see Figure 23-4C, D). Although med-
ullary involvement may occur, the medullary margin is 
sclerotic and well defined with narrowing of the medul-
lary canal. The cortex is usually thickened or expanded, 
or both. Periosteal reaction is rare, and is thick and 
solid when present. Soft tissue extension is not seen.  
Bowing is common and is most often anterior.

PathologiC Features

gross Findings

The lesion is confined to the cortex and is white to 
yellow–brown with a firm fibrous, sometimes gritty con-
sistency (Figure 23-5).

MiCrosCoPiC Findings

Histologically, osteofibrous dysplasia has a distinct 
zonal architecture, the central portions composed 
 predominantly of fibrous tissue that may have a loose 
 somewhat myxoid appearance and usually storiform 
pattern (Figure 23-6A). Within this are relatively 
sparse, irregularly distributed bony trabeculae that are 
predominantly immature and woven in nature (see 
Figure 23-6B). Peripherally, these gradually become 
larger and more numerous, composed of a mixture of 
immature woven and mature lamellar bone, the lat-
ter predominating at the edges of the lesion, where 
they merge with either the cortical bone or reactive 
sclerotic bone at the medullary aspect (see Figure  
23-6C–E). In contrast with fibrous dysplasia, the bony 
trabeculae throughout most of the lesion are rimmed, 
in part, by a layer of plump osteoblasts. Scattered 
osteoclasts are present, sometimes clustered. Foamy 
histiocytes are rare, and ABC formation is not seen. 
In occasional foci the changes may simulate fibrous 
dysplasia. Groups of epithelial cells are not identifi-
able on H&E.
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Figure 23-4
A, B, Plain radiographs of cases of osteofibrous dysplasia. They are predominantly or exclusively cortical-based radiolucent lesions. The lesions 
are well marginated. C, D, Magnetic resonance imaging and computed tomographic scan of osteofibrous dysplasia demonstrating a lesion con-
fined to the cortex but involving a considerable length of the diaphysis.
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anCillary studies

iMMunohistoCheMistry

In approximately 80% of cases with characteristic 
H&E histologic features of osteofibrous dysplasia on 
H&E, without recognizable epithelial cells, positivity 
for cytokeratin AE1/3 in scattered largely isolated 
cells within the fibrous stroma is identified (Figure 23-
7). The keratin profile is that of a basal cell phenotype 
with expression of cytokeratins 14 and 19 in particular, 
with lesser numbers also expressing cytokeratins 1 and 
5. Cytokeratins 8 and 18 are negative. This pattern of 
expression is also seen in adamantinoma.

genetiC studies

In a small number of cases tested, clonal chromosomal 
abnormalities have been identified, including trisomy 
7, 8, 12, and 21. Extra copies of one or more of these 

 chromosomes have also been found in osteofibrous dys-
plasia-like (differentiated) adamantinoma (with recogniz-
able epithelial cells on H&E) and classic adamantinoma. 
Mutations for Gs α protein and NFI gene have not been 
detected. Expression of epidermal and fibroblastic growth 
factors and their receptors (EGF, EGFR, and FGF-2) 
expression have been identified in osteofibrous dysplasia.

The constellation of shared histologic, immuno-
phenotypical, and chromosomal characteristics, together 

Figure 23-5
Osteofibrous dysplasia.
Macroscopically, multiple areas of soft tissue are present within the cortex 
with associated surrounding sclerosis. They vary in texture and color from 
white to brown.

OSTeOFiBrOuS DYSPLASiA—FACT SHeeT

Definition

	▸▸  Benign fibro-osseous lesion of childhood occurring in an 
 intracortical location predominantly in the midshaft of the tibia 
with or without involvement of the fibula

incidence and Location

	▸▸  rare, less than 1% of all primary bone tumors
	▸▸  Diaphysis of tibia, predominantly anterior cortex
	▸▸  Occasional involvement of fibula
	▸▸  rare documented cases in radius and ulna

Morbidity and Mortality

	▸▸  Most undergo spontaneous regression after puberty

Sex, race, and Age Distribution

	▸▸  roughly equal sex distribution
	▸▸  racial distribution unknown
	▸▸  Majority (95%) of patients are younger than 15 years

Clinical Features

	▸▸  Pain
	▸▸  Swelling
	▸▸  Deformity

radiologic Features

	▸▸  Centered in cortex of tibial diaphysis
	▸▸  Lucent, possibly ground glass
	▸▸  Multiple lucencies frequent
	▸▸  Surrounding mature sclerosis with thickened cortex
	▸▸  Bowing
	▸▸  No soft tissue mass

Prognosis and Treatment

	▸▸  Majority of cases regress spontaneously after puberty
	▸▸  Conservative treatment
	▸▸  25% of cases recur after biopsy/excision
	▸▸  Surgery only for extensive disease or severe deformity

OSTeOFiBrOuS DYSPLASiA—PATHOLOgiC FeATureS

gross Findings

	▸▸  Confined to cortex
	▸▸  Firm, fibrous, pale-to-light-brown tissue with gritty texture

Microscopic Findings

	▸▸  Zonal architecture
	▸▸  Central loose fibrous tissue with storiform architecture
	▸▸  Admixed immature woven bony trabeculae
	▸▸  Peripheral, more abundant, larger trabeculae of mixed immature 

woven and mature lamellar bone
	▸▸  Prominent osteoblastic rimming

immunohistochemical Findings

	▸▸  Cytokeratin (AE1/3, pankeratin) positive in 80% as single isolated 
cells

	▸▸  CAM5.2 (cytokeratins 8 and 18) negative

Differential Diagnosis

	▸▸  Fibrous dysplasia
	▸▸  Osteofibrous dysplasia-like (differentiated) adamantinoma
	▸▸  Classic adamantinoma with focal osteofibrous dysplasia-like areas
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with occasional rare cases of progression clinically from 
osteofibrous dysplasia to osteofibrous dysplasia-like ada-
mantinoma and classical adamantinoma, support the 
supposition that these three entities reflect a spectrum 
of disease.

diFFerential diagnosis

Osteofibrous dysplasia must be distinguished from 
fibrous dysplasia and both classic and osteofibrous 
dysplasia-like adamantinoma. Fibrous dysplasia is 
centered in the medulla, not the cortex. The bony 

trabeculae are all immature and woven in nature, 
and plump osteoblastic rimming is not seen. Differ-
entiation may be difficult with fracture in fibrous 
dysplasia when reactive bony trabeculae may be pres-
ent. In this case, hemorrhage, hemosiderin deposi-
tion, and xanthomatous change with inflammatory 
cells are usual findings, all of which are unusual in 
osteofibrous dysplasia. Cytokeratin expression is not 
seen in fibrous dysplasia. A diagnosis of osteofibrous 
 dysplasia-like adamantinoma (juvenile or differenti-
ated adamantinoma) should be made when scattered 
epithelial cell groups are identified on H&E, usu-
ally centrally located. Categorization of those cases 
in which groups of epithelial cells are identified on 
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Figure 23-6
Osteofibrous dysplasia.
A, At low power, the central portions of the lesion are usually composed 
predominantly of fibrous tissue, which has a storiform pattern within 
which an occasional tiny trabecula of bone can be seen. B, Centrally the 
trabeculae are largely woven in texture lined, in part, by plump osteo-
blasts. C, Peripherally, bony trabeculae are more numerous and often 
have a curvilinear architecture, again lined by plump osteoblasts and 
scattered osteoclasts. The stroma is fibrous with a loose stellate appear-
ance. D, Peripherally, the bone is, in part, mature and lamellar in nature.  
e, Polarization microscopy accentuates admixed lamellar and woven 
bone.
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cytokeratin staining only is contentious as yet. This 
finding has led some authors to designate these 
lesions are osteofibrous dysplasia-like adamantinoma, 
whereas others require that groups of epithelial cells 
be identifiable on H&E alone, admixed with other-
wise characteristic features of osteofibrous dysplasia. 
To date, no evidence suggests any difference in behav-
ior for these lesions; thus, nomenclature remains 
speculative. In classic adamantinoma, the epithelial 
component is predominant with focal osteofibrous 
dysplasia-like areas only, noted particularly at the 
periphery. Because the epithelial component of these 
latter lesions is irregularly distributed and is sparse 
in osteofibrous dysplasia-like adamantinoma, com-
plete curettage of the lesions and complete sampling 
of the curetted material is paramount for accurate  
diagnosis.

Prognosis and treatMent

Based on the two largest series of cases, osteofibrous 
dysplasia appears to undergo spontaneous regression at 
puberty in the majority of cases. The local recurrence 
rate after curettage or local resection is approximately 
25%. It is therefore recommended that surgery be 
delayed until after puberty unless dictated by the pres-
ence of extensive disease with associated deformity and 
fracture. In these cases, stabilization procedures with-
out actual excision may be indicated. The overwhelm-
ing majority of patients with a diagnosis of osteofibrous 
dysplasia-like adamantinoma have followed a benign 
course. Rare cases exist where full-blown classic ada-
mantinoma ensued even with complete and adequate 
sampling of the original lesion. The rate of evolution 
has varied from 5 to 17 years. Excision of lesions after 
puberty is indicated if increasing growth of the lesion, 
deformity, or both occur.

