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Foreword

vii

Few advances in medicine have had more of an impact on modern health care than
the invention of PET-CT studies of FDG in the living human body and experimental
animals. Biochemistry has been superimposed on anatomy, which is a giant leap
forward. The expertise required for the interpretation of CT must now be combined
with the expert interpretation of the biochemical information of the FDG study. The
idea that the interpretation of the images simply requires the superimposition of the
two image modalities is simple is clearly not true. What is needed is a clear under-
standing of the sites of metabolic activity revealed by FDG studies in normal persons,
and its variability from person to person. For example, FDG accumulates in various
structures in the head and neck, and in the ovaries and uterus of normal women during
certain phases of the menstrual cycle.

The case method of teaching has stood the test of time for more than a hundred
years and is still valid as new modalities are developed and introduced into medical
practice. The authors, both of whom have considerable experience in the performance
and interpretation of PET-CT studies with FDG, have made an important contribu-
tion that will be of great value to nuclear medicine physicians, radiologists, oncologists,
and other physicians with the responsibility of caring for patients with cancer.

Capabilities and limitations are discussed in the context of specific problems and
patients. Most types of cancer are illustrated, with attention paid to the specific prob-
lems of each type. Technical artifacts are identified. F-18 fluoride, which is useful in
delineating the normal skeleton, as well as lesions of the skeleton, is included, although
the major emphasis is on FDG.

The book meets an immediate need of radiologists, nuclear physicians and oncolo-
gists, and will surely lead to great improvement in the care of patients. “Molecular
imaging” added to the framework of CT revelations of anatomy is an idea whose time
has come.

Henry N. Wagner, Jr., MD 
Professor of Environmental Health Sciences

The Johns Hopkins Bloomberg School of Public Health



Preface

PET-CT: A Case-Based Approach provides practical clinical examples of studies per-
formed with FDG on a state-of-the-art dedicated PET-CT device. Detailed histories
and correlative imaging findings are given in each case to demonstrate the level of
detail required for image interpretation and the capabilities of this instrumentation.
Impressions are followed by relevant discussion points and insightful “pearls and pit-
falls,” all designed to provide novice as well as experienced readers a brief but concise
summary of the advantages and limitations of using this technology in the clinical
setting. Images are presented in PET only, CT only and fused format to highlight the
advantages of this hybrid technology in displaying the spectrum of normal and patho-
logical findings in the cases selected. Chapter 1 covers the fundamentals of PET-CT
imaging with FDG including normal physiology, normal variants and technical arti-
facts. Chapters 2 to 12 and 15 to 26 cover a spectrum of clinical applications in oncol-
ogy including common indications in lung and colorectal cancer, as well as less common
cancers, such as germ cell tumors and nerve sheath tumors. The use of PET-CT in
unknown primary malignancies is also covered in Chapter 15. In addition to brain
tumors, Chapter 4 covers general neurological applications such as epilepsy. Cardiac
and infectious disease applications are covered in Chapters 13 and 14. Finally Chapter
27 covers PET-CT applications using F-18 fluoride for bone scans. The book has two
appendices. The first is a brief review of reimbursement policies; the second focuses on
instrumentation.

This book is ideal for nuclear medicine practitioners, radiologists, and residents, as
well as referring clinicians interested in learning more about how this new medical
imaging technology can be applied in their patient populations.

Peter S. Conti, MD, PhD, FACNP, FACR
Daniel K. Cham, MD, MS
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1 Normal Physiology and Variants: A Primer
Daniel K. Cham and Peter S. Conti
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1.1 NORMAL PHYSIOLOGY

FIGURE 1.1.1. Normal PET study. In the
interpretation of PET, a good under-
standing of the normal physiology is
important. From right-to-left, the rotating
images are a useful way to survey lesions
prior to reading the planar images on
PET-CT. Because FDG is cleared primar-
ily through the renal system, the renal
calices, ureters, and bladder are seen.
There is mild generalized uptake in the
liver, bone marrow, and spleen. Normal
variant uptake in the heart and bowel can
be seen. To better visualize the chest for
abnormality, the patient should fast prior
to the scan to minimize myocardial
uptake. The brain (not shown here) is also
a site of high FDG uptake due to marked
glucose utilization, particularly in gray
matter.

FIGURE 1.1.1A. This study is divided into 4 rows. The top row is
100% PET. The second row is 75% PET-based and 25% CT. The
third row is 50% PET and 50% CT. The bottom row is 100% CT.
There are three columns; coronal, sagittal, and transaxial, left to
right.

FIGURE 1.1.1B. In general, standard body PET scan starts from
the skull base to the upper thighs. Depending on the patient’s
medical history (for example, a history of melanoma), the scans
will include the extremities and head/neck region. A brain scan
may also be included if clinically indicated.
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FIGURE 1.2.1. Tongue activity. Patient was talking during the 
4-min uptake phase that followed injection of the tracer.

