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PREFACE

Surgical pathology is the cornerstone in management of neoplastic disorders. With the advances made in
our understanding of disease and application of new ancillary diagnostic studies the cross talk between
surgical pathology and its related fields such as cytopathology and molecular diagnosis has become
important for patient care and to provide the most accurate diagnosis. Endocrine tumors are common
surgical specimens that pathologists encounter in their practice, so the text presented here should be useful
for most general pathologists and pathologists in training.

In addition to the tumors of the usual endocrine glands we have included endocrine tumors of non-
endocrine organs as well. As is discussed later by Dr. Runjan Chetty this system of specialized peptide
producing cells that are distributed in various organs throughout the body share many properties with nerve
cells; so for this group of tumors the terminology “neuroendocrine tumors” is preferred in this book. While
the emphasis in this book is on the surgical pathology of endocrine and neuroendocrine tumors we have also
provided sections on radiological imaging, cytologic diagnosis, and application of molecular diagnosis in
these tumors. While the scope of the book does not allow us to go into the details, clinically pertinent
information relevant for a surgical pathologist is provided in these sections and we hope the readers will find
this information useful in better understanding these disorders.

The book was conceptualized with two main aims, one to put together an up-to-date text on surgical
pathology of endocrine and neuroendocrine tumors that is practical keeping the practicing surgical pathol-
ogist in mind and second, to lay out the sections in some ways reminiscent to how the disease presents and
the course taken during diagnosis. We therefore start with radiological imaging of tumors, which may be one
of the first investigations a patient undergoes followed by a section on fine-needle aspiration biopsy that is
the most important modality for pre-operative diagnosis that greatly assists in the surgical management.
This leads into our main section on surgical pathology of endocrine tumors, which is the focus of the book
and finally we end with application of molecular techniques, which are becoming more and more important
and have great potential for the future. The authors selected to contribute to this book are a group of
internationally recognized pathologists who are not only experts and have extensively published in their
respective fields but more importantly are experienced practicing pathologists who bring their own valuable
insights when discussing these tumors. I am personally very grateful to all the contributors who have taken
time out of their very busy schedules to write these chapters. I would also like to take this opportunity to
thank the editorial staff at Humana/Springer for all their assistance and making this project possible.

Worcester MA Ashraf Khan
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Imaging of Endocrine and Neuroendocrine Tumors

Gul Moonis and Kalpana Mani

Abstract Endocrine and neuroendocrine tumors, which
secrete hormones or vasoactive substances, comprise a
broad and divergent group of diseases. In the following
section we have chosen some of the more common func-
tional tumors to illustrate the spectrum of imaging find-
ings, cross sectionally as well as scintigraphically.

Keywords Pituitary adenoma ¢ Thyroid carcinoma e
Parathyroid adenoma ¢ Carcinoid ¢ Pheochromocytoma ¢
Pancreatic endocrine tumors ¢ Imaging « CT ¢« MRI -
Nuclear medicine

Pituitary Tumors

The pituitary gland occupies the sella turcica. Pituitary
adenomas are the most common pathology encountered
in the sella. Pituitary adenomas can be classified into two
categories: microadenomas (less than 10 mm in diameter)
and macroadenomas (greater than 10 mm in diameter).
Magnetic resonance imaging (MRI) is essential for radi-
ologic evaluation of patients who present with symptoms
related to overproduction of pituitary hormones. The most
common microadenoma is a prolactinoma. On TI-
weighted images, a pituitary microadenoma is seen as a
round or oval intrasellar lesion, which is somewhat hypoin-
tense compared to normal anterior lobe. On T2-weighted
images, these lesions tend to be slightly hyperintense com-
pared to the normal anterior lobe. On post-gadolinium
images, these lesions demonstrate focal hypoenhancement
compared to normal, intense enhancement of the sur-
rounding normal pituitary gland [1] (Fig. 1). Other varia-
tions of the characteristic imaging appearance can be seen.

G. Moonis (D<)

Assistant professor of Radiology, Division of Neuroradiology, Beth
Israel Deaconess Medical Center, Harvard Medical School, Boston,
MA 02215, USA

e-mail: gmoonis@bidmc.harvard.edu

Fig. 1 Pituitary microadenoma. Coronal post-gadolinium MR
image in a patient with hyperprolactinemia demonstrates a focus
of decreased enhancement in the left aspect of the gland compatible
with a microadenoma (arrow)

The lesion can be hyperintense on Tl1-weighted image
due to hemorrhagic or proteinaceous transformation.
Hypointensity on T2-weighted images may be seen in
growth-hormone-secreting microadenomas compared to
hyperintense T2 signal demonstrated by the majority of
prolactinomas. Prolactinomas and growth-hormone-
secreting adenomas tend to be located laterally within the
gland whereas ACTH-producing microadenomas in Cush-
ing’s disease are more often located in the midline. Other
techniques can be used to emphasize the contrast enhance-
ment characteristics of microadenomas. Delayed imaging
after administration of contrast may show late enhance-
ment of the microadenoma. Dynamic imaging after

A. Khan (ed.), Surgical Pathology of Endocrine and Neuroendocrine Tumors, Current Clinical Pathology, 1
DOI 10.1007/978-1-60327-396-1_1, © Humana Press, a part of Springer Science+Business Media, LLC 2009
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contrast administration has also been employed, revealing
a characteristic curve of enhancement over time, starting
from hypoenhancement to gradual fill-in of the microade-
noma over time [2].

Pituitary macroadenomas are lesions greater than
10 mm. On imaging, these present as intrasellar masses,
often with suprasellar and parasellar extension. There is
remodeling of the floor of the sella, and the sella turcica is
enlarged. There may be destruction of the dorsum sella.
Pituitary macroadenomas have a so-called “snowman
appearance” or “figure of 8” appearance (Fig. 2). This
represents an enlarged pituitary gland in the sella and a
smaller suprasellar component with a “waist,” which
represents the level of the diaphragma sellae. On TI-
weighted images, pituitary macroadenomas tend to be
relatively hypointense to isointense to gray matter. On
T2-weighted images, these lesions are heterogeneously
hyperintense with portions of the lesion demonstrating
hyperintense signal relating to cystic or necrotic transfor-
mation. On Tl-weighted images, foci of hyperintense
signal can be seen, which reflect hemorrhage or proteinac-
eous debris. Following gadolinium administration,
macroadenomas are enhanced slightly compared to the
pre-gadolinium images. The normal pituitary tissue forms
a strongly enhancing pseudocapsule surrounding the

Fig. 2 Pituitary macroadenoma. Coronal post-gadolinium MR
image demonstrates a large mass in the sella with suprasellar exten-
sion (black asterisk) as well as extension into the right cavernous
sinus (arrow)

adenoma. Coronal post-gadolinium images are crucial
to determine extension into the cavernous sinus and to
assess the degree of compression of the optic chiasm [1, 3].
Pituitary apoplexy is a clinical syndrome of severe
headaches, non-focal neurological deficits, and cranial
neuropathies, relating to either hemorrhage or infarction
of a pre-existing adenoma. Hemorrhage in seen as a fluid
level within an enlarged adenomatous gland (Fig. 3).

Fig. 3 Pituitary apoplexy. An axial T2-weighted MR image in a
patient with acute headache demonstrates a hemorrhagic fluid level
within an existing macroadenoma compatible with pituitary apoplexy

Thyroid Tumors

Ultrasound is often the first imaging modality employed
to assess a thyroid nodule due to its ready accessibility,
noninvasive nature, and no risk for radiation exposure.
Microcalcifications (related to psammoma bodies) are
considered to be relatively specific for thyroid malignancy
[4]. Other ultrasound imaging features suggesting malig-
nancy include marked hypoechogenicity, irregular mar-
gins, and lack of hypoechoic halo around the nodule
[S](Fig. 4). In two recent reports a non-Doppler technol-
ogy for blood flow imaging referred to as B-flow imaging
(BF1) has been found to be very useful in the diagnosis of
papillary thyroid carcinoma (PTC) [6, 7]. Brunese et al.
[6,7] reported a BFI pattern 3 (>4 signs and distance
>2 mm) to be almost 100% specific and 65% sensitive
for diagnosis of PTC, with 43 of 45 nodules showing this
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Fig. 4 Thyroid carcinoma on ultrasound. Sagittal ultrasound
image of the right thyroid lobe demonstrates a hypoechoic mass in
the lower pole (black arrows). There are multiple hyperechogenic
foci which represent psammomatous calcifications (white arrow)

pattern resulted in PTC on final histologic diagnosis and
remaining 2 (4.4%) were benign; this imaging finding has
been referred to as “B-flow twinkling sign” [6]. Cross sec-
tional imaging utilizing computed tomography (CT) and
MRI is useful to depict the extent of neoplasm and assess
the involvement of adjacent structures by invasive neo-
plasms as well as to delineate the full extent of cervical
lymphadenopathy [8]. MRI or CT optimally achieves eva-
luation of a large T3 or T4 thyroid cancer. CT and MRI
are also important to identify sites of recurrence of thyroid
carcinoma. Psammomatous calcifications can also be seen
on CT, most commonly in PTC. Papillary carcinomas may
undergo necrosis and simulate a benign-appearing cyst.
PTCs are well-differentiated tumors and often retain
their ability to concentrate iodine and secrete thyroglo-
bulin and colloid. A cyst with high thyroglobulin or colloid
content can appear isodense or hyperdense compared to
the surrounding thyroid gland on CT. On MRI, such cysts

Fig. 5 Thyroid carcinoma
metastasis. Axial T2-weighted
MR image (a) in a 30-year-old
woman with thyroid cancer
demonstrates a cystic metastasis
in the right neck (arrows). Axial
T1-weighted MR image (b)
demonstrates T1 hyperintensity
of metastatic nodes in both sides
of the neck related to colloid/
thyroglobulin content of the
metastasis (arrows)

would be hyperintense on both T1- and T2-weighted
images.

Regional lymph node metastases are commonly
encountered with PTC and typically present early in the
disease process. The first echelon of nodal metastasis con-
sists of paralaryngeal, paratracheal, and prelaryngeal (del-
phian) nodes in the central compartment of the neck (Level
VI). The lateral neck compartment (Level III/IV), the
supraclavicular and the superior mediastinal nodes (Level
VII) follow suit. Bilateral tumor spread is common. There
is a high incidence of occult nodal disease, both in the
central compartment and in the lateral neck in the absence
of clinically palpable adenopathy [9, 10]. Metastatic nodes
from papillary thyroid cancer can have psammomatous
calcifications, appear as cysts with imperceptible walls
(Fig. 5a), may be hypervascular and hemorrhagic, and
may contain high concentrations of thyroglobulin or col-
loid [11] (Fig. 5b). Cystic change in lymph nodes (represent-
ing liquefaction necrosis) is characteristic of metastatic
PTC with a PPV value of 100% and an NPV of 88% [12].

Medullary carcinoma of the thyroid (MTC) is a dis-
tinct thyroid carcinoma that originates in the parafollicu-
lar C cells of the thyroid gland, which produce calcitonin.
MTC cells express somatostatin, which is the basis for
using somatostatin analogues such as In-111 DTPA-
octreotide [13, 14]. Todine-123 meta-iodobenzlyguanidine
(MIBG) has also been used for diagnosis since it is taken
up and stored in the catecholamine vesicles of MTC,
although its sensitivity for diagnosis is lower than that
of In-111 DTPA-octreotide [15].

Parathyroid Tumors

About 80-85% of primary hyperparathyroidism is caused
by a solitary adenoma. Scintigraphy with Tc-99m sesta-
mibi provides high image contrast for detection of these
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Fig. 6 Parathyroid adenoma
imaging. Technetium-99m
sestamibi scan (a) on a 32-year-
old woman with
hyperparathyroidism
demonstrates a focus of
increased uptake overlying the
upper pole of the thyroid
(arrows), which corresponded to
a hypoechoic lesion in this locale
(arrows) on the corresponding
ultrasound examination (b).
This was a surgically proven
parathyroid adenoma

lesions (Fig. 6a). Initially the agent distribution is propor-
tional to blood flow. Once intracellular the agent is seques-
tered within the mitochondria, especially in overactive
parathyroid gland. The agent reaches maximum activity
inside the thyroid gland within 5 min whereas parathyroid
activity is sustained and washout is delayed allowing for a
double phase study based on the differential washout rate
from the thyroid versus the parathyroid [16—-19]. Sensitivity
of 68-95% and specificity of 75-100% have been attributed
to the dual phase technique, particularly in conjunction
with single photon emission tomography (SPECT)[20-24].
On ultrasound (US) the typical parathyroid adenoma is
seen as an oval mass of low echogenicity, which is attribu-
table to its uniform hypercellularity [25] (Fig. 6b). Preopera-
tive imaging facilitates minimally invasive surgery as an
alternative to bilateral neck dissection. A combined inter-
pretation of Tc-99m sestamibi and US results is helpful in
planning targeted exploration [26-28]. Cross sectional ima-
ging (CT/MRI) is helpful for localizing ectopic adenomas,
particularly in the mediastinum [29, 30] (Fig. 7). This is
especially useful following failed surgery. On CT, these
lesions are well defined and enhance intensely (Fig. 8).
On MRI, these lesions are increased in signal on T2-
weighted images, intermediate on T1-weighed images
and demonstrate intense enhancement [8] (Fig. 7). No
imaging modality can differentiate a parathyroid ade-
noma from a parathyroid carcinoma.

Carcinoid Tumor

One of the most familiar of the neuroendocrine tumors is
carcinoid tumor (also referred to in later chapters as
neuroendocrine tumor), arising from enterochromaffin
cells, which can occur widely throughout the body.
Most commonly, however, they are found in the gastro-
intestinal or bronchopulmonary tracts.

Fig. 7 Ectopic parathyroid adenoma. Axial T2-weighted MR
image of the neck in a 60-year-old female with hyperparathyroidism
not responsive to bilateral parathyroidectomy reveals a round
hyperintense lesion in the right neck parapharyngeal space, which
was surgically proven to be an ectopic PT adenoma (arrows)

Gastrointestinal Carcinoid Tumor
(Neuroendocrine Tumor)

Carcinoid tumors as described in Chapter 12 can affect
the gastrointestinal tract from the esophagus to the rec-
tum, but are most common in midgut, including the jeju-
num, ileum, appendix, and ascending colon [31]. These
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Fig. 8 Parathyroid adenoma CT. Enhanced axial CT image
through the neck demonstrates a large enhancing mass in the left
midline neck in a patient with hyperparathyroidism, which was
surgically proven to be a parathyroid adenoma

tumors typically secrete serotonin, serotonin precursors,
or other hormones; however, 40-60% of patients are
asymptomatic at presentation [31].

Historically, conventional fluoroscopic small bowel
follow-through and enteroclysis studies have been used
to assess luminal components and to indirectly visualize
the bowel retraction and deformation from mesenteric
abnormalities. However, cross sectional imaging is now
one of the major diagnostic tools in initial workup and
staging. Carcinoid tumors are submucosal and can be
quite small, therefore, the findings on imaging may relate
to adjacent mesenteric fibrosis and desmoplastic reaction
(thought to be related to nearby release of hormones from
the primary tumor). On CT, classically, the mesenteric
mass is spiculated (stellate or spoke wheel in appearance)
and demonstrates enhancement (Fig. 9). There is tether-
ing of small bowel as well as small bowel wall thickening
or edema, which is thought to be due to ischemia of the
mesenteric vessels enveloped by fibrosis. Calcification
within the mesenteric mass has been noted frequently
and has been described as coarse, stippled, or diffuse [32].

On MR, primary small bowel carcinoid tumors are
generally best seen on post-contrast fat-suppressed T1
images, which also nicely demonstrate associated bowel
wall thickening. Liver metastatic disease is typically low
signal on T1-weighted images, high signal on T2-weighted

Fig. 9 Imaging of mesenteric carcinoid tumor. A 59-year-old
woman with intermittent abdominal pain. Contrast-enhanced sagit-
tal CT image demonstrates a typical spiculated mesenteric mass with
tethering of adjacent small bowel loops (arrows); note the punctate
calcifications within it

images, and avidly enhancing in the hepatic arterial phase
after contrast administration [33].

Indium-111 pentetreotide can be a useful functional
imaging agent, taking advantage of the presence of soma-
tostatin receptors on many carcinoid tumors (Fig. 10).
This functional imaging can frequently be done in con-
junction with CT (SPECT-CT), giving an additional cross
sectional perspective [31]. Newer techniques such as 18F-
DOPA PET appear promising for functional imaging of
carcinoid tumors [34].

Carcinoid syndrome is a clinical entity consisting of
flushing, diarrhea, abdominal discomfort, bronchial con-
striction, and occasionally right heart failure which is seen
with diffuse metastatic disease to the liver, preventing the
liver from effectively performing its usual task of deacti-
vating the neuropeptides and hormones released [35].

Pulmonary Carcinoid Tumor

Pulmonary carcinoid tumors arise from the enterochro-
maffin cells of the bronchial mucosa. They are classified
as typical or atypical (see Chapter 10), with atypical being
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Fig. 10 Imaging of metastatic a
carcinoid tumor. A 78-year-old
woman with prior resection of
small bowel carcinoid. Whole
body, posterior image from an
In-111 pentetreotide study (a)
reveals foci of tracer uptake
corresponding to two lesions in
the liver (arrows). The coned-
down axial image from the
SPECT study (b) demonstrates
the same findings (arrows)

-

more aggressive histologically [31, 36]. Most lung carci-
noids are incidentally discovered [35].

Carcinoids generally occur in the central bronchi and
may present with symptoms of central airway obstruc-
tion. On chest radiographs, one might see a well-defined
perihilar mass, possibly with distal obstructive findings
such as collapse or mucous plugging.

On CT, pulmonary carcinoids appear as well-defined,
rounded, or oval lesions, occasionally with lobulated

Fig. 11 Imaging of pulmonary
carcinoid. A 55-year-old man
with hemoptysis. Soft-tissue
window (a) from a contrast-
enhanced chest CT
demonstrates an oval-shaped
mass both within and adjacent
to the right bronchus
intermedius (arrows), causing
severe bronchial narrowing
(arrowheads). A 3D reformation
(b) demonstrates the marked
bronchial narrowing (arrows)

borders, and can demonstrate punctuate or diffuse cal-
cification (30%) (Fig. 11). They may be quite small
upon discovery. The bronchi themselves are often nar-
rowed or obstructed. These tumors intensely enhance
post-contrast administration. Of note, carcinoid tumors
are not typically very FDG-avid on PET-CT [36]. As
with midgut carcinoid, due to the fact that many pul-
monary carcinoid tumors contain somatostatin recep-
tors, scintigraphy with somatostatin analogs such as
In-111 pentetreotide is useful [35].

Pancreatic Neuroendocrine Tumors

This group of tumors is made up of islet cell tumors,
neoplasms arising from the neuroendocrine cells of the
pancreas, and includes insulinoma and gastrinoma,
among others. If functioning (i.e., secreting hormones)
they are often small (less than 2-3 cm) at initial diagnosis.
MRI has proved quite valuable in the diagnosis and
follow-up of these tumors.

On MR, these lesions are classically bright on T2-
weighted images and demonstrate marked enhancement
on post-contrast arterial-phase images. Fat suppression
can be used to help distinguish these lesions from adjacent
normal pancreatic parenchyma [37].

On CT, functioning tumors are also best seen separate
from the pancreatic parenchyma on post-contrast arter-
ial-phase studies. Non-functioning islet cell tumors can
become much larger and can contain areas of cystic
change or necrosis [38].

Finally, endoscopic ultrasound (EUS) has also been
described as a valuable imaging tool in the workup of
patients with pancreatic islet cell tumors, particularly in
the facilitation of biopsy via EUS-assisted fine needle
aspiration [39].
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Fig. 12 Imaging of
pheochromocytoma. A 68-year-
old man with incidentally found
left suprarenal mass. Axial T2-
weighted image from an MRI
(a) demonstrates a complex
cystic and solid rounded supra-
adrenal mass. The foci of T2
hyperintensity indicate the cystic
areas. Coronal HASTE image
(b) shows the same findings. This
lesion demonstrated persistent,
patchy areas of enhancement
after contrast administration
(not shown)
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Fine Needle Aspiration Cytology of Endocrine Tumors

Sanjay Logani and Zubair W. Baloch

Abstract Fine-needle aspiration biopsy (FNAB) has
proved to be an excellent diagnostic tool in the initial
management of various lesions affecting endocrine
organs. Many studies have attested to its high sensitivity
and specificity in diagnosing endocrine tumors, especially
that of thyroid gland. However, as with other diagnostic
tests its effectiveness is highly dependent upon the exper-
tise of the operator performing the procedure, adequacy
of the specimen, and interpretation of the cytomorpholo-
gic features. This chapter will address both old and new of
the endocrine cytology: including brief description of
cytologic features and differential diagnosis of various
endocrine lesions and new techniques that have shown
promise in their diagnosis

Keywords Endocrine ¢ Cytology ¢ FNA o
Immunohistochemistry ¢« Molecular markers

Introduction

During the past decade fine-needle aspiration (FNA) has
become an essential tool in the management of common
endocrine lesions. This chapter describes and illustrates
the cytomorphologic features of the lesions affecting
thyroid, parathyroid, pancreas, and adrenal. For the
common lesions such as thyroid the cytological features
are described and the differential diagnoses are discussed
in detail. The discussion also includes an assessment of
modern techniques such as immunohistochemistry and
molecular analyses with emphasis on their validity for
FNA samples as well as the pitfalls that are encountered
in their use.
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Cytopathology of Thyroid Gland

Thyroid nodules are common; they are often seen in
women and a great majority are benign. Fine-needle
aspiration (FINA) is considered an essential tool in pro-
viding a rational approach to the clinical management of
these nodules. The results of FNA can determine whether
a thyroid nodule should be followed clinically or undergo
surgical removal [1, 2].

FNA Indications, Procedure, Specimen,
and Classification

A palpable thyroid nodule is a candidate for FNA and
further evaluation should be performed to determine if an
FNA is needed. Thyroid nodules measuring 1.0—1.5 cm in
dimension can be detected by palpation and are therefore
clinically significant. However, thyroid nodules even
though measuring >1.0 cm may not be readily palpated
due to their location in the thyroid gland [2]. These and
nodules measuring >1.0 cm are usually found during
radiologic evaluation of the head and neck for non-thyroidal
lesions. Thyroid nodules can be biopsied by palpation
and/or under ultrasound guidance; the latter is becoming
the method of choice since it provides precise information
regarding the location, size, and structure (solid vs. cystic)
of the nodule and is highly effective in getting an adequate
sample for cytologic interpretation [3].

Thyroid FNA specimens can be prepared by making
air-dried and alcohol fixed smears for staining with
Romanowsky (Diff-Quik ™, Wright-Giemsa) and Papani-
colaou stains, respectively. The smears can be processed
alone or with a liquid-based preparation or cell block [1].
Liquid-based preparations can be utilized either alone or
as an adjunct to the smears [1].

The main purpose of the fine-needle aspiration (FNA) is
to provide a rational approach for the management of

A. Khan (ed.), Surgical Pathology of Endocrine and Neuroendocrine Tumors, Current Clinical Pathology, 9
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thyroid nodules and determine the correct surgical procedure
when surgery is needed. Similar to other clinical tests in
medicine, it is often expected that thyroid FNA results
should demonstrate high degree of sensitivity and specificity.
Therefore, it is prudent that thyroid FNA reporting should
be close to uniform among pathologists to pave the path for
rational management strategies and avoid confusion among
clinicians, thus leading to optimal care of thyroid nodules [4].

At present several classification schemes have been
proposed by various authors based on anecdotal/institu-
tional experiences and clinical organizations including
Papanicolaou Society, American Thyroid Association,
and American Association of Clinical Endocrinologist
[2,4-6] (Table 1). Each of these reporting strategies claims
to increase the diagnostic accuracy resulting in highest
possible predictive value for a positive result.

Table 1 Thyroid FNA classification schemes

Papanicolaou Society of 1. Inadequate/unsatisfactory
Cytopathology Task 2. Benign
Force on Standards of 3. Atypical cells present
Practice — 1997 4. Suspicious for malignancy
5. Malignant
American Thyroid 1. Inadequate
Association (2006 ) 2. Malignant
3. Indeterminate

B Suspect for neoplasia
B Suspect for carcinoma
. Benign
American Association
of Clinical
Endocrinologists &
Associazione Medici

. Benign

. Malignant or suspicious

. Follicular neoplasia

. Non-diagnostic or ultrasound

B WO —= A

Endocrinologi — 2006 Suspicious
NCI Thyroid FNA 1. Benign
Consensus Conference — 2. Follicular lesion of undermined

2007 significance.

. Neoplasm (follicular or Hurthle)
. Suspicious for malignancy

. Malignant

. Non-diagnostic

AN AW

It has been shown that the predictive value of a positive
result is highest with a reporting scheme using 4-5 cate-
gories. Thus, most studies favor a tiered system for classi-
fying thyroid FNA, based upon risk of malignancy for
each diagnostic category [7].

Thyroid FNA Diagnostic Categories Including
Cytomorphology of Various Thyroid Lesions

Benign

This category implies low risk of neoplasm/malignancy,
i.e., >1%. It includes the diagnostic terms such as nodular

goiter, hyperplastic/adenomatoid nodule in goiter, and
chronic lymphocytic thyroiditis. Patients with a benign
nodule are usually followed by clinical and periodic ultra-
sound examination; some patients may undergo repeat
FNA due to enlargement of the nodule [2].

The FNA specimen firom a goitrous nodule shows (depend-
ing upon the preparation method) copious watery colloid
in the background, small round to oval shaped follicular
cells with dark nuclei with even chromatin pattern
arranged in monolayer sheets, follicular groups, or as sin-
gle cells [8, 9]. Macrophages are usually present and their
number depends upon the presence or absence of degen-
erative changes or a cystic component in the nodule [9, 10].

The aspirates from a hyperplastic|adenomatoid nodule
tend to be more cellular and contain an admixture of
follicular cells and oncocytic cells arranged in monolayer
sheets in a background of watery colloid and macrophages
[9-11]. Hyperplastic nodules can also show a dominant
papillary growth pattern and give rise to well-formed
papillac in FNA specimens; however, most specimens
contain oncocytic follicular cells with round nuclei,
prominent nucleoli, and even chromatin pattern (Fig. 1).

Fig. 1 Fine-needle aspiration smear of a hyperplastic nodule showing
follicular cells arranged in loosely cohesive group in the background
of watery colloid with a typical “chicken wire artifact” (Diff-Quik™
stain, 60x)

The FNA specimens from a nodule arising in Graves’
disease (usually hypofunctioning nodules undergo FNA)
are usually cellular, show features similar to hyperplastic
goiter with minimal colloid and may contain few lympho-
cytes and oncocytic cells. Rarely the follicular cells may
display focal nuclear chromatin clearing and intranuclear
grooves; however, other major diagnostic nuclear features
of papillary carcinoma are not seen [12—15].

The FNA specimens firom nodules arising in chronic lym-
phocytic thyroiditis contain oncocytes (Hiirthle cells),
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follicular cells, lymphocytes, and few plasma cells in a back-
ground of scant colloid. The lymphocytes are usually seen
in the background, percolating between cell groups and
rarely as intact lymphoid follicle. The lymphocytes seen
within the cell groups can be crushed due to mechanical
force of smearing or centrifugation and lead to formation of
“lymphocytic tangles.” The oncocytes may display nuclear
atypia and similarly follicular cells may show some chro-
matin clearing and intranuclear grooves. An extensive
lymphocytic infiltrate can appear monotonous and mista-
ken for malignant lymphoma arising in lymphocytic thyr-
oiditis [16-19]. Similarly, there may be a preponderance of
oncocytic cells, which can lead to a diagnosis of oncocytic
follicular neoplasm.

Follicular-Patterned Neoplasms

Thyroid (FNA) cannot distinguish between benign and
malignant non-papillary follicular and oncocytic follicu-
lar (Htirthle cell) lesions, since both benign and malignant
neoplasms demonstrate similar cytomorphology [20].
Often these lesions are diagnosed as either follicular lesion
of undetermined significance, suspicious for follicular
neoplasm, or follicular neoplasm.

The diagnostic term follicular lesion of undetermined
significance represents a heterogeneous category, which
reflects the difficulty in the cytologic diagnosis of the
follicular lesions of thyroid. It includes cases in which
the cytomorphologic findings are not representative of a
benign lesion such as hyperplastic/adenomatoid nodule;
yet the degree of cellular or architectural atypia is not
sufficient to render the diagnosis of “follicular neoplasm”
or “suspicious for follicular neoplasm/malignancy” that
cannot be classified as either benign or follicular neo-
plasm. Risk of malignancy for this diagnosis has been
reported as 10-15%, and it has been shown that these
patients can benefit from repeat FNA and correlation
with clinical and radiologic findings [1, 21].

The diagnostic terms follicular neoplasm/follicular neo-
plasm with oncocytic features (AKA Hiirthle cell neo-
plasm) [suspicious for follicular neoplasm encompasses
both benign and malignant tumors; i.e., follicular ade-
noma and carcinoma, and oncocytic follicular adenoma
and carcinoma. The cytologic diagnosis of “neoplasm”
reflects the limitations and is the “gray zone” of thyroid
cytology [22, 23]. The diagnosis of follicular carcinoma is
only possible by demonstration of capsular and/or vas-
cular invasion in histologic preparations, since the FNA
samples the center of the nodule and not the capsule, a
definitive diagnosis of the invasive nature of the lesion is
not possible. Several authors have shown that, at most,
only 20-30% of cases diagnosed as “follicular neoplasm”

are diagnosed as malignant on histological examination
and the rest are either follicular adenomas or cellular
adenomatoid nodules, i.e., benign [21, 24].

The FNA of a follicular neoplasm is usually hypercel-
lular and show a monotonous population of either folli-
cular or oncocytic follicular cells with minimal or absent
background colloid. The cells can be seen as three dimen-
sional groups or microfollicles with prominent nuclear
overlapping and crowding [25] (Fig. 2). Random nuclear
atypia is also commonly observed in oncocytic follicular
(Hiirthle cell) lesions; this can be seen in the form of
nuclear enlargement, multinucleation, cellular pleo-
morphism, and prominent nucleoli. Some authors have
reported the presence of intracytoplasmic lumens and
transgressing vessels in FNA specimens of neoplastic
oncocytic follicular (Htirthle cell) lesions [26].
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Fig. 2 Fine-needle aspiration smear showing a monotonous popu-
lation of follicular cells arranged in microfollicles. This case was
diagnosed as follicular neoplasm and the subsequent surgical exci-
sion was diagnosed as follicular adenoma (Papanicolaou stain, 40x)

Malignant

The well-differentiated thyroid carcinomas are the most
common form of malignant thyroid tumors that behave
in an indolent manner and have an excellent prognosis.
They commonly occur in young adults, whereas, the less
differentiated and anaplastic tumors of the thyroid are
prevalent in older age [27].

Papillary Thyroid Carcinoma (PTC) and Its
Variants

Papillary carcinoma is the most common (up to 80% of
all thyroid malignancies) form of thyroid malignancy in
non-endemic goiter regions [27].
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The cytologic diagnosis of PTC is based on characteristic
nuclear morphology regardless of cytoplasmic features,
growth pattern, special stains, and immunohistochemical
markers. This holds true for a majority of cases of PTC;
however, some variants of PTC may be difficult to diag-
nose [28, 29]. The FNA specimen of PTC is usually cellular
and shows tumor cells arranged in papillary groups, three-
dimensional clusters, or as single cells in a background of
watery or thick “ropy” colloid, nuclear or calcified debris,
macrophages, and stromal fragments.

The individual tumor cells are enlarged, elongated, i.c.,
oval in shape with eosinophilic cytoplasm (cytoplasmic
eosinophilia is common in Romanowsky stained prepara-
tions but is usually indistinct in alcohol fixed Papanicolaou
stained preparations and liquid-based preparations) [8].
The nuclei show elongation, membrane thickening, chro-
matin clearing, grooves, and inclusions. The intranuclear
inclusions may be scarce in monolayer preparations (Fig. 3).
The nucleoli are usually small and eccentric; however,
rare oncocytic variants of papillary thyroid carcinoma
can demonstrate prominent nucleoli/macronucleoli.
Intranuclear grooves and inclusions can be seen in other
benign and malignant conditions of thyroid [30, 31].

Fig. 3 A case of papillary thyroid carcinoma demonstrating typical
nuclear features — nuclear elongation, chromatin clearing, intranuc-
lear grooves and inclusions (Papanicolaou stained Thin-Prep pre-
paration, 60x)

The FNA specimens from a follicular variant of papil-
lary carcinoma (FVPTC) show enlarged follicular cells
arranged in monolayer sheets and follicular groups in a
background of thin and thick colloid. The individual
tumor cells show nuclear elongation, chromatin clearing,
and thick nuclear membranes; however, nuclear grooves and

inclusions are rare. Thus, a majority of cytologic samples
of FVPTC are diagnosed as suspicious for PTC [32].

The cytologic samples from tall cell variant of papillary
carcinoma contain elongated cells with sharp cytoplasmic
borders, granular eosinophilic cytoplasm, and variably
sized nuclei with nuclear features of papillary carcinoma
[33]. It has been shown that intranuclear grooves are
readily found in specimens from this tumor; characteristic
“soap bubble” like inclusions has been reported in this
variant of papillary carcinoma [33].

Medullary Thyroid Carcinoma

Medullary thyroid carcinoma (MTC) originates from C
cells of the thyroid and constitutes about 10% of all
malignant thyroid tumors. This tumor also shows multi-
ple growth patterns and variable cytomorphology [34].
Thus FNA specimens from MTC display a spectrum of
morphologic patterns. They tend to be cellular and com-
prised of round-to-oval cells arranged mostly as single cells
or loosely cohesive groups. The cytoplasm of the tumor
cells shows distinct granules (calcitonin granules highlighted
by immunostains) with eccentric nuclei, i.e., “plasma cell
like/plasmacytoid” appearance to the tumor cells (Fig. 4).
The nuclear chromatin is similar to that seen in other
neuroendocrine tumors, i.e., “salt and pepper type.” Intra-
nuclear inclusions and multinucleated cells have been
reported, thus this tumor being a great mimicker of
other tumors of thyroid. The tumor cells can also assume
a “spindle shape” and appear mesenchymal in origin.
Amyloid may be observed as acellular material alone or
in close association with tumor cells and can be distin-
guished from the thick colloid of papillary carcinoma by
performing a Congo red stain. The diagnosis of MTC can

Fig. 4 A case of medullary carcinoma showing plasmacytoid cells
with granular cytoplasm (Diff-Quik® stain, 60x)
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be confirmed by performing immunostains for calcitonin
and thyroglobulin [35, 36]. In a limited cellularity specimen
it is advisable to recommend serum calcitonin levels to
confirm the diagnosis of medullary carcinoma determina-
tion rather than performing immunostains [2, 6].

Anaplastic Carcinoma

Anaplastic carcinoma of the thyroid is one of the most
clinically aggressive and fatal human tumors. The aspi-
rates from anaplastic carcinoma usually do not pose any
diagnostic difficulties; they can be readily classified as
malignant due to extreme cellular pleomorphism, necro-
sis, and obvious malignant features [37].

Role of Special Studies in the Diagnosis
of Thyroid Tumors in Cytologic Specimens

Immunohistochemistry

All follicular derived thyroid lesions, i.e., benign and
malignant, express transcription factor (TTF-1) and thyr-
oglobulin. This immunopanel is helpful in differentiating
primary vs. secondary tumors of the thyroid [38]. The
diagnosis of medullary carcinoma can be established in
FNA specimens by performing immunostains for calcitonin
and calcitonin gene related peptide (CGRP). Medullary
carcinoma also stains positive for monoclonal carcinoem-
bryonic antigen (CEA), chromogranin, synaptophysin,
and TTF-1 [35, 39].

The use of various immunohistochemical markers in
cytologic samples to differentiate papillary carcinoma
from other follicular derived lesions of the thyroid have
been explored by many authors. The immunopanel com-
prising of cytokeratin-19, HBME-1, and Galectin-3 have
shown acceptable sensitivity and specificity, however, one
must be aware of the fact that benign thyroid epithelium
in chronic lymphocytic thyroiditis and post-FNA reactive
foci can stain positive for both CK-19 and Galectin-3.
This can lead to false positive diagnosis of malignancy
[40-42]. Therefore, results of these stains must always
be interpreted with care and correlated with the basic
cytomorphology.

Molecular Genetics/Diagnosis
In the past decade much has been published on the role of

various biologic events and genetic determinants in the
pathogenesis of various thyroid tumors.

RET/PTC: Rearrangements of RET gene, known as
RET/PTC have been identified in papillary carcinoma of
thyroid [43]. RET/PTC 1 and 3 are the most common
forms that occur in sporadic papillary carcinoma [44].
The prevalence of RET/PTC in papillary carcinoma
varies significantly among various geographic regions [43,
45, 46]. Several authors have investigated the expression
of RET/PTC rearrangements in thyroid aspirates to
establish the diagnosis of papillary thyroid carcinoma
[47, 48]; however, RET/PTC expression can also occur
in some benign lesions, including hyalinizing trabecular
neoplasm [49], chronic lymphocytic thyroiditis [50], hyper-
plastic nodules, and follicular adenoma [51, 52]. Thus,
employing only RET/PTC analysis of FNA specimen to
establish the diagnosis of PTC does not appear to be
reliable.

BRAF: BRAF activating mutations in thyroid cancer
are almost exclusively the BRAF V600E mutation, and
have been found in 29-69% of papillary thyroid cancers,
13% of poorly differentiated cancers, and 10% of ana-
plastic cancers [53, 54, 55]. These mutations are indepen-
dent of RET/PTC translocations or RAS mutations.
BRAF mutational analysis of FNA samples has been
shown to be of value in the diagnosis of papillary thyroid
carcinoma. Some authors have suggested that since
BRAF mutations, RET/PTC rearrangements, and RAS
mutations are independent of each other, it may be
helpful to analyze multiple markers in a given thyroid
FNA specimen to establish the diagnosis of PTC [48].

DNA Microarray Analysis: Recently DNA microar-
ray analysis of the thyroid FNA samples has been shown
to successfully distinguish between the majority of
benign and malignant thyroid lesions. It has been
shown that based on these analyses FNA cohort could
be separated into three clusters: malignant, benign,
and indeterminate by unsupervised hierarchical cluster
analysis [56].

Cytopathology of Parathyroid Gland

Most parathyroid lesions are not palpable; it is unusual to
directly biopsy by FNA a parathyroid tumor. However,
on occasion, parathyroid lesions present clinically as thyr-
oid nodules or are large enough to be clinically evident. In
such cases, an FNA may sample a proliferative parathyroid
lesion [57]. With the advent of the image-guided fine-
needle aspiration technique the number of FNA of neck
masses is increasing, and so is the number of aspirated
normal and/or neoplastic parathyroid tissue [57, 58].
Various studies have emphasized upon the difficulties
in differentiating the parathyroid lesions from the
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neoplastic and non-neoplastic diseases of the thyroid in
cytology specimens [59, 60]. The possibility of the ectopic
location of parathyroid gland, including intrathyroidal
location, clinical similarity between the parathyroid and
thyroid lesions, overlap in their cytomorphology, and
coexistence of pathology in both glands undoubtedly
contribute to the misinterpretation of the fine needle
aspirates [61]. Parathyroid lesions in the fine needle aspi-
rates are most commonly confused with the thyroid neo-
plasms, papillary, follicular or Hiirthle cell, adenomatoid
thyroid nodules, or with lymphocytic thyroiditis. This is
due to the presence of tissue fragments with papillary
architecture, epithelial cells arranged in microfollicular
pattern, colloid like material in the background, and due
to the presence of oxyphil cells and naked nuclei of chief
cells resembling Hiirthle cells and lymphocytes, respec-
tively [61, 62].

Although the literature dealing with the parathyroid
FNA is sparse, most authors emphasize that there is no
single diagnostic criterion that helps to reliably differenti-
ate parathyroid lesions from those of thyroid, but rather a
combination of cytomorphologic features should be used.
Most helpful might be the presence in the parathyroid
aspirates of three-dimensional fragments, naked nuclei
admixed with cohesive cell clusters, (Fig. 5) nuclear
overlapping, nuclear molding, and presence of mast cells
[62]. In addition to cytomorphology, immunoperoxidase
staining for the parathyroid hormone and thyroglobulin,
chromogranin, and assays of PTH level of the aspirated
fluid have shown to be of value in the cytologic diagnosis
of parathyroid lesions [60, 62].

Fig. 5 Fine-needle aspiration of a parathyroid lesion demonstrat-
ing a monotonous population of cells arranged in cohesive group;
notice the sharp cytoplasmic borders and clear cytoplasm. The PTH
analysis of the aspirate confirmed the parathyroid origin. (Papani-
colaou stained ThinPrep preparation, 60x)

Cytopathology of Adrenal Gland

Fine-needle aspiration (FNA) is considered by many as the
procedure of choice in the diagnosis of adrenal gland
lesions [63, 64]. The possible causes for performing adrenal
gland FNA include adrenal mass incidentally found on
abdominal imaging, adrenal mass responsible for patients
symptoms and altered adrenal function and adrenal mass
encountered during the staging workup in a patient with
known history of malignancy. However, the most impor-
tant reason for performing adrenal FNA is to distinguish
between primary and metastatic adrenal tumors [63, 64].
Benign adrenal cortical nodules are common and
account for approximately 33% of adrenal lesions under-
going FNA. Though size is an important criterion for
distinguishing between benign and malignant adrenal
cortical nodules, one must be aware of the fact that meta-
static nodules can also measure 1 cm or less [63, 65]. The
most important criterion in making a diagnosis of neo-
plasm of adrenocortical origin is to be 100% sure that the
FNA needle is within the nodule, since by morphology
normal adrenocortical tissue is indistinguishable from the
adrenocortical adenoma or adrenocortical tumors of
undermined malignant potential [64]. The FNA speci-
mens from adrenal tumors are usually cellular and show
tumor cells in a lipid rich background (best seen in Diff-
Quik stained slides). The individual cells display central
or eccentrically placed nuclei with evenly dispersed chro-
matin and small nucleoli (Fig. 6). The cytoplasm is usually
foamy and ill defined and a majority of cells can appear as
stripped nuclei. The cells can occur as large cohesive
fragments or singly scattered cells; some specimen can

Fig.6 Fine-needle aspiration of an adrenal cortical adenoma show-
ing adrenal cortical cells with granular cytoplasm, round nuclei with
prominent nucleoli (Papanicolaou stained Millipore®™ filter pre-
paration, 60x)
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show mostly singly scattered cells which can occur as a
function of smearing technique or in large adrenal tumors
with necrosis [63, 65, 66].

The differential diagnosis of FNA specimens from adre-
nocortical tumors includes renal cell carcinoma and meta-
static mucinous adenocarcinoma. It is a challenge in cytol-
ogy practice to differentiate between aspirates from renal
cell carcinoma and adrenocortical tumors. Specimens from
renal cell carcinoma usually lack lipid-rich background;
however, in our practice, it is important to obtain enough
material for immunostains to differentiate between these
two entities. The aspirates from metastatic adenocarci-
noma are mainly comprised of large cohesive fragments
of tumor cells with marked nuclear pleomorphism with
background necrosis [67, 68]. Mucicarmine stain can be
helpful in the diagnosis of adenocarcinoma. Immunostains
for CK-20, CK-7, CEA, EMA, Inhibin, and Calretinin,
can be helpful in differentiating between primary adreno-
cortical tumors and metastatic adenocarcinoma [69, 70].

Rarely one may also encounter normal hepatocytes in
FNA samples of right adrenal gland. Before making the
diagnosis of accidental aspiration of normal liver, it is
important to know that some adrenal tumors can show
prominent oncocytic features. Normal hepatocytes are
usually polygonal in shape with distinct cell borders,
granular cytoplasm, and prominent nucleoli [70, 71].

There have been few reports describing the FNA
cytology of pheochromocytoma. The cytology specimens
are usually cellular and show many single cells and few
tissue fragments. The latter may consist of a capillary rich
stroma. The tumor cell cytoplasm is usually fragile lead-
ing to abundant bare nuclei; if present, the cytoplasm can

W

Fig. 7 Fine-needle aspiration specimen of a pheochromocytoma
containing tumor cell displaying marked nuclear pleomorphism
(Papanicolaou stained Millipore™ filter preparation, 100x)

show metachromatic granules, especially in Diff-Quik
stained smears. Nuclear pleomorphism is readily evident
(Fig. 7); usually the nuclei show salt and pepper chromatin
with occasional intranuclear inclusions. In some cases one
may also observe a variable number of ganglion-like cells
[72, 73].

Cytopathology of Pancreatic Neuroendocrine
Tumors

Pancreatic endocrine tumors (PET) account for approxi-
mately 1-2% of all neoplasms in the pancreas [74]. They
may manifest clinically as functional tumors elaborating a
variety of hormones or be nonfunctional. The nonfunc-
tional tumors are detected as incidental findings on
abdominal imaging or the patient may present with liver
metastasis. The pancreas and the liver are amenable to
percutancous CT-guided fine-needle aspiration and fine-
needle is often the first diagnostic test in an attempt to
ascertain the nature of a pancreatic mass. More recently,
endoscopic ultrasound-guided fine-needle aspiration
(EUS FNA) has largely replaced percutaneous FNA
due to the added advantage of visualizing peripancreatic
lymph nodes and the liver and obtaining aspiration biop-
sies in a single procedure, thus staging the patient with a
suspected pancreatic neoplasm [74—76].

Cytomorphologic Characteristics of PET

The cytomorphologic characteristics of PET are not dis-
similar to the carcinoid tumors found elsewhere in the
body [75-78]. Aspirates are generally cellular, with the
tumor cells dispersed singly as well as forming cohesive
groups or rosette-like structures (Fig. 8). The nuclear
features are typical of a neuroendocrine tumor, with
eccentrically placed nuclei imparting a plasmacytoid
appearance to the tumor cells with salt and pepper chro-
matin (Fig. 9). Cystic degeneration has been reported in
less than 2% of all PET [79]. Oncocytic metaplasia [80],
clear cell change in the cytoplasm of the tumor cells
mimicking a metastatic clear cell carcinoma, has also
been reported [81, 82].

Ancillary Studies in the Diagnosis of PET

Immunohistochemical markers of neuroendocrine differ-
entiation (synaptophysin, chromogranin-A, and CDS56)
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Fig. 8 Endoscopic-guided fine-needle aspiration specimen of a
pancreatic endocrine tumor. The direct smear shows a group of
uniform cells with round-to-oval nuclei arranged in an organoid
pattern. Note the markedly enlarged cell in the lower right hand
corner representing random nuclear atypia characteristic of endo-
crine tumors (Air-dried, Diff-Quik stained direct smear, 40x)

Fig. 9 Corresponding Papanicolaou stained smear from the above
tumor exhibiting the characteristic nuclear characteristics of endo-
crine tumors. The tumor cells are arranged in a nested pattern with
individual cells having moderate amount of cytoplasm. The chro-
matin pattern is finely granular and some of the nuclei do exhibit
nucleoli (Alcohol fixed, Papanicolaou stained direct smear, 40x)

may be utilized on cell block material to confirm the
diagnosis [75, 77, 83]. Two tumors that can be confused
with PET on cytologic material include solid pseudo-
papillary tumor and acinar cell carcinoma of the pan-
creas. The former is characterized by the presence of
tumor cells arranged in papillary fragments with fibro-
vascular cores. These tumors lack cytokeratin expression
and stain strongly for B-catenin, whereas PET shows

diffuse and strong cytokeratin expression and stain nega-
tive for B-catenin. Synaptophysin can be focally expressed
in solid pseudopapillary tumor of the pancreas. Various
authors have reported considerable overlap between
immunohistochemical profile of PET and acinar cell
carcinoma. Moreover, mixed acinar endocrine tumors of
the pancreas make the differential diagnosis even more
complicated. Skacel et al. [84] utilized a panel of
immunohistochemical stains including synaptophysin,
chromogranin-A, chymotrypsin, and «-1 antitrypsin to
distinguish acinar cell from PET and concluded that the
specificity of the neuroendocrine markers for PET and
that of enzymatic markers for acinar cell carcinoma was
too low to permit accurate classification using immuno-
histochemistry. One notable exception was the absence of
chromogranin expression in acinar cell carcinoma and the
expression of the same in about 60% of PET. Thus, caution
should be exercised in distinguishing acinar cell carcinoma
from PET in a limited cytology specimen [84, 85].
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Fine Needle Aspiration Cytology of Neuroendocrine Tumors Arising

in Non-endocrine Organs

Sanjay Logani and Zubair W. Baloch

Abstract The cytopathologic characteristics of endo-
crine tumors occurring in non-endocrine organs are
not dissimilar to their counterparts commonly found
in endocrine organs and detailed in the first half of this
chapter. The terminology may be organ specific such as
‘Merkel cell carcinoma’ for neuroendocrine carcinoma
native to the skin, but distinguishing Merkel cell from
a metastatic small cell carcinoma of the lung or a small
cell neuroendocrine carcinoma of paranasal sinuses
may be difficult without knowledge of the clinical his-
tory and a selective immunohistochemical panel in
appropriate cases. This chapter outlines the cytologic
characteristics of the spectrum of neuroendocrine
tumors occurring in non-neuroendocrine organs that
are likely to be encountered in clinical practice by the
cytopathologist.

Keywords Neuroendocrine tumor ¢ Fine-needle aspiration
» Immunohistochemistry « Non-endocrine organ

Introduction

The cytologic features of neuroendocrine tumors arising
in non-endocrine organs are not markedly different from
their counterparts in the endocrine system. In majority of
the cases, it is the knowledge of the occurrence of endo-
crine variants of tumors native to the organ from which
the needle aspirate is obtained, which leads to a correct
interpretation in a fine-needle aspiration biopsy (FNAB)
specimen. There are certain endocrine tumors that
are encountered with some regularity on FNAB of non-
endocrine organs and are the subject of discussion in the
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following paragraphs. For the sake of simplicity, they are
discussed by organ system rather than tumor type.

Cytopathology of Neuroendocrine Tumors of
the Lung

This group of tumors is thought to arise from the endo-
crine bronchial cells, also known as Kulchitsky’s cells in
recognition of the Russian histopathologist credited with
the first description of the neuroendocrine cells in the
gastrointestinal system in 1897 [1]. In the World Health
Organization classification, endocrine tumors of the lung
are classified into the following categories.

a) Carcinoid tumor and its variants (atypical carcinoid
tumor)

b) Small cell carcinoma

c) Large cell neuroendocrine carcinoma.

Cytomorphologic Characteristics of Carcinoid
Tumors and Its Variants

Carcinoid tumors are predominantly located centrally
in the main stem and lobar bronchi and often present
as submucosal polypoid tumors. Examples of carcinoid
tumors located peripherally in the lung are described
but these are rare. The central tumors are amenable to
endobronchial brush cytology or may be encountered
in bronchioalveolar lavage specimens and amenable to
diagnosis by cytologic techniques. The peripheral
tumors are more likely to be obtained on FNAB. The
cytologic characteristics of carcinoid tumors are similar
to carcinoid tumors elsewhere in the body, with the
specimen showing a monotonous population of uni-
form oval to spindle-shaped cells containing moderate
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amount of cytoplasm and fine granular chromatin
described as ‘salt and pepper’ chromatin. The nuclei
are often in eccentric location, imparting plasmacytoid
appearance to the tumor cells. Nucleoli are generally
not prominent but in occasional case may exhibit con-
spicuous nucleoli and should not detract the observer
from the correct diagnosis. Focally, the tumor cells
form rosettes and gland-like clusters and do not exhibit
any nuclear molding or necrosis, features that are help-
ful in distinguishing small cell neuroendocrine carci-
noma from carcinoid tumor in a limited sample. The
mitotic activity of a typical carcinoid tumor should be
less than 2 per 10 HPF. The presence of punctuate foci
of necrosis and a mitotic activity of 2-10/10 HPF helps
distinguish carcinoid from an atypical carcinoid tumor.
Although some studies have described the presence of
greater nuclear atypia and pleomorphism in atypical
carcinoid, these features are unreliable to separate the
two entities. For practical purposes, it is important to
remember that carcinoid tumors are significantly more
common than atypical carcinoid tumors and in the
absence of punctuate necrosis, it may be impossible to
distinguish the two entities on cytologic evaluation
alone. In evaluating necrosis in carcinoid tumors, it is
also important to remember that due to their endo-
bronchial location, carcinoid tumors may show surface
ulceration and granulation tissue that on endobronchial
brush cytology may be mistaken for tumor type necro-
sis. Spindle cell variants of carcinoid tumors have the
potential to be misinterpreted as small cell carcinoma

e

Fig. 1 Alcohol fixed direct
smear of small cell carcinoma
shows tumor cells with scant
cytoplasm and oval to spindled-
shaped nuclei (A).
Characteristic nuclear molding
(B) and dot-like staining pattern
with cytokeratin AE1/3 (C,
Papanicolaou stained smear,
60x)

[2]. In clinical practice, well-prepared cytologic speci-
men that includes a Diff-Quik smear, Pap smear, and
cell block are optimal for obtaining a high rate of
accuracy in diagnosing neuroendocrine tumors of the
lung and helpful in distinguishing the four entities
listed above from one another. Cell blocks are invalu-
able in immunohistochemical confirmation of neuroen-
docrine differentiation.

Small Cell Neuroendocrine Carcinoma (SCNC)

This tumor accounts for about 20% of lung carcino-
mas and has a significant association with smoking
history in the patient. They are almost always located
centrally and clinically present at an advanced stage.
SCNC is comprised of cells that are smaller than the
size of three small resting lymphocytes with scant cyto-
plasm, fine nuclear chromatin, and inconspicuous
nucleoli. The tumor cells show oval to spindle-shaped
nuclei with characteristic nuclear molding. Significant
crush artifact is usually noted on the air-dried smears
and the cell block preparation due to fragile tumor
cells. Necrosis and high mitotic index are the hallmarks
of this tumor (Fig. 1). The direct smears may show
marked discohesion and mimic a lymphoma. Immuno-
histochemical demonstration of neuroendocrine differ-
entiation can be obtained by staining the cell block
with synaptophysin, chromogranin-A, or CDS56. In
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approximately 10% of cases of SCNC, the neuroendo-
crine markers are negative and the diagnosis is based
only on the morphologic characteristics [8]. The man-
agement of SCNC is often nonsurgical and due to the
differences in the chemotherapeutic regimen between
SCNC and non-small cell carcinoma, accuracy in diag-
nosis of this subtype of lung carcinoma is highly
desirable.

Ancillary Techniques in the Diagnosis of
Neuroendocrine Tumors of the Lung

Markers of neuroendocrine differentiation (chromogra-
nin-A, synaptophysin, and CD56) are invaluable in con-
firming the diagnosis of a neuroendocrine tumor in
challenging cases. The use of neuron-specific enolase is
not recommended due to the nonspecific staining [8]. As
aforementioned, the diagnosis of large cell neuroendo-
crine carcinoma of the lung (LCNEC) is highly depen-
dent on the immunohistochemical demonstration of
neuroendocrine differentiation in cytologic specimens.
It has been shown that CDX2 and TTF 1 staining can
be helpful in distinguishing primary carcinoid tumors in
the lung from metastatic tumors originating in the gas-
trointestinal tract [9]. Markers of proliferative activity
such as MIB-1 (Ki-67) have been utilized in difficult

Fig. 2 Direct smear of a large
cell neuroendocrine carcinoma
shows cells with moderately
pleomorphic nuclei and
moderate amount of cytoplasm
(A, hematoxylin and eosin,
60x). Corresponding cell block
shows a neuroendocrine
appearing tumor in sheet like
arrangement (B, hematoxylin
and eosin, 60x). The diagnosis
can be confirmed by strong and
diffuse expression for
neuroendocrine markers (C,
synaptophysin, 60x)

cases to distinguish carcinoid tumor from SCNC [10].
It is quite useful in cases where the tissue shows marked
crush artifact. The proliferative index of carcinoid
tumors is usually less than 10% and typically greater
than 25% in SCNC.

Cytomorphology of Large Cell
Neuroendocrine Carcinoma of the Lung
(LCNEC)

The LCNEC shows considerable overlap with non-small
cell carcinoma in cytology specimens. A few series that
have dealt with the preoperative diagnosis of this tumor
in cytologic specimens seem to rely more on immunohis-
tochemical profile rather than on the cytologic character-
istics alone. However, most authors agree that there are
subtle cytomorphology clues that can prompt the pathol-
ogist to perform confirmatory immunohistochemical
stains [3-7]. The specimens usually show large tumor
cells with moderate cytoplasm. The presence of prominent
nucleoli helps distinguish this tumor from small cell carci-
noma; rosette formation and peripheral palisading of the
nuclei in three-dimensional fragments offer clues to the
neuroendocrine differentiation (Fig. 2). In some cases,
the chromatin pattern may be fine and nucleoli may not
be prominent, making its distinction from a small cell
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carcinoma quite challenging. The large nuclear size is the
key distinguishing feature in these difficult cases, as nuclei
of small cell carcinoma should be less than the diameter of
three small resting lymphocytes.

Endocrine Tumors of the Nose and Paranasal
Sinuses

Neuroendocrine tumors of the nose and paranasal sinuses
include

a) Olfactory neuroblastoma
b) Small cell undifferentiated carcinoma

These tumors are rarely encountered on fine-needle aspira-
tion cytology, especially as metastatic deposits in cervical
lymph nodes. The cytologic characteristics of olfactory
neuroblastoma have been described in isolated case reports
[11-17]. More recently, Mahooti et al. studied a series of
these tumors on cytology and compared them to the cyto-
logic findings of metastatic small cell neuroendocrine carci-
noma and Merkel cell carcinoma [18]. In their experience,
the differential diagnosis of the above-mentioned tumors
was quite challenging. Fibrillar neuropil previously
reported as an important feature in the diagnosis of this
tumor on cytologic material was not observed by Mahooti
et al. in their series [18] (Fig. 3). Sinonasal undifferentiated
carcinoma, malignant melanoma, and lymphoma can all
have overlapping cytologic features in this region. These
tumors produce a somewhat overlapping morphology in
cytology specimens and separating them into the various
categories often requires knowledge of the location
and prior pertinent history [18-20]. Olfactory neuro-
blastoma typically arises from the olfactory mucosa in
the nasal cavity and is often confined to the nasal
cavity. Small cell undifferentiated carcinoma is more
common in the paranasal sinuses and behaves as a
locally aggressive tumor.

Fig. 3 Air-dried direct smear
from a case of metastatic
olfactory neuroblastoma (A,
Diff-Quik, 60x) and the
corresponding alcohol fixed
smear (B, Papanicolaou stain,
60x). The morphologic features
can be indistinguishable from a
small cell carcinoma or
lymphoma. The presence of
neuropil in the background can
be helpful, if present

Ancillary Studies in the Diagnosis of
Neuroendocrine Tumors of the Nose and
Paranasal Sinuses

The major differential diagnostic considerations in an
aspirate of a head and neck mass comprising of small
blue cells includes olfactory neuroblastoma, Merkel
cell carcinoma, small cell carcinoma, sinonasal undif-
ferentiated carcinoma, lymphoma, and small cell var-
iant of malignant melanoma. A panel of immunohis-
tochemical stains including cytokeratin AE1/3, EMA,
S100, LCA, synaptophysin, chromogranin, and CD-56
is helpful in arriving at correct diagnosis. Olfactory
neuroblastoma shows synaptophysin expression in the
majority of cases. A third of cases express cytokeratin
focally but EMA is usually negative; this immunopro-
file is helpful in distinguishing this tumor from a
nasopharyngeal carcinoma [20]. The pattern of immu-
nohistochemical staining for small cell undifferen-
tiated carcinoma is similar to small cell carcinoma
that occurs in other organs (positive expression for
cytokeratin, synaptophysin, and chromogranin-A).
Merkel cell carcinoma can be differentiated from the
above by co-expression for cytokeratin 20 in the
tumor cells.

Endocrine Tumors of the Skin

Merkel cell carcinoma is a primary cutaneous endo-
crine tumor, first described by the German anatomist
Friedrich Merkel in 1872. Clinically, this tumor pre-
sents as a violaceous subcutaneous nodule, generally
in the head and neck region. The tumor derives its
name from the cell of origin; these cells are large sized
with clear cytoplasm found in the stratum basale of
mammalian skin and are associated with touch sensa-
tion [21].
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Cytomorphologic Features of Merkel Cell
Carcinoma

Fine-needle aspiration specimens are quite cellular with
tumor cells dispersed singly or forming loosely cohesive
groups; rosette formation can also occur. The individual
tumor cells have scant cytoplasm that disintegrates easily
upon smearing leaving a number of naked nuclei. The
nuclear chromatin is generally fine and nucleoli are not
prominent. Mitotic activity is generally brisk [22-24] (Fig. 4).

Fig. 4 Alcohol fixed direct
smear from a case of metastatic
Merkel cell carcinoma (A,
Papanicolaou stain, 60x). The
morphologic features of this
tumor can be indistinguishable
from other small round blue cell
tumors on fine-needle
aspiration biopsy. Staining with
cytokeratin 20 in a ‘dot-like’
pattern is characteristic and
helpful in distinguishing it from
a small cell carcinoma (B,
cytokeratin 20, 60x)

Ancillary Tests in Evaluation of Merkel Cell
Carcinoma

Immunohistochemical staining for cytokeratin shows a
characteristic perinuclear dot-like staining pattern in the
tumor cells. In addition, the tumor cells express cytoker-
atin 20 but not cytokeratin 7. A panel of immunohisto-
chemical stains including cytokeratin 20, TTF-1, chromo-
granin-A, and synaptophysin can be very helpful in
confirming the diagnosis of Merkel cell carcinoma.
Metastatic small cell carcinoma from lung may produce
a subcutaneous mass but would express TTF-1 and show
negative expression for cytokeratin 20 [25]. If lymphoma
is a diagnostic consideration, a panel of stains compris-
ing cytokeratin and leukocyte common antigen (LCA) is
sufficient to distinguish the two. Interpretation of the
keratin staining in these tumors sometimes requires care-
ful scrutiny of the slide due to the small dot-like pattern
of staining that can be easily overlooked if the slide is
scanned on low to medium power magnification.

Endocrine Tumors of the Female Genital Tract

Neuroendocrine tumors encountered in the female genital
tract include the following [26]:

a) Small cell carcinoma of the uterine cavity

b) Carcinoid tumor of the ovary

¢) Small cell and large cell neuroendocrine carcinoma of
the ovary

d) Small cell and large cell neuroendocrine carcinoma of
the cervix

The tumor most likely to be encountered by cyto-
pathologist in clinical practice is the small cell or large
cell neuroendocrine carcinoma involving the cervix and
therefore is discussed in detail.

Small cell and large cell neuroendocrine carcinomas of
the cervix (Fig. 5) account for approximately 2% of all
cervical carcinomas [27]. These tumors are likely to be
encountered on a Pap smear and their recognition is
important due to the rapidly progressive nature of the
disease and poor prognosis if the diagnosis is delayed
[28]. On a conventional smear, the diagnosis of small cell
or large cell neuroendocrine carcinoma can be difficult
and these are often misinterpreted as high-grade squa-
mous intraepithelial lesion or worse; the small cells can
potentially be ignored as small lymphocytes and can lead
to a false-negative Pap test with dire consequences for the
patient [29-31]. The correct identification of this tumor
subtype is also challenging on liquid-based tests because
the tumor cells tend to ball-up, shrink, and lack the
smearing artifact seen on conventional smears with this
group of tumors. A high index of suspicion and immuno-
histochemical confirmation of the diagnosis on a cell
block prepared from the residual material can be invalu-
able in making the correct diagnosis.

Ancillary Tests in Evaluation of
Neuroendocrine Carcinoma of the Cervix

If the diagnosis of neuroendocrine carcinoma is suspected
on a Pap test, a cell block can be prepared from the
residual material and stained for the usual markers of
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Fig. 5 Large cell
neuroendocrine carcinoma of
the cervix. The tumor cells show
high-grade nuclei, nuclear
molding, and can be mistaken
for high-grade squamous
intraepithelial lesion (A, Liquid-
based preparation,
Papanicolaou stain, 60x). The
corresponding histologic
section shows the
neuroendocrine features of the
tumor (B, hematoxylin and
eosin staining, 60x).
Immunohistochemical staining
with neuroendocrine markers
shows strong, diffuse expression
(C, synaptophysin, 60x)

neuroendocrine differentiation. Small cell and large cell
neuroendocrine carcinomas can express TTF-1 and thus
this stain is not helpful in excluding the possibility of a
lung primary metastatic to cervix. In all cases therefore, it
is imperative that a clinicopathologic correlation to
exclude the possibility of a metastatic tumor be performed
before ascribing a diagnosis of primary neuroendocrine
carcinoma of the cervix. HPV DNA can be detected in the
vast majority of neuroendocrine carcinoma of the cervix
and thus helpful in supporting a primary origin in the
cervix [32, 33].

Endocrine Tumors of the Male Genitourinary
Tract

The following neuroendocrine tumors occur in the male
genitourinary tract [26, 34]

a) Small cell and large cell neuroendocrine carcinomas of
the urinary bladder

b) Small cell carcinoma of the prostate

¢) Carcinoid tumor of the testes

Neuroendocrine tumors of the prostate [35] and testes
are unlikely to be encountered in cytology practice,
and therefore, in the uncommon situation that an FNA
is performed of a testicular mass, knowledge of the cyto-
morphologic features of endocrine tumors should permit a

correct diagnosis. Due to the rarity of primary neuroendo-
crine tumors in these organs, the possibility of a metastasis
should be considered and clinically excluded. Neuroendo-
crine tumors of the urinary bladder may potentially pre-
sent in voided urine samples or bladder washings [36, 37].
The diagnosis may be challenging and in the absence of a

Fig. 6 Small cell neuroendocrine carcinoma of the urinary bladder.
The tumor cells in a bladder washing specimen can be difficult to
distinguish from conventional urothelial carcinoma. The presence
of nuclear molding and lack of prominent nuclei can be helpful in
suspecting this diagnosis on a urine sample (Millipore Filter, Papa-
nicolaou staining, 40x)
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high index of suspicion, the tumor cells may be considered
to represent high-grade urothelial carcinoma or cells repre-
senting carcinoma in situ (CIS). Moreover, unlike the
lung, the majority of small cell carcinoma of the bladder
show conventional high-grade urothelial carcinoma com-
ponent as well, making the pre-operative recognition of
small cell carcinoma on cytology challenging [38, 39]. The
observation of nuclear molding and tumor cells with very
scant cytoplasm and lack of nucleoli are important cyto-
logic features that can lead to the correct diagnosis of a
neuroendocrine carcinoma on a urine sample (Fig. 6).

Ancillary Tests in the Diagnosis of
Neuroendocrine Tumors of the Male Genital
Tract

Immunohistochemical demonstration of neuroendocrine
differentiation with synaptophysin, chromogranin-A, or
CD56 on a cell block specimen is helpful in confirming the
morphologic suspicion of neuroendocrine carcinoma on a
urine or bladder washing specimen [36].
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Tumors of the Pituitary Gland

Ricardo V. Lloyd, Bernd W. Scheithauer, Eva Horvath, and Kalman Kovacs

Abstract Anterior pituitary tumors are clonal prolifera-
tion of pituitary cells. They usually consist of one cell
type, although some adenomas consist of more than one
cell type.

Pituitary tumors can be characterized by broad spec-
trum markers such as synaptophysin and chromogranin.
Reticulin histochemical staining is useful in separating
normal hyperplastic and neoplastic pituitary tissues. Elec-
tron microscopy is a powerful tool to help separate var-
ious subtypes of adenomas including sparsely and densely
granulated growth hormone adenomas and different sub-
types of silent ACTH adenomas.

The major types of pituitary adenomas include GH,
PRL, ACTH, TSH, gonadotroph (FSH/LH), and null
cell adenomas. A combination of hematoxylin and eosin
staining, immunohistochemistry, and electron micro-
scopic studies are the most comprehensive ways of classi-
fying pituitary tumors.

Keywords Pituitary ¢  Pituitary  adenomas e
Immunohistochemistry ¢ Electron microscopy ¢ Growth
hormone adenoma Prolactin adenoma « ACTH adenoma
» and Gonadotroph adenoma

Tumors of the Pituitary Gland

Pituitary tumors are clonal proliferation and may consist
of only one cell type or multiple hormone-expressing cells
in the tumor. Most pituitary tumors are benign.
Hematoxylin and eosin staining remain the most
commonly used method to examine and classify pituitary
tumors. In addition, histochemical stains such as the
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reticulin stain and periodic acid Schiff (PAS) have been
helpful in classifying pituitary tumors. Ultrastructural and
immunohistochemical studies have contributed extensively
to the classification of pituitary tumors.

Histochemical Studies

Silver stains for the demonstration of reticulin fibers
are useful in distinguishing between normal anterior
pituitary and pituitary tumors. In adenomas, the reticu-
lin network that is present around acinar structures in
the normal anterior pituitary is disrupted and irregular
(Fig. 1A,B). PAS stain is useful for the diagnosis of
ACTH adenomas because of the carbohydrate moiety
present in pro-opiomelanocortin (POMC), which is the
precursor for ACTH [1]. Calcification may be present in
PRL adenomas, so the use of histochemical stains for
calcium may help to confirm these findings. Endocrine
amyloid deposits may be present in some pituitary
tumors such as PRL, GH, or mixed PRL-GH tumors.
Amyloid stains such as Congo red may be useful in these
cases [2, 3].

Immunohistochemical Studies
Broad Spectrum Endocrine Markers

The use of broad-spectrum endocrine markers including
chromogranin A [4, 5] and synaptophysin [6] can help to
establish sellar-based tumor lesions as an endocrine
tumor. This is especially useful with small biopsy speci-
mens when there may be some questions as to whether the
biopsy is a pituitary lesion. Other broad-spectrum endo-
crine markers such as CD56, 7B2, and proconvertase

A. Khan (ed.), Surgical Pathology of Endocrine and Neuroendocrine Tumors, Current Clinical Pathology, 27
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Fig. 1 Reticulin staining in
pituitary.

A — Reticulin staining in normal
pituitary with preservation of
normal reticulin pattern.

B — Reticulin staining in pituitary
adenoma showing disruption of
the reticulin pattern

(PC)3 and PC2, are also expressed by pituitary cells but
are not used as commonly as chromogranin A and
synaptophysin.

Hormonal Markers
GH-Immunoreactivity

GH immunoreactive tumors may represent function-
ing tumors, which comprise the majority of GH-immu-
noreactive adenomas [7] as well as rare silent GH adeno-
mas [8]. The various types of GH-producing pituitary
adenomas will be discussed in a later section of the
chapter.

PRL-Immunoreactivity

Most PRL-immunoreactive adenomas are functioning
tumors [7]. There are reports of silent PRL adenomas,
but they are extremely uncommon [7]. Treatment with
bromocriptine and other dopamine agonists may lead to
decreased immunoreactivity for PRL in the tumor cells in
addition to perivascular and interstitial fibrosis which are
related to suppression of hormone synthesis.

ACTH-Immunoreactivity

Although most ACTH immunoreactive tumors are func-
tioning adenomas, this subtype of adenomas has the
largest number of nonfunctioning tumors as well [7].
Between 5 and 10% of ACTH immunoreactive tumors
may belong to this silent ACTH adenoma category
[9-11]. The subtype of silent ACTH tumors will be dis-
cussed in another section of the chapter.

TSH-Immunoreactivity

TSH immunoreactive tumors may be associated with
primary hypothyroidism, secondary hypothyroidism, or
the patients may be euthyroid [12-15]. Hyperthyroidism
secondary to a TSH-producing tumor is uncommon.
There is usually no relationship between the degree of
immunoreactive TSH and serum levels of TSH. In addi-
tion to the expression of TSH in these adenomas, other
tumor types such as densely granulated GH adenomas,
null cell adenomas, oncocytomas, and plurihormonal
adenomas may also be positive for TSH.

FSH and LH-Immunoreactivity

The beta subunit of FSH and/or LH may be present with
or without the alpha subunit of glycoprotein hormones in
gonadotroph, null cell, and oncocytic adenomas [16].
Some gonadotroph adenomas may not have immunor-
eactive FSH and/or LH. This may be due to the sensitivity
of the assay used, since highly sensitive assays usually
reveal some immunoreactive FSH/LH or alpha subunit
positive cells [16].

Alpha Subunit-iImmunoreactivity

The alpha subunit (SU) of glycoprotein hormones may be
present in gonadotroph, TSH, null cell, and oncocytic
tumors. Alpha subunit-immunoreactivity may be asso-
ciated with GH but also in rare cases PRL and ACTH
immunoreactive adenomas. Adenomas immunoreactive
for alpha SU only are rare. These are usually clinically
inactive tumors. The tumors may be small or very large
(macroadenomas) and many correspond to null cell ade-
nomas or oncocytomas by electron microscopy [17].
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Other Markers Present in Pituitary Adenomas

Chromogranins

Chromogranins are acidic proteins, which are associated
with secretory granules of neuroendocrine cells. Chromo-
granin A is the most commonly studied member, but
secretogranin I or chromogranin B, secretogranin II and
protein 7B2 which are other members of the family may
also be present [5, 18]. Chromogranin A may be decreased
or absent in some PRL adenomas, but is present in all of
the other tumor types, with the highest levels in glycopro-
tein hormone producing and null cell adenomas. Chro-
mogranin B is present in all adenoma types.

Synaptophysin

Synaptophysin, a membrane protein of neuronal synaptic
vesicle, is also present in most neuroendocrine cells and
tumors. In the anterior pituitary, all hormone producing
cell types are immunoreactive for synaptophysin [19].

S$100 Acidic Protein

S100 protein is an acid binding protein that is present in
the folliculostellate cells of the anterior pituitary [20, 21].
Tumors such as spindle cell oncocytomas, which are
probably derived from folliculostellate cells in the ante-
rior pituitary, are also positive for S100 protein.

Galectin-3

Galectin-3 is a beta galactosidase binding lectin that is
selectively expressed in the anterior pituitary [22-24].
Galectin-3 is expressed by folliculostellate cells, PRL, and
ACTH cells in the normal anterior pituitary but not in
other cell types. Anterior pituitary tumors including PRL
adenomas, ACTH adenomas, and spindle cell oncocyto-
mas express galectin-3; but gonadotroph, GH, and null cell
adenomas are usually negative for galectin-3 [24].

Cytokeratins

Cytokeratins are intermediate filaments ranging in size
from 40K to 70K. Low and intermediate molecular

weight cytokeratins such as CAM 5.2 are present in
most pituitary adenomas [25-27]. ACTH cells with
Crooke’s hyaline change are usually positive for low
molecular weight cytokeratin [27]. In GH adenomas,
cytokeratin immunoreactivity is localized to the fibrous
bodies in sparsely granulated adenomas [7].

Ki-67 and Other Proliferative Markers

Ki67 is a nuclear protein that is expressed in proliferating
cells in all phases of the cell cycle except cells in the Go
phase [28-30]. Antibodies such as MIB-1, which reacts
with Ki-67, are used as proliferative markers. Other
markers of proliferation including proliferating cell
nuclear antigen (PCNA) and Topoisomerase 2o are
other useful markers of proliferation; however, Ki-67 is
the most frequently used marker.

p53

The p53 family of proteins includes p53, p63, p73, and
MDM?2 [31-34]. Mutations of p53 are associated with
increased nuclear expression of this protein. However,
other mechanisms may also lead to overexpression of
p53 in pituitary and other tumors. A recent study has
shown that some pituitary carcinomas with mutations of
the p53 gene show high levels of p53 protein overexpres-
sion in most of the tumor cells [34].

Ultrastructural Features of Pituitary
Adenomas

Electron microscopy provides a great deal of information
that helps to classify pituitary adenomas. Ultrastructural
classification has been used to subclassify adenomas into
highly refined subtypes that have diagnostic and prognostic
significance [9, 16]. There are some disadvantages to the
ultrastructural study of pituitary tumors including the
expense, need for special expertise, and the size of many
small sample sizes, which can lead to errors in tissue
sampling. However, the use of ultrastructural studies
combined with H&E and immunohistochemical studies
of adenomas have led to many new insights about the
cytogenesis and pathogenesis of pituitary adenomas
[9, 36, 37].
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Anterior Pituitary Cell Hyperplasia

Anterior pituitary cell hyperplasia is very uncommon [38,
39]. Causes of anterior pituitary hyperplasia may be pri-
mary or idiopathic and secondary due to production of
hypothalamic releasing hormones from tumors such as pul-
monary or other neuroendocrine tumors producing GHRH,
CRH, or other hypothalamic hormones. Other causes of
secondary hyperplasia include end-organ failure such as
thyroid or adrenal cortical atrophy leading to stimulation
of TSH and ACTH cell proliferation, respectively, as part of
the negative feedback mechanism. Secondary hyperplasia
may also be related to hypothalamic hamartoma with pro-
duction of hypothalamic hormones [9, 35]. Hyperplasia
may be nodular or diffuse. Special stains such as reticulin
and immunohistochemical stains for collagen 4 and/or
pituitary hormones may help to establish the diagnosis of
hyperplasia. Reticulin and collagen 4 stains show expansion
of acinar unit. Immunohistochemical stains for specific
hormones may show enlarged clusters of cells of a specific
lineage in the expanded acini. The predominant cell type is
often admixed with other types of cells in the acinar unit. It
is important to appreciate the unique anatomical localiza-
tion of specific cell types in the anterior pituitary in order to
determine if the cells are increased. For example, ACTH
cells are located predominately in the mucoid wedge, so
the presence of abundant ACTH-positive cells in this
region may not indicate hyperplasia. In addition, baso-
phil invasion or the presence of abundant ACTH cells is
the intermediate zone equivalent in a normal physiological
change and does indicate ACTH cell hyperplasia.