CYSTIC LESIONS

ANEURYSMAL BONE CYST

Aneurysmal bone cyst (ABC) is a benign, usually 
intraosseous or subperiosteal, multiloculated, blood-
filled cystic lesion that most frequently causes a blowout 
distension of the contour of bone. In some instances,In some instances, 
blood-filled spaces are lacking and the lesion is solid in 
nature with histologic features essentially the same as 
giant cell reparative granuloma. It can occur de novo,It can occur de novo, 
as a primary phenomenon (50–70% of cases), or as a 
secondary phenomenon in a preexisting condition (30-
50% of cases). It accounts for approximately 2% of all 
primary bone tumors. Rare soft tissue variants have 
been described. Until recently, the exact nature of ABC 
was unclear. However, recent studies have confirmed its 
clonal neoplastic nature.

CliniCal Features

The majority (80%) of patients are skeletally imma-
ture individuals, the peak incidence being in the second 
decade of life with rare cases younger than 5 years. The 
sex ratio is equal, and although any bone may be affected, 
the majority (>80%) is seen in either the metaphysis of 
long bones, mostly around the knee, or in the vertebral 
column. The craniofacial skeleton and tarsal bones are 
also well represented. Multifocal involvement is rare, 
except in the spine. Most patients describe pain and swell-
ing of variable duration, often having a rapid evolution 
over several weeks. Vertebral involvement may induce 
rapidly progressive spinal cord compression. Secondary 
ABC occurs predominantly in the weight-bearing bones, 
its location and clinical presentation reflecting that of 
the original tumor. It most commonly arises in associa-
tion with benign lesions, in particular, chondroblastoma, 
giant cell tumor, and osteoblastoma.

radiologiC Features

The characteristic feature of ABC is that of an eccentric 
metaphyseal expansile lucency with cortical destruction 
and a paper-thin peripheral eggshell of periosteal bone. 
The intramedullary component is usually well margin-
ated. It often has a multiloculated appearance (Figure 
23-8). Computed tomography (CT) scan and magnetic 
resonance imaging (MRI) confirm its expansile nature, 
and fluid levels are usually present. It may cross joints 

Figure 23-7
Osteofibrous dysplasia containing scattered single stromal cells that 
exhibit positivity for cytokeratin.
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and involve multiple adjacent bones, most often noted 
in the vertebrae. In secondary ABC, the characteristics 
of the original lesion may or may not be retained, and 
the location of the lesion (e.g., epiphyseal) may be the 
only indication of its existence.

PathologiC Features

gross Findings

Because these lesions are rarely removed intact, the 
curettage tissue comprises red–brown granular tissue, 
which may have a spongy consistency. The amount of 
curetted material is small in comparison with the size 
of the lesion clinically and radiologically. If excision has 
been performed (e.g., rib or fibula), the lesion is well 
demarcated, often with cortical destruction and a shell 
of bone clearly delineating it from the surrounding soft 
tissue. It contains variably sized blood-filled spaces tra-
versed by thin septae, often more numerous peripherally 
(Figure 23-9). Solid components are noncystic, gray, and 
white, and may represent the primary lesion in a sec-
ondary ABC.

MiCrosCoPiC Findings

Characteristically, ABC is composed of blood-filled 
spaces lined by thin membranous septae composed of 
loose fibrous tissue within which capillaries, chronic 
inflammatory cells, and osteoclast-like giant cells are 
present. The margin of the lesion in soft tissue is 
delineated by a layer of fibrous tissue in which reactive 
bony trabeculae occur (Figure 23-10A-C). Trabeculae 
of reactive bone comprising immature osteoid lined 
by plump osteoblasts are evident (see Figure 23-10D). 
Osteoid with a more fibrillary character is also often 
present, deposited in a linear manner (see Figure  
23-10E). An endothelial lining is not present. 

Figure 23-8
radiologically, aneurysmal bone cyst is characterized by an expansile 
radiolucency with associated cortical destruction and a peripheral egg-
shell of bone. The intramedullary component is well marginated, and the 
lesion has a multiloculated appearance.

A

B

Figure 23-9
Aneurysmal bone cyst.
A, Macroscopically, a well-demarcated markedly expansile lesion in rib is 
present, comprising variably sized blood-filled vessels traversed by fibrous 
membranes. The lesion is separated from the surrounding soft tissue by a 
layer of fibrous tissue. B, A radiograph of the specimen from (A) shows 
its markedly expansile appearance with a thin peripheral shell of bone. 
(Courtesy of Dr. Stan McCarthy, NSW Tumour Registry.)
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 Irregular calcification may be seen in areas that have 
a fibrochondroid appearance, the calcification having 
a basophilic blue appearance (see Figure 23-10F, G).  
In solid variants, clusters of osteoclast giant cells 
with hemorrhage are present admixed with collec-
tions of foamy histiocytes and trabeculae of reactive 

osteoid lying in a fibrohistiocytic stroma, often with 
storiform architecture, similar to that of giant cell 
reparative granuloma (see Figure 23-10H, I). Cellular 
atypia, hyperchromatism, and pleomorphism are not 
identified, and although mitotic activity may be brisk, 
 atypical mitoses are not seen.

A

C D
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Figure 23-10
Aneurysmal bone cyst. 
A, At low power, multiple variably sized spaces are present, traversed by thin fibrous membranes with a peripheral shell of bone. B, The lesion 
is separated from the surrounding muscle by a layer of reactive bone, which, in turn, is covered by a layer of fibrous tissue. C, At high power, 
osteoclast-like giant cells are often numerous. D, reactive bony trabeculae bordered by plump osteoblasts are common and usually arranged 
parallel to the surface of the membranes. e, Immature osteoid with a linear arrangement is frequent, again organized parallel to the membrane 
surface, sometimes having a buckled appearance. 
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anCillary studies

iMMunohistoCheMistry

Immunohistochemistry is not useful for diagnostic 
purposes in ABC.

genetiC studies

Cytogenetic and molecular genetic studies have 
shown that approximately 70% of ABCs contain 
USP6 fusion genes. The most common is CDH11-
USP6, but several others have been described. How-
ever, USP6 fusion genes have not been found in  
secondary ABC.

diFFerential diagnosis

The most important differential is telangiectatic osteo-
sarcoma because this may have overlapping clinical 
and radiologic features. Histologically, telangiectatic 
osteosarcoma and ABC share an almost identical  

low-power appearance. However, on higher magnifica-
tion, the tumor cells within the septae of telangiectatic 
osteosarcoma show marked cytologic atypia, whereas in 
ABC they are bland and devoid of anaplastic features. 
Because ABC may contain numerous giant cells, differ-
entiation from giant cell tumor may be difficult. Reac-
tive new bone formation is not a common finding in 
giant cell tumor, and the component giant cells are usu-
ally, although not exclusively, bigger with more centrally 
located nuclei. In addition, ABC has a more consistently 
fibrous stroma. Differentiation between the secondary 
lesions may have to be made from clinical and radio-
logic features in some instances, for example, skeletally 
mature patients with lesions at the end of bone.

Extensive sampling to exclude a background lesion 
is important, particularly when ABC occurs in unusual 
locations. Occasionally, the ABC will predominate and 
obscure an underlying lesion such as chondroblastoma 
or osteoblastoma. Giant cell reparative granuloma shares 
many features with ABC, in particular, the solid vari-
ant. These lesions are less expansile, lacking the blown-
out appearance radiographically, and large blood-filled 
spaces are not present. Lesions located in the small 
bones and acral bones are the most challenging, and 
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Figure 23-10—COnT’D
F, Irregular calcification within stroma that has a fibrochondroid and basophilic blue appearance is frequently seen and considered to be char-
acteristic of aneurysmal bone cyst. g, Calcification of this immature fibrochondroid material may be prominent. H, In solid aneurysmal bone 
cyst/giant cell reparative granuloma, clusters of osteoclast-like giant cells with hemorrhage are frequently seen within a fibrohistiocytic stroma. 
Small spaces with osteoclasts are frequent. i, Intermingled trabeculae of reactive bone bordered by plump osteoblasts are evident.
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 differentiation may be impossible. Solitary bone cysts 
may be challenging, especially after fracture, when reac-
tive changes including new bone formation and numer-
ous osteoclast-like giant cells may be identified in the 
cyst lining associated with hemorrhage. A careful search 
will usually yield a simple bland fibrous lining with or 
without cementum-like material. Radiologically, simple 
bone cysts also do not expand the bone more than the 
epiphyseal plate. In contrast with ABC, at surgery, they 
contain serous or serosanguineous fluid.

Prognosis and treatMent

Despite their rapid evolution and destructive behavior, the 
overall prognosis is good, with 90% having cosmetic and 
functional resolution. Most lesions require intervention, 

some urgently, particularly those in the spine. Complete 
excision is the most effective treatment, although this 
is reserved for expendable bones, for example, the fib-
ula and ribs. Curettage and bone grafting is associated 
with a recurrence rate of 20% to 70%, usually within  
2 years and the majority within 6 months, with a sugges-
tion that recurrence is most common in the very young. 
Adjuvant treatment including preoperative emboliza-
tion, sclerotherapy, and cryotherapy are sometimes 
used. Sclerotherapy alone and low-dose radiotherapy 
are effective; however, the latter in particular is reserved 
for those cases for whom surgical intervention is risky, 
because of the risk for postradiation sarcoma, a rare but 
documented event. Occasional cases of spontaneous 
malignant transformation have also been documented. 
The treatment of secondary ABC is guided by the nature 
of the primary lesion.