FIGURE 1.4.1. Extraoccular activity in muscles. Quiet rest with
eyes closed is optimal during the uptake phase.

FIGURE 1.3.1. Physiological pharyngeal activity. After excluding
pathology, physiological uptake can be seen with excessive
talking and swallowing during the uptake phase.

FIGURE 1.1.1C. A: liver, B: heart; C: bladder;
D: bone marrow.



FIGURE 1.5.1. Masseter and pterygoid muscle activity. The
patient was chewing gum prior to imaging consistent with
mastication activity.

FIGURE 1.6.1. Thyroid activity. Consider the symmetry 
of the uptake. This is a normal physiologic tracer distribu-
tion. Approximately one third of the euthyroid patients 
can exhibit this bilateral uptake. Thyroiditis, such as
Hashimoto’s thyroiditis, can display similar activity, but is
usually more intense. Asymmetric uptake may represent
either thyroid goiter or thyroid cancer.

FIGURE 1.7.1. Vocal cord activity. The patient was talking
during injection of the radiotracer.

FIGURE 1.8.1. Neck muscle. Physiological muscle and fat
uptake can make identification of pathology difficult. PET-
CT allows differentiation of physiological muscle uptake
from sites of fat uptake of FDG.
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FIGURE 1.9.1. Abdominal rectus muscle. This patient has
recently been doing push-ups for weeks before the scanning.

FIGURE 1.10.1. Generalized muscular activity. This is a young
patient, who received no valium prior to the scan. Muscle
relaxant (diazepam 5 mg–10 mg po, 30 min before FDG injec-
tion) may be used to suppress physiological muscle uptake.

FIGURE 1.11.1. Thymic activity. Most commonly appears in
the pediatric population and is normally seen at low levels.
Post chemotherapy patients (usually those treated for
Hodgkin’s disease) may occasionally display marked uptake
in the thymus resulting from “thymic rebound hyperplasia.”

FIGURE 1.12.1. Physiological breast activity.
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FIGURE 1.13.1. Thoracoabdominal wall musculature. Exercise
prior to the study or motion during the study can lead to muscle
uptake on the FDG scan.

FIGURE 1.14.1. Gynecomastia. Enlargement of the male
mammary glands.

FIGURE 1.15.1. Bowel activity. Intense, but physiologic, colon
activity.
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1.2 NONONCOLOGIC PATHOLOGY

FIGURE 1.2.1. Acute mastitis. This is a childbearing patient.
Diffuse elevated activity in the breast is highly suggestive of
inflammation.

FIGURE 1.2.2. Lumbar puncture. The patient has a history of
recent lumbar puncture.

FIGURE 1.2.3. Duodenal activity. This patient has a history of
peptic ulcer disease.

FIGURE 1.2.4. Ventral hernia. Bowel uptake.
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FIGURE 1.2.5. Cardiac hypertrophy. Cardiac hypertrophy
with multichamber visualization. Stomach activity is seen as a
ring of activity below the heart.

FIGURE 1.2.6. Gastric wall activity. Proximal stomach activity
is seen in 10% to 15% of patients.

FIGURE 1.2.7. Colonic polyp. Colonic adenomas and polyps
may demonstrate increased glucose metabolism.

FIGURE 1.2.8. Corpus luteum. Adnexal uptake representing a
corpus luteum. Uterine cavity uptake can also be found in
menstruating patients.
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FIGURE 1.2.9. Elastofibroma dorsi. This can be confused with
physiological muscle uptake.

FIGURE 1.2.10. Myositis ossificans. Inflammatory changes in soft
tissue account for increased uptake in myositis ossificans.

FIGURE 1.2.11. Hemangioma. A vertebral hemangioma may
appear photopenic on 18-FDG PET, but is more recognizable on
CT.

FIGURE 1.2.12. Goiter. Both benign and malignant thyroid
pathology may demonstrate elevated FDG uptake.



FIGURE 1.2.13. Histoplasmosis. One limitation of PET is
that active infectious granulomatous disease in the lung can
exhibit high FDG uptake. Certain fungal infections are
more common in certain geographic areas. In St. Louis, for
example, cystomyocosis is more prevalent. In California
and Arizona, it is coccidioidomycosis. In the rest of the
world, tuberculosis is more common.

FIGURE 1.2.14. Inflammatory bowel disease. Elevated
uptake can be seen in Crohn’s disease and other forms of
inflammatory bowel disease. It may be difficult to differ-
entiate this from normal physiological bowel uptake in the
absence of clinical symptoms.

FIGURE 1.2.15. Nerve root neuritis. Focal neuritis can
display elevated FDG uptake.

FIGURE 1.2.16. Sarcoidosis. These correspond to ill-
defined irregular areas of subtle central pulmonary nodular
densities on CT.