PRL cell hyperplasia is present during pregnancy,
where the pituitary weight and number of PRL cells can
be increased up to two fold. Primary cell hyperplasia is
rare in human pituitaries. PRL cell hyperplasia has been
reported in the non-neoplastic pituitary cells adjacent to
PRL adenomas [38].

ACTH cell hyperplasia may be nodular or diffuse.
Nodular ACTH cell hyperplasia is characterized by an
increase in the acinar size, hyperthyroidal ACTH cells,
and expansion of the reticulin pattern. In contrast, diffuse
ACTH cell hyperplasia is characterized by an increase in
the number of ACTH cells, which may be more promi-
nent in the mucoid wedge without significant distortion of
the reticulin pattern. Patients with Addison’s disease and
adrenal cortical atrophy may develop diffuse and/or
nodular ACTH cell hyperplasia.

GH cell hyperplasia may be striking under certain
circumstances such as with GHRH producing tumors
in the lungs or pancreas. Histologically, there is an
expansion of the reticulin pattern with hypertrophic GH
producing cells. Bi-hormonal cells producing GH and
PRL may be present. Ultrastructural studies usually

show cells with large dense core secretory glands, well-
developed rough endoplasmic reticulin and prominent
Golgi-complexes.

Hyperplasia of TSH cells may be nodular and/or
diffuse. Patients with chronic hypothyroidism with
atrophy of the thyroid can develop TSH cell hyperplasia
with expanded acinar units and weakly staining TSH-
positive cells.

Hyperplasia of gonadotrophic cells is uncommon. It
may be associated with primary gonadal atrophy in a
patient with Klinefelter and/or Turner syndrome [9, 35].

Pituitary Adenomas
GH-Producing Adenomas

Most GH-producing adenomas are manifested clinically
as gigantism, if the tumor develops before the epiphyseal
plates have closed. This is usually characterized by
excessive linear growth. Acromegaly results when the
GH-producing tumor develops after puberty. Patients
usually develop increased stature, with enlarged extremi-
ties manifested by increases in hat and (glove) sizes, prog-
nathism, and visceromegaly. The serum levels of IGF1 is
increased and may be more sensitive than increased serum
GH in establishing the diagnosis [9, 35].

Microscopic examination shows variable patterns
depending on the cellular composition. Acidophilic cells
are common (Fig. 2A), but chromophobic and ampho-
philic cells may also be present. Immunohistochemical
staining is positive for GH, usually in a diffuse pattern
(Fig. 2B). Other cell types such as PRL and/or immunor-
eactive alpha subunit cells may also be present in the
tumors. Various subtypes of GH adenomas have been
recognized, based largely on ultrastructural studies, which
usually correlate with immunohistochemical findings.

Densely Granulated GH Cell Adenomas

These tumors correspond to the classical type of GH
adenomas associated with acromegaly. These tumors are
characterized by slow growth and limited invasion into
tissues adjacent to the sella turcica. The tumors are
strongly positive for GH, but may also be reactive for
PRL, alpha subunit, and/or TSH. Ultrastructural
examination shows dense, core granules measuring
150-600 nm in diameter, with most secretory granules
between 400 and 500 nm in diameter (Fig. 2C) [7, 9, 35].
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Fig. 2 GH adenoma

A) H&E section of a GH
adenoma

B) Immunohistochemical
staining for GH is positive.

C) Ultrastructure of a densely
granulose GH adenoma
showing ovoid cells with
prominent rough endoplasmic
reticulum and Golgi. X4000.
D) Ultrastructure of a sparsely
granulose GH adenoma with
prominent fibrous bodies and
small secretory granules. X7500

Sparsely Granulated GH Adenomas

This subtype of GH adenoma is usually chromophobic on
H&E sections. It is slightly more common in women and
is more rapidly growing and more aggressive. GH immu-
noreactivity is usually prominent in the Golgi region.
Cytokeratin immunoreactivity is also perinuclear.
Ultrastructural features include sparse secretory gran-
ules ranging from 100 to 200 nm in diameter. The fibrous
body seen with cytokeratin staining is composed of inter-
mediate filaments and smooth endoplasmic reticulin in
the Golgi region in a perinuclear location (Fig. 2D) [7, 9, 35].

PRL-Producing Adenomas

PRL-producing adenomas used to be the most frequently
encountered tumors in surgically resected series. With the
frequent use of chronic medical therapy with dopamine
agonist, the frequency with which these tumors are seen
by the pathologist has declined. Hyperprolactinemia is
commonly associated with amenorrhea, galactorrhea,
and infertility in women and with decreased libido and
impotence in men [73, 74]. Prolactinomas are frequently

asymptomatic in men and often becomes symptomatic as
space occupying lesions of macroadenomas.

Histologic examination usually shows chromophobic
or amphophilic tumor cells (Fig. 3A). PRL immunostain-
ing may be diffuse or juxtanuclear (Fig. 3B) [9, 35].

Sparsely Granulated PRL Cell Adenomas

This is the most common tumor type. The cells have
abundant rough endoplasmic reticulin with prominent
Golgi regions. Secretory granules range from 120 to
300 nm in diameter. A unique ultrastructural feature of
this tumor subtype is the presence of misplaced exocytosis
in which there is granule exocytosis between adjacent cells
from the vascular pole of the cells (Fig. 3C) [9, 35].

Densely Granulated PRL Cell Adenomas

These are extremely rare tumors. They are acidophilic on
H&E with diffuse PRL immunoreactivity. The cells have



32

R.V. Lloyd et al.

Fig. 3 PRL adenoma

A) H&E section of a PRL
adenoma

B) Immunohistochemical
staining for PRL is positive with
a prominent juxtanuclear
pattern.

C) Ultrastructure of a sparsely
granulated PRL adenoma with
well-organized rough endoplas-
mic reticulum and few secretory
granules. X4000. Inset shows
extrusion of secretory granules
(exocytosis). X12000.

D) Ultrastructure of a PRL
adenoma from a patient treated
with dopamine agonist. There is
massive shrinkage of the
cytoplasm, with few
cytoplasmic organelles. X4000

abundant secretory granules up to 600 nm in diameter.
Patients with prolactinomas who have been treated with
dopamine agonists usually showed dramatic cell shrinkage
with decreased PRL immunoreactivity (Fig. 3D). With
long-term treatment, the cells are extremely small and
there is prominent perivascular and interstitial fibrosis.
Ultrastructural studies show small cells with a narrow
rim of cytoplasm and reduced number of membranous
organelles and only a few scattered secretory granules.
After cessation of treatment, there is a reversal of the
ultrastructural changes.

ACTH Cell Adenomas

Patients with ACTH-producing tumors usually present
with Cushing’s disease and occasionally with Nelson’s
syndrome after adrenalectomy. There are also silent
ACTH adenomas, which will be discussed below. Cushing’s
syndrome with moon facies, acne, truncal obesity,
hirsutism, easy bruise ability, and diabetes mellitus, may
be present. ACTH adenomas are usually basophilic or
chromophobic on H&E staining (Fig. 4A). Crooke’s hyaline
changes are usually seen in the adjacent non-neoplastic
ACTH-positive cells [40-42]. Crooke’s changes are

characterized by accumulation of 9 nm intermediate fila-
ments, which are keratin positive in the cell cytoplasms.
The secretory granules are pushed from the periphery of
the cells next to the cell membrane. The adenoma cells
may also be positive for other pro-opiomelanocortin pro-
cessed peptides such as ACTH (Fig. 4B) endorphins and
melanocyte stimulating hormones (MSH). On occasion,
some of the tumor cells may be positive for LH, PRL, or
alpha subunit.

Most ACTH-producing adenomas associated with
Cushing’s disease are microadenomas, which are less than
10 mm. Some tumors may be only 2-3 mm in diameter
and not readily detected by imaging.

Patients with Nelson’s syndrome usually have macro-
adenomas, which are frequently invasive tumors associated
with hyperpigmentation due to increased secretion of
MSH. Patients with Nelson’s syndrome usually have
visual field defects and headaches. A significant number
of ACTH carcinomas arise in patients with Nelson’s
syndrome [7, 35].

In ACTH adenomas associated with Cushing’s dis-
ease, the tumor cells are elongated or angular with ovoid
nuclei. The cytoplasm contains abundant rough endo-
plasmic reticulin, polysomes, and conspicuous Golgi
complexes. The secretory granules range from 150 to
450 nm in diameter and are characteristically spherical,
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Fig. 4 ACTH adenoma

A) H&E section of an ACTH
adenoma.

B) Immunohistochemical
staining for ACTH is positive.
C) Ultrastructure of an ACTH
adenoma with secretory
granules and bundles of
cytokeratin filaments. X11000

teardrop, or pear-shaped. (Fig. 4C). Keratin intermediate
filaments are perinuclear in location and they constitute
the filaments of Crooke’s hyalinization secondary to
excessive glucocorticoids, as previously described.
Crooke’s hyaline changes are usually present in the non-
neoplastic ACTH cells, but a subtype of ACTH tumor,
the Crooke cell adenoma, usually contains abundant
intermediate filaments. Crooke cell adenomas are char-
acteristically aggressive tumors, which are invasive, with a
high recurrence rate (some).

The ultrastructural features of ACTH-producing tumors
in Nelson’s syndrome is similar to those of Cushing’s
disease except that keratin intermediate filaments are
absent due to the lower levels of glucocorticoids asso-
ciated with Nelson’s syndrome, which is usually in a
post-adrenalectomy setting.

TSH-Producing Adenomas

These are rare tumors. Patients usually present with signs
and symptoms of hyperthyroidism. Patients usually have
inappropriately high TSH levels in the presence of ele-
vated perineural thyroid hormone levels. A few tumors
may develop in a setting of hypothyroidism.

The histopathologic features of TSH adenomas are
variable [43—45]. The tumor cells are generally chromo-
phobic with an angular shape and can show a diffuse or
sinusoidal pattern. Some tumors may show interstitial
and/or perivascular fibrosis which is not related to prior
treatment.

Immunohistochemical staining shows positive staining
for TSH and usually for alpha subunit of glycoprotein
hormones [43]. These may also be variable staining for
GH and/or PRL in a few TSH adenomas.

Ultrastructural studies show spindle-shaped cells with
long cytoplasmic processes, spherical to ovoid nuclei with
prominent nucleoli. The secretory granules range from 50
to 200 nm in diameter and are usually located beneath the
cell membrane [9, 35].

Gonadotroph Adenomas

Gonadotroph tumors producing FSH and/or LH occur
most commonly in middle age or older patients. They are
more common in men. Tumors that are hormonally active
do not usually lead to clinical evidence of hyperfunction.
Patients usually present with hypogonadism and symp-
toms related to mass effects such as visual disturbance.
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Fig. 5 Gonadotroph adenoma
A) H&E section of a
gonadotroph adenoma.

B) Immunohistochemical
staining for FSH in a
gonadotroph adenoma. The
tumor cells in the upper portion
of the field are diffusely positive
for FSH. Scattered positive cells
are present in the non-neoplastic
pituitary.

C) Ultrastructure of a
gonadotroph adenoma with
polar cells containing long
cytoplasmic processes and
secretory granules. X4000.

D) Ultrastructure of a
gonadotroph adenoma in a
female patient showing vacuolar
transformation of the Golgi
apparatus (“honeycomb
Golgi”). X11000

Histopathologic examination shows chromophobic
tumors with papillae or a diffuse growth pattern (Fig. 5A).
Gonadotroph adenomas in men usually show variable
immunoreactivity for FSH and/or LH (Fig. 5B). In
women, the tumors show weak and sparse immunoreac-
tivity for FSH and/or LH.

Ultrastructural studies also show sexual dimorphism
[46] (Fig. 5C,D). The male-type gonadotroph adenomas
show dilated rough endoplasmic reticulum, prominent
Golgi complexes, and small but sparse secretory granules,
about 200 nm in diameter (Fig. 5C). Oncocytic changes
with increased numbers of mitochondria may be present.
Gonadotroph adenomas in women (“female-type”) con-
tain a unique honeycomb Golgi complex, with the sacculi
present as clusters of spheres containing a low density
proteinaceous material (Fig. 5D). The secretory granules
are small, around 200 nm in diameter [7, 9, 35].

Plurihormonal Adenomas

Plurihormonal adenomas are tumors producing hormone
from more than one lineage [47, 48]. ACTH cells arise
from a distinct lineage, which is influenced by specific
transcription factors that are important for their develop-
ment [49, 50]. These include Ptx1 and NeuroD1 [35].

The GH, PRL, and TSH adenomas have a common
lineage, which is influenced by specific transcription factors
such as Pit-1, Prop 1, and Lim 3 [35]. Gonadotroph cells
(FSH/LH) developments are influenced by another group of
transcription factors including: Ptx1, Lim 3, and SF-1 [35].

Mixed GH-PRL Adenomas

These tumors are composed of densely granulated GH
cells and sparsely granulated PRL cells. The H&E sec-
tions show mostly acidophilic cells with chromophobic
cells. Immunohistochemistry shows GH and PRL immu-
noreactivity in different cell types.

Acidophil Stem Cell Adenomas

These adenomas are associated with hyperprolactinemia,
usually in younger patients. Histopathologic features
include chromophobic or slightly acidophilic tumors.
Immunohistochemical staining shows positive staining
for PRL with less intense staining for GH. Ultrastructural
features include one cell type with lactotroph and soma-
totroph features, such as unusual granule extension
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(reverse exocytosis) and fibrous bodies. The cells contain
unique giant mitochondria and sparse small secretory
granules 50-200 nm in diameter.

Mammosomatotroph Adenomas

These adenomas are composed of cells with GH and PRL.
Histopathologic features show acidophilic cells, and
immunohistochemical staining is positive for GH and
PRL in the same cells. PRL staining is more variable
and the tumors may also express alpha subunit. Ultra-
structural studies show densely granulated GH cells in
monomorphous tumor cells.

Silent Subtype 3 Adenoma

These tumors were placed into the plurihormonal cate-
gory in the latest WHO Classification [7]. They have also
been classified as silent adenomas. The tumors are immu-
noreactive for ACTH and other pro-opiomelanocortin-
related peptides. Most tumors are immuno-negative for
ACTH, but scattered tumor cells are positive for GH,
PRL, and alpha subunit.

Fig. 6 Nonfunctioning
adenomas

A) Ultrastructure of a silent
ACTH adenoma, subtype 2.
The secretory granules are
small, but variable in size and
shape. X11000.

B) Ultrastructure of a null cell
adenoma showing no functional
differentiation. X7500.

C) Ultrastructure of an
oncocytic variant of a null cell
adenoma showing abundant
cytoplasmic mitochondria and
few secretory granules. X4000

Ultrastructural features include: large polar cells with
abundant smooth endoplasmic reticulum as well as rough
endoplasmic reticulum and well-developed Golgi com-
plexes. Secretory granules are variable and average about
200 nm in diameter. Based on the ultrastructural features,
the tumors appear to be actively secreting some product(s).
The diagnosis usually requires ultrastructural confirmation.

Silent Adenomas

These are clinically silent tumors that are not associated
with excessive hormonal secretion. This group of tumors
consists of two types of ACTH immunoreactive tumors.
Null cell adenomas and rare cases of GH and PRL ade-
nomas have been included in this group [7, 9, 35].

Silent Corticotroph Adenomas

Subtype 1

These are PAS-positive tumors that look similar to the
adenomas associated with Cushing’s disease. Immunohis-
tochemistry is usually positive for ACTH. Ultrastructural
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features are similar to the functional ACTH-positive
tumors [7, 9, 35].

Subtype 2

These are silent ACTH-positive tumors, that are more
common in men. Staining for ACTH and for PAS is
often focal. Ultrastructural features include polygonal
cells with smaller secretory granules (200-350 nm) than
the functional ACTH tumors (Fig. 6A). Intermediate
filaments are absent [7, 9, 35].

Null Cell Adenomas

These tumors are chromophilic and eosinophilic, with
diffuse patterns on H&E [9, 35]. Immunohistochemical
staining is positive for chromogranin, but only rare cells
may stain for FSH, LH, or alpha subunit. Scattered cells
positive for GH, PRL, or ACTH may be present. Ultra-
structural features show poorly developed rough endo-
plasmic reticulum and Golgi complex and small secretory
granules (100-250 nm) (Fig. 6B). The oncocytic variant
contains numerous mitochondria (Fig. 6C).

Atypical Adenomas

These are adenomas with atypical morphologic features
suggestive of aggressive behavior [51, 52]. This includes
invasive growth and potential for recurrence. These fea-
tures include elevated mitotic index and a MIB-1 labeling
index greater than 3%. Some invasive adenomas also
express p53 immunoreactivity which is usually not seen
in noninvasive adenomas.

Pituitary Carcinomas

These are tumors that spread to the cerebrospinal fluid
and/or develop systemic metastases [7]. Pituitary carcino-
mas usually arise from a pre-existing adenoma. The
tumors grow rapidly and spread to neighboring tissues
and may invade the brain. Metastasis occurs in the cere-
brospinal space or spread systemically to the liver, lung,
bone, and lymph nodes. Tumors are commonly asso-
ciated with clinical syndromes of Cushing’s disease or
hyperprolactinemia. Occasional patients may have acro-
megaly or TSH excess and some may be nonfunctional.

Histologic features include invasive growth, cellular
pleomorphism, mitotic activity, and necrosis.

Immunohistochemical findings include positive stain-
ing for chromogranin and synaptophysin. Immunoreac-
tive tumors are most often PRL and/or ACTH. TP53 may
be present in carcinomas and some carcinomas show
mutation of the p53 gene. Ki67 staining is variable but
generally higher than in adenomas.

Ultrastructural findings depend on the immunopheno-
type. Carcinomas tend to be less well differentiated
compared to the same type of hormone-producing ade-
nomas [7].

Other Tumor and Tumor-Like Lesions
in the Sella Region That May Be Confused
with Pituitary Tumors

Lymphocytic Hypophysitis

This inflammatory condition in the anterior pituitary is
associated with hyperprolactinemia and lymphoplasma-
cytic infiltrate in the pituitary. Radiologic studies usually
show an enlarged pituitary, which may be misdiagnosedas
an adenoma. Lymphocytic hypophysitis is most common
in postpartum women or during pregnancy [53, 54].

Granular Cell Tumor

These tumors are also known as choristomas and granular
cell myoblastomas. They are thought to be derived from
pituicytes, which are modified glial cells of the posterior
pituitary and infundibulum [7].

The tumors are tan to gray and very vascular. They are
composed of large polygonal cells forming sheets and
small lobules. They have eosinophilic cytoplasm with
coarse granularity and round nuclei.

Immunohistochemical staining is positive for NSE, but
negative for S100 protein. Occasional tumors may be
positive for GFAP.

Ultrastructural features show many lysosomes and
absent neurosecretory granules and intermediate filaments.

Sarcoidosis

Sarcoidosis, which is a granulomatous inflammatory pro-
cess of unknown etiology, may be present in the posterior
pituitary and occasionally involves the anterior pituitary.
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Histological features include non-caseating granulomas
with numerous histiocytes and multinucleated giant cells.
Immunostaining for CD68 is positive in the histocytes
and giant cells. Special stains for organisms are consis-
tently negative [55-57]. Sarcoidosis may be associated
with galactorrhea and hyperprolactinemia [56, 57].

Secondary Tumors

Metastatic tumors to the pituitary can be from many
sources. Autopsy series show between 3 and 23% of
cancer patients with pituitary metastases. They are twice
as common in the posterior pituitary compared to the
anterior pituitary due to the direct blood supply to the
posterior pituitary [7].

The most common tumors metastasizing to the pitui-
tary include breast, lung, and gastrointestinal tract.

Other Tumors of the Pituitary
Gangliocytoma

These tumors are also know as hamartomas, choristomas,
neuronal choristomas, and pituitary adenomas with neu-
ronal choristomas (PANCH) [7, 9, 35].

These tumors arise in the pituitary and hypothalamus
adjacent to the pituitary. They may present as mass lesions
and look like typical adenomas. Patients may present with
acromegaly/gigantism and precocious puberty. Histolo-
gically, there are neuronal cells with abundant necrophils.
The other cells are larger polygonal ganglion cells and are
binucleated or multinucleated. Many neuronal choristo-
mas are associated with pituitary adenomas and rarely
with pituitary hyperplasia.

Immunohistochemical staining is positive for synapto-
physin, chromogranin, and neurofilament. The ganglion
cells may contain hypothalamic hormones. Pituitary hor-
mones are most commonly GH or PRL and rarely ACTH.

Ultrastructural findings show large nerve cells and
well-developed rough endoplasmic reticulum with elon-
gated interdigitating cell processes with many secretory
granules of variable sizes.

Spindle Cell Oncocytoma

This is a low-grade neoplasm which is thought to be
derived from folliculostellate cells [58, 59]. The tumors

are composed of fascicles of spindle cells with eosinophilic
granular cytoplasm. Immunophenotyping is positive for
S100 protein, annexin, and galectin-3. Chromogranin and
synaptophysin are both negative.

Ultrastructural features include cells with numerous
mitochondria with lamellar cristae. Secretory granules are
not present. Most tumors behave like low-grade neoplasms.

Pituicytoma

This is a rare benign tumor of sellar and suprasellar
regions [60]. The tumors are characterized by bundles of
elongated cells. They are positive for S100 protein, vimen-
tin, NCAM, and NSE. Pituitary hormones and chromo-
granin are negative.

Ultrastructural features include intermediate filaments
but no desmosomes. Scattered secretory granules have
been reported [60].

Langerhans Cell Histiocytosis

This disorder is characterized by a proliferation of
Langerhans cells with varying number of mature eosino-
phils. It is sometimes referred to as Histiocytosis X,
Hand-Schuller-Christian syndrome, Letterer-Siwe dis-
ease, or eosinophilic granuloma. The disease may be pre-
sent only in the hypothalamus posterior or anterior pitui-
tary or it may be multifocal in various sites including bone
[61].

The Langerhans’ histocyte usually has a vesicular
nucleus, which is vesicular or grooved. An increased number
of eosinophils concentrated around areas of necrosis are
frequently present.

Craniopharyngioma

This is a common epithelial tumor arising in the region of
the sellar turcica. Most craniopharyngiomas are suprasel-
lar and a small number is present in the sella turcica. They
are primarily tumors of children and young adults.
Patients may present with headache and visual distur-
bances. Endocrinopathies such as elevated serum PRL
occurs with intrasellar tumors [62, 63].
Craniopharyngiomas are 3—4 cm in average diameter
and are usually cystic. The cysts may have yellow or
brown fluid. Calcifications are frequent and are present
in solid and cystic regions. Histological features include
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an adenomatous pattern of the epithelium with pseudos-
tratified columnar cells resting on a thin membrane and
palisades around loose aggregates of stellate cells. Solid
nests of keratinizing squamous epithelium may be pre-
sent. Foreign body giant cell reactions and chronic
inflammation are often seen as a secondary reaction to
the cyst content.

Papillary craniopharyngioma is another type of

craniopharyngioma composed of papillary squamous
epithelium. This variant lacks calcification, palisade cells,
cholesterol clefts, and foreign body giant cells. These
tumors are very difficult to resect totally, so recurrences
are common.
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Tumors of Thyroid Gland: Non-C cell Tumors

Ashraf Khan and Manju Prasad

Abstract Thyroid tumors are one of the most common
tumors of the endocrine system encountered in surgical
pathology practice. They can arise from the follicular lining
epithelial cells that produce the thyroid hormone or the C
cells that secrete calcitonin. In this chapter we discuss non-
C cell tumors of the thyroid. In this group of tumors
papillary carcinoma is the most common malignancy and
the conventional type of tumor can be easily diagnosed
based on classical cytomorphologic features. However,
variants of papillary carcinoma exist, the understanding
of which is crucial for accurate diagnoses. The follicular
patterned tumors may sometimes pose diagnostic chal-
lenge and approach to these thyroid lesions is suggested
in this section along with ancillary studies that may help in
the diagnosis of these tumors. Finally, thyroid cancer pro-
gression from differentiated carcinoma to poorly differen-
tiated and anaplastic carcinoma is well known and is also
presented along with clinical and pathological correlations.

Keywords Thyroid carcinoma e Follicular adenoma e
Follicular variant of papillary carcinoma ¢ Follicular-
patterned lesions ¢ Follicular carcinoma ¢ Papillary thyroid
carcinoma ¢ Insular carcinoma * Anaplastic carcinoma ¢
Oncocytic carcinoma * Oncocytic adenoma ¢ Hyalanizing
trabecular tumor ¢ Papillary thyroid carcinoma variants

Thyroid Gland: Development and
Embryology

The thyroid gland develops from the larger median
anlage and the two lateral anlagen. The medial anlage,
which forms the major portion of the thyroid, is derived
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from the floor of the foregut and the two lateral anlagen
are derived from the endoderm of fourth and fifth bran-
chial pouches like the ultimobranchial bodies. The med-
ial anlage appears by day 24 as median endodermal
diverticulum from the base of the tongue in the region
of foramen cecum. The diverticulum descends down
from the foramen cecum into the neck along the midline
attached to the thyroglossal duct. It reaches its final
position anterior to the trachea by about 7 weeks; it
then grows laterally and becomes bilobed [1]. Aberra-
tions in the descent of thyroid may lead to persistence of
thyroid tissue anywhere along the path of the thyroglos-
sal duct including posterior tongue, midline of the neck
and the anterior mediastinum. As mentioned below,
thyroid lesions including tumors may arise in any of
these aberrant locations, which should be considered
when investigating for thyroid disorders. Early during
the fifth week, the thyroglossal duct loses its lumen and
shortly afterward breaks into fragments [2]. However,
the caudal end of the thyroglossal duct may persist in
some embryos and this constitutes the pyramidal pro-
cess, which is present in about 75% of mature human
thyroids [3]. The lateral thyroid anlage becomes
attached to the posterior surface of the thyroid during
the fifth week and contributes up to 30% to the thyroid
weight [2]. The causes of the fusion of the lateral and
medial anlage are unknown. It is speculated that migra-
tion of the ultimobranchial body controls the growth of
the medial anlage or that the growth of the medial
anlage laterally and caudally inhibits expansion of the
ultimobranchial body [2]. The lateral thyroid anlage is
thought to give rise to the calcitonin producing C cells
and the solid cell nests. It is believed that the C cells are
derived from the neural crest; they migrate to the ulti-
mobranchial body and are subsequently incorporated
into the thyroid [4]. However, the existence of mixed
follicular and C cell tumors raises the possibility of the
common stem cell origin for both follicular and C cells,
as is seen in the gastrointestinal tract [1].
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The thyroid gland initially consists of a solid mass of
endodermal cells, but small groups of epithelial cells are
soon identified. The first follicles form epithelial plates
at the beginning of eighth week and by twelfth week the
plates are entirely converted into follicles. The develop-
ment of the human fetal thyroid has been divided into
three stages by LiVolsi to include precolloid stage (713
weeks); colloid stage (13—14 weeks); and follicular stage
(after 14 weeks) [5]. Evidence of thyroxin comes with the
appearance of colloid and T4 and TSH are detectable in
the circulation of human fetuses after 12 weeks [2, 3].

Developemental and Embryological
Anamolies Related to Thyroid Tumors

Ectopic Thyroid Tissue

Ectopic thyroid tissue may be seen anywhere in the mid-
line along the path of the thyroglossal duct. In such
situations ectopic thyroid tissue may be present in addi-
tion to the normal thyroid or ectopic tissue may be the
only thyroid gland present. It is therefore important to
search for normal thyroid before contemplating removal
of the ectopic tissue to prevent hypothyroidism. Locations
of ectopic thyroid tissue include lingual, sublingual, supra-
hyoid, and mediastinum. Additional sites in which ectopic
thyroid tissue has been found include pericardium [4],
heart, porta hepatis [6-8], gallbladder [9], inguinal region
[1], vagina [10], sella turcica [11], trachea, and larynx; the
tracheal and laryngeal ectopic tissue if sufficiently large
may produce respiratory symptoms [12, 13]. While cuta-
neous and subcutancous thyroid follicular tissue outside
the anterior midline neck raises the possibility of metastatic
carcinoma, there are recent reports of ectopic thyroid tis-
sue in axilla and posterior neck in which total thyroidect-
omy failed to reveal an occult tumor and there was no
uptake of radioactive iodine on scan outside the region of
the thyroid [14, 15]. Maino et al. suggested that a somatic
mutation in a transcription factor important in thyroid
migration may play a role in this thyroid heterotopia [15].

Lingual thyroid resulting from complete arrest of the
decent of the medial thyroid anlage is rare with a reported
incidence of 1 in 4500 to 1 in 100,000. In most of the cases
this is the only thyroid gland. Lingual thyroid lacks a
capsule and on histology thyroid follicles are seen mixed
with the striated muscle fibers of the tongue. While
tumors have also been reported to occur in the lingual
thyroid, pathologists must be careful in misinterpreting
thyroid follicles intermingled with muscle as carcinoma.
Diagnosis of carcinoma must only be made if there
is marked desmoplasia or there are characteristic

morphological features of papillary carcinoma [1]. Lin-
gual thyroid may also be affected by thyroid disorders
such as goiter and thyroiditis.

Ectopic thyroid tissue may also be found within the
striated muscles and fibroadipose tissues of the neck
and may sometimes mimic submandibular gland swel-
ling [1, 16]. This usually is a result of a developmental
defect due to a close association of thyroid and neck
tissues during development. Sometimes benign-appear-
ing thyroid tissue may be found within the perithyroi-
dal soft tissues of the neck later in life, which is a result
of detachment of a portion of thyroid tissue from a
large multinodular goiter [1, 4]. It is important in these
instances to differentiate this benign ectopic tissue or a
detached portion of multinodular goiter from thyroid
carcinoma.

“Lateral Aberrant Thyroid”

One of the most controversial and debated topics in thyr-
oid heterotopia has been the finding of benign-appearing
thyroid follicles within the subcapsular sinuses of the
cervical lymph nodes. In the past these had been referred
to as lateral aberrant thyroid. It is believed that benign-
appearing thyroid follicles in lymph nodes medial to the
jugular vein represent ectopic thyroid tissue and similar
structures in nodes lateral to the jugular vein should be
regarded as metastatic carcinoma [1, 3, 4, 17-19]. How-
ever, the latter deposits may be seen in cases where multi-
ple serial sections of the thyroid gland failed to reveal any
tumor [17, 20, 21]. It is possible that small microscopic
thyroid carcinoma in these cases may have involuted
leaving a scar behind [17]. It has been suggested that
normal thyroid tissue may be transported to the lymph
nodes by way of lymphatics [19]. Cacceta et al. reported a
case of lateral aberrant thyroid presenting as a mass in the
left submandibular area with no evidence thyroid malig-
nancy; they suggested an anomaly of thyroid embryogen-
esis in their case primarily involving the left ultimobran-
chial body [22]. Architecture of the thyroid deposits has
been suggested by some to be helpful in differentiating
benign thyroid tissue from metastatic deposits, but it has
not been reproduced in some other studies [17]. In prac-
tice there is no definitive way at present to resolve this
issue, but the finding of thyroid follicles within cervical
lymph nodes should be investigated and a careful search
for a primary tumor should be made in the thyroid by
examining multiple sections. While morphology alone
may not help to distinguish benign thyroid rests in
lymph nodes from metastatic carcinoma, molecular diag-
nostic techniques to determine clonality has been
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suggested to establish the etiology of thyroid tissue within
cervical lymph nodes [23].

Thyroglossal Duct Cyst

The thyroglossal duct cyst (TDC) arises from the cystic
dilatation of a persistent thyroglossal duct. It is located in
the anterior midline of the neck and while they are more
common in children, they can present at any age and in
either sex. On gross examination, the TDC range in size
from 1 to 4 cm in diameter and fistula may develop
secondary to infection, which may open into the pharynx
or the skin. On microscopic examination, the cyst is lined
by respiratory and/or squamous epithelium. Thyroid tis-
sue is seen in the cyst wall in approximately 60% of cases.
Recurrent infection may cause denudation of the lining
epithelium and chronic inflammation and scarring in the
cyst wall leading to loss of the cystic architecture. How-
ever, a diagnosis of inflamed and fibrotic TDC may be
made in the appropriate clinical setting, even in the
absence of the cyst lining. Primary papillary thyroid car-
cinoma arising from the thyroid tissue within the thyro-
glossal duct cyst is a well-recognized complication [24—
32]. Other primary thyroid tumors that have been
reported to arise in thyroglossal duct cyst include Hurthle
cell adenoma [33] and anaplastic carcinoma [34]. While
primary thyroid tumors can occur in the TDC, the possi-
bility of metastases from a thyroid primary must be ruled
out by careful evaluation of the thyroid gland. The cri-
teria for the diagnosis of primary papillary carcinoma
arising in TDC are (1) histologic identification of TDC
with cyst lining and thyroid tissue in the wall; (2) presence
of normal tissue adjacent to the tumor; and (3) careful
histopathologic evaluation of the thyroid fails to reveal a
primary carcinoma [2]. There has been some debate over
the years on the management of thyroid carcinoma aris-
ing in TDC. However, a consensus seems to be building
that if the tumor is a papillary carcinoma, less than

Fig. 1 Thyroid with branchial
cleft remnant lined by
pseudostratified columnar
epithelium

1.5 cm, confined to the TDC, clinically the thyroid is
normal and there is no nodal disease or history of neck
irradiation; local resection of the TDC with the hyoid
bone (Sistrunk procedure) is adequate treatment with
excellent prognosis [28, 30].

Other developmental anomalies of the thyroid gland,
which may be encountered in surgical pathology practice,
include the finding of a lymphoepithelial cyst similar in
morphology to the branchial cleft cyst (Fig. 1). These are
derived from the branchial pouches four and five that give
rise to the ultimobranchial body that is involved in the
development of the thyroid gland [35]. Evidence of thyr-
oid development from the fourth branchial pouch is
further supported by the finding of ectopic thyroid tissue
in branchial cysts in the neck [36].

Thyroid Gland: Normal Anatomy and
Histology

The thyroid is normally located in the mid portion of the
neck anterior to the trachea and larynx, just below the
cricoid cartilage attached by a loose connective tissue
capsule. The recurrent laryngeal nerves lie in the groove
between the lateral lobes and the trachea. The superior
and inferior parathyroid glands are found close to the
posterior surface of the gland or they may be located
within the gland itself.

The thyroid gland consists of two lobes joined by an
isthmus. In adults, the two lobes measure about 2-2.5 cm
wide and 4-5 cm long. In some glands a pyramidal lobe,
derived from the distal portion of the thyroglossal duct,
extends upward from the isthmus. At birth the thyroid
weighs 1-2 g and it increases to 1015 g at puberty [37]. In
the adult the normal weight ranges from 15 to 35 g. The
weight varies with iodine intake, sex, age, and functional
status of the gland. In addition there are geographic
variations ranging from an upper limit of up to 42 gin a
Portuguese study [38] to about 10-20 g in North
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American population [39, 40]. The mean weight is always
higher in women and the weight varies in size with the
menstrual cycle [41]. In the elderly the weight may some-
times reduce to as little as 10 g [1].

On section, the thyroid gland has a brown cut surface
and it is composed of multiple lobules separated by thin
fibrous septa. Each lobule is made up of 2040 follicles
and is supplied by a single intralobular artery. The thyr-
oid contains three major types of epithelial cells. These
include follicular cells, which line the follicles and secrete
thyroxin and triiodothyronine; C cells, which secrete cal-
citonin; and the solid cell nests (SCN) that are remnants
of the ultimobranchial body. The follicles are filled with
colloid, range in size from 50 to 500 micron (average 200
micron) in diameter and are lined by cuboidal to low
columnar epithelium. The cells lining the follicles have a
basal nucleus and rest on a basement membrane com-
posed of laminin and collagen IV [42]. The colloid
includes thyroglobulin which is a glycoprotein giving it a
PAS-positive diastase resistant staining characteristic.
The amount of the colloid and the height of the follicular
lining cells vary with the functional status of the gland. In
a hyperactive state the follicles are lined by tall cells and
have less amount of colloid. In addition to colloid the
follicles contain birefringent calcium oxalate monohy-
drate crystals, the numbers of which may increase with
age. This finding may be useful sometimes to differentiate
between thyroid follicles and parathyroid tissue on frozen
section evaluation [43]. Intracytoplasmic fat within thyr-
oid follicular cells may be detected in 50% of glands on oil
red O staining and this may increase with age [1]. Due to
the intimate development of thyroid with the mesodermal
structures of the neck, fat, cartilage, and/or muscle may
be found within the thyroid capsule [5]. For the same
reason normal thyroid tissue may be found intermingled
with the neck soft tissues including muscle, which should
not be mistaken for metastatic carcinoma.

On immunohistochemistry the follicular cells stain posi-
tively with low molecular weight cytokeratin, thyroglobu-
lin, and thyroid transcription factor (TTF-1); vimentin
co-expression may also be present. In situ hybridization
studies have revealed thyroglobulin mRNA within the
follicular cells [4]. The C cells are intrafollicular and some-
times parafollicular in location and in normal glands are
not visualized on routine hematoxylin and eosin (H&E)
staining. However, they can be visualized readily on spe-
cial histochemistry using a sliver (Gremilius) stain and on
immunohistochemistry by pan-neuroendocrine antibodies
such as chromogranin and synaptophysin and specific
antibodies including calcitonin and calcitonin gene related
peptide (CGRP). In addition C cells stain positive for
TTF-1 and may also express bombesin, somatostatin, gas-
trin-releasing peptide, low molecular weight cytokeratin,

and CEA [4]. On electron microscopy, the C cells have the
characteristic neurosecretory granules; these granules are
of two types: the larger and moderately electron-dense
type I granules measuring 280 nm and the smaller
130 nm more electron-dense type II granules. Both type |
and II granules show calcitonin on immunoelectron micro-
scopy [44]. On in situ hybridization, both calcitonin and
CGRP mRNA can be localized in C cells [4].

The solid cell nests can be seen in up to 60% of thyroid
glands in the mid portions of the lateral lobes [45]. They are
solid irregular masses of epithelial cells measuring about
1 mm or less in maximum diameter and may be solitary or
multiple, unilateral or bilateral. They are composed of
polyhedral or oval cells with oval nuclei containing finely
granular chromatin (Fig. 2); nuclear grooves may be seen
[4]. SCN may sometimes show cystic change and show
positive staining reaction with acid mucins [1]. On immu-
nohistochemistry, the SCN are positive for low molecular
weight cytokeratin and CEA and show variable staining
with calcitonin [1, 4, 46, 47]. The latter finding gives sup-
port to the theory of the SCN being derivatives of the
ultimobranchial body. On electron microscopy, SCN
demonstrate desmosomes, intermediate filaments, and
intracytoplasmic microvacuolar structures [48]. In addition
there are dendritic antigen presenting cells present in the
parafollicular thyroid stroma; mast cells, and T lympho-
cytes may also be seen around the follicles [49].
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Fig. 2 Thyroid with solid cell nest

Thyroid Tumors

Majority of thyroid tumors are epithelial in origin and
can be derived from either the follicular cells or the C
(parafollicular) cells. Like in any other organ site,
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follicular tumors can be either benign or malignant. No
benign counterpart of the C cell tumor is identified; how-
ever, various degrees of C cell hyperplasia may represent
the precancerous stage of medullary carcinoma. A classi-
fication of thyroid tumors adapted from the 2004 WHO
classification is outlined in Table 1. Tumors derived from
the C cells will be covered in the next chapter. In this
section tumors of thyroid follicular cells and all other
non-C cell tumors will be discussed.

Table 1 Classification of thyroid tumors

Thyroid Adenoma and Related Tumors
m Follicular adenoma
O Histologic types
m Hyalinizing trabecular tumor
Thyroid Carcinomas
m Papillary carcinoma
O Conventional type
O Variants
m Follicular carcinoma
O Minimally Invasive
O Encapsulated angioinvasive
O Widely Invasive
m Poorly differentiated carcinoma
O Insular carcinoma
O NOS
m Undifferentiated (anaplastic) carcinoma
O Squamoid type
O Spindle cell (sarcomatoid) type
O Small cell type
O Giant cell type
m Squamous cell carcinoma
m Mucoepidermoid carcinoma
m Sclerosing mucoepidermoid carcinoma with eosinophilia
m Mucinous carcinoma
m Medullary carcinoma
m Mixed medullary and follicular cell carcinoma
m Spindle cell tumor with thymus-like differentiation
m Carcinoma showing thymus-like differentiation
Other Thyroid Tumors
m Mesenchymal tumors
m Lymphoma
m Metastatic carcinoma
Adapted From WHO Classification (2004)

Tumors of the Thyroid Follicular Cells
Follicular Adenoma

Clinical Features and Etiology

Follicular adenoma is a benign tumor derived from the
follicular cells. It is characterized by an encapsulated
tumor showing a follicular architecture with varying
degree of cellularity. The incidence of follicular adenoma

in autopsy series has ranged from 3 to 4%, and no sig-
nificant geographic variations exist [50, 51]. The dietary
iodine has no significant role to play in the causation of
conventional follicular adenoma. However, one of the
rare variants, toxic adenoma appears to be more common
in iodine deficient areas [52]. Follicular adenoma is more
common in females than males and the patients are
usually middle aged. While adenomas may occur in chil-
dren and elderly patients, the chances of an alternative
diagnosis of carcinoma are higher in this age group and
should be ruled out by further sampling and careful his-
tologic evaluation. The most common clinical presenta-
tion of follicular adenoma is a painless nodule in the
thyroid, which may sometimes show gradual increase in
size and become painful because of hemorrhage and
necrosis. The patients are usually euthyroid except in
rare cases of toxic adenoma that present with hyperthyr-
oidism. On radionucleotide scan follicular adenoma in
most cases presents as a “cold” (hypofunctioning) nodule,
sometimes it may be “cool” or ‘warm” (functioning) and
very rarely “hot” (hyperfunctioning) in the case of toxic
adenoma [51].

Pathology of Follicular Adenoma

On gross examination nearly all adenomas are present as
a solitary nodule. However, in some instances two or
more adenomas may be seen after applying strict criteria
for excluding hyperplastic nodules. One other possibility
that should be considered in the case of multiple nodules
resembling follicular adenoma is that of an encapsulated
follicular variant of papillary carcinoma (see below) and
careful histological evaluation for nuclear features of
papillary carcinoma should be performed. Follicular ade-
nomas are well circumscribed, vary from 1 to 3 cm in size,
have a firm and rubbery consistency, and on sectioning
show a diffuse homogenous cut surface varying in color
from grayish white to tan (Fig. 3) [51]. Secondary changes
with areas of hemorrhage, degeneration necrosis, calcifi-
cation, and ossification may be seen. On histologic exam-
ination, the architectural pattern of follicular adenoma
may vary from solid/trabecular to that of large macro-
follicles and accordingly they have been classified as solid/
trabecular (Fig. 4), microfollicular, normofollicular, or
macrofollicular type. The solid/trabecular type is also
referred to as embryonal type because of its resemblance
to thyroid tissue during the prefollicular embryonal stage
of intrauterine life. Similarly microfollicular type is also
called fetal type. The follicle size in the normofollicular
type is same as that seen in the normal thyroid, therefore it
is also called as simple type and macrofollicular type is
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Fig. 3 Thyroid with follicular adenoma showing a well-circumscribed
tumor with homogenous tan-brown cut surface

Fig. 4 Follicular adenoma,
trabecular/embryonal type (A)
(40x), (B) (100x)

called colloid type because of the large follicles mimicking
hyperplastic colloid nodule. In most instances more than
one architectural pattern is seen in follicular adenoma.
No clinical significance is attributed to the various sub-
types of follicular adenoma. The lining follicular cells are
present as single layer of polygonal cells with distinct cell
borders, round to oval uniform nuclei, and eosinophilic to
amphophilic cytoplasm. No mitoses are usually seen.
Almost all adenomas have a complete fibrous capsule,
which may vary in thickness. A thick capsule should
warrant a very careful evaluation of the entire capsule
by examining multiple cuts of a section to rule out foci
of capsular and vascular invasion. In addition studies
utilizing picrosirius orange-red (PSR) staining techniques
for the evaluation of capsular collagen have found quali-
tative differences in the staining characteristics of capsu-
lar collagen in follicular adenoma and follicular carci-
noma, which may be helpful in the differential diagnosis
[53]. Stromal changes in follicular adenoma include areas
of edema, which are usually seen in the center of the
lesion, and other changes that may be seen include hemor-
rhage, degeneration with cholesterol clefts, necrosis, dys-
trophic calcification, and ossification. In some cases the

vascular network within the adenoma may be very pro-
minent and sometimes may show a hemangiopericytoma-
like pattern. This close intermingling of follicles with
blood vessels may sometimes produce artefactual pre-
sence of intravascular epithelial cells, which should not
be misdiagnosed as vascular invasion. Other histological
changes that may be seen in follicular adenoma include
foci of squamous metaplasia, which is exceptionally rare
[51], areas of spindle cell metaplasia, which may in some
cases involve up to 90% of the lesion [54-56], and papil-
lary architecture mimicking papillary carcinoma [57]. The
significance of spindle cell proliferation within a follicular
adenoma lies in the importance of distinguishing this
metaplastic change from an aggressive malignant process.

Follicular Adenoma Variants

Atypical Follicular Adenoma

This term was proposed by Hazard and Kenyon in 1954
for follicular adenoma having some unusual features such
as closely packed follicles lacking lumina, solid columns,
with little intervening stroma and diffuse cellularity.
Pathologists have come to include in this category ade-
noma showing necrosis and increased mitotic activity
[51]. In such cases careful examination of the capsule
should be performed to rule out capsular or vascular
invasion. In a recent study atypical follicular adenoma
on immunohistochemistry showed strong and diffuse
expression of galectin-3 and HBME-1, similar to the pat-
tern seen in papillary thyroid carcinoma in their series
[58]. Furthermore another study reported that a subset
of atypical follicular adenoma showed N2-RAS mutation
and RET overexpression similar to the pattern seen in
follicular carcinoma and follicular variant of papillary
carcinoma [59]. These two studies have tried to make a
case that atypical follicular adenoma may represent a
precursor of differentiated thyroid carcinoma of both
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follicular and papillary phenotype. In our view these
studies highlight the importance of morphologic correla-
tion with immunohistochemistry and other ancillary
molecular studies in reaching a diagnosis since relying
on immunohistochemistry alone may lead to a false posi-
tive diagnosis of thyroid carcinoma. The diagnosis of
carcinoma is based on well-established morphological
features as described later.

Follicular Adenoma with Bizarre Nuclei

In this variant of follicular adenoma scattered large nuclei
more than 10 times the size of adjacent cells is seen.
These nuclei are hyperchromatic and irregular in shape
and do not represent sign of malignancy on their own
(Fig. 5) [51].

Fig. 5 Follicular adenoma with bizarre nuclei

Adenolipoma and Adenochondroma

Follicular adenoma with interspersed mature fat in
between follicles are termed adenolipoma and accord-
ingly tumors with islands of cartilage are called adeno-
chondroma [51, 60].

Toxic Adenoma

Most conventional adenomas are hypofunctioning or
“cold,” on radionucleotide scan. Toxic adenoma is a
rare variant comprising approximately 1% of all follicu-
lar adenoma, which is “hot” on radionucleotide scan, and

the patients present with hyperthyroidism. It is also
referred to as Plummer’s disease. On microscopic exam-
ination toxic adenoma is either microfollicular or normo-
follicular and contains pseudopapillary projections. The
cells lining the follicles are tall columnar and there is
decrease in the amount of luminal colloid within the
follicles. Ultrastructurally, the cells show similar features
to that seen in Graves’ disease, which include increase in
rough endoplasmic reticulum, well-developed Golgi
apparatus, numerous lysosomes, and numerous slender
apical microvilli and pseudopods [51]. At the molecular
level, there is mutation in the TSH receptor gene causing
constitutive overexpression of the TSH receptor leading
to hyperfunctioning of the thyrocytes [61-65]. In a recent
study from NW Spain, an iodine-deficient region in addi-
tion to mutation in TSH receptor gene approximately 5%
cases also showed adenylate cyclase-stimulating G alpha
protein (GNAS) gene mutation [66].

Signet-Ring Cell Follicular Adenoma

This variant of follicular adenoma is characterized by
the presence of large intracytoplasmic vacuole causing
displacement of the nuclei to one side causing the signet
ring-like appearance (Fig. 6) [67-69]. These foci with
signet ring like areas may be focal or diffuse throughout
the lesion. The cytoplasmic vacuoles contain thyroglobu-
lin and on ultrastructural evaluation these vacuoles repre-
sent either intracellular lumina or dilated vesicles [17].
Mucin stain may sometimes be positive within the intra-
cytoplasmic vacuoles and this is thought to be due to
glycoprotein complexes produced as a result of thyroglo-
bulin degradation [67].
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Fig. 6 Follicular adenoma signet-ring variant with intracytoplas-
mic vacuoles resembling signet-ring cells
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Hyalanizing Trabecular Tumor

Hyalanizing trabecular tumor of the thyroid is known for
the controversy around its terminology mainly due to an
apparent uncertainty in the biological behavior of such
tumors. Carney et al. in 1987 first coined the term hyala-
nizing trabecular adenoma (HTA) [70]. However, Carney
in a more recent publication recognized that before their
report in 1987, similar tumors were reported on three
earlier occasions first by Rahel Zipkin in 1905, followed
by Pierre Mason in 1922, and in 1982 by Ward and cow-
orkers [71]. Carney et al. in their original paper described
a series of 11 encapsulated tumors with a distinctive his-
tology comprising polygonal and fusiform cells arranged
in trabeculae separated by thin capillary network and
hyalanized amyloid-like stroma which is often calcified
(Fig. 7A,B). The cells on immunohistochemistry are nega-
tive for calcitonin. They considered these tumors as
benign and called them adenoma. This pattern is reminis-
cent of a paraganglioma; hence the term paraganglioma-
like adenoma of the thyroid (PLAT) has been suggested
by some [72]. As shown in Fig. 7C,D, the cells within these
trabecular islands may show longitudinal nuclear
grooves, nuclear pseudo-inclusions, psammoma bodies,
and paranuclear yellow cytoplasmic bodies [70, 73-75]. In
view of these nuclear features, which resemble papillary
carcinoma, HTA has been the subject of debate among
thyroid pathologists and some have suggested that HTA
is a variant of papillary carcinoma. These morphological

Fig. 7 Hyalanizing trabecular
tumor, trabecular pattern with
hyalanized stroma and focal
calcification (A); ribbons of oval
and elongated cells (B, C) with
nuclear grooves and nuclear
pseudoinclusions

observations were further supported in some studies by
the finding of similarities in cytokeratin immunoprofile
between papillary carcinoma and HTA, especially cyto-
keratin 19 that was positive in both [76, 77]. These find-
ings have however not been reproduced in other studies.
Hirokawa et al. reported a completely different cytoker-
atin profile in HTA and papillary carcinoma; in their
study HTA were all CK-19 negative, while papillary car-
cinoma was positive [78]. A more recent study reported
lack of CK 19 and HBME-1 immunoreactivity in all their
HTA compared to diffuse positive staining noted in all
papillary carcinoma [79]. In addition, another study used
MIB staining to differentiate between HTA and papillary
carcinoma, the peculiar pattern of cell membrane and
cytoplasmic MIB-1 staining seen in HTA was not
observed in papillary carcinoma [80]. RET/PTC rearran-
gement has been reported in HTA suggesting its similarity
to papillary carcinoma at the molecular level [76]. Lloyd
reviewed the status of HTA with respect to RET/PTC
rearrangement and emphasized the limitations and prac-
tical usefulness of these analyses [81]. In view of
the nuclear features resembling papillary thyroid carci-
noma together with some studies reporting similar immu-
nophenotype and presence of RET/PTC gene rearrange-
ment in the so called HTA, World Health Organization
consensus group in 2004 reclassified these tumors as hya-
lanizing trabecular tumor (HTT), which clearly empha-
sizes the uncertain biologic behavior of these tumors [82].
It is possible that these tumors may represent a group of
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thyroid tumors with very low malignant potential with an
uncertain biology and further studies utilizing molecular
diagnostic techniques with clinical correlation and long
follow up may shed more light in the future [83]. There has
been a recent report of hyalanizing trabecular carcinoma
presenting as lung metastasis [84]. In this case, however,
there was evidence of vascular invasion, with some
nuclear groves and rare pseudoinclusions and the tumor
was CK 19 negative. We think that HTT must be differ-
entiated from medullary carcinoma and poorly differen-
tiated carcinoma and if the latter two are ruled out classi-
fied as HTT and most of these should have a relatively
benign biology. In Carney’s experience based on over 120
cases, “trabecular tumors of the thyroid that are circum-
scribed or encapsulated and exhibit intratrabecular hya-
linization and PTC-type nuclei are benign neoplasms”
[71].

Thyroid Carcinoma

Thyroid carcinoma, which constitutes more than 98%
of thyroid malignancies accounts for 1% of all human
cancers [85]. At a global level there is significant geo-
graphic variation in the incidence of thyroid carci-
noma, which ranges from 0.5 to 10 cases per 100,000
[17]. In USA and Europe, the incidence is about 3 per
100,000-population [86]. Also incidence may change
when people migrate from one area to another, for
example, incidence of thyroid cancer in India is 1.0
but among the south Asians including Indians living
in USA the incidence increased to 2.3 per 100,000 [87].
Females are three times more commonly affected than
males. While thyroid carcinoma can be seen in all age
groups, the most common age of onset is the fourth
and the fifth decade. Most thyroid carcinomas are
differentiated tumors and have an indolent course.
Anaplastic carcinoma, which is one of the most aggres-
sive forms of thyroid carcinoma, is seen in the elderly
mainly in the seventh and the eighth decades of life
[85]. Thyroid carcinoma can arise from either the thyr-
oid hormone producing follicular cells or the calcitonin
producing C cells. The later are referred to as medul-
lary carcinoma and may be either sporadic or arise in a
familial setting as part of multiple endocrine neoplasia
(MEN) and are discussed in Chapter 6. The incidence
of different types of thyroid carcinoma may vary
worldwide depending on the iodine content of the
diet. In a large multicenter prospective cohort study
including more than 5,500 cases in USA, among the
follicular cell derived thyroid carcinoma, the most com-
mon is papillary carcinoma (81%), followed by

follicular carcinoma (10%), Hurthle cell carcinoma
(3.6%), and anaplastic carcinoma (1.7%) [85]. Non-
medullary thyroid carcinoma including papillary, folli-
cular, and anaplastic carcinoma may also occur in a
familial setting [88-91]. In iodine-deficient areas the
incidence of follicular carcinoma is higher and may be
as high as 45% [17]; however, in parts of the world
with sufficient iodine supplementation the incidence of
follicular carcinoma has declined over the past few
decades; one of the reason in addition to iodine sup-
plementation may be increase in the incidence of papil-
lary carcinoma especially its follicular variant [92]. In a
recent epidemiological review Maso et al. concluded
that significant risk factors for thyroid carcinoma
include exposure to ionizing radiation and iodine defi-
ciency. Also there seems to be a strong association with
history of benign thyroid nodules/adenoma or goiter.
Diet rich in vegetables may help prevent thyroid cancer
but a direct causal relationship with diet is yet to be
established; worldwide mortality rates for thyroid cancer
are 0.8/100,000 for women and 0.4/100,000 for men [93].

Papillary Thyroid Carcinoma
Clinical Features and Etiology

This is the most common form of thyroid carcinoma
with no apparently known benign neoplastic counter-
part [94]. It most often presents in the fourth and the
fifth decades and three times being more common in
females than males [85]. Most thyroid tumors in chil-
dren are papillary carcinoma and rare reports of con-
genital tumors are also present. Papillary carcinoma
may sometimes be seen in a familial setting, and family
history of thyroid carcinoma was seen in 4.9% cases of
papillary carcinoma in a large cohort of thyroid cancer
[17, 85, 91]. In the same cohort, potential risk factors,
which were seen associated with papillary carcinoma,
include goiter (14.9% cases), thyroiditis (8.1% cases),
history of prior exposure to radiation (4.8% cases), and
Graves’ disease (2.0% cases) [85]. Somatic rearrange-
ments of the ret proto-oncogene which is located on
the long arm of chromosome 10 and encodes a mem-
brane-associated tyrosine kinase receptor have been
seen in papillary thyroid carcinoma and the rearranged
form of the ref oncogene is designated as ret/PTC gene;
this RET/PTC rearrangement is believed to play a role in
papillary thyroid carcinogenesis (for review see [95, 96];
also see Chapter 18). In experimental models ret/PTC
rearrangements have been observed in mice exposed to
ionizing radiation, suggesting the role of ionizing
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radiation in the causation of papillary thyroid carci-
noma [97]. More recently BRAF mutations have also
been reported in a subset of papillary thyroid carci-
noma, this is discussed later in Chapter 18. The role of
ionizing radiation in the causation of thyroid cancer is
well recognized and has been reviewed by Moysich et al.
[98]. Furthermore there is increased incidence of child-
hood PTC as a second malignancy following radiother-
apy involving the head and neck and upper thorax for
malignant neoplasm [99].

Pathology of Papillary Thyroid Carcinoma

The typical gross appearance of papillary carcinoma is an
ill-defined tumor with irregular borders and firm consis-
tency with granular pale white cut surface, sometimes
associated with calcification (Fig. 8). Other presentation

Fig. 8 Papillary thyroid carcinoma with ill-defined gray-white
tumor and infiltrative edges involving almost the entire left lobe
with smaller foci of tumor in the right lobe

Fig. 9 Papillary thyroid
carcinoma, with conventional
papillary architecture (A), piling
up of nuclei (B) and
characteristic nuclear
morphology including optically
clear chromatin, nuclear
grooves, and nuclear
pseudoinclusions

of conventional papillary carcinoma is a cystic tumor with
attached papillary growth. Some variants may show a
well-circumscribed nodule with a fleshy cut surface often
encapsulated and may show partial cystic change [51].
The latter form of presentation on gross examination
may resemble an adenoma and careful microscopic eva-
luation for nuclear changes of papillary carcinoma should
be performed in these cases.

On microscopic examination the architecture of
papillary carcinoma may be papillary comprising of
complex arborizing papillary process with well-defined
fibrovascular cores (Fig. 9A); it may be follicular, solid/
trabecular, or mixed. The hallmarks of the diagnosis of
papillary thyroid carcinoma are the characteristic
nuclear changes, which are seen in the conventional
papillary carcinoma and all its variants. These changes
include elongation of the nuclei with nuclear groove
present along the long axis of the nuclei; optical clear-
ing of the chromatin referred to as “Orphan Annie”
nuclei, and the presence of nuclear pseudoinclusions,
which are eosinophilic and represent extension of the
cytoplasmic contents that appear to lie in the nucleus
due to the highly irregular and undulated nuclear mem-
brane (Fig. 9B,C). On immunohistochemical studies f3-
catenin localization has been reported in these nuclear
pseudoinclusions (Fig. 10) suggesting its role in nuclear
envelope changes [100, 101]. While nuclear grooves may
be seen in other types of thyroid lesions, both neoplas-
tic and non-neoplastic [102], the overall appearance of
the lesion both at architectural and cytologic level is
helpful in distinguishing these conditions from papillary
thyroid carcinoma. These nuclei in papillary carcinoma
often show overlapping features. Additional histologic
changes include the presence of psammoma bodies
which are concentric calcific bodies within in the
stroma of the papillae; desmoplastic stroma with infil-
trative growth of the tumor, and variable degree of
lymphocytic infiltrate in the stroma. Foci of squamous
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Fig. 10 Papillary thyroid
carcinoma with B-catenin
accumulation on
immunostaining in nuclear
pseudoinclusions (arrow);
evidence of cytoplasmic and
membrane immunostaining is
also seen in (A)

differentiation may sometimes be seen [17, 51]. Papil-
lary carcinoma may show multicentricity and may be
present in bilateral lobes justifying the near total thyr-
oidectomy that most surgeons prefer, especially for
tumors larger than 1.0 cm in size. It is not completely
clear whether the multicentricitry is due to intrathyroi-
dal spread of the tumor via lymphatics, or it represents
multiple synchronous primaries. While some studies
have shown that these multiple foci of tumors are clo-
nal, others have shown that they represent separate
clones. In a recent study on multifocal PTC, molecular
analysis was able to separate intrathyroidal metastasis
(ITM) seen in 67% cases by having a similar profile of
loss of heterozygosities (LOH) and presence of BRAF
mutation from other cases which were labeled as multi-
ple independent primaries; cases with I'TM in their study
had a higher incidence of lymph node metastasis [103].
Papillary carcinoma usually disseminates through lym-
phatics and it is not uncommon to find metastases in
regional lymph nodes. Some authors have suggested
sentinel lymph node biopsy as an accurate method for
the diagnosis of metastatic papillary carcinoma avoiding
significant morbidity associated with lymph node dissec-
tion [104-108].

On electron microscopy, the nuclear membrane of
papillary carcinoma is highly irregular showing infold-
ing, the chromatin is scant, and nuclear pseudoinclu-
sions containing cytoplasmic contents are seen [17].
Numerous immunohistochemical markers such as cyto-
keratin 19, HBME-1, CD57, CD44, galectin 3, p27,
cyclin DI, retinoblastoma protein, and CITED have
been reported to help in the diagnosis of papillary
thyroid carcinoma, especially in the follicular patterned
lesions. While some have shown promising results,
especially when used in a panel as discussed below,
no single marker on its own is absolutely specific and
nuclear cytomorphology still may be the gold standard
for the diagnosis of papillary thyroid carcinoma. Some
recent studies have shown deregulation of a subset of
microRNA (miRNA) in PTC, which may potentially

be used in FNA samples and aid in preoperative diag-
nosis [109-111].

Histologic Variants of Papillary Carcinoma

While the characteristic nuclear features described above
are common to all histologic types of papillary carci-
noma, a number of variants have been described based
on either size or architectural patterns of the tumor. The
diagnosis of some of these variants is important because
they behave in a more aggressive fashion compared to the
conventional papillary carcinoma and the knowledge of
some other variants such as follicular and oncocytic var-
iants is important to prevent misdiagnosis.

Papillary Microcarcinoma

Papillary microcarcinoma is defined as tumor less than
1.0 cm in size, it is also referred to as occult sclerosing
carcinoma and is not an uncommon incidental finding
at autopsy and in surgical resection of thyroid for
benign conditions [17]. Because of its high prevalence
up to 35% in autopsy series and in up to 24% in total
thyroidectomies for unrelated benign condition this
tumor is regarded as an indolent tumor with a rela-
tively benign course [112-114]. For the same reason
some have suggested that this may be an earlier stage
in the papillary carcinogenesis [94]. However, up to
11% of microcarcinomas may show lymph node metas-
tases and local recurrence, which is usually seen in
multifocal and bilateral tumors [17]. In one study
tumor size >/= 0.8 cm was significantly associated
with more aggressive disease [115]. However, in a
recent meta-analysis of the literature, significant risk
factors for recurrence included younger age group,
clinically overt tumor, multifocality, and lymph node
involvement at diagnosis; tumor size was not asso-
ciated with recurrence [116].
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Follicular Variant of Papillary Carcinoma

This is the most common variant of papillary carcinoma
and is also the one that has generated a lot of controversy
in its diagnosis. While Crile and Hazard had recognized
carcinoma with a follicular pattern as early as 1953, the
term follicular variant of papillary carcinoma was first
proposed by Lindsay in 1960 [117-119] but it was still
regarded as a type of follicular carcinoma. The WHO in
1974 recognized the entity as follicular variant of papil-
lary carcinoma in its classification of thyroid tumors
[120]. Later in 1977 Chen and Rosai described six
additional cases elaborating the morphologic features
and proposed the use of the terminology follicular variant
of papillary carcinoma (FVPC), proposed by Lindsay
[121]. Since the description by Chen and Rosai this var-
iant of papillary carcinoma is now more readily recog-
nized and in some series 29% of papillary carcinoma have
70% or more of the tumor showing a follicular architec-
ture [122]. The follicular pattern in this tumor may be
microfollicular, normofollicular, macrofollicular, or a
mixed pattern. These tumors may be infiltrative (noncap-
sulated) (Fig. 11) or be partially or completely encapsu-
lated (Fig. 12). In a recent study from Memorial
Sloan-Kettering Cancer Center, FVPC with an infiltra-
tive and noncapsulated pattern showed significantly
higher rate of regional lymph node metastasis (65% vs.
5%), intratumoral fibrosis (88% vs. 18%), exrathyroidal
extension (65% vs. 5%), and positive margins (50% vs.
2%), compared to encapsulated tumors [123]. One of the
most controversial and challenging diagnoses in thyroid
surgical pathology may be the identification focal nuclear
changes of papillary carcinoma in an encapsulated folli-
cular pattern lesion which many pathologists may have
faced [124]. It has been suggested that there may be a
tendency to overdiagnose follicular variant of papillary
carcinoma [125], and furthermore, if these encapsulated
follicular lesions with apparently equivocal nuclear
changes of papillary carcinoma are sent out for

Fig. 12 Follicular variant of
papillary carcinoma,
encapsulated type, follicular
architecture (A and B) and
characteristic nuclear features
of papillary carcinoma are seen

©

Fig. 11 Follicular variant of papillary carcinoma, infiltrative type
with desmoplastic stroma

consultation, more often than not divergent opinions
may be obtained, which reflects the lack of uniform
diagnostic criteria and interobserver variability [126,
127]. Since the nuclear changes are not diffuse, they
may sometimes be missed and the lesion may be mis-
diagnosed as follicular adenoma. These nuclear changes
are most often seen in the subcapsular region of the
tumor [17]. The importance of diagnosing these lesions
as encapsulated follicular variant of papillary carcinoma
cannot be overemphasized because these tumors may
later present with bone metastases, some doing so 15—
17 years after the initial diagnosis justifying their appro-
priate treatment at the time of presentation [128]. In view
of this difficulty in their diagnosis some have suggested
that encapsulated follicular lesions with questionable
nuclear changes be diagnosed as well-differentiated
tumor of uncertain malignant potential (WDT-UMP)
[124]. The features that may help in the differential diag-
nosis of these follicular pattern lesions are outlined in
Table 2.
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Table 2 Differential diagnosis of thyroid follicular lesions

Pathological Diagnosis

Features HCN FA FC FVPC

Macroscopic usually multiple usually solitary nodule usually solitary nodule may be solitary or
Appearance nodules of multiple nodules

varying size

Microscopic
Appearance

capsule usually absent, continuous fibrous thick capsule with may or may not be

vascular invasion
architecture

sometimes may be
present

not present

usually normo or

capsule of varying
thickness

not present

usually micro or

macrofollicular normofollicular
colloid amphophilic or pale amphophilic or pale
eosinophilic eosinophilic
lining cells single layer of flat to  single layer of uniform
low cuboidal polygonal cells
nuclei round uniform round uniform
normochromatic normochromatic
Ancillary Studies
Immunohistochem
CKI19 usually negative usually negative,
HBME-1 usually negative, usually negative
Galectin 3 usually negative usually negative
CD57 usually negative usually negative
CITED 1 negative negative
P27 strongly positive strongly positive
Rb protein positive positive
Cytogenetics
RET/PTC absent absent
rearrangement
BRAF mutation absent absent
PAXS/PPARy absent usually absent
rearrangement

evidence of invasion

may be present

usually micro or
normofollicular

amphophilic or pale
eosinophilic

polygonal cells with
cellular areas

may show mitoses,
pleomorphism and
prominent nucleoli

usually negative
strongly positive
usually positive
may be positive
usually negative
focally positive
negative

absent

usually absent
present in a subset

present

may be present

usually micro or
normofollicular

diffusely eosinophilic

multilayered polygonal
cells

nuclear grooves, clear
chromatin,
pseudoinclusions

strongly positive
strongly positive
usually positive
usually positive
positive in subset
focally positive
negative

present in a subset

may be present
may be present

HCN: Hyperplastic colloid nodule FA: Follicular adenoma

FC: Follicular carcinoma FVPC: Follicular variant of papillary carcinoma

In addition to the encapsulated pattern of FVPC,
another distinct pattern that has been described in
FVPC includes a diffuse variant which involves the entire
thyroid, may be associated with stromal calcification and
ossification, and shows a high incidence of lymph node
and distant metastases [129, 130] (Fig. 13); and the macro-
follicular variant described by Albores-Saavedra et al.,
which should be distinguished from colloid nodule [131,
132]. Some cases of macrofollicular variant in a later
publication by the same authors showed focal transfor-
mation into a poorly differentiated (insular) phenotype
with evidence of lung and bone metastases [133]. While
some cases as described above have shown evidence of
lung and bone metastases, in general the natural history
of FVPC is the same as that of conventional papillary
carcinoma, especially with respect to spread to the lymph
nodes and prognosis. In a recent Japanese study, FVPC
was associated with a higher incidence of distant metas-
tases and more aggressive behavior compared to

conventional PTC [134]. Other studies with long-term
follow-up have reported similar 10- and 15-year disease-
specific survival in both FVPC and conventional PTC
[135, 136]. Furthermore, immunophenotypically the ker-
atin expression profile of these tumors resembles that of
the conventional papillary carcinoma as opposed to the
follicular carcinoma [51]. One recent study has also
showed overexpression of microRNA (miR-146b) similar
to that seen in conventional PTC [109]. However, there is
also evidence that FVPC shares some features with folli-
cular carcinoma such as higher frequency of systemic
spread, presence of PAX8-PPARY rearrangement seen
approximately in one-third patients and higher frequency
of ras mutations compared to conventional PTC [137-
140]. These morphologic and molecular features suggest
that FVPC may be related to both conventional PTC and
follicular carcinoma and larger series with clinicopatho-
logical correlations and molecular data may shed some
more light in the classification of these tumors.



54

A. Khan and M. Prasad

Fig. 13 Follicular variant of
papillary carcinoma, diffuse
type with stromal fibrosis and
calcification (A), follicular
architecture (B) and nuclear
changes are seen (C)

Tall Cell Variant of Papillary Carcinoma

Tall cell variant (TCV) is one of the more aggressive var-
iants of papillary carcinoma, first described in 1976 by
Hawk and Hazard [141]. In one series of 650 PTC over a
30-year period, tall cell variant comprised 4% of all PTC
[142]. These tumors usually present in the elderly and are
more common in males. On gross examination, they are
usually larger than 5.0 cm in size and on histologic exam-
ination show papillary structures lined by elongated tumor
cells with height being at least twice that of the width having
an eosinophilic cytoplasm and characteristic nuclear fea-
tures of papillary carcinoma (Fig. 14). Ultrastructurally
there are increased mitochondria in the cytoplasm, but it
is less than that seen in Hurthle cells [17]. The tall cell
variant of papillary carcinoma is associated with adverse
prognostic features such as large tumor size, extrathyroio-
dal extension, and vascular invasion and is associated with
high incidence of locoregional recurrence, distant metasta-
sis, and shorter disease-free survival [143—150]. Furthermore
TCV even without extrathyroidal extension has more
aggressive phenotype compared to conventional PTC, inde-
pendent of age, gender, and tumor size [151]. In addition
evaluation of cell cycle regulatory proteins such as p27,
Ki67 cyclin D1, P53, and eukaryotic translation initiation
factors 4E and 2 alpha expression, show a profile which is

Fig. 14 Papillary thyroid
carcinoma, tall cell variant, with
invasive edges (A), tumor
showed extrathyroidal
extension; elongated nuclei with
eosinophilic cytoplasm and
nuclear features of papillary
carcinoma are seen (B)

similar to that seen in thyroid tumors with an unfavorable
prognosis [152-156]. The tall cell variant has been found to
be associated with squamous cell and Hurthle cell carci-
noma of thyroid, which are both more aggressive types of
thyroid carcinoma [152, 157].

Columnar Cell Variant of Papillary Carcinoma

This is one of the rare and also a more aggressive variant
of papillary carcinoma first described by Evans [17].
LiVolsi later highlighted an important morphologic
alteration in these cells, which includes subnuclear vacuo-
lation, mimicking early secretory endometrium (Fig. 15)
[5]. This latter feature is important and helps in differen-
tiating this from the tall cell variant. Encapsulated tumors
tend to have a better prognosis compared to tumors with-
out a capsule that are associated with extrathyroidal
extension and higher local regional recurrence [158,
159]. In metastatic sites, however, because of the lack of
colloid and presence cytoplasmic vacuolation these
tumors may sometimes be confused with other primaries,
and to complicate matters further this tumor may show
variable thyroglobulin immunostaining but TTF-1

immunoexpression is more consistent (Fig. 16) [160].
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Fig. 15 Papillary thyroid carcinoma, columnar cell variant with

s
elongated cells and vacuolated cytoplasm

Fig. 16 Papillary thyroid
carcinoma, columnar cell
variant with elongated cells (A),
focal thyroglobulin
immunostaining (B), and diffuse
TTF-1 nuclear staining (C) and
vacuolated cytoplasm

Clinicopathologic correlation and positive TTF1 and
thyroglobulin immunostaining is helpful in these cases
to make the diagnosis of metastatic thyroid carcinoma.

Cribriform-morular Variant of Papillary
Carcinoma

This is a rare but distinct variant of papillary carcinoma,
which may be associated with familial adenomatous poly-
posis (FAP) and germline mutations in the APC gene
[161-166]. Tumors in FAP patients that do not show
APC gene mutation, there may be aberrant nuclear accu-
mulation of mutant B-catenin that is thought to play a
role in the histogenesis of these tumors [167]. Sporadic
cribriform-morular variants of PC have also been
reported without associated FAP, but the diagnosis of
this tumor warrants a full workup to rule out associated
colonic polyposis [168—171]. Cribriform variant of PC
occurs almost exclusively in females and may be solitary
or multifocal. They may be encapsulated and

histologically are characterized by a cribriform, solid/
trabecular, morular (squamoid) growth pattern with
intermixed papillary and follicular areas (Fig. 17). The
diagnosis of papillary carcinoma is based on the finding
of characteristic nuclear features. Immunohistochemistry
shows reactivity with thyroglobulin, epithelial membrane
antigen, cytokeratin, vimentin, estrogen and progester-
one receptors, and behavior of these tumors is similar to
that of the conventional PC [168].

Oncocytic Variant of Papillary Carcinoma

This variant of papillary carcinoma usually displays
papillary architecture in which cubo-columnar cells with

Fig. 17 Papillary thyroid carcinoma, cribriform-morular variant
including cribriform and papillary areas (A) and solid morular/
squamoid foci (B). Photomicrograph courtesy Dr. Vania Nose, Brig-
ham and Women’s Hospital, Boston, M A

eosinophilic cytoplasm and nuclear features of papillary
carcinoma line the papillae. While majority have a papil-
lary morphology, areas with follicular pattern or in some
cases predominantly a follicular pattern tumor may be
seen (Fig. 18) [172]. This tumor should be differentiated
from papillary variant of Hurthle cell carcinoma and
TCV of PTC because of different clinical course of the
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Fig. 18 Papillary thyroid
carcinoma, Hurthle cell
(oncocytic) variant, In (A),
pseudopapillary foci (right half)
and follicular architecture (left
half) are seen; (B) shows solid
trabecular pattern and nuclear
features of papillary carcinoma

two tumors. In the former characteristic nuclear features
of PTC are not seen, the papillary structures are not true
papillae, and there is very little stroma. In TCV of PTC,
the height of the cells is at least two times the width.
Oncocytic variant may sometimes be associated with the
TCV of PTC and may show higher propensity for extra-
thyroidal invasion and vascular invasion compared to the
conventional PTC [173]. Molecular analysis of these
tumors has revealed the presence of both RET/PTC rear-
rangement and BRAF mutations [174, 175]. However, it
seems tumors with a follicular architecture are less likely
to have BRAF mutation compared to tumors with a
papillary architecture, again making a case for a different
biology of the FVPC [176].