SIMPLE (UNICAMERAL/SOLITARY) BONE CYST

Simple bone cyst represents a central, intramedullary 
unilocular cystic cavity filled with serous or serosan-
guineous fluid and lined by a thin fibrovascular con-
nective tissue membrane. It characteristically occurs in 

AneurYSMAL BOne CYST—PATHOLOgiC FeATureS

gross Findings

	▸▸  red–brown soft curettage fragments (scanty)
	▸▸  Well-demarcated lesion with blood-filled cystic spaces of variable 

size with spongy consistency (resection specimen)
	▸▸  Well-defined margins with peripheral shell of bone

Microscopic Findings

	▸▸  Variably sized blood-filled spaces
	▸▸  Lined by thin membranous septae of loose fibrous tissue
	▸▸  Admixed osteoclast-like giant cells, which may be numerous
	▸▸  reactive bony trabeculae lined by osteoblasts
	▸▸  Immature osteoid arranged in a linear manner along septae
	▸▸  Irregular immature chondroid with calcification
	▸▸  Cellular atypia/pleomorphism/hyperchromatism not seen
	▸▸  Mitosis frequent, atypical mitoses not present
	▸▸  Solid areas with xanthogranulomatous appearance admixed with 

reactive bony trabeculae
	▸▸  Areas reminiscent of giant cell reparative granuloma

Differential Diagnosis

	▸▸  Telangiectatic osteosarcoma
	▸▸  Giant cell tumor
	▸▸  Chondroblastoma
	▸▸  Osteoblastoma
	▸▸  Simple bone cyst
	▸▸  Giant cell reparative granuloma

AneurYSMAL BOne CYST—FACT SHeeT

Definition

	▸▸  Benign, multiloculated, blood-filled cystic lesion of bone that 
is locally destructive and may arise de novo (primary) or on a 
 background of a preexisting lesion (secondary)

incidence and Location

	▸▸  2% of primary bone tumors
	▸▸  Annual incidence of 0.14 per 105 people
	▸▸  Predominantly affects metaphysis of long bones and vertebral 

 column

Sex, race, and Age Distribution

	▸▸  Equal sex distribution
	▸▸  No race predilection
	▸▸  Majority (80%) of cases in skeletally immature individuals, ages  

5 to 20

Clinical Features

	▸▸  Most common complaints are of pain and swelling
	▸▸  Symptoms of spinal cord compression in vertebral lesions

radiologic Features

	▸▸  Eccentric metaphyseal, lytic lesion with soap-bubble appearance
	▸▸  Balloon distension with cortical destruction
	▸▸  Periosteal eggshell of bone
	▸▸  Multiloculated, often times with fluid levels on CT and MrI
	▸▸  Vertebral collapse

Prognosis and Treatment

	▸▸  90% of cases have good outcome with treatment
	▸▸  recurrence common, 20% to 70%, most within 6 months, rare 

after 2 years
	▸▸  Treated occasionally by resection, mostly by curettage and bone 

grafting with adjuvant preoperative embolization, cryotherapy, or 
both

	▸▸  radiotherapy reserved for unresectable lesions only
	▸▸  Postradiation and spontaneous malignant transformation 

 documented, but rare
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the metaphyseal position of the major long bones, most 
commonly in the proximal humerus and femur, in skel-
etally immature patients. The pathogenesis is unknown, 
but it is considered likely to be reactive or developmen-
tal in nature, probably related to a disturbance in growth 
at the epiphyseal plate.

CliniCal Features

Simple bone cyst is identified in approximately 3% of 
bone lesion biopsies. It typically presents in the first 
two decades of life with a peak incidence between  
3 and 14 years and an age range from 2 to 69. It is 
more common in male individuals (more than 2:1), and 
more than 80% of cysts affect the proximal humerus 
and femur. Its occurrence in the gnathic bones is well 
documented. In older patients, involvement of the 
ilium, talus, and calcaneus may occur. Involvement of 
other bones is rare. The majority of cysts are identified 
as incidental findings on radiographs. In those who are 
symptomatic, pain, swelling, and pathologic fracture 
may occur.

radiologiC Features

Characteristically, a central intramedullary metaphyseal 
well-circumscribed lucency with fine trabeculation and 
scalloped borders is present, associated with cortical 
thinning, but without disruption, unless fracture has 
occurred ((Figure 23-11). In younger patients, it abuts. In younger patients, it abuts 
the epiphysis and with increasing age becomes increas-
ingly separate from the epiphyseal plate. In contrast with 
ABC, it is never wider than the epiphysis. Fracture will 
result in cortical disruption, and in some instances, a 
bony fragment may be identified within the cyst lumen, 
so-called fallen fragment.

PathologiC Features

gross Findings

The majority of tumors are submitted as sparse 
curettage fragments representing only the thin fibrous 
membrane, which is usually translucent and less than 
1 mm in thickness. In some instances, the cyst may be 
described as communicating directly with the medullary 
shaft. Those rare intact cases have a cavity filled with 
clear to yellowish fluid with or without internal septa-
tions and internal mural ridges (Figure 23-12). Hemor-
rhagic fluid may reflect prior fracture.

MiCrosCoPiC Findings

The lining of a simple bond cyst is often composed of a 
thin layer of fibrous tissue only (Figure 23-13A). Amor-
phous pink material in keeping with fibrin deposition in 
the wall is common, often forming large conglomerations 
that may have a concentric appearance giving them a 

Figure 23-11
radiologically, simple bone cyst is characterized by a central intramedul-
lary metaphyseal well-circumscribed lucency with fine trabeculation and 
scalloped borders. The cortex is thinned. With increasing age, the lesion 
extends increasingly farther from the epiphyseal plate.

Figure 23-12
Macroscopically, this simple bone cyst is characterized by a single cystic 
space with cortical thinning lined by a thin fibrous membrane. (Courtesy 
of Dr. Stan McCarthy, NSW Tumour Registry.)
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cementum-like appearance (see Figure 23-13B). Ossifica-
tion of these structures may occur. Scattered osteoclast 
giant cells may be admixed with inflammatory cells and 
hemosiderin-laden macrophages, especially if there has 
been a pathologic fracture, in which case the changes 
may simulate ABC, especially if internal septations are 
present (see Figure 23-13C). Reactive bone formation is 
common, especially after fracture.

A B

C

Figure 23-13
A, Histologically, the cyst wall of this simple bone cyst is composed of a fibrous membrane with a flat inconspicuous lining layer, bordered 
in this instance by bony trabeculae. B, In many simple bone cysts, pink cementum-like material probably representing fibrin can be seen, a 
characteristic finding. C, Extravasated red cells and scattered osteoclast-like giant cells can be seen, suggestive of associated fracture.

SiMPLe BOne CYST— FACT SHeeT

Definition

	▸▸  Central intramedullary unilocular cystic cavity containing serous or 
serosanguineous fluid, lined by a thin fibrous membrane

incidence and Location

	▸▸  3% of all bone lesions for which a biopsy was performed
	▸▸  Proximal metaphysis of humerus and femur most common

Sex, race, and Age Distribution

	▸▸  Greater incidence in male than female sex, 2/3:1
	▸▸  Majority (80%) of cases are skeletally immature, ages 3 to 15
	▸▸  No race predilection

Clinical Features

	▸▸  Many cases are symptomatic
	▸▸  Pain and swelling
	▸▸  Pathologic fracture

radiologic Features

	▸▸  Central intramedullary metaphyseal radiolucency
	▸▸  Well marginated with scalloped borders

	▸▸  Cortex thin, but intact
	▸▸  May have “fallen fragment” sign
	▸▸  Never wider than epiphyseal plate

Prognosis and Treatment

	▸▸  Good
	▸▸  Majority involute or respond to intralesional steroid injection
	▸▸  20% recur in patients younger than 10 years
	▸▸  May require curettage and bone grafting
	▸▸  recent treatment modalities include trephination and bone 

 marrow injections

SiMPLe BOne CYST— FACT SHeeT—COnT’D
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diFFerential diagnosis

The main differential diagnoses of simple bone cyst 
include ABC and intraosseous ganglion. In the absence 
of adequate clinical and radiologic data, the cystic nature 
of the tissue may not be appreciated and the changes in 
the wall misinterpreted as a preexisting lesion of fibrous 
dysplasia or giant cell tumor depending on the charac-
ter of the mural changes. Cementum-like material is 
not seen in ABC. Variably sized blood-filled spaces are 
not expected, and giant cell accumulation with reactive 
osteoid is sparse; the majority of the tissue represents 
thin fibrous membrane. Radiologic correlation usually 
resolves the issue. Intraosseous ganglion is not seen in 
the metaphysis, usually being subchondral in location 
and containing mucoid viscous fluid. It may be associ-
ated with osteoarthritis. Myxoid change is common and 
not expected in simple bone cyst.

Prognosis and treatMent

Recurrence of simple bone cyst lesions is documented in 
up to 20% of patients, usually in children younger than 
10. Aspiration of the cyst combined with intralesional 
injections of methylprednisolone is a highly effective 
treatment in most instances, although occasional cases 
may require combined curettage with bone grafting. 
Recently, success with trephination and injection of 
allogeneic demineralized bone matrix and autogenous 
bone marrow has been reported. Resection is rarely 
necessary. Rare cases of sarcomatous transformation of 
simple bone cyst have been documented.

INTRAOSSEOUS GANGLION

Intraosseous ganglia are intramedullary, non-neoplastic, 
subchondral cystic lesions containing mucoid fluid. They 
are lined by fibrous tissue with myxoid change and are 
not associated with osteoarthritis in the adjacent joint. 
They are the equivalent of soft tissue ganglia. If osteo-
arthritis is present, the lesion represents a degenerative 
subchondral cyst.