FIGURE 1.2.17. Aortitis (sagittal view). Inflammatory disease
of major vessels can be associated with elevated FDG and
may herald the presence of vulnerable plaque. Association
with calcifications on CT is variable.

FIGURE 1.2.18. Aortitis (coronal view). Inflammation of the
intima of the thoracic and abdominal aorta may be seen as a
tube-like structure representing aortitis and possible vulnera-
ble plaque.

FIGURE 1.2.19. Subacute avulsion fracture. Focal defect in the
posterior portion of the lateral right femoral condyle and an 
adjacent bone fragment posterior and lateral to it compatible
with post-traumatic osteochondral defect with secondary local
synovitis.

FIGURE 1.2.20. Bladder diverticulum. Anterolateral bladder
diverticulum and a midline urachal diverticulum. Status post
TURP.
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FIGURE 1.2.21. Callus. Rib callus seen on CT with elevated
FDG uptake. This can be misinterpreted as a metastatic
deposit.

FIGURE 1.2.22. Fat mobilization. Brown fat as well as
muscle can be associated with elevated FDG uptake. CT
allows correct assignment of FDG activity to fat as
opposed to muscle.

FIGURE 1.2.23. Fibroma. Certain benign lesions may
display FDG uptake. This one demonstrates a well-
circumscribed peripheral intraosseous lesion on CT with
elevated FDG uptake.

FIGURE 1.2.24. Fibrous dysplasia. Expansile rib lesion on
CT with elevated FDG uptake. This can be difficult to
discern from metastatic disease in the absence of correla-
tive anatomic imaging and clinical history.



1 Normal Physiology and Variants: A Primer 15

FIGURE 1.2.25. Hemangioma. In general, these lesions display
low FDG uptake.

FIGURE 1.2.26. Pleomorphic adenoma. Benign lesions such as
adenomas can display elevated FDG uptake.

FIGURE 1.2.27. Insufficiency fracture. Acute fractures and insuf-
ficiency factors have been associated with elevated FDG uptake.

FIGURE 1.2.28. Bone spur formation. Surrounding soft tissue
inflammation is the likely cause of FDG uptake.
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FIGURE 1.2.29. C. difficile. Infection as well as inflammatory
disease can be associated with FDG uptake.

FIGURE 1.2.30. Diverticulosis. Diverticulosis, or more commonly
diverticulitis, can display elevated FDG uptake.

FIGURE 1.2.31. Stroke. Focal wedge-shaped hypometabolism is
suggestive of vascular insult in the brain.
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FIGURE 1.2.33. Menstruation. Active menstruation in a young
female patient during imaging, with elevated activity in the
uterus.

FIGURE 1.2.34. Bursitis. Mild tracer activity in the right hip
region is consistent with trochanteric bursitis.

FIGURE 1.2.32. Cystic fibrosis. Dissemi-
nated muscular uptake of FDG.



18 Part I The Fundamentals

FIGURE 1.3.1. Bone marrow flare. From
right to left, the rotating images demon-
strate diffuse generalized uptake involv-
ing the axial and appendicular skeleton
consistent with recent chemotherapy
response. Postcytokine therapy (including
GCSF, or granulocyte colony stimulating
factor) patients usually display prominent
marrow and splenic hyperplasia.

FIGURE 1.3.2. Fat mobilization. The patient was treated with
chemotherapy recently. The previous baseline study was un-
remarkable for fat or muscular activity.

FIGURE 1.3.3. Injection site activity. There was a recent injection
in the buttock resulting in local inflammation.

1.3 POSTTHERAPEUTIC CHANGES
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FIGURE 1.3.4. Immunotherapy. The changes in the fat correlate
with this history of immunotherapy injections in the thighs.

FIGURE 1.3.5. Abdominal incision. Postsurgical changes such as
midline incisional inflammation usually resolve in 2–4 weeks.
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FIGURE 1.4.1. Dental artifact. Metal artifacts are known to
cause artificial uptake. If it corresponds to CT findings and the
patient has no known head or neck cancer, abnormality in this
region is unlikely.

FIGURE 1.4.2. Spinal fusion. Metal artifacts are known to
cause artificial uptake.

FIGURE 1.4.3. Barium enema. Scattered diffuse uptake in the bowel
of this patient with barium edema prior to imaging is not unusual.
It has been reported that if water-soluble enema is initially used
instead of the conventional oil enema,bowel uptake will be reduced.

1.4 FOREIGN BODY ARTIFACT
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FIGURE 1.4.5. Bypass graft. The activity around the graft is
compatible with recent surgery.

FIGURE 1.4.6. Pacemaker. Inflammation in soft tissue sur-
rounding a pacemaker.