Solid Variant of Papillary Carcinoma

This variant of papillary carcinoma is most often seen in
the pediatric population and is the most common variant
of PTC in children following the radiation exposure due
to the Chernobyl nuclear disaster [177-179]. However, a
more recent study found no difference between childhood
PTC tumor types in patients who were exposed to the
nuclear disaster and those from the same countries who
were not, suggesting that there may be other geographic
variations such as dietary iodine that may play a role in

Fig. 19 Papillary thyroid
carcinoma, Warthin tumor-like
with papillary architecture and
dense lymphoid stroma (A);
cells are eosinophilic with
nuclear features of papillary
carcinoma (B)

the genesis of these tumors [180]. The solid variant of PTC
is associated with adverse prognostic factors such as
lymph node metastases, extrathyroidal extension, and
venous invasion. On histology, they are composed of
solid islands of oval cells separated by thin fibrous septae.
The cells show nuclear features of papillary carcinoma.
Areas of follicular and papillary architecture may also be
seen intermixed [181]. They are associated with slightly
higher incidence of distant metastases and less favorable
prognosis than conventional PTC [182], but they must be
differentiated from insular carcinoma which may seen
associated with differentiated thyroid carcinoma of both
papillary and follicular types, and have a worse prognosis
[17, 51, 183].

Warthin-Like Tumor of the Thyroid

This variant of papillary carcinoma resembles the
Warthin tumor of the salivary gland and because of
this feature Apel et al termed this variant as “Warthin-
like thyroid tumor” [184]. It is associated with lympho-
cytic thyroiditis and is composed of papillae lined by tall
eosinophilic cells with nuclear features of papillary car-
cinoma separated by abundant lymphocyte-rich stroma
(Fig. 19). This tumor behaves like the conventional PTC
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[185-188]. Lam et al. reported a case with progression to
anaplastic carcinoma leading to systemic spread and
death 18 months after first surgery [142].

Papillary Carcinoma with Nodular Fasciitis-
Like Stroma

This is a rare variant of PTC in which there is marked
fibroblastic proliferation in the stroma mimicking granula-
tion tissue, which may sometimes mask the tumor cells; the
tumor cells show nuclear features of papillary carcinoma
(Fig. 20) [189—-194]. In surgical pathology practice it is
important to recognize this variant so that in the presence
of exuberant fibroblastic proliferation careful search may
be made to look for tumor islands. Furthermore, this
variant must be distinguished and not misdiagnosed as a
more aggressive anaplastic thyroid carcinoma [190]. Other
differential diagnosis includes solitary fibrous tumor of the
thyroid [195]. The presence of fibroblastic stroma may pose
problems in its diagnosis on fine-needle aspiration biopsy
[196]. Few case studies available show the behavior of this
variant similar to the conventional PTC [189].

Fig. 20 Papillary thyroid carcinoma with fibromatosis like stroma
showing abundant spindle cell stroma and scattered islands of
tumor cells

Diffuse Sclerosing Variant of Papillary
Carcinoma

This variant of PTC is more common in children and
adolescents and shows diffuse involvement of the thyroid
by a widely invasive tumor associated with dense fibrous
stroma (Fig. 21). Focal squamous metaplasia, numerous

Fig. 21 Papillary thyroid carcinoma, diffuse sclerosing variant with
a desmoplastic stroma and infiltrating islands of tumor cells

psammoma bodies, and lymphocytic infiltrate are addi-
tional histologic features. Due to the diffuse infiltrative
pattern these tumors may not produce a clinically palp-
able mass, so these patients tend to present at later stage
[51]. On ultrasound, they usually manifest diffuse calcifi-
cation associated with a suspicious mass, which in chil-
dren and young adults must alert to this diagnosis [197].
The overall survival in these patients is similar to the
conventional PTC of same stage but since they tend to
present at a higher stage with extrathyroidal extension
and higher frequency of lymph node metastasis, a more
aggressive surgical treatment is recommended in these
patients [198-200]. In Thompson et al.’s series of 22
cases, 5-year disease free survival was seen in 95% and
one patient died of disease following transformation of
the tumor to squamous cell carcinoma [200].

Prognosis in Papillary Thyroid Carcinoma

With the exception of some more aggressive histologic
variants mentioned above papillary carcinoma has an
excellent prognosis. The overall 5-year survival rate is
90-95% and 10-year survival rate is 80-95%. Indepen-
dent adverse prognostic factors include older age (above
45 years), extrathyroidal spread, aggressive histologic
variants, and distant metastases [51, 86]. The significance
of lymph node metastasis (LNM) as a prognostic factor
and the extent of lymph node dissection needed at surgery
has been subject of debate. Some studies have shown that
while 10-year probability for recurrence is significantly
higher in patients with macroscopic LNM the figures for
microscopic LNM were similar to patients with no LNM
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and so in the absence of gross nodal disease a limited
prophylactic node dissection may be sufficient [201—
203]. While some studies have shown a higher inci-
dence of distance metastasis in FVPC compared to the
conventional PTC [134], prognosis in this variant is
not different from the conventional type PTC of the
same stage [204].

Follicular Carcinoma

Follicular carcinoma is a malignant tumor derived from
the thyroid follicular cells that shows a follicular archi-
tecture and does not show the characteristic nuclear fea-
tures associated with papillary carcinoma. The latter
feature is very important and may be one of the reasons
for the decline in the incidence of follicular carcinoma
over the years, ever since the follicular variant of papil-
lary carcinoma gained recognition after its description
by Chem and Rosai in 1977 [92, 121, 205]. However,
follicular carcinoma is still the second commonest malig-
nant tumor after papillary carcinoma accounting for
10% of all thyroid cancers in the USA [85]. In other
parts of the world especially in areas with iodine defi-
ciency, the incidence of follicular carcinoma is higher
and may be up to 45% of all thyroid cancers [17]. It has
been shown that addition of iodine to the diet results in
relative increase in papillary carcinoma and correspond-
ing decrease in follicular carcinoma [51]. Follicular car-
cinoma may occur at any age but most commonly pre-
sents in the fifth decade, is rare in childhood unlike PTC,
and has the same female predilection of 3:1 as PTC [85,
206-208]. It typically presents as a solitary thyroid
nodule that is usually “cold” on radionucleotide scan,
sometimes bone metastases may be the presenting fea-
ture and unlike PTC follicular carcinoma are not clini-
cally occult [51].

According to the WHO classification of thyroid
tumors, follicular carcinoma is subdivided into two
groups namely minimally invasive or encapsulated and
widely invasive follicular carcinoma [209]. The distinction
into these two groups is important because of their sig-
nificantly different clinical behavior and treatment [205,
210]. However, what constitutes minimally invasive folli-
cular carcinoma has been the subject of debate and lacks
uniform criteria among pathologists, endocrinologists,
and surgeons [205, 211]. Some authors have suggested
that since angioinvasion is associated with a worse out-
come these tumors be separated from minimally invasive
carcinoma and terms such as encapsulated angioinvasive
carcinoma [212, 213] and moderately invasive [214] have
been proposed.

Minimally Invasive (Encapsulated) Follicular
Carcinoma

Minimally invasive follicular carcinoma (MIFC) is
defined as an encapsulated follicular tumor showing
foci of full thickness capsular invasion (Fig. 22) and/or
vascular invasion within or outside the capsule (Fig. 23).
The capsule in most of these tumors is thick, but cases
with thin capsule or uneven poorly formed capsule may
also be seen [211]. However, what constitutes capsular
invasion lacks consensus and both partial and full thick-
ness capsule invasion has been cited as criteria for cap-
sular invasion in the past [17]. A survey of endocrine
pathologists revealed lack of consensus on the definition
of capsular invasion to diagnose MIFC [205]. In the
recent WHO series on classification of tumors, capsular
invasion is defined as penetration through the capsule
unassociated with previous fine-needle aspiration biopsy
(Fig. 22) [82]. There, however, remains a significant
interobserver variability in diagnosis of MIFC [215].
For encapsulated follicular tumors with questionable
capsular invasion showing no vascular invasion some
authors have suggested that they should be classified as
follicular tumor of uncertain malignant potential (FT-
UMP) [124]. There are reports of follicular carcinoma
with capsular invasion only showing distant metastases
justifying their designation as carcinoma and appropri-
ate management [216, 217]. The presence of vascular
invasion is regarded as a definite sign of malignancy;
the vascular invasion, however, should be in a blood
vessel within or immediately outside the capsule [51,
82]. In minimally invasive carcinoma, the blood vessels
outside the capsule are of small or medium size and lack
a continuous muscular layer [210, 211]. The tumor cells

Fig. 22 Minimally invasive follicular carcinoma with full thickness
capsular invasion
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Fig. 23 Follicular carcinoma,
encapsulated with
angioinvasion. Extracapsular
blood vessel with tumor emboli
attached to the endothelial
surface (arrow), with higher
magnification of the same in (B)
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should be present within the vascular lumen like a
fibrin thrombus and show attachment to the endothe-
lial surface at some point (Fig. 23) to avoid overdiag-
nosis by artefactual presence of tumor cells in the
blood vessel as a result of dislodging of tumor cells
during handling of the specimen at surgery or gross
examination. At times tumor cells are seen pushing
into the a thin blood vessel from outside causing
protrusion of the tumor cells into the lumen with
intact endothelial cells on the surface, this should
also not be regarded as vascular invasion if strict
criteria are adopted [51]. LiVolsi has suggested an
approach, which seems practical in that tumors with
capsular invasion only are regarded as minimally inva-
sive carcinoma and tumors with vascular invasion
designated as angioinvasive grossly encapsulated folli-
cular carcinomas. The angioinvasive tumors have a
capacity for hematogenous spread and 50% of these
patients die of tumor at 10 years and patients with
capsular invasion only have a better prognosis [17].
Further larger series with long-term outcome data
applying this classification may be useful in validating
its clinical significance. Prognosis in MIFC is excellent
and some have suggested that patients may not need
to undergo completion thyroidectomy following a
diagnosis of MIFC in a lobectomy [218]. Thomson
et al. in a series of 95 MIFC, which included cases
both with capsular and/or vascular invasion, showed
excellent survival. All but one patient were alive after
a mean follow-up of 16.8 years. Four patients showed
recurrent disease, one of whom died after 15 years;
this latter patient was a female who was 49 years old
at presentation and had a large 7.0 cm tumor [211].
Distant metastases in MIFC are seen more often in
tumors showing vascular invasion so it may be best to
regard this as a distinct group as suggested earlier
when evaluating the prognosis [219]. In view of the
focal nature of capsular and vascular invasion it is
important that encapsulated follicular tumors should
be evaluated by thorough sampling, which must

include examination of the entire capsule. We have
found doing multiple serial sections of the capsular
region especially in cases with thick fibrous capsule to
be helpful in identifying foci of capsular and vascular
invasion. The differential diagnosis of MIFC as dis-
cussed later includes other follicular patterned lesions
such as follicular adenoma, follicular variant of papil-
lary carcinoma, and hyperplastic colloid nodule (see
Table 2). Furthermore, many ancillary tests using
immunohistochemistry and molecular diagnosis tech-
niques as mentioned later have been found to be help-
ful in the diagnosis of equivocal follicular lesions
(Table 2). However, thorough sampling and careful
morphologic evaluation still may be the best diagnos-
tic method at present, which can be supported by
additional ancillary studies in difficult cases.

Widely Invasive Follicular Carcinoma

The diagnosis of this subtype of follicular carcinoma is
fairly straightforward; on gross examination, the tumor
has widely invasive edges with foci of necrosis; micro-
scopy reveals a follicular tumor, often with solid or
trabecular areas and invasion of the surrounding thyr-
oid parenchyma. The tumor cells may show high mito-
tic rate and areas of necrosis may be seen. In some cases
there may be transformation into a poorly differen-
tiated (insular) or an anaplastic phenotype indicating
the progression of differentiated carcinoma to poorly
differentiated and anaplastic phenotype (Fig. 24).
These tumors spread to distant organs through blood
vessels and up to 80% may develop systemic metastases.
The prognosis is much worse than MIFC, the 10-year
survival in these patients is 25-45% as opposed to
70-100% in the MIFC group [17, 51]. Various prog-
nostic scoring schemes have been suggested, most
including variables such as patient’s age, tumor size
and extent of invasion, presence of vascular invasion,
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Fig. 24 Widely invasive follicular carcinoma with a broad front of
capsular invasion

and metastasis, all of which seem to be important prog-
nostic factors [220].

Oncocytic (Hurthle Cell) Tumors

Thyroid follicular cells with oncocytic feature including
finely granular abundant eosinophilic cytoplasm were
first described by Askanazy in 1898, the cells that were
described by Hurthle in the thyroid of a dog are thought
to represent the parafollicular C cells [51]. However, the
term Hurthle cell for oncocytic thyroid cells that were
actually described by Askanazy has been so engrained in
our minds that people continue to use this terminology.
The AFIP fascicle on thyroid tumors has proposed to
designate these tumors as oncocytic tumors and in the
recent WHO classification of thyroid tumors, these
tumors are classified as variants of follicular adenoma
and follicular carcinoma [51, 82]. Montone et al. recently
reviewed oncocytic lesions of the thyroid that include
both neoplastic and non-neolastic types [172]. Oncocytic
tumors are a rare group of thyroid neoplasm, with onco-
cytic (Hurthle cell) carcinoma comprising 3.6% of all
thyroid cancers in the USA [85]. While it is derived
from the thyroid follicular cells, oncocytic carcinoma
has a distinct oncogenic expression, which is different
from the follicular and papillary carcinoma [221]. Onco-
cytic tumors are divided in to two categories, the benign
tumor as adenoma and the malignant counterpart as
oncocytic carcinoma [222]. Some earlier studies sug-
gested that all oncocytic (Hurthle cell) neoplasms irre-
spective of their size have the propensity of distant
metastases and should be regarded as carcinoma [223,

224]. This view, however, now is universally not accepted
and oncocytic tumors are classified as adenoma or car-
cinoma based on the capsular and/or vascular invasion
criteria identical to the follicular adenoma/carcinoma
discussed above.

Oncocytic Adenoma

Oncocytic adenoma is a completely encapsulated tumor
with a distinct brown smooth and homogenous cut sur-
face; foci of hemorrhage and necrosis may be seen as
secondary changes. On microscopic examination the
tumor is composed of large polygonal cells with abundant
finely granular eosinophilic cytoplasm arranged in a fol-
licular pattern with areas of solid/trabecular growth. Pre-
dominance of solid or trabecular pattern should raise the
suspicion for malignancy and warrants careful evaluation
of the capsule [51]. The tumor cell nuclei have a vesicular
chromatin and may show significant atypia, hyperchro-
masia, and pleomorphism, which should not be mistaken
as malignancy. Foci of clear cell change may be seen,
which is regarded as a degenerative phenomenon, and
sometimes the predominant lesion may have clear cell
morphology (Fig. 25). The tumor may show areas of
ischemic necrosis, which may sometimes involve the
entire lesion making histologic evaluation difficult, this
is most commonly seen following needle aspiration
biopsy [51].

The distinction between oncocytic adenoma and carci-
noma is based on the finding of capsular and/or vascular
invasion like in the case of follicular tumors. This can
sometimes be difficult and require extensive sampling of
the capsule. Some studies have suggested that size is helpful
in differentiating oncocytic adenoma from carcinoma with
tumors larger than 4.0 cm being more likely to be malig-
nant compared to the smaller tumors, other immunohisto-
chemical markers such as Ki67 and cyclin D1 expression
have also been found to help in the differential diagnosis of
oncocytic adenoma and carcinoma [224-227].

Oncocytic Carcinoma

Oncocytic carcinoma is a rare malignant thyroid tumor
that is more common in females, with a female to male
ratio approaching 2:1, which is less than papillary or
follicular carcinoma (female to male ratio for oncocytic
adenoma is 8:1). While it can occur at any age it is most
commonly seen in the elderly, which is a decade later than
the oncocytic adenoma [85]. Therefore, an oncocytic
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Fig. 25 Hurthle cell (oncocytic)
adenoma with diffuse clear cell
change (A, B). On
immunohistochemistry the
tumor cells are positive for
pancytokeratin (C), and
thyroglobulin (D)

tumor in an elderly male especially if it is larger than
5.0 cm should raise suspicion of malignancy.

On gross examination oncocytic carcinoma are lar-
ger than their benign counterpart, although with a wide
size range, show a brown cut surface with more
marked areas of hemorrhage and necrosis and at
times may show cystic degeneration in the center
(Fig. 26). Histological examination most often shows
a solid/trabecular growth pattern (Fig. 27B) as opposed
to predominantly follicular pattern seen in adenoma
and while the hallmark of malignancy is the presence
of capsular and vascular invasion as described earlier
in follicular carcinoma, certain cytological feature may

Fig. 26 Hurthle cell (oncocytic) carcinoma, minimally invasive
with central area of cystic degeneration

be helpful. In carcinoma there is increase in the nuclear
size with greater percentage of cells being tall columnar
as opposed to round or polygonal seen in adenoma [51].
In addition there is more hyperchromasia and mitoses in
carcinoma compared to adenoma. In some cases areas
of clear cell change may be seen and these may some-
times predominate. Oncocytic carcinoma is also desig-
nated as minimally invasive or widely invasive using the
same criteria as described earlier in follicular carcinoma.
This distinction is important because of significant dif-
ference in the biologic behavior of the two groups. In
one study, no patient with minimally invasive carcinoma
died of disease after median follow-up of 8 years, while
of the widely invasive carcinoma group 73% relapsed
and 55% died of disease. Adverse prognostic factors
include extrathyroidal extension, nodal metastases, posi-
tive margin at surgery, and solid growth pattern. Of
these, extrathyroidal extension and nodal metastases
are independent predictors of prognosis on a multivari-
ate analyses [222, 228]. Ghossein et al. reported high
mitotic rate and solid/trabecular growth pattern is asso-
ciated with four or more foci of vascular invasion that
carried a high risk of local recurrence [229].

Differential Diagnosis

The diagnosis of oncocytic neoplasm in most cases is
made by the distinctive oncocytic nature of the cells.
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Fig. 27 Hurthle cell (oncocytic)
carcinoma, minimally invasive
with focal transcapsular
invasion (A) and trabecular and
solid architecture and
characteristic oncocytic
cytomorphology (B)

Evaluation of the tumor capsule is needed to distinguish
adenoma from carcinoma, as mentioned earlier in the
case of follicular carcinoma. In the case of carcinoma,
lesions that sometimes may have to be distinguished
include oncocytic variant of medullary carcinoma, onco-
cytic variant of PTC, and parathyroid oxyphil type
tumor. If the tumor shows extensive clear cell change it
should be distinguished from other clear cell tumors such
as metastatic renal cell carcinoma and clear cell medullary
carcinoma. For medullary carcinoma, the presence of
amyloid and positive immunohistochemical staining
with chromogranin, calcitonin, calcitonin gene-related
peptide, and CEA are helpful. Nuclear changes of PTC
can help in distinguishing oncocytic tumor from oncocy-
tic variant of PTC. Oncocytic tumors may sometimes
exhibit a predominantly papillary architecture compris-
ing of papillae without a well developed fibrovascular
core, these tumors are sometimes designated as oncocytic
papillary neoplasms and should be distinguished from
oncocytic variant of PTC [51].

Differential Diagnosis of Follicular-Patterned
Lesions of the Thyroid

Morphology

Thyroid follicular lesions that can sometimes pose a chal-
lenge to the surgical pathologist include capsulated or
unencapsulated lesions with a follicular architecture com-
prising varying sized follicles filled with variable amount
of colloid. The four most important and common lesions
that have to be differentiated in this category include
hyperplastic(adenomatous) colloid nodule (HPN ), follicu-
lar adenoma (FA), follicular carcinoma (FC), and folli-
cular variant of papillary carcinoma (FVPC). The pro-
blems most often encountered are in the distinction of
HPN from FA and differentiation of FA from minimally
invasive follicular carcinoma (MIFC) and FVPC.

The features that help in the differential diagnosis of
these follicular lesions are outlined in Table 2 and a
practical diagnostic approach is outlined in Fig. 28

Hyperplastic nodules usually lack a well-developed
capsule, occur in the background of multinodular goiter,
and are mostly macrofollicular or normofollicular.
Some lesions may have an incomplete capsule and be
microfollicular [230]. While the demonstration of capsu-
lar and/or vascular invasion is the sole criteria of distin-
guishing follicular adenoma from follicular carcinoma,
what constitutes capsular and vascular invasion as dis-
cussed ecarlier is controversial with significant inter and
intraobserver variability and lacks consensus among
pathologists, surgeons, and endocrinologists [205, 215,
231, 232]. A thick fibrous capsule should raise suspicion
and warrants a careful and complete evaluation of the
tumor capsule in search for vascular and/or capsular
invasion. Multiple cuts of a section may have to be
examined. The diagnosis of follicular variant of papil-
lary carcinoma (FVPC) is based on the presence of char-
acteristic nuclear features of papillary carcinoma as dis-
cussed earlier [51, 231-233]. These nuclear changes
however may at times be focal and not be well appre-
ciated making diagnosis of FVPC difficult in these cases.
In addition to the nuclear changes the staining quality of
the colloid and presence of stromal fibrous bands may
sometimes be helpful in the diagnosis of FVPC [51].
While criteria for the diagnosis of MIFC and FVPC
have been discussed in multiple studies and clearly laid
out as outlined above, from a practical perspective there
remains a minor subset of these tumors that constitute
the ‘gray zone lesions’ and are difficult to definitively
classify as benign or malignant. Williams et al. initially
proposed a terminology for such ‘borderline’ lesions that
was later adopted by the WHO working group and has
become a part of their classification. However, this is not
accepted by all and still leaves the treating clinicians with
the dilemma of how to manage these so-called indeter-
minate lesions [231, 232]. Immunohistochemistry, which
is now widely used in most laboratories and easy to
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Fig. 28 Diagnostic approach to
follicular patterned thyroid
lesions

Practical Approach to the Diagnosis of Follicular Patterned Thyroid Lesions

Follicular Patterned Thyroid Lesions

Macro/Micro or normofollicular
No nuclear features of PTC
Background with multiple
nodules

Usually solitary nodule
No nuclear features of PTC
No capsular or vascular
invasion

Unequivocal capsular &/or
vascular invasion

Diagnostic nuclear
features of PTC

l

Colloid
Nodule

l l l

Follicular

Adenoma A

FC

v

Indeterminate Lesions

* Equivocal capsular &/or vascular invasion
* Equivocal nuclear changes of PTC

|

* Submit the entire capsule and examine multiple levels

* Examine multiple sections for PTC changes that may be focal

!

Immunohistochemistry Panel (strong immunostaining most helpful)
* Galectin 3: +in FC and FVPC

* CK19: +in FVPC
*HBME-1: +in FVPC & FC
*CITED-1: +inFVPC

* IMP3: +in FC and FVPC

!

Thorough morphologic and IHC evaluation not helpful
consider the following:

capsular/vascular invasion

l |

WDT-UMP: FT-UMP:

Encapsulated tumor,
questionable nuclear
changes of PTC; no

Encapsulated tumor,
questionable capsular &/or
vascular invasion; no nuclear
changes of PTC

PTC :Papillary Thyroid Carcinoma

FVPC : Follicular Variant of Papillary Carcinoma

WDT-UMP: Well-differentiated Tumor of Uncertain Malignant Potential
FT-UMP: Follicular Tumor of Uncertain Malignant Potential

FC: Follicular Carcinoma
IMP3-Insulin Growth Factor 3 mRNA binding Protein

perform, may some times help in this differential diag-
nosis. As discussed later in Chapter 18 some studies have
found molecular diagnostic tests also to be helpful.
However, there seems to be some overlap in the immu-
nophenotype and molecular diagnostic tests between
morphologically benign, malignant, and so called inde-
terminate group of lesions suggesting that if additional
larger studies with clinical correlations can reproduce
these observations we may in the future be able reclassify
thyroid follicular tumors based on their molecular
signature.

Immunohistochemistry

There is a long list of immunohistochemical markers that
have been studied to evaluate thyroid follicular lesions
and to differentiate benign from malignant lesions; some
that have been found to be helpful include galectin-3,
HBME-1-1, high molecular weight cytokeratin (CK19),
CITED-1, ret/PTC oncogene, peroxisome proliferator-
activated receptor y (PAXS8-PPARY), CD44v6, CD57,
and intracellular sodium/iodide symporter (iNIS) (for
review see [234-236]. While some have shown great pro-
mise especially when used as part of a panel, the ‘magic
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marker’ with high sensitivity and 100% specificity still
remains elusive. Galectin-3 is a cell adhesion molecule,
which is strongly expressed in a subset of follicular carci-
noma, and follicular variant of papillary carcinoma, while
the normal thyroid tissue and benign follicular lesions are
either negative or show weak expression [234, 237-247].
Since expression of galectin-3 may be seen in benign and
normal thyroid tissue one practical problem seems to be
the identification of a semi-quantitative cut-off level of
expression as a threshold for diagnosis of malignancy. To
overcome this Liu et al. utilized a receiver operator curve
(ROC) analysis and hierarchical cluster analysis to calcu-
late the threshold for protein expression and they con-
cluded that galectin-3 expression when used in a panel
with fibronectin-1 and intracellular sodium/iodide sym-
porter had a 98% accuracy in diagnosis thyroid malig-
nancy [243]. In a large multicenter study, the sensitivity
and specificity of galectin-3 immunostaining in the diag-
nosis of thyroid carcinoma was 99% and 98%, respec-
tively. In view of this data, Bartolazzi et al. suggested
that if a encapsulated follicular tumor (adenoma) was
galectin-3 positive but did not show evidence of capsular
and/or vascular invasion on morphology, it is possible
that malignant transformation in these cases may have
taken place at the molecular level preceding the morpho-
logical alteration associated with malignancy [237]. They
referred these tumors to as suspicious adenomas or poten-
tial early thyroid cancers with molecular evidence of
transformation (PETC-MET). However, these results
have not been reproduced in some other studies and
galectin-3 expression may be seen in follicular adenoma
and hyperplastic nodules, nevertheless a strong and dif-
fuse staining is highly suggestive of carcinoma [234]. In a
recent prospective study on FNA samples for selecting
patients requiring surgery, the sensitivity of galectin-3
was 78% with a 93% specificity, suggesting that while
galectin-3 immunostaining cannot replace the morpholo-
gic evaluation it can serve as complimentary test [248].
HBME-1, which is strongly positive in more than 40% of
thyroid carcinoma of both follicular and papillary types
and is negative or focally positive in hyperplastic colloid
nodule and follicular adenoma [234, 249-251]. When used
in combination with galectin-3, Rossi et al. found that co-
expression of HBME-1 and galectin-3 has a diagnostic
accuracy rate of almost 98% for the diagnosis of papillary
carcinoma including the follicular variant [252]. Further-
more, in follicular tumors of uncertain malignant poten-
tial, Papotti et al. found that strong and diffuse expression
of galectin-3 and HBME-1 is helpful in classifying some
of these lesions as malignant [253]. Cell cycle regulatory
proteins such as p27 are downregulated in follicular car-
cinoma and follicular variant of papillary carcinoma and
is diffusely positive in hyperplastic nodules and follicular

adenoma [254, 255]. Cytokeratinl9 and CD57 are also
positive in follicular variant of papillary carcinoma and
are negative or weakly positive in hyperplastic nodule and
follicular adenoma [249, 256-260]. However, in another
study a subset of follicular adenomas were also positive
for CK 19 along with follicular carcinoma suggesting
caution in relying on one single marker for the differential
diagnosis of benign versus malignant follicular lesion
[260]. Also the sensitivity of CK 19 expression in papillary
carcinoma is around 60% and therefore a negative stain-
ing is not helpful [234]. Some authors have suggested that
a panel including CK-19, HBME-1 and ret/PTC [249],
CK-19, HBME-1, and CDS57 [257] improves sensitivity
and specificity in differentiating benign and malignant
follicular lesions of the thyroid. Kroll et al. first reported
in 2000 that PAX8-PPARYy fusion oncogene is highly
specific for follicular carcinoma [261]. Following Kroll
et al.’s report there have been a number of studies looking
at PAX8-PPARY expression in thyroid follicular tumors,
while some have supported their findings others did not
find PAXS8-PPARY fusion to be specific for follicular
carcinoma and it may be seen in a significant number of
follicular adenoma and follicular variant of papillary car-
cinoma [138, 139, 231, 234, 262-265]. Retinoblastoma
protein expression is decreased in follicular variant of
papillary carcinoma compared to follicular adenoma
[266]. Other biomarkers that have been found to be help-
ful in differentiating benign and malignant thyroid folli-
cular tumors include CITED-1 [267], CD44v6, and CD57
[256, 268-270], ret/PTC rearrangement and immunohis-
tochemical expression while commonly associated with a
subset of conventional papillary thyroid carcinoma [271]
has also been reported in FVPC [272]. Since no one mar-
ker is both highly sensitive and specific using some in a
panel may be more helpful and some studies have found
these panels very valuable. These panels include galectin-
3 and HBME-1 [253], HBME-1 and galectin-3 [252],
galectin-3, fibronectin-1, CITED-1, HBME-1, CK19,
PAX-8-PPARY [243], galectin-3, fibronectin-1, CITED-
1, HBME-1, CKI19 [273-275], galectin-3, CITED-1,
HBME-1, CK19, cyclin DI, p27 [276], and galectin-3
and TPO [277]. We have recently reported another poten-
tial marker, insulin growth factor 3 mRNA binding pro-
tein (IMP3) that has 100% specificity for diagnosing
thyroid malignancy with a follicular pattern but has a
low sensitivity [278] (Fig. 29B, unpublished data). We
think careful morphologic evaluation is still most impor-
tant in the differential diagnosis of follicular thyroid
lesions and immunohistochemistry when used by employ-
ing a panel of markers may be helpful in a small group of
lesions where morphology alone is not diagnostic. In our
practice we use a panel of CK19, HBME-1, CITED-1,
galectin-3, and IMP3 and have found it to be helpful in
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Fig. 29 Follicular variant of
papillary carcinoma on
immunohistochemistry strongly
positive for CK19 (A) and IMP3
(B). Normal residual thyroid on
the right in both A and B is
negative

the diagnosis of morphologically challenging follicular
lesions (Fig. 26A-D). However, the search for newer
biomarkers is still on and with progress made in the field
of molecular diagnostic methods and informatics, gene
expression profiling using cDNA microarray is being
employed to identify new candidate genes that can be
studied at the protein level by immunohistochemistry.
Some genes identified by gene expression profile that
have been studied by immunohistochemistry and found
useful include, PDGF, Bax, P-cadherin, and c-MET [244,
279, 280].

Poorly Differentiated Carcinoma

Differentiated thyroid carcinoma of both papillary and fol-
licular type may progress to a more poorly differentiated
phenotype. Poorly differentiated thyroid carcinoma
(PDTC) is a heterogenous group that may present as more
distinct morphologic entity referred to as insular carcinoma
or a group of less well-defined morphologic phenotype. The
latter group of PDTC, which has included entities such as
columnar and tall variants of papillary carcinoma and
tumors with solid and trabecular architecture, has been
controversial with its inclusion as distinct category in ques-
tion [281]. In the non-insular group after excluding the
aggressive variants of PTC, this group of tumor presents
as a distinct biological group similar to the insular group, so
their classification as PDTC seems justified (see Volante et
al. for review [282]). Hiltzik et al. from Memorial Sloan-
Kettering Cancer Center defined PDTC on the basis of
mitosis (5 or more per 10 HPF) and necrosis and found
that these criteria identified a more aggressive subset of
thyroid carcinoma independent of the growth pattern
[283]. More recently a working group comprising of thyroid
pathologists from USA, Europe, and Japan at a consensus
meeting following review of 83 cases have come up with a
uniform diagnostic criteria for the diagnosis of PDTC, that
includes presence of solid/trabecular/insular growth pattern,

absence of nuclear features of PTC, and presence of at least
one of the following: convoluted nuclei; mitotic activity of 3
or more per 10 HPF; and tumor necrosis; This has come to
be known as the “Turin proposal” [284].

Insular Carcinoma

Insular carcinoma is a morphologically distinct form of
PDTC derived from the thyroid follicular cells having an
aggressive biological course. The incidence of these tumors
varies from being rare in the USA to about 4% of all
thyroid cancers seen in an Italian study [51]. It is not
uncommon to see foci of insular growth associated with
differentiated thyroid carcinoma of both papillary and
follicular types. Yamashita et al. in a series of 82 follicular
carcinoma reported presence of an insular component in
eight (10%) and furthermore, presence of insular compo-
nent was an independent risk factor for distant metastasis
[285]. Insular carcinoma tends to involve elderly patients
with a slight female predilection.

On gross examination these tumors are large in size,
exhibit an invasive growth with associated areas of
necrosis (Fig. 30). On histology they are composed of

Fig. 30 Insular carcinoma, diffusely invasive involving the entire lobe
with a variegated cut surface and areas of hemorrhage and necrosis
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Fig. 31 Insular carcinoma,
with typical islands of tumor
cells including microfollicular
areas (A, B), foci of central
necrosis in these islands (C) and
a peritheliomatous infiltration
of tumor cells around vascular
structures

well-defined islands of round or oval cells which lack
significant pleomorphism. Small microfollicular struc-
tures may be seen within these islands, it is not uncom-
mon to see necrosis in the center of these islands and a
peritheliomatous pattern of infiltration by tumor cells
(Fig. 31A-D). Foci of vascular invasion are not infre-
quent and rhabdoid type cells with eosinophilic intracy-
toplasmic inclusions have also been reported [286].

Differential Diagnosis

The tumor that insular carcinoma should be differentiated
from and can pose problems on morphology is medullary
carcinoma. Immunohistochemistry is very useful in these
situations. Insular carcinoma cells are positive for thyro-
globulin and TTF-1 and negative for calcitonin and other
neuroendocrine markers. Other primary tumor that may
have to be differentiated is the solid variant of papillary
carcinoma in which the nuclear features of papillary carci-
noma are helpful in the differential diagnosis [178, 179].
PDTC is associated with a prognosis worse than differ-
entiated thyroid carcinoma but better than anaplastic car-
cinoma. In a series of 49 PDTC Jung et al. reported a 5-
year survival rate of 68 %, which was similar in both insular
and non-insular type. In their study adverse prognostic
factors on univariate analysis included age 45 years or
more, tumor size larger than 4 cm, extra-thyroidal

invasion, cervical node metastasis, distant metastasis,
absence of high-dose radioactive iodine (RAI) therapy,
and TNM stage I1, 111, and IV. However, distant metasta-
sis was the only independent prognostic factor [287].

Anaplastic Carcinoma

Anaplastic thyroid carcinoma is a highly aggressive and
rare thyroid tumor accounting for 1.7% of all thyroid
cancers in the USA [85]. Its incidence is higher in regions
endemic for goiter [288]. The patients are usually elderly
in their seventh or eight decade of life, with a female
preponderance of around 2.5:1. Personal history of goiter
may be seen in approximately 25% of cases and prior
exposure to radiation in 9.4% cases. Clinical presentation
includes rapidly enlarging neck mass associated with
compressing symptoms such as dysphagia, hoarseness,
and stridor. Often signs and symptoms related to meta-
static tumor may be the first presentation [51, 85]. On
gross examination the tumor is usually large, majority
being larger than 4.0 cm, often replacing the entire thyr-
oid and spreading in to the perithyroidal soft tissues. On
microscopic examination, the tumor may exhibit one of
the several patterns or a mixture of more than one of these
patterns including squamoid pattern resembling the non-
keratinizing squamous cell carcinoma, spindle cell pattern
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Fig. 32 Anaplastic carcinoma,
giant cell type arising in the
background of differentiated
papillary carcinoma (arrow)

Fig. 33 Anaplastic carcinoma
with spindle cell areas (A, B) and
squamoid foci with focal
keratinization (C, D)

resembling sarcoma, and giant cell type (Figs. 32 and 33)
and small cell carcinoma-like pattern. All these types of
patterns are associated with high mitotic rate and focal
necrosis may be seen. The spindle cell sarcoma-like pattern
may show paucicellular areas with dense fibrosis, which
may alternate, with cellular areas that aid in the diagnosis
of anaplastic thyroid carcinoma [17, 51]. The giant cell
pattern is associated with marked degree of pleomorphism
with large multinucleated cells including tumor giant cells.
The tumors are highly invasive with infiltration of the
perithyroidal soft tissues. In some cases heterologous stro-
mal elements including cartilage, bone, and rhabdomyo-
blastic differentiation may be seen [51, 289, 290]. The key
to the diagnosis of ATC in most cases is the identification
of differentiated thyroid carcinoma that may have
progressed to ATC. Albores-Saavedra et al. reported

rhabdoid inclusions in PDTC and ATC but not in differ-
entiated component of the tumor, which instead had
intracytoplasmic thyroglobulin inclusions suggesting ded-
ifferentiation of PTC and FC to ATC [291]. There is
evidence of alteration of certain molecular pathways [51,
292] in the progression of thyroid cancer such as p53 and
B-catenin mutations, the latter leading to derangement of
E-cadherin/B-catenin complex [293-296]. These studies
and others have also provided some insights into potential
targets for treating ATC; these targets include EGFR,
B-catenin, cyclin E, and cyclin D1 [297, 298].

On immunohistochemistry the squamoid type
tumors are positive for high and low molecular weight
keratin, EMA, and sometimes CEA. The spindle cell
pattern shows variable positivity with low molecular
weight keratin ranging in incidence from 47 to 100%
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cases. Thyroglobulin staining is also variable ranging
from 9 to 71% cases and is usually focal and weak,
TTF-1 and TTF-2, two other markers crucial for
thyroid differentiation may also be variable and in
one study were positive in 18 and 7% respectively
[292]. Ultrastructurally evidence of epithelial differen-
tiation is seen in most tumors.

Differential Diagnosis of Anaplastic Carcinoma

The squamoid type anaplastic carcinoma should be dif-
ferentiated from metastatic carcinoma from primary sites
such as lung, esophagus, and upper aerodigestive tract.
The history of rapidly growing mass in the region of the
thyroid together with the finding of differentiated thyroid
carcinoma in some areas and positive immunostaining
with thyroglobulin may be helpful in this differential
diagnosis.

The spindle cell type tumor should be differentiated
from true sarcoma such as fibrosarcoma, leimyosarcoma,
malignant  fibrous histiocytoma, angiosarcoma, and
hemangiopericytoma. This may pose greatest difficulty,
especially in cases where the entire tumor is of spindle
cell type and is paucicelluar. Features that favor anaplas-
tic thyroid carcinoma include foci of better-differentiated
areas justifying thorough sampling of the tumor and evi-
dence of epithelial differentiation on immunohistochem-
istry and electron microscopy. In addition metaplastic
spindle cell proliferation, which can sometimes be seen,
associated with papillary carcinoma and follicular ade-
noma should also be differentiated from spindle cell type
anaplastic carcinoma because of the significant difference
in the biological behavior and management of the two
entities [54-56].

Medullary thyroid carcinoma may show a variety of
growth patterns and this may have to be differentiated
from the spindle cell type and pleomorphic variants of
anaplastic carcinoma. Immunohistochemistry plays a
very important role in this differentiation and must be
performed using antibodies to calcitonin, chromogra-
nin, and CEA, which are all positive in medullary
carcinoma [51].

Malignant lymphoma may also be considered in cases
with small cells; however, the even distribution of smaller,
uniform cells in lymphoma and lack of focal epithelial
islands are helpful in this differential diagnosis [51].

Riedel’s thyroiditis may be confused with the pauci-
cellular spindle cell type anaplastic thyroid carcinoma,
which may show marked sclerosis and lack significant
pleomorphism and mitotic activity. In these cases, fea-
tures that favor anaplastic carcinoma include presence

of necrosis, more cellular areas, and evidence of vascu-
lar invasion and metastases [17]. The more cellular
areas and better differentiated thyroid carcinoma may
be seen on extensive sampling, which is crucial in the
diagnosis of anaplastic carcinoma in these problematic
cases.

The prognosis in anaplastic thyroid carcinoma is extre-
mely poor with 5-year survival ranging from 0 to 14%,
and mean survival being 7.2+ /~10 months [51, 82]. Prog-
nosis is related to extent of disease at presentation and
rare cases that do better are tumors localized to thyroid
that are less than 5 cm in size and include microscopic foci
of anaplastic carcinoma, in the background of differen-
tiated thyroid carcinoma [82].

Mixed Medullary and Follicular Carcinoma

These tumors show mixed morphology including both
medullary and follicular patterns and mixed immunor-
eactivity with thyroglobulin and calcitonin [299-305]. In
view of this dual differentiation some have proposed the
idea of common stem cell origin for thyroid cells similar to
that seen in the GI tract [1]. Composite tumors are
referred to as tumors with two distinct cell populations,
one thyroglobulin positive and the other of C cell deriva-
tion, which stains with calcitonin on immunohistochem-
istry [17]. Immunohistochemistry should be performed
for the diagnosis of these mixed tumors and will also aid
in differentiating these tumors from progression of a
differentiated tumor with follicular architecture to an
insular poorly differentiated phenotype.

Role of Intraoperative Frozen Sections in the
Management of Thyroid Nodules

Intraoperative evaluation of thyroid nodules by frozen
section (FS) has been the subject of numerous studies
over the years. It was used with a higher frequency in
the past when preoperative diagnosis by fine-needle
aspiration cytology (FNAC) was not widely available
making intraoperative evaluation a valuable exercise
[306]. The accuracy of FNAC for thyroid malignancy
is 90-97% and approaches close to 100% in papillary
thyroid carcinoma (PTC), [307-310] based on which
definitive surgery can be planned without doing FS.
The problem, however, seems to be the follicular pat-
tern lesions in which the accuracy of both FNAC and
FS is lower and almost similar [311, 312]. There are
studies in the literature on both sides, some making a
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case for intraoperative frozen section being a valuable
tool in the surgical management of thyroid nodules
[313-317], while others arguing that FS adds little to
the surgical planning in this era of improved preo-
perative diagnosis of thyroid nodules by FNAC [311,
312, 318, 319]. In two studies; one from Johns Hop-
kins and the other from Memorial Sloan Kettering,
surgical management was altered in less than 5% of
cases due to a FS diagnosis [312, 318]. We think that
FS is not needed in cases diagnosed as malignant on
FNAC because of a high specificity. Secondly, in cases
diagnosed as follicular neoplasm or suspicious for
follicular neoplasm FS may add little because of lim-
ited sampling during intraoperative evaluation. FS
may fail to show capsular or vascular invasion needed
for diagnosis of follicular carcinoma and nuclear
changes required for the diagnosis of follicular variant
of papillary carcinoma may be focal and at times
better appreciated in formalin fixed tissue. Further-
more, it is well known that freezing may cause arte-
factual nuclear clearing leading to a false positive
diagnosis of follicular variant of papillary carcinoma
[320]. One situation where FS may be useful is in the
cases where the FNAC is either nondiagnostic/unsa-
tisfactory [314] or is suspicious for papillary thyroid
carcinoma [310]. In the latter situation imprint cytol-
ogy along with FS may be valuable since the nuclear
changes of papillary carcinoma are better appreciated
on a cytological preparation [300].

Other Rare Epithelial Tumors of the Thyroid
Mucoepidermoid Carcinoma

Primary mucoepidermoid carcinoma (MEC) of the
thyroid is rare but has generated interest among
pathologists with respect to its cell of origin, which has
included solid cell nests, follicular cells, and even C cells.

Fig. 34 Sclerosing
mucoepidermoid carcinoma
with eosinophilia showing
islands of tumor cells in a
collagenous desmoplastic
stroma including eosinophils
(A) and intracytoplasmic mucin
on mucicarmine stain (B).
Photomicrograph courtesy Dr.
Vania Nose, Brigham and
Women’s Hospital, Boston, M A

On histologic examination some thyroid MEC may
show marked stromal sclerosis and tissue eosinophilia
in addition to the characteristic squamoid and mucin
producing areas, as seen in these tumors in other loca-
tions (Fig. 34) [17, 321-325]. The presence of marked
tissue eosinophilia and sclerosis may mimic Hodgkin’s
disease in lymph node metastases of these tumors and
should be considered in the differential diagnosis [326]
and this may be even more important when evaluating
cervical lymph nodes involved by the tumor [327]. Other
diagnostic pitfall includes nodular tumor like squamous
metaplasia that may be associated with fibrosing variant
of Hashimoto’s thyroiditis [328].

Squamous Cell Carcinoma

Primary squamous cell carcinoma of the thyroid is rare;
spindle cell squamous cell carcinoma has been described
in association with tall cell variant of papillary carcinoma
and is regarded as an unusual type of anaplastic carci-
noma with an aggressive behavior [329-331].

Spindle Epithelial Tumor with Thymus-Like
Differentiation (SETTLE)

This is a rare thyroid tumor, which predominantly
occurs in children and young adults. These tumors
are slow growing and present as painless thyroid
mass. Local recurrence and distant metastases invol-
ving lungs may be seen later in the course of the
disease [332-338]. SETTLE is thought to be derived
from ectopic thymus or branchial pouch remnant
[335, 339]. On microscopic examination, the tumor
shows lobules of tumor cells separated by fibrous
bands, the tumor cells are spindle shaped mixed with
tubulopapillary epithelial islands including foci of
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squamoid areas and structures resembling Hassall’s
corpuscles. Cystic change may be seen in the epithelial
islands [333-335]. While most tumors are biphasic,
monophasic SETTLE has been reported, which must
be distinguished from medullary carcinoma and mono-
phasic synovial sarcoma [340]. On immunohistochem-
istry the tumor cells stain positive with cytokeratin and
muscle-specific actin and they are negative for thyro-
globulin and calcitonin [334].

Differential Diagnosis

Differential diagnosis of thyroid spindle cell lesions
include anaplastic carcinoma, medullary carcinoma,
intrathyroidal thymoma, metaplastic spindle cell prolif-
eration associated with follicular cell derived tumors,
teratoma of the thyroid, synovial sarcoma, and other
mesenchymal tumors. The age of presentation in SET-
TLE (children) helps rule out anaplastic carcinoma and
intrathyroidal thymoma. Positive immunoreactivity with
cytokeratin rules out mesenchymal tumor except syno-
vial sarcoma. Medullary carcinoma and synovial sar-
coma both may be seen in childhood, medullary carci-
noma will stain positive for neuroendocrine markers on
immunohistochemistry and synovial sarcoma is usually
highly mitotic and lacks cyst formation [17].

Fig. 35 Carcinoma showing
thymus like differentiation
(CASTLE). Tumor cells show a
lobulated architecture with
associate lymphocytic stroma
(A) and CDS5 (B), cytokeratin
(C) and CEA (D) positive on
immunohistochemistry.
Photomicrograph courtesy Dr.
Vania Nose, Brigham and
Women’s Hospital, Boston, M A

Carcinoma Showing Thymus-Like
Differentiation (CASTLE)

This is a rare tumor first described by Miyauchi et al.
in 1985 and has also been referred to as intrathyroi-
dal thymoma (ITET) [341]. It occurs in the elderly,
involves lower or middle third of the gland, and may
invade surrounding soft tissues and regional lymph
nodes. On histology it shows lobulated architecture
composed of groups of tumor cells with large vesicu-
lar nuclei, prominent nucleoli and associated promi-
nent lymphocytic infiltrate reminiscent of the so-called
lymphoepithelioma (Fig. 35A) [338, 342]. On immu-
nohistochemistry tumor cells are positive for CDS5
suggesting a thymic origin, they are also positive for
cytokeratin and CEA (Fig. 35B-D); both thyroglobu-
lin and calcitonin are negative [343]. Differential diag-
nosis of CASTLE includes metastatic carcinoma, par-
ticularly from lung and upper aerodigestive tract. CD5
immunoreactivity is useful in this differential diagno-
sis since most metastatic carcinomas from the sites
mentioned above are CD5 negative [341]. CASTLE
without node metastasis has low risk of local recur-
rence and surgery alone may be sufficient treatment
[344]. In a series of 25 cases of CASTLE, Ito et al.
reported a 5- and 10-year cause-specific survival 90
and 82%, respectively; nodal metastasis and tumor
extension predict a worse prognosis [345].
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Rare Non-epithelial Thyroid Tumors

Lymphoma

Thyroid lymphoma is rare and accounts for 2.2-2.5% of all
lymphomas [17]. It usually occurs in the background of
Hashimoto’s thyroiditis and is thought to arise from the
mucosa associated lymphoid tissue (MALT). There have
been rare case reports of primary thyroid lymphoma asso-
ciated with Graves’ disease [346]. Most common type of
lymphoma is the diffuse large B cell lymphoma followed by
low-grade MALT lymphoma. Diffuse large B cell lym-
phoma must be differentiated from anaplastic carcinoma
and immunohistochemistry can be very helpful in this
situation [347-349]. Bacon et al. recently described 22
cases of follicular lymphoma of the thyroid which included
two distinct groups with different clinical stage at presenta-
tion and biological behavior: one group showed t(14;18)
translocation and/or expressed Bcl2 and was CD10 positive
and the other lacked Bcl2 expression and was negative for
CD10. It may be important to distinguish the two for better
management of these patients [350].

Other Non-epithelial Tumors

Mesenchymal tumors, which are more commonly seen
in other parts of the body, are rare in thyroid. Primary
mesenchymal tumors that have been described in the
thyroid include vascular tumors such as cavernous
hemangioma [351]; and epithelioid hemangioendothe-
lioma [352]; granular cell tumor [353]; solitary fibrous
tumor [195, 354]; fibrosarcoma [355]; smooth muscle
tumors including leiomyoma and leiomyosarcoma
[356, 357]; osteosarcoma [358]; malignant fibrous his-
tiocytoma [359]. Other tumors and tumor-like lesions
that have been described in thyroid include Langerhans
cell histiocytosis [360], plasma cell granuloma [361], and
extramedullary hematopoesis [362]. There are reportsin

Fig. 37 Papillary thyroid
carcinoma, columnar cell
variant (similar to Fig. 16) with
diffuse estrogen receptor

(B) and progesterone receptor
(C) immunostaining. Normal
thyroid (arrow) is negative for
both ER and PR

the literature of metastatic uterine sarcoma to the thyr-
oid which have to be differentiated from primary sar-
coma [363, 364].

Metastatic Carcinoma

Metastases to thyroid from another primary source are
infrequent, tumors that most commonly spread to the
thyroid include kidney (Fig. 36), breast, and lung carci-
noma, but metastasis from hepatocelluar carcinoma has
also been reported [51, 365]. Metastatic carcinoma should
be considered in the differential diagnosis of poorly dif-
ferentiated carcinoma, especially with a non-insular
growth pattern and clinicopathological correlation, and
immunostaining with thyroglobulin may be helpful in
these situations [366, 367]. When investigating metastatic
carcinoma in the females it should be kept in mind that

Fig. 36 Thyroid with metastatic renal cell carcinoma, clear cell
type. Normal thyroid is seen on the left bottom corner. Patient
had history of nephrectomy for renal cell carcinoma

thyroid carcinoma can strongly express estrogen and pro-
gesterone receptors (Fig. 37) [368] and may be negative
for thyroglobulin on immunohistochemistry; TTF-1
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immunostaining (Fig. 16) along with other clinical and
pathological features may be helpful in this situation.
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Abstract Medullary thyroid carcinoma (MTC) com-
prises 5-10% of all thyroid malignancies and occurs spor-
adically in 75% of cases, while the remainder develop in
association with multiple endocrine neoplasia (MEN) 2A,
MEN2B, or familial MTC (FMTC). The MEN2 syn-
dromes, which have autosomal dominant patterns of
inheritance, occur as the result of germline mutations in
the RET proto-oncogene (10q 11.2). Guidelines for age-
stratified prophylactic thyroidectomies in MEN2A,
MEN2B, and FMTC are now based on the results of
mutational analyses. The tumors exhibit a remarkably
wide spectrum of histological appearances and may
mimic every type of thyroid malignancy. A small propor-
tion of the cases represent mixed follicular and C cell
neoplasms. The heritable tumors are preceded in their
development by phases of C cell hyperplasia although
there is a growing body of data to support the view that
the proliferating C cells represent preinvasive malignan-
cies (carcinomas in situ). C cell hyperplasia (CCH) also
occurs in patients with hypercalcemia, hypergastrinemia,
Hashimoto’s disease, and in the immediate vicinity of
follicular cell neoplasms (peritumoral CCH). The latter
types of hyperplasia have been classified as physiological
or secondary CCH as compared to the C cell proliferative
changes in the MEN2 syndromes. In contrast to physio-
logical hyperplasia in which C cells most often appear
normal cytologically, the C cells in MEN2 syndromes
are frequently dysplastic. However, these distinctions
may not always be apparent in individual cases, including
some normal glands, which may demonstrate consider-
able variations in C cell distribution and morphology.
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Introduction

Neuroendocrine tumors occur in virtually all organs, but
with the notable exception of medullary carcinoma, they
are exceedingly rare in the thyroid gland. Medullary thyr-
oid carcinoma (MTC) is a malignant thyroid tumor with
evidence of C cell differentiation as manifested by the
presence of immunoreactive calcitonin and/or calcitonin
messenger RNA [1, 2]. Although earlier reports had sug-
gested the existence of this tumor type, Horn in 1951
reported a series of cases of a primary thyroid cancer char-
acterized by sharply defined rounded or ovoid compact cell
groups of moderate size in a background of hyalinized
connective tissue [3]. Importantly, their prognosis was inter-
mediate between undifferentiated (anaplastic) thyroid carci-
nomas and the differentiated carcinomas of papillary or
follicular types. The major histopathologic features of this
tumor type, including the presence of stromal amyloid
deposits, were describe subsequently by Hazard and co-
workers who suggested the term, medullary thyroid carci-
noma (MTC) based on the solid appearance of many of the
cases in their series. E.D. Williams proposed that MTCs
were derived from the thyroid parafollicular cells based on
comparative studies in dogs and other animals [5]. Subse-
quent immunofluorescence studies confirmed the parafolli-
cular cell origin of calcitonin [6] and the presence of this
hormone in tumor extracts and in the serum of affected
patients [7, §].

Medullary carcinomas comprise 5-10% of all thyroid
malignancies in most series [1, 2, 9]. In patients with
nodular thyroid disease subjected to serum basal and
pentagastrin stimulated calcitonin studies, the prevalence
of MTC ranges from 0.24 to 2.85% (mean 0.61%) based
on nine reported series, primarily from Europe [10].
Pacini et al. have further underscored the relatively high
prevalence of MTC in more than 1300 patients with nod-
ular thyroid disease [10]. In their study, MTC represented
approximately 15% of all incidentally discovered thyroid
carcinomas.

A. Khan (ed.), Surgical Pathology of Endocrine and Neuroendocrine Tumors, Current Clinical Pathology, 83
DOI 10.1007/978-1-60327-396-1_6, © Humana Press, a part of Springer Science+Business Media, LLC 2009



84

R.A. DeLellis

Clinical Features of Sporadic and Heritable
MTC

Medullary thyroid carcinomas (MTCs) occur sporadi-
cally or in association with the MEN2 syndromes, which
are inherited as autosomal dominant traits [11-13].
Sporadic tumors represent approximately 75% of cases
while MEN2 associated tumors account for the remain-
der [2]. Sporadic tumors occur with equal frequency in
different parts of the world, but little is known about their
etiology. In contrast to papillary and follicular carcino-
mas, there is no apparent relationship between exposure
to radiation and the development of MTC.

Sporadic MTC occurs primarily in middle-aged adults,
with a slightly increased female to male preponderance.
Most patients present with a painless tumor mass with
or without associated cervical lymphadenopathy. In
Kebebew’s series, approximately 75% of patients presented
with a thyroid mass while 15% had symptoms of dyspha-
gia, dyspnea, or hoarseness [14]. Cervical lymph node
metastases may be present, and in some cases, distant
metastases may also be evident at presentation. Affected
patients can present with a variety of signs and symptoms
associated with the production of calcitonin, other pep-
tides, amines, or prostaglandins. Patients with metastatic
disease, for example, may have severe diarrhea or flushing
and these symptoms may be related to the high circulating
levels of calcitonin. In Kebebew’s series, approximately
10% of patients presented with systemic symptoms [14].
Cushing’s syndrome, which occurs in less than 1% of
patients with MTC, is a result of tumor production of
adrenocorticotrophin (ACTH). Survival following the
appearance of the syndrome is poor [15]. Although very
high levels of calcitonin may be present in patients with
these tumors, hypocalcemia is virtually nonexistent.

MEN?2 has an incidence of approximately 1.25-7.5/107
per year and an estimated prevalence of 1/35,000 [13].
More than 90% of patients with MEN2 will develop
MTC [13]. MEN2A [MIM# (Mendelian Inheritance in
Man Number) 1714007] accounts for more than 75% of
all heritable MTC cases. Affected patients also have
pheochromocytomas in approximately 40-60% of cases
and hyperparathyroidism (10-30%). Some kindreds with
MEN2A or FMTC may also have cutaneous lichen amy-
loidosis, which appears as pruritic plaques over the upper
back [16]. It has been suggested that pruritus plays a
pivotal role in the development of cutaneous lichen amy-
loidosis with the amyloidosis resulting from repeated
scratching [17]. Hirschsprung’s disease has been asso-
ciated with MEN2A in a few families [18].

Patients with MEN2A generally present with thyroid
tumors between the ages of 25 and 35. However, age at
presentation became progressively younger with the

development of calcitonin screening studies in the 1970s
and molecular diagnostic testing for RET mutations in
the past decade [13, 16]. In approximately 10% of cases,
pheochromocytomas become evident before the appear-
ance of the thyroid tumors. Pheochromocytomas in this
syndrome are usually bilateral and multicentric and are
preceded in their development by phases of adrenal
medullary hyperplasia [19, 20]. The frequency of malig-
nancy in MEN2A associated pheochromocytomas does
not differ significantly from that observed in patients with
non-syndromic tumors. Hyperparathyroidism occurs in
up to 30% of affected patients and the resected parathyr-
oid glands are typically hyperplastic.

MEN2B (MIM# 162300) is the most phenotypically
distinctive type of the MEN2 syndromes [13, 21]. It
accounts for approximately 5% of the heritable forms of
MTC, with a significant proportion of cases representing
de novo mutations. Patients with MEN2B have pheo-
chromocytomas in 40-60% of cases, but parathyroid
abnormalities are virtually nonexistent. Affected patients
may also have neuromas of the tongue and/or ganglio-
neuromatosis of the gastrointestinal tract, a marfanoid
habitus, and/or medullated corneal nerve fibers. The
MTCs in this syndrome have an earlier onset and more
aggressive clinical course than those occurring in patients
with MEN2A or FMTC.

Some kindreds with familial MTC syndromes may
manifest thyroid tumors exclusively and these patients
are classified as having FMTC (MIM# 155240) [13, 22].
Affected patients typically present at the same age as
those with nonfamilial MTCs. Importantly, a significant
proportion of patients presenting with apparent sporadic
MTCs will prove to have FMTC on the basis of molecular
analyses [23].

Pathological Features and Differential
Diagnosis

Medullary carcinomas vary in size from those that are
barely visible to those that replace the entire lobe of the
thyroid [1, 2, 24]. The tumors are generally sharply cir-
cumscribed but are nonencapsulated. Many of the tumors
are tan to pink with a generally soft consistency while
others are firm and fibrotic with areas of granular yellow
discoloration that represent focal calcifications. The
smaller tumors generally occur at the junction of the
upper and middle thirds of the lobes, an area in which C
cells normally predominate. When the tumors become
very large, they replace the entire lobe with extension
into the perithyroidal soft tissues and trachea. In contrast,
heritable tumors are typically bilateral and multicentric.
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Sporadic and familial medullary carcinomas have a wide
spectrum of histological patterns that may mimic virtually
all other primary thyroid tumors [1, 2]. The usual medullary
carcinoma has a lobular, trabecular, insular, or sheet-like
growth pattern, with evidence of focal extension of tumor
into the adjacent normal thyroid (Figs. 1 and 2). Individual
tumor cells may be round, polygonal, or spindle shaped,
with frequent admixtures of these cell types. The nuclei have
coarsely clumped or speckled (salt and pepper) chromatin
and generally inconspicuous nucleoli (Fig. 2). A few

Fig. 1 (A) Medullary thyroid
carcinoma. The tumor has a
nesting growth pattern (H&E
stain). (B) Immunoperoxidase
stain for calcitonin. The tumor
cells are strongly positive for
calcitonin

Fig. 2 (A) Medullary thyroid
carcinoma. These tumor cells
have a plasmacytoid
appearance with eccentric nuclei
(H&E stain). (B) Touch
preparation of same case as A
(H&E stain). The plasmacytoid
appearance of the tumor cells is
accentuated in this preparation.
Occasional multinucleate tumor
cells are present

nuclei may contain pseudo-inclusions similar to those
seen in papillary carcinomas. Binucleate cells are common
and occasional multinucleate giant cells may be evident.
Most MTCs exhibit moderate degrees of pleomorphism
but mitotic activity is generally low.

The cytoplasm varies from eosinophilic to basophilic
and appears finely granular in well-fixed preparations.
Prior to the advent of immunohistochemistry, argyrophil
stains (e.g., Grimelius technique) were the methods of
choice for the identification of MTCs. Occasional mucin



86

R.A. DeLellis

positive cytoplasmic vacuoles may be present in some
cases [25].

Foci of necrosis and hemorrhage are uncommon in
small tumors; however, larger tumors exhibit these fea-
tures more commonly. Lymphatic and vascular invasion
may be seen at the advancing front of the tumor. In large
tumors, foci of lymphatic invasion may be present in the
contralateral lobe. Occasionally, nodal and distant metas-
tases may be present in association with tumors measur-
ing less than 1 cm. Some MTCs contain prominent areas
of fibrosis, and stromal amyloid deposits are present in up
to 80% of cases. Ultrastructurally, the amyloid deposits
have a fibrillar ultrastructure that is identical to that seen
in other forms of amyloidosis. Calcitonin immunostains
frequently demonstrate positive staining within the amy-
loid deposits. Although earlier studies had suggested that
the amyloid was derived from the calcitonin precursor
[26], more recent studies indicate that full-length calcitonin
is the sole constituent of the amyloid [27]. Calcification of
the amyloid may occur and occasional tumors may con-
tain psammoma bodies. A few medullary carcinomas may
consist almost exclusively of amyloid and these cases may
be difficult to distinguish from amyloid goiters.

Cytological Features and Ultrastructure

Medullary carcinomas are variably cellular in cytological
preparations [2, 28]. Cells are usually present singly or in
loosely cohesive groups with poorly defined cell margins.
Aspirates typically appear pleomorphic and while some
cells are small and round, others may be cuboidal, poly-
hedral, or spindle shaped. The nuclei tend to be located
eccentrically within the cytoplasm, and this feature
imparts a plasmacytoid appearance to the tumor cells
(Fig. 2B). The chromatin is coarsely granular and nucleoli
are usually small and inconspicuous. Occasional nuclear
pseudo-inclusions may be present.

The cytoplasm is generally pale and fibrillary in Papa-
nicolaou stained preparations with occasional areas of
process formation [2, 28]. In Wright-Giemsa stained
slides, cytoplasmic granularity may be evident, and in
some instances, the granules appear metachromatic.
Amyloid may be indistinguishable from colloid in Papa-
nicolaou stains, but a Congo red stain can be performed
to confirm the presence of amyloid. The diagnosis of
medullary carcinoma should be confirmed with immu-
nostains for calcitonin or chromogranin.

Ultrastructurally, MTCs contain membrane-bound
dense core secretory granules which represent the sites of
storage of calcitonin and other peptide and amine products
[9, 29]. Type 1 granules, which have an average diameter of

280 mm contain moderately dense finely granular contents
that are closely applied to their limiting membranes. The
type 2 granules have an average diameter of 130 mm and
are characterized by electron dense contents that are sepa-
rated from their limiting membranes by a narrow electron
lucent space. Both granule types contain calcitonin.

Immunohistochemistry

Medullary thyroid carcinomas are positive for thyroid
transcription factor-1 (TTF-1), similar to tumors of folli-
cular cell origin [30]. Stains for thyroglobulin are typically
negative, although entrapped normal thyroid follicles
may stain positively. The tumors are typically positive
for low molecular weight cytokeratins and most com-
monly have a cytokeratin 7 positive/cytokeratin 20 nega-
tive phenotype [31]. Vimentin is variably present within
the tumor cells and some tumors contain subpopulations
of neurofilament positive cells [32].

The tumors are usually positive for calcitonin (Fig. 1)
and a wide spectrum of generic neuroendocrine markers
including chromogranin and synaptophysin [33-35].
Chromogranin is a sensitive marker for medullary carci-
noma and in fact, may be more sensitive than calcitonin
for the identification of this tumor type [36]. Other pro-
ducts found in these tumors include calbindin-D28K and
polysialic acid of NCAM [37, 38].

Calcitonin is present in 80-90% of the tumors.
Although many cases demonstrate extensive calcitonin
immunoreactivity throughout the tumor, others may
show only focal and weak reactivity [39, 40]. The calcito-
nin gene related peptide is also present in many cases [41].
Some tumors which are negative for calcitonin peptide
and the calcitonin gene-related peptide give positive sig-
nals for calcitonin messenger RINA using in situ hybridi-
zation procedures [42].

A variety of other peptides have been localized within
these tumors and their presence has been confirmed by
radioimmunoassays of tumor extracts. Both somatostatin
and gastrin releasing peptide are present in subpopulations
of normal C cells and both of these peptides are commonly
expressed in medullary carcinomas [43, 44]. Somatostatin
receptors are also frequently expressed in these tumors.
Other peptides that are commonly present include ACTH,
leu-enkephalin, neurotensin, substance P, vasoactive intest-
inal peptide, and chorionic gonadotropin [45-47]. Rarely,
the tumors may contain subpopulations of cells immunor-
eactive for glucagon, gastrin, and insulin, and both [50]
catecholamines and serotonin may also be present [48].

Galectin-3 has been reported in 92% of heritable
medullary thyroid carcinomas [49]. The staining is focal
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in 26% of the carcinomas and diffuse in the remainder.
Interestingly, galectin-3 is reduced or absent in nodal
metastases while foci of C cell hyperplasia are negative
for galectin-3.

CEA levels are typically increased in the plasma of
patients with MTC [50, 51], and correlative immuno-
histochemical studies have demonstrated that virtually
all of the tumors are CEA positive. Several groups have
demonstrated that a subset of MTCs may lose the
ability to synthesize and secrete calcitonin while main-
taining their capacity for CEA synthesis. In fact, calci-
tonin negative areas in medullary carcinoma are fre-
quently positive for CEA. The finding of decreasing
levels of calcitonin in the face of increasing levels of
CEA generally predicts an aggressive clinical course
[52].

Medullary Thyroid Carcinoma Variants

Numerous variants of medullary carcinoma have been
described, as summarized in Table 1 and illustrated in
Fig. 3 [53-64].

Table 1 Variants of medullary thyroid carcinoma

Variant Features

Papillary [53]

Tumor cells aligned along fibrovascular
stalks with frequent solid areas. A
pseudopapillary pattern, resulting from
necrosis of tumor cells at a distance from
the vascular supply, is considerably more
common.

Follicular/tubular ~ Follicle formation within the tumor. Colloid

[54] like material is thyroglobulin negative and
variably positive for calcitonin.
Small cell [55]* Cells with hyperchromatic nuclei and scant

cytoplasm. Mitotic activity and foci of
necrosis may be prominent.
Numerous multinucleate tumor cells.
Optically clear cytoplasm
Melanin-positive tumor cells.
Abundant granular eosinophilic cytoplasm.
Foci of keratinization.

Giant cell [57]
Clear cell [58]
Melanotic [59, 60]
Oncocytic [61]
Squamous [61]

Amphicrine [62] Mucin and calcitonin present in tumor cells.
Paraganglionoma-  Encapsulated with broad trabecular growth
like [63] pattern resembling hyalinizing trabecular
tumors.
Angiosarcoma- Anastomosing pseudovascular channels lined
like [64] by flattened cells and with groups of

neoplastic cells admixed with red blood cells

*Eusebi et al. have also reported two cases of apparent primary
small (oat) cell carcinomas of the thyroid that were positive for
chromogranin and synaptophysin but were negative for thyroglo-
bulin and calcitonin and calcitonin messenger RNA, by immuno-
histochemistry and in situ hybridization [56].

All C cell neoplasms have been considered to represent
carcinomas although occasional examples of apparent C cell
adenomas have been reported [65]. Kodama and coworkers
[66] reported two cases of C cell adenoma, each of which
measured 4 cm in diameter. Both tumors were composed of
cells that were fusiform to cuboidal with small ovoid nuclei.
Neither tumor contained amyloid or foci of calcification. In
contrast to most medullary carcinomas, stains for CEA
were negative and there was no evidence of increased CEA
levels in the serum. Calcitonin levels were markedly elevated
and the tumor cells stained strongly for this peptide.
Although the term “C cell adenoma” has been suggested
for completely encapsulated C cell tumors [70], it is best to
regard the tumors as encapsulated medullary carcinomas
until more is known about their natural history.

Medullary microcarcinomas, by definition, measure less
than 1 cm in diameter and may occur sporadically or in
association with MEN2 [24]. They may exhibit nesting,
trabecular or diffuse growth patterns, and occasional micro-
carcinomas may have a microfollicular growth pattern resem-
bling small follicular adenomas or adenomatous foci. Most
of the reported cases have been incidental findings in thyroids
removed for other reasons or in patients with nodular thyroid
disease who have been screened for calcitonin abnormalities.
Occasional microcarcinomas may give rise to metastases.

Differential Diagnosis

Medullary carcinomas can mimic the entire spectrum of
benign and malignant thyroid tumors. Both papillary/pseu-
dopapillary and other MTC variants may contain nuclear
pseudo-inclusions and psammoma bodies; however, they
lack the nuclear clearing that is typical of papillary thyroid
carcinomas (PTCs). Moreover, medullary carcinomas are
positive for chromogranin, calcitonin, and synaptophysin
while PTCs are negative for these markers. Since medullary
carcinomas may contain follicles, they also must be distin-
guished from follicular cell neoplasms which are typically
positive for thyroglobulin and negative for calcitonin, chro-
mogranin, and synaptophysin. Poorly differentiated carci-
nomas of insular type are composed of nests and islet like
arrangements of follicular cells and may contain microfolli-
cles. These tumors are also positive for thyroglobulin and
are typically negative for calcitonin, chromogranin, and
synaptophysin. However, a few poorly differentiated carci-
nomas may express generic neuroendocrine markers, as
discussed in a subsequent section. Medullary carcinomas
of spindle and giant cell types must be distinguished from
undifferentiated carcinomas of follicular cell origin. The
latter tumors are negative for neuroendocrine markers, cal-
citonin, thyroglobulin, and TTF-1.
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Fig. 3 Medullary thyroid
carcinoma variants. (A) Spindle
cell. (B) Clear cell. (C) Giant
cell. (D) Small cell (H&E stains)

The distinction of small cell medullary carcinoma from
malignant lymphomas may be difficult, particularly in small
biopsy or cytological samples. The demonstration of CD45
and markers of T and B cell lineage establishes the diagnosis
of lymphoma. Small cell carcinoma of the lungs and other
sites may metastasize to the thyroid and may mimic medul-
lary carcinoma of small cell type [68]. Since TTF-1 is
expressed both in lung and in thyroid tumors in addition
to small cell carcinomas of diverse sites of origin, the pre-
sence of this marker is not a useful discriminant. Moreover,
calcitonin and generic neuroendocrine markers may be pre-
sent in other small cell carcinomas. In these instances, care-
ful clinical and radiological examination may be helpful in
identifying a pulmonary or extra pulmonary primary
tumor. Since mucin may be present in medullary carcino-
mas, these tumors must also be distinguished from
mucinous carcinomas that have metastasized to the thyroid.

Oncocytic medullary carcinomas must be distin-
guished from oncocytic tumors of follicular cell origin
and oncocytic parathyroid neoplasms. Oncocytic folli-
cular cell tumors are positive for thyroglobulin while
parathyroid tumors are positive for parathyroid hor-
mone. The hyalinizing trabecular tumor is typically
encapsulated, as are some variants of medullary carci-
noma. A trabecular pattern is present in both tumor
types and both may exhibit areas of hyalinization. How-
ever, the stroma of medullary carcinoma is positive for
amyloid, whereas the stroma of hyalinizing trabecular
tumors stains only for collagen. While medullary carci-
nomas stain positively for calcitonin and CEA, these
markers are negative in hyalinizing trabecular tumors.
It should be noted that occasional hyalinizing trabecular
tumors may be positive for generic neuroendocrine
markers [69].
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Medullary carcinomas may be difficult to distinguish
from paragangliomas. The latter tumors have a “Zellbal-
len” architecture and are positive for chromogranin and
synaptophysin but are negative for calcitonin. A popula-
tion of S-100-positive sustentacular cells is typically present
at the peripheries of the cell nests in paragangliomas but is
absent from MTCs. Intrathyroidal parathyroid adenomas
also may be difficult to distinguish from medullary carci-
nomas. Parathyroid tumors are positive for parathyroid
hormone and chromogranin, but stains for calcitonin are
negative and should serve to distinguish these tumor types.

Metastatic neuroendocrine carcinomas involving the
thyroid gland may be particularly difficult to distinguish
from MTCs [68]. Features that favor a diagnosis of meta-
static neuroendocrine carcinoma include an interstitial
pattern of spread, occurrence of multiple tumor foci,
folliculotropism (tumor cells lining follicles), rosette
formations with cuticular borders, and lack of reactivity
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Fig. 4 MEN2A associated C
cell hyperplasia and medullary
thyroid carcinoma,
immunoperoxidase stains for
calcitonin. (A) Low-power view
of early medullary thyroid
cancer (center) with
surrounding areas of C cell
hyperplasia (periphery).

(B) Area of diffuse C cell
hyperplasia. (C) Area of early
nodular C cell hyperplasia.
(D) Area of early medullary
carcinoma with surrounding
fibrosis

for calcitonin and CEA [68]. The presence of folliculo-
tropism may be particularly difficult to distinguish from
C cell hyperplasia, as described below.

Heritable Forms of Medullary Thyroid
Carcinoma and C Cell Hyperplasia

Medullary carcinomas occurring in patients with MEN2-
associated tumors are identical to those occurring sporadi-
cally, except for the bilaterality and multifocality of the heri-
table cases. Studies based on enhanced calcitonin secretory
responses to calcium and pentagastrin in patients at risk for
the development of heritable forms of these tumors estab-
lished that they were preceded in their development by C cell
hyperplasia which is characterized by increased numbers of
C-cells within follicular spaces [21, 29, 70, 71] (Fig. 4). With
further progression, C cells expand the follicles to produce
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foci of nodular hyperplasia. Transition of this phase of C cell
growth to medullary carcinoma is characterized by areas of
fibrosis between the proliferating C cells, as they begin to
invade the interstitium (Fig. 4). With further progression,
there are increasing degrees of fibrosis between the groups
of neoplastic C cells. At the ultrastructural level, the earliest
feature of malignancy is the extension of intrafollicular C cells
through the follicular basement membranes into the inter-
stitium of the gland [29]. McDermott and coworkers
confirmed these observations using an immunoperoxi-
dase technique for the demonstration of type I'V collagen
in the follicular basement membranes [72].

The distinction of normal C cell distribution from the
earliest phases of C cell hyperplasia is both difficult and
controversial. Early studies suggested that the presence of
10 C cells per low power field constituted sufficient evi-
dence for C cell hyperplasia; however, more recent studies
indicate that this diagnosis should be made only when
there are at least 50 C cells per low power field [73]
(Fig. 5). However it should be noted that in some regions
of the lobes, particularly in the vicinity of solid cell nests,
the numbers of C cells may exceed 50 per low power field
in occasional normal individuals.

Guyetant and colleagues demonstrated that C cells
were more numerous in male patients than in females,
correlating with the known higher plasma calcitonin
levels in men [74]. Moreover, this study demonstrated
that 33% of the adult population, including 15% of
women and 41% of men, had evidence of CCH as defined
by having at least 3 microscopic fields (100 x) with greater
than 50 C cells. These findings suggest that either a sub-
stantial portion of the population has CCH or that the
criteria for the definition of this entity are inaccurate.
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Fig. 5 (A) Mild diffuse C cell :
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man with adenomatous é.
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Interestingly, abnormal pentagastrin tests are found in
only approximately 5% of the normal population as
compared to the 30% frequency of CCH, as defined
histologically. These observations suggest that there
may be considerable variation in normal C cell distribu-
tion and that these variations may not be accompanied
necessarily by hypercalcitoninemia.

C cell hyperplasia also occurs in patients with
hypercalcemia (Fig. SA), hypergastrinemia, Hashimoto’s
thyroiditis, and adjacent to a varicty of follicular cell
tumors, including follicular adenomas and carcinomas
and papillary carcinomas (peritumoral C cell hyperplasia).
The latter type of hyperplasia has been referred to as
physiologic or secondary C cell hyperplasia, in contrast
to MEN2-associated CCH, which has been referred to as
primary or “neoplastic” hyperplasia [75]. Perry and
coworkers reported that physiologic CCH is primarily a
diffuse process characterized by increased numbers of nor-
mal C cells and can be diagnosed with only on the basis of
calcitonin immunostains [75]. “Neoplastic” CCH, on the
other hand, involves the proliferation of dysplastic C cells
and can be diagnosed on the basis of H&E stains alone.
While “neoplastic’/MEN2-associated CCH is generally
regarded as a precursor of MTC, the neoplastic potential
of physiologic CCH remains unknown, notwithstanding
the rare cases of MTC reported in patients with chronic
hypercalcemia or Hashimoto’s thyroiditis (Fig. 5B).