CliniCal Features

Intraosseous ganglia are common lesions (present in 10% 
of cadaveric wrists in a recent study), with most being inci-
dental findings. They usually occur in skeletally mature 
patients, most often in late middle age, with a slight male 
predominance. The hip, knee, and ankle are most fre-
quently affected, followed by the shoulder and wrist. Pain 
is the most frequent complaint, often related to motion. 
At surgery, the cyst contains gelatinous mucoid material.

radiologiC Features

Characteristically, intraosseous ganglia are associated 
with a well-defined lucency with sclerotic margins pres-
ent in subchondral bone, usually measuring less than 2 
cm, rarely more than 5 cm (Figure 23-14). Some of these 
lesions, particularly those in the wrist, occur at the site 
of ligamentous insertion and are considered to be the 
result of degeneration of these ligaments.

SiMPLe BOne CYST—PATHOLOgiC FeATureS

gross Findings

	▸▸  Minimal curettage material
	▸▸  Thin translucent fibrous membrane
	▸▸  Simple cystic structure with serous or serosanguineous fluid

Microscopic Findings

	▸▸  Thin fibrous membrane
	▸▸  Scattered osteoclast-like giant cells, reactive bony  

 trabeculae, and hemosiderin-laden macrophages, particularly after 
fracture

	▸▸  Pink cementum-like material in some

Differential Diagnosis

	▸▸  ABC
	▸▸  Intraosseous ganglion

Figure 23-14
radiologically, intraosseous ganglion characteristically comprises a well-defined 
lucency with sclerotic margins in the direct subchondral bone. This lesion is 
in the region of the lateral malleolus of the distal tibia. The accompanying 
computed tomographic scan confirms its clearly defined sclerotic edges.
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PathologiC Features

gross Findings

The curetted material of intraosseous ganglion is 
sparse. The cyst contains glairy viscous mucoid mate-
rial, and small fragments of thin fibrous wall may be 
included.

MiCrosCoPiC Findings

The wall of intraosseous ganglion is fibrous with myx-
oid change and stellate fibroblasts. An admixed, mild, non-
specific chronic inflammatory infiltrate including foamy 
macrophages may or may not be present. The appearances 
are similar to those of soft tissue ganglia (Figure 23-15).

diFFerential diagnosis

Without knowledge of the clinical or radiologic fea-
tures, the possibility of chondromyxoid fibroma may 
be considered; however, a lobulated pattern is not pres-
ent, and admixed cellular areas with giant cells are not 
found. In the presence of adjacent osteoarthritis, the 
lesion represents a subchondral cyst. Myxoid change is 
rare in simple bone cyst, cementum-like material may 
be present, and the clinical and radiologic features, in 
particular the location, will help differentiate these 
lesions.

A B

Figure 23-15
intraosseous ganglion.
A, At low power, a fibrous membrane is present within which areas of myxoid change can be seen. Fragmented bony debris may be present, 
related to curettage effect. B, At high power, the lining is flat and inconspicuous with variable myxoid change within the fibrous stroma. The 
lumen contains mucoid material.

inTrAOSSeOuS gAngLiOn—FACT SHeeT

Definition

	▸▸  Non-neoplastic intramedullary cyst lined by fibrous tissue with 
myxoid change and containing viscous mucous fluid, usually 
 subchondral in location

incidence and Location

	▸▸  Common, usually incidental finding (10% of wrists)
	▸▸  Hip, knee, ankle, shoulder, and wrist most often affected

Sex, Age, and race Distribution

	▸▸  Slight male sex predominance
	▸▸  Skeletally mature, late middle age
	▸▸  No racial predominance

Clinical Features

	▸▸  Often asymptomatic
	▸▸  Pain often aggravated by standing or exercise

radiologic Features

	▸▸  Small, well-demarcated, subchondral lucency with surrounding 
sclerosis

	▸▸  Often related to ligamentous insertions, in wrist in particular

Prognosis and Treatment

	▸▸  Curettage with or without bone graft
	▸▸  rarely recurs

inTrAOSSeOuS gAngLiOn—PATHOLOgiC FeATureS

gross Findings

	▸▸  Mucoid viscous contents
	▸▸  Fibrous lining with mucoid areas

Microscopic Findings

	▸▸  Fibrous wall with myxoid change
	▸▸  Scattered admixed inflammatory cells

Differential Diagnosis

	▸▸  Chondromyxoid fibroma
	▸▸  Simple bone cyst
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Prognosis and treatMent

Recurrence is rare in the absence of osteoarthritis.  
Curettage and bone grafting, if necessary, is usu-
ally curative and can be repeated in the rare event of 
 recurrence.

LANGERHANS CELL HISTIOCYTOSIS

Langerhans cell histiocytosis (LCH) is an encompassing 
term for a spectrum of clinical syndromes characterized by 
a proliferation of Langerhans histiocytes. It includes the 
group of disorders previously known as histiocytosis X, 
including eosinophilic granuloma, Hand–Schüller–Chris-
tian disease, and Letterer–Siwe disease. Langerhans cells 
are antigen-presenting peripheral dendritic cells derived 
from CD34-positive stem cells in bone marrow. They 
express major histocompatibility complex class II, bear Fc 
and C3 receptors, consistently express CD1A, and con-
tain Birbeck granules ultrastructurally. They have poorly 
developed phagocytic properties. The disorder is classi-
fied clinically according to the extent of involvement. 
The localized, nonsystemic form includes those with 
single organ involvement, either skeletal (eosinophilic 
granuloma) or extraskeletal (lymph node, skin, lung), in 
all of which Langerhans cells normally reside. Multifocal 
or systemic forms reflect involvement of multiple bones, 
organs, or both, the severity of involvement reflecting 
outcome. Multifocal involvement is characteristic of the 
clinical entities in childhood, previously known as Hand–
Schüller–Christian disease and Letterer–Siwe disease.

CliniCal Features

The localized form of LCH accounts for most cases and 
usually occurs in the first three decades of life, mostly 
between the ages of 5 and 15 years. In the systemic 
form, patients are typically younger than 5, the most 
severe cases occurring before the age of 2. A male sex 
predominance exists, with a male-to-female ratio of at 
least 2:1, except in pulmonary disease where female 
smokers prevail. The commonest skeletal sites of 
involvement are the craniofacial bones, mandible and 
ribs (in adults in particular), pelvis, diaphyseal and 
metaphyseal locations in long bones, especially the 
femur, and vertebral bodies. Involvement of the small 
bones of the hands and feet is rare. Presenting symptoms 
typically are pain, swelling, and tenderness. An asso-
ciated mass is rare. Back pain, stiffness, and scoliosis 
may occur with vertebral involvement and mastoiditis, 
and otitis media–like symptoms may be seen with skull  

 involvement. Loosening of the teeth may occur in man-
dibular lesions. In systemic LCH, the clinical presen-
tation varies depending on the severity and extent of 
disease. Skeletal lesions are frequent, and in Hand–
Schüller–Christian disease, these are associated with 
diabetes insipidus, exophthalmos, and proptosis. In Let-
terer–Siwe disease, skin rashes, hepatosplenomegaly, 
fever, and multiple organ failure occurs. Peripheral 
eosinophilia is rare.

radiologiC Features

Radiologic features of LCH are variable but generally 
reflect a geographic lytic process in the medulla. In 
the skull, lesions are usually round or ovoid with well-
defined, nonsclerotic margins, often with a beveled 
edge because of the uneven lysis of the outer and inner 
tables (Figure 23-16A). Variations in tumor margin and 
periosteal reaction occurs, some having ill-defined mar-
gins with laminated periosteal reaction and some being 
well-defined with sclerosis and a solid continuous peri-
osteal reaction (see Figure 23-16B). The lesions gener-
ally measure between 1 and 2 cm, but may become large, 
particularly in the long bones, up to 6 cm. Soft tissue 
involvement is well documented, and occasionally the 
lesions have a cortical location, most often in the long 
bones. Lysis in the mandible may result in “floating 
teeth” (see Figure 23-16C). Involvement of the vertebral 
body may result in vertebra plana. The radiologic dif-
ferential diagnosis includes chronic osteomyelitis and 
Ewing sarcoma in particular.

PathologiC Features

gross Findings

Most LCH lesions are curetted, yielding small frag-
ments of tan–gray tissue with or without yellow areas 
and hemorrhage depending on the proportions of com-
ponent cells. The tissue often has a soft, runny consis-
tency. Occasionally, these lesions are excised in toto in 
expendable bones. They are usually well circumscribed 
and vary in color from gray to yellow to red. Cortical 
destruction is common, and soft tissue extension may 
be seen.