FIGURE 1.4.7. Gunshot wound. This patient has a history of
high-velocity penetrating self-inflicted trauma to the head
resulting in partial resection of the brain parenchyma and
shrapnel residuals embedded in the skull.

FIGURE 1.4.4. Prosthetic hip. Diffuse generalized uptake
around the hip suggests chronic inflammatory changes.
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FIGURE 1.4.8. Breast prostheses. The photopenia in the breasts
is compatible with breast prostheses.
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FIGURE 1.5.1. Horizontal (motion) artifact. The patient’s head
was moving in the middle of the study.

FIGURE 1.5.2. Vertical artifact. The cervical node activity on the
left is several slices away from the node on CT.

FIGURE 1.5.3. Diaphragmatic artifact (transaxial). The degree of
lesion motion is location dependent within the lung. Lower lung
lesions can move considerably more than the apical lesion. Res-
piration can produce a blurred lesion and will increase the lesion
size. This will invariably decrease the activity concentration per
pixel within the lesion and causes an underestimation of SUV.

1.5 TECHNICAL ARTIFACTS
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FIGURE 1.5.5. Poor counts. This is a heavy-set patient where a
higher dose of FDG or longer emission scan times are necessary
in order to produce an ideal study.

FIGURE 1.5.6. Diaphragmaticartifact(coronal).Respiratory mo-
tion causing artifact.

FIGURE 1.5.7. FDG-density phenomenon. The urine containing
FDG appears to be denser than the urine without FDG.

FIGURE 1.5.4. Streak artifact. Reconstruction artifact.
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2 Adrenal Cancer
Heidi R. Wassef

History

72-year-old male with previous resection of right adrenal carcinoma, who is being eval-
uated for recurrent disease.

Findings

There is a large right posterior lobe liver mass (Figures 2.1.1 and 2.1.2) measuring 
10cm ¥ 9cm. Above it, there is a satellite mass of 4.4cm diameter in the dome of the
right lobe of the liver. The left lobe appears uninvolved. The mass extends into the
retroperitoneum with intrinsic involvement of the uppermost portion of the right
kidney. There appears to be extension into the right renal vein with the mass also adja-
cent to the right lateral margin of the inferior vena cava.The entire complex is intensely
hypermetabolic, consistent with recurrent adrenal carcinoma. No distant metastatic
disease is apparent. Incidental notation is made of thoracolumbar scoliosis with asym-
metrical disc disease.

Impression

Large intensely hypermetabolic recurrence of right adrenal carcinoma with a 10 ¥
9cm mass involving the right lobe of the liver and a satellite mass extending into the
dome of the right lobe. There is extension into the upper right kidney and apparent
involvement of the right renal vein. The mass extends to the right lateral margin of the
inferior vena cava. No distant metastatic disease is evident.

Pearls and Pitfalls

• PET/CT is an effective tool for determining the extent of tumor recurrence.1–3

• The sensitivity for adrenal cancer approaches 100% with 94% specificity, and 96%
accuracy.1–3

Discussion

The incidence of adrenal carcinoma is 1 in 700,000 in the adult population. Most are
identified as large, 5cm or greater, in diameter.The majority (50% to 80%) of the cases

Case 2.1

27



FIGURE 2.1.2.

FIGURE 2.1.1.
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are functional tumors. Most patients have a clinical presentation of Cushing’s syn-
drome. This cancer peak is in the fourth and fifth decades of life. CT is an excellent
tool for the diagnosis of an abdominal mass, with 30% of the patients presenting with
calcification. Exophytic renal masses and exophytic pancreatic tail masses are common
false-positives on CT. MR can demonstrate the mass as low signal intensity on 
T1-weighted images and higher intensity on T2-weighted images. However, large
adrenal adenomas can be falsely identified as adrenal cortical carcinomas. Ultra-
sonography can demonstrate the mass with heterogeneity and cystic components sug-
gestive of hemorrhage and necrosis. MIBG (radiolabeled metaiodobenzylguanidine)
scintigraphy can differentiate neuroblastomas and pheochromocytomas from adreno-
cortical cancer. Angiography can be helpful differentiating the tumors from hyper-
nephromas based on vascular characteristics.



History

25-year-old male with a history of testicular cancer status post left orchiectomy. His
beta-HCG was 8.9 and AFP was 114. His most recent CT demonstrated several lesions
involving the back, mediastinum, abdomen, and the left neck. The patient is being
staged with PET-CT.

Findings

There is bilateral neck adenopathy particularly more in the left base than right (Figures
3.1A.1 and 3.1A.1A). The cervical area of the neck is involved including the right 
paratonsillar area. The superior mediastinum is more active on the left than right.
Additional sites of activity involving the paratracheal, pericarinal, right hilum, and 
subcarinal nodal zones are seen.There is disease in the right paravertebral space within
the chest extending to the right crus of the diaphragm. Inferiorly, adenopathy is seen
in a para-aortic distribution below the crus of the diaphragm down to and involving
the proximal iliac bifurcation. Mesenteric adenopathy is also evident. There are 2 to 3
sites of nodal activity seen adjacent to the lateral aspect of the left psoas muscle (Figure
3.1A.2). The left inguinal region also contains sites of active disease, along with soft
tissue around the left pelvic bone anteriorly.