Carney and coworkers in 1978 proposed that CCH
associated with MEN2 syndromes is a preinvasive
carcinoma or carcinoma in situ [76]. Further evidence for
the neoplastic nature of CCH has come from molecular
studies of microdissected foci of thyroid glands from
patients with MEN2A [77]. The latter studies have
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shown that foci of CCH are monoclonal with inactivation
of the same allele in both thyroid lobes. Moreover, the
foci have different secondary alterations involving the
tumor suppressor genes p53, RB1, WTI, and NFI.
These findings, together with the down regulation of
apoptosis, are consistent with an intraepithelial neoplastic
process and suggest that early clonal expansions precede
migration of C cell precursors into each thyroid lobe.

C cell hyperplasia has been regarded as a precursor and
marker of MEN2 associated medullary carcinoma; how-
ever, this view has been challenged by several recent reports.
In a series of 30 patients with nodular thyroid disease and
abnormal pentagastrin-stimulated calcitonin levels, Kaserer
et al. reported 19 patients (F:M;14:5) with MTC and 11
males but no females with CCH only, as defined by greater
than 50 C cells per low power field [78]. Six of 16 patients
with sporadic MTC had concomitant CCH and three of
these patients proved to be new MEN2 index cases, as
demonstrated by genetic studies. On the basis of these stu-
dies, Kaserer et al. concluded that CCH was an unreliable
marker for heritable MTC and that CCH had a preneoplas-
tic potential in the absence of RET germline mutations.

In a second study of 16 familial and 34 sporadic MTC:s,
Kaserer et al. noted CCH in 16/16 (100%) of familial
cases and in 24/34 (71%) of sporadic cases [79]. Among
familial cases, CCH was of neoplastic type in 85% (14/
16), nodular type in 6% (1/14), and focal type in 6% (1/
14). In sporadic cases, on the other hand, neoplastic CCH
was present in 18% (6/34), nodular hyperplasia in 21%
(7/34), diffuse hyperplasia in 18% (6/34), and focal hyper-
plasia in 14% (5/34). There was no evidence of CCH in
29% (10/34) of the sporadic cases. On the basis of this
study, Kaserer et al. concluded that many sporadic MTCs
develop on a background of CCH [79].

Since there is such a wide variation in C cell counts in
normal thyroid glands, two possible interpretations of
these observations are (1) that the observed “CCH” in
sporadic tumor cases represents the upper limit of normal
C cell distribution or (2) that the CCH is analogous to the
secondary CCH found adjacent to follicular and papillary
tumors. Mears and Diaz-Cano have reanalyzed the data in
the Kaserer study [80] and have concluded that multifocal
and bilateral invasive MTCs associated with expansile
intraepithelial neoplasia (nodular and neoplastic hyperpla-
sia) represent familial disease in 98% of cases. The prob-
ability of sporadic disease associated with nodular and
neoplastic C cell hyperplasia was calculated as 1.87% [80].

In summary, C cell distribution has a remarkably
wide variation in normal individuals. The current criterion
of 50 C cells per 100x microscopic field is, in all likelihood,
an underestimate since up to 40% of normal males would
have CCH according to this definition. MEN2-associated
CCH has characteristic topographic, cytological, and

molecular features, which permits its distinction from sec-
ondary C cell hyperplasia in most cases, and this can be
confirmed by the presence of germline RET mutations.
Whether physiologic/secondary CCH has a significant pre-
neoplastic potential remains to be determined.

Molecular Features of Sporadic and Heritable
MTC

A major advance in the study of the molecular origins of
the familial MTC syndromes was the observation that the
putative MEN2A gene mapped to the pericentromeric
region of chromosome 10 [81, 82]. Subsequent studies
led to the use of restriction length polymorphisms to
identify carriers of the familial MTC syndromes [83, 84].
Ultimately the responsible gene was mapped to the region
of chromosome 10 (10q11.2) that contained the RET
proto-oncogene and germline missense RET mutations
were demonstrated in affected individuals [85-96].

The RET proto-oncogene contains 21 exons and encodes
a cell surface tyrosine kinase receptor with a cadherin ligand
binding site and a cysteine rich extracellular domain, a
transmembrane region, and two cytoplasmic tyrosine kinase
domains [97, 98]. The cadherin binding site plays an impor-
tant role in cell signaling while the cysteine rich extracellular
domain is important for receptor dimerization. RET is
expressed in a variety of neural crest derivatives (C cells,
adrenal medulla, extraadrenal paraganglia, sympathetic and
enteric ganglia), parathyroid gland, and urogenital tract
[99]. Mice homozygous for a targeted RET mutation
develop to term and develop both renal agenesis or dysgen-
esis and absence of enteric neurons; however, they do not
have evidence of neoplastic disorders [100].

Germline mutations in RET resulting in aberrant acti-
vation of RET receptors have been characterized in
MEN2A, MEN2B, and FMTC (Table 2) [13, 88-96].
The mutations are of the missense type and most com-
monly affect exons 10 and 11 and less commonly exons
13, 14, 15, and 16. Most of the mutations affect the
cysteine rich extracellular domain (MEN2A, FMTC).
Codon 634 mutations are present in approximately 80%
of MEN2A patients while codon 609, 618, and 620 muta-
tions account for more than 60% of FMTC cases and
those patients with the Hirschsprung’s phenotype. Codon
634 mutations have a strong genotype-phenotype corre-
lation with the development of pheochromocytoma and
hyperparathyroidism [94]. Substitution of cysteine with
several other amino acids increases the formation of
active RET dimers resulting in their transforming poten-
tial [101-103]. Mutations affecting codons 768 or 804
(tyrosine kinase domain) may also occur (Table 2).
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Table 2 RET mutations in MEN2 syndromes
Frequency
Site Codon  Syndrome (%)
Cysteine-rich 609 MEN2A, FMTC 0-1
domain 611 MEN2A, FMTC 2-3
618 MEN2A, FMTC 3-5
620 MEN2A, FMTC 68
630 MEN2A, FMTC 0-1
634 MEN2A, FMTC 80-90
Transmembrane 768 FTMC Rare
domain 790 MEN2A Rare
791 FMTC Rare
804 MEN2A/FMTC 0-1
844 FMTC Rare
Tyrosine kinase 883 MEN2B Rare
domain 891 FMTC Rare
918 MEN2B 3-5
922 MEN2B Rare

Mutations affecting the tyrosine kinase domain (codon
918) occur in patients with MEN2B and in some sporadic
medullary carcinomas [91-93]. This mutation results in
the replacement of methionine with threonine. Codon 883
mutations resulting in the substitution of phenylalanine
for alanine also occur in a small subset of patients with
MEN2B [104, 105]. The MEN2B mutations result in RET
activation in its monomeric form [102, 103]. These
mutations are present in the catalytic core region of the
tyrosine kinase domain and it has been suggested that
they induce a conformational change in this region lead-
ing to increased tyrosine kinase activity or alteration in its
substrate specificity [102]. Mutations commonly detected
in MEN2A and 2B have high transforming activities for
NIH 3T3 cells, suggesting that the underlying tumori-
genic mechanism of RET mutations results from domi-
nant oncogenic conversion rather than from a loss of
tumor suppressor function [102, 103]. Moreover, target-
ing of MEN2A mutant RET forms to C cells in transgenic
mice results in the development of CCH or MTC in 100%
of the animals in addition to mammary and parotid gland
carcinomas in approximately 50% [106].

The frequency of RET germline mutations in cases of
apparent sporadic MTC has been assessed in several stu-
dies [95]. In one study, 6 of 101 individuals harbored
mutations involving codons 609, 611, 618, or 634 [107].
Four of the affected patients were the probands of pre-
viously unrecognized kindreds while the remaining two
patients were examples of de novo mutations. Combining
the results of several studies, it has been estimated that
approximately 7% of patients with apparent sporadic
tumors have germline mutations [95]. These findings sup-
port the view that analysis of RET should be performed in
all patients presenting with apparent sporadic medullary
carcinoma.

Somatic mutations in codon 918 have been observed in
up to 70% of sporadic MTCs [92, 95]. This mutation,
which is identical to the 918-germline mutation in
MEN2B, results in the substitution of threonine for
methionine. Although Zedenius et al. [108] and Eng
et al. [109] have suggested that sporadic tumors with this
mutation pursue a more aggressive course, this point has
been controversial [110]. The studies of Eng et al. have
suggested that the codon 918 mutation can arise as an
event in tumor progression within a single tumor or in a
metastatic clone [109]. Somatic mutations in codons 630,
634, 766, 768, 804, and 833 have been observed consider-
ably less commonly than codon 918 mutations in sporadic
medullary carcinomas [95].

The relationship of physiological/secondary CCH to
the development of non-familial MTC is controversial.
Recent studies based on laser capture microdissection
studies of 24 cases of CCH either isolated or associated
with nonfamilial MTC failed to show RET mutations in
foci of CCH, despite the presence of codon 918 mutations
in three concomitant MTCs [111].

RET mutations involving codons 620, 630, 634, and
918 occur in 10-20% of sporadic pheochromocytomas
[112-114]. In contrast, RET mutations have not been
detected in parathyroid hyperplasias or adenomas, pitui-
tary adenomas, pancreatic endocrine tumors, carcinoids,
or neuroblastomas [115, 116].

RET mutations are also responsible for up to 40% of
the autosomal dominant forms of Hirschsprung’s disease
and a subset of patients with sporadic disease [95, 117].
Mutations are scattered throughout the gene and result in
the loss of function of the RET protein. Rarely, FMTC or
MEN2A may be present in association with Hirsch-
sprung’s disease, and in five kindreds with this associa-
tion, mutations in codons 609, 618, and 620 were identified
[92].

Treatment and Prognosis

Molecular genetic testing has had a profound impact on
the management of patients with these syndromes [96,
118, 119]. The decision to perform a prophylactic thyroi-
dectomy is now based exclusively on the use of this type of
testing rather than the use of the calcium and pentagastrin
provocative tests used in the past. Based on a negative test
result, family members at risk for the development of the
syndrome need not be subjected to additional testing.

A number of studies have assessed the value of genetic
analyses as the basis for prophylactic thyroidectomies in
patients with MEN2 [120-122]. In a survey of thyroidec-
tomies in 75 children and adolescents with proven RET
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mutations, MTC was found in 61% and C cell hyperpla-
sia alone was found in 39%. Testing for RET mutations is
now the standard of care for patients with MEN2 [133].
For patients with MEN2A, a prophylactic thyroidectomy
is recommended between the ages of 5 and 10 years. For
patients with MEN2B, thyroidectomy between the ages
of 6 months and 3 years is recommended. The optimal
therapeutic strategy for those patients with mutations
associated with FMTC remains to be determined.

Surgical treatment of patients with medullary thyroid
carcinoma is guided by the known pattern of spread of
these tumors, which includes central compartment lymph
nodes followed by ipsilateral and then contralateral
cervical lymph nodes [124, 125]. Approximately 50% of
patients with palpable primary tumors, in fact, will have
evidence of cervical nodal metastases. Both sporadic and
heritable MTCs, therefore, are generally treated by total
thyroidectomy with central lymph node dissection. In
those patients with palpable primary tumors, some
surgeons advocate the use of ipsilateral and even contral-
ateral cervical lymph node dissections to optimize the
chances for complete local control. Postoperative reduc-
tion of basal and stimulated calcitonin levels as well as
other biomarkers is highly effective in providing informa-
tion on biochemical cure.

The survival of patients with MTCs is strongly corre-
lated with stage [126]. Surgery provides cure in nearly all
patients whose tumors measure less than a few millimeters
in diameter, in 90% when tumors are less than one
centimeter and in 50% with tumors measuring more
than one centimeter [127]. Overall 10-year survival rates
average 75-85%. In a series of 104 patients with sporadic
and heritable MTC, 49.4% of the patients were cured,
12.3% had recurrent tumor, and 38.3% had persistent
tumor [14]. The mean follow-up time was 8.6 years with
10.7% and 13.5% cause specific mortalities at 5 and 10
years, respectively. In this series, 32% of the patients with
heritable tumors were diagnosed by genetic or biochem-
ical screening studies. As would be expected, these
patients had a lower incidence of cervical node metastases
than patients with sporadic tumors and 94.7% were cured
at last follow-up. Patients with systemic symptoms of
diarrhea, bone pain, and flushing had widespread meta-
static disease, and one third of these patients died within
5 years.

Age greater than 50 years and stage are the most
important prognostic factors in patients with MTC. In
fact, in the study reported by Kebebew et al. age and stage
were the only two independent prognostic factors [14].
Male gender approached statistical significance in uni-
variate analyses and most likely represents a minor risk
factor. While patients with cervical lymph node metas-
tases were more likely to have recurrent or persistent

disease, this parameter was not associated with a signifi-
cantly higher mortality.

The type of MTC (sporadic MTC, FMTC, MEN2A,
MEN2B) has been reported to be an important prognos-
tic factor in some studies. However, when controlling for
stage or in multivariate analyses, the subtype of MTC
does not appear to be an important prognostic factor
according to one study [128].

Numerous histological and immunohistochemical para-
meters, including cellular composition (spindle cell vs.
round cell), pleomorphism, extent of amyloid deposition,
and extent of calcitonin staining, have been examined as
potential prognostic parameters but none has proven to
be significant in multivariate analyses [129]. Koperek
et al. have demonstrated that desmoplasia in the primary
tumor is a reliable and reproducible parameter to predict
nodal metastatic potential [130]; however, additional
studies will be required to confirm this hypothesis. Both
calcitonin and CEA serum doubling times have also been
used as prognostic indices in patients with MTC [131].
Patients with rapid calcitonin doubling times have a
poorer prognosis than those with longer doubling times.

The presence of a somatic RET mutation, particularly
involving codon 918, has been linked to poor prognosis
[108, 109]. RET mutations involving codon 918 are more
frequent in large tumors and in those tumors with nodal
and distant metastases [132]. Among all prognostic fac-
tors found to be correlated with a worse outcome, only
advanced stage at diagnosis and the presence of RET
mutations showed an independent correlation [132].

Mixed Medullary and Follicular Cell
Carcinomas

Mixed tumors with neuroendocrine and follicular cell
differentiation include mixed medullary and follicular/
papillary carcinoma, medullary carcinoma with thyroglo-
bulin immunoreactivity, and thyroglobulin positive tumors
that co-express neuroendocrine markers [133—148]. Among
the latter group are occasional poorly differentiated
(insular) carcinomas, mucoepidermoid tumors, and hya-
linizing trabecular tumors [149—-151]. For example, poorly
differentiated carcinomas of the insular type may co-
express thyroglobulin and somatostatin while hyalinizing
trabecular tumors may stain positively for neuroendocrine
markers and may contain electron dense neuroendocrine
type granules [149, 150].

According to the WHO Classification of Endocrine
Tumors, mixed tumors are defined as those tumors
“showing the morphological features of both medullary
carcinoma together with immunoreactive calcitonin and
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the morphological features of follicular (or papillary)
carcinomas with immunoreactive thyroglobulin” [152].
Although this definition may seem straightforward, the
distinction of entrapped normal follicles from neoplastic
follicles may be difficult, if not impossible. In general,
entrapped follicles are present in the peripheral regions
of the tumors, but on occasion, they may be present in
more central areas (Fig. 6). Moreover, the distinction of
true thyroglobulin immunoreactivity from passively
absorbed or phagocytosed thyroglobulin is often difficult.
Mixed medullary and follicular (or papillary) carcinomas
are rare. Most cases have been sporadic; however, rare
examples of familial mixed tumors also occur [148].

Fig. 6 Medullary thyroid carcinoma with an entrapped thyroid
follicle at its periphery (H&E stain)

Mixed tumors with papillary and medullary components
also occur [139]. The papillary components are thyroglo-
bulin positive but are negative for calcitonin and CEA.
The medullary components, on the other hand, are calci-
tonin and CEA positive but are negative for thyroglobulin.
Both components have been recognized in the primary
tumors and in metastatic sites. The existence of such
tumors has raised the same histogenetic issues as those
of the mixed follicular and medullary carcinomas.

Volante and coworkers utilized molecular approaches
to study a series of 12 mixed medullary and follicular/
papillary carcinomas [147]. These studies supported the
view that the two components were derived from different
cells since the components of seven cases consistently
showed differences in patterns of RET mutations, allelic
losses, and clonal composition. According to their “hos-
tage” hypothesis, Volante et al. postulated that entrapped
non-neoplastic follicles were stimulated by medullary car-
cinoma-derived trophic factors leading to hyperplastic
follicular foci. The nature of the putative trophic factors,

however, is unknown. Subsequently acquired genetic
defects in the follicular cells lead to their neoplastic trans-
formation and the development of papillary or follicular
carcinoma components that have the capacity to metas-
tasize. Interestingly, a subset of “mixed tumors” is com-
posed of a medullary carcinoma containing hyperplastic
follicles, based on the fact that such follicles are often
polyclonal or oligoclonal.

Rarely, families with germline RET point mutations
develop both MTC and papillary thyroid carcinoma
(PTC), suggesting that RET point mutations rather than
rearrangements can drive the development of PTC. The
mutant RET found in such families scored constitutive
kinase activity and mitogenic effects for cultured thyroid
follicular cells (PCC13) although at a significantly lower
level than RET/PTCI [153]. These findings indicate that
RET point mutants have the capacity to function as domi-
nant oncogenes for thyroid follicular cells.

It is clear that medullary and follicular/papillary carci-
nomas represent a heterogeneous group [146]. In addition
to those tumors explained by the “hostage” hypothesis,
some mixed tumors may represent collision tumors or
derivatives of a stem cell capable of differentiating into
C cells or follicular cells [146, 148].
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Tumors of Parathyroid Gland
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Abstrac The most common parathyroid gland pathology
in primary hyperparathyroidism is parathyroid adenoma,
followed by hyperplasia and carcinoma. Adenoma,
hyperplasia, and carcinoma have distinct molecular
genetic profiles, however, their pathologic features are
often overlapping leading to significant diagnostic
dilemma, even on permanent sections. Final diagnosis
must be arrived at after taking into consideration the
abnormal gland, the status of the remaining glands, and
the pre- and post-operative blood parathyroid hormone
levels. The goal of treatment is achievement of normocal-
cemia, but recurrences occur in a significant number of
patients. Differentiating between different pathologic
entities is important in predicting recurrences and choos-
ing the appropriate extent of surgical resection. Several
genetic syndromes are associated with primary hyperpar-
athyroidism and include multiple endocrine neoplasia
(MENI1 and MEN2a), familial isolated hyperparathyr-
oidism, and hyperparathyroidism-jaw tumor syndrome.

Keywords Parathyroid gland ¢ Hyperparathyroidism o
Adenoma ¢ Carcinoma <« Atypical adenoma e
Parathyromatosis

Embryology

Parathyroid glands develop from the dorsal buds of
pharyngeal pouches in the human embryo at about 5-6
weeks, hence their location on the dorsal surface of the
thyroid. The inferior parathyroid glands develop in the
third pharyngeal pouch along with the thymus and
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descend with it to their final position. The superior para-
thyroid glands develop from the fourth pharyngeal pouch
[1]. An understanding of the path of descent of the para-
thyroid glands is critical to locating the parathyroid gland
at surgery.

Histology

The normal parathyroid gland is about 6 mm long and
weighs up to 40 mg in the adult. A thin fibrous capsule is
seen around the gland but its presence is inconsistent [2].
The epithelial component of the gland comprises of,
predominantly, the chief or principal cells and oxyphil
cells. The chief cells develop from the endodermal phar-
yngeal pouch epithelium in the embryo while the oxyphil
cells appear 5-7 years after birth and increase with age
[1]. The chief cells are small, 8-10 pm in size with central,
pyknotic nuclei and indistinct nucleoli (Fig. 1). The
cytoplasm may be clear, vacuolated, or amphophilic, and
contains glycogen and lipid. Glycogen may be demon-
strated as PAS-positive diastase sensitive staining and fat
stains may demonstrate intracytoplasmic lipid. The cells
are arranged in lobules or solid sheets separated by fibro-
vascular stroma. Well-formed glands with PAS-positive
colloid-like intraluminal contents may be seen. The
oncocytic cells are larger than the chief cells and have
abundant, densely eosinophilic granular cytoplasm.
Transitional cells may be seen in abnormal parathyroid
glands and have features that overlap with chief and
oncocytic cells (Fig. 1). Stromal adipose cells are charac-
teristically intermingled with the parathyroid cells in the
adult, and its proportion depends on age and body fat
content [3, 4]. The parathyroid cells show positive expres-
sion of chromogranin A, parathyroid hormone, parathyr-
oid hormone-related protein (PTHrP), cytokeratin, and
calcium sensing receptor [5-7].

A. Khan (ed.), Surgical Pathology of Endocrine and Neuroendocrine Tumors, Current Clinical Pathology, 99
DOI 10.1007/978-1-60327-396-1_7, © Humana Press, a part of Springer Science+Business Media, LLC 2009



100

M.L. Prasad and A. Khan

Fig. 1 Parathyroid adenoma,
(A) comprising of chief cells
(lower right), oncocytic cells
(upper third), and transitional
cells (lower left). The chief cells
are small with central, pyknotic
nuclei and indistinct nucleoli.
The cytoplasm may be clear and
amphophilic. The oncocytic
cells are larger and have
abundant, densely eosinophilic
granular cytoplasm.
Transitional cells (lower left)
have features overlapping with
chief and oncocytic cells,

(B) comprising of
predominantly chief cells
showing nuclear atypia and a
small amount of stromal fat. As
in other benign endocrine
tumors, atypia may be seen in
parathyroid adenoma, and does
not have any significance.

(C) Adenoma with
microfollicular architecture.
The tumor is separated from the
compressed normal residual
parathyroid gland (left) by a
thin fibrous capsule. The
normal compressed gland shows
stromal fat cells, which are
significantly reduced in the
adenoma. (D) Water clear cells
in parathyroid adenoma. The
cells have abundant vacuolated
cytoplasm

Primary Hyperparathyroidism

Hyperparathyroidism is defined as high serum parathyroid
hormone levels and may be primary, secondary, or tertiary.
The most common cause for primary hyperparathyroidism
is parathyroid adenoma (85-90%), followed by multi-
glandular hyperplasia (10-14%), and, infrequently, carci-
nomas (1-3.5%) [8, 9]. Secondary hyperparathyroidism is
a compensatory reaction to low serum calcium levels as in
chronic renal failure while tertiary hyperparathyroidism
indicates the development of autonomously functioning
abnormal parathyroid glands in the background of sec-
ondary hyperparathyroidism. Serum calcium levels are
increased in primary and tertiary hyperparathyroidism
and low in secondary hyperparathyroidism [10].
Predisposing factors for primary hyperparathyroidism
include radiation. A fourfold increase in primary hyper-
parathyroidism was reported in atomic bomb survivors

[11]. Even low doses of radiation have been reported to
increase the risk for hyperparathyroidism [12, 13]. Various
familial and inheritable disorders can also predispose to
hyperparathyroidism, as discussed in the chapter on
Application of Molecular Diagnosis Techniques in the
Diagnosis and Management of Endocrine Tumors and
later in this chapter.

The incidence of hyperparathyroidism has increased
significantly with the introduction of the multichannel
autoanalyzer in the clinical chemistry laboratories in the
early seventies [14]. Mayo Clinic reported an increase
from 15/100,000 person-years before 1974 to 112/100,000
person-years after 1974 [8]. However, recent studies show
an incidence of about 21-29/100,000 person-years [15].

Patients tend to be asymptomatic as hypercalcemia is
incidentally detected on routine serum chemistry. Symp-
toms of hyperparathyroidism are due to the complica-
tions of hypercalcemia and include gastric ulcers, band
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keratopathy, neuromuscular weakness, depression, renal
stones, osteoporosis, fractures, brown tumors of bones,
and osteitis fibrosa cystica [16, 17, 18]. The higher inci-
dence of hyperparathyroidism in postmenopausal women
may be due to age-associated decline in endogenous estro-
gens and withdrawal of its protective action on bones. As
expected, the incidence of clinical presentation with com-
plications of hyperparathyroidism has undergone a dra-
matic decrease from 22% in the pre-screening era before
1974 to <10% in the post-screening era [8, 14].

Parathyroid Adenoma

The predisposing factors and signs and symptoms are
those of primary hyperparathyroidism, as discussed
above. Patients are usually in their fifth and sixth decade

Fig. 2 Parathyroid adenoma
with (A) solid, sheet like growth
intersected by rich capillary
network, (B) microfollicular
architecture,

(C) macrofollicular architecture
with eosinophilic, colloid-like,
luminal contents mimicking
thyroid (D)

with a female to male predilection of nearly 2-3:1 [8, 14,
15]. A small proportion of parathyroid adenomas may be
nonfunctional and discovered incidentally on imaging of
the neck [19]. Adenomas may occur sporadically or as
part of one of the genetic syndromes, discussed later in
this chapter.

Macroscopic Pathology

The adenomatous glands are generally located in the neck
(90%), however, adenomas in ectopic locations where
normal parathyroid tissue may be found, can occur, e.g.,
in the mediastinum. The affected parathyroid gland is
enlarged measuring <1 cm to several centimeters and
weighing <1 g to several grams, well-circumscribed,
and encapsulated [20]. In contrast, the other three
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parathyroid glands are normal or small. In a study pub-
lished from the Massachusetts General Hospital, 99% of
adenomas were solitary involving a single gland and only
about 1% was double adenomas involving two glands [9].
Multiple adenomas, when present, tend to be synchro-
nous but may be metachronous. Triple adenomas are rare
[21]. Roth and Faquin did not find any triple adenomas in
a series of 2787 parathyroid adenomas diagnosed between
1930 and 2002 and concluded that convincing cases of
triple adenoma were nonexistent [9]. The tumor may be
nodular or multinodular, soft in consistency, and has a
tan brown cut surface. Adenomas composed of predomi-
nantly oncocytic cells may have a mahogany brown cut
surface. Large tumors may be cystic or hemorrhagic.

Microscopy

Most adenomas comprise of predominantly or exclu-
sively chief cells. However, other cells e.g., oncocytic,
transitional, or a mixture of cells, can also be seen (Fig. 1).
The intracytoplasmic lipid in chief cells is significantly
reduced, as is the stromal fat within the tumor. Mitoses,

pleomorphism, and necrosis are typically absent, but
some atypia may be seen infrequently (Fig. 1B). The
tumor cells may be arranged in solid sheets with a rich
capillary network or in nests separated by thin fibrous
septa. A compressed residual normal parathyroid gland is
frequently present at the periphery of the adenoma (Fig.
1C). Micro and macrofollicular patterns with colloid-like
intraluminal contents mimicking thyroid may be seen, as
may be cystic degeneration, hemorrhage, and fibrosis
(Fig. 2).

Various morphologic subtypes of adenoma are
described, e.g., oxyphilic type, water clear cell type, and
lipoadenoma. These morphologic types have little func-
tional significance. Tumor cells in oxyphil (oncocytic)
adenoma contain abundant eosinophilic granular cyto-
plasm and small pyknotic nuclei. Electron microscopy
shows abundant intracytoplasmic mitochondria. Water
clear cells are not part of the normal parathyroid gland
[22] but rarely abnormal glands may be composed of
predominantly water clear cells. These cells have abun-
dant vacuolated cytoplasm due to intracytoplasmic vesi-
cles (Fig. 1D). Lipoadenoma is rare and contains abun-
dant stromal fat [23, 24]. The latter may be very large (up
to 40 g) [23]. Parathyroid microadenomas are defined as

Table 1 Pathology of primary hyperparathyroidism

Adenoma (85-90%)*

Hyperplasia
(10-14%)*

Atypical adenoma (rare)*

Carcinoma (1-3.5%)*

Number
Size

Microscopy: Architecture

Capsule

Stromal fat content

Intracellular fat content in chief

cells
Peripheral compressed

uninvolved parathyroid gland
Fibrous septae within nodule
Infiltration of adjacent tissue
Atypia, pleomorphism, mitoses

Enlarged nuclei and
macronucleoli

Parafibromin**
immunohistochemistry

HRPT?2 gene mutation®*

Single gland
Increased size and weight
of affected gland

Solitary, well-
circumscribed nodule

Present

No or little fat within
enlarged nodule

Reduced

+

Absent

Absent

Absent
Absent

Positive

Absent

Multiglandular
Increased size and
weight of >1

gland
Diffuse or
multinodular

Absent

Variable fat, may
be as much as in
normal gland

Reduced

Absent
Absent
Absent
Absent
Absent

Positive

Absent

Single gland
Increased size and weight
of affected gland

Solitary, well-
circumscribed nodule

May be Present, dense, or
incomplete

No or little fat within
enlarged nodule

Reduced

+

+

Microscopic infiltration +

+
+

H+

Single gland

Increased size and
weight of affected
gland

Solitary, well-
circumscribed
nodule

Absent or very dense
fibrous incomplete
capsule

No or little fat within
enlarged nodule

Reduced
Absent

Usually present
Present, usually gross

+

+
Negative

Present

+ Present but may be absent

*References [8, 9, 54]
**References [53, 54]
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functional solitary adenomas less than 6 mm in size with
no enlargement of the affected parathyroid gland and
biochemical improvement after surgical excision [25].
The pathologic diagnoses of microadenoma and double
adenomas are difficult and need to be supported by bio-
chemical evidence, i.e., normalization of serum parathyr-
oid hormone levels after surgical removal with no recur-
rence on follow-up. Differential diagnoses of parathyroid
tumors are discussed in Table 1 and later in this chapter.

Atypical Parathyroid Adenoma

Atypical parathyroid adenoma or parathyroid neoplasm
of uncertain malignant potential is a histopathologic
entity, diagnosed on the basis of aggressive histological
features. Aggressive histological features include broad
intratumoral fibrous bands, pleomorphism and atypia,
mitoses, necrosis, and microscopic capsular infiltration
(Fig. 3). These features do not fulfill the criteria for carci-
noma but are too worrisome for a diagnosis of adenoma
[2, 19, 20]. The clinical and biochemical features are
similar to parathyroid adenoma.

Fig. 3 Atypical adenoma. The tumor shows thick fibrosis and cap-
sular invasion. Tumor cell nests are adjacent to thyroid follicles (lower
left). These features are worrisome but do not qualify for carcinoma

Parathyroid Carcinoma

Carcinoma of the parathyroid gland is rare. The incidence
in the United States is <1 per million population per year
[26], accounting for 0.005% of all cancers in the National

Cancer Data Base [27]. However, according to the national
Surveillance, Epidemiology, and End Results (SEER)
data, its incidence has increased significantly from 3.58
per 10,000,000 during 1988-1991 to 5.73 per 10,000,000
during 2000-2003 [26]. Among patients who undergo
parathyroidectomy for primary hyperparathyroidism
the incidence of parathyroid carcinoma is <1-3.5% [8, 9].

There are no predisposing factors [26], however, rare
cases may be associated with MENI1 [28, 29]. In a case
reported from Mayo Clinic, a MENI1 syndrome patient
had a parathyroid carcinoma with mediastinal metastasis
with a concurrent parathyroid adenoma and pancreatic
gastrinoma [28]. Mutations in the tumor suppressor gene
HRPT?2 (hyperparathyroidism 2 gene, CDC73) leading to
familial isolated hyperparathyroidism (FIHPT) are asso-
ciated with a relatively higher frequency of aggressive
parathyroid disease, namely atypical adenoma and carci-
noma [30].

Parathyroid carcinoma affects adults in the sixth
decade (median age 55, range 14-90 years) and has no
gender or race predilection [6, 26, 27, 31]. Most patients
present with primary hyperparathyroidism and its com-
plications [32]. Severe hypercalcemia with renal and bone
disease and a neck mass is suggestive of parathyroid
carcinoma over adenoma [10]. However, the diagnosis
of carcinoma is rarely made preoperatively.

Macroscopically, the affected gland is enlarged and
firm to hard with grey white cut surface. The mean
tumor size is approximately 3 cm (range 1-7 cm ) [27,
32] and the average weight is approximately 3 g although
tumors as large as 67 g have been reported [31, 33]. The
tumors may grossly infiltrate adjacent structures and may
be difficult to resect at surgery, leading the surgeon to
suspect its malignant nature intraoperatively.

Microscopically, the majority (80%) of parathyroid
carcinomas are well differentiated and cytoarchitecturally
resemble adenomas. The tumor cells are generally chief
cells but may have a mixture of other cell types arranged
in solid sheets, trabeculae, nests, and nodules, with push-
ing edges intersected by broad fibrous or hyalinized bands
(Fig. 4). Poorly differentiated and undifferentiated var-
iants account for <10% of carcinomas [27]. Increased
nuclear cytoplasmic ratio, nuclear atypia with macronu-
cleoli, and increased mitoses (>5/10 HPF) may be present
(Fig. 5), but are inconstant features [10]. However, the two
absolute diagnostic criteria are extensive invasion of adja-
cent tissues and metastasis (Fig. 4-5) [34]. In a review of
358 cases Koea et al. found that the most commonly
invaded tissues were the ipsilateral thyroid (89%), skeletal
muscles (71%), recurrent laryngeal nerve (26%), esopha-
gus (18%), and trachea (17%) [35]. Due to the intrathyr-
oidal location of some normal parathyroid glands,
thyroid invasion alone should not be used as sufficient
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Fig. 4 Parathyroid carcinoma:
(A) Multinodular tumor with
fibrous bands and necrosis
(lower left), (B) Thick
hyalinizing fibrosis and
desmoplasia associated with
tumor cell nests, (C) Vascular
invasion with tumor emboli,
(D) Lymph node metastasis

for diagnosis. Other important criteria for malignancy are
irregular thick fibrosis including hyaline bands intersect-
ing the tumor, dense fibrous capsule, focal coagulative
necrosis, capsular, vascular, and/ or neural invasion
(Figs. 4-5, Table 1).

Approximately 10-15% of tumors develop nodal
metastasis [27, 31, 35]. Older age, male gender, and dis-
tant metastases at diagnosis appear to be associated with
a worse overall survival, whereas tumor size and lymph
node status do not seem to affect the overall survival rate
[26, 27]. Therefore, the TNM staging where size and nodal
status are two of the three major components is not used
for parathyroid carcinoma. Distant metastasis to lung
and bone develops in a small number of cases [31, 36—
39]. En bloc resection of the tumor with the adjacent neck
structures results in reduced recurrence (10%) and long
survival (67-90%) [31, 35]. Incomplete resection leads to
neck recurrence in nearly 50% of patients and to 46%
disease-related mortality [35].

Locoregional extension at initial surgery and Ki-67
index of >5% are reported to be associated with recur-
rence and poor prognosis [33]. Despite the absence of a
uniform staging and grading system, the authors feel that
the final pathology report should include the standard
features of the tumor (Table 2).

Parathyromatosis

This is a condition where numerous parathyroid nodules
develop in the soft tissues of the neck and mediastinum,
generally after parathyroid surgery, but may occur de
novo (primary parathyromatosis, e.g., in MEN1) [40]. It
has also been reported after autotransplantation of the
parathyroid tissue in the arm. The disease presents as
recurrent or persistent hyperparathyroidism. There are
three theories for its origin [41]: (1) seeding theory: it
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Fig. 5 Parathyroid carcinoma:
(A) Thick tumor capsule with
solid tumor nests invading
skeletal muscle (lower right),
(B) Tumor infiltrating thyroid
(lower left), (C) Tumor nests
intersected by thick
fibrovascular septae, (D) A
poorly differentiated
parathyroid carcinoma with
severe nuclear atypia,
pleomorphism, macronucleoli,
and a pseudonucleolus (left of
center)

Table 2 Pathology report for parathyroid carcinoma

1. Diagnosis

2. Size, weight

3. Extent of resection: Complete/incomplete (margin status)

4. Extent of invasion: Capsular, vascular, lymphatic, neural, soft
tissue (fat, skeletal muscle, etc.), and adjacent structures
(thyroid, trachea, thymus); Focal vs. extensive invasion

5. Metastases: Regional lymph nodes or distant metastasis

occurs due to rupture of an abnormal parathyroid gland
during surgery leading to seeding of the tissue [42]; (2)
embryonic rest theory: it is an overgrowth of multiple
embryonic rests [43, 44]; and the least popular, (3) malig-
nant theory: it is a low-grade malignancy [45]. Parathyr-
omatosis may involve the soft tissues of the neck, medias-
tinum including the thymus [46], or the arm, as in
autotransplantation [47]. Microscopically, there are mul-
tiple miliary-type or larger nodules of bland looking para-
thyroid glandular tissue in the fat and skeletal muscle.

The lesion is differentiated from parathyroid carcinoma
by the absence of extensive fibrosis, mitosis, and other
features of malignancy, as discussed above.

Management of Parathyroid Gland
Abnormality and the Pathologist’s Role

Identification of hyperfunctioning parathyroid gland is
critical for their removal and the subsequent achievement
of normocalcemic state by the patient. Pre-operative ima-
ging techniques, such as sestamibi scans with technetium-
99m label are highly accurate in localizing the abnormal
parathyroid gland [48]. The traditional role of intraopera-
tive pathology (frozen section) involves identification of
(1) the parathyroid gland and (2) the abnormality. Frozen
sections can help distinguish parathyroid gland from
thyroid nodules, lymph node, thymus, or other tissues.
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The use of intraoperative cytology such as touch or
imprint smears to distinguish parathyroid from other
tissues is not popular due to an unacceptably high rate
of inaccuracies [9]. The parathyroid gland should be
weighed after removing any attached fat or thymic tissue.
Increased size and weight is consistent with abnormal
gland. Intraoperative use of fat stain in assessing normal
and abnormal gland is useful. Chief cells in normal glands
have abundant intracellular lipid as against hyperplastic
and neoplastic glands [9, 22]. However, fat stains like oil
red O and Sudan IV require more labor and increase the
time needed to arrive at the diagnosis. A rapid toluidine
blue stain (30 sec) is used on frozen section to assess
intracellular fat in the department of pathology at the
University of Pennsylvania with good results [49]. Differ-
ential diagnosis of abnormal parathyroid gland is dis-
cussed in Table 1. It is critical to diagnose hyperplasia
correctly, as missing this entity could lead to inadequate
treatment and recurrence of hyperparathyroidism. The
preoperative clinical and biochemical features are similar
in neoplastic and hyperplastic glands. Morphologically
there may be little or no intratumoral stromal fat in
adenoma, which may show a compressed residual para-
thyroid gland at the periphery (Fig. 1). The hyperplastic
parathyroid gland contains variable amount of stromal
fat and may vary only in weight and size from the normal
parathyroid gland. Multiglandular disease indicates hyper-
plasia whereas single gland involvement with the remaining
glands being normal or atrophic would support neoplasia.
Hyperplasia may be cystic or multinodular (Fig. 6) and is
comprised of predominantly chief cells, similar to neoplastic
glands. Indeed the single most important distinguishing
feature between hyperplasia and neoplasia is the number
of involved glands (single or multiglandular disease) and
the status of the uninvolved glands (normal, enlarged, or
atrophic), with a caveat, that a single dominant hyper-
plastic nodule may mimic adenoma, contain little fat, a
compressed residual parathyroid gland at the periphery,
and even suppress the other parathyroid glands. Thus, the
histopathologic distinction of adenoma vs. hyperplasia is
fraught with pitfalls even on permanent sections when
only one gland is available for review [49]. In one study,
prediction of normocalcemia after parathyroidectomy,
based on intraoperative pathology, was incorrect in
62% of cases, in contrast to quantitative intraoperative
parathyroid hormone monitoring which was incorrect in
only 3% of patients [50]. These authors suggest that
intraoperative frozen sections have little or no role in
deciding multiglandular disease, and exploration of the
neck for multiglandular disease should be replaced by
functional evaluation of parathyroid using intraoperative
hormone monitoring. A significant fall (>50% of pre-
incision levels) in parathyroid hormone levels after

Fig. 6 Parathyroid hyperplasia: (A) Multinodular hyperplasia, (B)
Hyperplastic gland with cystic change and papillary hyperplasia

removal of the hyperfunctioning gland or glands accu-
rately predicts removal of all abnormal parathyroid tissue
[51]. Complete surgical removal of the affected gland or
subtotal parathyroidectomy with removal of three and a
half glands in parathyroid hyperplasia provides the best
chance of achieving normocalcemic state in the patient.
Hypercalcemia may recur in approximately 5% of
patients even after many years, especially in cases where
the traditional surgical exploration of the neck was per-
formed to identify abnormal parathyroid glands rather
than intraoperative parathyroid hormone assessment
[52]. Recurrence has been reported in both neoplasia
and hyperplasia, and may be due to the metachronous
development of a second adenoma, or single gland pre-
dominant hyperplasia that suppressed the other glands
leading to an initial erroneous impression of adenoma,
parathyroid carcinoma that was initially missed or acci-
dental seeding of the cervical soft tissue by parathyroid
tissue during surgery (parathyromatosis).
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Special Techniques in Parathyroid Gland
Pathology

Immunohistochemistry for parafibromin shows its loss in
almost all parathyroid carcinomas and correlates with
inactivating HRPT2 gene mutations, while parafibromin
expression is retained in adenomas and sporadic primary
hyperparathyroidism [53, 54]. Mitoses of >5/10 HPF,
high proliferative index (>5%) with Ki-67, and Galectin-3
expression may suggest carcinoma over adenoma [10, 33,
55]. Cyclin D1 is believed to be expressed in abnormal
parathyroid glands and absent in normal but does not
appear to be useful in differentiating among the different
types of parathyroid abnormalities (Table 3, Fig. 7).
Ectopic parathyroid tumors may be diagnostically
challenging. Intrathyroidal parathyroid tumors may
resemble follicular neoplasms of the thyroid. Ordonez
and colleagues (1983) reported an intrathyroidal para-
thyroid carcinoma associated with amyloid production
raising the suspicion of medullary thyroid carcinoma
[56]. Immunohistochemistry for parathyroid hormone,
neuroendocrine markers, e.g., chromogranin A is positive
in parathyroid while positive expression of thyroglobulin
and TTF1 would support thyroid origin (Table 3).
Inactivating mutation of the HRPT2 gene are a
hallmark of carcinoma, hyperparathyroidism-jaw tumor-
syndrome, and some cases of familial isolated hyperpar-
athyroidism, but is not seen in sporadic adenoma or
primary hyperplasia [54]. Gene expression profiling has
shown distinct profiles for adenoma and hyperplasia but
these techniques are limited to research only [57, 58].

Familial Primary Hyperparathyroidism

Several genetic syndromes may include primary hyper-
parathyroidism either as a predominant feature or as part

of the syndrome. These syndromes and their associated
gene mutations are listed in Table 3 in the chapter on
Application of Molecular Diagnosis Techniques in the
Diagnosis and Management of Endocrine Tumors.

Multiple Endocrine Neoplasia (MEN)

This is a group of syndromes where multiple endocrine
organs develop hyperplasia, adenoma, or carcinoma. The
group is categorized as MEN1 and MEN2a and MEN2b. In
MEN!I patients, the presenting symptoms are those primary
hyperparathyroidism in 80-95% of patients with hyperpla-
sia being the most common parathyroid gland pathology.
These patients also develop pancreatic neuroendocrine
tumors and pituitary tumors. MEN2 is characterized by
medullary thyroid carcinoma and pheochromocytoma. In
addition, in MEN2a 20-30% of patients may develop para-
thyroid hyperplasia, as part of the syndrome [59].

Familial Idiopathic Hyperparathyroidism
(FIHPT)

Familial isolated primary hyperparathyroidism (FIHPT)
is an autosomal dominant inheritable disorder character-
ized by isolated primary hyperparathyroidism. It may
represent an early stage of either the multiple endocrine
neoplasia type 1 (MENI1) or the hyperparathyroidism-
jaw tumor (HPT-JT) syndrome. The condition may be
caused by allelic variants of MENI. HRPT2 mutations in
FIHPT is rare and are associated with a relatively higher
frequency of aggressive parathyroid disease, namely aty-
pical adenoma and carcinoma. Kelly et al. recommend
that a personal or family history of parathyroid carci-
noma in FIHPT should mandate an evaluation of

Table 3 Immunohistochemistry in parathyroid pathology

Expression in Parathyroid

Protein/Antigen Tissue Comment/Utility

Chromogranin A Positive Helps identify parathyroid tissue from thyroid, lymph node, and other tissues

Parathormone Positive Helps identify parathyroid tissue from thyroid, lymph node, and other tissues

TTF-1 Negative Helps distinguish from thyroid follicular cells, which are positive

Thyroglobulin Negative Helps distinguish from thyroid follicular cells, which are positive

Parafibromin Negative in most Helps distinguish malignant from benign parathyroid gland (positive), may be positive
parathyroid carcinomas in secondary and tertiary hyperplasia

Ki-67 Increased in parathyroid >5/10HPF may suggest malignancy and poorer prognosis; may be negative or not
carcinoma increased in carcinoma

Galectin-3 Positive in parathyroid May be positive in benign tumors
carcinoma

Cyclin-D1 Positive in abnormal Helps identify abnormal from normal but does not distinguish between various types
parathyroid of pathology, i.e., Hyperplasia, adenoma, carcinoma

Abbreviations: HPF High power field, TTF-1 Thyroid transcription factor-1



108

M.L. Prasad and A. Khan

Fig. 7 Immunohistochemistry
in parathyroid disease:

(A) Chromogranin A is
uniformly expressed in
parathyroid cells. Parathyroid
carcinoma with (B) nuclear
expression of Cyclin-D1,

(C) nuclear and cytoplasmic
expression of Galectin-3, and
(D) nuclear expression Ki-67
proliferation marker

germline HRPT?2 mutation status [30]. The genetic infor-
mation can be used in diagnostic and management con-
siderations leading to early detection and removal of
potentially malignant parathyroid tumors.

Hyperparathyroidism-Jaw Tumor Syndrome

Hyperparathyroidism-jaw tumor (HPT-JT) is an autoso-
mal dominant genetic disease where primary hyperpar-
athyroidism is associated with recurrent parathyroid ade-
nomas or carcinoma, fibro-osseous tumors of the jaw
(mandible or maxilla), and various types of renal lesions,
including benign cysts, renal tumors, and hamartomas.
The affected individuals carry HRPT?2 gene mutations.
HRPT?2 gene encodes the protein parafibromin, which is
present in normal parathyroid glands but is uniformly

lost in the parathyroid glands of HPT-JT patients and
also parathyroid carcinomas due to an inactivating muta-
tionin HRPT?2[53, 54, 60]. The parathyroid adenomas in
these patients tend to be cystic and there is a higher
incidence of parathyroid carcinoma.
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Tumors of the Adrenal Cortex

Anne Marie McNicol

Abstract Adrenal cortical tumors may present clinically
with evidence of excess hormone secretion, local mass
effects, or symptoms and signs associated with malig-
nancy. They are now also identified incidentally when
the abdomen is scanned in the investigation of other dis-
ease. Although adrenal cortical carcinoma is rare, it is
important to recognize it as an aggressive tumor.

This chapter discusses first the aspects of the normal
adrenal gland and clinical and epidemiological features of
adrenal cortical tumors. The pathologic features of
benign and malignant tumors are described, also the
application of immunohistochemistry in differential diag-
nosis and an outline of the molecular pathogenesis.

Keywords Adrenal cortex ¢ Adenoma ¢ Carcinoma ¢
Immunohistochemistry « Molecular genetics

Introduction

Adrenal cortical tumors are now more commonly part of
diagnostic surgical pathology practice because they are
increasingly identified when the abdomen is scanned in
the investigation of other diseases. Although adrenal car-
cinoma is rare it is important to recognize as it has a very
poor prognosis and adequate surgical treatment is the
mainstay of therapy. Diagnosis is still based on basic
histological analysis and prognosis is linked mainly to
tumor stage. However, immunohistochemistry and mole-
cular investigations are beginning to provide information
that may be useful for the future. This chapter will discuss
clinical and pathologic aspects of adrenal adenoma
and carcinoma, the use of immunohistochemistry in
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differential diagnosis, and relevant aspects of molecular
pathogenesis.

The Normal Adrenal Cortex

The human adrenal glands sit at the upper poles of the
kidneys, the right having a pyramidal shape and the left
a more crescentic appearance. The normal weight in the
adult at surgery [1] or in cases of sudden death [2] is 4.0
+ 0.8 g, while it is 6 g at hospital autopsy, presumably
reflecting stimulation by adrenocorticotrophic hormone
(ACTH) in the stress of terminal illness. It is divided
along the long axis into head, body, and tail, and the
alae are flattened extensions on the medial and lateral
aspects. The medulla accounts for ~10% of the total
weight and is present in the head and body and focally
in the alae [2, 3]. The cortex comprises three zones with
distinctive histologic features. The zona glomerulosa
(ZG) comprises small angular cells dispersed in a dis-
continuous manner below the capsule. It is responsible
for the synthesis of aldosterone, the main mineralocor-
ticoid. The zona fasciculata (ZF) is the main compo-
nent, with large lipid-laden cells arranged in columns
from the ZG or capsule to the inner zona reticularis
(ZR). It is thought to be the main source of glucocorti-
coids (cortisol in the human gland). The ZR comprises
eosinophilic, or compact, cells with little lipid storage.
These are arranged in cords around vascular sinusoids.
This zone is also capable of producing cortisol and is
the source of adrenal androgens. The control of aldos-
terone secretion is mainly by the renin—angiotensin sys-
tem, while cortisol production is regulated by ACTH.
The medulla lies centrally and the border between it and
the cortex is often not clearly defined, with foci of
cortical cells lying within the medulla. There is also a
cuff of cortex that invaginates into the medulla around
the central vein.
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Clinical Aspects of Adrenal Cortical Tumors

Both benign and malignant tumors may present with
signs and symptoms of secretion of excess steroids. Pro-
duction of aldosterone causes Conn syndrome, with
hypertension, low renin levels, and, in many patients,
hypokalemia [4]. Excessive secretion of cortisol gives rise
to the well-recognized features of Cushing syndrome [5].
Production of sex steroids causes adrenogenital syn-
drome, with virilization, feminization, or precocious pub-
erty, depending on the age and sex of the patient and the
nature of the steroids produced. Androgen production is
much more common than estrogen. Adrenal cortical car-
cinoma may present with metastases or with abdominal
or loin pain, fullness, or other more general tumor-related
effects, such as fever or weight loss.

Both adenomas and carcinomas also present as ‘inci-
dentalomas,” when the abdomen is scanned for the inves-
tigation of other disease [6]. High resolution computed
tomography (CT) scans detect lesions in ~4% of people
[7]. They are more common with increasing age and have
a prevalence of about 7% over 70 years of age [8]. Some
are found to be functional and a number are associated
with subclinical Cushing syndrome [9]. These are usually
removed, but there is still a debate as to what to do with
nonfunctional cortical lesions [10]. Decisions may be
made on the basis of size since larger adrenal cortical
tumors are more likely to be malignant.

Adrenal Adenoma

The true incidence of adrenal cortical adenomas is
unknown as, until recently, most were identified in life
only if they secreted excess steroids. Cortical nodules are
reported in up to 54% of unselected autopsy series [11].
These may be single nodules, but many are small, multi-
ple, and bilateral [12]. They are more common with
increasing age and in hypertension and diabetes mellitus.
They are usually unencapsulated but circumscribed and
larger lesions often show an expansile pattern of growth.
Large nodules may cause disparity in weight between the
two glands. Micronodules are usually seen in the outer ZF
(Fig. 1) and larger nodules occupy more of the cortex.
They may also be found in the cortical cuff surrounding
the central vein. The cut surface is yellow, often with focal
brown areas. Most comprise large lipid-laden cells but
compact cells may predominate. Myelolipomatous
change and osseous change are found occasionally.
These nodules were thought to represent compensatory
hyperplasia following ischemia and atrophy on the basis
that they were found more commonly in glands showing
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Fig. 1 Adrenal cortical micronodule in the outer zona fasciculata.
The capsule lies at the upper left hand corner. Hematoxylin and
eosin. Original magnificationx200

hyalinization and luminal occlusion of capsular vessels
[12]. However, others have challenged this because they
can be found in glands without evidence of vascular
changes and abnormal vessels may actually be present
within the nodules themselves [13].

Most would regard larger solitary nodules as adeno-
mas and multiple bilateral nodules as hyperplastic. Clonal
analysis supports this approach as it suggests that most
nodules with the morphologic characteristics of adenoma
are monoclonal, consistent with a neoplasm [14, 15].
However, a minority are polyclonal, raising the possibi-
lity that they are of hyperplastic origin or that some
adenomas arise from neoplastic transformation of more
than one cell. This requires further clarification.

Using the presence of a solitary nodule as one of the
main diagnostic criteria, an autopsy study has reported
adenomas in 5% of glands [16], more commonly in
women. Occasional cases of bilateral adenomas have
been reported [17, 18]. Adenomas often weigh less than
50 g but occasionally are large [11]. They are intra-adre-
nal, often unencapsulated (Fig. 2), but may have a pseu-
docapsule or a true capsule. The cut surface is usually
yellow with focal brown areas. Although the reason is
unclear, adenomas associated with Conn syndrome are
often a brighter yellow than those of Cushing syndrome.
Occasional tumors are very dark, so-called ‘black ade-
noma’ [19]. This is due to the accumulation of lipofuscin
and/or neuromelanin. In patients with Cushing syndrome
the adjacent normal gland is usually atrophic because of
the suppression of ACTH release from the anterior pitui-
tary caused by the excess levels of cortisol. Histologically,
they are composed mainly of ZF-like cells with foci of
compact cells and show an alveolar architectural pattern
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Fig. 2 Adrenal cortical adenoma from a patient with Conn syn-
drome. The normal gland is seen in the lower part of the picture and
attenuated around the tumor

Fig. 3 Adrenal cortical adenoma. The tumor comprises lipid-laden
cells arranged in a mixture of alveolar groups and short cords.
Hematoxylin and eosin. Original magnificationx400

mixed with short cords of cells (Fig. 3). In tumors asso-
ciated with Conn syndrome there may be foci of ZG-like
cells and cells showing mixed characteristics of ZG and
ZF cells — ‘hybrid’ cells. In patients treated with spirono-
lactone, small intracytoplasmic whorled inclusions (spir-
onolactone bodies) may be found in the tumor cells and in
the outer ZF and ZG [20]. These measure up to 20 pm in
diameter and are often surrounded by a clear halo. They
stain positively with periodic acid-Schiff. Compact cells
may be the dominant subtype in tumors associated with
virilization and this may cause problems in the diagnosis
of malignancy as outlined later.

Adrenal Carcinoma

Adrenal cortical carcinoma is a rare tumor with an
estimated prevalence of between 0.5 and 2 per million
[6, 21-23] and it accounts for 0.05% to 2% of all malig-
nancies [24-26]. It is more common in women. There is
a bimodal age distribution, with a peak in early child-
hood and another in the fifth to seventh decades [27—
29]. The outcome is still poor [30, 31] with reported
mortality rates between 67% and 94% [32-34]. The
median or mean survival lies between 4 and 46 months
[24, 34, 35]. Over half of patients have invasion of
adjacent organs or distant metastases at the time of
first presentation [31, 36]. The common sites of metas-
tases are liver, lung, retroperitoneum, lymph nodes, and
bone [37, 38].

Functioning tumors account for between 24% and
74% of cases [11, 38, 39]. Cushing syndrome is the
commonest, often accompanied by androgen excess
(mixed Cushing syndrome). Virilization may be the
only feature. Feminization is rare as is Conn syndrome.
In recurrence or metastatic disease the clinical syndrome
is usually the same, but changes from virilization to
feminization [40] and Conn to Cushing syndrome [41]
have been reported. Surgery is the main therapeutic
approach and most tumors have a poor response to
chemotherapy. This may be due to the expression of
P-glycoprotein [42, 43] and glutathione-S-transferases
[44] that play a role in various types of drug resistance.
Mitotane is a compound with a nonspecific adrenolytic
effect that has been shown to prolong disease-free
survival [45].

Most adrenal cortical carcinomas weigh more than
100 g [46] although some would use 50 g as the cut-off
for suspicion of malignancy [27]. In some series, the
average weight has been >1 kg [47]. They may range
from 3 cm to 40 cm in diameter. However, smaller
lesions may behave in a malignant fashion [48]. Some
are encapsulated, but others are adherent to, or
invade, surrounding fat and adjacent organs. On sli-
cing, the lesion is often lobulated with fibrous bands
separating the tumor lobules. The cut surface is fleshy
(Fig. 4), ranging in color from yellow to pink/brown.
Necrosis and hemorrhage are common and there may
be cystic change. Occasionally gross vascular invasion
is seen.

Histologically, the architecture is less ordered than
in adenomas. Trabecular and diffuse patterns are com-
mon (Fig. 5). The architecture may be uniform or
mixed. Compact cells often predominate. Nuclear pleo-
morphism is seen sometimes with multinucleated cells.
Mitoses are usually present and atypical forms may be
seen. Confluent necrosis is common. Broad fibrous
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Fig. 4 Adrenal cortical carcinoma. The cut surface is fleshy and
shows some lobulation. There is necrosis and hemorrhage, particu-
larly in the upper left of the picture

Fig. 5 Adrenal cortical carcinoma. The tumor comprises sheets of
eosinophilic compact cells. Hematoxylin and eosin. Original
magnificationx 100

bands are present in many cases. Invasion of sinusoidal
and venous channels can be identified. Capsular inva-
sion may also be seen, and infiltration of surrounding
fat or adjacent organs. In contrast to pheochromocy-
toma, both local invasion and distant metastases define
malignancy.

There is no formal staging system from either the
International Union against Cancer (UICC) or the Amer-
ican Joint Committee on Cancer (AJCC), but the most
commonly used approach is that of Macfarlane [26] mod-
ified by Sullivan [49] (Table 1). Seventy per cent of
patients present with stage 3 or 4 disease [50].

Table 1 Staging of adrenal cortical carcinoma using Sullivan’s
modification [49] of MacFarlane’s method [26]

Stage
1 T1 NO MO
2 T2 NO M0
3 T1 or T2 N1 MO
T3 NO M0
4 Any T or N M1
T3 N1
T4
Criterion
T1 Tumor > 5c¢m, no invasion
T2 Tumor >5 c¢cm, no invasion
T3 Tumor any size, locally invasive but not involving
adjacent organs
T4 Tumor any size, invading adjacent organs or with
distant metastases
NO Negative regional nodes

N1 Positive regional nodes
MO No distant metastases
Ml Distant metastases

Diagnosis of Malignancy

The diagnosis of malignancy is easy in most cases. How-
ever, all adrenal cortical tumors must be assessed for
malignant potential. There is no one diagnostic feature,
so a number of multifactorial systems have been pro-
posed. These have been developed by comparing findings
in tumors with known benign or malignant behavior.
Hough et al. incorporated clinical and biochemical find-
ings as well as histologic features [27]. Some systems give a
numerical weighting to each feature and the total defines
the tumor as benign, of uncertain malignant potential, or
malignant [27, 47]. However, since pathologists may not
have access to clinical information or to the numerical
weightings when reporting a case, the most widely used
system is that of Weiss [51, 52] in which nine histologic
features are assessed (Table 2). The presence of three or
more indicates malignant potential. This system has been
validated in a recent study [53] with a specificity of 96%
and a sensitivity of 100%, with good correlation between
the observers (r = 0.94). However, the authors reported
poorer correlation on features such as nuclear pleo-
morphism and vascular invasion and proposed a modifi-
cation in which they were omitted and the others were
incorporated into a weighted numerical score (Table 3).
This modified system has been compared to those of
Weiss and van Slooten in classifying cases as benign or
malignant [54] and performed well (p < 0.005). However,
although all of these systems have value, they may occa-
sionally give different diagnoses on the same case. There-
fore, in difficult cases all clinical, biochemical, and histo-
logic information should be taken into account, and, in a
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Table 2 Diagnosis of malignancy in adrenal cortical tumors using
the Weiss system [51, 52]

Histological features to be assessed

Diffuse architecture greater than one third
Clear cells < 25% of total

Significant nuclear pleomorphism
Confluent necrosis

Mitotic count > 6 per 50 HPF

Atypical mitoses

Capsular invasion

Sinusoidal invasion

Venous invasion

Table 3 Diagnosis of malignancy in adrenal cortical tumors using
the Aubert modification of the Weiss system [53]

Histological features to be assessed

Mitotic count < 6 per 50 HPF

Atypical mitoses

Clear cells > 25% of total (cytoplasmic)

Confluent necrosis

Capsular invasion

Each feature is scored 1 when present and 0 when absent. The final
score is obtained by summing as follows, resulting in scores of 0-7:
2 x mitotic rate score + 2 x cytoplasmic score + atypical mitoses
score + necrosis score + capsular invasion score.

A total score of > 3 indicates malignant potential.

few cases, a diagnosis of indeterminate or borderline
tumor may have to be made. It should also be noted
that occasional tumors in which an initial benign diagno-
sis is made do metastasize [55]. When the reported case
recurred, it had a high score and the authors queried
whether tumor heterogeneity might have limited the
application of Weiss, since the tumor was large and
there may have been sampling problems. It is very impor-
tant therefore to sample tumors widely and to take blocks
from any unusual areas.

Some additional tests may be helpful in problem cases.
The Ki-67 (MIB-1) index is higher in carcinomas with
levels over 5% found only in malignant tumors [56-58].
However, a low Ki-67 index is not diagnostic of benign
behavior, as many carcinomas lie below this threshold.
Immunopositivity for p53 has been detected in around
50% of carcinomas and rarely in adenomas [56, 59].
Carcinomas also overexpress insulin-like growth factor
2 (IGF-2) [60, 61].

An area in which there is difficulty in applying the
Weiss criteria is that of oncocytic tumors (Fig. 6). These
resemble oncocytic tumors at other sites and are com-
posed of large eosinophilic cells with accumulation of
mitochondria. Originally reported as nonfunctioning
and benign [62, 63], functional [64] and malignant [65],
variants have now been described. The diagnostic pro-
blem arises because most have less than 25% clear cells,
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Fig. 6 Adrenal cortical oncocytoma. The tumor comprises large
pleomorphic eosinophilic cells arranged in a diffuse pattern. Hema-
toxylin and eosin. Original magnification x400

pleomorphic nuclei, and diffuse architecture, a combina-
tion giving a Weiss score of 3, and thus a malignant
diagnosis. A modification of the Weiss approach has
been put forward [66]. Three major criteria have been
proposed for diagnosis: a mitotic rate of > 5 per 50 high
power fields, any atypical mitoses, and venous invasion.
The presence of any one of these defines the tumor as
malignant. Four minor criteria are: large size (>10 cm or
>200 g), necrosis, capsular invasion, and sinusoidal inva-
sion. Tumors with one or more of these are defined as of
uncertain malignant potential. Where none of these cri-
teria is present, the tumor is diagnosed as benign. Other
groups have used a similar approach [63, 67] but have not
been so specific in their recommendations. This is a useful
way of dealing with this problem but it will obviously
have to be validated prospectively.

Immunohistochemistry

The main area where immunohistochemistry is applied is
in the differential diagnosis. Adrenal cortical tumors may
need to be distinguished from hepatocellular carcinoma
(HCC) and renal cell carcinoma (RCC) [68] and, occa-
sionally, from pheochromocytoma. Specific identifica-
tion of adrenal cortical tumors is difficult. Immunoposi-
tivity for inhibin-o [69, 70] and with melan A antibody
(clone A103) [71] (Fig. 7) has high sensitivity and specifi-
city when compared with other solid organ carcinomas.
The combination of the two identified 82.5% of cases in a
recent report [68]. Calretinin is also highly sensitive, but
not specific [72]. Expression of steroidogenic enzymes can
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Fig. 7 Adrenal cortical carcinoma showing immunopositivity with
Melan A antibody, clone A103. Immunoperoxidase technique. Ori-
ginal magnificationx200

be of use [73, 74] as can identification of nuclear proteins
involved in steroidogenesis, such as the transcription fac-
tor SF1 (steroidogenic factor 1) and nuclear hormone
receptor DAX-1 (dosage sensitive sex reversal, adrenal
hypoplasia critical region on chromosome X gene 1) [75,
76]. These have not yet found their way into diagnostic
practice, probably because of the lack of good commer-
cial antibodies. Adrenal cortical tumors are usually nega-
tive or only weakly positive for cytokeratins [77, 78] and
are negative for epithelial membrane antigen [77], while
RCC is usually positive for both of these. In addition,
RCC is positive for CD10 in 70-89% of cases [68, 79] and
the antibody RCC that recognizes a brush border protein
of the proximal kidney tubule has 99% specificity for
RCC, with 55% sensitivity [68] while adrenal cortical
carcinomas are negative. The antibody Hepar-1 (hepato-
cyte paraffin 1) has a specificity of 98% for HCC when
compared to RCC and adrenal cortical carcinoma [68]
and a canalicular pattern of staining with polyclonal anti-
body to carcinoembryonic antigen (pCEA) has reason-
able sensitivity and 100% specificity. Adrenal cortical
tumors can show positivity for general neuroendocrine
markers, including synaptophysin [80, 81], and chromo-
granin A is the only marker that can be used to positively
identify pheochromocytoma.

Prognostic Features in Carcinoma

The most important factor is still tumor stage. It has
been reported that the van Slooten and modified Weiss
scores correlate with metastatic behavior and with

cancer-specific survival in tumors that had metastasized
[54]. High proliferative activity is associated with
poorer outcome. A mitotic rate of >20 per 50 high
power fields was associated with lower median survival
(p<0.02) [52]. A Weiss score of > 6 correlated with
poorer disease-free and overall survival [82]. Patients
with a Ki-67 index of >3% [57] or >7% [82] had a
lower disease-free survival and the Ki-67 index had an
inverse correlation with survival [§3]. Some of the mole-
cular genetic studies discussed below are beginning to
suggest that more aggressive carcinomas can be identi-
fied by gene profiling [84] or by overexpression of IGF-
2 or loss of heterozygosity (LOH) at 17p13 [85]. Speci-
fic chromosomal gains and losses may also be linked to
survival, with poorer outcome as the number of
changes increases [86].

Genetic Aspects of Adrenal Cortical Tumors

Adrenal cortical tumors occur more frequently in a num-
ber of familial syndromes. These include Li-Fraumeni
syndrome, associated with germline mutations in the
TP53 tumor suppressor gene on 17q13.1 [87]; Beckwith-
Wiedemann syndrome, linked to the 11pl5 locus with
paternal disomy and involvement of a number of genes
including IGF2 and H19, and overexpression of IGF-2
[88]; Carney complex, with inactivating mutations in the
protein kinase A regulatory subunit 1A (PRKARIA) gene
at 17q22-24 [89]; and Multiple Endocrine Neoplasia type
I (MEN1) with mutations in the MENI gene on 11q13
[90, 91].

A variety of approaches have been used to investigate
the molecular pathogenesis of sporadic adrenal cortical
tumors. Loss of heterozygosity (LOH) studies, com-
parative genomic hybridization (CGH), and interphase
cytogenetics have examined changes in individual chro-
mosomes. These studies have yielded inconsistent data,
probably because of the small numbers of cases and
differences in methodology. However, there is general
agreement that changes are present in all carcinomas
and in up to 61% of adenomas [85, 92]. In situ hybri-
dization has demonstrated chromosomal gains and less
frequent losses [93-95]. Losses on chromosomes 2, 11q,
and 17p and gains on 4 and 5 were first described by
CGH with increasing numbers of changes with tumor
size and malignancy [96]. In carcinomas the most fre-
quent gains were reported on chromosomes 5,12, 9, and
4 and losses were frequent at 1p, 17p, 22, 2q, and 11q,
while the most frequent change in adenomas was gain of
4q [92]. High-level amplifications were found in another
study [97]. Interestingly, in sporadic tumors, LOH has
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been reported at loci associated with the familial tumors
discussed above, suggesting that the genes involved may
have a role. LOH at 17p13 [85, 98, 99], 11q13 [100, 101],
and 11pl5 [85, 102] is more common in carcinoma than
adenoma. However, LOH at 17q22-24 has been
reported only in adenoma [103]. LOH has also been
reported in a minority of cases at 18pl1, the locus of
the gene encoding the ACTH receptor [104].

A number of tumor suppressor genes and oncogenes
have been investigated. Acquired mutations in 7P53 have
been reported in only up to 27% of carcinomas and 6% of
adenomas [105, 106]. However, a higher proportion
shows immunopositivity for p53 protein [59, 106]. An
unusual germline mutation has been shown to be involved
in carcinomas in southern Brazil, where the incidence is
ten times greater than in other geographic regions [107].
There is no evidence for significant involvement of MEN
in sporadic tumors [100, 108]. In view of the presence of
LOH at this locus, this raises the possibility of another
tumor suppressor gene.

Overexpression of IGF-2 is the most commonly
reported abnormality in carcinoma, occurring in ~90%
of cases [61, 109, 110] and associated with paternal dis-
omy. Other growth factors involved may include trans-
forming growth factor o (TGFa); IGF-1, its receptors,
and binding proteins [61, 111, 112]; and inhibins and
activins [113, 114]. There is recent evidence for involve-
ment of the Wnt signaling pathway with activating muta-
tions of f-catenin gene in 27% of adenomas and 31% of
carcinomas and accumulation of the protein in 13% and
77% [115].

ACTH acts through a G-protein linked receptor, cyclic
adenosine monophosphate (CAMP), and protein kinase A
(PKA), and components of this pathway have been stu-
died. No activating mutations of the ACTH receptor have
been identified [116, 117] and mutations in G proteins are
rare [118, 119]. There is some evidence for a role for PKA,
but only in adenomas [103, 120]. Indeed, it has been
proposed that this pathway is important in the pathogen-
esis of adrenal cortical hyperplasia and adenoma, while
other changes are associated with the development of
carcinoma [121].

There have now been a number of publications on
gene expression profiling in adrenal cortical tumors. A
study on 11 carcinomas and 4 adenomas, starting with
10,000 genes and progressing to a selected 91 genes,
demonstrated that distinction could be made between
benign and malignant tumors [122]. It also confirmed
the overexpression of IGF-2 in carcinoma and showed
high expression of other proliferation related genes.
Another investigation used a different approach
selecting 230 genes in two groups: adrenal related
genes, including steroidogenic enzymes and cAMP

signaling components, and cancer related genes
including components of the IGF-2 pathway [84]. In
a series of 33 adenomas and 24 carcinomas, they
identified a combination of 14 genes from the adrenal
cluster and 8 genes from the IGF-2 cluster that per-
mitted distinction between benign and malignant
tumors with a similar predictive value to the Weiss
score. The adrenal cluster predominated in adenoma
and the IGF-2 in carcinoma. They were also able to
select a panel of 14 genes that allowed distinction
between recurring and non-recurring carcinomas.
These findings are of interest, but need validation
and refinement before they can be incorporated into
clinical practice.
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Tumors of the Adrenal Medulla and Extra-adrenal Paraganglia

Arthur S. Tischler and Ronald R. de Krijger

Abstract According to World Health Organization defi-
nitions updated in 2004, pheochromocytomas (PCC) are
tumors derived from chromaffin cells in the adrenal
medulla. Closely related tumors arising outside the adre-
nal medulla are called extra-adrenal sympathetic para-
gangliomas (PGL). The latter can occur anywhere in the
vicinity of sympathetic ganglia or visceral branches of
sympathetic nerves and, like PCC, are often associated
with signs and symptoms of catecholamine overproduc-
tion. A pheochromocytoma is an intra-adrenal sympa-
thetic PGL. The arbitrary separation between PCC and
other sympathetic PGL emphasizes distinctive properties
of adrenal tumors, including frequent production of epi-
nephrine rather than norepinephrine, relatively low rate
of malignancy, and tendency to occur in particular her-
editary syndromes. A third group of related tumors con-
sists of parasympathetic PGL in the head and neck. Those
tumors are usually not clinically functional.

In recent studies the number of genes involved in the
pathogenesis of hereditary PCC and PGL has expanded
to six including RET, VHL, SDHB, SDHC, SDHD, and
NFI1. Together they account for almost 30% of PCC and
PGL, with several geographic areas reaching even higher
figures due to founder effects. This means that the famil-
iar “10% rule” for PCC has to be abandoned. It has also
become clear that location and genetic background have a
profound effect on the frequency of malignancy, which,
according to the WHO, is defined by presence of metas-
tases, not local invasion, and ranges from less than 5% for
VHL-related PCC to approximately 50% for SDHB-
related sympathetic PGL.

The role for the pathologist has expanded from histo-
pathological diagnosis, including the identification of
malignancy, to guidance of clinicians in detection of
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hereditary disease. PCC and PGL show many morpholo-
gical variations in addition to the classic “Zellballen”
pattern and must be distinguished from various other
neoplasms, both endocrine and non-endocrine. The
tumor cells typically stain intensely for chromogranin A
and synaptophysin, while associated sustentacular cells
are positive for S100. Clues pointing to hereditary tumor
syndromes include multiple tumors or a combination of
neoplasia and hyperplasia. However, they can be subtle,
often do not occur synchronously, and may not be present
at all in some patients. There are currently no validated
means to diagnose malignancy before metastases occur.
Although histopathological scoring systems have been
proposed, their use is optional and a high score should
not be considered equivalent to a diagnosis of
malignancy.

Keywords Chromaffin cell e Paraganglia « Paraganglioma ¢
Pheochromocytoma

Nomenclature

Paraganglia are neural crest derived neuroendocrine
organs that form part of the sympathetic and parasympa-
thetic autonomic nervous system. Sympathetic paragan-
glia are located throughout the distribution of sympa-
thetic ganglia and visceral branches of sympathetic
nerves. Parasympathetic paraganglia are located along
branches of the vagus and glossopharyngeal nerves
above the diaphragm. Most paraganglia are microscopic
and their distribution is variable. Exceptions are the adre-
nal medulla and organ of Zuckerkandl, which are the
prototypical sympathetic paraganglia, and the carotid
body, which is the prototypical parasympathetic para-
ganglion [1].

The nomenclature of paraganglia and their corre-
sponding tumors has been a source of controversy and
confusion for more than a century. Normal paraganglia
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were originally identified on the basis of brown coloration
that they exhibited after immersion in chromate salts.
Believing that the color change was due to affinity for
chromium, Alfred Kohn, the first proponent of a unitary
paraganglionic system, coined the term “chromaffin reac-
tion” for the color change and “chromaffin cell” for the
cells in which it was elicited (“Chromaffin” won out over
“chromophile” in one of the first nomenclature contro-
versies!) [2]. Kohn also coined the term “paraganglia” in
order to denote embryological and functional analogies
of these cells, which were not quite neuronal, to true
neurons [3], thus perhaps becoming the first person to
conceptualize a neuroendocrine phenotype.

Ultimately, it was recognized that the chromaffin reac-
tion is caused mostly by oxidation of stored catechola-
mines, rather than affinity for chromium. The term
“pheochromocyte” (from Greek phaeos, dusky) was
therefore proposed as an alternative to chromaffin cell,
in order to describe the color change without implying a
mechanism. Although that term was never widely
accepted for normal chromaffin cells, it did take hold
for catecholamine-producing tumors, mostly associated
with sympathetic paraganglia, which may have been
described clinically as early as 1800 [4] but were not
named until they were termed pheochromocytomas by
Pick in 1912 [5]. Because parasympathetic paraganglia
produce smaller quantities of catecholamines than their
sympathetic counterparts, their tumors usually did not
show a chromaffin reaction and therefore went by various
names including “non-chromaffin paraganglioma,” “glo-
mus tumor” (a major source of confusion with myoarter-
ial glomus tumor of soft tissue, which is a completely
different entity), and “chemodectoma.” All of those
terms are now obsolete, as is the chromaffin reaction
itself.

The current World Health Organization (WHO) clas-
sification, updated in 2004 [6], reserves the term pheo-
chromocytoma for tumors that arise in the adrenal
medulla, i.e., “A pheochromocytoma is an intra-adrenal
sympathetic paraganglioma.” Tumors associated with the
sympathetic nervous system but outside the adrenal gland
are called extra-adrenal sympathetic paragangliomas
(often abbreviated in practice to “extra-adrenal paragan-
glioma,” “sympathetic paraganglioma,” or just “paragan-
glioma”). Parasympathetic paragangliomas are similarly
classified, with optional incorporation of the specific ana-
tomic site (e.g., “carotid body paraganglioma”). Restrict-
ing the term pheochromocytoma to the adrenal while
excluding closely related tumors elsewhere in the sympa-
thetic nervous system is an arbitrary convention that
originated in the first series of the Armed Forces Institute
of Pathology Atlas of Tumor Pathology fascicle, Tumors
of the Adrenal,published in 1950. The intention at the time

was to reduce confusion caused by inconsistent diagnosis
of various tumors in extra-adrenal locations [7]. While its
ultimate wisdom may in some respects be debated, the
convention does serve to emphasize that intra- and extra-
adrenal sympathetic paragangliomas do behave
differently. The differences include a predominantly nor-
adrenergic phenotype for extra-adrenal PGL, a lower rate
of malignancy for PCC [8], and different genetic associa-
tions [9, 10]. It is, therefore, important for clinical practice
and imperative for research purposes to adhere to the
proposed nomenclature in order to avoid obscuring
these differences and to be able to compare various stu-
dies. Similarly, although many clinicians still refer to
head and neck PGL as “glomus tumors” or chemodecto-
mas, that usage should be discouraged.