MiCrosCoPiC Findings

The pathognomonic cell is the Langerhans cell, 
which is present in variable distribution and num-
bers, lying in a background rich in other inflammatory 
cells. The Langerhans cells may be largely obscured by 
the inflammatory component or they may be present 
in large sheets. They usually have abundant lightly 
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eosinophilic, somewhat powdery vacuolated cytoplasm 
that can be well or poorly demarcated. Nuclei char-
acteristically are vesicular in nature with dispersed 
chromatin nuclear indentations often giving them a 
reniform or coffee-bean shape. Multinucleated forms 
are frequent, exhibiting similar nuclear features (Fig-
ure 23-17A–F). Some variation in shape and size is 
common; however, significant pleomorphism is not a 
feature, and mitoses, which usually number less than 
5 per 10 high power fields, are never atypical. Scat-
tered admixed osteoclast-like giant cells may also be 

 present. The inflammatory component often includes 
abundant eosinophils, at times  forming small eosino-
philic abscesses with necrosis. Admixed histiocytes 
with round or ovoid nuclei and phagocytosed cel-
lular debris are frequent, as are foamy histiocytes, 
lymphocytes, plasma cells, and neutrophils. In some 
instances, eosinophils may be inconspicuous, mim-
icking osteomyelitis. Extension of the accompanying 
inflammatory infiltrate between and around the bony 
trabeculae may be present, simulating osteomyelitis 
(see Figure 23-17F).

A B

C

Figure 23-16
A, The lesions of Langerhans cell histiocytosis are usually round to ovoid lucencies with well-defined, nonsclerotic margins. In the skull, they 
characteristically have a beveled edge. B, In the long bones, in particular, the tumor margin may be ill defined and variable periosteal reaction 
may be present, in this instance, having a somewhat immature lamellated appearance. C, In the mandible, the lesion is lytic and well defined. 
Loosening of teeth is frequent. (A, Courtesy of Dr. Stan McCarthy, NSW Tumour Registry.)
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anCillary studies

iMMunohistoCheMistry

Langerhans cells are characteristically decorated by 
S-100 protein. However, CD1a and Langerin (CD207) 

are more specific markers of Langerhans cells (Figure  
23-18). CD68 and peanut agglutinin positivity may 
also be identified. CD45 is not demonstrable in paraf-
fin-embedded tissue. CD15, CD30, epithelial membrane 
antigen, and cytokeratin are negative, enabling distinc-
tion from Hodgkin disease and epithelial neoplasms.

B

D

F
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E

Figure 23-17
Langerhans cell histiocytosis.
A, At low power, an intense inflammatory cell infiltrate is usually lying within loose granulation tissue. Abundant eosinophils are present.  
B, Eosinophils may obscure the Langerhans cells present in the background. C, At high power, the Langerhans cells have irregular, indented 
nuclei with somewhat poorly demarcated eosinophilic cytoplasm. A single binucleated form and admixed eosinophils and neutrophils are 
 present. D, Langerhans cells have abundant lightly eosinophilic powdery and lightly vacuolated cytoplasm. e, At the margins of the more cellular 
area, organizing fibrosis with admixed inflammatory cells is seen extending between and around the adjacent trabeculae. F, Wet fixed smears 
confirm the presence of numerous irregular nuclear indentations (hematoxylin and eosin).
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genetiC studies

In recent years it has emerged that LCH repre-
sents a clonal expansion of Langerhans cells detected 
with HUMARA assay. Recurrent abnormalities of 
chromosomal loci 9p and 22q have been found, and 
recently, frequent loss of chromosomes in the region 
of 1p in particular has been identified. These find-
ings have led to the suggestion that LCH represents 
a neoplasm rather than a reactive lesion; however, 
reactive abnormalities may exhibit chromosomal  
abnormalities, and thus far, the exact nature of LCH 
is unresolved.

diFFerential diagnosis

The main alternative diagnoses of LCH to be consid-
ered are osteomyelitis, granulomatous inflammation, 
Hodgkin lymphoma and non-Hodgkin lymphoma, 

BA

Figure 23-18
A, The Langerhans cells are positive for S-100 protein. B, CD1a positivity is characteristic of Langerhans cells.

LAngerHAnS CeLL HiSTiOCYTOSiS—FACT SHeeT

Definition

	▸▸  Group of disorders of unknown cause characterized by a 
 proliferation of Langerhans cells, the distribution of which  
may be localized or disseminated

incidence and Location

	▸▸  rare, incidence from 3 to 4 per million
	▸▸  Less than 1% of all bone tumors
	▸▸  Craniofacial bones affected predominantly, lesser numbers in long 

bones, ribs, pelvis, and vertebral body

Morbidity and Mortality

	▸▸  Localized form usually benign, self-limited
	▸▸  High mortality in disseminated form, mostly in children younger 

than 2 years

Sex, race, and Age Distribution

	▸▸  Male sex predominance (more than 2:1)
	▸▸  No definite racial predilection
	▸▸  Majority present in the first three decades of life
 ▸▸  Localized form aged 5 to 15
 ▸▸  Severe systemic disease aged 0 to 2
 ▸▸  Multifocal form aged 2 to 10

Clinical Features

	▸▸  Depends on clinical extent and location of disease
	▸▸  Localized skeletal forms
 ▸▸  Pain and tenderness common
 ▸▸  Swelling less frequent
	▸▸  Disseminated forms
 ▸▸  Diabetes insipidus
 ▸▸  Exophthalmos/proptosis
 ▸▸  Skin rashes
 ▸▸  Hepatosplenomegaly
 ▸▸  Marrow dysfunction

radiologic Features

	▸▸  Usually intraosseous, lytic, well-defined lesion 1 to 2 cm
	▸▸  Often beveled margins in skull
	▸▸  Often associated cortical destruction
	▸▸  Possible soft tissue mass

	▸▸  Possible button sequestrum
	▸▸  Possible mature or immature periosteal reaction

Prognosis and Treatment

	▸▸  Dependent on site and extent of lesion
	▸▸  Localized bone lesions
 ▸▸  May resolve spontaneously
 ▸▸  Usually cured by simple curettage or intralesional steroids
	▸▸  Multifocal systemic disease has guarded prognosis
 ▸▸  Poor prognostic factors
	 ▸▸  Hepatosplenomegaly
	 ▸▸  Anaemia
	 ▸▸  Thrombocytopenia
 ▸▸  Polyostotic disease
 ▸▸  Age younger than 3 at diagnosis
	 ▸▸  Multiagent chemotherapy has some success

LAngerHAnS CeLL HiSTiOCYTOSiS—FACT SHeeT—COnT’D
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Rosai–Dorfman disease, Erdheim–Chester disease, 
and in resolving cases, fibrohistiocytic proliferations 
of bones, particularly nonossifying fibroma. Osteo-
myelitis is characterized by a mixed inflammatory 
infiltrate; however, eosinophils are usually not promi-
nent, and Langerhans cell proliferation is not found. 
Radiologic overlap may occur, particularly in the long 
bones. Granulomatous inflammatory processes may 
cause confusion, although caseating granulomata are 
not a feature of LCH, and clusters of S-100 protein and 
CD1a-positive cells would not be expected. Although 
the presence of eosinophils and binucleate and tri-
nucleate Langerhans cells may mimic Reed–Sternberg 
cells, nuclear indentation would not be expected 
and they usually have large prominent eosinophilic 
nucleoli, not seen in Langerhans cells. In addition, 
Reed–Sternberg cells are negative for CD1a, Langerin, 
and S-100 protein, and are decorated by CD15 and 
CD30. In Rosai–Dorfman disease, the histiocytes have 

round, ovoid, non-indented nuclei and emperipolesis 
is evident. They express S-100 protein but are CD1a 
negative. In Chester–Erdheim disease, a xanthogranu-
lomatous inflammatory infiltrate predominates, and 
S-100 protein and CD1a are not expressed. In the 
resolving phase of LCH, stromal fibrosis with admixed 
foamy histiocytes and lymphocytes may simulate 
benign fibrohistiocytic lesions of bone, in particular, 
nonossifying fibroma. A careful search for Langer-
hans cells with S-100 protein and CD1a will usually 
resolve the issue. Radiologically, these lesions are usu-
ally distinctive.

Prognosis and treatMent

In general, the outcome of LCH is related to the degree 
of involvement of various organ systems at the time 
of diagnosis. Those with localized disease often spon-
taneously resolve and are usually cured by simple 
curettage or intralesional steroid injection. Low-dose 
radiotherapy is less frequently used. Recurrences are 
rare, although an occasional individual does go on to 
acquire further lesions. In general, adults with more 
than three osseous lesions are apt to have visceral 
involvement; however, death caused by disease is rare 
in this age group. Progressive disease tends to occur 
in the first 2 years of life predominantly, the outcome 
reflecting the extent of multiorgan involvement. 
Multiagent chemotherapy gives a high rate of initial 
response (70–87%); however, a third of patients with 
disseminated disease die.

ERDHEIM–CHESTER DISEASE

Erdheim–Chester disease is a rare, distinctive, dissemi-
nated, infiltrative disorder of histiocytes of unknown 
cause. It is characterized by intraosseous and systemic 
xanthogranulomatous change and has distinct radiologic 
features.