Impression

Multiple sites of metastatic disease.

Pearls and Pitfalls

• CT can understage 50% of the patients.4,5,8

• 10% to 25% of the patients with normal CT scans will have occult retroperitoneal
lymph node metastases.4,5,8

• PET was associated with a positive predictive value of 100% and a negative predic-
tive value of 97%.1,4,5,8

• 40% of the patients with normalized tumor markers will have residual tumor lesions
in nonseminoma germ cell tumors (NSGCT).1,4,5,8

3 Germ Cell Tumors: Choricocarcinoma 
and Testicular Cancer

Anabella S. Din and Peter S. Conti

Case 3.1A

30



FIGURE 3.1A.1.

FIGURE 3.1A.1A.



Discussion

Germ cell tumors represent 1% of all male malignancies and most commonly occur in
patients in the age range of 10 to 35. Seminoma accounts for 40% of all germ cell
tumors and nonseminoma germ cell tumors (NSGCT) account for 60%. A history of
cryptorchidism is a risk factor. Seventy percent of testicular cancer clinical presenta-
tions include testicular swelling. Pain occurs in 18% to 46% of the cases. Ultrasonog-
raphy is the initial imaging of choice.

Tumor markers can be helpful for monitoring disease process and response to
therapy. HCG has a 5% to 40% sensitivity for seminoma and 50% to 60% for NSGCT.
AFP is most commonly seen in yolk sac tumors and has 85% sensitivity for NSGCT.
LDH isoenzyme-1 marker is used to assess treatment response and prognosis.

Radical inguinal orchiectomy is the standard for surgical resection and pathologic
diagnosis. Treatment for seminoma is irradiation, and for nonseminomatous germ cell
tumor is retroperitoneal lymph node dissection. Cisplatin-based combination chemo-
therapy is used in advanced seminoma.

32 Part II Clinical Cases

FIGURE 3.1A.2.

History

25-year-old patient who has a history of testicular cancer status post left orchiectomy.
His previous PET revealed multiple sites of hypermetabolism consistent with metasta-
tic disease. He received chemotherapy several months ago, and is now being evaluated
for treatment response.

Case 3.1B
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Findings

There is a focus of activity in the right retrocrual area at the level of the tip of the right
kidney medially correspond to a node on CT. Additional activity is seen in the left
inguinal region (Figure 3.1B.1) compatible with persistence of disease. There is ill-
defined activity in the midabdomen adjacent to the bowel loops suspicious for resid-
ual disease. The bone marrow activity is consistent with chemotherapy response. The
small uptake in the right axilla (Figure 3.1B.2) is the result of injection extravasation.
The paraspinal activity (Figure 3.1B.3) is physiologic.

Impression

Dramatic interval improvement since the prior study with minimum hypermetabolism
consistent with residual disease as outlined above.

Pearls and Pitfalls

• PET has a higher diagnostic accuracy for testicular cancer than CT for both staging
and restaging; it is also helpful in the assessment of a residual mass visualized on CT
following chemotherapy.5,8

Discussion

PET FDG can be used to detect nonseminomatous germ cell tumors in the retroperi-
toneum better than CT. It can also detect the presence of mature teratoma in residual
retroperitoneal masses better than CT.

FIGURE 3.1B.1. FIGURE 3.1B.2.



History

25-year-old male who has a history of testicular cancer status post left orchiectomy. A
prior PET scan showed extensive metastatic disease above and below the diaphragm.
A follow-up PET scan, post therapy, showed significant improvement with minimal
findings in the abdomen suspicious for some residual disease. He was treated further
with chemotherapy. The current PET scan is being done to assess treatment response.

Findings

In the neck and chest, there is symmetrical hypermetabolic activity in the region of the
thyroid consistent with physiologic finding (Figure 3.1C.1). No hypermetabolic foci are
seen in the lung to indicate metastatic disease. In the abdomen, no evidence for hyper-
metabolic activity is seen in the lymph node basin. Distribution of tracer in the liver
is normal. There is photopenic area in the left scrotum consistent with a prosthesis.

Impression

No evidence for metastatic disease based on the PET scan pattern consistent with good
response to therapy.
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History

26-year-old male who has a history of testicular cancer status post orchiectomy and
chemotherapy. He was later further treated with radiation therapy.The patient is being
evaluated for residual disease.