Epidemiology

The overall annual incidence of PCC has been reported to
be 2-8 per million, with a wide range due to geographic
variation and differences in diagnostic practice. Indeed, it
has been shown in autopsy studies that a significant
proportion of PCC go unnoticed during life [S]. The
frequency of head and neck PGL, which are parasympa-
thetic and are associated with catecholamine overproduc-
tion in less than 1% of cases, is about one third that of
PCC.

Genetics and Heredity

In the last 5 years it has become clear that many patients
with apparently sporadic PCC or PGL harbor occult
germline mutations of genes associated with hereditary
endocrine tumor syndromes. Almost one third of PCC
and PGL are caused by germline mutations in one of six
candidate genes: RET, VHL, SDHB, SDHC, SDHD, and
NFI [9, 11, 12]. Hereditary disorders known for many
years to be associated with development of PCC and
PGL are multiple endocrine neoplasia (MEN) types 2A
and 2B, von Hippel-Lindau disease (VHL), and neurofi-
bromatosis type 1 (NF1), due respectively to mutations of
the RET protooncogene and the VHL and NFItumor-
suppressor genes. VHL is now divided into types 1 and 2,
defined by the absence or presence of susceptibility to
PCC and PGL, and those tumors can occur in the absence
of other VHL stigmata [6]. In addition, the list of heredi-
tary susceptibility disorders is now expanded to include
familial PGL syndromes caused by mutations of
succinate dehydrogenase genes SDHD(PGL1), SDHC
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(PGL3), and SDHB(PGL4), which also appear to func-
tion as tumor-suppressor genes [13, 14, 6]. In large series
of apparently sporadic PCC, the germline mutation fre-
quency of SDHB and SDHD varies from 2% to 11%,
while it is between 5% and 10% in similar series of head
and neck PGL. Differences in reported prevalence of
hereditary PCC and PGL are due in part to certain geo-
graphical areas displaying a founder effect, as for germ-
line mutations of SDHD in The Netherlands and VHL in
Germany.Epidemiological data are further complicated
by a novel mode of transmission of tumor susceptibility in
patients with SDHD mutations that involves genomic
imprinting, i.e., tumors occur only after paternal trans-
mission of the mutated gene [13, 14]. As a consequence,
the family history of patients often appears to be negative
as a result of generation skipping. Finally, several kin-
dreds susceptible to tumors harbor mutations that have
still not been identified [15]. Somatic mutations of the
genes responsible for hereditary PCC and PGL are
uncommon but have been reported by some groups at
low frequency or as individual cases [16—19].

Striking genotype—phenotype correlations exist for
tumors in each of the familial syndromes with respect to
malignancy, distribution, and function. Estimated rates
of malignancy are quite low for most of the known muta-
tions, ranging from 1% to 10%. However, at least 50% of
tumors with SDHB mutations are malignant [20]. In
addition, tumors with any of the SDH mutations are
often extra-adrenal, while those with mutated RET are
confined to the adrenal medulla or immediate vicinity.
SDH mutations are also suggested by the combined
occurrence of sympathetic and parasympathetic PGL.
VHL mutations are associated with PCC that produce
norepinephrine and little or no epinephrine [20].

Pathology
General Considerations

Pathology of the paraganglia should be approached with
three objectives in mind. The first, which is the same as for
any other organ, is diagnosis. For practical purposes, the
only significant pathological changes encountered are
neoplasia and hyperplasia. PCC and PGL show great
morphological variation and must be distinguished from
a variety of other tumors, both endocrine and non-
endocrine. The second is identification of clues pointing
to hereditary tumor syndromes. Those clues take the form
of multiple tumors or a combination of neoplasia and
hyperplasia. However, they can be subtle, often do not
occur synchronously, and may not be present at all in

some patients with hereditary disease.The third and
most problematic function is assessment of malignancy.
According to the current WHO classification, malignancy
of PCC and PGL is defined by the presence of metastases
[6], not local invasion which, though potentially lethal, is
a poor predictor of metastases. Despite the WHO criteria,
the literature shows tremendous inconsistency and con-
troversy surrounding this point, suggesting a need for a
new approach to classification that precisely specifies the
type of aggressive behavior.

Macroscopic and Microscopic Pathology

Gross examination of PCC and PGL shows fleshy pink-
gray-to-dark-brown tumors that range to more than
10 cm in diameter. In the adrenal, color can be particu-
larly important in grossly distinguishing PCC from typi-
cally golden yellow cortical lesions (Fig. 1). PCC may be
very hemorrhagic, but in PGL this is less apparent. Focal
or extensive local invasion may be present. Presently, a
size threshold of 1 cm for PCC is mentioned in many
textbooks, below which lesions of the adrenal medulla
are designated as hyperplastic. However, there is no scien-
tific justification for classification of a lesion as a hyper-
plastic nodule purely on the basis of size, particularly if
the lesion is solitary. Recently, identical genetic abnorm-
alities were found in adrenal medullary hyperplasia and
PCC from multiple endocrine neoplasia type 2 patients,
supporting the above view. Diffuse hyperplasia is more
clearcut conceptually but sometimes difficult to identify
because of normal anatomic variation. It is most readily
recognized when gray medullary tissue expands into the
tail and alae of the gland.

PCC and PGL show enormous variability in cytology
and histological patterns, often within the same tumor,
and must be distinguished from a variety of endocrine and
non-endocrine neoplasms. The classic pattern is that of
so-called “Zellballen,” formed by nests of large uniform
polygonal cells with granular amphophilic or basophilic
cytoplasm surrounded by S100-positive sustentacular
cells that usually become evident only after immunohis-
tochemical staining. However, the Zellballen pattern may
not be evident and one may instead observe diffuse archi-
tecture, spindle cells, admixtures of large and small cells,
and extreme cytological atypia (Fig. 2). Areas of gang-
lioneuroma or ganglioneuroblastoma are occasionally
admixed with PCC or PGL in sympathoadrenal tumors
(composite PCC or PGL) (Fig. 3). “Hyaline globules”
(Fig. 2A) and intranuclear pseudoinclusions (actually
invaginations of cytoplasm) are prominent in some
PCC/PGL [21] but can also be seen in some adrenal
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Fig. 1 (A) Transverse section of a normal adrenal gland. Medullary
tissue (arrow) is gray and is normally localized to the head and body
of the gland. It averages approximately 10% of the total adrenal
volume but can account for slightly more or slightly less, as in this
specimen. The more abundant brown tissue found throughout the
gland is cortical zona reticularis. (B) Transverse section of an adre-
nal gland from a patient with MEN2A, showing diffusely expanded
gray medullary tissue with ill-defined nodularity at right and a small
pheochromocytoma at left. (C) Transverse section of an adrenal
gland from a patient with MEN2A, showing two pheochromocyto-
mas and a diffusely expanded medulla. Note that the color of
pheochromocytomas can appear identical to medulla or somewhat
different, but is distinct from yellow and brown cortex

cortical tumors [22]. Pigment (Fig. 2B,C)) can be present
in sympathetic or parasympathetic PGL and is sometimes
abundant [23-25]. Usually the pigment consists of neuro-
melanin or lipofuscin-like material, but true melanosomes

are sometimes seen. Parasympathetic PGL often have
more pronounced Zellballen (Fig. 4) and somewhat
clearer cytoplasm than their sympathetic counterparts,
but overlap exists between the two types of tumors.

Both PCC and PGL are highly vascular neoplasms. In
addition to the small capillary vessels characteristic of
tumor angiogenesis in most tissues, we have noticed that
the tumors sometimes contain vessels suggestive of
“arteriogenesis,” a term applied to tumor-induced growth
of large feeder vessels that are more typically upstream
of the tumors themselves [26] (Fig. 2D). Large, mal-
formed vascular channels reminiscent of arteriovenous
malformations can also be present, most often in para-
sympathetic PGL (Fig. 4). Perivascular edema and/or
hyalinization around large or small vessels can create
striking histological patterns (Fig. 5). In some cases
immunohistochemical staining for the proliferation mar-
ker Ki67 shows more labeling of the endothelial cells in
large or small tumor blood vessels than of the tumor cells
themselves.

Specific considerations in differential diagnosis and cor-
responding diagnostic strategies vary according to ana-
tomic site. In the adrenal gland, the principal differential
diagnosis is adrenal cortical adenoma or carcinoma. Else-
where, possibilities include hepatic and hepatoid tumors,
alveolar soft part sarcoma, melanoma, glomus tumors and
other vascular neoplasms, and primary or metastatic car-
cinomas with endocrine or non-endocrine phenotype.
Immunohistochemical staining can be used to distinguish
between these various entities.

The single most specific and reliable generic neuroen-
docrine marker currently utilized in pathology practice
is chromogranin A (CgA), a major constituent of the
matrix of catecholamine-containing secretory granules
[27]. Immunoreactivity for CgA will readily distinguish
PCC and PGL from adrenal cortical tumors and non-
endocrine tumors. Staining of PCC for CgA is usually
extensive and the diagnosis should be made with caution
for tumors that show little or no staining. Vice versa, the
vast majority of adrenal cortical tumors will show reac-
tivity for inhibin and/or Melan A, which are rare to
absent in PCC and PGL. It must be noted that some
adrenal cortical tumors contain cells with large numbers
of mitochondria and/or large amounts of lipofuscin,
which may lead to nonspecific interactions with antibo-
dies. Consequently, oncocytic tumors of the adrenal cor-
tex can show very convincing but nonspecific staining for
a variety of antigens, or normal cortical cells can show
spurious staining for neuroendocrine markers.

Distinction of PCC and PGL from other neuroendo-
crine tumors that also express CgA is a process of deduc-
tion that often requires panels of antibodies, for example,
demonstration of immunoreactivity for the catecholamine
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Fig. 2 Cytological and architectural pattern variations in pheochromocytomas. (A) (from a patient with MEN2A). Adjacent areas of large
(top) and small (bottom) tumor cells, both growing in typical rounded packets (Zellballen). Large pheochromocytoma cells such as those
shown are larger than normal chromaffin cells and often have vesicular nuclei with prominent nucleoli, resembling the nuclei of neurons.
However, they contain numerous secretory granules, therefore stain intensely for CgA and usually lack other neuronal characteristics such
as neurofilament protein expression or high level expression of RET. “HG” indicates a cluster of hyaline globules, which are frequently seen
in PCC but also occasionally occur in cortical neoplasms. (B) (from a patient with neurofibromatosis). A monomorphous population of cells
identical to those at bottom of panel A, growing in a diffuse pattern. Several mitotic figures are present. (C) Extreme cytological atypia and
pleomorphism. (D) A mosaic pattern of basophilic and amphophilic cells most likely to be observed in well-fixed PCC. Tumor cell
“embracing,” in which cytoplasm of one tumor cell appears to envelop that of another, is often conspicuous in tumors with this pattern,
as shown. The tumor cells are similar in size and nuclear morphology to those at the top of panel A. An artery-like blood vessel within the
tumor (zop left) gives rise to several small vessels. (E) and (F) Pigmented cells in PCCs. Cellular “monotony,” a diffuse growth pattern,
prominent mitoses, pleomorphism, and hyperchromasia are among the putative adverse parameters scored in the PASS system [38] but are
often not as clear-cut as in panels (B) and (C). Original magnifications (A—C) 200x; (D-F) approximately 400 x. Insets show the small boxed
areas at higher magnification

biosynthetic enzyme tyrosine hydroxylase (TH) and
exclusion of staining for keratins expressed in pulmonary

Correlations of Pathology and Genotype

and gastrointestinal neuroendocrine tumors. The distinc-
tion is particularly challenging if individual patients have
both PGL and carcinoid tumors [10], as can occur in
NF1 or VHL [28-30]. Although normal parasympathetic
paraganglia express both TH and CgA, staining for
either or both of those markers tends to be weaker and
more variable in parasympathetic than in sympathoadre-
nal PGL, and may actually be absent in some parasym-
pathetic tumors [31, 10, 32]. Some parasympathetic PGL
preferentially express chromogranin B (CgB) instead of
CgA [32] (Fig. 4).

Small or large nodules often coexist with varying degrees
of diffuse hyperplasia in the adrenals of patients with
MEN?2 (Fig. 1). Identification of these clues pointing to
occult hereditary disease is an important service that a
pathologist can provide to patients and their families, and
they should be searched for carefully. They are usually
not present in other hereditary PCC/PGL syndromes.
Other correlations between genetics and morphology are
at present mostly of academic interest. A distinctive his-
tological pattern of small vessels interspersed between
small tumor cells has been reported in PCC of patients
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Fig. 3 Composite pheochromocytoma (lefr) with ganglioneuroma (right). These tumors recapitulate the functional cytology of normal
chromaffin cells and sympathetic neurons. Chromaffin cells contain numerous cytoplasmic secretory granules and therefore stain strongly
and diffusely for CgA. In contrast, the granules in neurons are relatively sparse and tend to migrate away from cell bodies into processes. In
neuronal areas of the tumors immunoreactive CgA is therefore weak or absent in most of the neuronal cell bodies and is often seen as linear
or punctuate staining in processes. This finding can help to identify areas of neuronal differentiation. The reverse pattern is seen with staining
for neurofilament protein, which demonstrates axon-like processes. In addition, areas of neuronal differentiation sometimes stain strongly for
receptor tyrosine kinase RET, which normally is expressed at high levels in sympathetic neurons but only weakly, if at all, in chromaffin cells

Fig. 4 Carotid PGL showing
prominent Zellballen and large
vascular channels.
Immunohistochemical stain for
S100 shows sustentacular cells
at the periphery of Zellballen
and a few positive chief cells.
S100 staining should be nuclear
in order to be interpreted as
positive, but nuclear and
cytoplasmic staining often occur
together. In contrast to
sympathetic PGL, carotid and
other parasympathic PGL
sometimes show relatively little
immunoreactivity for
chromogranin A (CgA) while
staining extensively for
chromogranin B (CgB) as
shown. In this tumor, CgB
staining has a prominent dot-
like Golgi distribution and
weaker diffuse localization in
the rest of the cytoplasm
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Fig. 5 Histological pattern
changes caused by alterations of
capillary vasculature in
pheochromocytomas. (A) Peri-
capillary edema imparting a
sinusoid-like appearance
reminiscent of hepatocellular
neoplasms. (B) Mild
pericapillary fibrosis. (C)
Marked pericapillary
hyalinization. These three
patterns as seen here in separate
tumors may represent a
biological continuum starting
with leakage of proteinaceous
exudate. Original
magnifications 100x

with VHL [33]. The observation is intriguing in view of a
known association of the most common VHL subtypes
with hypoxic signaling pathways that influence vasculo-
genesis [34], but it is an inconsistent finding. In addition, it
must be remembered that the pathogenicity of mutations
leading to type 2 VHL subtypes, and especially those
leading to type 2C, may not be due primarily to
hypoxia-mimetic effects. The vascularity of parasympa-
thetic PGL is also noteworthy in view of the tumors’
frequent association with SDH mutations that affect
hypoxic signaling and the important roles of at least the
carotid body in physiological responses to hypoxia. Hya-
line globules tend to be more common in PCC of patients
with MEN2 than with VHL [33] and probably also more
so than in other hereditary disorders, possibly contribut-
ing to the inverse correlation of globules with malignancy.

Malignancy

PCC and PGL may show local invasive growth into other
organs, such as the liver, spleen, or kidney. However,
according to the current WHO classification, malignancy
is defined by the presence of metastases [6], not local
invasion. Despite its potential lethality, local invasion
alone is a poor predictor of metastases, and apparent
absence of invasion does not preclude development of
metastases. The two types of aggressive behavior may
therefore have different biological underpinnings. Precise
reporting of which behavior a tumor exhibits is critical for
assessing criteria that in the future will better define risk
from either metastases or local invasion.

The most stringent definition of malignancy stipulates
that metastases must be to a site where paraganglionic tissue
is not normally present, e.g., liver or bone, in order to avoid
confusion with multiple primary tumors. This concern is

particularly applicable to clinical imaging studies because
lymph nodes and paraganglia are normally present in close
proximity [1]. A retroperitoneal hot spot on a scan, for
example, could therefore represent either a metastasis or a
new tumor. From the perspective of histopathology, tumor
clearly identifiable within a lymph node can be classified as
malignant. However, paraganglionic cells in soft tissue are
problematic because normal or hyperplastic paraganglia
can be confused with foci of metastatic or infiltrating
tumor. It is important to remember this potential of confu-
sion not only with respect to PCC/PGL but also for com-
mon tumors such as those of prostate (Fig. 6), bladder, or
other locations, where failure to recognize normal paragan-
glia can result in incorrect tumor staging [35-37].

Fig. 6 Normal paraganglion in periprostatic soft tissue of a patient
who underwent radical prostatectomy for adenocarcinoma. The
structure is suggestive of Gleason 4 prostate cancer but its correct
identity is confirmed by diffuse strong immunoreactivity for CgA
(inset). Deposits of paraganglionic tissue in or near pelvic organs
can have irregular contours as in this example and can be closely
apposed to sympathetic nerve fibers, mimicking soft tissue and
perineural infiltration. Clear cytoplasm is a common finding,
although its cause is unknown
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Determining metastatic potential of a PCC or PGL
before metastases have occurred is more problematic
and there is currently no consensus that it can reliably
be done. An important obstacle to determining predictive
criteria is the fact that PCC and PGL metastasize infre-
quently and often late. No individual histological feature
is able to predict metastatic potential, including capsular
or vascular invasion, extreme cytological atypia, or areas
resembling pediatric neuroblastoma [21]. However, some
evidence suggests that multifactorial scoring systems can
be helpful. In a seminal 1990 study examining multiple
histological and non-histological parameters of 120 sym-
pathetic PGL and PCC, [8] Linnoila et al. developed a
statistical model, according to which >70% of the tumors
could be classified correctly on the basis of four factors:
extra-adrenal location, coarse nodularity, confluent
necrosis, and absence of hyaline globules. Most malig-
nant tumors had two or three of those features, while 89%
of benign tumors had one or none. Unfortunately, a
number of subsequent papers assessing markers for
malignancy blur the distinction between intra-adrenal
and extra-adrenal tumors, thereby obscuring the indepen-
dent predictive value of extra-adrenal location demon-
strated as the most powerful predictor (P<0.001) in the
Linnoila et al. study.

In 2002 Thompson proposed the PASS system (pheo-
chromocytoma of the adrenal scaled score), specific to the
adrenal gland, that scores multiple microscopic findings,
including dependent and independent variables identified
by Linnoila et al. to arrive at a total score correlated with
metastatic potential [38]. Parameters scored are necrosis
(confluent or in the center of Zellballen); vascular, cap-
sular, and soft tissue invasion; a high mitotic count (>3/
10HPF), atypical mitotic figures, tumor cell spindling,
and the more subjective features of diffuse growth or
large Zellballen, high cellularity, cellular monotony,
nuclear hyperchromasia, and profound nuclear pleo-
morphism (Fig. 2B,C). All tumors that metastasized had
a score of >4, but 17/50 with score of >4 had not metas-
tasized in a follow-up period of ~5 years, and one with a
score of >15 had not metastasized in ~28 years. In his
paper Thompson notes that the PASS score provides a
threshold for risk but does not quantitate the risk above
that threshold and he further notes that a score of = 3
does not guarantee that a patient will not at some point
develop metastases. A recent study [39] showed consider-
able intra- and interobserver variation for the PASS, due
to the subjective nature of several criteria. Calculation of
a score or reporting each of its components is optional,
but a high score should not be considered equivalent to a
diagnosis of malignancy.

A 2005 scoring system proposed by Kimura for both
PCC and extra-adrenal sympathetic PGL combines

histological, immunohistochemical, and biochemical
characteristics to arrive at a score reported to predict
both the metastatic potential of tumors and the prognosis
for patients with tumors that metastasize [40]. An inter-
esting aspect of the system is scoring of whether a tumor is
adrenergic or noradrenergic, thereby anticipating incor-
poration of this element into patient management algo-
rithms later proposed by clinicians [9]. Anatomic site in
this system is indirectly given additional weight because
extra-adrenal PGL are almost invariably noradrenergic.

Use of immunohistochemistry as an ancillary techni-
que to assess malignant potential has produced mixed
results. The marker most consistently reported to corre-
late with malignancy is the proliferation marker Ki-67
[40-42]. However, even those results are disputed. Studies
of MIB-1 labeling show a striking lack of methodological
consistency and many papers do not provide sufficient
methodological detail to permit replication. Although
many pathologists now include an assessment of Ki-67
labeling in diagnostic reporting of PCC and PGL, there is
currently no prospect of standardization and reporting of
a labeling index remains optional. Numerous additional
markers are reported to correlate with malignancy, but
their usefulness is still limited to research purposes [41,
43]. Among those are VEGF expression and microvessel
density. Although the utility of microvessel density as a
predictor of metastasis has been challenged, tumor vessels
are of interest as potential targets of therapy [44]. Malig-
nant PCC tend to be larger than their benign counter-
parts, although this criterion cannot be used in the indi-
vidual case, as there is a large overlap.

The Interplay of Pathology and Genetic
Testing

The genotype—phenotype correlations in familial syn-
dromes with PCC and/or PGL and the high prevalence
of unsuspected hereditary disease have led to recommen-
dations for genetic testing and subsequent patient
management [9, 19, 45]. Tumor location, presence of
multiple tumors, presence of metastases, and type of
catecholamine produced are useful as guides in deciding
which genes to test. However, specific algorithms differ
somewhat according to institutional preference and test
availability. The most stringent recommendations favor
genetic testing of all patients with apparently sporadic
tumors for RET, VHL, and SDH mutations in order to
avoid being misled by individual differences in presenta-
tion and penetrance, low penetrance of some mutations,
de novo mutations, and imprinting of SDHD [45]. Alter-
natively, PCC, especially bilateral ones, should be tested
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first for RET and VHL abnormalities, whereas PGL
should be tested first for SDHB and SDHD gene muta-
tions. The number of SDHC mutations is presently so low
that routine testing is not advocated. Routine genetic
testing is not currently available for NF/ mutations
because the gene is extremely large and, in contrast to
the other susceptibility genes, does not have discrete
mutation “hot spots” leading to development of these
tumors [46].

Because extra-adrenal location correlates with SDHB
mutation and SDHB mutation correlates with malig-
nancy, it might be speculated that the pathology findings
associated with malignancy point indirectly toward
SDHB and that genetic testing for SDHB mutations [47]
might outweigh the predictive value of current pathology
criteria in many cases.

Concluding Remarks and Future Prospects

Several recent developments described in this chapter are
important to practicing pathologists, as they have direct
impact on the content of pathology reports:

e There are now three groups of tumors to be distin-
guished: PCC, which are adrenal tumors; sympathetic
PGL, which are their extra-adrenal counterparts; and
parasympathetic PGL, which occur in the head and
neck.

e The mainstay of diagnosis of tumors in each of these
three groups is histology, supplemented by immuno-
histochemistry if necessary. The required elements of
pathology reports are essentially the basics required
for all tumors, including size and weight and comments
on the presence or absence of necrosis, vascular or
capsular invasion, mitoses, resection margins, and
unusual features [48, 49].

e Malignancy is defined by the presence of metastases in
sites where chromaffin cells normally do not occur.
Histopathological scoring systems await further vali-
dation. Risk of malignancy can be inferred partly from
tumor location and specific gene mutations. Most
notably, SDHB mutations are likely to occur in
extra-adrenal sympathetic PGL and these tumors are
frequently malignant.

® The “10% rule” is no longer valid and should be aban-
doned. Molecular genetic research has shown that
25-30% of PCC and PGL have a hereditary basis,
which should be signaled by pathologists to the clin-
icians. Mutation analysis should be advised, especially
in young patients or patients having more than one
tumor or a positive family history.

It is to be expected that further research will yield a
refinement of the above conclusions and new markers for
the distinction of PCC with adverse clinical behavior.
Ongoing studies may also yield new insights into patho-
genesis and new treatment strategies for malignant PCC,
which presently have a poor prognosis with less than 50%
S-year survival.
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Endocrine Tumors of the Lung and Upper Airways

Armando E. Fraire, Ulrike M. Gruber-Mdsenbacher, and Helmut H. Popper

Abstract Neuroendocrine tumors stand alone among
other members of the larger family of tumors of the lung
and upper airways. While relatively uncommon, they
have, over the years, been the subject of considerable
attention and study. A recent search of the literature
yielded thousands of citations for small cell carcinoma,
a single entity within the spectrum of neuroendocrine
tumors. This chapter discusses the intriguing putative
role of neuroendocrine cell hyperplasia as a possible pre-
cursor of these tumors. In addition, this chapter explores
the similarities as well as differences between neuroendo-
crine and non-neuroendocrine tumors. Lastly, this chap-
ter attempts to provide concise up-to-date information on
both current, consensus —based morphologic criteria and
the application of modern techniques, particularly immu-
nohistochemical techniques that may facilitate histo-
pathological diagnosis.

Keywords Lung ¢ Upper airways ¢ Larynx e
Neurosecretory granules ¢ Neuroendocrine cells e
Neuroendocrine hyperplasia ¢ Carcinoid tumorlets e
Typical carcinoids ¢ Atypical carcinoids  Large cell
neuroendocrine carcinoma ¢ Small cell carcinoma e
Immunohistochemistry ¢ Thyroid transcription factor-1
» Chromogranin ¢ Synaptophysin ¢ Calcitonin

The remarkable family of lung and upper airways tumors
collectively known as neuroendocrine tumors differs con-
siderably from their non-neuroendocrine counterparts on
account of their distinct light microscopic architecture,
ultrastructural features, unique immunohistochemical
properties, and perhaps more importantly, on account of
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their clinical behavior. To emphasize their carcinoma — like
nature and morphology, these tumors were first described
as “carcinoid tumors” by Oberndorfer in the early 1900s
[1]. These tumors have been traditionally compartmenta-
lized by the World Health Organization Classification of
Tumors and other classification schemes into several cate-
gories of tumors, which have evolved over time [2]. Cur-
rently, widely accepted categories include carcinoid tumors
(both typical and atypical), large cell neuroendocrine car-
cinoma and small cell carcinoma, along with a subset of
atypical carcinoids of the upper airways characterized by
immunoreactivity to calcitonin and TTF-1 (thyroid tran-
scription factor-1) and known to behave clinically as low-
grade neuroendocrine carcinomas [3-5]. A special category
recognized as possible precursors of neuroendocrine
tumors are minute diffuse neuroendocrine proliferations
of the lung known as diffuse idiopathic pulmonary neu-
roendocrine cell hyperplasia [6] and less diffuse, actually
nodular aggregates of hyperplastic neuroendocrine cells
known as tumorlets [7]. In this chapter, we consider these
categories of neuroendocrine tumors of the lung but first
we briefly discuss their cell of origin and the concept of a
dispersed neuroendocrine system throughout the body
[7-10].

Pulmonary neuroendocrine cells and the concept of a
dispersed neuroendocrine system: Neuroendocrine cells
are not unique to the lung. In fact they are found disper-
sedly in a great variety of organs and tissues. First pro-
posed by Feyrter [8], the concept of a dispersed neuroen-
docrine system throughout the human body was later
advanced by Gould and DeLellis in the early 1980s and
further discussed by Hammar and others in more recent
years [9-12]. According to this concept, a dispersed neu-
roendocrine system encompassing a variety of endocrine
cells in the skin, thyroid, parathyroid, thymus, pancreas,
lung, and other anatomical sites, would constitute the
cellular basis for the development of neuroendocrine
tumors in such sites. Notorious within this group of
organs are the calcitonin producing C cells of the thyroid
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and neuroendocrine cells of the skin known as Merkel
cells [13]. In the lung, neuroendocrine cells (also known as
Kultzchisky or Feyrter cells) [8] co-exist with four other
major types of cells that can be found along the tracheo-
bronchial tree. These include columnar ciliated cells, gob-
let (mucin-producing) cells, basal cells, and clara cells.
Neuroendocrine cells in the airways of normal lungs can
be seen microscopically as single cells (Fig. 1) or as small
aggregates of cells near the basal membrane known as
neuroepithelial bodies [14]. (Fig. 2) Within these bodies,
individual cells appear as small eosinophilic cells extend-
ing from the basement membrane of the bronchial
mucosa to the luminal surface of the bronchial epithe-
lium. They occur singly or in clusters of 4-10 cells, each
having oval nuclei and inconspicuous nucleoli. These cells
are argyrophilic and contain electron dense, membrane-
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Fig. 1 Neuroendocrine cells within ciliated bronchial epithelium. In
this illustration, the neuroendocrine nature of the cells is highlighted
by their immunoreactivity to n-CAM (CD56). (CD56 immunostain)

Fig. 2 Neuroepithelial body. Note three groups of small, highly
uniform cells with neuroendocrine phenotype, 2.0 mm scale. Hema-
toxylin and eosin

bound neurosecretory granules, by electron microscopy.
The granules are said to be 70—-170 nm in size and to be
surrounded by a clear halo [14]. Immunohistochemically,
these cells show positivity to a wide array of markers
regarded as markers of neuroendocrine differentiation.
These include chromogranins, neurofilaments, synapto-
physin and neuron-specific enolase, as well as Leu-7 and
others such as calcitonin, vasoactive polypeptide, and
adrenocorticotrophic hormone [11, 15, 16]. In addition,
these cells are immunoreactive for CD117 (c-kit) and the
thyroid transcription factor (TTF-1). As we will see later,
markers of neuroendocrine differentiation play a pivotal
role in clinical medicine, facilitating the recognition and
diagnosis of tumors derived from neuroendocrine cells.

Diffuse Idiopathic Pulmonary
Neuroendocrine Hyperplasia

Long known to occur in association with high altitude
and lung disorders of cigarette smokers, neuroendocrine
cell hyperplasia, herein referred to as diffuse idiopathic
pulmonary neuroendocrine hyperplasia (DIPNECH) is a
disorder still awaiting formal classification both in terms
of its pre-neoplastic potential and clinical significance.
Early in the 1990s, Aguayo et al. called attention to
DIPNECH occurring in six patients with small airway
disease [6]. This small airway disecase was characterized
histopathologically by peribronchiolar fibrosis, hyperpla-
sia/dysplasia of neuroendocrine cells, and multiple carci-
noid tumorlets. None of the six patients were cigarette
smokers but all had symptoms and radiographic and
physiologic abnormalities. Later, Armas and collabora-
tors called attention to a patient with DIPNECH who
presented clinically with an interstitial lung process [17].
In this patient, an open lung biopsy showed a florid
intraepithelial population of neuroendocrine cells invol-
ving distal small airways and alveoli with desquamation
and filling of airspaces by nests of proliferating cells with
neuroendocrine phenotype. While these nests of cells were
only positive for the Grimelius reaction and neuron-
specific enolase (while negative for serotonin, calcitonin
and chromogranin) they showed ultrastructural evidence
of neurosecretory dense-core granules. In their report, the
authors favored a hyperplastic process showing no evi-
dence of any associated tumorlets or carcinoid tumors.
Subsequently, however, other reports have described the
association of DIPNECH and tumorlets. We have also
seen this association.

Typically, patients with DIPNECH are 40-60 years
old, with some excess of females presenting with a slowly
progressive disease characterized by dry cough and
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shortness of breath [6, 7, 17]. Some of these patients are
initially misdiagnosed as having bronchial asthma, partly
due to similar symptomatology and/or results of pulmon-
ary function testing, showing evidence of mixed obstruc-
tive/restrictive patterns of disease with impaired gas
transfer across the alveolocapillary membrane. Radiogra-
phically, DIPNECH is manifested essentially as bronch-
iolitis obliterans [18, 19]. On CT scans, Lee and Associates
described mosaic pattern of air trapping as the predomi-
nant finding in five adult women with documented DIP-
NECH (Fig. 3). In four of the five women, the airway
walls were thickened. Nodular lesions were noted in two of
the five patients. The nodules ranged from six to eight in
number and ranged in diameter of 0.2—1.5 mm [19].
Given their small size, lesions of DIPNECH are not read-
ily visible on surgically resected specimens of lung and are
found only incidentally upon microscopic examination.
Microscopically, DIPNECH presents as small clusters of
cells or small linear or nodular aggregates of cells that
protrude into the bronchiolar lumina (Fig. 4). Peri-
bronchiolar fibrosis may be present but the surrounding
lung may be entirely normal. As noted earlier, in some
cases there may be associated carcinoid tumorlets.
Tumorlets are small nodular aggregates of hyperplastic
neuroendocrine cells often no more than 2—3 mm, funda-
mentally differing from DIPNECH only on account of
size and their nodular configuration. Rare cases of multiple
tumorlets with associated bronchiolitis obliterans have
been successfully treated by single lung transplantation [20].

Fig. 3 DIPNECH Lesion. High resolution computed tomography
of chest. A 48-year-old woman with shortness of breath for 8 years.
Note mosaic pattern at the level of the aortic arch and a small
nodule at the anterior segment of the left upper lobe. Histopathol-
ogy documented a focus of DIPNECH. (Reproduced with permis-
sion, Courtesy of Dr. J.S. Lee) [19]

DIPNECH, current status:Diffuse idiopathic pulmonary
neuroendocrine cell hyperplasia (DIPNECH) is a rare

Fig.4 DIPNECH lesion showing multiple clusters of small uniform
looking cells with a fibrous background. Hematoxylin and eosin

lesion. Along with two other conditions, atypical adenoma-
tous hyperplasia of the alveolar epithelium and squamous
dysplasia of the bronchial epithelium, DIPNECH is
recognized in the World Health Organization classification
of tumors as a pre-invasive (pre-neoplastic) disorder
because some patients with DIPNECH may go on to
develop tumorlets and/or single or multiple cell carcinoid
tumors [7]. Gosney, however, has cautioned that carcinoid
tumors that accompany DIPNECH and are presumed to
develop from it appear to be invariably peripheral and
always of low grade [21]. Gosney further notes that the
emergence of central pulmonary neuroendocrine tumors
from DIPNECH has not been documented as of yet [21].
Similarly, convincing evidence of DIPNECH as a fore-
runner of large cell neuroendocrine carcinoma or small
cell carcinoma regardless of their central or peripheral
location, has not been reported in the literature.

Carcinoid Tumorlets

Initially described by Whitwell in 1955 as carcinoid tumor-
lets, tumorlets are essentially small nodular aggregates of
hyperplastic neuroendocrine cells [22-24]. (Fig. 5) By
convention, tumorlets are small lesions, never more than
5 mm in maximum diameter. According to this definition,
any lesion over 5 mm must be considered a carcinoid
tumor. Most lesions are single but can be multiple in
some patients [25]. Ultrastructurally, the cells of tumorlets
show features common to neuroendocrine cells, namely
dense core neurosecretory granules and prominent lyso-
somes. Most cases can be readily distinguished from other
minute pulmonary lesions such as minute meningothelial-
like bodies (formerly known as chemodectomas). In
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Fig. 5 Carcinoid tumorlet, note nodular configuration and high
immunoreactivity of tumor cells to chromogranin. Scale at bottom
left corner. Chromogranin immunostain

difficult cases, immunostains for pancytokeratin, smooth
muscle actin (SMA), and progesterone receptor (PR) will
be of help since meningothelial like bodies will usually be
cytokeratin negative and SMA and PR positive.

As is the case with DIPNECH, some carcinoid tumor-
lets are associated with fibrotic obliteration of bronch-
ioles [20]. Other associations include diffuse panbronch-
iolitis, intralobar sequestration, and congenital
adenomatoid malformation of the lung [26]. Given their
smallness, tumorlets are almost never symptomatic and
are often found on incidental basis, at autopsy or in lung
surgical specimens resected for a variety of reasons. The
clinical behavior of tumorlets is benign with only isolated
instances of metastases of regional lymph nodes having
been described [27, 28]. Given that the diagnosis of DIP-
NECH and tumorlets is largely based on quantitative
assessment, the distinction between DIPNECH and car-
cinoid tumorlets, at least for the time being, remains hazy,
awaiting molecular genetics or other studies that may
facilitate the distinction on better-defined basis. In this
regard, a promising avenue of future investigation is the
expression of neutral endopeptidase (NEP) in neuroendo-
crine cells. NEP has been reported in neuroendocrine cells
of DIPNECH, possibly as a secondary effect, since pul-
monary neuroendocrine cells are rich in bombesin-like
proteins, the substrate of neutral endopeptidase [29].
Whether tumorlets are forerunners of carcinoid tumors is
not known. What is known is that tumorlets and carcinoid
tumors frequently co-exist, providing at least circumstan-
tial evidence for some pre-neoplastic role of tumorlets.

Carcinoid Tumors

In the 2004 classification scheme of the World Health
Organization (WHO), carcinoid tumors now occupy a
separate and distinct niche among the various families
of lung tumors [30]. Interestingly, in the WHO classifica-
tion scheme carcinoids are not grouped within the family
of neuroendocrine tumors of the lung. Two major var-
iants of carcinoid tumors are recognized: typical and
atypical [30]. Objective and non-objective histopathologic
criteria have been formulated to distinguish these two
variants. Yet, as we will discuss below this distinction is
not always easy.

Typical Carcinoid Tumors: As currently defined by the
2004 WHO Classification of Tumors, typical carcinoid
tumors of the lung are “tumors characterized by a variety
of microscopic patterns of growth that suggest neuroen-
docrine differentiation.” Further, the WHO classification
of lung tumors states that “individual tumor cells have
uniform cytologic features with moderate eosinophilic
cytoplasm [30]. Carcinoid tumors are usually centrally
located, i.e., in the major airways but an important min-
ority develops in the peripheral (subpleural) areas of the
lung parenchyma. As noted earlier these peripherally
located carcinoids are the type of carcinoids, which are
likely to emerge from DIPNECH lesions [21]. Some
patients with typical carcinoids, particularly the centrally
located ones, present with symptoms related to bronchial
obstruction. In contrast, peripherally located carcinoid
tumors tend to be clinically silent and to become apparent
only as incidental radiographic findings. Of note, periph-
eral carcinoids tend to show a spindle cell morphology
[31-33]. Although frequently cited in the literature, Cushing
Syndrome and other similar endocrine syndromes related
to secretion of ectopic peptide moieties are not common
[30]. The incidence of central carcinoids is almost equal in
the two sexes and most develop in adults although they
can also occur in children [31-33]. Although generally
accessible to the endoscope and hence endoscopic biopsies,
biopsy procedures may result in copious post procedural
bleeding. This has led to a legendary reputation of carci-
noid tumors as tumors prone to profusely bleed after
biopsy, an issue anecdotally referred to at conferences
and in other settings. However, some pulmonologists
dispute this assertion indicating that bleeding in these
cases is not greater than bleeding related to biopsies of
other tumors (personal observation). It is nonetheless
true, as is the case with other neuroendocrine tumors,
that carcinoids are richly vascularized tumors and there-
fore susceptible to some degree of bleeding following
biopsy procedures.

At the microscopic level, the major feature of carcinoid
tumors is their organoid pattern with formation of nests,
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Fig. 6 Typical carcinoid.
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appearance of typical carcinoids
is variable. (A) This panel
displays rosette formation,

(B) In this field, a ribbony
pattern is evident, (C) This
carcinoid shows masses of pink
amorphous material
corresponding to amyloid,

(D) a spindle cell morphology
is often seen in peripherally
located carcinoids.
Hematoxylin and eosin

cords, or trabeculae of cells, separated by thin fibrovas-
cular septae. Other patterns of growth include ribbons,
festoons, and microacinar rosette-like structures [34].
(Fig. 6) A number of variants have been recognized:
clear, papillary, oncocytoid, spindle type, and others.
Islands of bone, cartilage, and deposition of amyloid
can also be seen within some tumors [35-39] (Fig. 6).
Necrosis is not a common feature and if present, should
raise the possibility of atypical carcinoid. At the indivi-
dual cell level, the hallmark of the tumor cells is their well-
known nuclear chromatin distribution pattern. This is a
pattern variously described as granular, punctate, or “salt
and pepper” pattern [34], which, however, can also be seen
in higher-grade neuroendocrine tumors. Importantly,
necrosis and increased mitotic activity are not features
of typical carcinoid tumors. However, a low level of mito-
tic activity can be seen in some typical carcinoids [34, 40].
Individual cell atypia may be present, i.e., nucleomegaly
but most authors regard this feature as not helpful in
terms of diagnosis.

Fig. 7 Atypical carcinoid,

(A) Atypical carcinoid showing
an island of tumor cells with
central necrosis. Mitosis not
visible at this magnification and
(B) Vascular invasion.
Hematoxylin and eosin

Typical carcinoid tumors also occur in the upper respira-
tory tract, but are not common. In fact, typical carcinoids
are said to be the least common of neuroendocrine tumors
arising from the larynx, with only 42 cases reported as of
20053, 4]. These tumors show a 3:1 predilection for males
presenting with a mean age of 34 and a range of 45-80
years at the time of diagnosis [3]. Most laryngeal carci-
noids are microscopically quite similar if not identical to
those occurring in the lung. While their clinical course is
generally favorable, typical carcinoids of the larynx can
metastasize in about 33% of the cases [3-5].

Atypical Carcinoid Tumors.: These tumors share many
of the histopathologic and clinico-demographic features
of typical carcinoids but fundamentally differ from them
in terms of clinical behavior. Microscopically, the 2004
WHO classification of tumors regards atypical carcinoids
as tumors with increased mitotic activity (2—10 mitoses
per 10 high power fields and/or foci of necrosis. (Fig. 7)
To be meaningful, at least three sets of 10 high power
fields should be counted and averaged [40]. While
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considerable cellular atypia (nuclear irregularity, nucleo-
megaly) may be present, cellular atypia is a subjective
criterion, difficult to estimate and is not generally regarded
or accepted as a helpful diagnostic feature [30]. The diag-
nosis of atypical carcinoid tumor can be made on basis of
bronchoscopic biopsies but the distinction of typical from
atypical carcinoid is best made on basis of surgically
resected specimens, unless mitosis and/or necrosis are
evident on a (generous) bronchoscopic biopsy [30].

Nearly one-fifth of all carcinoids of the lung are said to
be cytokeratin negative. However, in the experience of
one of us (HHP) all carcinoids of lung have been positive
for cytokeratin. Neuroendocrine markers such as CD56,
CD57, chromogranin, synaptophysin, and neuron-specific
enolase are generally positive. Thyroid Transcription
Factor 1 is said to be positive in about one-third of all
typical carcinoids and nearly all of the atypical carcinoids
[30, 40, 41]. If positive, immunoreactivity for the S100
protein may indicate the presence of sustentacular cells
raising the possibility of a paraganglioma of lung. Cyto-
keratin 20 is typically negative [40].

Immunoelectron microscopy contributes to the differ-
ential diagnosis between typical and atypical carcinoids of
the lung. While neurosecretory electron-dense, mem-
brane-based granules occur in both of these two tumors,
there is some evidence that differences exist in terms of the
quantity and quality of such granules [42]. Fukayama and
associates examined these granules in the case of a 56-
year-old female with an atypical endocrine tumor of the
lung bearing morphologic resemblance to an atypical
carcinoid. In their case, the authors identified secretory
granules that were positive for gastrin-releasing peptide,
human chorionic gonadotrophin, calcitonin, and seroto-
nin, calling attention that in their patient the granules
appeared to be more numerous and larger in size than
conventional neurosecretory granules, presumably refer-
ring to granules in non-atypical endocrine tumors of the
lung [42]. In difficult cases, comparative genomic hybri-
dization (CGH) can be of considerable assistance in mak-
ing the distinction between typical and atypical carcinoid
tumors. Using CGH, Ulmann et al. analyzed 15 typical
carcinoids and 20 atypical carcinoid tumors. The study
showed loss of 11q in 58% of the atypical tumors but only
12% of the typical ones. Deletions of 3p were seen in 25%
of the atypical carcinoids but none of the typical ones [43].
Using metaanalysis, the authors further documented the
ability of CGH in the differentiation between carcinoid
tumors and non-small cell carcinoma of the lung [43].

Clinical Behavior of Pulmonary Carcinoid Tumors: A
substantial number of studies have examined this issue
with most investigators agreeing in that atypical carci-
noids behave in a clinically significant more aggressive
behavior as compared to typical carcinoids [44]. One

important caveat to remember is, however, that all carci-
noid tumors are malignant tumors, albeit with a different
level of malignancy. For example, in the study by Warren
and Gould, of 27 patients with typical bronchial carci-
noids, two patients had nodal metastases at the time of
resection and distant metastases were identified at a later
time in two additional patients, 5 and 10 years after
diagnosis [45]. In a study of 35 patients with peripheral
spindle cell carcinoids Ranchod et al. found nodal metas-
tases in seven patients and distant bone metastases in one
other patient [31]. Abdi and collaborators reported on
eleven patients with peripheral carcinoid tumors, three
of who also had regional lymph node metastases [32].
Slodkowska and associates reported their findings on 77
patients with carcinoid tumors, 62 with typical and 15
with atypical morphology. The typical tumors occurred
in younger patients and were smaller than the atypical
ones [46]. On follow up, regional lymph node metastases
were identified not only in 33% of the atypical carcinoids
but also in 10% of the typical variants [46].

Atypical Carcinoid Tumors of the Upper Airways.: Aty-
pical carcinoids of the upper airways are also known as
neuroendocrine carcinomas [3]. Characteristically, they
occur in the larynx forming submucosal masses some-
times in association with ulceration of the squamous
mucosa [3]. The morphology and immunohistochemistry
of these tumors is similar to those of the lung. Major
features to look for are necrosis, mitosis, and cellular
atypia. Features of atypia include larger cells, prominent
eosinophilic cytoplasm, nuclear pleomorphism, and small
or inconspicuous nucleoli. Mitotic activity may be promi-
nent and focal areas of necrosis as well as vascular inva-
sion may be seen [3].

While the morphology and immunohistochemical prop-
erties of atypical carcinoids in the upper airway, particularly
the larynx, are generally similar to those seen in their
pulmonary counterparts, there are differences in nomen-
clature and also in the immuno-expression of some mar-
kers such as p53, TTf-1, and calcitonin. For example,
investigators have called attention to the difficult diag-
nostic problem that may arise in distinguishing atypical
carcinoid from medullary carcinoma of the thyroid. This
problem is due in part to morphologic overlap and/or in
part to similarities of their immunoreactivity patterns. A
number of studies have addressed the issue [47].

A case in point is the study of a cohort of eight patients
with atypical carcinoids of the larynx and 10 patients with
medullary carcinoma of the thyroid by Hirsch and colla-
borators looking to define the usefulness of p53, TTF-1,
and calcitonin in the distinction between these two neo-
plasms [47]. As would be expected and based on previous
data, positive immunoreactivity to calcitonin was found
in all cases of atypical laryngeal carcinoid tumors and in
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all cases of thyroid medullary carcinoma [47]. Weak, focal
immunoreactivity for TTF-1 was observed in one of eight
(13%) laryngeal atypical carcinoids whereas nine of ten
(90%) medullary carcinomas were positive for this mar-
ker. P53 was positive in three of six (50%) laryngeal
atypical carcinoids and three of 10 (30%) of medullary
carcinomas of the thyroid [47]. These workers concluded
that immunoreactivity for TTF-1 but not calcitonin or
p53 may be helpful in distinguishing laryngeal atypical
carcinoids and thyroid medullary carcinoma. In their
conclusion, the authors further noted diffuse and/or
strong TTF-1 immunoreactivity favored a diagnosis of
primary thyroid medullary carcinoma over atypical car-
cinoid tumor of the larynx [47].

Akin to their pulmonary counterparts, atypical carci-
noids of the upper airways are aggressive tumors with
reported 5- and 10-year survival rates of 48% and 30%,
respectively [3]. Metastases to cervical nodes is said to
occur in up to 43% of cases [3].

Large Cell Neuroendocrine Carcinoma

Large cell neuroendocrine carcinomas are not common.
In a large study from Japan, Takei and collaborators
reported an overall frequency of 3.1% of all patients
undergoing surgical resection for primary lung cancers
[48]. As we will see below, the 2004 World Health Orga-
nization classification of tumors has laid out detailed
histopathologic criteria needed for the diagnosis of this
high-grade neoplasm. Large cell neuroendocrine carcino-
mas are tumors of middle-aged or elderly cigarette smokers,

Fig. 8 Large cell
neuroendocrine carcinoma,
(A-D) (A) Low power view
showing extensive tumor
necrosis, (B) Note focal
palisading of tumor cells in /eft
upper quadrant, (C) An area
showing resetting, (D) Strong
immunoreactivity to N-CAM
(CD56)

and are said to behave clinically as small cell carcinomas
[49]. Large cell neuroendocrine carcinomas must be dif-
ferentiated from large cell carcinomas with neuroendo-
crine features [50-52]. Both of these neoplasms are highly
malignant and carry an unfavorable prognosis. However,
the distinction between the two neoplasms is an important
one since large cell neuroendocrine carcinomas are more
aggressive in their clinical behavior and more likely to be
treated with therapeutic regimens similar to those of small
cell carcinoma while large cell carcinomas with neuroen-
docrine features are more likely to be treated surgically
and in advanced cases with therapeutic regimens that are
more appropriate for non-small cell carcinomas.
Radiographically, these tumors present as peripherally
located nodular masses with highly irregular contours. In
a study of 36 (33 men, three women) patients using high
resolution CT of the chest, Akata and associates found
only one tumor that was centrally located [53]. Mediast-
inal lymphadenopathy was found in 12 of the 36 patients.
Frequent findings in the series included notching, calcifi-
cations, and pleural indentations. Cavitation of tumors
was said to be infrequent [53]. The morphologic criteria
for the diagnosis of large cell neuroendocrine carcinoma
by the WHO classification of lung tumors are simple and
straightforward. Essentially, for a tumor to be diagnosed
as large cell neuroendocrine carcinoma, a tumor must
have light microscopic features of neuroendocrine mor-
phology, i.e., organoid patterns such as nesting, palisad-
ing, trabeculation, and/or rosette-like structures, plus a
high mitotic rate (with counts of 11 mitoses or more per 10
high power fields) and extensive necrosis. (Fig. 8) In
addition, such tumors must have strong immunoreactivity
for at least one neuroendocrine marker (other than
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neuron-specific enolase). An immunohistochemical panel
consisting of CD56, chromogranin, and synaptophysin
used in our laboratory to characterize these tumors has
been found useful in the majority of cases.

As noted, a tumor made up of large neoplastic cells
and showing necrosis, high mitotic rate and immunor-
eactivity to neuroendocrine markers but not showing
light microscopic evidence of organoid nesting, palisad-
ing, trabeculation, or rosette-like structures should be
classified as a large cell carcinoma with neuroendocrine
features and not as a large cell neuroendocrine carci-
noma. Interestingly, the above histopathologic criteria
for the diagnosis of large cell neuroendocrine carcinoma
are also helpful in separating such tumors from atypical
carcinoids and small cell carcinoma. At times, however,
histopathology alone may not permit a definite diagno-
sis to be made. In these instances, ancillary testing may
be of help. For instance, the distinction between typical
and atypical carcinoids on one hand and between atypi-
cal carcinoids and higher-grade neuroendocrine carci-
noma on the other can further be facilitated with the
study of PAX-5 expression. In a study by Sica et al.,
PAX-5 expression was found in 78% of high-grade neu-
roendocrine carcinomas. In contrast, these investigators
found that none of the 51 carcinoids in their series (both
typical and atypical) expressed PAX-5 [54]. A well-
studied marker in the diagnosis of gastrointestinal stro-
mal tumors is C-kit. C-kit (CD117) has been found to be
positive in large cell neuroendocrine carcinoma of lung,
but only in 25% of the cases. Therefore, it appears to be
of non-diagnostic value [55].

Large cell neuroendocrine carcinomas can occur in a
“combined fashion” with classic small cell carcinoma.
These combined tumors are known to have genetic altera-
tions suggesting that divergent differentiation do not
exclude a monoclonal origin from a common ancestor. In
a study of 22 pulmonary endocrine tumors by D’Adda et
al., six tumors were combined, eight were pure large cell
carcinomas, and eight were pure small cell carcinomas [56].
In that study, the authors separately extracted DNA from
each of the two cytologically different populations in the
combined tumors. Allelic imbalance was investigated by
PCR amplification of 30 highly polymorphic microsatellite
markers located at 11 different chromosomal regions [56].
A common background of genetic alterations, similar in
both components of the combined neoplasms was demon-
strated at 17p123.1, 3p14.2-3p21.2, 4q24, 5q21, and 9p21
[56]. In fact, the authors noted two components in the
combined tumors appeared to be more similar to each
other than to their respective pure forms. In addition, the
study showed allelic imbalances preferentially involving
one of the two components [56]. These alterations often
appeared to be specific for this histological variant, as

compared with those observed in pure forms or in data
obtained from the literature. These investigators concluded
that the two phenotypic components of combined neu-
roendocrine had a significantly close genetic relationship
to each other, supporting the notion of a tumor with a
monoclonal origin from a common ancestor showing
divergent differentiation [56].

Small Cell Carcinoma

Small cell carcinomas are defined by the 2004 World
Health Organization Classification of Tumors as malig-
nant epithelial tumors consisting of small cells with
scant cytoplasm, poorly defined nuclear borders, finely
granular nuclear chromatin, and absent or inconspicu-
ous nucleoli [57]. Small cell carcinomas are known to
represent about 25% of all major types of lung cancers
and to account for a significant level of morbidity and
mortality. Previous terms applied to these tumors such
as oat cell carcinoma and small cell anaplastic carci-
noma or small cell undifferentiated carcinoma are no
longer recognized and their use is to be discouraged.
Likewise, previous classification schemes dividing
small cell carcinomas into various subtypes (such as
intermediate, lymphocyte-like, and others) have failed
to achieve prognostic significance and are no longer in
use [58, 59]. Accordingly, at present time, only classic
forms or combined forms with elements of either squa-
mous carcinoma or adenocarcinoma or large cell carci-
noma are recognized and in use today by most practicing
pathologists. Hammar has indicated that in these com-
bined tumors, the non-small cell component should
comprise at least 10% of the entire tumor [11].

The published literature on small cell carcinoma of
lung is massive. A recent search for PubMed access line
yielded greater than 33,000 citations. This information
overload has no doubt contributed to a greater under-
standing of the natural history, histopathology, cytoge-
netics, and management of this tumor. Yet, the overall
morbility and mortality of small cell carcinoma remains
exceedingly high, justifying the reputation of small cell
carcinoma as one of the most lethal forms of cancers
known to man. Small cell carcinoma is a disease of smok-
ing older men and women who usually are in the sixth or
seventh decade of life. Symptoms reflect the central loca-
tion of these tumors [57]. Stridor and hemoptysis are
comparatively rare while hoarseness and vocal cord
paralysis are more common. In advanced cases, the symp-
toms are more apt to reflect disseminated disease such as
bone marrow or liver metastases [57]. Paraneoplastic syn-
dromes such as the Eaton—Lambert syndrome or the
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Fig. 9 Small cell carcinoma,
(A-D) (A) Low power view.
Note compact arrangement of
somewhat spindly tumor cells,
(B) Tumor cells invade ciliated
respiratory epithelium, (C)
DNA incrustation of small
pulmonary venules, the
“Azzopardi Effect,” (D) Tumor
cells showing immunoreactivity
to pancytokeratin

Cushing syndrome are not commonly seen in patients
with small cell carcinoma but in a small subset of patients,
a paraneoplastic syndrome may actually precede the
discovery of the lung tumor.

As is the case with squamous cell carcinomas, the
majority of small cell carcinoma are centrally located
but a small minority [60, 61] are peripherally located,
mimicking spindle cell carcinoids. Centrally located
small cell carcinomas tend to occlude the lumen of
major airways and to grow to a large extent in the adja-
cent mediastinal structures. As a result, radiographic and
CT studies of chest show relatively small lung tumors (at
times inconspicuous) with relatively large mediastinal
components. CT imaging is superior to conventional
radiographs to detect mediastinal nodal involvement
and involvement of the superior vena cava, a life threaten-
ing condition that may require immediate medical inter-
vention [57].

Grossly, small cell carcinomas present as fleshy poorly
outlined masses with specks of anthracotic pigment encir-
cling airways and obliterating the underlying lung par-
enchyma. In their early stage, however, bronchial muco-
sal irregularities or loss of endobronchial longitudinal
grooving may be the only gross manifestations. Despite
the prevalence of necrosis (see below) and in contrast to
squamous cell carcinomas, small cell carcinomas rarely
undergo cavitation. This is an important and clinically
relevant issue since it may assist the radiologist to fine
tune the diagnosis of mass lesions in the lung.

Microscopically, individual cells of small cell carci-
noma may have a variety of shapes and sizes including
fusiform, polygonal, and even small round lymphocyte-
like variants. Small cell carcinomas are high-grade neo-
plasms with mitotic rates exceeding those of atypical
carcinoids, usually with greater than 11 mitoses per 10
high power fields [57]. Necrosis, crush artifact, and DNA
smearing around small vessels (Azzopardi Effect) are
characteristic but not pathognomonic of these tumors
[62] (Fig. 9). This artifactual DNA smearing phenomenon
is a reflection of increased cell fragility and can also be
seen in lymphomas and other malignancies (see below).
Crush DNA artifact is greater in biopsy samples as com-
pared to samples from surgically resected cases. Areas
affected by this DNA smearing are positive for the Feul-
gen reaction. Necrosis, when extensive may obscure the
morphologic features of small cell carcinoma making the
distinction from lymphomas and other small blue cell
tumors difficult. In this regard, recent communications
from investigators in the United Kingdom and other sites
have called attention to the usefulness of CD56 and Ki-67
immunostaining [63, 64]. In most cases of biopsies with
extensive DNA smearing this immunohistochemical mar-
ker in conjunction with lymphoid markers such as CD3,
CD20, and CD45, and neuroendocrine markers such as
chromogranin and synaptophysin (and low molecular
cytokeratin) will facilitate the diagnosis.

The cytologic features of small cell carcinoma are
unique. The tumor cells arrange themselves in clusters,
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often linear. Despite their name, the tumor cells are two to
three times the size of a resting lymphocyte and typically
have a very limited amount of cytoplasm. Morphometric
studies in past have shown that considerable nuclear size
overlap exists between “small cells” and “large cells” in
high-grade pulmonary neuroendocrine carcinomas [65]
suggesting that estimation of cell size is not always a
useful adjunct in diagnosis. The nuclear chromatin is
“salt and pepper” as a reflection of its stippled distribu-
tion, a useful feature that when present contributes to
diagnosis in cytologic preparations. Loose molding of
neighboring cells is another important cytopathologic
feature that in combination with the other cited features
may allow the cytopathologic diagnosis to be made in
sputum specimens or cytological preparations such as
bronchial brushes or washings.

One problem that may arise is the differentiation of
small cell carcinoma from poorly differentiated squa-
mous cell carcinoma. Aside morphologic similarities,
extensive tumor necrosis, crush artifact, and limited
tumor representation in tissue samples contribute to mak-
ing this distinction a difficult one. Zhang et al. studied 28
cases of small cell carcinoma and an equal number of
poorly differentiated squamous cell carcinoma with a
panel of antibodies that included p63, TTF-1, and a
high molecular weight cytokeratin [66]. In their study,
the authors found that 93% of the small cell carcinomas
showed TTF-1 immunoreactivity and no staining for p63
or high molecular weight cytokeratin. In contrast, 95% of
the cases of poorly differentiated squamous cell carci-
noma showed no TTF-1 positivity and strong positivity
for p63 and high molecular weight cytokeratin [66]. The
authors concluded that this panel of antibodies is highly
effective in making the distinction between these two
tumors [66]. Another consideration is the distinction
between lymphoma and small carcinomas, particularly
in the case of carcinomas with a lymphocyte-like mor-
phology. In this instance, a basic panel of immunostain
that includes CD45 and CD56 is generally helpful.
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Neuroendocrine Tumors of the Pancreas

Runjan Chetty

Abstract This is an overview that incorporates the
recommended nomenclature, classification, immunohis-
tochemistry, precursor lesions, and pathologic types of
pancreatic neuroendocrine tumors. In addition, both
sporadic and inherited forms together with the relevant
genetics are highlighted.

Keywords Pancreatic neuroendocrine tumor < Islet
hyperplasia ¢ Islet cell dysplasia ¢ Nesidioblastosis
Multiple endocrine neoplasia (MEN)

Introduction

The term “karzinoid” (carcinoid) was introduced by
Oberndorfer based on his observation of peculiar tumors
(“little carcinomas”) in the small intestine. Other names
used for this entity include APUDoma and islet cell
tumor/adenoma.

Use of the term carcinoid has become entrenched in the
medical literature and has been applied to different enti-
ties by pathologists and clinicians. Some pathologists
label all tumors with neuroendocrine features “carci-
noid,” while some clinicians restrict the use of the term
carcinoid to the so-called carcinoid syndrome, due to a
serotonin-producing tumor. It is also known that a carci-
noid in one site is not equivalent to a similar tumor in
another site within the gastrointestinal tract (GIT). Ori-
ginally thought to be benign, it is now known that the full
histopathological spectrum from very low-grade to high-
grade malignancy can be encountered within this family
of tumors.
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Should they be called endocrine or neuroendocrine
cells/tumors? The cells of the dispersed endocrine system
and their tumors that occur in the GIT share several
antigens with nerve elements such as neuron-specific eno-
lase (NSE), protein gene product 9.5 (PGP 9.5), chromo-
granin A, B, and C, and synaptophysin. It is for this
reason that “neuroendocrine” is the preferred designation
and the term “neuroendocrine tumor” (NET) will be used
in this chapter.

There are at least 15 discrete neuroendocrine cell types
distributed throughout the GIT and these cells are the
progenitors of the characteristic tumors that form the
rubric of neuroendocrine tumors of the gastroenteropan-
creatic (GEP) tract.

Pancreatic neuroendocrine tumors (PNET) have been
associated with a certain mystique despite their somewhat
obvious and easily recognizable clinical and pathologic
manifestations. Perhaps it is the syndromic clinical sce-
nario and its infrequency that has intensified fascination
amongst pathologists and clinicians alike, and has
ensured that PNETs have come under closer scrutiny of
late, especially in terms of molecular pathogenesis.

Incidence

It has been estimated that the incidence of PNETs is 0.4-1
per 100,000 people [1-4]. Autopsy surveys have shown the
incidence to range from 0% to 10% of autopsies depend-
ing on the thoroughness of sectioning and sampling of the
pancreas [5, 6]. In a surgical series, PNETs were found to
account for about 15% of pancreatic neoplasms [7, 8].
PNETs are encountered in adults and the vast majority
occurs in patients over the age of 30 years [9]. Clinically,
there are functioning and nonfunctioning PNETs depend-
ing on whether clinical symptoms due to hormone/peptide
production are present or not. Immunohistochemically
detected peptides within a tumor do not necessarily equate
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to clinically functional tumors. Distinct functional states
have been ascribed to PNETs depending on the dominant
hormone that is produced and the associated clinical
symptoms (Table 1). These may be due to excess of gastrin
(Zollinger-Ellison syndrome), insulin, vasoactive intestinal
peptide (VIP), glucagon, somatostatin, growth hormone
releasing hormone (GHRH), adrenocorticotrophic hor-
mone (ACTH), 5-hydroxy tryptamine or serotonin (carci-
noid syndrome), parathyroid hormone-related peptide
(PTHrP), and calcitonin. Of the functional tumors,
some controversy exists as to whether insulin- or gas-
trin-producing tumors are commoner. Some studies sug-
gest that the former account for the majority of PNETSs
(range: 46-85%) [9, 10], whilst others are of the opinion
that the gastrin-producing tumors are most frequently
encountered [11-15]. Overall, nonfunctioning tumors
are commoner than the functional ones [4].

Table 1 Classification of Gastroenteropancreatic Endocrine Cells
and Tumors

Cell
Hormone type  Clinical syndrome
Insulin B Hypoglycemia
Glucagon/GLP’s o Diabetes Mellitus;
Skin Rash
Somatostatin o Somatostatinoma
Syndrome
Gastrin v Zollinger-Ellison
Syndrome
Pancreatic Polypeptide PP
Vasoactive Intestinal Peptide ? Verner-Morrison
(VIP) Syndrome
Secretin o WDHA (“Pancreatic
Cholera”)
Prostaglandins ? ? WDHA
Serotonin EC Carcinoid Syndrome
Cholecystokinin (CCK) ?
ACTH/MSH;CRH ? Cushing’s Syndrome
Vasopressin ? Diabetes Insipidus
Growth hormone-releasing ? Acromegaly
hormone (GRH); growth
hormone (GH)
Parathyroid hormone-related ? Hypercalcemia
peptide

Histogenesis/Origin

The concept of a totipotential stem cell within ductules as
a progenitor of both exocrine and endocrine cells is now
well established and generally accepted. In addition, it is
thought that both exocrine and endocrine pancreatic tis-
sue can be derived from preexisting, differentiated exo-
crine and endocrine cells. This observation is based on
experimental models that demonstrate regeneration of

both exocrine and endocrine pancreas from existing cells
and regenerating ductules [16]. A slightly opposing view
has been proposed based on studies in transgenic mice
that develop PNETs [17]; in these models it appears that
endocrine tumors develop from mature endocrine cells
located within preexisting islets of Langerhans. It is there-
fore likely that there is more than one source of origin for
PNETs: arising from totipotential stem cells and differ-
entiated, mature endocrine cells, that it is a multi-step
process of genetic alterations with tumor cell proliferation
mediated by growth factors including insulin-like growth
factor-1 (IGF-1) [18].

Pathology

The gross and microscopic appearances of PNETs are
well characterized and detailed descriptions are available,
especially in some of the recently written textbooks [1, 2].
However, there are a few associated entities that are
worth highlighting.

Islet Hyperplasia

In islet hyperplasia the size and shape of normal islets of
Langerhans varies (Fig. 1). Whilst the most recognizable
islet is spherical or round, more elongated or “arching”
islets are also described [1]. The size of islets varies from
50 to 150 pm in newborns and from 50 to 250 pm in
adults. Thus, islets larger than 250 um but less than
0.5 mm are regarded as hyperplastic islets. Lesions
0.5—5 mm in diameter are considered microadenomas.

Fig. 1 Islet hyperplasia is typified morphologically by variation in
size and shape of the islets together with the presence of occasional
large bizarre cell. (H&E x 400)
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Islet hyperplasia is considered to be an increase in
volume density of the endocrine component that is
accomplished by increase in both islet size and islet num-
ber. This condition has been encountered in a diverse
range of conditions and has even been documented in
asymptomatic patients with normal pancreatic function.
Some of the discrepancies may be explained by failure to
recognize the important differences in islet mass in the
various parts of the pancreas; islet mass in the tail is
greater than that in the body and head of the organ, and
there are regional differences in cell distribution, with
more PP cells in the islets of the uncinate process. Condi-
tions that have been associated with islet hyperplasia
include: «o-1 anti-trypsin deficiency, hyperinsulinism,
Zollinger-Ellison syndrome, Verner-Morrison syndrome,
maternal diabetes, erythroblastosis fetalis, acquired
immunodeficiency syndrome (AIDS), Simpson-Golabi-
Behmel syndrome, hereditary tyrosinemia of hepatorenal
type, Zellweger’s cerebrohepatorenal syndrome, lepre-
chaunism, and Beckwith-Wiedemann syndrome [19].

Microscopy of islet hyperplasia reveals large islets that
vary in size and shape and exhibit a degree of coalescence.
Within the islets there is retention of the spatial arrange-
ment and distribution of the four main endocrine cell types.
Markedly enlarged, bizarre B cells are sometimes encoun-
tered, especially in cases of neonatal nesidioblastosis.

Islet Dysplasia

See Fig. 2. La Rosa and colleagues highlighted three
characteristic features of islet dysplasia [19]:

Fig. 2 Islet dysplasia, on the other hand, is composed of more
uniform islets with a trabecular arrangement. However, there is
loss of the normal spatial arrangement of the constituent hormones
with one often dominating. (H&E x 200)

1) normal-sized or slightly enlarged islets with cells often
arranged in trabeculae,

i) loss of the normal spatial and quantitative arrange-
ment of the four main cell types with altered domi-
nance of one cell type, and

i) mild cytologic atypia.

Once islet dysplasia attains a size of 0.5 mm, it is called
microadenoma [1]. Islet dysplasia is most frequently asso-
ciated with multiple endocrine neoplasia (MEN) type 1.

Nesidioblastosis

The definition of nesidioblastosis, in the broadest sense, is
the occurrence of endocrine cells often in clusters, inti-
mately associated with pancreatic ductules, and forming
so-called ductulo-insular complexes. Often associated
with this is so-called endocrine cell “mal-distribution” or
islet hyperplasia with prominent, hypertrophic, bizarre,
B-cells resulting in hyperinsulinemic hypoglycemia [20].
The term “nesidioblastosis” was coined in 1938 by Laid-
law to describe the phenomenon of islet cells originating
from pancreatic duct epithelium [21]. The term has
embryologic roots in that the same phenomenon or pro-
cess occurs during embryonic or fetal life. After 10-11
weeks of gestation, endocrine cells can be seen budding
off from pancreatic duct epithelium and then proliferat-
ing to form the islets of Langerhans [22]. Thus, nesidio-
blastosis is a reflection of this particular embryologic
event, but the term has also been used to describe islet
hyperplasia. The frequent coexistence of ductulo-insular
complexes and islet hyperplasia and the overlap of con-
ditions in which both have been described (alone or
together such as MEN type 1, chronic pancreatitis),
lends to the concept that they are part of the same spec-
trum of lesions. From a purist’s point of view, nesidio-
blastosis is the presence of endocrine cells budding off
from pancreatic ductule epithelium, a condition that is
seen in many pancreatic conditions, including chronic
pancreatitis with ductular proliferation.

Unusual Histopathological Appearances

The vast majority of PNETs confirm to the typical neu-
roendocrine pattern with the well-recognized “zellballen”
or packeted arrangement evident (Fig. 3). Equally com-
monly seen is a trabecular pattern. (Pseudo)-glandular or
acinar (Fig. 4) and mixed patterns of the aforementioned
types are also frequently seen. The cells have readily
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Fig. 3 The classic pattern of a neuroendocrine tumor with nests of
uniform cells surrounded by a fibrovascular stroma. (H&Ex 100)

Fig. 4 A micro-acinar/pseudo-glandular pattern that often causes
confusion with an acinar cell carcinoma. (H&E x 200)

recognizable cytological features: round-to-ovoid cells
with eosinophilic, slightly granular cytoplasm and nuclei
with a dispersed chromatin pattern (“salt and pepper”)
and not infrequently, discernible nucleoli. Ancillary find-
ings such as intracytoplasmic hyaline globules, nuclear
pseudo-inclusions, and associated amyloidosis are also
seen. Variations in both cell morphology and pattern
have been well described.

Less commonly, cystic, papillary, and so-called angio-
matoid/angiomatous patterns may also be seen. The pre-
sence of calcification is sometimes noted (Fig. 5) and
when psammomatous in nature in duodenal NET, it is
diagnostic of a duodenal somatostatin-producing NET.

The constituent cells may have abundant granular eosi-
nophilic cytoplasm due to accumulation of mitochondria

Fig. 5 Somatostatin-producing pancreatic neuroendocrine tumor
containing psammoma bodies. Usually they are less frequently seen
in pancreatic tumors as compared to periampullary tumors. (H&E x
400)

resulting in an oncocytic/oxyphilic appearance (Fig. 6) or
the tumor cells may be spindle shaped, have a clear or
finely vacuolated cytoplasm, be large and pleomorphic,
sometimes with multiple nuclei or so-called rhabdoid
(Fig. 7). The latter cell has a characteristic appearance
that is due to collapse of the cytoskeleton (misfolded pro-
teins) with formation of aggresomes, which are perinuclear
in location, often displace the nucleus peripherally and
appear as deeply eosinophilic globules in the cytoplasm.
Another morphological variant is a PNET with ductules.
This is not a mixed neuroendocrine-epithelial tumor but a
NET with ductules that are either entrapped as the tumour

Fig. 6 An oncocytic neuroendocrine tumor composed of eosino-
philic cells that also harbor hyaline globules within the cytoplasm.
(H&E x 400)
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Fig. 7 Very characteristic “rhabdoid” cells have distinct cytoplasmic
paranuclear aggregations of intermediate filaments. (H&Ex 400)

grows into surrounding normal pancreatic tissue or as a
result of secondary ductular proliferation occurring as a
reactive phenomenon.

Immunohistochemistry

These lesions are readily classified by the immunohisto-
chemical localization of common markers of neuroendo-
crine differentiation. They almost uniformly stain for
synaptophysin, a 38 kd molecular weight molecule that is
associated with synaptic vesicles of neurons and neuroen-
docrine cells. It is a small vesicle-associated marker. Most
PNET stain for chromogranin, a large secretory granule-
associated marker. There are two families of chromogra-
nins, A and B; to appropriately classify these lesions one
needs to identify both chromogranins. Moreover, chromo-
granin immunoreactivity is directly related to the number
of secretory granules that may be scarce in some tumors
that are poorly differentiated or those that rapidly secrete
their hormone product without storing it in significant
amounts. Other markers of neuroendocrine differentiation
include CD57 (Leu-7), neural cell adhesion molecule
(NCAM; CD56), neuron-specific enolase (NSE), and pro-
tein gene product 9.5 (PGP 9.5) that stain variable subpo-
pulations of endocrine lesions and some, such as NCAM
and NSE stain some non-endocrine tumors as well.

The structure-function correlations of these lesions are
best defined by their immunoreactivity for specific pep-
tide hormones. Those associated with clinical symptoms
and predictive of biological behavior are the most impor-
tant to evaluate and are listed in Table 1. In most labora-
tories the panel of antisera available for characterization

of hormone production is limited, however, at a mini-
mum, these lesions should be examined for production
of the eutopic hormones; insulin, glucagon, somatostatin,
pancreatic polypeptide, as well as for the important com-
mon ectopic substances; gastrin and VIP.

Often times, the functional status and clinical symp-
toms of the patient will determine specific markers done
in a particular case. Included in the baseline work-up of
PNET is Ki-67, as the Ki-67 index separates benign, well-
differentiated NET (<2%) from those of uncertain beha-
vior (>2%).

Other markers that are available include

1. Neuroendocrine secretory protein-55 (NESP-55):
this protein is a 241 amino acid polypeptide that
belongs to the chromogranin family and is thus located
within large dense core secretory granules. The value of
NESP-55 lies in its ability to stain PNET (in addition
to pheochromocytomas), whilst GIT NET are
negative.

2. Somatostatin receptors: somatostatin analogs have
been used in the treatment of clinically apparent GEP
NET. Five somatostatin receptors have been identi-
fied. Several NET express somatostatin receptors, but
up to 90% of serotonin- and gastrin-producing NET
of the distal jejunum and ileum, and about 60% of
insulin-producing PNET are positive for receptors 2
and 5.

3. CDX-2:is a homeobox gene that is essential for intest-
inal development and differentiation. Approximately
80% of GIT NET are CDX-2 positive, especially those
occurring in the ileum and appendix. NET occurring in
the stomach tend to be CDX-2 negative.

4. Histidine decarboxylase: expression occurs in most NE
cells but PNET are most frequently positive for this
marker.

Hereditary Forms of PNET

Multiple Endocrine Neoplasia (MEN)
Syndrome, Type 1

This is an autosomal dominant condition and affected
individuals show 94% penetrance with manifestation of
associated pathology by the age of 50 years [25]. There are
germline mutations of the M EN-I tumor suppressor gene
located on chromosome 11q13 and consequent loss of a
610 amino acid nuclear protein, menin, which suppresses
cell proliferation [26]. Hereditary PNETs occur in more
than 60% of patients with MEN-1 [27, 28]. Patients
usually manifest primary hyperparathyroidism before
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pancreatic lesions [29]. MEN-1 involvement of the pan-
creas is in the form of multiple, small, nonfunctioning
benign PNETs, often microadenomas, associated with
foci of nesidioblastosis. If a functional tumor occurs,
50% will be gastrin-producing and 20% insulin-producing
tumors. It is worth remembering that in MEN-1, duodenal
gastrin-producing tumors are more common than those
arising in the pancreas. In contrast to sporadic PNETs,
those associated with MEN-1 tend to present at an earlier
age, have a higher rate of post-operative recurrence and are
a common cause of death in these patients [28].