CliniCal Features

Erdheim–Chester disease has a slight male predomi-
nance with age range from 7 to 84 years. The major-
ity of cases presenting in the fifth, sixth, and seventh 
decades of life. Symptoms depend on the extent of dis-
ease, but bone pain is the commonest complaint, usu-
ally affecting the lower limbs in particular. Because 
extraosseous deposition can occur at many sites and 
in many organs, the symptomology is protean. Orbital 

LAngerHAnS CeLL HiSTiOCYTOSiS—PATHOLOgiC FeATureS

gross Findings

	▸▸  Variable color tan, gray, yellow, or hemorrhagic
	▸▸  Variable consistency, runny or firm
	▸▸  May have soft tissue extension

Microscopic Findings

	▸▸  Cells with abundant, lightly eosinophilic, powdery, vacuolated 
cytoplasm that may or may not be well demarcated

	▸▸  Vesicular nuclei with well-defined nuclear borders and prominent 
indentations; coffee-bean, reniform appearance

	▸▸  Binucleated, trinucleated, and multinucleated forms common
	▸▸  Background mixed inflammatory infiltrate
 ▸▸  Usually including abundant eosinophils
 ▸▸  Lymphocytes, plasma cells, and neutrophils in variable quantities
 ▸▸  Phagocytic and foamy macrophages
 ▸▸  Scattered osteoclast-like giant cells
 ▸▸  Scattered mitoses, never atypical
 ▸▸  Variably fibrous background

immunohistochemical Findings

	▸▸  S-100 protein positive
	▸▸  CD1a positive
	▸▸  Langerin positive
	▸▸  Often CD68 positive
	▸▸  Negative CD45, AE1/3, CD15 and CD30

Differential Diagnosis

	▸▸  Osteomyelitis
	▸▸  Granulomatous inflammation
	▸▸  Hodgkin lymphoma
	▸▸  Non-Hodgkin lymphoma
	▸▸  rosai–Dorfman disease
	▸▸  Erdheim–Chester disease
	▸▸  Fibrohistiocytic lesions of bone, for example, nonossifying fibroma
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deposits produce proptosis and exophthalmos; pitu-
itary deposits cause pituitary dysfunction, for example, 
diabetes insipidus; cerebral and cerebellar deposits 
elicit a multiple sclerosis–like syndrome; myocardial 
and pericardial deposits lead to cardiac failure; and 
pulmonary deposits cause advanced interstitial lung 
disease. Soft tissue masses have also been described 
in the retroperitoneum causing urinary obstruction. 
In the skeleton, involvement of the bone marrow is 
characteristically seen in the appendicular long bones 
bilaterally, most specifically in the metaphysis of the 
femur and tibia.

radiologiC Features

Typical findings of Erdheim–Chester disease are those 
of bilateral symmetrical osteosclerosis of the metaphy-
sis and diaphysis of the appendicular skeleton, particu-
larly involving the lower limbs, specifically the distal 
femur and proximal tibia and fibula. The epiphyses are 
usually spared (Figure 23-19). Osteolytic lesions have 
been described in the skull and ribs, and occasionally 
the lesions in the long bones may have a mixed lytic and 
sclerotic character.

PathologiC Features

gross Findings

Macroscopically, biopsy fragments comprise tan–
brown tissue with yellow areas corresponding to xan-
thogranulomatous change.

MiCrosCoPiC Findings

Histologically, the osseous lesions in Erdheim–
Chester disease contain numerous foamy histiocytes 
admixed with multinucleated giant cells, many of which 
represent Touton giant cells, lying in a variably fibrous 
stroma with admixed chronic inflammatory cells, includ-
ing lymphocytes, histiocytes, and plasma cells (Figure  
23-20). The accompanying bone is thickened woven and 
lamellar bone that may have a pagetoid appearance.

anCillary studies

iMMunohistoCheMistry

The histiocytes in Erdheim–Chester disease are 
CD68- and CD163- positive, in keeping with their 

A B

Figure 23-19
erdheim-Chester disease.
A, Prominent osteosclerosis of the diaphysis of the femur extends into the metaphysis. Characteristically, this is bilateral and symmetrical. 
B, The bone scan shows marked increased uptake in the metaphyseal regions of the distal femur, and proximal and distal tibiae in a bilateral 
symmetrical distribution. (Courtesy of Dr. Stan McCarthy, NSW Tumour Registry.)
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monocyte/macrophage lineage. CD1a is consistently 
negative, and S-100 protein is usually negative (a sin-
gle case with S-100 positivity has been reported).

genetiC studies

Recent cytogenetic and HUMARA-based stud-
ies of a few cases have shown clonal abnormali-
ties, thus supporting the idea that Erdheim–Chester 
 disease is a neoplastic disorder rather than a reactive  
process.

A B

C

Figure 23-20
erdheim-Chester disease.
A, At medium power, thick sclerotic bony trabeculae lie within marrow 
in which there is extensive fibrovascular stroma. B, At higher power, a 
mixed inflammatory infiltrate comprising lymphocytes, plasma cells, and 
numerous foamy histiocytes is present. C, Abundant foamy histiocytes 
lie between the sclerotic bony trabeculae. (Courtesy of Dr. Stan McCarthy, 
NSW Tumour Registry.)

erDHeiM–CHeSTer DiSeASe—FACT SHeeT

Definition

	▸▸  A rare, disseminated, xanthogranulomatous, infiltrative disease 
of unknown cause that affects many organs including bone and 
exhibits characteristic radiologic features

incidence and Location

	▸▸  Extremely rare, less than 100 cases documented in the literature
	▸▸  Most often affects the distal femur, proximal tibia, and fibula 

bilaterally

Sex, race, and Age Distribution

	▸▸  Slight male sex predominance
	▸▸  Ages 7 to 84, majority in fifth, sixth, and seventh decades of life
	▸▸  racial distribution unknown

Clinical Features

	▸▸  Depends on extent and severity of involvement
	▸▸  Bone pain for months or years, usually in the lower limb

Systemic effects

	▸▸  Exophthalmos, diabetes insipidus, general symptoms including 
fever, weight loss, xanthomas, cerebral symptoms, cardiac failure, 
pulmonary fibrosis

radiologic Features

	▸▸  Bilateral symmetrical metadiaphyseal sclerosis

	▸▸  Predominantly affecting long bones in particular distal femur, 
proximal tibia, and fibula

	▸▸  Epiphyseal sparing
	▸▸  Occasional lytic lesions in skull and ribs

Prognosis and Treatment

	▸▸  Depends on extent of systemic involvement
	▸▸  Majority have a prolonged indolent course
	▸▸  Approximately one third die within 10 years from various systemic 

effects
	▸▸  No distinctive useful treatment, although chemotherapy and 

 corticosteroids are most often used

erDHeiM–CHeSTer DiSeASe—FACT SHeeT—COnT’D
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diFFerential diagnosis

Erdheim–Chester disease must be distinguished partic-
ularly from chronic inflammatory processes and other 
histiocytic disorders. LCH is characterized by histiocytes 
with indented grooved nuclei and eosinophilic cytoplasm 
rather than foamy histiocytes seen in Erdheim–Chester 
disease. In Rosai–Dorfman disease (sinus histiocytosis 
with massive lymphadenopathy), the component his-
tiocytes exhibit emperipolesis, and are also positive for 
S-100 protein. In addition, both LCH and Rosai–Dorf-
man disease are lytic radiologically and sclerotic bone 
would not be expected. In Gaucher disease, the histio-
cytes have a characteristic tissue-paper appearance and 
are Periodic Acid Schiff positive. Chronic osteomyelitis 
is the main differential diagnosis, and clear distinction 
depends on the constellation of clinical, microbiologic, 
histologic, and radiologic data.

Prognosis and treatMent

Although many cases of Erdheim–Chester disease have 
a prolonged indolent course, the outcome is dependent 
on the extent of systemic involvement and, in a recent 
review, more than a third of patients died after a mean 
follow-up of 3 years with a range from 3 months to  
10 years. Clinical trials for efficacy of treatment regi-
mens have not been conducted, and treatment is based 
on anecdotal experience. It has included steroids, 

 chemotherapy, radiation therapy, immunotherapy, and 
no therapy, all with variable success.
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erDHeiM–CHeSTer DiSeASe—PATHOLOgiC FeATureS

gross Findings

	▸▸  Tan tissue with yellow areas representing xanthogranulomatous 
change

Microscopic Findings

	▸▸  Xanthogranulomatous change, numerous vacuolated foamy 
 histiocytes with round oval nuclei without nuclear grooves, 
admixed with multinucleated giant cells often of Touton type

	▸▸  Variably fibrous stroma with admixed lymphocytes, plasma cells, 
and histiocytes

	▸▸  Thickened bony trabeculae with remodeling representing sclerosis

immunohistochemical Findings

	▸▸  CD68 and CD163 positive
	▸▸  S-100 negative
	▸▸  CD1a negative

Differential Diagnosis

	▸▸  Chronic osteomyelitis
	▸▸  LCH
	▸▸  rosai–Dorfman disease/sinus histiocytosis with massive 

 lymphadenopathy
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Metastatic tumor of bone is the secondary skeletal 
deposit of a neoplasm from another primary site and is 
the most common form of all malignant tumors invol
ving bone. The metastatic lesions are multiple or, less 
frequently, solitary. Most of the primary malignant 
tumors are carcinomas. Rarely, neoplasms showing 
benign histology can metastasize to bone. If the histol
ogy of a primary site is known, fineneedle aspiration 
biopsy (cytology) or core needle biopsies of meta
static lesions may determine the diagnosis. Primary  
malignancies can invade bone by direct extension or 
through lymphatic and vascular channels including 
vertebral Batson plexus of veins. Bony change seen 
in metastatic tumors is osteolytic or, less frequently, 
osteoblastic or mixed. They may be modulated by the 
postulated effects of humoral factors or cytokines, 
including transforming growth factorβ (TGFβ), 
fibroblast growth factor, bone morphogenetic pro
teins, prostaglandins, interleukin1, parathormone
related protein, among others, secreted by neoplastic 
cells. Activity of osteoclasts transformed from macro
phages may also induce the structural change of bones 
affected by metastasis.