Findings

There is a large and extremely hypermetabolic confluent mass in the region of the right
hilum that dominates the appearance of CT-PET scintigraphy (Figure 3.2A.1). In addi-
tion, there are discrete nodal lesions found in the region of the right middle lung
(Figure 3.2A.2) and the peritracheal regions (Figure 3.2A.3) bilaterally. Two other
lesions are found in the left upper (Figure 3.2A.4) and left lower lung (Figure 3.2A.5)
laterally. The right lower lung lesion is also hypermetabolic. No other lesions in the
groin and abdomen are noted.

Impression

Abnormal whole body 18-FDG PET scintigraphy consistent with multiple sites of
metastatic disease as discussed above.

Pearls and Pitfalls

• A positive PET scan has a 91% positive predictive value.2,4,5

FIGURE 3.1C.1.
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History

27-year-old male with a history of metastatic testicular carcinoma. The prior PET scan
showed extensive recurrent disease.The patient received additional chemotherapy and
is being evaluated for treatment response.

Findings

The prior exam had been positive for bulk mediastinal disease as well as pulmonary
metastasis. Since that time, there has been a complete regression of disease, both by
18-FDG PET scintigraphy and by the accompanying CT. No mediastinal mass, pul-
monary nodule or hypermetabolic focus in the chest is evident (Figure 3.2B.1). The
abdomen exam also remains negative for metastatic disease. There is intense sub-
mandibular gland activity (Figure 3.2B.2) which may represent treatment-related sali-
vary stasis.

Impression

Interval regression to free of evident disease since the prior exam, judging from 
18-FDG PET scintigraphy and the accompanying CT.

FIGURE 3.2A.4. FIGURE 3.2A.5.
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Pearls and Pitfalls

• PET has the potential to image all stages of testicular cancer.2,4,8

• FDG PET has a sensitivity of 59% and a specificity of 92% in the evaluation of resid-
ual masses for viable tumor.2,8,9
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FIGURE 3.2B.1.

FIGURE 3.2B.2.

History

55-year-old male with a history of testicular carcinoma ten years ago, status post left
orchiectomy. There is a history of pelvic bone resection and of left groin lymph node

Case 3.3
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dissection. There is a history of right groin recurrence status post resection and
chemotherapy. The current examination is compared with the most recent PET exam-
ination and is being done to assess treatment response.

Findings

As with the prior examination, there is pathologic activity related to the left anterior
ilium (Figures 3.3.1 and 3.3.2). The activity previously had been more diffusely hyper-
metabolic. It is now less hypermetabolic and more patchy. It corresponds to a mixed
lytic sclerotic expansile lesion of the left anterior acetabulum (Figure 3.3.2A), with cal-
cific soft tissue extension into the iliopsoas musculature, as well as a smaller extension
into the gluteal musculature. These soft tissue extensions have faint calcification and a
thin sclerotic rim. The interval change probably reflects interval therapy with ossifica-
tion of tumor. In the left lower pelvis, there is focal hypermetabolism in the soft tissue
along the posterior aspect of the posterior column of the left acetabulum. There is also
both abnormal hypermetabolic activity in the anterior pillar of the left acetabulum, as
well as extension into the obturator internis. This soft tissue extension is also under-
going calcification. The degree of hypermetabolism in the acetabular area and the
extent appear somewhat increased, versus the prior exam.Additionally, there are three
pulmonary nodular densities visible on the current examination. One is a small nodule
in the posterior segment of the right upper lobe (Figure 3.3.3). The second is a nodule
located in the lung just posterior to the head of the left clavicle. The third and largest
and most hypermetabolic nodule is anterior to the right hilum (Figure 3.3.4). This
appears larger and more active than it had on the prior exam. There is focal activity
which is fairly hypermetabolic in the area of the hepatic flexure. There is fairly promi-
nent activity in the remainder of the hepatic flexure (Figure 3.3.5) and in the proximal
transverse colon (Figure 3.3.6), and this one is suspected to be unusually intense phys-
iologic colon activity, rather than peritoneal metastasis. There is intense activity in the
urine in the right pelvic ileal conduit (Figure 3.3.7) and extending into the ostomy.

FIGURE 3.3.1.
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FIGURE 3.3.3. FIGURE 3.3.4.
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Impression

1. Pulmonary metastas with definite increase in the size and activity of the most con-
spicuous nodule that is anterior to the right hilum.

2. The iliac wing disease has decreased in relative metabolic activity and become
patchy. The CT findings are showing relatively mature calcification of the soft tissue
components, which is presumed treatment related. The left acetabular activity appears
similar, with sclerotic bone involvement and extension into the obturator internis 
musculature and along the posterior pillar of the acetabulum, with bone involvement
of the anterior pillar, appearing increased in relative activity vs. prior. This soft tissue
component is also undergoing ossification which is presumed treatment related.