Von Hippel-Lindau Disease

Von Hippel-Lindau (VHL) disease is an autosomal domi-
nant condition due to deletions or mutations in a tumor
suppressor gene located on chromosome 3p25.5 [29]. The
disease profile is typified by retinal and central nervous
system hemangioblastomas, cysts in the kidney, epididy-
mis (papillary cystadenoma) and liver, hemangiomas of
the adrenal, liver and lung, renal cell carcinoma, pheo-
chromocytoma, and endolymphatic sac tumors. Pancrea-
tic pathology in VHL is usually in the form of benign cysts
and serous microcystic adenomas, which occur in 35-70%
of VHL patients [30-33]. The frequency of pancreatic
endocrine tumors, on the other hand, is less common and
encountered in only 2—-12% of patients [32-35].

Neuroendocrine tumors of the pancreas in VHL are
uncommon, also occur in young patients, occur anywhere
in the pancreas, are said to be functionally inactive
(immunohistochemistry does demonstrate focal positivity
for pancreatic polypeptide, somatostatin, glucagon, and/
or insulin in 30-40% of cases), multiple (up to five), and
not associated with either microadenomas (endocrine cell
foci less than 0.5 cm in diameter) or nesidioblastosis [32].
However, we have observed a case of VHL in which these
latter findings were present [36]. VHL-associated PNETs
tend to be arranged in trabeculae, glandular configura-
tions, and solid foci. Characteristically, up to 60% of the
tumors contain clear cells or multi-vacuolated lipid-rich
cells in varying proportions.

Neurofibromatosis, Type 1

Rare cases of somatostatin-producing PNETs have been
encountered in neurofibromatosis. These tumors are far
commoner in the duodenum or periampullary region in
patients with neurofibromatosis. The VHL gene has been
found to contain inactivating somatic mutations in neu-
rofibromatosis-associated PNETs [10].

Tuberous Sclerosis

Rare PNETs have been reported in patients with tuberous
sclerosis [37, 38]; it is not clear if there is a causal or a
casual association.

Nomenclature

Functional PNETSs have been named after the peptide that
is released by the tumor. Insulinomas, gastrinomas, gluca-
gonomas, and somatostatinomas have all become popular
appellations for PNETs elaborating the corresponding
peptide or hormone. However, as pointed out by Wick
and Graeme-Cook [7], this occurrence is not specific and
several neuroendocrine tumors such as paragangliomas
and neuroblastomas are also capable of producing some
of the aforementioned hormones. It is recommended that
the morphologic and functional status should be recorded
and a more appropriate diagnosis is: “primary pancreatic
neuroendocrine tumor/neoplasm producing somatosta-
tin,” or “somatostatin-producing pancreatic neuroendo-
crine tumor/neoplasm.” It is worth reiterating that immu-
nohistochemically detected peptides do not imply that the
patient has clinical symptoms, nor does this finding imply
that the tumor is functional. If clinically nonfunctional,
these tumors may be designated thus: “nonfunctioning
pancreatic neuroendocrine tumor/neoplasm composed
mainly of somatostatin-producing cells.” However, it
must be recognized that absence of recognized clinical
features may not necessarily reflect true lack of clinical
function and subtle clinical manifestations may be missed.
Most patients are not evaluated biochemically for the full
spectrum of peptide products of PNETs. Should no domi-
nant hormone be detected immunohistochemically, the
tumor is simply a: “primary pancreatic neuroendocrine
tumor/neoplasm, with insulin, glucagon, VIP, and soma-
tostatin-producing cells present.” The above nomenclature
is allied to the classification of PNETSs, which will also
convey the biologic behavior of the tumor in question.

Classification

Several classification systems have been suggested, both
morphological and functional. The World Health
Organization (WHO) classification factors in both histo-
pathological and functional parameters [23] (see Table 2).
Wick has proposed an all-embracing classification of neu-
roendocrine tumors, irrespective of site [24]. Whatever
classification system is applied, it is clear that tumor size,
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Table 2 WHO Classification of Pancreatic Neuroendocrine
Tumors

1. Well-differentiated neuroendocrine neoplasm/tumor

Benign behavior:

confined to pancreas, no angioinvasion, < 2 cm in size, </= 2
mitoses per 10HPF,

</= 2% Ki-67 proliferation/10 HPF,

nonfunctioning tumors,

insulin-producing tumors.

Uncertain behavior:

confined to pancreas, >/= 2 cm in size, >2 mitoses per 10 HPF,

> 2% Ki-67 proliferation/10HPF, or angioinvasive,

functioning tumors (gastrin, insulin, VIP, glucagon, somatostatin or
ectopic ACTH, GH or PTHrP), nonfunctioning tumors.

11. Well-differentiated neuroendocrine neoplasm/tumor

Low-grade malignant:

Gross local invasion and/or metastases, angioinvasion and/or
perineural invasion, 2-9

mitoses per 10 HPF, Ki-67 proliferative index of 2-10%,

functioning tumors (gastrin, insulin, VIP, glucagon, somatostatin or
ectopic ACTH, GH or PTHrP), nonfunctioning tumors.

II1. Poorly-differentiated neuroendocrine carcinoma

High-grade malignant tumors with markedly atypical cells, small or
intermediate sized cells,

or undifferentiated carcinoma, >/= 10 mitoses per I0HPF, Ki-67
proliferation index >10%,

prominent angioinvasion.

lymphovascular invasion, nuclear atypia, mitotic rate,
extension through the tumor capsule, lymph node spread,
and distant metastases are features that impact on tumor
behavior. It has also been demonstrated that hormone
production, detected by immunohistochemistry and not
necessarily clinically functional, also influences behavior.
Hormone production may be subdivided into production
of hormones that are intrinsic to the pancreas (insulin,
pancreatic polypeptide, somatostatin, and glucagon), and
hormones that are identified as enteric in origin (vasoactive
intestinal peptide and gastrin) [4]. Tumors producing the
former behave better than those that produce the latter.
Insulin-producing tumors have a low risk of behaving
aggressively, while those producing pancreatic polypep-
tide, somatostatin, and glucagon, have a worse prognosis.
In addition, tumors producing inappropriate hormones
such as ACTH, calcitonin, or GHRH are also associated
with aggressive behavior.

Types of Pancreatic Neuroendocrine Tumor

Insulin-Producing PNET

This is the commonest of the functioning PNET. Whilst
the vast majority occurs sporadically, about 8% occur in
the setting of MEN 1. Insulin-producing PNET

synthesize and secrete insulin autonomously in the pre-
sence of low blood glucose. Hypoglycemia-induced cate-
cholamine surge results in symptoms such as: tremor,
irritability, weakness, tachycardia, and hunger. Neuro-
glycopenic symptoms on the other hand include: bizarre
behavior, seizures, speech disturbances, and coma. Those
occurring in MEN 1 and producing hypoglycemia are
usually larger than 1 cm. They can occur anywhere in
the pancreas but 65% occur in the body and tail and
35% in the head. They usually are single tumors when
sporadic. Insulin-producing PNET have a propensity for
amyloid, association with ductules, and dystrophic calci-
fication (even psammoma bodies) may be encountered.
These PNET usually have a good prognosis.

Gastrin-Producing PNET

This is the second commonest PNET accounting for
20% of all cases and 30% of functioning PNET. It is
typically associated with ZE syndrome. The hypersecre-
tion of gastrin results in upper GI peptic ulceration
accompanied by abdominal pain and weight loss. Com-
pared to those occurring in the duodenum, pancreatic
gastrin-producing NET are larger (1—3 cm). Histologi-
cally, osseous metaplasia, intracytoplasmic hyaline glo-
bules, and signet-ring type cells are most frequently
encountered in this variant. Although slow growing,
these PNETs have a worse prognosis than insulin-pro-
ducing PNET.

Glucagon-Producing PNET

It accounts for 8% of all functioning PNET and is
uncommonly associated with MEN 1. Most occur in the
pancreatic tail, then body and head, are solitary and large
(7 cm). This PNET results in the glucagonoma syndrome:
diabetes mellitus, necrolytic migratory erythema, anemia,
malnutrition, glossitis, loss of weight, venous thrombosis,
and neuropsychiatric manifestations. About 80% are
malignant and 75% show evidence of metastasis to the
liver at the time of presentation.

Somatostatin-Producing PNET

This is slightly more common in women and seen in the
fourth—sixth decades. Usually seen in the head and then tail
of the pancreas. This NET is commoner in the duodenum
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than the pancreas. Patients present with a wide variety of
symptoms but the somatostatinoma syndrome symptoms
are commoner with pancreatic somatostatin-producing
NET: diabetes mellitus, steatorrhea, cholelithiasis together
with abdominal pain, nausea, vomiting, loss of weight, and
anemia. Pancreatic somatostatin-producing NET, unlike
their duodenal counterparts, are not associated with NF-1
or MEN 1, contain fewer psammoma bodies, and have
poorer prognosis. These are usually large tumors (7 cm),
solitary, and 5% are malignant.

Vasoactive Intestinal Peptide-Producing PNET

These are solitary, well-circumscribed, and most often
seen in the tail and/or body of the pancreas; present
with the Verner Morrison syndrome: watery diarrhea,
hypokalemia, and achlorhydria (WDHA). Over 50%
are malignant with liver spread at the time of diagnosis.

Molecular Pathogenesis of PNETs

Whilst much is known about the morphology and immu-
nohistochemical aspects of PNETs, very little is known
about the cellular and molecular mechanisms that are at
play in the pathogenesis of these lesions. In the last few
years several studies using a wide variety of techniques have
been published. The results published thus vary according
to the technique employed in a particular study. For the
sake of simplicity, the molecular events in PNETSs can be
divided into hereditary (syndromic) and sporadic forms.

Syndromic PNETs

MEN-1 Syndrome

The majority of MEN-1 families have heterozygous germ-
line mutations scattered throughout the MEN-1 protein-
coding region [19]. Numerous unique mutations have been
described but the majority (about 70%) are truncation
mutations, resulting from frame shift deletions, insertions,
deletion/insertion or splice site defects, and nonsense
mutations [39, 40]. No correlation has, thus far, been
shown between specific genetic aberrations in MEN-1
and clinical features in these patients. MEN-1-associated
PNETs display a wide variety of molecular abnormalities
including chromosomal loss, chromosomal loss with
duplication, mitotic recombination, or a point mutation
of the second wild-type allele [19]. The molecular

aberrations in MEN-1 lead to loss of growth suppressive
effects of the tumor suppressive protein, menin. Menin
may play a role in DNA repair or synthesis and it may
also interact with a host of transcription factors [19]. Hess-
man and colleagues undertook a genome-wide scan of
PNETs arising in the clinical context of MEN-1 and
showed multiple allelic deletions involving chromosomes
6,8, 10, 11, 18, and 21 [41]. Interestingly, they also found
inter- and intra-tumoral genetic heterogeneity or variation
suggesting that there is chromosomal instability in these
tumors [41].

Von Hippel-Lindau

As mentioned carlier PNETSs are not commonly encoun-
tered in VHL. However, unlike MEN-1, a distinct geno-
type-phenotype correlation exists in VHL, especially with
regard to the development of pheochromocytomas [29].
Missense mutations are found more frequently in patients
with pheochromocytoma (so-called type 2), while those
without (type 1) have large deletions or premature trunca-
tion mutations [29]. Lubensky et al. performed a histo-
pathological and molecular genetic analysis of 30 PNETs
from 14 VHL patients [31]. They showed loss of hetero-
zygosity of one VHL allele in informative cases [31]. VHL
protein has several functions including regulation of ubi-
quitination of the hypoxia-inducible factor HIF 14, result-
ing in upregulation of angiogenic substances, as well as a
role in the cell cycle at the GO/G1 checkpoint [19]. It is
thought that loss of these tumor suppressive effects of
VHL protein is responsible for tumorigenesis.

Sporadic PNETs

In terms of molecular pathogenesis, it is the tumor sup-
pressor pathway with genomic instability rather than a
mutator phenotype that is operative in sporadic PNET.
The common oncogenes and tumour suppressor genes
such as p53, pl6, k-ras, and DPC-4 are not usually
involved in sporadic PNET.

MEN-1 Gene

Somatic mutations of the M EN-1 gene have been found in
approximately 30% of sporadic or nonfamilial PNETs,
while 46% show LOH [45-47]. In terms of the different
types of PNET, there is variation in the frequency of
mutations of MEN-1. MEN-1 mutations are found in
55% of gastrin-producing and 50% of VIP-producing
PNETs, but in only 7% of tumors that produce insulin
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[4, 46-50]. Primary sporadic gastrin-producing PNETs
more frequently exhibit mutations in exon 2 of the
MEN-1 gene than seen in similar tumors occurring in
the duodenum [19]. In addition, PNETs less than 1 cm
in size are less likely to harbor exon 2 mutations of MEN-
1 [19]. These mutations, associated with the frequent loss
of 11q as detailed above, explain biallelic inactivation of
the tumor suppressive effects of menin.

VHL Gene

A study to ascertain the frequency of allelic loss in the 3p
region encompassing the VHL gene was undertaken in 43
sporadic PNETs [51]. Allelic loss was identified in 33% of
cases but the smallest common region of allelic loss was
not at the VHL locus but more centromeric, at 3p25 [51].
Furthermore, those PNETs harboring 3p allelic loss were
associated with metastatic disease, while those with an
intact 3p region were more likely to be benign. These
authors concluded that the VHL gene is not involved in
the development of sporadic PNETs, rather some other
novel gene close by [52]. Moore and colleagues who found
only 1 of 39 sporadic PNETs to show a somatic mutation
of the VHL gene confirmed this conclusion [42]. As men-
tioned earlier, some neurofibromatosis-associated
PNETSs contain inactivating mutations of the VHL gene.

K-Ras

Most studies on K-ras in sporadic NPETs indicate that
mutations in this gene are infrequent [52—56]. K-ras muta-
tions, if present, are most commonly seen in insulin-pro-
ducing PNETs [53-55].

p16

Somewhat disparate results have been shown with regard
to pl6 (located on chromosome 9p21) abnormalities in
sporadic PNETs. Muscarella et al. reported that inactivat-
ing alterations of p/6 were present in 91.7% of the cases
that they analyzed [57]. However, others found only 1 case
in 41 to have a pl6 aberration [58], and in another study
only 17% of insulin-producing PNETs contained a pl6
alteration [59]. The general consensus is that p/6 plays an
insignificant role in sporadic PNET tumorigenesis [4].

PTEN

This tumor suppressor gene located on chromosome
10923 was regarded as a possible candidate in PET

tumorigenesis because of the frequent chromosomal loss
of 10q [4]. With this in mind Perren and colleagues ana-
lyzed 33 sporadic PNETs [60]. Loss of heterozygosity for
PTEN was found in 53% of malignant PNETs but not in
any of the benign tumors [60]. On further investigation,
only one tumor was found to contain a mutated PTEN
gene. These authors postulated that mutations of the gene
are uncommon but impaired cellular localization of the
protein may contribute to tumorigenesis [60].

Chromosomal Imbalances

A wide range of chromosomal alterations has been
observed in PNETs. The most consistent and recurring
chromosomal abnormality is allelic loss of chromosome
11q, which includes the M EN-1 locus [42]. This particular
abnormality occurs frequently in conjunction with loss of
chromosome 6 in neurofibromatosis-associated PETSs [43,
44]. Genome-wide studies, using several techniques includ-
ing comparative genomic hybridization and genome-wide
allelotyping, have yielded the following genetic aberra-
tions: Losses on chromosomes 3p, 3q, 6q, 6p, 10q, 11q,
11p, 16p, 20q, 21q, 22q, Xq, and Y, ranging from 25% to
50% of PETs. Gains on chromosomes 5q, 7q, 7p, 9q, 12q,
17p, and 20q, ranging from 25 to 35% of PETs [4, 43, 44].

Noteworthy is the observation that PNETSs harboring
losses of 3p, 6pq, and 10pq , and gains of 5q, 14q, and Xq,
are associated with advanced tumor stage, suggesting
these chromosomal abnormalities are important in
tumor progression [4, 43, 44].

Chromosomal deletions occur most frequently on
chromosomes 3, 6, and 11 [43, 44].

PNETs from females show frequent loss of chromo-
some X, and males show loss of chromosome Y and rarely
of X [4]. In addition, loss of a sex chromosome was
associated with metastasis, local invasion, and poor sur-
vival [4].
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Neuroendocrine Tumors of the Gastrointestinal Tract

Runjan Chetty

Abstract Endocrine tumors in gastrointestinal tract are
uncommon yet distinctive lesions. They vary in different
locations and are associated with distinct clinical settings.
This chapter outlines endocrine tumors from the stomach
through to the rectum, including the appendix, and rele-
vant precursor lesions and clinical associations. After
each site there is a table provided that will enable the
pathologist to provide a framework on which a comment
on possible behavior can be gauged.

Keywords Gastric neuroendocrine cell hyperplasia e

Gastric neuroendocrine cell dysplasia ¢ Gastric
neuroendocrine tumor ¢ Duodenal neuroendocrine
tumor e« Gangliocytic paraganglioma <« Ileal

neuroendocrine tumor ¢ Appendiceal neuroendocrine
tumor ¢ Colon and rectal neuroendocrine tumor

Introduction

Neuroendocrine tumors of the GIT, whilst morphologi-
cally similar, do vary in terms of associations and perhaps
even behavior according to the site at which they are
encountered.

The gastroenteropancreatic tract contains as many as
15 endocrine cell types, all of which may be a potential
source for the development of endocrine tumors [1]. These
cells, together with endocrine cells scattered in other
endodermal derivatives such as the biliary tree, lung,
thyroid, and urethra, constitute the diffuse or dispersed
neuroendocrine system.
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Classification and Terminology

Recently, there has been an acute awareness that the so-
called “carcinoid tumor” spans a wide range of morpho-
logic appearances and these tumors have varied biologic
behavior, which is often site-specific. The WHO classifica-
tion has attempted to introduce a uniform approach to the
diagnosis of neuroendocrine tumors within the gastroen-
teropancreatic tract and for the purposes of this overview
it will be used [2]. An important, and somewhat overdue,
development is the appearance of a TNM staging consen-
sus proposal from the European Neuroendocrine Tumor
Society (ENETS). A group of 62 experts in gastrointestinal
neuroendocrine tumors from 20 countries proposed TNM
classifications for foregut and mid- and hind-gut neuroen-
docrine tumors [3, 4]. This represents a potentially repro-
ducible and meaningful classification on which treatment
options can be based. Thus, the term “carcinoid tumor” on
its own should be avoided. It would be more prudent and
indeed helpful to the clinician to use the WHO classifica-
tion and indicate the extent of disease [5].

Immunohistochemistry

A core panel of markers is advocated with all cases and
includes chromogranin, synaptophysin, serotonin, gas-
trin, and Ki-67. This may be supplemented by histamine,
other markers such as somatostatin and vesicular mono-
amine transporter type 2 (VMAT-2), which is thought to
be a marker of ECL cell tumors, and others depending on
the site of the tumor and its functional status. CDX-2
stains a proportion of midgut neuroendocrine tumors.

Gastric Neuroendocrine Tumors

In the human gastric mucosa at least six different endo-
crine cell types have been identified and characterized [6].
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In the antrum, G cells are most numerous, while the
enterochromaffin-like (ECL) cells, which produce hista-
mine, are the largest endocrine population in the gastric
acidopeptic mucosa. Somatostatin-producing D cells are
present throughout the gastric mucosa in smaller num-
bers. Serotonin-producing enterochromaffin (EC) cells
are also present in smaller numbers. The EC, ECL, and
G cells form tumors, and most are well-differentiated,
nonfunctioning ECL tumors in the body or fundus of
the stomach [1]. The well-known exceptions are occa-
sional gastrin, histamine, and SHT-producing endocrine
tumors that result in symptoms of hormone production
[7, 8]. A morphologic spectrum of lesions may be encoun-
tered from hyperplasia through to tumor. See Table 1.

Table 1 Spectrum of Gastric endocrine lesions

A. Precursor lesions
e Neuroendocrine cell hyperplasia/dysplasia
B. Well differentiated neuroendocrine tumor
e ECL-like neuroendocrine tumor: types I, II, and 25% of
cases of type I1I
e EC cell neuroendocrine tumor (serotonin-producing): rare
® G cell neuroendocrine tumor (gastrin-producing); rare
C. Poorly differentiated neuroendocrine carcinoma
e ECL-like neuroendocrine carcinoma: type II1 (75% of
cases)
o ACTH-producing neuroendocrine carcinoma
D. Small cell carcinoma

Gastric Neuroendocrine Cell Hyperplasia

Hyperplastic change of ECL cells of the oxyntic mucosa is
a frequent finding in gastric atrophy and represents a
proliferation due to long-standing, severe hypergastrine-
mia. Both H. pylori infection and inflammation promote
the ECL cell growth.

Solcia categorized hyperplasia into several types [9]:

1. Simple or diffuse hyperplasia: This is defined as an
increased density of ECL cells of more than twice the
standard deviation compared to age and sex matched
controls. Argyrophilic, often hypertrophic, ECL cells
are scattered or clustered in less than five cell aggre-
gates. This is frequently seen in patients with Zollinger-
Ellison syndrome with duodenal ulcers with moderate
hypergastrinemia.

2. Linear hyperplasia: Here, there are linear sequences of
five or more ECL cells along the basement membrane
of the gastric glands (Fig. 1). It is seen in severe hyper-
gastrinemia associated with Zollinger-Ellison syn-
drome or pernicious anemia. At least two lines per
linear millimeter of gastric mucosa are seen.

Fig. 1 Gastric mucosa showing a linear array of five or more
endocrine cells highlighted by the chromogranin stain. This repre-
sents linear endocrine cell hyperplasia (chromogranin x 400)

3. Micronodular hyperplasia: Clusters of five or more
endocrine cells between 50 and 150 pm in size, with at
least one cluster per linear millimeter of mucosa are
seen. Micronodular hyperplasia and linear hyperplasia
in combination are often seen in severe hypergastrine-
mia with diffuse autoimmune type chronic atrophic
gastritis of the body and fundus of the stomach, with
or without pernicious anemia. ECL cell clustering or
“micronodular pseudohyperplasia” may result from
gland atrophy in normogastrinemic or mildly hyper-
gastrinemic H. pylori gastritis. These clusters are not
associated with the diffuse or linear hyperplasia, are
small (usually less than 50 p in diameter), and are
composed of small cells with pyknotic nuclei and
scanty cytoplasm.

4. Adenomatoid hyperplasia: This is a collection of five
or more micronodules adherent to each other with
interposition of basement membranes and thin strands
of lamina propria. This is associated with micronodu-
lar hyperplasia in atrophic gastritis or the Zollinger-
Ellison syndrome.

Gastric Neuroendocrine Cell Dysplasia/
Micronodules

Dysplastic or pre-carcinoid endocrine cell growths are
lesions between 150 and 500 pm in diameter, composed
of slightly atypical endocrine cells with enlarged nuclei.
These foci are scattered deeply in the mucosa and
although they are precursors of full-fledged tumors, the
dysplastic growths are always intramucosal and do not
infiltrate beyond the muscularis mucosae. These lesions
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escape endoscopic detection and are diagnosed by micro-
scopy. Their detection should encourage extensive biopsy
sampling in pursuit of a possible tumor. These micronod-
ular foci are sentinel lesions for the Zollinger-Ellison
syndrome and chronic atrophic gastritis associated multi-
ple endocrine tumors. Solcia described five patterns to the
micronodules [9]:

1. Enlarged micronodules: The growths are more than
150 um in size.

2. Adenomatous micronodules: One or more collections
of at least five of micronodules that are closely adher-
ent with interposition of basement membrane only.
This arrangement mimics the back-to-back gland pat-
tern seen in some cancers.

3. Fused micronodules: This is characterized by disap-
pearance of basement membrane between adjacent
micronodules.

4. Micro-infiltrative micronodules: There is micro-infil-
tration of the lamina propria by endocrine cells that fill
the space between the normal gastric glands.

5. Nodules with stroma formation: The neuroendocrine
cells have a trabecular or micro- and lobular pattern.

Gastric Neuroendocrine Tumors

Gastric neuroendocrine tumors are extremely uncommon
with only one to two cases occurring per 1 million people
every year and they account for about 9% of all GIT
neuroendocrine tumors [10].

Three basic types (I-III) of gastric neuroendocrine
tumor related to ECL-like cells have been described in
three well-defined clinicopathologic settings (see Table 2).
Non-ECL-like tumors are rare and may arise from G cells
in the antrum leading to the Zollinger-Ellison syndrome

Table 2 Comparison of the three types of ECL-like gastric neu-
roendocrine tumors

Type I Type II Type 111
Incidence 70—-80% 5% 15-25%
Gender Females Males Males
Age >50 <50 >50
Number Multiple Multiple Single
Size <l-2cm <1-2cm >2 cm
Hyperplasia/  Occasionally Frequent Uncommon
dysplasia
Association Atrophic ZES and/or None
gastritis MEN 1
Gastrin level ~ Elevated Elevated Normal
Gastric pH Elevated Decreased Normal
Metastasis 5% 10% 50—100%
risk

or they may be EC cell tumors which produce serotonin,
or tumors causing Cushing’s syndrome due to excess
ACTH (usually poorly differentiated neuroendocrine
carcinomas).

Type |

Here the neuroendocrine tumor exists in a background of
chronic atrophic (autoimmune) gastritis involving mainly
the body/fundus with associated achlorhydria. It is the
commonest of the three types and accounts for 70—80%
of gastric neuroendocrine tumors. These lesions are com-
monly encountered in females, are small (usually less than
1—2 cm in maximal diameter), well-differentiated, single
or multiple, and are located within the mucosa where they
may produce flat lesions or a polypoid excrescence. As a
result of the atrophic gastritis with loss of specialized cells,
there is an increase in gastrin levels and an elevation of the
gastric pH because of achlorhydria. These tumors have an
extremely small risk of metastases and thus tumor-related
death. Approximately 5% of cases may have lymph node
spread.

With regard to surveillance of these patients, it should
be borne in mind that multiple biopsies of the body and
fundus are required, as the lesions may not be visible
endoscopically. Although indolent and slow growing
both surgical and non-surgical modes of treatment have
been recommended. Endoscopic resection, partial and
even total gastrectomy have all been suggested. The
somatostatin analog, octreotide has been reported to be
efficacious in achieving tumor regression, controlling
hypergastrinemia, and ECL proliferation [11]. In general,
endoscopic surveillance and biopsy is sufficient manage-
ment, unless the tumor assumes a high-grade appearance,
a scenario which is very rare.

Type Il

These lesions occur in the characteristic setting of either
Zollinger-Ellison (ZE) and/or type 1 multiple endocrine
neoplasia (MEN) syndromes. It is interesting to note that
with ZE/MENI1 overlap syndrome have up to a 35% risk
of developing a type II endocrine tumor of the stomach.
This contrasts sharply with patients with ZES without
concomitant MEN1 who have about a 1% chance of
developing a tumor [12]. As mentioned above, these
tumors are associated with a range of endocrine cell
abnormalities from hyperplasia through to micronodules
with the spectrum of lesions often observed within the
same case. Located mainly in the body/fundus, occasional
cases have been described in the antrum too. They
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account for about 5% of gastric endocrine lesions and are
invariably multiple, 1—2 cm in diameter, well differen-
tiated and also associated with elevated gastrin levels. In
contrast to type I endocrine tumors, the gastric pH is
acidic (low). The risk of spread to lymph nodes is up to
30%, to liver is up to 10% of cases; and the overall tumor-
related death risk is about 5—10%. Similar therapeutic
options to type I tumors have been considered for type 11
tumors, although the multiplicity of tumors makes endo-
scopic resection difficult.

Type lll

This type represents the so-called ‘sporadic” variety and
constitutes 15—25% of endocrine tumors in the stomach.
They tend to occur more commonly in males over the age
of 50, are single tumors, large (greater than 2 cm in max-
imal diameter), ulcerated polypoid masses, which display
a range of differentiation from well (25%) to poorly
differentiated (75%). The patients are normogastrinemic
and the gastric pH is normal as well. The usual clinical
presentation is due to a tumor mass (pain, hemorrhage,
obstruction) and not due to endocrine manifestations.
With the poorly differentiated examples there is a very
high risk of metastasis and hence tumor-related deaths.
These cases have been associated with adenocarcinomas
(sometimes labeled as type IV tumors), the mixed endo-
crine-exocrine carcinomas. Type III tumors should be
treated aggressively with essentially the same approach
as to a gastric adenocarcinoma.

Morphology

The type I and II tumors are characterized by small
micronodular, trabecular aggregates of uniform cells
that are devoid of mitotic activity, necrosis, and angioin-
vasion (Fig. 2). They tend to remain within the mucosa
and occasionally breach the muscularis mucosae. The
higher grade tumors encountered in type III manifest a
more solid, sheet-like growth pattern with attendant cyto-
logic atypia: pleomorphism, mitoses, necrosis. Small car-
cinoma histologic features are the same as a similar tumor
encountered in other sites. Invariably, these tumors
extend deeply into the gastric wall at the time of
presentation.

Prognostic Features

See Table 3. Gastric neuroendocrine tumors displaying the
following features are associated with a good outcome:

Fig.2 A type I gastric neuroendocrine tumor composed of nest and
aggregates of bland endocrine cells within the lamina propria and
focally extending through muscularis mucosae. (H&E x 200)

Table 3 Behavior guidelines for gastric neuroendocrine tumors

Well-differentiated, benign behavior:
e nonfunctioning
e < or=to | cmin diameter
e confined to mucosa/submucosa
® 1o angioinvasion

Well-differentiated, uncertain behavior:
e nonfunctioning, 1—2 cm in diameter, confined to mucosa/
submucosa, no angioinvasion

Well-differentiated, low-grade malignant behavior:
e nonfunctioning, >2cm diameter, with or without
angioinvasion
e nonfunctioning, extending beyond submucosa, usually
>2 cm diameter, with or without angioinvasion
e functioning, well differentiated histology, any size, any
depth of invasion

Poorly-differentiated, high-grade malignant behavior:

e functioning/nonfunctioning, poorly differentiated
neuroendocrine carcinoma with >10 mitoses per 10 HPF,
necrosis, angioinvasion

e small cell carcinoma

limited to the mucosa or submucosa, <1 cm in diameter,
types I (especially) and II tumors, and nonfunctioning
tumors. Those showing deeper extension into the gastric
wall with associated cytologic atypia have a worse
prognosis.

Duodenal and Jejunal Neuroendocrine Tumors

Neuroendocrine tumors that occur in the duodenum and
proximal jejunum are similar and for the purposes of this
discussion can be regarded as a single site.
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Incidence

The duodenum is by far the commoner site for a neuroen-
docrine tumor than the proximal jejunum and accounts
for about 20% of these tumors in the GIT, while only 1%
occur in the proximal jejunum [13]. There is, however,
some discrepancy with this incidence of 20%, and Modlin
and Kidd quote an incidence of around 5% [10].

Neuroendocrine Tumor Types

Four main neuroendocrine tumor types occur in the duo-
denum/proximal jejunum:

1. G cell neuroendocrine tumors: functioning or non-
functioning

2. Somatostatin (6) cell neuroendocrine tumors: rarely
associated with the somatostatinoma syndrome

3. Gangliocytic paraganglioma

4. Enterochromaffin (EC) cell (serotonin-producing)
neuroendocrine tumors

Rare cases of L cell, pancreatic polypeptide-producing
tumors, and primary small cell carcinoma of the duode-
num have also been encountered.

Location

Most are located in the first and second parts of the
duodenum. Gastrin-producing tumors associated with
the ZE syndrome can occur in the first, second, or third
parts of the duodenum or proximal jejunum. On the other
hand, nonfunctioning G cell tumors tend to arise in the
duodenal bulb. Somatostatin cell tumors and gangliocytic
paraganglioma have a predilection for the duodenal
papilla at the ampulla of Vater.

G-Cell Neuroendocrine Tumor

This is the commonest of the duodenal neuroendocrine
tumors, accounting for 66% of cases. Approximately
one-third of tumors are associated with ZE syndrome
that may also be part of MENI1. However, in patients
with MEN1 and ZES, the incidence of a duodenal gastrin-
producing neuroendocrine tumor is of the magnitude of
90%. About 15—40% of ZE syndrome cases not asso-
ciated with MEN1 (so-called sporadic ZES) have a duo-
denal G-cell tumor. From a histologic point of view the
syndrome-associated gastrinomas tend to be multicentric
but are otherwise typical of other neuroendocrine tumors
(Fig. 3). Presenting symptoms are usually related to the

Fig. 3 An ileal gastrin-producing neuroendocrine tumour within
the submucosa. The tumor has a typical packeted arrangement with
peripheral palisading. The cytoplasm also displays the characteristic
eosinophilic granularity. (H&E x 100)

presence of a duodenal mass: obstructive jaundice, cho-
langitis, pancreatitis, hemorrhage, and bowel obstruc-
tion, or sometimes related to hormone production.

Functioning tumors irrespective of any syndromic
association behave as low-grade malignant tumors while
nonfunctioning tumors are accompanied by a benign
course. Those associated with ZES and/or MENI are
associated with a poorer prognosis. Although they tend
to be small (average <1 cm in diameter), 10% of function-
ing tumors metastasize to regional lymph nodes at the
time of presentation. In fact, the lymph node metastases
may be larger than the primary tumor. Liver spread is rare
and if present occurs late in the disease.

Somatostatin Cell Neuroendocrine Tumor

This is the second commonest neuroendocrine tumor in
the duodenum and make up 15—-20% of cases.
Somatostatin-producing neuroendocrine tumors of the
duodenum are particularly associated with type I neurofi-
bromatosis [14, 15]. Indeed, a somatostatinoma of the
periampullary region should alert one to the possibility of
coexistent type I neurofibromatosis. Their periampullary
location, glandular morphology, and psammomatous cal-
cification characterize these somatostatinomas. Whether
associated with neurofibromatosis or not, somatostatino-
mas usually produce local symptoms. Clinical symptoms
are related to the local effects of the periampullary mass:
obstructive jaundice, cholangitis, pancreatitis, hemor-
rhage, and obstruction. Some cases may be asymptomatic.
Despite the strong immunostaining for somatostatin, most
patients with duodenal somatostatinomas do not usually
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manifest the somatostatin syndrome of diarrhea, diabetes
mellitus, dyspepsia, and cholelithiasis. However, pancrea-
tic somatostatinomas often present with somatostatin syn-
drome [16]. These tumors are less frequent in the pancreas
and represent less than 1% of all functional pancreatic
endocrine tumors and are rarely, if ever, associated with
MEN type I (see Table 4 for differences between duodenal
and pancreatic somatostatinomas). The microscopic
appearance of somatostatinomas is similar in both loca-
tions. The lesion is typified by glandular structures lined by
uniform, eosinophilic granular cells. Solid, nested foci may
be seen in focal areas. Psammomatous calcification, which
is of diagnostic importance and is characteristic, is seen in
periampullary somatostatinomas but is less common in
those occurring in the pancreas (Fig. 4). There may be
occasional mitoses and mild cytologic atypia is frequently
present. The tumor has a characteristic infiltrative growth
pattern and can be seen extending between the muscle
bundles of the muscularis propria. It is important to dis-
tinguish this from an adenocarcinoma and awareness of
the entity will go a long way towards making this distinc-
tion. They often (66% of cases) behave as low-grade

Table 4 Differences between periampullary and pancreatic
somatostatinomas

Periampullary Pancreatic

Less common

Not associated with NF-1

Not associated with MEN 1

Often cause somatostatin
syndrome

Psammoma bodies infrequent

Poor prognosis

More common

Often associated with NF-1

May be associated with MEN 1

Rarely cause somatostatin
syndrome

Psammoma bodies frequent

Good prognosis

Fig.4 Somatostatin-producing neuroendocrine tumors are typified
by psammomatous calcification that is almost pathognomonic for
this tumor. (H&E x 400)

malignant tumors and 25% of cases metastasize to regional
lymph nodes, especially those tumors more than 2 cm in
diameter. Liver metastases are uncommon [16].

Table 5 Behavior guidelines for duodenal/proximal jejunal neu-
roendocrine tumors

Well-differentiated, benign behavior:

e Nonfunctioning, 1 cm or less in diameter, mucosa/submucosa,
no angioinvasion

e Gangliocytic paraganglioma, irrespective of size/depth of
invasion/lymph node status

Well-differentiated, uncertain behavior:

e Nonfunctioning, 1—2 cm diameter, mucosa/submucosa, no

angioinvasion
Well-differentiated, low-grade malignant behavior:

e Nonfunctioning, > 2 cm, with or without angioinvasion

e Nonfunctioning, extending beyond submucosa, usually >2 cm
diameter, with or without angioinvasion

e Functioning, well differentiated histology, any size, any depth
of invasion

Poorly-differentiated, high-grade malignant behavior:

e Functioning/nonfunctioning, poorly differentiated
neuroendocrine carcinoma with >10 mitoses per 10 HPF,
necrosis, angioinvasion

e Small cell carcinoma

Gangliocytic Paraganglioma

Histopathological Definition

This is a characteristic tumor composed of three elements:
endocrine cells, ganglion and ganglion-like cells, and
spindle cells. Classically, it is located in the second part
of the duodenum (ampullary/periampullary) but rare
cases have also been encountered in the jejunum, pylorus
of the stomach, appendix, lung, and nasopharynx. Some
cases have been described in neurofibromatosis type 1.

Morphologic Description

This is a triphasic tumor in which the proportion of the
different elements varies within and between cases. The
elements are haphazardly distributed and anyone can
predominate. It is a hybrid tumor of a neuroendocrine,
paraganglioma, and ganglioneuroma. The endocrine cells
are epithelioid or columnar, round to polygonal in
appearance arranged in nests demarcated by thin-walled
vascular channels that impart the nested or zellballen
pattern. These cells may also be arranged in trabeculae
or gland-like structures. The endocrine cells are cytologi-
cally bland but they may exhibit focal mild atypia.
The ganglion cells are reminiscent of their normal coun-
terparts and may be uni- or multi-nucleated. They are
distributed within the endocrine and spindle cell
components. The spindle cell proliferation forms the
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substratum or background matrix and surrounds the
nests of endocrine cells. They resemble Schwann and
sustentacular cells. Rarely, psammoma bodies and stro-
mal amyloid can be encountered.

They are often large (>2 cm in diameter) and often
extend into the muscularis propria. This is a relatively
well-circumscribed tumor but can have an infiltrative
growth margin (not uncommonly seen) and even lymph
node metastasis that are not indicative of aggressive beha-
vior or malignancy.

Depending on which element dominates, the differen-
tial diagnoses varies. These include a neuroendocrine
tumor, paraganglioma, ganglioneuroma, Schwannoma,
and even carcinoma, if the ganglion-like cells dominate.

The endocrine cells are positive for: CAM 5.2, synapto-
physin, protein gene product (PGP) 9.5, chromogranin A
(not all cases), Leu-7, pancreatic polypeptide, somatostatin,
leuenkephalin, serotonin, glucagon, vasoactive intestinal
peptide (VIP), pancreatic polypeptide, insulin, and gastrin.

Ganglion cells are immunoreactive with neurofila-
ment, chromogranin A (sometimes), GFAP, synaptophy-
sin, pancreatic polypeptide, somatostatin, PGP 9.5, and
leuenkephalin.

The spindle cells are positive with neurofilament, S100
protein, neuron-specific enolase, and PGP 9.5.

The pale cells corresponding to endocrine cells contain
membrane-bound neurosecretory granules and intracyto-
plasmic intermediate filaments often in whorls, and dark
cells representing spindle cells contain microfilaments. Rare
elongated processes are seen and the sustentacular cells
investing the endocrine cells can be visualized. The ganglion
cells show evidence of neuronal differentiation with promi-
nent stacks of cisternae of rough endoplasmic reticulum
(corresponding to Nissl substance) and numerous inter-
mediate filaments. Between ganglion-like cells, axon-like
extensions containing filaments are seen. Interestingly,
hybrid cells containing neurosecretory granules, neurofila-
ments, and features of ganglion cells are seen as well.

This is an indolent, benign tumor with a low growth
fraction.

Enterochromaffin (EC) Cell (Serotonin-Producing)
Neuroendocrine Tumors

Unlike the ileum, a serotonin-producing tumor is rare in
the duodenum and proximal jejunum. If they do occur,
then they are morphologically identical to those that
occur in the ileum. Exceptional cases with liver metastasis
from a duodenal primary and resultant “carcinoid syn-
drome” have been described.

The behavior of duodenal and proximal jejunal neu-
roendocrine tumors is outlined in Table 5.

Distal Jejunal/lleal/Right Colonic
Neuroendocrine Tumors

These three midgut sites have similar neuroendocrine
tumors are thus linked embryologically. In contrast to
the stomach and proximal small intestine, enterochro-
maffin (EC) cell tumors (serotonin-producing) are most
frequently encountered in the midgut and account for
95% of cases. Rare L cell, glucagon-like peptide, and
pancreatic polypeptide-producing tumors are also
described in the ileum. After the appendix, the ileum is
the next commonest site for neuroendocrine tumors,
accounting for about 20—30% of all neuroendocrine
tumors occurring in the GIT. The pre-eminent site of
involvement is the terminal ileum, but involvement of
the ileocaecal region is not infrequent.

They occur in patients in the sixth or seventh decades of
life and have no gender predilection. Patients usually pre-
sent with abdominal pain, intestinal obstruction, or non-
descript symptomatology related to the GIT. Only about
5% of patients present with the prototype “carcinoid syn-
drome”: flushing, diarrhea, and right heart fibrosis.

The lesions are typically yellow macroscopically and are
usually small ranging between 1 and 2 cm in diameter and
in 30—40% of cases, there may be multiple tumors [17].
Histologically, the tumors are typified by a well-developed
zellballen pattern with solid nests or islands of cells, often
with prominent peripheral palisading (Fig. 3). Pseudo-
glandular structures with PAS-positive luminal material
may also be present within the nests. A common finding
in midgut neuroendocrine tumors is a hyalinized, pauci-
cellular stroma. When infiltrating, the tumor is character-
istically aligned in cords and linear runs of cells. In addi-
tion to the usual immunohistochemical markers, some
cases are CDX-2 and carcino-embryonic antigen (CEA)
positive. Interestingly, approximately one-third of cases
show patchy positivity with prostatic acid phosphatase.

The overall mortality rate for ileal neuroendocrine
tumors is about 20%. With liver metastases, the 10-year
survival is only 10—15%. Overall, 20% of patients with
ileal neuroendocrine tumors have lymph node and liver
metastases [18]. Tumors which are 1 cm or less in diameter
have an excellent prognosis with less than 5% risk of
lymph node spread. However, this risk rises precipitously
to 80—85% in tumors larger than 2 cm [19]. See Table 6.

Colon and Rectal Neuroendocrine Tumors

Distal to the caecum, neuroendocrine tumors are relatively
rare and the commonest site is the rectum. If tumors are
present in the colon, they tend to be poorly differentiated
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Table 6 Behavior guidelines for distal jejunal/ileal/colon neuroen-
docrine tumors

Well-differentiated, benign behavior:

e Nonfunctioning, 1 cm or less, mucosa/submucosa, no

angioinvasion
Well-differentiated, uncertain behavior:

e Nonfunctioning, 1 cm or less, mucosa/submucosa, with

angioinvasion
Well-differentiated, low-grade malignant behavior:

e Nonfunctioning, >2 cm, with or without angioinvasion

e Nonfunctioning, invasion of muscularis propria and/or
beyond

Poorly-differentiated, high-grade malignant behavior:

e Functioning/nonfunctioning, poorly differentiated
neuroendocrine carcinoma with >10 mitoses per 10 HPF,
necrosis, angioinvasion

e Small cell carcinoma

neuroendocrine carcinomas. Rectal neuroendocrine
tumors are well differentiated, small (less than 1 cm), and
generally confined to the mucosa or submucosa. An asso-
ciation with inflammatory bowel disease (both ulcerative
colitis and Crohn’s disease) has been suggested. Histologi-
cally, rectal tumors have a trabecular pattern rather than
the solid islands of tumor as seen in the ileum. Rectal
neuroendocrine tumors tend to be negative for chromo-
granin A but are positive for synaptophysin, glucagon,
glicentin, and pancreatic polypeptide. In addition, the
well-differentiated rectal tumors also show immunoreac-
tivity to prostatic acid phosphatase.

In general, tumors 1 cm or less in diameter and
located in the mucosa/submucosa have a very low
risk of metastasis. Tumors that are 1-2 cm in dia-
meter have a 5% risk of regional lymph node spread.
The poorly differentiated neuroendocrine carcinomas
have invariably spread to regional lymph nodes at
the time of presentation. See Table 7. Occasional

Table 7 Behavior guidelines for distal colon and rectum neuroen-
docrine tumors

Well-differentiated, benign behavior:

e Nonfunctioning, 2 cm or less, mucosa/submucosa, no

angioinvasion
Well-differentiated, uncertain behavior:

e Nonfunctioning, 2 cm or less, mucosa/submucosa, with

angioinvasion
Well-differentiated, low-grade malignant behavior:

e Nonfunctioning, >2 cm, with or without angioinvasion

e Nonfunctioning, invasion of muscularis propria and/or
beyond

Poorly-differentiated, high-grade malignant behavior:

e Functioning/nonfunctioning, poorly differentiated
neuroendocrine carcinoma with >10 mitoses per 10 HPF,
necrosis, angioinvasion

e Small cell carcinoma

Composite tumors (neuroendocrine and conventional
adenocarcinoma)

cases of composite neuroendocrine carcinoma and
conventional adenocarcinoma have been described.

Appendiceal Neuroendocrine Tumors

The appendix is the commonest site in the GIT for neu-
roendocrine tumors. Unlike the appendix, the vast major-
ity of classical neuroendocrine tumors are indolent and
hence, associated with an excellent prognosis. In addition
to neuroendocrine tumors of the usual type, the so-called
“goblet cell carcinoid” tumor is also encountered in the
appendix. Historically and nomenclaturally, this lesion
has been regarded as a variant of neuroendocrine tumor
or carcinoid. However, recent immunohistochemical evi-
dence points towards overlap with adenocarcinoma [19,
20]. In addition, the behavior of this lesion is more aggres-
sive and warrants it being separated from the usual neu-
roendocrine tumors that occur in the appendix. It should
be borne in mind that goblet cell carcinoid does share
some molecular similarity with neuroendocrine tumors.
Some have suggested that they be regarded as crypt cell or
amphicrine carcinomas; others have opined that mucin-
producing neuroendocrine tumors is a more appropriate
term. Whatever terminology is applied, it must be remem-
bered that these are aggressive lesions.

Neuroendocrine tumors tend to occur in patients in
their fourth and fifth decades of life, and there is a slight
female predilection. Tubular neuroendocrine tumors
occur in younger patients: usually in their twenties.
Since spread to the liver is extremely rare, appendiceal
neuroendocrine tumors that are serotonin positive rarely
result in carcinoid syndrome.

The typical neuroendocrine tumor of the appendix is
located in the tip of the appendix and is frequently found
“incidentally” in appendectomy specimens for appendici-
tis. They may also be causally related to appendicitis.

They frequently permeate into the muscularis propria
and serosal fat of the mesoappendix; two features that
belie its indolent nature. Unless the tumor is large and in
excess of 2—3 cm, then only is lymph node involvement
seen. These tumors resemble their ileal counterparts, both
morphologically (solid, nested growth pattern) and
immunohistochemically (most being serotonin positive).
A rare variant from L cells has also been described and
resembles the tumor that occurs in the rectum.

The tubular variant resembles a carcinoma, in being
composed of tubular structures containing inspissated
luminal mucin. They are frequently arranged in a trabe-
cular growth pattern. To aid in the distinction from car-
cinoma the following features are useful: origin from the
crypt base, absence of overt cytologic atypia, especially
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mitoses, and a non-destructive infiltrative growth pattern.
In addition, these tumors are chromogranin positive.

Goblet cell carcinoid is an uncommon, yet distinctive
neoplasm that is characterized by dual endocrine and
glandular differentiation in the same cell, a feature that
led to confusion regarding histogenesis, nomenclature,
and clinical management of this neoplasm (Fig. 5). A
variety of names have been applied to this lesion: muci-
nous carcinoid, adenocarcinoid, amphicrine carcinoma,
crypt cell carcinoma, and mucin-producing neuroendo-
crine tumor. These tumors tend to permeate the appendix
wall in a diffuse, often times, concentric fashion, and as
such do not produce a mass. Hence, size criteria cannot
easily be applied to this variant in determining behavior.
The biological behavior and outcome of GCC are a little
controversial. Early reports considered GCC a more
aggressive variant of classical appendiceal “carcinoid”
with potential for distant metastases and recurrence.
Standard appendectomy was deemed adequate treat-
ment. However, worrisome morphological features and
evidence for more aggressive clinical behavior with fre-
quent angiolymphatic permeation, perineural/intra-
neural invasion, extensive mesoappendiceal extension,
lymph node spread, and peritoneal and liver metastases,
have all been documented [21]. Accordingly, GCC is
now considered a distinct neoplasm with morphological
and clinical features intermediate between classical
appendiceal well-differentiated neuroendocrine tumor
and adenocarcinoma. Although some still consider sim-
ple appendectomy sufficient treatment for localized
GCC, a right hemicolectomy is currently recommended
and viewed as the standard mode of surgical
treatment [22].

Fig. 5 The so-called goblet cell carcinoid composed of vacuolated
cells that permeate the muscle layer in a diffuse fashion.
(H&E x 100)

Table 8 Behavior guidelines for appendiceal neuroendocrine
tumors

Well-differentiated, benign behavior:

e Nonfunctioning, 2 cm or less, confined to appendix wall, no

angioinvasion
Well-differentiated, uncertain behavior:

e Nonfunctioning, greater than 2 cm, extending into

mesoappendix, no angioinvasion
Well-differentiated, low-grade malignant behavior:

e Nonfunctioning or functioning, greater than 2 cm, extending
into mesoappendix, with angioinvasion

e Nonfunctioning or functioning, any size, with lymph node or
liver metastases

e “Goblet cell carcinoid”

Poorly-differentiated, high-grade behavior:

e Functioning/nonfunctioning, poorly differentiated
neuroendocrine carcinoma with >10 mitoses per 10 HPF,
necrosis, angioinvasion

e Small cell carcinoma

See Table 8 for the behavioral features of neuroendo-
crine tumors of the appendix. The overall 5-year survival
for well-differentiated neuroendocrine tumors localized
to the appendix is around 95% and this drops to about
85% with regional lymph node involvement. The tubular
variant is essentially innocuous. Goblet cell carcinoids are
considerably more aggressive as mentioned above.
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Neuroendocrine Tumours of the Breast

Andrew M. Hanby and Rebecca A. Brannan

Abstract There is debate about the existence of neuroendo-
crine cells in the normal breast, however, tumours with
varying degrees of neuroendocrine differentiation occur.
The latest WHO classification identifies solid neuroendo-
crine carcinoma, small and large cell carcinoma. In addition
mucinous carcinoma contributes to a large number of
tumours with neuroendocrine differentiation. The biology
and molecular pathology of solid neuroendocrine and muci-
nous carcinomas do not appear independent of grade and
these are generally low-grade lesions with an oestrogen
receptor positive or negative, chromogranin A positive,
TTF1 negative, molecular profile. Small and large cell car-
cinomas are aggressive tumours with often (but not always)
an oestrogen receptor negative and chromogranin A posi-
tive, TTF1 positive profile. Metastasis of tumours with
neuroendocrine attributes from elsewhere should always
be considered when encountered in breast biopsy material.

Keywords Solid neuroendocrine tumour ¢ Small cell
carcinoma ¢ Large cell « Neuroendocrine carcinoma ¢
Merkel cell carcinoma

Introduction

As with breast tumours in general, neuroendocrine carci-
noma of the breast and breast tumours with lesser degrees
of neuroendocrine differentiation encompass a diverse range
of tumours differing from each other in morphology, mole-
cular pathology, and clinical course. Tumours with neuroen-
docrine attributes were first described by Feyrter in 1962 [1],
and have been described in male as well as female breasts [2].
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The Origin of Neuroendocrine Carcinomas
Arising in the Breast

The origin of these tumours is debated in the literature. A
number of studies have detailed the immunohistochem-
ical profile of the benign breast using a variety of
antibodies said to be associated with endocrine differ-
entiation. Chromogranin A-positive argyrophilic cells
were demonstrated between the basal myoepithelial
and the luminal epithelial cells in normal mammary
tissue by Bussolati et al. [3]. These cells were variously
globoid, cylindrical, or stellate with rounded oval
nuclei and granular cytoplasm [3]. Other studies, how-
ever, failed to identify such a population [4, 5]. Two main
theories, therefore, emerge for the provenance of breast
tumours with neuroendocrine attributes; either that these
tumours derive from neuroendocrine cells normally pre-
sent in the breast or alternatively that the endocrine
differentiation or features of endocrine differentiation
within some breast carcinomas reflect an altered gene
profile consequent upon the oncogenic process [6-8].
The existence of small numbers of pre-existing neuroen-
docrine cells as tumour precursors and the differentiation
of malignant breast epithelium along neuroendocrine
lines are not, in our opinion, mutually exclusive.

Incidence

Because of the variation of classification employed in the
literature, which blurs the difference between neuroendo-
crine carcinoma and neuroendocrine differentiation in
tumours arguably categorized otherwise, there is a great
breadth of incidence figures reported. Van Krimpen
reports 40 cases showing neuroendocrine differentiation
in a series of 317 breast carcinomas [9], but many of these
cases may not have fulfilled the stricter criteria for
neuroendocrine carcinoma detailed below [10].
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Clinical Profile

The age of patients with neuroendocrine tumours in the
breast range from 40 to 89 [11, 12] in the published
literature, with the range for the small cell subset 46-71
[13, 14]. Whilst, historically, the term carcinoid tumour
has often been used to describe neuroendocrine tumours
arising in the breast, [1, 15], a search of the literature
reveals only one description of the systemic carcinoid
symptoms related to the breast, a carcinoid crisis induced
by mammographic compression [16] of a mammary
metastasis from an ileal primary. No compelling evidence
of this in the context of a primary mammary neuroendo-
crine carcinoma can be found in the literature to date.
Equally, no distinguishing presentation or prognostic
profile of these neoplasms from the generality of breast
neoplasms has been reported. A variety of presentations
have been documented in the literature — commonly as a
mass with sizes ranging from 1 to 18 mm [13, 17, 18] or
radiologically detected by virtue of radioopacity or
microcalcifications [13, 18]. These lesions are occasionally
multicentric [13].

More details regarding the natural history of these
lesions is discussed in the sub-sections below. There is
no evidence that focal neuroendocrine differentiation
has a special prognostic significance [9].

Classification

Immunohistochemical and histochemical studies of series
of breast tumours will reveal a range of positivity with
“endocrine/neuroendocrine” markers and to an extent,
therefore, the definition of “endocrine/neuroendocrine”
can be subjective. The World Health Organization
(WHO) suggestion that these lesions should have a similar
histological appearance to those seen in the gastrointest-
inal tract and lung and that these tumours should express
neuroendocrine markers in more that 50% of the tumour
cells [19] is most helpful.

As implied above, considerable diversity occurs in
mammary tumours exhibiting neuroendocrine features.
This diversity is both temporal, in other words neu-
roendocrine differentiation can be identified within in
situ lesions, so called E-DCIS [20, 21] as well as inva-
sive, and also qualitative, in other words there are
different species of breast tumours, which manifest
neuroendocrine features. This spectrum ranges from
mucinous carcinomas of the breast, which may show
varying degrees of endocrine differentiation through to
tumours identical in morphology to small cell carcino-
mas arising in the lung.

Multiple different classifications have been proposed
for neuroendocrine carcinomas arising within the breast,
for example, Papotti proposed seven types [22], and
Sapino five [23]. Perhaps the most pragmatic is the
WHO classification which defines three principle
tumours; solid neuroendocrine tumour, small/oat cell
carcinoma, and large cell neuroendocrine carcinoma
[19]. It should be appreciated that not all tumours in the
breast exhibiting neuroendocrine features fit snugly into
the WHO classification categories and, for the purposes
of this chapter, we also discuss type B pattern mucinous
carcinomas and Merkel cell/Merkel-like tumours.

In practice multiple patterns can occur precluding easy
‘pigeonholing,” and the associated DCIS pattern may
appear to differ from the invasive component [6].

Solid Neuroendocrine Carcinoma

This pattern of neuroendocrine carcinoma of the breast has
been recognized under a number of other names including
‘solid variant’ of papillary carcinoma proposed by Maluf
[24] in recognition of the ramifying fibrovascular cores
throughout the lesion [Fig. la,b]. These tumours often
grow in an insular fashion so much so that it can be quite
difficult to distinguish between an in situ and invasive
lesion. Pseudorosettes or palisades are seen in many
tumours. The tumour cells are typically medium sized,
commonly polygonal or plasmacytoid, and are loosely
cohesive; eosinophilic granular cytoplasm is commonly
seen. The component cells are typically relatively monoto-
nous and small with equally small mildly atypical, round-
to-ovoid nuclei with small or inconspicuous nucleoli, and
finely dispersed chromatin [20, 18]; however, in our experi-
ence, on high power examination the nuclear pleomorph-
ism can be greater than at first suspected. In general, the
nuclear morphology in the invasive component is matched
by those within associated DCIS [20]. Little mitotic activity
is typical [18]. Spindle cells can be variably present and are
often prominent, so much so that where they dominate, a
spindle cell variant has been proposed [25].

As both epithelioid and spindle cell morphologies can
co-exist this can lead the misinterpretation of such tumours
as usual type ductal hyperplasia (UDH) [18, 20]. Unlike
UDH the epithelioid and spindle cells are not intermingled so
intimately, and the spindle cells may be arranged in fascicles
of cells rather than a mixed pattern, see Fig. lc. Also the
presence of fibrovascular cores throughout the lesion sup-
ports the diagnosis of a neuroendocrine carcinoma.

Typical solid neuroendocrine carcinomas and muci-
nous carcinomas are ER [26-28], PR [26, 27, 29], chromo-
granin A [11-13, 26, 30-33], NSE [31, 13, 17, 27, 33], and
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Fig. 1 Solid neuroendocrine tumour. (a) Shows the overall struc-
ture of a typical example with ramifying fibrovascular cores
throughout the lesion and islands of invasive tumour resembling
in situ disease. (b) From the same tumour demonstrates the presence
of smaller calibre arborizing blood vessels punctuating the cellular
tumour islands. This feature is also seen in the associated in situ

synaptophysin [11, 13, 17, 26, 27, 30-33] positive with
some variation between series. It is worth noting that
PR is often positive in extramammary neuroendocrine
tumours, though ER expression is rare, for example, in
one series of pancreatic endocrine tumours 58% were PR
positive, though none were ER positive [34]. Other mar-
kers that can be expressed include GCDFPI15 [31, 35],
CEA [12]. Grimelius silver stain [26], neurotensin [26,
21], CD56 [11, 36], bel-2 [17], CAM 5.2 [17], cytokeratin
AE1/3 [17], and a-hCG [26]. A great range of markers
have been reported as being negative in these lesions but
idiosyncratic variation between cases is likely and it is
hard to generalize. However, it is worth noting that ER
and PR can be negative in these tumours [30] and those
studies which have looked for overexpressed Her-2/neu
[30, 26, 37] have not found it, though a distinctive fine
granular cytoplasmic staining pattern with the Hercep-
Test™ has been reported in a single case of breast carci-
noma with neuroendocrine differentiation [37].

A distinctive molecular pathology and clinical profile
is yet to be firmly established for these tumours and as yet
no specific targeted therapy has been identified related to
their endocrine characteristics. There are also no large
studies defining a specific molecular signature in these
tumours and the treatment described in the literature,
for example, see [12, 13, 18], do not differ from the prac-
tice of managing breast cancer as a whole. Many of these
tumours, particularly occurring in elderly patients, are
relatively indolent [18, 23].

Small Cell/Oat Cell Carcinoma (SLNC)

Less than 30 of small cell carcinoma of the breast cases
have been reported in the literature [14]. In this form of
mammary carcinoma the tumour is morphologically

disease but is not seen in a usual type ductal hyperplasia (UDH) —a
benign lesion, which it may mimic. (¢) From a different example
where the component cells show a mix of spindle and epithelioid
morphologies. Unlike UDH, fascicles of spindles cells may be seen
(right side of the image)

identical to lesions arising within the bronchus and may
possess a similarly identical immunophenotype; conse-
quently consideration of a metastasis from the bronchus
should always be considered when such a tumour is
encountered in a breast biopsy (see below) [38, 39]. These
tumours grow as highly cellular sheets. The component
cells are mitotically active, densely packed, and have
minimal cytoplasm with hyperchromatic millet seed-like
nuclei. Striking chromatin smearing is often seen [Fig. 2].
In situ disease is a common accompaniment and may have
either small cell or ductal features [28, 39] see Fig. 3. Apart

Fig. 2 Small cell carcinoma of the breast. These tumours are
morphologically similar to such lesions arising in the bronchus.
This is a typical field showing high cellularity, nuclear hyperchro-
masia, and some of the nuclear smearing typical of these lesions
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Fig. 3 Small cell carcinoma of the breast. These lesions need to be
distinguished from tumours metastatic to the breast from the
bronchus. The presence of in situ disease (the rounded configura-
tions towards the centre of the image) supports the diagnosis of this
lesion as a primary mammary tumour

from a metastasis, these lesions need to be distinguished
from lymphoma and lobular carcinoma. The latter should
not be a problem in good quality samples but poor fixation
may make this distinction more challenging. If there is any
doubt, positive membrane staining with E-cadherin should
exclude the diagnosis of lobular carcinoma [Fig. 4]. How-
ever, the picture is often complicated a by mixed pattern of
disease, for example, in one of the largest series four of nine
cases showed mixed pathology with lobular and ductal
represented in different cases [39]. The distinction between
atypical carcinoid tumour and small cell carcinoma has
been stated to be difficult; an organized trabecular pattern
of tumour cells favours the former [6], however, in writing
this chapter, we were unable to find a bona fide description
of an atypical carcinoid tumour occurring in the breast.

Small cell neuroendocrine carcinomas typically
express synaptophysin [13, 17], NSE [13, 17], and chro-
mogranin A [13]. They can also express markers typical of
these lesions occurring outside the breast, most notably
TTF1 [36, 38] (Fig. 5), but also including NCAM [13],
Leu-7 [13], and CD56 [36]. They are usually ER and PR
negative, but in the largest series 5/9 were positive;
none have been documented as overexpressing HER2
[13, 17, 39].
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Fig. 4 Small cell carcinoma of the breast; same case as 13.3; Immu-
nohistochemical stain for E-cadherin. Small cell carcinoma can
resemble lobular carcinoma — in this example lines of tumour cells
identical to the ‘Indian files,” more commonly associated with lob-
ular carcinoma, can be seen. Unlike typical lobular carcinoma
membrane localized E-cadherin is present both in the invasive and
in situ component
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Fig. 5 Small cell carcinoma of the breast, immunohistochemical
stain demonstrating nuclear localization for TTF1

These tumours are aggressive; most of the reported pure
SCNC cases show an appreciably worse prognosis [14].
Given the resemblance of these carcinomas to those arising



Neuroendocrine Tumours of the Breast

169

in the bronchus, treatment most appropriate for tumours
primary to the bronchus may need to be considered.

Large Cell Neuroendocrine Carcinoma

This category probably includes the tumours described by
Sapino et al. as poorly differentiated and comprised 8 out
of a series of 50 tumours with evidence of neuroendocrine
differentiation [35]. Other than this, the literature is spar-
sely populated by case studies rather than series [27].
These tumours are comprised of much larger cells
than seen in small cell carcinoma and internal nuclear
detail such as nucleoli may be more readily appre-
ciated. Sometimes more cytoplasm may also be evi-
dent. Mitoses may be plentiful, up to 65 per 10 high
power fields (HPF) [35]. They may be Chromogranin
A, Synaptophysin, NSE, estrogen, and progesterone
receptor positive [27].

Mucinous Carcinoma of the Breast

Whilst these lesions are not formally within the WHO
heading of neuroendocrine tumours, they are probably
the commonest lesions with neuroendocrine differentia-
tion occurring within the breast [40] and can show areas
identical to solid neuroendocrine carcinoma.

These tumours have been divided into type A and type
B, on the basis of the studies of Capella et al. [41], with a
type ‘C’ also being suggested, but not generally adopted
[42]. Tt is the ‘B’ type that shows neuroendocrine differ-
entiation. In this pattern, cellular islands are present
within pools of mucin. Incidentally identical tumours
can be seen in the skin and these can be morphologically
and immunohistochemically identical [43]. Interestingly
one study showed that mucinous carcinomas with
neuroendocrine differentiation showed relatively higher
PR positivity [29]. It has been suggested in a small series of
mucinous carcinomas that neuroendocrine differentia-
tion (type B) confers a better prognosis [29]. Mixed pat-
tern tumours with both mucinous features and areas
resembling solid neuroendocrine carcinoma may be
seen, and endocrine DCIS is a common accompaniment
[20], see Fig. 6.

Merkel Cell/Merkel Cell Like

Tumours with these features are rare and have been var-
iously described as Merkel cell or Merkel cell like. At least
one such tumour has been reported in the male breast [44].

Fig. 6 Type B mucinous carcinoma. Neuroendocrine differentia-
tion is a hallmark of these lesions which, as in this example, (for
example from the 12-4 o’ clock positions), can include areas iden-
tical to solid pattern neuroendocrine carcinoma. Elsewhere copious
mucin production characterizes these lesions (for example 4-7 o’
clock positions)

These tumours are ‘small round blue cell tumours.” They
are cellular, mitotically active with either epitheloid or
spindle cells, having scant cytoplasm. Necrosis is com-
mon [18, 44-46]. At least two cases in the literature
demonstrated the characteristic dot-like positivity with
Cytokeratin 20 demonstrable in true Merkel cell
tumours, a feature which distinguishes them from small
cell carcinomas [44, 46]. The data is too limited to form a
firm view on outcome; an 82-year-old patient with a
CK20 positive tumour died 15 months after diagnosis
[46], whilst a 38-year-old described as having a ‘Merkel
cell-like” tumour was well 6 years after diagnosis [45].

Neuroendocrine Differentiation Occurring in
Other Mammary Carcinomas

Carcinomas may exhibit hybrid features with neuroendo-
crine differentiation — notably, for example, having
apocrine characteristics [35, 47]. Indeed it has been sug-
gested that androgen receptor activation may switch on
neuroendocrine differentiation in elderly patients and is
associated with low-grade tumours [35]. Lesser degrees of
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neuroendocrine differentiation can be seen in a variety of
other breast tumours, which do not fill the criteria for
‘neuroendocrine’ [48].

Differential Diagnosis

Where the diagnosis of primary neuroendocrine carci-
noma of the breast is considered, particularly if small
or large cell, it is prudent to consider the possibility of
a metastasis from a primary site outside of the breast.
A number of easily more recognizable endocrine car-
cinomas from other sites have been documented as
metastasizing to the breast, for example, medullary
carcinoma of the thyroid and islet cell carcinoma of
the pancreas [48].

In general, where there is appropriate ductal carci-
noma in situ (DCIS) the decision that the lesion is primary
to the breast is usually straightforward [26, 28], however,
there is one report of secondary colonization of sclerosing
adenosis, mimicking DCIS, by a metastatic islet cell
tumour of the pancreas [48].

If DCIS cannot be identified then this can be more
problematic. Under these circumstances, in the practical
diagnostic setting it is prudent to suggest total body ima-
ging and a search for a primary tumour of extra-mam-
mary sites be undertaken. As indicated below the immu-
nohistochemical profile of these tumours may be identical
to similar tumours occurring outside the breast and there-
fore much reliance on the overall clinical picture has to be
made.

Up to 90% of tumours said to be of neuroendocrine
type stain positively with the Grimelius’ silver stain. The
overall immunohistochemical profile documented for
these lesions over multiple publications is varied and
encompasses diverse tumours. As a group, most stain for
chromagranin A and synaptophysin. A range of other
products have been documented including neurotensin,
however, many of these specific products are idiosyncratic
to particular tumours and in many cases no specific pro-
duct can be identified at all in such lesions.

It is important to note that markers in isolation cannot
be relied on to identify a neuroendocrine tumour to be of
breast origin or not. For example, the marker TTF1 can
be expressed by primary breast small cell neuroendocrine
carcinomas [11], and progesterone receptor can be
expressed in a number of non-mammary neuroendocrine
tumours. Other important differential diagnoses to con-
sider include lymphoma and melanoma for which nega-
tive CD45[14, 17] and HMB45 [14, 17] labelling provides
useful information.

Cytopathology

The cytology of neuroendocrine tumours in the breast
and mammary tumours with neuroendocrine differentia-
tion does not differ from similar tumours seen elsewhere
[49]. Like lobular carcinoma, loss of cell cohesion may be
a prominent feature [S0]. The FNA may be cellular with
single or loose clusters of cells. The amount of cytoplasm
may be scant or arranged eccentrically in a plasmacytoid
fashion [6, 30, 33]. Some peripherally located cytoplasmic
granularity may be observed. The nuclear-cytoplasmic
ratio is typically high and the nuclei are hyperchromatic
with inconspicuous nucleoli [30]. Architectural configura-
tions such as rosette-like formations or papillary fronds
may be present [6, 33, 51]. PAS-positive mucin containing
vacuoles can be sometimes demonstrated [52]. The eosi-
nophilic cytoplasm, also noticeable on H&E stained
histological sections can be observed in Giemsa or Diff-
Quick stained preparations, but is not so obvious in
Papanicolaou preparations [52].

Ultrastructure

There is very little work examining in detail the ultra-
structure of endocrine tumours of the breast and there-
fore, what is documented is relatively anecdotal, given the
diversity of such tumours occurring in the breast. In gen-
eral, where this ultrastructural examination has been
done the findings resemble those for neuroendocrine
tumours occurring outside the breast [6, 20, 21, 26].

Serum Neoplastic Markers

The data in the literature regarding secreted markers are
limited. One case study reported that CEA, CA 15.3, CA
125, and CA 19.9 were not elevated in the serum whereas
the neuroendocrine markers NSE and chromogranin
were raised [40]. The value of serum chromogranin A
as a feature specific to neuroendocrine tumours is wea-
kened by the observation that in a series of non-endocrine
malignancies, 34 out of a total of 72 showed elevated
chromogranin A levels [53].

Summary

Endocrine neoplasms of the breast are represented by a
diverse group of neuroendocrine tumours. Most are rela-
tively low grade but high-grade tumours with an
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immunophenotype similar to small cell carcinoma of the
bronchus also occur. Neuroendocrine differentiation in a
mammary neoplasm does not add any additional infor-
mation regarding tumour biology to that supplied by the
established prognostic indicators of tumour size, grade,
and nodal status [54].
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Neuroendocrine Tumors of Female Genital Tract

Khush Mittal and Fan Chen

Abstract Neuroendocrine tumors are relatively rare in
the female genital tract, and therefore may present a
diagnostic challenge. It is important to recognize these
tumors as their management and prognosis may differ
from the more common tumors with which these may be
confused.

Keywords Carcinoid  Small cell carcinoma ¢ Small cell
carcinoma ¢ hypercalcemic type ¢ Small cell carcinoma
pulmonary type ¢ Large cell neuroendocrine carcinoma

Neuroendocrine tumors of the female genital tract are
rare but well recognized. A classification of these tumors
is presented in Table 1. They can involve the ovary, fallo-
pian tube, uterine cervix and corpus, and vagina and
vulva.

Table 1 Neuroendocrine Tumors of the Female Genital Tract

Neuroendocrine tumors of the ovary
e Small cell carcinoma, hypercalcemic type
e Small cell carcinoma, pulmonary type
e Large cell neuroendocrine carcinoma
e Carcinoid
Neuroendocrine tumors of the Fallopian tube
e Carcinoid
e Small cell carcinoma
Neuroendocrine tumors of the uterine cervix
Carcinoid tumor of the uterine corpus
e Small cell carcinoma of the endometrium
Neuroendocrine tumors of the vagina
e Carcinoid
e Small cell carcinoma

Small cell carcinoma of the vulva
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Small Cell Carcinoma, Hypercalcemic Type,
of the Ovary

Small cell carcinoma of the ovary, hypercalcemic type
(SCC-HT), is rare. It generally occurs in young women
(mean age 24 years), although it has been reported in an
8-year-old girl [1-5]. It is almost always unilateral, but
bilateral and rare familial cases have been reported [1, 6].
Patients usually present with abdominal pain and swel-
ling, two-thirds of the cases are associated with hypercal-
cemia and 50% of the patients show extra-ovarian invol-
vement at the time of diagnosis [1-7].

Gross examination usually shows a large mass,
between 6 and 26 cm (average 15 cm) [1-6]. The tumor
is typically solid, lobulated, and pale white to gray. Areas
of hemorrhage, necrosis, and cystic degeneration may be
present (Fig. 1). Microscopic examination shows tumor
cells growing in a diffuse pattern (most common) or as
small islands/nests, trabeculae, and cords. Follicle-like

Fig. 1 Gross appearance of small cell carcinoma of the ovary,
hypercalcemic type. The cut sections show areas of hemorrhage
and necrosis
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spaces containing eosinophilic fluid are present in 80% of
the cases (Figs. 2 and 3) [1]. The tumor cells are uniformly
small and round to spindled with scant cytoplasm, hyper-
chromatic nuclei, and small nucleoli. Characteristically,
there is brisk mitotic activity and there are foci of necrosis
(Fig. 4). The stroma is usually scant and fibrotic, but
occasionally can be edematous and even myxoid. Fifty
percent of the tumors have a large cell component, which
may show epithelioid or rhabdoid features with eosino-
philic cytoplasm, intracytoplasmic eosinophilic hyaline
globules, large eccentrically located vesicular nuclei, and
prominent nucleoli [8-9]. Ten to twelve percent of the
tumors are associated with benign or malignant mucinous
epithelium [1].

Fig.2 Small cell carcinoma of the ovary, hypercalcemic type, show-
ing closely packed tumor cells with diffuse growth pattern and
follicle-like spaces (H&E x 40)

Fig.3 Small cell carcinoma of the ovary, hypercalcemic type, showing
tumor cells with follicular arrangement, small round to oval hyper-
chromatic nuclei, scant cytoplasm, and small nucleoli (H&E x 200)

Fig.4 Small cell carcinoma of the ovary, hypercalcemic type, show-
ing small tumor cells with brisk mitotic activity (H&E x 200)

Immunohistochemical studies typically show immu-
noreactivity for one or more epithelial markers such as
pan-cytokeratin, epithelial membrane antigen, or CAM
5.2 (Fig. 5). Variable immunoreactivity for vimentin, neu-
ron-specific enolase, parathyroid hormone-related pro-
tein, chromogranin, or synaptophysin has been observed
(Fig. 6). a-Inhibin, S100, B72.3, and desmin are generally
immunonegative [1, 2, 4, 10, 11].

Fig.5 Small cell carcinoma of the ovary, hypercalcemic type, show-
ing tumor cells with patchy staining for cytokeratin Cam5.2

The differential diagnosis is broad and includes adult
and juvenile granulosa cell tumor, primitive germ cell
tumor, lymphoma, primitive neuroectodermal tumor,
neuroblastoma, desmoplastic small round cell tumor,
small cell carcinoma (pulmonary type), and metastatic
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Fig.6 Small cell carcinoma of the ovary, hypercalcemic type, show-
ing tumor cells strongly positive for vimentin

small cell carcinoma. Large cell variant must be differen-
tiated from undifferentiated large cell carcinoma and
malignant melanoma. Thorough sampling of the tumor
with attention to the characteristic clinical, microscopic,
and immunohistochemical features of these other tumors
should allow distinction from SCC-HT. In adult granu-
losa cell tumor, the tumor cells with grooved nuclei grow-
ing in a microfollicular pattern and Call-Exner bodies are
characteristic, and tumor cells are immunoreactive for o-
inhibin [1, 11].

The prognosis for SCC-HT is generally poor. Most
tumors have spread beyond the ovary at the time of
diagnosis. Surgery is the mainstay of therapy. Adjuvant
chemotherapy and radiation are often used as well [1, 2,
4]. In the review by Young et al., only 33% of the patients
with stage IA disease were alive and free of tumor for an
average of 5.7 years postoperatively. In contrast, only
10% of patients with stage IC disease and 6.5% of
patients with stages II, III, and IV disease were alive
without recurrence at the last follow-up. In their study,
favorable prognostic factors for stage IA tumor included
age older than 30 years, normal preoperative calcium
level, tumor less than 10 cm in diameter, and the absence
of a large cell component [1].

Small Cell Carcinoma, Pulmonary Type,
of the Ovary

Small cell carcinoma of the ovary, pulmonary type (SCC-
PT), is extremely rare. It generally occurs in perimeno-
pausal and postmenopausal women with a wide age range
between 28 and 85 years (mean age 59 years). Fifty

percent of the tumors are bilateral. Patients usually pre-
sent with pelvic or abdominal mass. Most patients present
with high-stage disease. Occasionally patients also pre-
sent with carcinoid syndrome, such as, Cushing’s syn-
drome and SIADH [2, 4, 12-15].