CliniCal Features

Because the incidence of primary sarcomas of bone 
is substantially less than that of carcinomas in other 
organs, metastatic carcinomas are the most common 
malignant tumor involving the bone, and after the lungs 
and liver, the skeleton is the third most frequent site of 
metastatic disease. According to several reports, approx
imately 30% to 90% of the patients with common carci
nomas are estimated to have skeletal metastases in their 
course of the disease. As is often the case with the sec
ondary malignancy, bone metastases tend to affect older 
patients, and more than 60% of patients are in their 
sixth to seventh decade of life. Osseous metastatic dis
ease in children is rare and most commonly originates 
from neuroblastoma, clear cell sarcoma of kidney, osteo
sarcoma, Ewing sarcoma/primitive neuroectodermal 
tumor (PNET) group, and rhabdomyosarcoma. It is dif
ficult to determine significant sex predilection.

Metastases can affect any bone containing red 
 marrow. Nearly 70% occur in axial skeleton, including 
the cranium, vertebrae, rib, sternum, sacrum, and pelvis. 
Approximately 30% of bone metastases involve the 
appendicular skeleton, but rarely distal to the knee and 
elbow. Metastatic tumor involving the small bones of the 
hands and feet is rare, and usually originates from the 
lung or kidney.

In more than 80% of patients, a pertinent clinical 
search, including physical examination, laboratory stud
ies, and radiological investigations, usually identifies the 
primary site. Lung, breast, prostate, kidney, and thyroid 
gland account for more than 80% of all skeletal metas
tases. Carcinomas of the kidney and thyroid gland fre
quently involve the skull, sternum, pelvis, bones of the 
shoulder girdle, and pelvic flat bones. These locations 
comprise more than 70% of all sites for metastatic 
deposits. Skeletal metastasis of sarcoma is relatively 
rare and more frequently seen in children.  Examples 
of skip metastasis or even bonetobone metastasis of 
 osteosarcoma are reported.

Symptoms of patients with metastatic carcinoma are 
generally nonspecific. Pain, with or without swelling, 
pathologic fracture, and neurological symptoms when 
the lesion affects spine are common findings. Systemic  
symptoms, including hypercalcemia secondary to oste
olysis and Collet–Sicard syndrome in skull base metas
tases, may occur. Hypercalcemia and increased serum 
alkaline phosphatase may be seen due to extensive 
osteolytic activity of metastatic tumor. Prominent osteo
blastic metastases of prostate carcinoma may cause 
osteomalacia secondary to the high calcium demand for 
new bone formation.

radiologiC Features

Radiographically, most metastases produce osteolytic 
and destructive changes predominantly located in the 
marrow cavity (Figures 241 and 242). Osteoblastic 
or mixed lytic and blastic change can also occur (Fig
ure 243). In the long bones, metastatic deposits tend 
to involve the metaphysis, and a solitary lesion can 
mimic a primary bone sarcoma. Metastatic renal cell 
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A C
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Figure 24-1
Metastatic carcinoma involving the proximal femur. 
A, anteroposterior view shows osteolytic lesions in the proximal femur. B, t1-weighted and C, t2-weighted coronal magnetic resonance images and  
D, an axial computed tomographic image demonstrate osteolytic and destructive lesions with ill-defined margins. e, radioisotope scintigram using  
technetium-99m is positive in the proximal femur.



BONe aND SOFt tISSUe pathOLOGY448

 carcinoma frequently produces purely lytic destruc
tion with aneurysmal bone cystlike change. Similar 
radiographic features are occasionally seen in metas
tases from carcinoma of the gastrointestinal tract, thy
roid carcinoma, or malignant melanoma. Metastases 
from lung or breast can show mixed lytic and blastic 
change. Prostatic adenocarcinoma is one of the well
known examples frequently presenting with purely 
osteoblastic metastasis. When such a sclerotic meta
static lesion is solitary and associated with periosteal 
reaction, differentiation from a primary bone sarcoma 

may be difficult. Florid ossification due to pathologic 
fracture of a metastatic tumor may even simulate the 
roentgenologic features of osteosarcoma. Computed 
tomography (CT) scan and magnetic resonance imag
ing (MRI) have the advantage of detecting metastatic 
lesions in the vertebrae where only about a quarter of 
metastases are identified by conventional plain radio
graphs. Radioisotope scintigram bone scan of meta
static carcinoma is almost invariably positive and thus 
useful for detecting multiple skeletal metastases (see 
 Figure 243C).

A B

C D

Figure 24-2
Metastatic renal cell carcinoma involving the spine and rib. 
A, anteroposterior view of radiograph, B, anteroposterior tomographic view, and C, an axial computed tomographic (Ct) image visualize medullary  
osteolysis and destruction of vertebral body. D, an axial Ct image shows osteolytic and destructive change of the rib.
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PathologiC Features

gross Findings

The gross appearance of metastatic carcinoma involv
ing bone is nonspecific and oftentimes not too disimilar 
from that of primary bone sarcomas (Figure 244(Figure 244) Osteo Osteo
blastic metastases can be particularly dense and hard, 
simulating osteosarcoma. Extraosseous extension of 
metastatic deposits can also produce a soft tissue mass.

MiCrosCoPiC Findings

Osseous metastatic carcinoma tends to resemble the 
histology of the primary tumor, and in most cases, its 
metastatic nature is histologically evident. Metastatic 
adenocarcinomas or squamous cell carcinomas from the 
most common primary sites, including the lung, breast, 
kidney, prostate, and thyroid gland, usually retain their 
inherent morphologic features and cause practically no 
diagnostic problems (Figure 245). Reactive stromal 
changes, including fibroblastic spindle cell proliferation, 
vascular proliferation, and infiltration of osteoclastic 
multinucleated giant cells are relatively common. In the 
case of poorly differentiated or undifferentiated carci
nomas, it may be difficult to determine the primary site. 

 Sarcomatoid carcinomas, especially from the kidney, 
lung, or thyroid gland, sometimes lack apparent epi
thelial differentiation and therefore simulate primary 
spindle cell sarcomas of bone (Figure 246). Osteoblastic 
metastases such as prostate, neuroendocrine, and breast 
carcinomas are occasionally associated with reactive 
bone formation and therefore simulate osteosarcoma 
with epithelioid features (Figure 247). When the pro
liferation of osteoclastic multinucleated giant cells is 
prominent, metastatic tumors can even be confused 
with giant cell tumor of bone.

iMMunohistoCheMistry

Immunostains for epithelial membrane antigen 
(EMA) and keratins (CAM 5.2, AE1/3, CK7, CK20, 
among others) are frequently positive in epithelial tumors 
and negative in most mesenchymal lesions. Therefore, 
they may be useful for differentiating between meta
static carcinomas and primary bone sarcomas. Since 
rare keratin positive cells can be seen in some sarcomas, 
caution should be taken when interpreting results. In 
some cases, immunohistochemical markers may be help
ful in identifying the primary site and histologic type 

A B C

Figure 24-3
Multiple skeletal metastases of adenocarcinoma from the stomach.stases of adenocarcinoma from the stomach. 
A, anteroposterior view of the femur and B, lateral view of the spine show diffuse sclerotic change. C, radioisotope scintigram using technetium-99msotope scintigram using technetium-99m 
is positive in multiple bones of the axial skeleton.
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Figure 24-4
A, Gross photograph of a mid femur 
with metastatic gastric adenocarcinoma, 
 showing a well-circumscribed pale mass 
with focal myxoid change. B, Gross  
appearance of an amputated proximal 
phalanx of the finger with metastatic 
renal cell carcinoma. C, Microscopically, 
the tumor is composed of clear cells 
expanding the bone. Kidney and lung are 
the most common primary sites of acral 
metastasis.

A B

Figure 24-5
A, histology of metastatic renal cell carcinoma with clear cell features. B, Metastatic squamous cell carcinoma from the cervix shows epithelial 
nests associated with dense fibrosis. 

of the metastatic tumor. Some examples include thyroid 
transcription factor1 (TTF1) for lung or thyroid can
cer, prostaticspecific antigen (PSA) for carcinoma of the 
prostate, estrogen and progesterone receptors for breast 
cancer, S100 protein, HMB45, or MelanA for malig
nant melanoma, and chromogranin A for neuroendo
crine tumors. Immunohistochemical studies tend to be 
positive more often in wellto moderatelydifferentiated 
tumors. They are of more limited value in poorly differ
entiated tumors.

diFFerential diagnosis

For any bone malignant tumor in patients older than 
60 years, whether histologically showing epithelioid 
spindle cell or round cell features, one should always be 
concerned about the possibility of metastatic carcinoma. 
Meticulous clinical and imaging evaluations are manda
tory for patients with a  bone lesion suggestive of metas
tasis. Nevertheless, even with immunohistochemical 
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A B

Figure 24-6
A, Metastatic sarcomatoid carcinoma from papillary thyroid carcinoma, closely simulating primary spindle cell sarcoma of bone. B, Metastatic 
sarcomatoid renal cell carcinoma from the kidney.

A

C

B

Figure 24-7
A, Low-power view of a metastatic adenocarcinoma from the prostate  
with osteosclerotic change. B, Osteoblastic metastasis of carcinoma from 
the breast. C, Metastatic adenocarcinoma from the stomach. Only a few 
malignant cells are scattered in the intertrabecular fibrous stroma.
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studies confusion between metastatic  sarcomatoid car
cinoma and primary skeletal spindle cell sarcoma may 
be inevitable.