Pearls and Pitfalls

• C-11 methionine may be useful in the diagnosis of malignant testicular tumor, demon-
strating 100% sensitivity, 91% specificity, and 93% accuracy.6,7

• PET has a positive correlation with histologic confirmation of persistent 
malignancy.1,5,8

Discussion

Prognosis depends on the histology and extent of the tumor. The 5-year survival rate
is more than 95% for seminomas and nonseminomas localized to the testis or low-
volume metastases in the retroperitoneum. With extensive retroperitoneal metastases
or pulmonary or other visceral metastases survival is poorer and varies with site,
volume, and histology of the metastases.
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History

34-year-old female who has a history of metastatic choriocarcinoma. The baseline PET
scan was negative. The second PET scintigraphy was negative except that the CT
showed two small right-sided pulmonary nodules, one in the upper and one in the lower
lobe. The diagnosis of recurrence was confirmed with nodulectomy and right thoraco-
tomy. She is now being reevaluated because of rising HCG.

Findings

There is a small modestly hypermetabolic focus in the right apex (Figures 3.4.1 and
3.4.2). This corresponds to a costovertebral junction and is probably related to the tho-
racic surgery. There is a similar hypermetabolic focus at the surgical osteotomy site,
lower down, where there was a transverse thoracotomy (Figure 3.4.3) indicated by mild
residual hypermetabolism from vascular scar. The largest density in the right lung is
seen on chest CT as 2.7cm in dimension and is negative by 18-FDG PET scintigraphy,
consistent with postsurgical rounded atelectasis. There is a 1.2cm right apical pul-
monary nodule which is obviously hypermetabolic on 18-FDG PET scintigraphy, con-
sistent with a metastatic deposit (Figure 3.4.4). The two peripheral pleural-based
nodules have much less but discernible hypermetabolism. The apparent lesser hyper-
metabolism probably relates more to the greater respiratory excursion of the lower

Case 3.4



3 Germ Cell Tumors: Choricocarcinoma and Testicular Cancer 43

lobe compared to the pulmonary apex, rather than a difference in histology or activ-
ity of disease.

Impression

1. Recurrent pulmonary metastatic choriocarcinoma with a single nodule in the right
apex and two peripheral pleural-based lesions at the left base. There are a few 
tiny peripheral nodular densities at the left base which are below 18-FDG PET 
scintigraphy resolution.

FIGURE 3.4.1.

FIGURE 3.4.2. FIGURE 3.4.3.



2. Findings attributed to postthoracotomy status, including osteotomy of a lower pos-
terior rib, mild hypermetabolism of the soft tissues at the transverse thoracotomy
site, and postoperative rounded atelectasis and pleural thickening which lack hyper-
metabolism and are consistent with postsurgical change.

Pearls and Pitfalls

• PET imaging can localize tumor lesions in patients with elevated b-HCG and nega-
tive findings on anatomical imaging.3,10,11

Discussion

The incidence of choriocarcinoma is 1 out of 40,000 pregnancies in the United States.
Incomplete abortions, hydatidiform mole, low socioeconomic status, low protein diet
and folic acid insufficiency are risk factors. Continuous vaginal bleeding is a common
finding. Test revealed continued b-HCG elevation postpartum. The treatment is
chemotherapy with and without radiation. Ninety percent of all females with malig-
nant, nonmetastatic disease are cured. For metastatic disease involvement, there is an
87% chance of remission. Choriocarcinoma may recur within 3 years.

44 Part II Clinical Cases
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History

75-year-old female with left temporal glioblastoma, status postsurgery and radiation.
She is now being evaluated because of involvement of the scalp and suspected intracra-
nial recurrence.

Findings

The CT shows calcification and edema in the left temporal lobe subjacent to the cran-
iotomy defect. The PET scintigraphy shows a discrete spherical area of intense 
hypermetabolism immediately subjacent to and centered at the temporal calvarial
craniotomy defect (Figures 4.1.1A and 4.1.1B). The remainder of the calcification 
and edema is negative by PET with a decrease in relative metabolism, secondary to
radiation.

Impression

Recurrent glioblastoma centered at and subjacent to the left temporal craniotomy
defect. There is surrounding non-hypermetabolic calcification and edema.

Pearls and Pitfalls

• The one-year survival rate for patients with high-grade glioma who are responsive vs.
non-responsive to therapy is 75% and 29%, respectively.1,3,12

• FDG PET has a sensitivity of 81% to 86% and specificity of 50% to 94% in differ-
entiating a recurrent tumor from radiation changes.5,6

• PET is useful for grading primary brain tumor, assessing tumor recurrence, and aiding
in prognostic stratification of tumor grade.1,3,5

• Visual comparison between opposing brain parenchyma is more sensitive than quan-
titative comparison.1,3,12

Case 4.1
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Discussion

Primary CNS tumors constitute 1% to 2% of all malignancies with more than half
(55%) being malignant. Gliomas are the most common. High-grade glioma, Grade III
and IV histologically, are more FDG-avid than low-grade (Grade I and II) tumors.