Gross examination usually shows a large mass,
between 4.5 and 26 cm (average 13—14 cm) [12-15].
The tumor is typically solid with a cystic component.
Areas of hemorrhage and necrosis may be present.
Microscopic examination shows small to medium sized
cells with scant cytoplasm, hyperchromatic nuclei with
finely stippled chromatin, nuclear molding, and incon-
spicuous nucleoli. Typically, numerous mitotic figures
and abundant necrosis are present. Many SCC-PTs
are associated with surface epithelial-stromal tumor,
especially endometrioid adenocarcinoma with or with-
out squamous or mucinous differentiation. The associa-
tion with Brenner tumor, mucinous tumor with atypical
cells, and mature cystic teratoma has been reported
[2, 4, 12-15].

Immunohistochemical studies typically show immu-
noreactivity for cytokeratin, EMA, and neuron-specific
enolase. Chromogranin and Leu-7 can be immunoposi-
tive [4, 12, 14].

The differential diagnosis includes metastatic small cell
carcinoma especially from the lung, carcinoid, Merkel cell
carcinoma, malignant melanoma, and other small round
blue cell tumors, discussed earlier [2, 12—15].

Patients with SCC-PT are typically treated with sur-
gery followed by chemotherapy. The survival is dismal [2,
4, 12-15].

Large Cell Neuroendocrine Carcinoma
of the Ovary

Large cell neuroendocrine carcinoma of the ovary
(LCNEC) generally occurs in women during or beyond
reproductive age, between 22 and 77 years of age (mean
age 48.5 years). It is usually unilateral. Patients usually
present with abdominal pain/distension, pelvic mass/
pain, and about half of the patients present with advanced
stage disease [14, 16—18].

Gross examination shows a large partially solid and
partially cystic mass, between 9 and 30 cm (average
16.6 cm) [14, 16-18]. Microscopic examination shows
tumor cells growing in sheets, islands, cords, and trabe-
culae. The tumor cells are medium to large with abundant
cytoplasm, vesicular nuclei, and prominent nucleoli.
Necrosis is extensive and mitotic figures are abundant.
Most cases are associated with surface epithelial-stromal
tumor, which can be endometrioid or mucinous.
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Mucinous neoplasm of low malignant potential (border-
line tumor) can be also present [14, 16—18].

Immunohistochemical studies typically show the
tumor cells are immunoreactive for cytokeratin, neuron-
specific enolase, chromogranin, synaptophysin, and pep-
tide hormones, including serotonin and vasoactive intest-
inal peptide [14, 16-18].

The differential diagnosis includes undifferentiated
carcinoma, anaplastic carcinoma, dysgerminoma, sertoli
cell tumor, and adult granulosa cell tumor [16-18].

The prognosis for LCNEC is poor. Surgery followed
by chemotherapy is the mainstay of the treatment. Most
patients die of disease despite the extensive treatment [14,
16-18].

Carcinoid Tumor of the Ovary

Carcinoid tumor of the ovary generally occurs in women
from early reproductive age to postmenopausal age,
between 16 and 83 years of age (mean age 50.8 years).
[14, 19-25, 32]. There are three main categories, includ-
ing a component of mature cystic teratoma, primary
ovarian carcinoid, and metastatic carcinoid [21]. Up to
75% of carcinoids are associated with mature cystic
teratoma [14, 19, 20, 22-25]. Primary carcinoid is usually
unilateral. About 5—15% of carcinoids show contralat-
eral ovary with mature cystic teratoma, and sometimes
mucinous or Brenner tumor [14, 20, 22, 23, 25]. Patients
usually present with pelvic mass, abdominal pain and
enlargement. Irregular menstruation and abnormal
vaginal bleeding have also been reported [14, 19-25].
Approximately one-fourth to one-third of these patients
have associated carcinoid syndrome [14, 19, 20]. Andro-
genic or estrogenic manifestation, chronic constipation,
hyperinsulinemic hypoglycemia, hyperthyroidism, and
carcinoid heart disease have been reported [14, 20, 26—
28, 32].

Gross examination usually shows a large mass,
between 2 and 28 cm (average 10 cm) [19, 20, 22-25].
The external surface is smooth, bosselated, and fibrous
adhesion can be present. The carcinoid tumor is typically
solid, firm, tan-yellow, and homogenous. Carcinoid asso-
ciated with mature cystic teratoma or other tumor
appears to arise from the wall of a cystic mass, protruding
into the lumen.

Microscopic examination of primary ovarian carci-
noid tumor shows four different patterns: insular, trabe-
cular, mucinous, and strumal.

The insular pattern resembles carcinoid of midgut. The
tumor cells grow in nests, some forming glands, separated
by fibromatous stroma. Eosinophilic secretion,

sometimes with calcification is present in the lumen. The
tumor cells are columnar cells with abundant cytoplasm,
cytoplasmic granularity, and round and uniform nuclei
with coarse chromatin. Characteristically, mitotic activity
is rare (Figs. 7-8).

Fig. 7 Primary ovarian carcinoid with insular growth pattern
(H&E x 40)

Fig. 8 Primary ovarian carcinoid with insular growth pattern
(H&E x 200)

The trabecular pattern resembles carcinoid of foregut
and hindgut. The tumor cells grow in long wavy parallel
ribbons, cords, or trabeculae, separated by fibrous
stroma. The tumor cells are tall columnar cells with
abundant granular cytoplasm, oblongated nuclei with
coarse chromatin, perpendicular to the long axis of the
ribbons or cords. Typically, few mitotic figures are pre-
sent (Figs. 9-10).
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Fig. 9 Primary ovarian carcinoid with trabecular growth pattern
(H&E x 40)

Fig. 10 Primary ovarian carcinoid with trabecular growth pattern
(H&E x 200)

The mucinous pattern (aka goblet cell carcinoid)
resembles carcinoid of appendix. The tumor is subdivided
into three groups: well differentiated, atypical, and ade-
nocarcinoid. In the well-differentiated group, the tumor
cells either infiltrate into stroma or float in the pool of
mucin. The tumor cells are goblet, cuboidal, or columnar
cells with small uniform round-to-oval nuclei. Atypical
mucinous carcinoid shows glandular crowding with cri-
briform or microcyst architecture and moderate nuclear
atypia. The tumor cells are similar to those in the well-
differentiated group. Adenocarcinoid is a carcinoid with a
carcinomatous component. The tumor cells grow in
island or large nodules of packed glands or single cells,
which are mainly signet ring cells. Non-signet ring tumor
cells grow in large islands, some forming glands. The
tumor cells contain variable amount of eosinophilic and

granular cytoplasm, large nuclei, and prominent nucleoli.
Necrosis is present and mitotic figures are abundant.

The strumal carcinoid consists of both strumal and
carcinoid component. The strumal component can be
normal thyroid tissue or follicular adenoma, and may
contain calcium oxalate crystals. The carcinoid compo-
nent is mainly trabecular carcinoid, although some are
insular or mucinous carcinoid (Figs. 11-12).

Fig. 11 Primary ovarian strumal carcinoid, showing carcinoid tra-
beculae admixed with thyroid follicles (H&E x 40)

Fig. 12 Primary ovarian strumal carcinoid, showing carcinoid tra-
beculae admixed with thyroid follicles (H&E x 200)

Immunohistochemical studies typically show immunor-
eactivity for neuron-specific enolase, chromogranin,
synaptophysin, and serotonin. Variable immunoreactivity
for peptide hormones has been observed [14, 19, 26-29].

The differential diagnosis is broad and includes meta-
static carcinoid (almost always from gastrointestinal
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tract), granulosa cell tumor, Sertoli-Leydig cell tumor and
Brenner tumor. Features suggestive of metastatic carci-
noid include bilateral ovarian involvement, multifocality,
and extraovarian involvement [14, 21, 22, 25].

The prognosis is generally good. Surgery is the main-
stay of the treatment for primary ovarian carcinoid that is
confined to the ovary. Patients with primary ovarian
carcinoid with extraovarian involvement at the time of
diagnosis should be treated with surgery followed by
radiotherapy or chemotherapy. Primary mucinous carci-
noid is more aggressive, especially when a carcinomatous
component is involved. Approximately 5% of patients die
of disease. Most of these are patients with tumors show-
ing extra-ovarian spread at the time of diagnosis [14, 20,
22-25, 30-32].

Carcinoid Tumor of the Fallopian Tube

So far, only a few carcinoid tumors have been reported,
all arising in teratoma of the fallopian tube. Gross exam-
ination of the tumor in one case showed a large solid,
lobulated tan-yellow mass with a smooth surface
(>10 cm). Microscopic examination shows tumor cells
growing in an acinar or trabecular pattern. The tumor
cells contain eosinophilic cytoplasm with mild cytologic
atypia. Carcinoid was associated with teratoma of the
fallopian tube in all three cases. Immunohistochemical
studies typically show the tumor cells are immunoreactive
for chromogranin. The main differential diagnosis is
metastatic carcinoid from GI tract or elsewhere [14, 33].

Small Cell Carcinoma of the Fallopian Tube

Only two cases of undifferentiated small cell carcinoma of
the Fallopian tube have been reported. Microscopic
examination shows tumor cells that resemble the small
cell carcinoma of the lung. Immunohistochemical studies
show that the tumor cells are immunonegative for neu-
roendocrine markers, including, neuron-specific enolase,
synaptophysin, and Leu-7 [34].

Neuroendocrine Tumors of the Cervix

Neuroendocrine tumors of the uterine cervix are uncom-
mon, which generally occur in women with a wide age
range between 21 and 94 years of age (mean age, fifth
decade) [14, 37, 40, 44, 48, 49, 53, 55]. These have recently

been classified as those in the lung as typical carcinoid,
atypical carcinoid, small cell carcinoma, and large cell
neuroendocrine carcinoma [35, 54]. These tumors mostly
occur in a pure form, however, they may coexist with
squamous cell carcinoma or adenocarcinoma of the cer-
vix and are associated with HPV, type 16 or 18 [14, 35, 36,
38, 39, 45, 55, 57]. Most patients present with vaginal
bleeding, discharge, or post-coital spotting. However,
patients can also present with carcinoid syndrome, such
as Cushing’s syndrome, SIADH, hypercalcemia, or hypo-
glycemia [7, 14, 37, 40-43, 48, 53].

Gross examination usually shows either a white-yellow
polypoid/exophytic, or an infiltrative or ulcerated mass,
between 1 and 6 cm [44, 45, 53, 55]. The tumor can be
either well demarcated or infiltrative into the adjacent
structures.

Microscopic examination of neuroendocrine tumors in
the cervix shows four different categories: carcinoid, aty-
pical carcinoid, small cell carcinoma, and large cell neu-
roendocrine carcinoma.

In a typical carcinoid, the tumor cells grow in an
organoid, trabecular, nested, cord-like, or micro-acinar
growth pattern. The tumor cells show modest amount of
amphophilic to eosinophilic granular cytoplasm, small
to medium sized round-to-oval nuclei with finely gran-
ular chromatin. Characteristically, there are few mitotic
figures, usually less than 5/10 HPF and there is no
necrosis.

In an atypical carcinoid, the tumor cells grow in a
similar growth pattern to those of carcinoid. The tumor
cells show coarsely distributed chromatin and mild-to-
moderate cytologic atypia. Characteristically, there are
5-10 mitotic figures/10 HPF and foci of necrosis can be
present.

In a small cell carcinoma, the tumor cells grow in sheet,
irregular aggregate, or nest pattern. The tumor cells are
small uniform cells and loosely cohesive, with scant
amount of cytoplasm, hyperchromatic nuclei, and
nuclear molding. Characteristically, mitotic figures can
be more than 10/10 HPF. Geographic necrosis and lym-
phovascular invasion can be present.

In a large cell neuroendocrine carcinoma, the tumor
cells lose the organoid growth pattern, but can grow in
pseudotrabecular, insular, nest, or solid pattern. The
tumor cells are large, polygonal with moderate to abun-
dant amount of eosinophilic cytoplasm, large nuclei with
coarse, vesicular chromatin, and prominent nucleoli.
Characteristically, more than 10 mitotic figures/10 HPF,
areas of geographic necrosis, and vascular invasion are
present. Immunohistochemical studies typically show
immunoreactivity for neuron-specific enolase, chromo-
granin, synaptophysin, cytokeratin, and CEA. Variable
immunoreactivity for peptide hormones like serotonin,
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intestinal polypeptide, or somatostatin has been
observed. Surprisingly, TTF-1 immunopositivity has
been reported in rare small and large cell neuroendocrine
carcinomas of the cervix [14, 42-45, 48, 50-53, 55, 58].

The differential diagnosis of well-to-moderately differ-
entiated neuroendocrine tumor includes primary or meta-
static adenocarcinoma with micro-acinar architectures.
The differential diagnosis of poorly differentiated neu-
roendocrine tumor includes small cell non-keratinizing
squamous cell carcinoma, undifferentiated carcinoma,
solid adenocarcinoma, PNET, lymphoma, granulocytic
sarcoma, malignant melanoma, and undifferentiated sar-
coma [40, 53, 55].

The prognosis for neuroendocrine tumor in the uteri
cervix is generally poor and is related to the degree of
differentiation. Surgery followed by chemotherapy and
radiation is the mainstay of therapy. The tumor may
metastasize to the liver, lung, and brain. Unfavorable
prognostic factors are high mitotic figures, necrosis,
high clinical stage, and small cell component [13, 32, 37,
40, 43-49, 51-53, 55-57].

Carcinoid Tumor of the Uterine Corpus

Only one primary carcinoid tumor of the uterine corpus
has been reported thus far [59]. It occurred in an 82-year-
old woman, causing uterine enlargement. Microscopic
examination showed tumor cells growing in nests and
islands. The tumor cells were uniform with little pleo-
morphism, granular cytoplasm, and finely dispersed
chromatin. Immunohistochemical studies showed the
tumor cells were immunoreactive for cytokeratin, chro-
mogranin, and S100. Interestingly, the tumor cells were
immunonegative for synaptophysin [59].

Small Cell Carcinoma of the Endometrium

Small cell carcinoma of endometrium is uncommon. It
generally occurs in women between 23 and 78 years of age
(mean age 60 years) [13—14, 60—62, 64]. It may coexist with
adenocarcinoma, adenosquamous cell carcinoma, malig-
nant mixed Miillerian tumor, or endometrial stromal
sarcoma [13, 14, 60-62]. Most patients present with
abnormal vaginal bleeding, however, abdominal/pelvic
mass can also be observed. Most patients present with
advanced stage disease. Two cases associated with ocular
paraneoplastic syndrome have been reported [13, 14,
60-63].

Microscopic examination shows tumor cells growing
in sheets. The tumor cells are small- to medium-sized cells
with scant amount of cytoplasm, hyperchromatic round
nuclei, and inconspicuous nucleoli.

Immunohistochemical studies typically show immu-
noreactivity for one of the neuroendocrine markers,
such as neuron-specific enolase, synaptophysin, or chro-
mogranin. Variable immunoreactivity for vimentin has
been observed [14, 60—64].

The differential diagnosis includes metastatic small cell
carcinoma from elsewhere, PNET, malignant mixed Miil-
lerian tumor, or endometrial stromal sarcoma [13, 61, 62].

The prognosis for small cell carcinoma of endome-
trium is generally poor. Surgery followed by radiation
and/or chemotherapy is the mainstay of treatment. How-
ever, majority of patients die of disease despite the treat-
ment [13, 60-62, 64].

Carcinoid Tumors of the Vagina

Only one primary carcinoid tumor of the vagina has been
reported [65]. It occurred in a 32-year-old woman and was
noted during routine examination. Microscopic examina-
tion showed tumor cells growing in cords, nests with
acinar formation. The patient was treated surgically fol-
lowed by chemotherapy. The patient died of disease [65].

Small Cell Carcinoma of the Vagina

Small cell carcinoma of the vagina is extremely rare. It
generally occurs in women between 32 and 78 years of age
(mean age 59 years) [13, 14, 68, 69]. Patients usually
present with vaginal bleeding. Patients with this tumor
may have Cushing syndrome [14, 67].

Gross examination usually shows friable mass, ranging
in size from 0.5 to 10 cm, in greatest dimension [69]. The
tumor can be exophytic, fungating, and yellow in color.
Areas of hemorrhage may be present. Microscopic exam-
ination shows tumor growing in solid sheets of tightly
packed small, round, oval-to-spindle cells with scant
amount of cytoplasm, small nuclei with finely granular
chromatin, nuclear molding, and inconspicuous nucleoli.

Immunohistochemical studies typically show immu-
noreactivity for cytokeratin and EMA. Variable immu-
noreactivity for neuron-specific enolase, chromogranin,
and synaptophysin has been observed. Interestingly, one
case has been reported where the tumor cells are immu-
noreactive for thyroid transcription factor-1 (TTF-1)
[66, 69].
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The differential diagnosis is broad and includes meta-
static small cell carcinoma from elsewhere, especially
from lung and cervix, other small round blue cell tumors,
including lymphoma, PNET, embryonal rhabdomyosar-
coma, small cell non-keratinizing squamous cell carci-
noma, and basaloid squamous cell carcinoma [13, 69].

The prognosis for small cell carcinoma of the vagina is
generally poor. There is no optimal treatment consensus
so far since the disease is so rare. Radiation, chemother-
apy, or combination of the two is usually used and treat-
ment failure is very common [13, 14, 66, 6—69].

Small Cell Carcinoma of the Vulva

It is not known how many small cell carcinomas of the
vulva actually occur, since the early literature also
included Merkel cell carcinoma into this category. Rare
cases have been reported. Microscopic examination
shows tightly packed tumor cells growing in sheets. The
tumor cells are small, with scant amount of cytoplasm,
hyperchromatic nuclei with finely granular chromatin,
nuclear molding, and inconspicuous nucleoli. Character-
istically, there is brisk mitotic activity [13].
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Neuroendocrine Tumors of Prostate, Urinary Bladder and Kidney

Zhong Jiang

Abstract Overall, neuroendocrine tumors in genitourin-
ary system are rare. However, it is crucial to recognize
these tumors because patients with neuroendocrine
tumors have significant differences in clinical treatment
and prognosis from patients with other tumors in the
genitourinary system. In this chapter, important neuroen-
docrine tumors in the prostate, urinary bladder, and kid-
ney are discussed. Highlights also mark imperative
elements of each tumor including tumor epidemiology,
diagnosis, prognosis, and treatment.

Keywords Focal neuroendocrine differentiation in
prostatic adenocarcinoma ¢ Prostatic carcinoid tumor
Small cell carcinoma of the prostate ¢ Large
neuroendocrine  carcinoma of the prostate o
Paraganglioma of the urinary bladder ¢ Small cell
carcinoma of the urinary bladder ¢ Neuroendocrine
tumors of the kidney

Neuroendocrine Tumors of the Prostate

Normal Neuroendocrine Cells of Prostate

Normal prostatic gland contains secretory luminal cells
and basal cells. In addition, there is also a small popula-
tion of isolated, randomly scattered neuroendocrine
cells that represent a third type of epithelial cells in
prostate glands [1]. Most of neuroendocrine cells are
located in transition zone and peripheral zone of the
prostate [2]. Neuroendocrine cells of the prostate arise
from endodermal-devised prostate stem cells [3] and rest
on the basal cell layer and have an apical cytoplasmic
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process that extends to the lumen and has long specia-
lized surface microvilli [4]. They also show lateral den-
dritic processes [4].

These neuroendocrine cells are not reliably recog-
nized by routine H&E staining but they can be
identified by immunohistochemical staining with anti-
bodies for neuroendocrine markers including chromo-
granin, synaptophysin, and neuron-specific enolase
(NSE) [2]. Subpopulations of these cells also contain
a variety of peptide hormones such as serotonin,
somatostatin, calcitonin, and gastrin releasing peptide
[4, 5].

The functions of these neuroendocrine cells in the
prostate are not known. They may have paracrine func-
tion, perhaps in response to neural stimulation [4]. Con-
sistently, lack of Ki67 (a cell proliferation marker)
expression in neuroendocrine cells of the prostate indi-
cates that they do not participate in the cell cycle during
normal and hyperplastic growth [6].

Neuroendocrine Tumors of the Prostate

Classification:

1) Focal Neuroendocrine Differentiation in Prostatic
Adenocarcinoma

2) Carcinoid Tumor

3) Small Cell Carcinoma

4) Large Neuroendocrine Carcinoma

Focal Neuroendocrine Differentiation
in Prostatic Adenocarcinoma

Highlights:
e Diagnostic criteria for focal neuroendocrine differentia-
tion in prostatic adenocarcinoma: single and/or cluster
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of neuroendocrine cells are present in conventional pro-
static adenocarcinoma.

e Neuroendocrine cells are often present in primary and
metastatic adenocarcinoma of the prostate (10-100% of
primary conventional prostatic adenocarcinoma with
focal neuroendocrine differentiation).

e Neuroendocrine cells co-express prostate specific anti-
gen (PSA).

e Ectopic peptides made by neuroendocrine cells in pros-
tate cancer are associated with paraneoplastic
syndromes.

® The prognostic significance of focal neuroendocrine dif-
ferentiation in conventional prostatic adenocarcinoma is
not conclusive.

Neuroendocrine differentiation appears to be more com-
mon in prostatic adenocarcinoma than in carcinomas
arising in other organs of the genitourinary tract [1, 7].
Single or cluster of neuroendocrine cells can be detected in
10-100% of conventional prostatic adenocarcinoma [1, 3,
7-9]. Neuroendocrine cells are also present in approxi-
mately 55% of metastatic prostatic adenocarcinomas
with a similar pattern of distribution of primary counter-
parts [8].

Immunohistochemical stains with neuroendocrine
markers including chromogranin, synaptophysin, NSE,
serotonin, and somatostatin are important for identifying
the neuroendocrine differentiation in conventional pros-
tate cancer [1, 7]. These neuroendocrine cells also co-
express PSA, suggesting a common precursor cell of ori-
gin, prostate stem cells [8]. Some studies suggested that
the neuroendocrine differentiation in prostatic adenocar-
cinomas has developed from the hormonal therapy for
these cancers [10, 11].

Ectopic peptides such as adrenocorticotrophic hor-
mone (ACTH), leuenkephalin, and endorphin have been
found in some neuroendocrine cells of prostatic adeno-
carcinoma [1]. The abnormal secretion of these ectopic
substances is believed to account for the paraneoplastic
syndromes, which are occasionally found in association
with prostate cancer [1].

Evidence of the prognostic significance of focal neu-
roendocrine differentiation in conventional prostatic
adenocarcinoma is not conclusive. Earlier studies sug-
gested correlation to exist between neuroendocrine dif-
ferentiation and prognosis [1, 10, 12, 13]. However,
more recent publications could not demonstrate that
neuroendocrine differentiation in prostatic adenocarci-
noma is a prognostic marker for predicting poor clinical
outcome [8, 13—15]. The expression of neuroendocrine
cells does not appear to be suppressed with androgen
ablation and does not correlate with pathologic
stage [8].

Carcinoid Tumor of the Prostate

Highlights:

e Primary carcinoid tumor of the prostate is extremely
rare.

e Unlike tumor with neuroendocrine differentiation, pri-
mary carcinoid tumor should be an individual tumor that
is separated from conventional prostatic adenocarcinoma.

e Histological criteria for prostatic carcinoid tumor: (1)
typical neuroendocrine nuclei; (2) positivity of neuroen-
docrine markers; (3) no significant cytological atypia,
mitosis, and necrosis.

e Co-expression of PSA can be seen in prostatic carcinoid
tumor.

® The prognosis is unknown.

Primary prostatic carcinoid tumor is very rare. Since
Wasserstein first described a prostate carcinoid tumor in
1979 [16] there were only several individual case reports
about primary prostate carcinoid [16-20].

Common features of primary prostate carcinoid
tumor include: (1) primary carcinoid tumor of the pros-
tate needs all features of carcinoid tumor in other organs
including neuroendocrine nuclear appearance, low mito-
tic activity, lack of significant cytological atypia, and
necrosis; (2) unlike neuroendocrine differentiation in
prostate adenocarcinoma, primary carcinoid tumor of
the prostate should be an independent tumor that is
separated from prostatic adenocarcinoma, although
they may be associated with conventional prostatic ade-
nocarcinoma. The so-called carcinoid-like growth pat-
tern that mixed with conventional prostatic
adenocarcinoma should not be classified as primary pro-
static carcinoid tumor. (3) The tumor cells usually co-
express PSA [16-20].

A single case of primary prostatic carcinoid in conjunc-
tion with multiple endocrine neoplasia 2B in a child has
also been documented [20]. Although there has been a
report about metastasis of primary prostatic carcinoid
[16], its prognosis is still uncertain, as currently there
have been only rare reported cases.

Small Cell Carcinoma of the Prostate

Highlights:

e Primary small cell carcinoma of the prostate accounts
for 0.5-2% of all prostatic carcinomas.

e Diagnostic criteria for prostatic small cell carcinoma are
same as those for small cell carcinoma in other organs.

® A Gleason score should not be assigned to prostatic
small cell carcinoma.
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e About 90% of prostatic small cell carcinomas are posi-
tive for at least one neuroendocrine marker.

e PSA, P501S, thyroid transcription factor-1 (TTF-1) can
be positive in prostatic small cell carcinoma.

e Serum PSA levels are often not elevated in prostatic
small cell carcinoma.

e Its therapy is different from conventional prostatic
adenocarcinoma.

e The prognosis of prostatic small cell carcinoma is very
poor.

Primary small cell carcinoma of the prostate is rare and
accounts for 0.5-2% of all prostatic carcinomas [13].
Diagnostic criteria for prostatic small cell carcinoma
are same as those for small cell carcinoma in other
organs [21]. The tumor cells are small, round, or oval
shaped with scant cytoplasm (Fig. 1A,B). The nuclei

are hyperchromatic without prominent nucleoli.
Nuclear molding, mitosis, and necrosis are often seen
(Fig. 1A,B).

Approximately 45% of prostatic small cell carcinomas
are mixed with conventional prostatic adenocarcinoma
[21]. Interestingly, the incidence of prostatic small cell
carcinoma increased after long-term androgen depriva-
tion therapy [22—24] while many of patients with prostatic
small cell carcinoma often showed normal serum PSA
[21]. Approximately 90% of prostatic small cell carcino-
mas are positive for at least one neuroendocrine marker
[21]. CD56 is the most sensitive marker for prostatic small
cell carcinoma [21]. Immunohistochemical staining for
the neuroendocrine markers is a useful tool to identify
prostatic small cell carcinoma. When the diagnosis is
confirmed, a Gleason score should not be assigned to
prostatic small cell carcinoma.

Clinically, it is important to distinguish between pro-
static small cell carcinoma and poorly differentiated ade-
nocarcinoma because treatments of these two entities are
different. Prostatic small cell carcinoma is treated with
chemotherapy, whereas prostatic adenocarcinoma is trea-
ted with hormonal therapy.

Fig. 1 Small cell carcinoma of
the prostate. (A) Prostatic
needle biopsy showing small cell
carcinoma with extensive
necrosis. (B) Typical cytological
appearance of small cell
carcinoma with small, round, or
oval nuclei and scant cytoplasm

Approximately 20%, 30%, and 25% of prostatic small
cell carcinoma were positive for PSA, P501S, and pros-
tate-specific membrane antigen (PSMA), respectively
[21]. These prostatic markers (if they are positive in
small cell carcinoma) may help to identify prostatic origin
of metastatic small cell carcinoma, whereas more than
50% prostatic small cell carcinoma are also positive for
thyroid transcription factor-1 (TTF-1); TTF-1 cannot be
used as marker to distinguish between lung and prostate
origin of small cell carcinoma [21]. The prognosis of pro-
static small cell carcinoma is very poor with a mean
survival time of only 7 months [13, 25, 26].

Large Neuroendocrine Carcinoma
of the Prostate

Highlights:

e Large cell neuroendocrine carcinoma of the prostate is
extremely rare.

e Diagnostic criteria for large cell neuroendocrine carci-
noma of the prostate are same as those for large cell
neuroendocrine carcinoma in other organs.

® Gleason score should not be assigned to large cell neu-
roendocrine carcinoma of the prostate.

o Most of large cell neuroendocrine carcinomas are posi-
tive for at least one neuroendocrine marker.

e PSA, P504S/alpha methylacyl CoA racemase
(AMACR), and prostate acid phosphatase (PSAP) can
be positive in large cell neuroendocrine carcinoma of the
prostate.

® Most of the patients with large cell neuroendocrine car-
cinomas had a history of prostatic adenocarcinoma trea-
ted with hormone therapy.

e The prognosis of large cell neuroendocrine carcinoma of
the prostate is very poor.

Primary large cell neuroendocrine carcinoma of the pros-
tate is very rare and so far there are only several case
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reports [7, 27-29] and one large series with seven cases
[30]. Diagnostic criteria for prostatic large cell neuroen-
docrine carcinoma are same as those for small cell carci-
noma in other organs [30]. The tumor cells are large and
polygonal shaped with low nuclear to cytoplasmic ratio.
The nuclei show coarse chromatin and frequent nucleoli.
Mitosis and necrosis are often seen. Most of large cell
neuroendocrine carcinomas are positive for at least one
neuroendocrine marker and CD56 is a most sensitive
marker [30]. Although the tumors show foci of admixed
prostatic adenocarcinomas that have long-term hormo-
nal therapy, a Gleason score should not be assigned to the
large cell neuroendocrine carcinoma of the prostate [30].
All of prostatic large cell neuroendocrine carcinomas
have shown to be positive for PS04S/AMACR. They are
also positive for either PSA or PSAP [30].

The prognosis of prostatic large cell neuroendocrine
carcinoma is very poor. A recent study reported that all of
patients died with metastatic disecase at mean of 7 months
after platinum-based chemotherapy [30].

Neuroendocrine Tumors of the Urinary
Bladder and the Kidney

Paraganglioma of the Urinary Bladder

Highlights:

e Primary paraganglioma of the urinary bladder is rare.

e Diagnostic criteria for paraganglioma of the bladder are
same as those for paraganglioma in other organs.

® The tumor cells are negative for epithelial markers and
positive for neuroendocrine markers. Sustentacular cells
are positive for S100.

® The main differential diagnosis is urothelial carcinoma.

® The tumor is treated by complete surgical resection.

e The prognosis depends on the depth of tumor invasion.
Histological findings of nuclear pleomorphism, mitotic

Fig. 15.2 Paraganglioma of the
urinary bladder. (A) Urothelial
mucosa with paraganglioma in
the muscularis propria

(B) Tumor cells with nest, the
so-called “Zellballen” pattern

figures, and necrosis are not reliable predictors of the
clinical outcome.

Paraganglioma of the urinary bladder is an extra-adrenal
pheochromocytoma derived from paraganglion cells in
the bladder wall. Primary paraganglioma of the urinary
bladder is rare and accounts for <0.1% of bladder tumors
[31-35]. Diagnostic criteria for paraganglioma of the
bladder are same as these for paraganglioma in other
organs [31-35]. Tumor cells with abundant granular cyto-
plasm form nest, so call “Zellballen” pattern (Fig. 2A,B).
Bizarre nuclei can be seen but they should not be consid-
ered as evidence of malignancy. Tumor cells are often
negative for epithelial markers and positive for neuroen-
docrine markers including chromogranin, synaptophysin,
NSE, et al. [31, 33, 34, 36, 37]. Around nests of tumor
cells, there are vascularized fibrous septa, and sustenta-
cular cells can be identified by S100 immunostaining [31,
33, 34, 36, 37].

It is important to distinguish between paraganglioma
of the bladder and nested variant of urothelial carcinoma
[31]. S100 immunoreactivity in sustentacular cells and
diffuse positivity of neuroendocrine markers in tumor
cells can be very useful to confirm the diagnosis of para-
ganglioma. The criteria for malignant paraganglioma are
metastasis. Histological findings of nuclear pleomorph-
ism, mitotic figures, and necrosis are not reliable predic-
tors of the clinical outcomes of patients with
paraganglioma of the urinary bladder [31, 36, 37].

Bladder paraganglioma is treated by surgical resection
[38]. As there is a significant risk of local recurrence if the
tumor is not completely resected, partial cystectomy is
usually recommended [38]. However, with small tumors,
transurethral resection may be adequate [38].

Metastases occur in approximately 15% of cases [36].
The depth of tumor invasion through the bladder wall is a
very important prognostic factor to predict recurrence
and metastasis of bladder paraganglioma [31]. Patients
with tumor of advanced classification (> =T3) are at risk
of recurrence, metastasis, and dying of the disease,
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whereas patients with T1 or T2 disease had favorable
outcome after complete tumor resection [31].

Small Cell Carcinoma of the Urinary Bladder

Highlights:

e Primary small cell carcinoma of the urinary bladder
accounts for 0.35—0.7% of all bladder tumors.

e Diagnostic criteria for small cell carcinoma of the blad-
der are same as those for small cell carcinoma in other
organs.

e Some small cell carcinomas coexist with other carci-
noma components including urothelial carcinoma and
adenocarcinoma.

® Localized small cell carcinoma of the bladder should
undergo radical cystectomy. Chemotherapy should also
be considered.

® The prognosis of small cell carcinoma of the urinary
bladder is poor and also depends on tumor stage.

Primary small cell carcinoma of the urinary bladder is
rare and accounts for 0.35—0.7% of all bladder tumors
[39, 40]. It may arise from stem cells present in the
urinary bladder or from urothelial metaplastic changes.
Diagnostic criteria for bladder small cell carcinoma are
same as those for small cell carcinoma in other organs
[32, 38, 41]. The tumor cells are small, round, or oval,
with scant cytoplasm. The nuclei are hyperchromatic
without prominent nucleoli. Nuclear molding, mitosis,
and necrosis are often seen. Immunohistochemical
staining for the neuroendocrine markers is a useful
tool to identify small cell carcinoma. Approximately
68% of small cell carcinomas are mixed with urothelial
carcinoma or adenocarcinoma of the bladder [42],
whereas these non-small cell components comprised
<10% of the total tumor areas [42]. It is important
to recognize bladder small cell carcinoma because of its
distinctive treatment and prognosis.

Patients with localized small cell carcinoma of the
bladder should undergo radical cystectomy while treat-
ment for metastatic disease is a platinum-based che-
motherapy [41, 43, 44]. Adjuvant treatment is not
indicated for patients with stage II disease after radical
cystectomy but should be considered for patients with
stage 11l and 1V disease [43, 44].

The prognosis of bladder small cell carcinoma is poor.
Most of patients with bladder small cell carcinoma pre-
sented at least localized advanced disease [42]. The overall
median survival was 1.7 years [44]. The 5-year survival
rates for patients with stage II, III, and IV disease were
64%, 15%, and 11%, respectively [44].

Neuroendocrine Tumors of the Kidney

Highlights:

e Renal neuroendocrine tumors including carcinoid tumor
and small cell carcinoma are extremely rare.

e Diagnostic criteria for renal neuroendocrine tumors are
same as those for the neuroendocrine tumors in other
organs.

e TTEF-1 can be used to rule out a lung metastasis, as a lung
carcinoid tumor is positive for TTF-1 while primary
renal carcinoid is negative for TTF-1.

o WT-1 is also negative in renal carcinoid. Therefore, it is
useful to distinguish between adult Wilms’ tumor in the
kidney and primary carcinoid tumor.

Renal neuroendocrine tumors including carcinoid tumor
and small cell carcinoma are extremely rare [32, 38].
Diagnostic criteria of renal neuroendocrine tumors are
same as those of the neuroendocrine tumors in other
organs [32, 38].

Renal carcinoid tumors with average size of 6.4 cm [45]
often are well circumscribed [32, 46—48] and show tan and
red color [38]. The tumor consists of cords or nests of cells
with fine nuclear chromatin, low mitotic activity, and lack
of necrosis. The tumor cells are positive for neuroendo-
crine markers [45]. Differential diagnoses of primary
renal carcinoid include metastatic carcinoid tumor from
the lung and adult Wilms’ tumor. TTF-1 can be used to
rule out a lung metastasis, as a lung carcinoid tumor is
positive for TTF-1 while primary renal carcinoid is nega-
tive for TTF-1 [45]. WT-1 is also negative in renal carci-
noid. Therefore, it is useful to distinguish between adult
Wilms’ tumor in the kidney and primary carcinoid tumor
[45]. Patients with renal carcinoid tumors often present
with lymph node metastasis and may progress to distant
metastasis, but usually have a prolonged clinical course in
spite of wide metastasis [45].

Renal small cell carcinomas form whitish and necrotic
mass located close to the renal pelvis [32]. The tumor cells
are small, round, or oval with scant cytoplasm. The nuclei
are hyperchromatic without prominent nucleoli. Nuclear
molding, mitosis, and necrosis are often seen. It is impor-
tant to differentiate renal small cell carcinoma from other
small blue cell tumors including lymphoma and primitive
neuroectodermal tumor (PNET) in the kidney. Immuno-
histochemical stains will be very useful in the differential
diagnosis. The tumor cells of renal small cell carcinoma
are positive for pan-cytokeratin and neuroendocrine mar-
kers, whereas lymphoma cells are negative for pan-cyto-
keratin and neuroendocrine markers but are positive for
vimentin, CD45, and other lymphoma markers [32]. The
tumor cells in PNET are positive for vimentin, CD99, and
CD117 that are negative in renal small cell carcinoma [32].
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The prognosis of renal small cell carcinoma is poor.
Nephrectomy combined with chemotherapy is common
treatment for renal small cell carcinoma [49]. One study
showed that a significant improvement in overall survival
was seen with the use of platinum-based chemotherapy
(20 months vs. 8§ months, P = 0.02).

References

10.

12.

13.

14.

15.

16.

17.

18.

. Abrahamsson PA. Neuroendocrine differentiation in prostatic

carcinoma. Prostate 1999;39:135-48.

. Santamaria L, Martin R, Martin JJ, Alonso L. Stereologic

estimation of the number of neuroendocrine cells in normal
human prostate detected by immunohistochemistry. Appl
Immunohistochem Mol Morphol 2002;10:275-81.

. Bonkhoff H. Neuroendocrine differentiation in human prostate

cancer. Morphogenesis, proliferation and androgen receptor
status. Ann Oncol 2001;12 Suppl 2:S141-4.

. Sternberg S. Histology for Pathologists. 2nd ed. Philadelphia:

Lippincott-Raven; 1997.

. Abrahamsson PA, Dizeyi N, Alm P, di Sant’Agnese PA, Deftos

LJ, Aumuller G. Calcitonin and calcitonin gene-related peptide
in the human prostate gland. Prostate 2000;44:181-6.

. Bonkhoff H, Stein U, Remberger K. Endocrine-paracrine cell

types in the prostate and prostatic adenocarcinoma are post-
mitotic cells. Hum Pathol 1995;26:167-70.

. di Sant’Agnese PA. Neuroendocrine differentiation in carci-

noma of the prostate. Diagnostic, prognostic, and therapeutic
implications. Cancer 1992;70:254-68.

. Aprikian AG, Cordon-Cardo C, Fair WR, Reuter VE. Char-

acterization of neuroendocrine differentiation in human benign
prostate and prostatic adenocarcinoma. Cancer
1993;71:3952-65.

. di Sant’Agnese PA. Neuroendocrine differentiation in prostatic

carcinoma: an update. Prostate Suppl 1998;8:74-9.
Abrahamsson PA, Falkmer S, Falt K, Grimelius L. The course
of neuroendocrine differentiation in prostatic carcinomas. An
immunohistochemical study testing chromogranin A as an
“endocrine marker”. Pathol Res Pract 1989;185:373-80.

. Stratton M, Evans DJ, Lampert IA. Prostatic adenocarcinoma

evolving into carcinoid: selective effect of hormonal treatment?
J Clin Pathol 1986;39:750-6.

Cohen RJ, Glezerson G, Haffejee Z, Afrika D. Prostatic carci-
noma: histological and immunohistological factors affecting
prognosis. Br J Urol 1990;66:405-10.

Helpap B, Kollermann J, Ochler U. Neuroendocrine differen-
tiation in prostatic carcinomas: histogenesis, biology, clinical
relevance, and future therapeutical perspectives. Urol Int
1999;62:133-8.

Abrahamsson PA, Cockett AT, di Sant’Agnese PA. Prognostic
significance of neuroendocrine differentiation in clinically loca-
lized prostatic carcinoma. Prostate Suppl 1998;8:37-42.

de Matteis A. Tissue markers in the diagnosis and prognosis of
prostatic carcinoma. Eur Urol 1992;21 Suppl 1:66-70.
Wasserstein PW, Goldman RL. Primary carcinoid of prostate.
Urology 1979;13:318-20.

Ghannoum JE, DeLellis RA, Shin SJ. Primary carcinoid tumor
of the prostate with concurrent adenocarcinoma: a case report.
Int J Surg Pathol 2004;12:167-70.

Reyes A, Moran CA. Low-grade neuroendocrine carcinoma
(carcinoid tumor) of the prostate. Arch Pathol Lab Med
2004;128:¢166-8.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Tash JA, Reuter V, Russo P. Metastatic carcinoid tumor of the
prostate. J Urol 2002;167:2526-7.

Whelan T, Gatfield CT, Robertson S, Carpenter B, Schillin-
ger JF. Primary carcinoid of the prostate in conjunction with
multiple endocrine neoplasia IIb in a child. J Urol
1995;153:1080-2.

Wang W, Epstein JI. Small cell carcinoma of the prostate. A
morphologic and immunohistochemical study of 95 cases. Am J
Surg Pathol 2008;32:65-71.

Miyoshi Y, Uemura H, Kitami K, Satomi Y, Kubota Y, Hos-
aka M. Neuroendocrine differentiated small cell carcinoma
presenting as recurrent prostate cancer after androgen depriva-
tion therapy. BJU Int 2001;88:982-3.

Turbat-Herrera EA, Herrera GA, Gore I, Lott RL, Grizzle WE,
Bonnin JM. Neuroendocrine differentiation in prostatic carci-
nomas. A retrospective autopsy study. Arch Pathol Lab Med
1988;112:1100-5.

Shah RB, Mehra R, Chinnaiyan AM, et al. Androgen-indepen-
dent prostate cancer is a heterogeneous group of diseases: les-
sons from a rapid autopsy program. Cancer Res
2004;64:9209-16.

Helpap B, Kollermann J. Undifferentiated carcinoma of the
prostate with small cell features: immunohistochemical subtyp-
ing and reflections on histogenesis. Virchows Arch
1999;434:385-91.

RoJY, Tetu B, Ayala AG, Ordonez NG. Small cell carcinoma
of the prostate. II. Immunohistochemical and electron micro-
scopic studies of 18 cases. Cancer 1987;59:977-82.

Fernandes RC, Matsushita MM, Mauad T, Nascimento Sal-
diva PH. Prostate carcinoma with neuroendocrine differentia-
tion: case report and literature review. Rev Hosp Clin Fac Med
Sao Paulo 2001;56:153-8.

Patel S, Rosenthal JT. Hypercalcemia in carcinoma of prostate.
Its cure by orchiectomy. Urology 1985;25:627-9.

Wynn SS, Nagabundi S, Koo J, Chin NW. Recurrent prostate
carcinoma presenting as omental large cell carcinoma with
neuroendocrine differentiation and resulting in bowel obstruc-
tion. Arch Pathol Lab Med 2000;124:1074-6.

Evans AJ, Humphrey PA, Belani J, van der Kwast TH,
Srigley JR. Large cell neuroendocrine carcinoma of prostate:
a clinicopathologic summary of 7 cases of a rare manifesta-
tion of advanced prostate cancer. Am J Surg Pathol
2006;30:684-93.

Cheng L, Leibovich BC, Cheville JC, et al. Paraganglioma of
the urinary bladder: can biologic potential be predicted? Cancer
2000;88:844-52.

Eble J, Sauter G, Epstein J, Sesterhenn I. WHO Tumors of the
Urinary System and Male Genital Organs: WHO, IARC Press;
2004.

Leestma JE, Price EB, Jr. Paraganglioma of the urinary blad-
der. Cancer 1971;28:1063-73.

Linnoila RI, Keiser HR, Steinberg SM, Lack EE. Histopathol-
ogy of benign versus malignant sympathoadrenal paraganglio-
mas: clinicopathologic study of 120 cases including unusual
histologic features. Hum Pathol 1990;21:1168-80.

Murphy W, Beckwith J, Farrow G. Atlas of Tumor Pathology.
Tumors of the Kidney, Bladder, and Related Urinary Struc-
tures. 3rd ed. Washington, D.C: AFIP; 1994.

Davaris P, Petraki K, Arvanitis D, Papacharalammpous N,
Morakis A, Zorzos S. Urinary bladder paraganglioma
(U.B.P.). Pathol Res Pract 1986;181:101-6.

Grignon DJ, Ro JY, Mackay B, et al. Paraganglioma of the
urinary bladder: immunohistochemical, ultrastructural, and
DNA flow cytometric studies. Hum Pathol 1991;22:1162-9.
Bostwick DG, Eble J. Urologic Surgical Pathology. St. Louis:
Mosby; 1997.



Neuroendocrine Tumors of Prostate, Urinary Bladder and Kidney

189

39. Holmang S, Borghede G, Johansson SL. Primary small cell
carcinoma of the bladder: a report of 25 cases. J Urol
1995;153:1820-2.

40. Lohrisch C, Murray N, Pickles T, Sullivan L. Small cell carci-
noma of the bladder: long term outcome with integrated che-
moradiation. Cancer 1999;86:2346-52.

41. Grignon DJ, Ro JY, Ayala AG, et al. Small cell carcinoma of
the urinary bladder. A clinicopathologic analysis of 22 cases.
Cancer 1992;69:527-36.

42. Cheng L, Pan CX, Yang XJ, et al. Small cell carcinoma of the
urinary bladder: a clinicopathologic analysis of 64 patients.
Cancer 2004;101:957-62.

43. Oesterling JE, Brendler CB, Burgers JK, Marshall FF, Epstein
JI. Advanced small cell carcinoma of the bladder. Successful
treatment with combined radical cystoprostatectomy and adju-
vant methotrexate, vinblastine, doxorubicin, and cisplatin che-
motherapy. Cancer 1990;65:1928-36.

44.

45.

46.

47.

48.

49.

Choong NW, Quevedo JF, Kaur JS. Small cell carcinoma of the
urinary bladder. The Mayo Clinic experience. Cancer
2005;103:1172-8.

Hansel DE, Epstein JI, Berbescu E, Fine SW, Young RH,
Cheville JC. Renal carcinoid tumor: a clinicopathologic study
of 21 cases. Am J Surg Pathol 2007;31:1539-44.

Acconcia A, Miracco C, Mattei FM, deSanti MM, Del Vecchio
MT, Luzi P. Primary carcinoid tumor of kidney. Light and
electron microscopy, and immunohistochemical study. Urology
1988;31:517-20.

Ghazi MR, Brown JS, Warner RS. Carcinoid tumor of kidney.
Urology 1979;14:610-2.

Zak FG, Jindrak K, Capozzi F. Carcinoidal tumor of the
kidney. Ultrastruct Pathol 1983;4:51-9.

Majhail NS, Elson P, Bukowski RM. Therapy and outcome of
small cell carcinoma of the kidney: report of two cases and a
systematic review of the literature. Cancer 2003;97:1436-41.



Neuroendocrine Tumors of Other Miscellaneous Sites: Thymus

and Skin

Francoise Truong and Ashraf Khan

Abstract Neuroendocrine tumors usually arise in endo-
crine organs but have also been described in unusual sites
like the thymus and the skin. Neuroendocrine neoplasia
in these sites is rare but does exist. The following chapter
will discuss neuroendocrine carcinoma arising in the thy-
mus and skin, the latter referred to as Merkel cell carci-
noma of the skin.

Keywords Merkel cell carcinoma ¢ Neuroendocrine
carcinoma of the thymus ¢ Neuroendocrine carcinoma
of the skin ¢ Skin * Thymus

Thymic Neuroendocrine Carcinomas

Thymus Normal Anatomy and Histology

Embryologically, the thymus is predominantly derived
from the third pouch. At birth, it weighs between 10 and
35 g (mean weight of 20 g), progressively enlarges until
puberty when it achieves a maximum weight of approxi-
mately 20—50 g. From puberty, the thymus involutes and
persists in an atrophic state [1].

The fully mature thymus is an encapsulated pyramid-
shaped organ situated in the anterosuperior mediasti-
num. It is composed of two fused lobes further divided
into lobules by fibrous extensions of the capsule. The
lobules are composed of the cortex and medulla. The
two predominant cells in the thymus are the epithelial
cells and bone marrow-derived lymphocytes but other
cells, like neuroendocrine cells, are also present in a lesser
number.
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Neuroendocrine cells are a minor but constant compo-
nent of the normal thymus [2]. Peptide- and amine-pro-
ducing neuroendocrine cells have been identified in the
thymus glands of reptiles and birds and, to a lesser degree,
in mammalian thymus. Some of these cells may be analo-
gous to C cells of the thyroid gland. The exact physiologic
role of the neuroendocrine cells in the thymus is not
clearly understood. But we know that these cells give
rise to neuroendocrine neoplasms in the thymus.

Neuroendocrine Tumors

Definition

Rosai and Higa were the first to propose the existence
of primary neuroendocrine neoplasms in the thymus.
These thymic tumors had identical morphological fea-
tures to neuroendocrine tumors arising at other loca-
tion [3]. Tumors of the thymus that are exclusively or
predominantly composed of neuroendocrine cells are
termed and classified as neuroendocrine carcinomas of
the thymus (NCT). Since these tumors have a malig-
nant nature (they can metastasize and recur), many
authors favor the use of the term “carcinoma” instead
of “carcinoid.”

The neoplastic cells show neuroendocrine differentia-
tion. Morphologically, the nuclei have a fine chromatin
with the typical “salt and pepper” appearance. The
cytoplasm can be abundant and is usually eosinophilic.
Their neuroendocrine nature can be demonstrated by
immunohistochemistry studies with antibodies directed
against chromogranin, synaptophysin, CD56, and neu-
ron-specific enolase. Also, the presence of neurosecre-
tory granules seen by electron microscopy is another
helpful tool to confirm neuroendocrine differentiation
[4-8].
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Incidence and Epidemiology

Overall, primary neuroendocrine carcinomas (NEC) of
the thymus are very rare. Only about 250 cases have
been described in the literature. They constitute 2—5%
of all thymic epithelial tumors and less than 5% of all
anterior mediastinal neoplasms. The well-differentiated
neuroendocrine carcinomas comprise the typical and aty-
pical carcinoid. The majority of well-differentiated cases
are atypical and occur in men in their fifties. The poorly
differentiated neuroendocrine carcinomas are further
divided into small cell carcinoma and large cell carcinomas.

Classification

The classification of thymic neuroendocrine carcinomas
is similar to other neuroendocrine carcinoma classifica-
tions in other sites of the human body and is the one
proposed by the WHO, see Table 1. Others have also
used a three-tiered classification according to histopatho-
logic features: low, intermediate, and high grade [6]. This
latter classification is based on a combination of cytologic
features, architectural characteristics, and mitotic activ-
ity. In this chapter, the preferred classification is the one
used by the WHO. This classification is based upon the
one used in other sites, like the lung and the gastrointest-
inal tract. It provides a morphological basis for clinical
studies. Table 2 compares the WHO classification and the
three-tiered classification.

Table 1 Histologic classification of thymic neuroendocrine
carcinoma

Well differentiated
® Typical carcinoid
Less than 2 mitoses per 2 mm? or 10 high power field
® Atypical carcinoid
2-10 mitoses per 2 mm? or 10 high power field
Foci of necrosis

Poorly differentiated
e Large cell carcinoma
More than 2 mitoses per 2 mm>or 10 high power field
e Small cell carcinoma
Small cell features
Numerous mitoses, more than 10 per high power field

Macroscopy

Well-differentiated and poorly differentiated thymic neu-
roendocrine carcinomas look very much alike macrosco-
pically. They can appear as a solid nodular or invasive
mass. They can range from 2—20 cm with a tan-brown
color [7]. Their cut surface is homogeneous and can show
areas of hemorrhage, necrosis, or both (Fig. 1).

Table 2 Comparison between the WHO and three-tiered histologic
classification

WHO classification
Well-differentiated NEC

Three-tiered classification
Well-differentiated NEC
Mild atypia
Less than 3 mitoses per HPF
Small foci of necrosis (less than
5 mm?)
Moderately-differentiated NEC
Moderate atypia
4-9 mitoses per HPF
Areas of necrosis (1—2 cm)
Poorly differentiated NEC
Marked atypia
More than 10 mitoses per HPF
Extensive areas of necrosis
HPF: high power field
NEC: neuroendocrine carcinoma
Reference [5].

Well-differentiated NEC

Poorly differentiated
NEC

Fig. 1 Atypical thymic neuroendocrine carcinoma

Clinical Presentation
Local Symptoms

Patients have a radiographic mediastinal mass and may
present with local symptoms: chest pain, dyspnea, and
superior vena cava syndrome [7]. The poorly differen-
tiated neuroendocrine carcinomas are more prone to
cause local symptoms.

Systemic Symptoms
Neuroendocrine carcinoma of the thymus may cause

Cushing syndrome (central obesity, moon facies, hirsut-
ism, hypertension, osteoporosis, etc.). A little less than 30
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cases of neuroendocrine carcinoma with Cushing syn-
drome have been reported in the literature. Some articles
show that 10% of all cases of ectopic ACTH syndrome
are due to thymic carcinoids. Carcinoid syndrome is
almost never encountered.

Multiple Neuroendocrine Neoplasia

Thymic neuroendocrine carcinoma can occur in the set-
ting of multiple endocrine neoplasia type 1 (MEN 1).
Approximately 25% of NEC of the thymus are associated
with MEN 1. This is an autosomal-dominant syndrome
arising from mutations of a tumor suppressor gene, MEN
1, located on chromosome 11q13. It is usually character-
ized by multifocal endocrine tumors affecting principally
the parathyroids, pancreas, anterior pituitary gland, and
adrenal glands. Affected patients are almost all males and
the majority do not show signs and symptoms of endo-
crine disorders like carcinoid or Cushing syndrome. In the
setting of MEN 1, NEC of the thymus are aggressive and
often show local invasion, distant metastases at diagnosis,
and recurrence. Previous hyperparathyroidism seems to
play a role in the pathogenesis and in the development of
NEC of the thymus in MEN 1 [9-13].

Well-Differentiated Neuroendocrine
Carcinomas

Typical Carcinoids

According to the WHO classification, typical carcinoids
have less than 2 mitoses per 2 mm? (10 high power field)
and no necrosis. Typical carcinoids are very rare since
most carcinoid tumor of thymus possess small foci of
necrosis, therefore epidemiological data is missing.

Morphologically, they are composed of a uniform
population of polygonal cells. They have scant to mod-
erate amount of eosinophilic cytoplasm and the nuclei
have a finely granular chromatin with inconspicuous
nucleoli. The cells can be arranged in ribbons, festoons,
and rosettes. Solid nests can also be seen. The accompa-
nying stroma is highly vascularized and can be
hyalinized.

Atypical Carcinoids

As previously mentioned, the great majority of well-
differentiated neuroendocrine carcinoma of the thymus

is considered atypical. It is a tumor of adults, it occurs in
their fifties and has a slight male predominance. Accord-
ing to the WHO classification, necrosis and/or 2—10
mitoses per 2 mm>needs to be present.

Morphologically, they have the same histological fea-
tures as the typical carcinoids but they show areas of
necrosis and have a proliferation rate of 2—10 mitoses
per 10 HPF (2 mm?). See Figs. 1-4.

Fig. 2 Atypical thymic neuroendocrine carcinoma, solid nests of
tumor with hyalinized stroma

Fig. 3 Atypical thymic neuroendocrine carcinoma, foci of necrosis

Morphological Variants

Large series studying the morphologic features of primary
neuroendocrine carcinoma of the thymus indicate that
they have a broad range of cytologic features. Indeed,
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Fig.4 Atypical thymic neuroendocrine carcinoma, tumor cells with
salt and pepper chromatin

many morphologic variants of well-differentiated NEC of
the thymus have been described despite the rarity of this
tumor.

Spindle Cell Carcinoid

They are composed of a dense proliferation of spindle
cells arranged in fascicles. They can focally have an orga-
noid pattern [14].

Pigmented Carcinoid

They show a monotonous proliferation of tumor cells
arranged in a nesting or trabecular pattern. Areas of
intra- and extracellular dark pigment deposition are seen.
The pigment is positive for Fontana-Masson stain con-
firming that the pigment is melanin [15].

Oncocytic Carcinoid

The tumor cells have an oxyphilic cytoplasm. Like other
tumors with oncocytic changes, this is due to the excessive
accumulation of mitochondria in the cytoplasm [16].

Mucinous

In this variant of the tumor, there is abundant stromal
mucin in which the neuroendocrine tumor cells are
embedded. This mucinous matrix is positive for Alcian
blue at pH 2.5[17, 18].

Angiomatoid

The tumor shows numerous dilated, cavernous spaces
filled with blood. These cystic spaces are lined by tumor
cells with neuroendocrine differentiation [19].

Sarcomatoid

The tumor is accompanied by sarcomatous stroma with
areas of chondroid and osseous differentiation [20].

Poorly Differentiated Neuroendocrine Thymic
Carcinoma

Large Cell Neuroendocrine Carcinoma

They are composed of large atypical cells with moderate to
abundant cytoplasm. Their nuclei often have prominent
nucleoli. Architectural features of neuroendocrine differ-
entiation are usually seen, such as organoid nesting, tra-
beculae, or rosettes. The mitotic rate is high with more
than 10 mitoses per 10 high power field and necrosis is
frequent and extensive. The tumor lacks any characteris-
tics of small cell carcinoma (see below). This type of neu-
roendocrine carcinoma of the thymus is extremely rare.

Small Cell Carcinoma

These tumors are composed of small cells (less than the
size of three resting lymphocytes) with scant cytoplasm.
The cell borders are ill defined and nuclear molding is
often seen. The nuclei can be round, oval, and even
spindly with a fine granular cytoplasm. Usually, nucleoli
are absent or inconspicuous. There are numerous mitotic
figures and apoptotic bodies. A sheet-like growth is more
often encountered than the typical neuroendocrine archi-
tecture, such as nesting, trabeculae, and rosettes.

A variant of small cell carcinoma exists and encom-
passes all the small cell neuroendocrine carcinoma that
are seen combined with the non-neuroendocrine carci-
noma (squamous cell carcinoma and adenocarcinoma of
the thymus).

Combined Thymic Tumors

Combined Thymic Epithelial Tumors

This corresponds to thymic neoplasms composed of at
least two distinct types of thymic cancer: thymoma and
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thymic carcinoma. Combined “non-neuroendocrine
thymic carcinoma with thymic neuroendocrine carci-
noma” and “thymoma with thymic neuroendocrine
carcinoma” are seen but are extremely rare. In these
cases, the prognosis is based upon the most aggressive
tumor.

Combined Thymic Neuroendocrine Carcinoma

Many cases of thymic neuroendocrine carcinoma
reported in the literature show combined features of
well-differentiated to poorly differentiated NEC with a
spectrum of differentiation [21].

Immunophenotype and Ultrastructure

Because of their neuroendocrine differentiation, the
tumor cells will react with the usual neuroendocrine
markers such as chromogranin, synaptophysin, neu-
ron-specific enolase, and CD56. Similar to other neu-
roendocrine tumors, broad spectrum cytokeratin like
cytokeratin AE 1/3 and CAMS5.2 will also be positive.
A special stain for Grimelius will also be positive.

Hormones like ACTH, HCG, calcitonin, somatosta-
tin, and cholecystokinin can be detected in a few cases.
There is no correlation between the clinical symptoms and
the detection of these hormones. Tumors are negative for
TTF-1 and cytokeratin 20.

Like other tumors with neuroendocrine differentia-
tion, dense-core neurosecretory granules in the cytoplasm
will be detected by electron microscopy.

Differential Diagnosis

Thymic neuroendocrine carcinomas are rare and must
be differentiated from more common type of cancer
that can mimic morphologically neuroendocrine
tumors and metastatic neuroendocrine carcinomas
from other sites.

Metastatic Neuroendocrine Carcinomas

Of utmost importance, a thorough clinical history and
thoracic imaging with help in assessing the origin of
the tumor. A positive immunostaining of the tumor for
TTF-1 is more in favor of a lung origin.

Mediastinal Paraganglioma

Paraganglioma do not show mitotic activity or necrosis.
Both tumors will be positive for neuroendocrine markers
but paraganglioma are negative for cytokeratins.

Parathyroid Tumors

Ectopic parathyroid adenoma and carcinoma can mimic
thymic neuroendocrine carcinoma. Parathyroid lesions
usually have glycogen in their cytoplasm and can be high-
lighted with a periodic acid-Schiff stain; this will be nega-
tive in thymic neuroendocrine carcinoma. Also, an
immunohistochemical stain for parathyroid hormones
will be positive in parathyroid tumors.

Thymoma Type A

A thymoma with spindle cells (type A) can mimic a
thymic neuroendocrine carcinoma with spindle cell fea-
tures. This type of thymoma lacks neuroendocrine
markers.

Synovial Sarcoma

These tumors can be cytokeratin positive but will lack the
neuroendocrine markers of thymic NEC.

Medullary Thyroid Carcinoma

These tumors usually are positive for calcitonin, carci-
noembryonic antigen, and TTF-1.

Genetics

Few comparative genomic hybridization data are avail-
able in the literature. Varied chromosomal abnormalities
have been noted. Interestingly, one study shows genetic
alterations similar to those seen in type B3 and C thymo-
mas such as losses on chromosomal arms 6p, 6q, 13q, and
3p. This may be suggestive of a genetic relationship
between thymomas and thymic NEC [22]. Also, one
study including one case of thymic NEC in a patient
with MEN 1 and 10 sporadic cases failed to show chro-
mosomal alterations of 11q (allelic losses on 11q is fre-
quently found in sporadic and MEN l-associated
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neuroendocrine tumors of the lung and the digestive sys-
tem). Therefore, the authors consider that a distinctive
cytogenetic mechanism is involved in the development of
thymic NEC. This could explain the different clinical
behavior between thymic NEC and neuroendocrine
tumors of the lung and gut (thymic NEC behaving more
aggressively than the non-thymic carcinoid tumors) [23].

Prognosis and Treatment
Prognosis

Compared with lung carcinoid, atypical carcinoids of the
thymus are more aggressive with a high rate of local
invasion and metastases. Prognosis is closely related to
histology and stage. Poorly differentiated tumors do
worse than the well-differentiated ones.

Amongst well-differentiated carcinomas, the more the
mitoses (more than 3 per high power field) and foci of
necrosis, the worse the prognosis. The more advanced the
tumor is (capsular invasion, lymph node involvement,
and distant metastases), the worse the prognosis [4].

In studies using a three-tiered histological classifica-
tion, well-differentiated tumors, moderately differen-
tiated, and poorly differentiated had a 5-year survival of
50%, 25%, and 0%, respectively [7]. Unresectable tumors
and advanced clinical stage are associated with higher
mortality [5].

Treatment

Patients with MEN 1 should have a cervical thymectomy
followed by radiographic surveillance. Because of the
aggressive nature of this tumor and a high rate of recur-
rence despite prophylactic thymectomy, some suggest
perioperative use of radiotherapy [11, 12].

For sporadic cases, complete surgical resection exci-
sion is the treatment of choice with adjuvant radiotherapy
and chemotherapy [4, 24, 25].

Primary Neuroendocrine Carcinoma
of the Skin

Merkel Cells

Merkel cells were first described by F.S. Merkel in 1875.
These cells are scattered in the basal cell layer of the

epidermis. They can group in clusters but are not seen in
routine histologic sections. These are present in higher
concentration in the digits, lips, oral cavity, and the
outer root sheath of hair follicles. They play a role in
tactile sensation. By electron microscopy, these cells
have neurosecretory granules in their cytoplasm and
they stain for chromogranin, synaptophysin, neuron-
specific enolase, and neural cell adhesion molecule anti-
gens. They have paranuclear aggregates of cytokeratins
that will stain for cytokeratin 20.

Primary Neuroendocrine Cell Carcinoma
of the Skin

Primary neuroendocrine cell carcinoma of the skin (Mer-
kel cell carcinoma) has been first described by Toker in
1972. It was thought to be of eccrine or of sudoriferous
origin. Subsequently, cytoplasmic neurosecretory gran-
ules were detected in the cells of this tumor and this
linked the neoplasm and Merkel cells of the skin, hence
the name Merkel cell carcinoma. Although the tumor
cells in Merkel cell carcinoma and Merkel cells of the
epidermis share immunohistochemical and ultrastruc-
tural features, a direct histogenetic relationship is yet to
be proven [26, 27].

Epidemiology

The incidence of Merkel cell carcinoma has been increas-
ing in the past years. The number of new cases is estimated
at 1500 per year in the United States [28]. It affects pre-
dominantly Caucasian males in their sixties.

Risk Factors

Exposure to sun (and ultraviolet B) is a major risk factor
for the development of Merkel cell carcinoma. Immuno-
suppression, solid organ transplant, and chronic arsenic
exposure are also considered risk factors.

Clinical Presentation

These tumors arise most often on sun-exposed areas like
the head and neck and extremities. It usually presents as a
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solitary, painless, and rapidly growing nodule. The dome
shaped nodule is pink, violaceous, and can sometimes be
ulcerated.

Histology

Microscopically, Merkel cell carcinoma is a poorly
defined proliferation of small blue cells (Figs. 4-8). The
tumor is located in the dermis and can infiltrate subcuta-
neous fat, fascia, and even muscle. The overlying epider-
mis is usually uninvolved but pagetoid involvement of
the epidermis can be seen. Various growth patterns are
encountered, but a sheet-like growth is most commonly

Fig. 7 Merkel cell carcinoma, the tumor cells have a fine chromatin,
scant amphophilic cytoplasm
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Fig. 8 Merkel cell carcinoma, immunostaining with Cytokeratin 20
show a characteristic paranuclear dot-like staining

seen. Other architectural patterns include nests and tra-
beculae. Characteristically, the periphery of the tumor
shows a trabecular pattern of infiltration (Fig. 5). The
small tumor cells are monotonous and uniform in size,
round to oval and are about two to three times the size of
a mature resting lymphocyte (Fig. 6). The cytoplasm is
scant and amphophilic. The nucleoli are round and have
a fine granular chromatin with multiple nucleoli that are
not prominent. Mitotic figures are numerous and areas
of necrosis are common, especially in large tumors. The
stroma shows many vessels with plump endothelial cells.
Merkel cell carcinoma can be seen in association
with squamous cell carcinoma (in about 30% of the

Fig. 6 Periphery of the Merkel cell carcinoma showing a trabecular
pattern of infiltration cases) [27].
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Immunohistochemistry and Electron
Microscopy

Merkel cell carcinoma shows neuroendocrine and epithe-
lial differentiation. The neuroendocrine differentiation is
highlighted by a positive staining for antigens such as
chromogranin, synaptophysin, neuron-specific enolase,
somatostatin, and calcitonin. The epithelial differentia-
tion is confirmed with stains for low molecular weight
keratin, epithelial membrane antigen, and BER-EP4. A
characteristic feature for Merkel cell carcinoma is a para-
nuclear dot-like staining with cytokeratin 20 (see Fig. 8).
In addition to these markers, a positive staining can be
seen with CD117 and CD99 in some cases [29].

Ultrastructurally, the tumor cells contains dense-core
neurosecretory granules, often just beneath the cell mem-
brane. Tightly packed perinuclear intermediate filaments
in the cytoplasm are also present and account for the
positive immunostaining with cytokeratin 20.

Differential Diagnosis

The various tumors described below may mimic morpho-
logically Merkel cell carcinoma.

Metastatic Neuroendocrine Carcinoma

A major differential diagnosis is with metastatic neuroen-
docrine carcinoma from other primary sources such as the
lung and medullary thyroid carcinoma. It can be differ-
entiated by the clinical history and the dot-like pattern
staining with cytokeratin 20 in Merkel cell carcinoma. A
positive staining for TTF-1 is in favor of lung origin.
Medullary thyroid carcinoma will be positive for TTF-1
and CEA.

Melanoma

Merkel cell carcinoma can resemble a variant of mela-
noma, the small cell melanoma. The latter will have epi-
dermal involvement and the tumor cells will be negative
for cytokeratin 20 and positive for protein S100 and
Melan A.

Lymphoma

Various lymphomas, especially lymphoblastic lym-
phoma, can have features of Merkel cell carcinoma.

Cytokeratin and leucocyte common antigen (CD45) can
help separate the two entities.

PNET/Ewing Sarcoma

These tumors are more often positive for CD99 and Fli-1
than Merkel cell carcinoma (though they can sometimes
be positive in Merkel cell carcinoma) [29]. A negative
staining for cytokeratin 20 will rule out Merkel cell
carcinoma.

Metastatic Neuroblastoma

Similar to PNET/Ewing sarcoma tumors, metastatic neu-
roblastoma will not stain for cytokeratin 20.

Basal Cell Carcinoma

The nuclear features of basal cell carcinoma are different
from those of Merkel cell carcinoma. The nuclei in basal
cell carcinoma lack the fine granular chromatin and they
also lack the cytokeratin 20 staining of Merkel cell carci-
noma [30].

Prognosis and Treatment

No established staging system for MCC is recognized. A
4-tiered and 3-tiered system exists [31, 32]. Most clini-
cians use a 3-tiered system (stage I: tumor dimension is
less than 2 cm, stage II: tumor dimension is more than
2 cm, stage III: regional or distant metastasis are pre-
sent). Merkel cell carcinoma is an aggressive tumor with
high recurrence rate (55—79% within the first 6-12
months after initial diagnosis). Favorable clinical prog-
nostic factors include age (less than 55 years old), a
location to the head and neck, female sex, and stage
(tumors less than 2 cm in size and no lymph node invol-
vement) [33-35]. Histologically, a poor prognosis is asso-
ciated with a high level of mitoses and angiolymphatic
invasion [36]. A positive p63 staining is an independent
prognostic marker of aggressiveness [37]. Recently, a
positive staining with survivin (a inhibitor of apoptosis)
was shown to be associated with a poor prognosis [38].

Currently, there is no consensus for the treatment of
MCC. Local disease is usually treated with surgical resec-
tions with the Mohs technique. The role of adjuvant
therapy like radiotherapy and chemotherapy is yet to be
established [32, 39].
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Genetics

Numerous chromosomal abnormalities are seen in Mer-
kel cell carcinoma [40]. The most frequent chromosomal
rearrangement involves the short arm of chromosome 1
and is observed in 40% of patients. Also, UV-B-specific
mutations in the p53 and Ha-ras genes are commonly seen
[41]. As of now, no candidate gene has been identified in
Merkel cell carcinoma.
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Endocrine Tumors and Tumor-Like Lesions of Infancy, Childhood,
and Adolescents and Inherited Tumor Syndromes

Vania Nosé

Abstract The endocrine system is an embryological
diverse system composed of a variety of glands, such as
pituitary, pineal, thyroid, parathyroid, adrenal, endocrine
pancreas, and the diffuse neuroendocrine system. Neo-
plasms of all of these organs seen in adults are also found
in infancy, childhood, and adolescents, both sporadic and
as part of an inherited tumor syndrome. Besides these
neoplastic diseases, young children and adolescents may
present with a mass-like lesion that may be developmental
or an embryological defect in nature and may mimic
neoplasms. These diseases may include enlargement and
hyperplasia, a single mass, or atrophy accompanied by
hypofunction. We will discuss some of the different types
of pathology that occur in adults and may also be present
in infancy, childhood, and adolescents, as well as, tumors
and tumor-like conditions that occur almost exclusively
in these groups. We will cover also sporadic tumors and
tumors occurring in a familial setting.

Keywords Endocrine tumors ¢ Pediatric endocrine
pathology e Pituitary » Thyroid ¢ Parathyroid ¢ Adrenal ¢
Inherited tumor syndrome » Multiple endocrine neoplasia
* PTEN hamartoma tumor syndrome ¢ Familial diseases

Introduction

The signs and symptoms of endocrine lesions come from
hormonal hyperfunction, hormonal hypofunction, or
mass effect symptoms.

Most endocrine tumors that are seen in adults [1-4]
may also be seen in infancy or childhood, either as a
sporadic event or as part of an inherited tumor syndrome.
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The tumors and tumor-like lesions in children and adoles-
cents can be developmental, acquired, or neoplastic in
origin. This chapter focuses on tumor-like lesions and
neoplastic disorders involving the pituitary, thyroid, para-
thyroid, and adrenal glands in the pediatric and adolescent
populations. We will start each discussion with a brief
summary of the embryology of that particular organ, as
most tumor-like lesions at this age group may be related to
embryonal development. We will discuss the tumors and
tumor-like lesions occurring specifically in this age group
and briefly discuss the tumors that are similar to the adults.
We will also discuss tumors and tumor-like lesions that are
related to hereditary and developmental disorders, that are
sporadic, and as part of a multiple endocrine tumor syn-
dromes. Refer to other organ-specific chapters for details
of tumors occurring in adults.

Pituitary

The pituitary gland of the neonate is prominent and
undergoes involution in the postnatal period, followed
by increased growth through the age of 3. The pituitary
can be recognized by the third month of fetal develop-
ment and the hormone producing cells of the anterior
gland can be recognized as early as 5 weeks of gestation
(corticotroph). Somatotroph are identified by 8 weeks
and lactotroph by 12 weeks of gestation. The adenohypo-
physis and the neurohypophysis form the human pitui-
tary gland and arise developmentally from two anlages.
The adenohypophysis develops from an evagination of
the primitive oral region, Rathke’s pouch. The posterior
wall of Rathke’s pouch gives rise to the pars tuberalis. The
neurohypophysis originates from the infundibular pro-
cess of the diencephalon.

The signs and symptoms of pituitary lesions come from
hormonal hyperfunction, hormonal hypofunction, or com-
pression of surrounding structures such as the optic chiasm.
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A. Hyperfunction is due to excess secretion of trophic
hormones. The most common cause of hyperfunction
in childhood and adolescents is a functional adenoma,
less frequently hyperplasia. Non-pituitary tumors and
hypothalamic diseases are rare causes of hyperpitui-
tarism. Ectopic nests of adenohypophyseal cells
trapped in the pharyngeal mucosa may give rise to
ectopic adenoma.

B. Hypofunction is caused by deficiency of trophic hor-
mones due to lesions within the sella turcica with
destruction of the hormone-producing cells. The
most common cause in infancy is agenesis, a develop-
mental disorder due to failure of Rathke’s pouch to
fuse with infundibular process. Pituitary adenoma and
less commonly inflammatory diseases leading to hypo-
pituitarism rarely occur in this age group. Patients
may also show signs of isolated anterior pituitary
hormone deficiency such as hypothyroidism or
hypogonadism.

C. Local mass effects: Due to its location adjacent to a
variety of normal structures, the mass effects of a
tumor-like lesion or an adenoma can manifest as sellar
expansion, bone erosion, disruption of the dia-
phragma sellae, and compression of the optic chiasm
with bitemporal hemianopsia, elevated intracranial
pressure, headaches, seizures, obstructive hydroce-
phalus, and cranial nerve palsies.

The most common findings in the pituitary gland present
in infancy, childhood, and adolescents are (Table 1):

Table 1 Pituitary pathology in children

Neoplastic Non- neoplastic

Hyperplasia

Inflammatory conditions
Rathke’s cleft pouch remnants
Rathke’s cleft cysts
Arachnoid cysts

Dermoid cysts

Epidermoid cysts
Meningoencephalocele
Hamartoma

Pituitary aplasia or hypoplasia
Empty sella syndrome

Pituitary Adenoma
Craniopharyngioma
Gangliocytoma/ganglioglioma
Hamartoma or choristoma

Hereditary and Developmental Disorders

Persistence of Rathke’s pouch remnants: These are small
nests of squamous cells in the posterior lobe adjacent to
the cleft. They can be found in up to 30% of normal
human pituitaries at autopsy. If large lesion, children
may present with growth retardation or pituitary
dwarfism.

Persistence of cleft of Rathke’s pouch: This develop-
mental abnormality is frequent. It is a colloid-filled
space, between the anterior and posterior pituitary,
which can give rise to Rathke’s cleft cysts. These cysts
are usually small, but when large, they can be sympto-
matic either from pressure or hypopituitarism including
diabetes insipidus. When suprasellar extension is present,
headaches and visual fields defects can occur. The cyst
contains watery-to-mucinous fluid, is lined by columnar
epithelium (Fig. 1) or ciliated cuboidal epithelium with
occasional goblet cells.

Fig. 1 Microscopic view of a Rathke’s cleft cyst, lined by cuboidal
epithelium

Arachnoid Cysts: These cysts may be congenital or
acquired and originate in the arachnoid of the sella or
parasellar regions. As with Rathke’s cleft cysts, arachnoid
cysts may present with mass effect from suprasellar exten-
sion or hypopituitarism due to pituitary compression.
The cyst is filled with clear fluid and the cyst wall is
lined by a simple epithelial layer covering arachnoid lami-
nar connective tissue.