Multiple myeloma commonly presents as multiple 
osteolytic lesions in older patients and thus may simulate 
metastatic carcinoma. Radioisotope bone scan is generally 
negative, and demonstration of monoclonal protein in theprotein in thein the 
serum and urine is practically diagnostic. Angiosarcoma 
of bone can also involve multiple skeletal sites similar to 
metastatic carcinoma. The histologic features of angiosar
coma, particularly epithelioid angiosarcoma, can mimic 
metastatic carcinoma. Immunostains for CD31 and CD34 
are, however, generally positive in angiosarcomas and 
negative in carcinoma. However, both malignancies can be 
positive with keratin. Since osteosarcomas occasionally 
show epithelial features and, on the other hand, reactive 
bone production may be prominent in some osteoblastic 
metastases, differentiation between osteosarcoma and 
metastatic carcinoma may sometimes be difficult. The age 
of the patient, location of the lesion, and immunohisto
chemical studies may help solve the problem. Adamanti
noma of long bones usually have an epithelial component 
and therefore mimic metastatic carcinoma. Characteris
tic involvement of the tibia or, less frequently, the fibula 
may be a clue in making the correct diagnosis. Primary 
leiomyosarcoma of bone is extremely rare, and therefore 
the possibility of metastasis from uterine leiomyosarcoma 
should be completely excluded before establishing this 
unusual diagnosis. Melanocytic malignancy involving 
bone is almost always metastatic tumor from another pri
mary site. Squamous cell carcinoma, usually well differ
entiated, can occur in association with draining sinus in 
longstanding osteomyelitis. Clinical history of the patient 
and roentgenologic study are of great help in the differ
ential diagnosis of secondary squamous cell carcinoma in 
chronic osteomyelitis from metastatic carcinoma.

Prognosis and treatMent

Metastatic tumors of bone always represent advanced 
disease, generally associated with a poor outcome. The 
prognosis of patients may depend on the primary site 
of the tumor, histologic type of neoplasm, and extent 
of disease. Palliative therapies for relief of pain and for 
prevention of fracture are the most common treatments 
of choice. A localized single deposit may be surgically 
resected. Radiation and chemotherapy may be effective 
in diminishing the symptoms and in detaining progres
sion of the disease. Radioactive iodine is used for con
trolling some thyroid cancers. Carcinomas from breast 
and prostate may be treated by hormonal medication. 
Immunostains for HER2/neu protein and estrogen and 
progesterone receptors help guide treatment of meta
static breast carcinoma.

MeTASTASeS iNVOLViNg BONe—FACT SHeeT

Definition

	▸▸  Secondary bone involvement of tumor originating from another 
primary site

incidence and Location

	▸▸  Most common malignant tumor involving bone
	▸▸  predominantly occurs in cranium, vertebrae, rib, sternum, sacrum, 

pelvis, pelvic girdles including proximal femur
	▸▸  Frequently multiple
	▸▸  In the long bones, tends to involve the metaphysis
	▸▸  rare in small bones of the hands and feet

Morbidity and Mortality

	▸▸  Up to 90% of the patients with common carcinomas may have 
skeletal metastasis

	▸▸  Metastatic carcinoma from lung, breast, prostate, kidney, and 
 thyroid glands accounts for more than 80%

	▸▸  Skeletal metastasis of sarcoma is rare and most frequently seen in 
children

	▸▸  Mortality depends on histologic type and site of the primary tumor

Sex, race, and Age Distribution

	▸▸  No significant sex predilection
	▸▸  peak incidence at 40 to 60 years

Clinical Features

	▸▸  Symptoms are nonspecific and simulate those of a primary bone 
sarcoma

	▸▸  pain, with or without swelling, and pathologic fracture are main 
symptoms

	▸▸  Neurologic symptoms may be noted with the lesion of the spine
	▸▸  hypercalcemia and increased serum alkaline phosphatase second-

ary to osteolysis may be demonstrated.
	▸▸  Collet–Sicard syndrome in skull base metastasis may occur
	▸▸  prominent osteoblastic metastases may cause osteomalacia 

 secondary to the high calcium demand

radiologic Features

	▸▸  Usually suggests a malignant tumor
	▸▸  Osteolytic and destructive change mainly located in marrow cavity
	▸▸  Osteoblastic or mixed lytic and blastic change may occur
	▸▸  prostatic adenocarcinoma frequently shows purely osteoblastic 

metastasis
	▸▸  periosteal reaction and florid ossification with pathologic fracture 

may simulate osteosarcoma
	▸▸  Ct scan and MrI particularly useful for detecting metastatic 

lesions in the vertebrae
	▸▸  radioisotope scintigram bone scan is positive for metastatic 

 carcinoma

Prognosis and Treatment

	▸▸  prognosis depends on the primary site of the tumor, histologic 
type of neoplasm, and extent of disease

	▸▸  relief of pain and prevention of fracture are goals of treatment
	▸▸  a localized single deposit may be surgically resected
	▸▸  radiation and chemotherapy may be effective in controlling the 

symptoms
	▸▸  Specific therapies, including hormonal treatment for breast and 

prostate carcinoma, may be indicated
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MeSTASTASeS iNVOLViNg BONe—PATHOLOgiC FeATureS

gross Findings

	▸▸  Usually nonspecific and simulate primary bone sarcomas
	▸▸  Frequently osteolytic, soft, and hemorrhagic
	▸▸  Grayish white, firm, and fibrotic by desmoplastic reaction of the 

stroma
	▸▸  Dense and hard osteoblastic metastases, particularly in metastatic 

prostatic carcinoma
	▸▸  periosteal new bone formation is infrequent
	▸▸  extraosseous extension with a soft tissue mass may occur

Microscopic Findings

	▸▸  tend to retain the morphologic features of the primary tumor
	▸▸  adenocarcinomas or squamous cell carcinomas from the lung, 

breast, kidney, prostate, and thyroid gland are common
	▸▸  Fibroblastic proliferation, vascular proliferation, and osteoclastic 

multinucleated giant cells in the stroma are frequent
	▸▸  Sarcomatoid carcinomas may simulate primary or secondary 

 spindle cell sarcomas
	▸▸  Metastases from the prostate, breast, or neuroendocrine tumor, 

among others, are occasionally associated with reactive bone 
 formation or production of osteoid

immunohistochemical Findings

	▸▸  eMa or keratins (CaM 5.2, ae1/3, CK7, CK20, among others) are 
frequently positive in metastatic carcinomas

	▸▸  Sarcomatoid carcinomas tend to be positive for vimentin and 
negative or focally positive for keratins

	▸▸  Immunohistochemical markers frequently used are ttF-1 for lung 
or thyroid cancer, pSa for carcinoma of the prostate, estrogen and 
progesterone receptors for breast cancer, S-100 protein, hMB-45, 
or Melan-a for malignant melanoma, and chromogranin a or CD56 
for neuroendocrine tumors

Differential Diagnosis

	▸▸  plasmacytoma
	▸▸  angiosarcoma
	▸▸  Osteosarcomas with epithelioid features
	▸▸  adamantinoma of long bones
	▸▸  Fibrosarcoma or malignant fibrous histiocytoma of bone
	▸▸  Squamous cell carcinoma arising in longstanding osteomyelitis
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dedifferentiated liposarcoma, 111–113
hibernoma, 104–105
lipoblastoma, 103–104
lipoma, 97–99
lipomatosis of nerve, 99–100
myolipoma, 105–106
myxoid liposarcoma, 113–115
pleomorphic liposarcoma, 115–117
spindle cell and pleomorphic lipoma,  

101–103
well-differentiated liposarcoma, 108–110

Adult fibrosarcoma and variants
clinical features, 63
differential diagnosis, 66–67
fact sheet, 67b
genetics, 66
immunohistochemistry, 66
pathologic features, 63–66, 68b
prognosis/treatment, 67–69

Adult rhabdomyoma, 131–132
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Angiomatoid (malignant) fibrous histiocytoma, 20t, 33t, 
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Undifferentiated pleomorphic sarcoma, 24, 90–96
Unicameral bone cyst, 432–435

V
Vascular leiomyoma, 122–123
Vascular leiomyosarcoma, 127–128
Vascular tumors of bone

angiosarcoma, 396–400
EHE, 392–396
hemangioma, 389–392. See also Vascular tumors of soft 

tissue
Vascular tumors of intermediate malignancy, 179–186.  

See also Vascular tumors of soft tissue
Vascular tumors of soft tissue

angiosarcoma, 186–188
benign vascular tumors, 169–179
capillary hemangioma, 169–172
cavernous hemangioma, 172–173
Dabska-type and retiform hemangioendothelioma, 181–183
deeply located hemangioma, 175–177
EHE, 183–186
epithelioid hemangioma, 177–179
fully malignant vascular tumors, 186–192
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Vascular tumors of soft tissue (Continued)
KHE, 179–181
KS, 188–192
reactive vascular proliferations. See Reactive vascular 

proliferations
SCH, 173–175
vascular tumors of intermediate malignancy, 179–186

Villous lipomatous proliferation of synovial membrane, 
263–264

Vimentin, 19t
von Recklinghausen disease, 199
Von Willebrand factor, 19t
Vulvar leiomyoma, 120–121

W
Wagner-Meissner bodies, 200–203
Well-differentiated juxtacortical osteosarcoma, 320–329
Well-differentiated liposarcoma, 33t, 108–110
Well-differentiated myeloma, 381
Werner syndrome, 321t
WT1, 19t, 34–35
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Xanthoma, 77–78
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