Dermoid cysts: Dermoid cysts are rare intracranially
and in the pituitary region. They can be intrasellar, supra-
sellar, or both. They originate from ectopic or implanted
epithelial cells. They usually occur in the midline. As with
the other previously described cysts, the symptoms are of
mass effect or hypopituitarism. And as with dermoid cysts
elsewhere, the pituitary region dermoid cysts are lined by
squamous epithelium with sweat glands and hair follicles.

Epidermoid cysts: These rare pituitary/sellar cysts, also
known as epidermal inclusion cysts, are more commonly
seen than dermoid cysts. They are generally in the mid-
line. Epithelial rests in the pituitary may be involved in the
genesis of these cysts. They have similar imaging and
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clinical findings to other cysts in this region. They are
lined by keratinizing squamous epithelium. They usually
occur in the fifth decade of life.

Pituitary aplasia and hypoplasia: Congenital absence of
the pituitary is rare. Congenital hypopituitarism is usually
associated with hypoplasia of the adrenals, thyroid, and
gonads. Even if the anterior pituitary is not formed, the
posterior pituitary may be present. It may be associated
with anencephaly, where the number of cells may be
normal, but the ACTH-producing cells are decreased
and have poorly developed organelles.

Empty sella syndrome: Empty sella syndrome is an ana-
tomical description of the appearance of the sella turcica.
Empty sella syndrome can be primary or secondary. The
primary empty sella syndrome is a developmental disorder
due to incomplete development of the diaphragma sella
with flattening of the pituitary gland. This has been reported
as a cause for hypogonadotrophic hypogonadism in boys
and short stature in females. The secondary empty sella
syndrome occurs after resection, irradiation, necrosis, or
infarction, leading to almost complete absence of pituitary.

Acquired Disorders of the Pituitary Gland

The differential diagnosis of mass-like lesions in the pitui-
tary of children include inflammatory disorders as congeni-
tal syphilis, lymphocytic and granulomatous hypophysitis,
sarcoidosis, Langerhans cell histiocytosis, pituitary adeno-
mas, and craniopharyngiomas. The great majority of the
lesions arising in anterior pituitary in children are adenomas
and constitute 2% of all intracranial tumors in children and
up to 9% of the pituitary adenomas in adolescents.

Pituitary Adenomas: In the pediatric population, these
tumors are primarily seen in adolescents, are sporadic or
be a component of multiple neoplasia syndrome. Func-
tional pituitary adenomas are the most common cause of
hyperpituitarism. We have recently reviewed 22 pituitary
adenomas occurring in childhood, and the clinical and
morphological findings parallel those of the adult tumors.

Ectopic Adenomas: Ectopic adenomas are extremely
rare. They are derived from pituitary cells in the pharynx
and can occur in the sphenoid sinus, mouth, nasal cavity,
or in the suprasellar region.

Pituitary Diseases in Familial Syndromes

Pituitary adenomas are integral components of the type 1
multiple endocrine neoplasia syndrome (MENT1). The
pituitary adenomas in the MENI1 syndrome are usually

hormonally active. They may produce all types of hor-
mones, but there is a preponderance of prolactin and/or
growth hormone production. Null cell adenomas in
MENTI are less frequent than in sporadic pituitary adeno-
mas [1]. GH-producing adenomas are present in about
10% of patients with Carney complex (Table 2).

Table 2 Inherited neoplasia syndromes associated with pituitary
tumors

Gene/
chromosomal
Syndrome location Pituitary pathology
MEN1 MENI/11ql3 Growth hormone or prolactin-
producing adenoma or non-
functional adenoma
Carney PRKARIA/ Growth hormone-producing
complex 2pl6 adenoma

Tumors of the Hypothalamus,
Neurohypophysis, and Sellar Region

The region of the sella has a variety of tissues and cell
types, including central and peripheral nervous system,
endocrine, germinal, epithelial, meningeal, mesenchymal,
and hematopoietic cells. Besides the great variety of neo-
plasms that can occur in this region, the neoplasms can
mimic each other, clinically and morphologically. Immu-
nohistochemistry is most of the time necessary for the
differential diagnosis of the lesions in this region.

Craniopharyngiomas

Craniopharyngiomas are an uncommon neoplasm but
are the second most common neoplasm of the sellar
region, up to 9% of the intracranial neoplasms, following
pituitary adenomas and the most common suprasellar
neoplasm in children. The vast majority of craniophar-
yngiomas are in the suprasellar region. The usual symp-
toms are headache and visual changes, such as diplopia.
Craniopharyngiomas are usually cystic, irregular nodular
masses of firm tissue with yellow-brown viscid contents
(Fig. 2). The fluid contains large numbers of cholesterol
crystals. Pseudostratified columnar cells palisade around
stellate cells forming the adamantinomatous pattern
(Fig. 2). The basaloid epithelium keratinizes without
maturing, giving rise to nests of keratin in the tumor.
The tumors frequently contain calcific debris, cholesterol
clefts, and foreign body giant cells. Papillary craniophar-
yngioma is a distinct neoplasm that differs from the
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Fig. 2 Craniopharyngioma:
(A) Gross appearance of a
craniopharyngioma;

(B) Microscopic appearance
of the epithelial squamous
differentiation; and

(C) Microscopic appearance
of adamantinous pattern

classical form by the absence of the histological features
of the classical type and by an older age incidence. Radi-
cal excision is rarely curative and may lead to hypothala-
mic dysfunction and psychological abnormalities, as well
as hypopituitarism, and recurrence is common.

Hamartoma or Choristoma

Hamartomas or choristomas are rare and usually located
in the hypothalamus. Hamartomas are lesions attached to
the tuber cinereum or the mammillary bodies, located
usually behind the pituitary stalk. They present with
visual field defects or endocrinologic disturbances, such
as precocious puberty. The association of neuronal
hamartomas and growth hormone producing pituitary
adenomas has suggested that the growth hormone releas-
ing factor has a paracrine effect. Hamartomas and chor-
istomas are firm, round masses formed by mature neu-
rons in clusters separated by unmyelinated axons.

Parathyroid

The four parathyroid glands originate from the endoder-
mal third and forth pharyngeal pouches during the fifth
gestational week and tend to be solid without fat in chil-
dren; adipocyte infiltration is first seen at puberty. In
children younger than 10 years, the mean weight of the
combined four parathyroid glands is less than 60 mg, and

from 11 to 20 years of age the combined weight is between
10 and 80 mg, and less than 100 mg.

The parathyroid diseases have been classified accord-
ing to their metabolic and hormonal status as hypopar-
athyroidism and hyperparathyroidism. Hyperparathyr-
oidism refers to a status of increased production of
parathyroid hormone with normal or abnormal serum
calcium. It is classified as primary or secondary. Primary
hyperparathyroidism is a common endocrinopathy,
familial or not in origin, due to hyperplasia, adenoma,
or carcinoma. Most cases of non-familial hyperparathyr-
oidism in children are due to a single adenoma. Multi-
glandular parathyroid hyperplasia is less frequent and
mostly seen in infants. The usual histology in the hyper-
parathyroidism is primary chief cell hyperplasia.

Hereditary and Developmental Disorders

Over 15% of the population may have supernumerary
parathyroid gland or abnormally located within the thyr-
oid, thymus, or as small nests in the neck and mediastinum.

Agenesis and Hypoplasia

Agenesis is due to a defect in the pharyngeal pouch develop-
ment and is responsible for congenital hypoparathyroidism
and is usually associated with other syndromes as DiGeorge
Syndrome.
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Parathyroid Cysts

Parathyroid cysts are rare in children. A parathyroid cyst
may present as a neck mass or be discovered as an inci-
dental finding. It can also present due to cystic degenera-
tion of a parathyroid adenoma. Parathyroid cysts can be
divided into three groups according to the mechanism of
cyst formation: developmental (arising from vestigial
remnants of the third and fourth branchial clefts)
(Fig. 3); coalescence of microcysts into macrocysts; or
degeneration of an adenoma (forming a pseudocyst) [2].

Fig. 3 Microscopic view of a
parathyroid cyst, focally lined
by chief cells, with a dense
fibrous wall with scattered
parathyroid tissue

Parathyroid Disease in the Setting of Inherited
Tumor Syndromes

The familial form of hyperparathyroidism (Table 3) is
found in many autosomal dominant disorders including
MENT1 and MEN2A (Table 4), hereditary hyperparathyr-
oidism-jaw tumor syndrome, and familial isolated hyper-
parathyroidism, neonatal severe hyperparathyroidism,
familial hypocalciuric hypercalcemia, autosomal domi-
nant mild hyperparathyroidism, and familial hypercalce-
mia and hypercalciuria [1, 3].

Familial hyperparathyroidism is usually part of multi-
ple endocrine lesions. Hyperparathyroidism also occurs
in families without evidence of other endocrine disease.
The diagnosis of chief cell hyperplasia should be followed

by the study of any other organ involvement in the patient
or in the family.

Neonatal Severe Hyperparathyroidism: Neonatal
severe hyperparathyroidism is a rare disorder character-
ized by extreme hypercalcemia due to diffuse chief cell
hyperplasia and bony changes as demineralization and
pathologic fractures [3]. Total parathyroidectomy in the
neonatal period is necessary for survival of the patient.
Neonatal hyperparathyroidism is an aggressive expres-
sion of hyperparathyroidism and it is caused by loss-of-
function mutations in the calcium-sensing gene (CaSR).

Neonatal hyperparathyroidism and hypocalciuric hyper-
calcemia are apparently different manifestations of one
mutation of the CaSR gene.

Familial Hypocalciuric Hypercalcemia (FHH ): Hyper-
calcemia and hypercalciuria and familial benign hypocal-
ciuric hypercalcemia (FHH) characterize familial hyper-
parathyroidism. This is the most common cause of
hereditary hypercalcemia. FHH is inherited as an auto-
somal dominant trait with mild-to-moderate hypercalce-
mia, accompanied by few symptoms. The condition does
not require treatment and responds poorly to parathyr-
oidectomy. Familial hypocalciuric hypercalcemia pre-
vails in about half the cases of hypercalcemia during the
first two decades of life [3]. Loss-of-function mutations in
the CaSR gene are responsible for this disease.

Table 3 Inherited causes of primary hyperparathyroidism

Syndrome

Gene/chromosomal location

Parathyroid pathology

MEN!I (Table 4)

MEN2A (Table 4)
Familial hypocalciuric hypercalcemia (FHH)

Neonatal severe primary hyperparathyroidism

Hyperparathyroidism—jaw tumor syndrome (HPT-JT)
Familial isolated hyperparathyroidism (FIHPT)

MENI/11q13

RET/10q11.2
CaSR/3q13.3-21

CaSR/3q13.3-21

HRPT2/1q25-q32
Multiple associations

Multiglandular hyperplasia and/or
adenoma

Multiglandular hyperplasia

Primary hyperplasia due to insensitivity
to calcium levels

Primary hyperplasia due to insensitivity
to calcium levels

Adenomas and carcinomas

Multiglandular hyperplasia
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Table 4 Multiple endocrine neoplasia syndromes

Multiple endocrine neoplasia 1:
® Primary hyperparathyroidism (90%)
® Enteropancreatic tumors (60-70%)
® Pituitary tumors (10-20%)
® Thymic or bronchial endocrine tumors
® Adrenal cortical tumors
Multiple endocrine neoplasia 2A:
® Medullary thyroid carcinoma (90-100%)
® Pheochromocytoma (40-60%)
® Parathyroid hyperplasia (10-30%)
Multiple endocrine neoplasia 2B:
® Medullary thyroid carcinoma (100%)
® Pheochromocytoma (40-60%)
® Mucosal neuromas
® Ganglioneuromatosis of the intestine
® Marfanoid habitus

Familial Isolated Hyperparathyroidism ( FIH ): Familial
isolated hyperparathyroidism without association of other
tumors has been described as a separate entity. These
patients present with profound hypercalcemia more fre-
quently as compared with MENI. There is a tendency
towards malignant transformation in the glands. In para-
thyroid tumors from FIH families, there is repeated allelic
losses of the HRPT?2 region in 1q25-31. Screening for other
tumors associated with MEN1 and HPT-JT should be
performed for the diagnosis of FIH.

Hereditary Hyperparathyroidism — Jaw Tumor (HPT-
JT): The maxillary and mandibular tumors can be differ-
entiated from the brown tumors of hyperparathyroidism
(ossifying fibroma of the jaw). Parathyroid enlargement is
primarily due to an adenoma with occurrence of cysts.
Other diseases have been described in this syndrome, such
as renal hamartomas, Wilms tumor, polycystic kidney
disease, and cysts. There is evidence that parathyroid
carcinoma and Wilms tumor are part of the HPT-JT
syndrome. The HPT-JT syndrome is an autosomal domi-
nant familial disorder, linked to the chromosomal region
of 1q25-q32 (HRPT?2 locus). In cystic sporadic parathyr-
oid adenomas of HPT-JT, LOH was found on 1q, 1p, and
11ql3.

Thyroid

The thyroid gland develops from the larger median anlage
and the two lateral anlagen. The medial anlage, which
forms the major portion of the thyroid, is derived from
the floor of the foregut and the two lateral anlagen are
derived from the endoderm of the fourth and fifth bran-
chial pouches as the ultimobranchial bodies. The medial
anlage appears by day 24 as median endodermal

diverticulum from the base of the tongue in the region
of the foramen cecum. The diverticulum descends down
from the foramen cecum into the neck along the midline
attached to the thyroglossal duct. It reaches its final posi-
tion anterior to the trachea by about 7 weeks; it then
grows laterally and becomes bilobed. Early during the
fifth week, the thyroglossal duct loses its lumen and
shortly afterwards breaks into fragments. However, the
caudal end of the thyroglossal duct may persist in some
embryos and this constitutes the pyramidal process. The
lateral thyroid anlage becomes attached to the posterior
surface of the thyroid during the fifth week and is thought
to give rise to the calcitonin producing C cells and solid
cell nests. The thyroid gland initially consists of a solid
mass of endodermal cells, but small groups of epithelial
cells are soon identified. The first follicles form from
epithelial plates at the beginning of the eighth week and
by the twelfth week the plates are entirely converted into
follicles. At birth, the thyroid weighs 1-2 g, and it
increases to 10—15 g at puberty.

Hereditary and Developmental Disorders

Thyroid agenesis and hypoplasia: Agenesis and hypoplasia
are the main causes of nongoitrous cretinism at birth.

Ectopic thyroid tissue: Ectopic thyroid tissue may be
present along the path of the thyroglossal duct cyst and
can be seen as a mass-forming lesion such as lingual,
sublingual, suprahyoid, and in the mediastinum [2]. It
may be also found within striated muscle and fibroadi-
pose tissue in the neck.

Thyroglossal duct cyst: Thyroglossal duct cyst arises
from a cystic dilatation of a persistent thyroglossal duct
and is most commonly found in children as a tumor-like
mass in the midline. Thyroid tissue in the wall of the cyst is
not present in all cases [2]. These cysts have to be differ-
entiated from intrathyroidal branchial cleft cysts, occa-
sionally found as a cystic thyroid mass in children (Fig. 4).

Thyroid teratoma: Most head and neck teratomas arise
in neonates and infants, and thyroid teratomas are typi-
cally congenital and diagnosed in the prenatal or neonatal
period. Thyroid teratomas are very rare and account for
less than 3% of thyroid masses in childhood. We recently
reviewed 11 cases (seven boys, four girls) of thyroid ter-
atomas from 28 cervical teratomas; all tumors were pre-
sent before or at birth [5]. The tumors ranged in size from
3.5cmto 13.5 cm (Fig. 5A,B). The tumors were cystic and
solid and immature neuroepithelium and immature glial
tissue predominated (Fig. 5C). An admixture of thyroid
and other tissues was present in eight of these cases. The
follow up on these patients was up to 45 years. None of
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Fig. 4 Microscopic view of an
intrathyroidal branchial cleft
cyst, lined by a ciliated
epithelium

Fig. 5 Thyroid teratoma in
neonates and infants. Gross
appearance of intact tumor and
cut surface showing a solid and
cystic appearance. Microscopic
view of the tumor with thyroid
follicles intermixed with glial
tissue

these patients had tumor recurrence and there was no
difference in outcome among patients with mature or
immature teratomas [5].

Thyroid nodules in children and adolescents: The major-
ity of thyroid nodules in children are benign including
nodular hyperplasia, adenomatous hyperplasia, and ade-
nomatous nodules. Thyroid carcinoma in children
account for approximately 40% of the thyroid nodules,
about 2—3% of all malignancies in the pediatric age
group; however, thyroid carcinoma is the most common
site of malignancy in childhood and adolescents with a
peak of incidence between 13 and 16 years of age. Thyroid
carcinomas have been found in children following

radiation administered for various conditions and has
been reported as soon as 3 years after treatment up to 14
years after radiation. The children exposed to irradiation
after the Chernobyl incident had increased incidence of
RET-PTC rearrangement papillary thyroid carcinoma.
As in adults, papillary thyroid carcinoma is the most
common thyroid neoplasm in children accounting for
about 25% of the pediatric thyroid lesions and represent
over 80% of pediatric thyroid tumors. As in any other
organ site, follicular tumors can be either benign or malig-
nant [24-26]. Children and adolescents may have the
classical tumors seen in adults such as follicular adenomas
and carcinomas, papillary thyroid carcinomas, and
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medullary carcinomas. The genetic tests in children have
led to an increase in precocious prophylactic thyroidect-
omy and detection of medullary thyroid carcinomas in
children, accounting for around 20% of thyroid lesions
removed during childhood and adolescence [10]. No
benign counterpart of the C cell tumor is identified; how-
ever, various degrees of C cell hyperplasia represent the
precancerous stage of medullary carcinoma.

Thyroid Tumors as Part of Inherited Tumor
Syndromes

Familial thyroid cancer can arise from follicular cells
(familial non-medullary thyroid carcinoma) or from the
calcitonin-producing C cell (familial medullary thyroid
carcinoma). This is usually a component of MEN 2A or
2B (Table 4) or a pure familial medullary thyroid carci-
noma syndrome (Table 5). The genetic events in the
familial C-cell derived tumors are known and genotype—
phenotype correlations are well established [7-10]. In
contrast, the case for a familial predisposition of non-
medullary thyroid carcinoma (NMTC) is only now begin-
ning to emerge as familial forms have been described in
recent years (Table 6).

Although the majority of papillary (PTC) and follicu-
lar thyroid carcinomas (FTC) are sporadic, familial
tumors account for over 10% of cases [6, 14-23]. Familial
syndromes are classified as familial medullary thyroid
carcinoma (FMTC) and familial non-medullary thyroid
carcinoma (FNMTC). These are sub-classified into two
subgroups: familial syndromes characterized by a predo-
minance of non-thyroidal tumors and familial tumor syn-
dromes characterized by a predominance of non-medul-
lary thyroid carcinoma [11].

Familial Syndromes Characterized by a Predominance
of Non-thyroidal Tumors

The first group of non-medullary thyroid carcinoma
includes familial syndromes characterized by a predomi-
nance of non-thyroidal tumors, such as PTEN hamar-
toma tumor syndrome (PHTS), familial adenomatous
polyposis (FAP), Carney complex type 1, and Werner
syndrome (Table 7) [11].

PTEN Hamartoma Tumor Syndrome (PHTS): PHTS is
a complex disorder caused by germline inactivating
mutations of the PTEN tumor suppressor gene, including
Cowden syndrome (CS), Bannayan-Riley-Ruvalcaba syn-
drome (BRRS), Proteus syndrome (PS), and Proteus-like

Table 5 Sporadic and familial medullary thyroid carcinoma

Age at tumor

Multiple thyroid Bilateral thyroid

diagnosis Associated diseases tumors tumors
Sporadic 50 None No No
FMTC 50 None Yes Yes
MEN2A 30 Pheochromocytoma Yes Yes
and hyperparathyroidism
MEN2B Infancy or early Pheochromocytoma, mucosal ganglioneuromas, Yes Yes

childhood marfanoid habitus

Table 6 Classification of familial non-medullary thyroid carcinoma

1. Syndromic or familial tumor syndrome with a preponderance
of non-thyroidal tumors:
® PTEN-hamartoma tumor syndrome (PHTS)
e Familial adenomatous polyposis syndrome (FAP)
e Carney complex
e Werner syndrome

2. Non-syndromic or familial tumor syndrome with a preponderance
of NMTC:
e Familial papillary thyroid carcinoma (FPTC)
e Familial PTC associated with renal papillary neoplasia
e Familial non-medullary thyroid carcinoma type 1 (fNMTC1)
e Familial multinodular goiter (FMNG)

syndrome. Affected individuals develop both benign and
malignant tumors in a variety of tissues, including thyr-
oid tumors in two-thirds of PHTS patients. Breast carci-
noma and thyroid carcinoma are the two most common
malignancies present in individuals with CS. Thyroid
pathologic findings in this syndrome typically affecting
the follicular cells include multinodular goiter, multiple
adenomatous nodules, follicular adenoma, follicular
carcinoma, and less frequently papillary carcinoma. Fol-
licular carcinoma is an important feature in CS and
BRRS. These tumors are more frequently multicentric
and are believed to progress from a pre-existing follicu-
lar adenoma. According to the diagnostic criteria for
Cowden syndrome follicular carcinoma with a frequency
of 5—10% is a major criterion and multinodular goiter,
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Table 7 Non-medullary thyroid carcinoma as a component of a
familial tumor syndrome

Gene/
chromosomal Thyroid

Disorder location Inheritance  pathology

Familial APC/5q21 AD PT CMv
adenomatous
polyposis (FAP)

PTEN-hamartoma PTEN/10q22- AD MAN
tumor syndrome 23 FA
(PHTS) FC

PTC
LT
Carney complex PRKARIal AD MAN,
17q24 FC
FA, PTC
Werner syndrome WRN/8pll1- AR PTC
21 ATC

PTC: Papillary thyroid carcinoma
CMyv: Cribriform-morular variant
MAN: Multiple adenomatous nodules

FA: Follicular adenoma
FC: Follicular carcinoma
LT: Lymphocytic thyroiditis

ATC: Anaplastic thyroid carcinoma

adenomatous nodules, and follicular adenomas are
minor criteria, with a frequency of 50—67% [11-15].

Multiple adenomatous nodules (MAN) are a character-
istic finding in these syndromes and grossly present as multi-
ple firm yellow-tan well-circumscribed nodules diffusely
involving the thyroid gland; secondary cystic and hemor-
rhagic areas are usually absent (Fig. 6A). These nodules are
multicentric, bilateral, well-circumscribed, unencapsulated,
solid cellular nodules sharing features similar to follicular
adenomas (Fig. 6B). Follicles are not dilated and some
nodules may have a discontinuous rim of fibrous tissue. In
our experience [11], we believe the morphologic findings of
multiple adenomatous nodules should be considered as a
possible major criterion in CS and BRRS.

Follicular carcinoma is an important feature in CS and
BRRS. It has been described that these tumors are more
frequently multicentric. We [11] have also found that the
majority of carcinomas arise in a background of MAN
(Fig. 7A,B). The mean age of diagnosis of follicular car-
cinoma in our series of BRRS was 14 years (7-24 years).
While cancer risk in BRRS was expected to be similar to
the general population, we found four cases of follicular
thyroid carcinoma (67%), showing that this type of car-
cinoma was more frequent in the pediatric population; we
believe that these patients should follow the same man-
agement guidelines as CS.

Medullary thyroid carcinoma is not considered a part
of the spectrum of PHTS, however, previous studies
including two studies by our group [11, 14, 15] have
identified C-cell hyperplasia in individuals affected with

this syndrome. Most studies have failed to demonstrate a
consistent genotype-phenotype relationship in PHTS.
Careful phenotyping gives further support for the sugges-
tion that BRRS and CS are actually one condition, pre-
senting at different stages. In summary the presence of
numerous adenomatous nodules in a background of lym-
phocytic thyroiditis in younger patients should raise the
suspicion for the diagnosis of PHTS. Multicentric thyroid
pathology characterized by the presence of numerous
adenomatous nodules, follicular adenomas, and the pre-
sence of follicular thyroid carcinoma is a common thyroid
pathology finding of PHTS [11, 14].

Familial adenomatous polyposis (FAP): FAP is an
inherited autosomal dominant syndrome caused by germ-
line mutations in the adenomatous polyposis coli (4PC)
gene on chromosome 5q21, characterized by hundreds to
thousands of adenomatous colonic polyps that develop
during early adulthood. Extracolonic manifestations in
FAP include osteomas, epidermal cysts, desmoid tumors,
upper gastrointestinal tract polyps-hamartomas, conge-
nital hypertrophy of the retinal pigment epithelium
(CHRPE), hepatoblastomas, and thyroid tumors. Papil-
lary thyroid carcinoma occurs in 2% of patients. Adoles-
cents and young women with FAP are at particular risk of
developing thyroid cancer and their chance of being
affected is approximately 160 times higher than that of
normal individuals (PTC occurs with a frequency of
about 10 times that expected for sporadic PTC) [17]. We
have recently reviewed nine cases of papillary carcinoma
in the setting of FAP [11], all were females and the young-
est patient with cribriform morular variant of papillary
thyroid carcinoma was 17 years old at the time of the
thyroid diagnosis. This patient had total colectomy with
multiple, over 100, adenomatous colonic polyps, a year
prior to total thyroidectomy. The thyroid was multinod-
ular with multiple nodules on both thyroid lobes and
isthmus. There were seven foci of papillary thyroid carci-
noma (PTC), six of a cribriform morular variant (CMv)
(Fig. 8), and one classical variant, measuring from 0.1 cm
to 1.6 cm, with lymphovascular invasion present. This
patient had a positive lymph node. The immunostaining
for B-catenin was positive in the nucleus and in the cyto-
plasm in all foci of cribriform morular variant of papillary
thyroid carcinoma. B-Catenin was negative in the classical
variant of PTC and it is only expressed in cell membrane
of the non-tumoral follicular cells. The adenomatous
polyposis coli (APC) gene is ubiquitously expressed in
normal tissue and it is a negative regulator of Wnt path-
way [18]. Inactivation of the 4 PC tumor suppressor gene
initiates colorectal neoplasia and is also involved in FAP-
related thyroid tumors. Mutations of the 4PC gene lead
to a truncated protein that lacks the B-catenin binding site
and therefore cannot degrade P-catenin. One of the
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Fig. 6 Thyroid pathology on
PTEN-Hamartoma Tumor
Syndrome: multiple
adenomatous nodules

Fig. 7 Thyroid pathology on
PTEN-Hamartoma Tumor
Syndrome: follicular carcinoma
and multiple adenomatous
nodules
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Fig. 8 Microscopic
appearances of the
FAP-associated papillary
thyroid carcinoma:
cribriform-morular variant

biochemical activities associated with the APC protein is
down-regulation of transcriptional activation mediated
by B-catenin.

The distinct CMv-PTC seen in FAP-related thyroid
carcinomas is very unusual in sporadic PTC and its iden-
tification should raise the possibility of this familial tumor
syndrome, and any patient presenting with this rare car-
cinoma should be evaluated for FAP.

Carney complex: Carney complex is an autosomal
dominant disease characterized by skin and mucosal pig-
mentation, diverse pigmented skin lesions, non-endocrine
and a variety of endocrine neoplasias (pituitary adenoma,
pigmented nodular adrenal disease, Sertoli and Leydig
cell tumors, and thyroid tumors). Patients with Carney
complex may share similar components with other famil-
ial multiple endocrine neoplasia. The thyroid is usually
multinodular with multiple adenomatous nodules, folli-
cular adenomas, and both PTC and FTC are present in
about 15% of patients with Carney complex [19].

Familial Tumor Syndromes Characterized by a
Predominance of Non-medullary Thyroid Carcinoma

The second group of non-medullary thyroid carcinoma
includes familial syndromes characterized by a predomi-
nance of NMTC, such as pure familial (f) PTC with or
without oxyphilia, fPTC with papillary renal cell carci-
noma, and fPTC with multinodular goiter (Table 8).

Familial non-medullary thyroid carcinoma syndrome
(FNMTQC) is diagnosed when three or more family mem-
bers have non-medullary thyroid cancer in the absence of
other known associated syndromes. Statistical estimates
suggest that a grouping of two family members with
NMTC could represent the concurrence of sporadic tumors
but thyroid tumors in three or more members in kindred, or
the diagnosis of PTC in men and children is more suggestive
of a familial predisposition. Familial non-medullary thyroid
carcinoma is now recognized as a distinct clinical entity and
accounts for up to 10.5% of all follicular cell origin thyroid
carcinomas [21-23]. Familial non-medullary thyroid carci-
noma has a high incidence of multifocality and association
with multiple benign nodules. FNMTC patients have
shorter disease-free survival than do sporadic disease
patients because of frequent locoregional recurrence. The
genetic inheritance of FNMTC remains unknown, but it is
believed to be an autosomal dominant mode.

Familial Papillary Thyroid Carcinoma (fPTC) is charac-
terized by multicentric tumors and multiple adenomatous
nodules with or without oxyphilia. Familial PTC enriched
in thyroid carcinoma with oxyphilia (7CO) has been
mapped to chromosomal region 19p13 and FNMTC with-
out oxyphilia has also been mapped to 19p13.31. Tumor-
specific loss of heterozygosity is found in sporadic FTC with
and without oxyphilia at both 19p13 and 2q21.32.

The familial nonmedullary thyroid carcinoma type 1
(fNMTC1) syndrome (chromosomal region 2q21) is char-
acterized by PTC without any distinguishing pathologic
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Table 8 Familial tumor syndromes characterized by a predominance of non-medullary thyroid carcinoma
Gene/chromosomal
Disorder location Inheritance  Thyroid pathology
Familial papillary thyroid carcinoma with oxyphilia (TCO) Unknown/ AD PTC with or without oxyphilia,
19p13.2 multicentric
Familial papillary thyroid carcinoma without oxyphilia Unknown/19p13.2 AD Classical PTC
Familial papillary thyroid carcinoma with papillary renal cell Unknown/1q21 Unknown Classical PTC
neoplasia (fPTC/PRN)
Familial papillary thyroid carcinoma (f/PMTC1) Unknown/2q21 Unknown Classical PTC
Familial multinodular goiter with papillary thyroid carcinoma  Unknown/14q AD PTC in a background multinodular

cyst formation

PTC: Papillary thyroid carcinoma
AD: Autosomal dominant

features and without an obvious increase in frequency of
non-thyroidal neoplasms in kindred members.

Familial PTC associated with renal papillary neoplasia
presents with the usual classical variant of PTC and with
no special features. The papillary renal neoplasia syn-
drome (fPTC/PRN) mapped to chromosomal region
1g21 includes not only PTC and the expected benign
thyroid nodules but also papillary renal neoplasia and
possibly other malignancies as well.

In familial multinodular goiter (FMNG) syndrome,
which is mapped to 14q, some patients may develop an
associated PTC.

C Cell Hyperplasia and Medullary Thyroid Carcinoma

Medullary thyroid carcinoma (MTC) refers to those neo-
plasms arising from the calcitonin-producing C thyroid
cells derived from neural crest and represents approxi-
mately 5% of all thyroid tumors and about 15% of all
thyroid cancer-related deaths. Medullary thyroid carcino-
mas occur in sporadic or hereditary (25% of cases) forms,
as part of MEN 2 syndromes or as the MTC-only syn-
drome (Table 5). MEN 2A is associated with pheochro-
mocytoma and parathyroid hyperplasia, while MEN 2B is
associated with marfanoid habitus, mucosal neuromas,

Fig. 9 MEN2B: A 4-year-old
patient submitted to
prophylactic thyroidectomy
with bilateral medullary thyroid
carcinoma

ganglioneuromatosis, pheochromocytoma, and rarely with
parathyroid disease. Medullary Thyroid Carcinoma can
occur in these four different settings, summarized in Table 5.

Both sporadic and familial MTC arise at the junction
of the upper and middle thirds of the lateral lobes, corre-
sponding to the areas where C cells are present. All
patients with medullary thyroid carcinoma should then
be screened for familial disease [7]. The hereditary tumor
is usually preceded by C-cell hyperplasia (CCH) and these
tumors are usually bilateral and multicentric. The pre-
sence of C-cell hyperplasia is considered a paradigm of a
genetically determined condition. The tumors are sharply
circumscribed but not encapsulated. A germline point
mutation in the RET gene on chromosome 10q11.2 is
responsible for the hereditary MTC and about 98% of
all mutations responsible for familial MTC are known.
The aggressiveness of MTC is usually related to the clin-
ical presentation, if present as a hereditary or sporadic
form, and the type of RET mutation present [8]. In famil-
ial syndromes, there is a known relationship between
specific RET protooncogene mutations, disease pheno-
type, and prognosis. The youngest patient submitted to a
prophylactic thyroidectomy in a setting of known
MEN2B we have seen with bilateral medullary thyroid
carcinoma was 4 years old (Fig. 9A,B).
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Adrenal

The adrenal glands are composite endocrine tissues that
form two distinct regions, the cortex and medulla, each
with diverse embryology, physiology, and morphology.
The pathological processes of the cortex and medulla also
differ. The classification of adrenal cortical lesions is pri-
marily based on their functional status, such as decreasing
or increasing steroids, or whether or not they affect endo-
crine function. The adrenal medulla, which originates from
the neural crest, is the site of disorders that produce hyper-
function through overproduction of catecholamines.

The adrenal cortex originates from peritoneal cells at
the base of the dorsal mesentery at 5 weeks.

The fetal cortex or provisional zone is an outer layer
composed of large cells with eosinophilic cytoplasm that
primarily secretes dehydroepiandrosterone sulfate. By the
tenth week of gestation the adult cortex appears in the
subcapsular area. It is formed of smaller cells with clear
cytoplasm. Histologically, the zonation shows the outer
region, the glomerulosa, is about 15% of the cortex and
produces mineralocorticoids. The thicker middle zone,
70—80% of the cortex, is the fasciculata and produces
glucocorticoids and sex steroids. The inner cortical layer,
the reticularis, occupies 5—15% of the cortical width. It is
formed by eosinophilic cytoplasm and compact cells that
also produce glucocorticoids and sex steroids.

Hereditary and Developmental Disorders

Adrenal Cortical Nodules and Tumor-like Lesions

Nodular Adrenal Cortical Hyperplasia

The correlation of morphologic and functional classifica-
tions provides valuable diagnostic information and better
classification of these lesions.

The manifestations associated with nodular adrenal
cortical hyperplasia range from no-clinical or endocrino-
logical/laboratorial evidence of excess of corticosteroids
to a full Cushing’s syndrome secondary to an excess of
ACTH.

The endocrine status of the patient leads to a func-
tional classification of the lesions, as seen below:

1. Adrenal cortical nodule with eucorticalism
2. Hypercorticolism
— Pituitary-dependent with diffuse and/or nodular
hyperplasia
— Ectopic ACTH secretion with predominantly dif-
fuse hyperplasia

— Primary pigmented nodular adrenocortical disease
— Ectopic secretion of corticotropin releasing factor
with diffuse and/or nodular hyperplasia.

3. Hyperaldosteronism with diffuse and/or nodular
hyperplasia without an adrenal neoplasm.

4. Virilization with predominantly diffuse hyperplasia —
congenital adrenal hyperplasia. The histological find-
ings of nodular hyperplasia are similar to those of the
adrenal cortical neoplasms. In most cases, the nodular
adrenal cortical hyperplasia is bilateral and the size of
the nodules is variable. The presence of a dominant
macronodule makes the differential diagnosis between
the nodular hyperplasia and adrenal cortical adenoma
difficult. The classification of these lesions can be
based on gross morphology as bilateral or unilateral;
diffuse or nodular; micro (<1 cm) or macro-nodular
(>or = 1cm).

Heterotopic and Accessory Adrenal Cortical Nodules

These heterotopic adrenal tissues are non-neoplastic
adrenal cortical tissues located along the “path” of the
gonadal descent, from periadrenal connective tissue, near
fallopian tubes and ovaries, vas deferens, and hilum of the
testis. They are common incidental findings in hernior-
rhaphy contents. These heterotopic solitary nodules are
composed of cortical cells, almost always with no
medulla, and can become hyperplastic with an ACTH
stimulus. These are mostly hyperplastic and rarely
become a true adrenal cortical neoplasm. The commonly
found cortical extrusions also can become hyperplastic.

Primary Pigmented Nodular Adrenocortical Disease

This rare pituitary-independent form of Cushing syn-
drome is characterized by the presence of multiple pig-
mented nodules of cortical cells intermixed with atrophic
cortical tissue. The adrenal glands can be smaller than
normal, normal in size, or enlarged. The individual
nodules are small, usually from 1 to 3 mm in diameter,
and are pale to black in color. The cells of this lesion are
large, with granular eosinophilic cytoplasm, and filled
with lipochrome pigment. The nuclei are hyperchromatic
and enlarged, with prominent nucleoli. This disorder can
occur in a familial autosomal dominant form associated
with Carney’s complex or as a sporadic, non-familial
form. Carney complex consists of spotty pigmentation,
such as lentigines, blue nevi, cutaneous and cardiac myx-
omas, and endocrine overactivity. Almost half of patients
with Carney complex have primary pigmented nodular
adrenocortical disease (Fig. 10).
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Fig. 10 Gross (A) and
microscopic (B) pictures of a
Carney complex related
pigmented nodular adrenal
cortical disease (PPNAD)

Macronodular Hyperplasia with Marked Adrenal
Enlargement

This is a rare cause of ACTH-independent Cushing syn-
drome in which both adrenal glands are typically enlarged
due to nodular hyperplasia. Usually both adrenals may be
large enough to simulate a neoplasm, with a combined
weight of over 80 g. The histological findings are similar
to nodular hyperplasia with an extraordinary degree of
nodular cortical hyperplasia. There may also be myeloli-
pomatous foci.

Adrenal Cytomegaly

Adrenal cortical cytomegaly can be an incidental finding
in the adrenal fetal cortex at autopsy or can be associated
with Beckwith-Wiedemann syndrome (Fig. 10). Adrenal
cortical cytomegaly involving both glands is a common
finding in this syndrome. Cytomegaly is defined as
nuclear enlargement with hyperchromasia and pleo-
morphism and presence of pseudoinclusion.

Myelolipoma

Myelolipomas of the adrenal gland are tumor-like masses
composed of hematopoietic precursor cells and mature
adipose tissue in varying proportions, not associated with
glucocorticoid production. It occurs primarily in one
gland and the mass is usually yellow to red-brown. His-
tological findings include mature adipose tissue and tri-
linear hematopoietic cells. Myelolipomatous metaplasia
can occur in adrenal glands of patients with Carney com-
plex, ACTH-dependent and ACTH-independent Cush-
ing’s syndrome, associated with glucocorticoid activity.

Adrenal Cysts

Adrenal cysts are uncommon in childhood. These cystic
lesions of the adrenal cortex are usually unilateral,

occurring predominantly in women. The most common
type of adrenal cyst is the endothelial cyst, which is com-
posed of lymphatic and vascular channels. The adrenal
pseudocyst, mostly of unclear origin, is the most common
clinically recognized type. Some pseudocysts may have a
vascular or mesothelial origin. True epithelial cysts are
rare and most adrenal cysts are not associated with endo-
crine symptoms. These cysts vary in size from 0.1 cm to
larger pseudocysts of 10 cm or larger. Pseudocysts lack
any epithelial or endothelial cell lining and have a thick
fibrous capsule with focal calcification. The content of the
cysts is usually dark hemorrhagic fluid. Differential diag-
nosis with a cystic neoplasm is difficult.

Acquired Disorders of the Adrenal Glands

Adrenal Cortical Tumors (Adenoma and Carcinoma)

Adrenal cortical neoplasms of the adrenal gland in
infancy, childhood, and adolescents are rare. Girls are
more frequently affected than boys; the majority (about
75%) of these tumors are malignant and hormonally
functional with clinical evidence of different syndromes,
according to the hormone production. These patients
usually present with signs and symptoms of endocrine
abnormality such as virilization and Cushing syndrome;
more frequently as mixed syndrome or as pure Cushing
syndrome, feminization syndrome, and very rarely as
hyperaldosteronism syndrome.

The pediatric adrenal cortical tumors may have simi-
lar morphology to the adult counterpart but may behave
in a different fashion. The established criteria distin-
guishing benign from malignant adrenal cortical neo-
plasms in the adult are not applicable to the pediatric
cases, as it cannot predict the biological behavior. The
pediatric adrenal cortical tumors have also distinct
pathological criteria for malignancy from the adult
counterpart (Table 9).
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Table 9 Comparison of adult and childhood criteria for
malignancy of adrenocortical tumors

Criteria for malignancy of adult tumors (Weiss System):
e High nuclear grade
e Mitotic figures >5/50 HPF
® Atypical mitosis
e Eosinophilic cytoplasm >75% tumor cells
e Confluent necrosis
e Diffuse architecture
® Venous invasion
e Sinusoidal invasion
® Capsular invasion

Criteria for malignancy in pediatric patients (Wieneke, Thompson,
Heffess, 2003):
® Tumor weight of >400 g
® Tumor size >10.5 cm
e Extension into periadrenal soft tissue
e Extension into adjacent organs
® [nvasion into vena cava
® Venous invasion
® Capsular invasion
® Presence of tumor necrosis
® Mitosis >15/20HPF
® Presence of atypical mitosis

In the USA, only about 25 new cases occur each year,
representing only 0.2% of all children malignancies. In
Brazil, approximately 10 times that many cases are diag-
nosed each year; the distribution of these tumors follow-
ing a regional, rather than a familial pattern, raising a
possibility of an environmental factor. There is a biphasic
age distribution, the infantile group with a peak of inci-
dence of 1 year and with a survival of 53%, and the
adolescent group with a peak of incidence of 9-16 years
and with a survival of 17%.

Adenomas have variable histological features, so there
are no reliable criteria in distinguishing benign from malig-
nant lesions. The same criteria used in adult-type adrenal
cortical tumors can be used in pediatric adrenal cortical
neoplasms; however, this will classify some pediatric
lesions as carcinoma histologically even though they
behave less aggressively than those in adults and will not
ultimately metastasize. The likelihood of a malignant
behavior increases as the tumor size increases and tumors
over 400 g are predictive of a malignant behavior; however,
the size alone cannot predict behavior. In pediatric
patients, another important factor to predict malignant
behavior is the extension into periadrenal soft tissues, inva-
sion to adjacent organs and inferior vena cava. Nuclear
pleomorphism with hyperchromatism can be seen in ade-
nomas or carcinomas, but mitoses are rarely seen in the
benign neoplasms. Sometimes, the histological features can
mimic adrenal medullary neoplasia. Adrenal cortical and
adrenal medullary tumors may have common features

such as nesting pattern, compact eosinophilic cytoplasm,
nuclear irregularities, intracytoplasmic hyaline globules,
and synaptophysin immunostaining. Discerning malig-
nancy in adrenal cortical neoplasms is one of the most
difficult and controversial areas in surgical pathology. No
single histological criterion is reliable to accurately and
independently distinguish between benign and malignant
tumors and predict patient outcome. Evaluation of multi-
ple histological criteria is necessary. A recent (2003) study
[27] of 83 adrenal cortical neoplasms in the pediatric popu-
lation proposed a criteria to predict an aggressive behavior
(Table 9). As no single finding is able to separate benign
from malignant tumors these authors proposed a three
part separation: two or less than two criteria present in a
tumor (benign outcome); three criteria (uncertain malig-
nant potential); four or more criteria (poor clinical out-
come). According to these authors, these breakpoints accu-
rately classify 78% of all cases that will behave in a
clinically malignant fashion. Adrenal cortical tumors in
the pediatric age group, which proved to be clinically
malignant, showed extensive tumor necrosis, increased
number of mitoses, and vascular invasion.

Adrenal Tumors as Part of Inherited Tumor Syndromes

Both adrenal cortical tumors and adrenal medullary
tumors can be components of inherited neoplasia syn-
dromes [1, 4]. The mechanisms or etiology of adrenocor-
tical tumorigenesis are unknown, but there is specific
susceptibility to inherit adrenocortical carcinoma in
some familial syndromes. The study of genetic syndromes
associated with adrenocortical tumors such as Beckwith-
Wiedemann, Li-Fraumeni, McCune-Albright, Carney,
and MEN 1 (Table 10), has shed light on the molecular
basis of tumorigenesis. Beckwith-Wiedemann Syndrome
and adrenal cytomegaly are usually associated with

Table 10 Inherited neoplasia syndromes associated with adreno-
cortical tumors

Gene/
chromosomal
Syndrome location Adrenal pathology
Beckwith-Wiedemann CDKNIC/ NSDI/11p15.5
Carcinoma
Carney complex PRKARIA/2p16 Nodular hyperplasia
Li-Fraumeni syndrome p53/17p13 Carcinoma
McCune-Albright GNAS1/20q13.2 Nodular hyperplasia
syndrome
Multiple endocrine MENI/11ql13 Adenoma/carcinoma
neoplasia 1
Congenital adrenal CYP21/6p21.3 Nodular/hyperplasia
hyperplasia adenoma/carcinoma
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Fig. 11 Beckwith-Wiedemann
Syndrome with focal adrenal
cytomegaly (A) and an adrenal
cortical tumor in this setting (B)

Fig. 12 Adrenal cortical
carcinoma (A) in a 6-month-old
baby with metastases to the lung
(B) 5 months after diagnosis

adrenal cortical carcinoma (Figs. 11 and 12), nephroblas-
toma, and hepatoblastoma. While Carney complex,
Peutz-Jeghers syndrome, and Cowden disease share clin-
ical features such as mucocutaneous lentigines and multi-
ple tumors such as thyroid, breast, ovarian, and testicular
neoplasms, and autosomal dominant inheritance, the
genetic locus differs:Carney complex on chromosome
2p16; the gene for Peutz-Jeghers syndrome is on chromo-
some 19q13, gene STK11/LKBI, and Cowden disease on
10923, PTEN 12.

Pheochromocytomas and Paragangliomas

Pheochromocytomas are rare in the pediatric population
and accounts for up to 15% of pheochromocytomas.
These tumors present in the first two decades of life and
have a greater likelihood of being in a familial tumor
syndrome. Their behavior is difficult to predict based on
histology alone. There are a few proposed criteria in
predicting an aggressive behavior in adult population,
but there remains no comprehensive clinicopathologic
study of pediatric tumors. In addition, several studies
report histologic differences between tumors occurring
in different genetic settings (i.e., von Hippel-Lindau,
multiple endocrine neoplasia, neurofibromatosis, familial
paraganglioma syndrome, sporadic) (Table 11).

Pheochromocytomas and paragangliomas are sporadic
in about 70% of cases or be part of syndromes [1, 4] as
MEN2A, MEN2B, NF1, VHL, and the familial paragan-
glioma-pheochromocytoma syndromes caused by SDHB,
SDHC, and SDHD mutations (Table 11).

Table 11 Inherited neoplasia syndromes associated with paragan-
gliomas and pheochromocytomas

Gene/
chromosomal
Syndrome location Adrenal pathology
MEN2A and RET/10q11.2 Adrenal
MEN2B pheochromocytoma
Neurofibromatosis, NF1/17q11 Adrenal pheo/H&N
typel paraganglioma
Von Hippel-Lindau  VHL/ Adrenal pheo/ABD
disease 3p25-26 paraganglioma
PGL1 SDHD/11q23  Adrenal pheo/H&N, and
ABD paraganglioma
PGL3 SDHC/ H&N paraganglioma
1921-23
PGL4 SDHB/1p36 Adrenal pheo/H&N,
THOR and ABD
paraganglioma

MEN: Multiple endocrine neoplasia

PGL: Pheochromocytoma-paraganglioma syndrome
H&N: head and neck

ABD: abdominal

THOR: thoracic

Pheo: pheochromocytomas
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We recently studied 37 paragangliomas (21 pheochro-
mocytomas, 16 extra-adrenal paragangliomas) in 34
pediatric patients and correlated clinical, multiple histo-
logic, and genetic parameters. Thirty-four histologic cri-
teria were evaluated by two pathologists. Genetic screen-
ing for VHL, SDHB, SDHD, and RET mutations was
performed on frozen tissue by direct sequencing in 11
tumors. The patients ranged in age from 4 to 20 years
(mean 12.9 years); there was a male predominance (22
males, 12 females). Four patients had bilateral pheochro-
mocytomas and two had multiple paragangliomas.
Several syndromes with genetic predisposition are repre-
sented, including neurofibromatosis-1 (n=1), Carney’s
syndrome (n = 1), von Hippel-Lindau syndrome (n = 10),
familial paraganglioma syndrome type 3/SDHB (n=1),
and other uncharacterized familial pheochromocytomas
(n=4). Follow-up was available for 23 patients, ranging
from 4 months to 23 years (mean 5.7 years). Four patients
had local recurrence (three paragangliomas recurred at 4,
9, and 23 years; one familial pheochromocytoma recurred
at 3 years). Two patients (5%), including one paragan-
glioma and one pheochromocytoma developed metas-
tases. In contrast to adult tumors, pediatric tumors are
well encapsulated and only rarely do tumor cells encroach
upon the adjacent adrenal cortex. Large amphophilic cells
and hyaline globules are much less common (Fig. 13).
Twelve pheochromocytomas (57%) had histologic fea-
tures suggestive of increased malignant potential based
on a scaled score of >4; one recurred and one metasta-
sized. The VHL and SDHB-related tumors showed a
thick tumor capsule, small to medium-sized clear-to-pale
eosinophilic cells, absence of hyaline globules, and vari-
able desmoid-type fibrosis. Some sporadic tumors had
mixed VHL and non-VHL features. In conclusion, the

Fig. 13 Pediatric pheochromocytoma in a young patient with neu-
rofibromatosis type 1

histopathologic findings in pediatric paraganglioma/
pheochromocytoma differ from adult tumors and the
proposed criteria for malignant potential may overesti-
mate aggressiveness. In addition, tumors associated with
particular genetic profiles appear histologically distinct
from sporadic counterparts.

Neuroblastomas and Ganglioneuroblastoma

Neuroblastoma is the most common solid tumor in child-
hood outside the central nervous system and is the fourth
most common malignancy after leukemia, brain tumors,
and lymphoma. Over 88% of all cases occur in the first 5
years of life; it is rare in adults. Most neuroblastomas are
sporadic but familial occurrence has been reported.

Neuroblastoma is a primitive neoplasm of neuroecto-
dermal origin and arises primarily in the sympathoadre-
nal neuroendocrine system arising from neuroblasts.
Over half occur in the abdomen and 15% in the thorax.
Other less common sites include neck, head, orbit, and
kidney. Approximately one-third of tumors are adrenal in
origin. In 10% of cases the primary site is unknown.

A variety of clinical manifestations and associated dis-
orders have been reported with neuroblastic tumors includ-
ing Horner’s syndrome, heterochromia iridis, and opsoclo-
nus/myoclonus, as well as watery diarrhea syndrome, due
to production of vasoactive intestinal peptide (VIP).

The adrenal tumors are usually unilateral, solitary, and
unicentric. Bilateral tumors are rare. The macroscopic
findings are variable ranging from small and well circum-
scribed to large and irregular masses. The cut surface
ranges from maroon to tan, is often variegated, and
hemorrhage, necrosis, and calcification may be present.
In young infants there may be variable cystification.

The International Neuroblastoma Pathology Classifi-
cation in 1999 [28, 29] provided a uniform nomenclature
for neuroblastic tumors depending upon the degree of
neuroblastic and Schwannian differentiation (Table 12).

Table 12 International neuroblastoma Shimada classification

Prognosis Histopathological features/age
Favorable Stroma rich, all ages, no nodular pattern
Stroma poor, age 1.5-5 years, differentiated,
MKI <100
Stroma poor, age <1.5 years, MKI <200
Unfavorable Stroma rich, all ages, nodular pattern

Stroma poor, age >5 years

Stroma poor, age 1.5-5 years, undifferentiated

Stroma poor, age 1.5-5 years, differentiated,
MKI >100

Stroma poor, age <1.5 years, MKI >200

MKI: mitosis-karyorrhexis index (# mitoses and karyorrhexis per
5000 cells)
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They were thereby classified into four categories: neuro-
blastoma; ganglioneuroblastoma, intermixed; ganglio-
neuroblastoma, nodular; and ganglioneuroma, maturing
and mature subtypes. Neuroblastoma was further strati-
fied into three subtypes. Undifferentiated neuroblasto-
mas are composed of small undifferentiated cells and
ancillary studies are necessary to identify them as neuro-
blastoma. Poorly differentiated neuroblastomas (Fig. 14)
have at least some neuropil and differentiating neuroblas-
tomas often have abundant neuropil and at least 5% of
cells showing differentiation toward ganglion cells. Gang-
lioneuroblastoma, intermixed, requires at least 50%
Schwannian stroma. Ganglioneuroblastoma, nodular, is
a ganglioneuroma or ganglioneuroblastoma with one or
more macroscopic nodules of neuroblastoma. Ganglio-
neuroma of the maturing subtype has a minor component
of scattered differentiating neuroblasts and/or maturing
ganglion cells that do not form distinct microscopic nests.
Ganglioneuroma of the mature subtype is composed of
mature Schwannian stroma and mature ganglion cells.

Fig. 14 Poorly differentiated neuroblastoma

This system also separates neuroblastic tumors into
favorable and unfavorable prognostic groups depending
upon the degree of differentiation of the tumor and its
mitosis karyorrhexis index, both of which are linked to
the age of the patient.

Unfavorable group:

— neuroblastoma, undifferentiated or high MKI, in ages
< 1.5 years

— neuroblastoma, undifferentiated or poorly differen-
tiated, or intermediate or high MKI, in ages 1.5-5 years

— neuroblastoma, all tumors, in ages >5 years

— ganglioneuroblastoma, nodular subtype

Favorable group:

— neuroblastoma, poorly differentiated or differentiated,
MKI < 200, in age < 1.5 years

— neuroblastoma, differentiated, MKI <100, in ages
1.5-5 years

— ganglioneuroblastoma, intermixed

— ganglioneuroma, maturing and mature subtypes

The mitosis karyorrhexis index (MKI) is the number of
mitoses and karyorrhectic figures per 5,000 cells.

N-Myc amplification is the best characterized genetic
abnormality, is present in one-third of neuroblastomas, cor-
relates with poor prognosis and rapid tumor progression and
is a prognostic variable independent of stage and age [30].

Primary Benign or Malignant Mesenchymal Tumors

Mesenchymal tumors of the adrenal in children are extre-
mely rare. Hemangiomas, leiomyomas, lipomas, and soli-
tary fibrous tumors are rarely described. Other rare
tumors are the adenomatoid tumor, sex-cord stromal
tumors, and other tumor-like lesions.
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Application of Molecular Diagnosis Techniques in the Diagnosis
and Management of Endocrine Tumors

Jennifer L. Hunt

Abstract Molecular alterations in endocrine tumors can
be related to genetic syndromes or can be somatic muta-
tions that are restricted to tumor tissues. Tumors asso-
ciated with genetic syndromes have been described for all
endocrine organs and include medullary thyroid carci-
noma, parathyroid tumors, pituitary adenomas, adrenal
cortical tumors, and pheochromocytomas. The endo-
crine syndromes are discussed in detail, with particular
attention to mutational analysis. In terms of somatic
mutations, the most advanced understanding is for thyr-
oid and parathyroid lesions, where established markers
are making their way slowly into clinical practice.
Somatic mutations for endocrine tumors are also dis-
cussed, with an emphasis on testing that has clinical
diagnostic and therapeutic implications.
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Thyroid Tumors

Papillary Carcinoma

Papillary thyroid carcinoma (PTC) is the most common
tumor of the thyroid gland and is also one of the best-
studied tumors from the perspective of molecular altera-
tions. A number of molecular mutations have been
described in these tumors, including alterations in both
oncogenes and tumor suppressor genes. Not only do these
mutational events serve as potential diagnostic and prog-
nostic markers, but they are also likely to be important for
novel targeted therapies of the future.

The first mutations in PTCs were identified in the RAS
genes (KRAS, HRAS, and NRAS), which are involved in
the very important RAS-RAF-MEK-MAPK/ERK path-
way [1]. In PTC, RAS mutations are relatively uncom-
mon, described in less than 20% of PTCs, with the most
common mutations being in KRAS codons 12 and 13
[2-4]. RAS mutations are much more commonly impli-
cated in the follicular tumor pathway.

One of the first mutations that was found to be relatively
specific to papillary carcinoma was the RET/PTC translo-
cation. Since the first reports of this translocation, multiple
different partner genes have been identified for RET
fusions, and translocations between other genes have also
been identified [5, 6] (Table 1). The most common two
partners in the RET/PTC translocations are PTC1, which
is the H4 gene, and PTC3, which is the ELEI gene [6].
Together, these two mutations represent over 90% of all
translocations in PTC, with the other variants being rare.
H4and ELE] are both located on chromosome 10 (asis the
RET gene) and therefore the fusions are better classified as
intrachromosomal rearrangements.

RET/PTC translocations are found in a subset of
PTCs and are particularly prominent in radiation induced
tumors [7-9]. This includes tumors secondary to nuclear
fallout, such as those seen after the Chernobyl disaster,
and tumors related to therapeutic radiation. In most

A. Khan (ed.), Surgical Pathology of Endocrine and Neuroendocrine Tumors, Current Clinical Pathology, 221
DOI 10.1007/978-1-60327-396-1_18, © Humana Press, a part of Springer Science+Business Media, LLC 2009



222

J.L. Hunt

Table 1 RET-PTC translocations

Partner

Translocation gene Partner gene location
RET/PTCI H4 10q21
RET/PTC2 Rlo 17q23
RET/PTC3 elel 10q11.2
RET/PTC4 (OR elel 10q11.2 alternate

3R2) breakpoint
RET/PTCS RFG5 14q22.1
RET/PTC6 HTIFI 7q32-34
RET/PTC7 RFG7 1pl3.1
RET/PTCS KTNI1 18q21-22
RET|PTCY RFGY9 14q22.1
RET/ELKS ELKS 12p13.3
RET/PCM] PCM-1 8p21-22
RET-RFP RFP 6p22
TRK/TI TPR 1925
TRK/T?2 TPR 1925
TRK/TPM3 TPM3 1922-23
TRK/T3 TFG 3q11-12
HF)PTEN PTEN 10923

This table details the translocation partners for the RET gene and
other genes that harbor translocations in papillary thyroid carci-
noma. Aut dom = Autosomal dominant; aut rec = Autosomal reces-
sive; TSG = tumor suppressor gene.

I
e ———

studies, the overall incidence of the RET/PTC transloca-
tion in PTCs is approximately 20%, though there are
geographic differences [4, 10]. There is unlikely to be
prognostic significance for the RET/PTC translocation
[10].

RET/PTC can be detected using either reverse-
transcription polymerase chain reaction (RT-PCR) or
by using fluorescence in situ hybridization (FISH). RT-
PCR is usually most successful when it is performed on
RNA extracted from fresh tissue, since DNA and RNA
are significantly degraded in paraffin embedded samples.
RT-PCR assays can be designed for paraffin samples, but
they require smaller products and robust controls. FISH,
on the other hand, can be performed on most anatomic
pathology specimens.

The BRAF gene mutation is another very common
gene to harbor somatic alterations in PTC. The BRAF
gene is also involved in the RAS-RAF-MEK-MAPK/
ERK pathway. The mutation associated with PTC was
originally designated as V599E, but upon discovery of a
counting error in the codons, the designation was chan-
ged to VO0OE (or T1799A). The mutation replaces an A
with a T at nucleotide 1799 in exon 15 of the BRAF gene
[11, 12] (Fig. 1)

Fig. 1 BRAF gene sequencing in
papillary thyroid carcinoma.

(A) demonstrates the normal
sequence for the BRAF gene at
codon 600 (nucleotide 1799,
white arrow). (B) shows the
mutant sequence, with the T
(red peak) being replaced with
an A (green peak) (black arrow)
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BRAF mutations are primarily seen in sporadic, non-
radiation induced PTCs [13, 14]. Most studies have found
between 30% and 50% of PTCs harbor the BRAF muta-
tion. A recent metaanalysis found an overall incidence of
BRAF mutations of 49% [15]. Some studies have sug-
gested that BRAF mutations in PTC may have prognostic
significance [1, 15, 16], but others have found that it is not
an independent prognostic indicator [17, 18]. It is found in
higher frequencies in tall cell variant of PTC, and is
associated with higher risk factors, such as extrathyroidal
extension and lymph node metastases [14, 19]. Follicular
variants of papillary carcinoma have a lower incidence of
BRAF mutations [20, 21].

The use of diagnostic molecular assays in PTCs is not
widespread in practice today. However, given the poten-
tial for diagnostic, prognostic, and therapeutic informa-
tion from the molecular mutational panel, it is likely that
these assays will become more readily available to the
practicing pathologist. Some studies have already been
published reporting good diagnostic utility of mutational
screening on cytology fine-needle aspiration specimens
[22, 23].

Importantly, BRAF and RET/PTC mutations have
been found to be almost entirely mutually exclusive,
though rare cases can harbor more than one mutation
[S]. These mutational pathways have implications for
therapeutic approaches [1, 24]. In fact, new therapies are
currently in clinical trials for malignant melanomas,
which also harbor the BRAF V600E mutation, targeting
activated BRAF or other downstream effectors in the
RAS-RAF-MEK-MAPK/ERK pathway.

The BRAF mutation can be detected by a variety of
techniques. The gold standard assay is a gene-sequencing
assay using genomic DNA from tumor tissue. However,
other types of assays can also be used, including pyrose-
quencing assays and allele specific polymerase chain reac-
tion (PCR). These assays have the advantage of being
more sensitive than traditional gene sequencing. In fact,
gene sequencing can usually identify mutations only when
the mutant population represents more than 20—25% of
the sample. All types of samples can be used to do the
molecular testing, including paraffin embedded tissues
and fine-needle aspirations [22, 23, 25].

Follicular Carcinoma

Follicular neoplasms, including both adenomas and car-
cinomas, have long been known to harbor mutations in
the RAS genes (KRAS, HRAS, and NRAS). The most
common mutations in follicular carcinomas are in the
HRAS and NRAS genes, particularly in codon 61 [3],

though mutations in the common hotspots in the KRAS
gene are also seen (Fig. 2). The clinical utility of detecting
RAS mutations in clinical samples has been limited, since
they can be found in both benign and malignant
neoplasms [26, 27]. However, there has been some sugges-
tion that tumors with RAS mutations may have a worse
prognosis, and therefore there may be a role for RAS
testing in the future [28].

Fig.2 KRAS gene sequencing in thyroid follicular carcinoma. (A, B)
demonstrate two different mutations in the KRAS gene. (A) shows
the mutation in the first nucleotide of codon 12 (black arrow GGT
— TGT) and (B) shows the mutation in the second nucleotide (black
arrow GGT — GAT)

A translocation has also been described in follicular
carcinomas, between the PPA Ry gene and the PA XS gene
(PPARy/PAXS ) [29]. This translocation is seen in
between 30 and 50% of follicular carcinomas [30]. The
translocation has also been identified in a small number of
follicular adenomas and possibly in a subset of follicular
variant of papillary carcinomas [30-34]. Hiirthle cell
tumors or oncocytic variants of follicular carcinomas do
not appear to harbor the translocation. Several studies
have demonstrated that follicular tumors with and with-
out the PPARy/PAXS translocation are different in terms
of behavior, prognosis, and expression profile by micro-
array analysis [35, 36].

The PPARy/PAXS translocation can be detected either
by RT-PCR or by FISH, using similar techniques as are
used for detecting the RET/PTC translocation in papil-
lary carcinomas. An antibody for PPARY is commercially
available. Unfortunately, the presence of expression by
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Table 2 MEN syndromes with medullary thyroid carcinoma and specific mutations that are seen

Syndrome Name Pattern Gene Locus Type Clinical Features
MEN Type 2A (MEN2A) Aut Dom RET 10921 Oncogene ® Medullary carcinoma
(codons 609, ® Multiglandular PT disease
611, 618, 620, 634) (20-30%)
® Pheochromocytoma (50%)
MEN Type 2B Aut Dom RET (codon 918) 10g21 Oncogene ® Medullary Carcinoma
(MEN2B) ® Pheochromocytoma (50%)
e Ganglioneuroma
Familial Medullary thyroid Aut Dom RET (codons 609, 611, 618,  10q21 Oncogene ® Medullary carcinoma

carcinoma

620, 634)

This table shows the most common hereditary conditions that are associated with medullary thyroid carcinoma. Aut dom = Autosomal
dominant; aut rec = Autosomal recessive; TSG = tumor suppressor gene.

immunohistochemistry is not tightly correlated with the
presence of the translocation [31, 37].

Tumor suppressor gene alterations are known to be
present in follicular derived carcinomas. Minimally invasive
and angio-invasive follicular carcinomas have far fewer loss
of heterozygosity events (allelic imbalance) than do widely
invasive carcinomas, especially when a panel of tumor sup-
pressor gene loci is assessed [38, 39]. Loss of heterozygosity
(LOH) assays can be performed on DNA that is extracted
from paraffin tissue blocks. The assays are designed to
produce small PCR products, which is ideal for these pro-
cessed samples that often have degraded DNA.

While the molecular mutations in follicular carcinoma
remain good potential targets, their diagnostic utility is
currently limited because of the overlap in profiles between
benign and malignant tumors. Novel targeted therapies
hold some promise in the treatment of follicular tumors,
particularly in the setting of tumors that are refractory to
radioactive iodine. For example, there are drugs targeting
PPARY, as well as those targeting the downstream effec-
tors of RAS activating mutations [40-42]. Currently, how-
ever, there are no large-scale clinical trials that are studying
the effects of these drugs in follicular thyroid tumors.

Medullary Carcinoma

Medullary thyroid carcinoma (MTC) is associated with
the characteristic RET oncogene mutations, particularly
in the setting of syndromic cases in families with multiple
endocrine neoplasia syndromes (MEN 2A and MEN2B)
and familial medullary thyroid carcinoma syndrome. The
RET proto-oncogene is located on chromosome 10q21,
and the protein product is a receptor tyrosine kinase. The
mutations in the RET oncogene that are associated with
MEN syndromes occur predominantly in codons 609,
611, 618, 620, 634 (for MEN2A), and 918 (for MEN2B)

(Table 2). Patients with the MEN syndromes have a con-
stellation of additional tumor findings, but the highest
risk comes from a very high incidence of medullary carci-
noma. Because the C-cell derived tumors can occur early
in life, current management recommendations are for
total thyroidectomy in early childhood for patients who
carry the germline mutations [43].

Interestingly, sporadic medullary carcinomas have
been shown to harbor somatic RET mutations in around
50% of cases [44, 45]. These mutations affect the same
codons as in hereditary disease, but in a different distribu-
tion. In a small subset of tumors, multiple different RET
mutations are found within the same lesion [44]. There
may be some prognostic significance for somatic RET
mutations in sporadic medullary carcinomas, particularly
when the mutation is in codon 918 [45, 46].

Detecting germline RET oncogene mutations from
genomic DNA from the patient’s blood is performed
using a gene sequencing approach, concentrating on the
most common mutations in the front-line assay. Testing
recommendations have changed in recent years, to
include potentially testing of all patients with MTC,
since MEN syndromes can present later in life [47, 48].
Testing of tumors for somatic mutations is currently not
performed clinically. Unfortunately, early studies using
drugs that target tyrosine kinases, including RET, have
not had promising results [49]; it is likely that experimen-
tation with other targeted therapies will continue, how-
ever, since traditional chemotherapy and radiation ther-
apy are not generally affective for MTC.

Poorly Differentiated Thyroid Carcinoma

Poorly differentiated thyroid carcinoma (PDTC) is a
poorly understood entity that has suffered from lack of
consensus about the diagnostic criteria. Some PDTCs



Application of Molecular Diagnosis Techniques in the Diagnosis and Management of Endocrine Tumors

arise from pre-existing well-differentiated tumors, includ-
ing both papillary and follicular carcinomas. The litera-
ture on PDTC is also complicated by the inclusion of
some variants of papillary carcinoma (i.e., tall cell var-
iant, diffuse sclerosis variant, and solid variant) in some
of the series [50]. In order to understand the molecular
mutational profile of PDTC, it is essential that the defini-
tion is better established [50].

Partly because of the lack of consensus in diagnostic
features and partly because these tumors are relatively
rare, there is very little known about the molecular events
in poorly differentiated thyroid carcinoma [51]. Several
studies have addressed the molecular mutations asso-
ciated with well-differentiated precursor lesions [52]. For
example, RET/PTC translocations and BRAF mutations
are found in PDTC, but mainly in cases that are derived
from more obvious PTC precursor lesions [52—55]. Simi-
larly, RAS mutations have been found in approximately
20% of PDTC [56].

A few series of tumors diagnosed as insular carcinoma
have suggested that the tumor suppressor gene p53 is
involved in pathogenesis; p53 has been reported to be
over-expressed by immunohistochemistry in insular car-
cinomas, but in a variable number of cases (16—50%)
[57]. At the DNA level, p53 mutations can also be seen
in PDTC [58-60]. BRAF mutations do not appear to be
present in insular carcinomas, unless the pattern is seen as
a part of a well-differentiated PTC [16, 61].

Anaplastic Thyroid Carcinoma

Anaplastic thyroid carcinoma (ATC) is a highly malig-
nant tumor of thyroid origin. ATC may arise from well-
differentiated precursor lesions. As such, the molecular
profile of ATC includes many of the same genetic altera-
tions as are seen in the well-differentiated tumors [62]. In
contrast to well-differentiated tumors, however, the
mutational profile of ATC is much more complex and
multiple alterations in tumor suppressor genes are also
found. Several studies examining the progression from
well-differentiated tumors to ATC have shown transfor-
mation at the molecular level as well [52, 63—69].

Across the literature, approximately 22% of ATCs
harbor mutations in the BRAF gene, though the range is
broad (6—50%) [16, 17, 64-66]. This is not surprising,
since up to 50% of ATCs are associated with a histologi-
cally identifiable papillary carcinoma. Additionally, the
average incidence of R4S gene mutations in ATC is 25%,
again signifying that some ATCs probably derive from
follicular lesions (Fig. 3) [64—66, 70]. As with many high-
grade epithelial malignancies, alterations in the p53 gene
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Fig.3 KRAS and BRAF in anaplastic thyroid carcinoma. This graph
shows the percentage of cases of anaplastic thyroid carcinoma that
were positive for BRAF and RAS gene mutations across several
studies. The final bar is the combination of the cases in all of the
studies

are also quite common in ATC. Mutations, loss of hetero-
zygosity, and protein over-expression have all been
described [51, 71, 72].

There are diagnostic implications for mutational
testing in ATC, particularly in cases where a differen-
tial diagnosis is being entertained. For example, the
finding of a BRAF gene mutation in a high-grade
spindle cell neoplasm in the thyroid will be strongly
supportive of a diagnosis of ATC. But, there are also
potential therapeutic implications for molecular test-
ing. ATC is notoriously refractory to all conventional
therapies for carcinoma. In fact the 1-year survival for
ATC is less than 10% [73, 74]. Targeted therapies,
particularly when combined with conventional che-
motherapy, hold some promise for future treatment
protocols for ATC, but data regarding efficacy in
humans is still lacking [75-77].

Parathyroid Tumors

There have been some studies of the molecular muta-
tional findings in parathyroid neoplasia. One feature
that is consistently noted is that parathyroid adenomas
and carcinomas have a high rate of loss of the short arm
of chromosome 1 (Ip) [78—82]. Other genes have also
been implicated in parathyroid adenomas and carcino-
mas, including retinoblastoma (RB, 13q14.3), the MEN
gene (11q13), and the BRCA2 gene (13q12.3) [83-85].
Loss of RB protein expression is seen in the majority of
parathyroid carcinomas [86] and at the DNA level,
alterations and loss of heterozygosity of the RB gene
are seen in the majority of parathyroid carcinomas
[82, 83, 85].
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Some forms of hyperparathyroidism are associated
with genetic syndromes. The different types of familial
hyperparathyroidism are listed in Table 3. One very
interesting syndrome that involves the parathyroids is

benign and malignant parathyroid neoplasia, studies
have consistently shown loss of expression in carcino-
mas [91-93]. Diagnostic tests at the DNA level are not
clinically available, but immunohistochemical analysis

Table 3 Different types of familial hyperparathyroidism

Syndrome Name Pattern Gene Locus Type Clinical Features

MEN Type 1 Aut Dom MENI1 11q13 TSG e Multiglandular PT disease (>90%)

(MENI) e Gastroenteropancre-atic tumors
(25-75%)

MEN Type 2A (MEN2A) Aut Dom RET (codons 609,
611, 618, 620,
634)

Hyperparathyroidism-jaw Aut Dom HRPT2
tumor syndrome
(HPT-JT)

Familial isolated Aut Dom MENI1
hyperparathyroidism CaSR
(FIHP)

Familial hypocalciuric Aut Dom CaSR
hypercalcemic (FHH)

Neonatal severe Aut Rec CaSR
hyperparathyroidism
(NSHPT)

Autosomal dominant mild Aut Dom CaSR

hyperparathyroidism
(ADMH)

o Pituitary adenomas (40%)
® Adrenal cortical tumors (55%)
10g21 Onco- ® Medullary carcinoma
gene e Multiglandular PT disease (20—30%)
® Pheochromocytoma (50%)
1q21-32 TSG ® Primary hyperparathyroidism with
cystic parathyroids
® Parathyroid carcinoma (10—15%)
® Fibro-osseous lesions of jaws
e Kidney lesions

11q13 TSG ® Benign multiglandular PT disease
19p13.3 e Carcinomas of breast, colon,
endometrium,
and others
3q21.1 ® Normal or increased calcium
19p13.3 ® Moderate hyperphosphatemia
(type 2) ® [nappropriately low urine calcium
19q13 ® Increased or normal PTH levels
(type 3)
3q21.1 ® Homozygous form
of FHH
3q21.1

This table shows the most common hereditary conditions that are associated with parathyroid neoplasia. Aut dom = Autosomal dominant;
aut rec = Autosomal recessive; TSG = tumor suppressor gene; CaSR = calcium sensing receptor gene.

hyperparathyroidism-jaw tumor syndrome [78]. Mole-
cular studies of this entity have provided insight into
the pathogenesis of sporadic parathyroid neoplasia.
The responsible gene in this syndrome is a tumor sup-
pressor gene mapping to 1q25-31, designated as HRPT?2.
This gene harbors germline mutations in hereditary
cases of this syndrome. But, loss of heterozygosity and
somatic point mutations have also been detected in
sporadic parathyroid carcinomas [79, 87]. The burden
of loss of heterozygosity across s a series of tumor sup-
pressor genes has also been shown to correlate with
malignancy [88].

Loss of heterozygosity and mutation of the HRPT?2
gene correlates with loss of expression of the protein
product, parafibromin [89, 90]. With studies of both

of parafibromin does present a possible diagnostic
test for parathyroid carcinomas.

Pituitary Tumors

Pituitary tumors are classified by the hormone that is pro-
duced, with the most common being prolactin secreting
adenomas and growth hormone secreting adenomas. Pitui-
tary adenomas have been shown to be monoclonal by X-
inactivation (HUMARA) assays [94, 95]. Other genetic
alterations in sporadic tumors, however, are poorly under-
stood. In fact, much of our understanding of the molecular
alterations in pituitary neoplasia is through the study of
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hereditary or genetically derived disease [96, 97]. Pituitary
neoplasia is seen in association with several well-known
syndromes. Pituitary adenomas are seen in 40% of patients
with multiple endocrine neoplasia type I (MEN1), in less
than 25% of patients with Carney complex, and in patients
with familial isolated pituitary adenomas (FIPA) (Table 4).
Growth hormone or prolactin cell hyperplasia, and rarely
pituitary adenomas are also seen in patients with McCune—
Albright Disease.

Patients with MEN1 syndrome have a constellation of
findings, including pituitary neoplasia, hyperparathyroid-
ism, and pancreatic tumors [98]. The autosomal dominant
MENI syndrome is caused by a mutation in the MEN/
gene, which is located on 11q13 [99]. The MEN1 gene is a
classic tumor suppressor gene. The germline mutations in
the MENI gene are not clustered, but rather are scattered
along the entire coding region of the 49 kb genomic
sequence of the gene. Most families will have unique muta-
tions, but up to 20% of the cases with clinical features of
MENI1 will not have an identifiable mutation in the gene
[91]. Sporadic pituitary adenomas have also been shown to
have alterations in the MEN1 gene [98].

Pituitary lesions can be seen in patients with Carney
complex [91, 100]. These patients often present with

acromegaly, but this finding is only associated with a pitui-
tary adenoma in less than 20% [100, 101]. Approximately
60% of patients with Carney complex will have a germline
inactivating mutation in the protein kinase A (PKA) type 1
regulatory (Rla) subunit (PRKARIA) [100]. This gene,
which is located on chromosome 17q22-24, also functions
as a tumor suppressor gene. Germline mutations in
PRKARIA are found in approximately 60% of well-char-
acterized patients who meet the diagnostic criteria for
Carney complex. PRKARI A mutations are spread across
the coding region for the gene, approximately 21 kb [102].

A final group of familial cases of pituitary adenoma
is in familial isolated pituitary isolation (FIPA). In