CT and MR are nonspecific at the surgical site. The contrast enhancement is com-
monly seen within days after surgery and will persist for several months. PET there-
fore is more accurate than contrast CT or MRI for detection of recurrent disease.

The differentiation of radiation injury from recurrent tumor is a common indication
for PET imaging. Radiation necrosis will enhance for months with conventional
CT/MR imaging. It is commonly associated with cerebral edema, mass effect, and blood
brain barrier disruption.

PET has its limitations. False-negatives can occur with low volume malignancy below
the threshold for detection and in situations where small hypermetabolic tumor may
be indistinguishable from surrounding gray matter uptake of radiotracer. False-
positives can occur <3 months postradiation, particularly with gamma knife therapy,
seizure activity, and the presence of abscess.
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FIGURE 4.1.1A. FIGURE 4.1.1B.

History

73-year-old male who has a history of brain mass and pulmonary carcinoid. A recent
CT revealed a 2.5cm left inferior hilar nodule and lymphadenopathy involving the
right paratracheal region and aorticopulmonary window.

Case 4.2



4 Brain 47

Findings

The photopenia in the left frontoparietal region (Figure 4.2.1) correlating with a
densely calcified 3.3cm extra-axial mass on CT (Figure 4.2.2) is consistent with a
meningioma. The 2.5cm left infrahilar lesion is mildly hypermetabolic. An adjacent
linear opacity, possibly atelectasis extends inferolaterally to the pleural surface.
Bilateral dependent atelectasis is seen posteriorly and there is minimal left apical 
scarring. Calcified precarinal, right hilar, right paratracheal lymph nodes due to old
granulomatous disease are mildly hypermetabolic. The stomach activity is physiologic.
There is intense hypermetabolism in the posterior wall of the lower rectum associated
with wall thickening on CT.

Impression

1. Mild hypermetabolism in the 2.5cm left infrahilar nodule, carcinoid by biopsy.
2. No evidence of metastasis.
3. Rectal wall thickening and hypermetabolism; advise colonoscopy.
4. Incidental left frontoparietal meningioma.

Pearls and Pitfalls

• 10% to 15% of all meningiomas are malignant meningiomas which require a more
aggressive therapy. FDG uptake is generally low in meningioma, but can be elevated
in the malignant subtype.1,3,12

FIGURE 4.2.2.

FIGURE 4.2.1.



• The recurrence rate of meningiomas after a total excision is as high as 25%.1,3,12

• Pulmonary carcinoid tumors generally have a low FDG uptake. The 5-year survival
rate is 83.2%.1,3,12

Discussion

Meningiomas are intracranial tumors that are usually benign and slow growing. Total
excision is usually the treatment of choice in those requiring treatment. However, adju-
vant radiation therapy may reduce the risk of recurrence. PET can be used to identify
suspected tumor but uptake is generally low, leading to difficulty differentiating this
disease from benign pathology.
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History

81-year-old male who has a history of angiosarcoma of the forehead.The study is being
done to evaluate for extent of disease.

Findings

On CT, there is soft tissue fullness anterior to the frontal calvarium corresponding to
the metabolic focus on PET consistent with the known angiosarcoma (Figure 4.3.1).
The small compressive ametabolic left sided intracranial mass on PET corresponds to
a CT lesion consistent with a chronic subdural hematoma. The sulci are prominent,
and there is ventriculomegaly, consistent with brain parenchymal atrophy.

Case 4.3
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Impression

1. Evidence for angiosarcoma anterior to the frontal skull; no evidence of metastatic
disease.

2. Evidence for old subdural hematoma in the left frontal region.
3. Prominent sulci with ventriculomegaly consistent with brain atrophy.

Pearls and Pitfalls

• A major limitation with PET imaging is the high cortical metabolic activity in the gray
matter. This can potentially obscure tumors, especially those with similar FDG uptake
in comparison to the surrounding parenchyma that demonstrates low metabolic activ-
ity. Similar problems may occur when evaluating low grade or benign lesions in the
white matter.1,3,12

• Intense focal inflammation may lead to a false-positive result.1,3,12

Discussion

Angiosarcomas are a group of rare, high-grade neoplasms derived from vascular
endothelial cells. They account for 1% of all soft tissue sarcomas. Approximately 50%
occur in the head and neck, but they account for less than 0.1% of head and neck
malignancies. The cutaneous form tends to occur most often in the elderly population.

As in brain tumors and lymphoma, FDG PET can be helpful in grading subtypes of
sarcomas, but can be problematic differentially low-grade from benign soft tissue
masses.

History

38-year-old female with multiple brain lesions. The study is being done to identify a
primary extracranial neoplasm.

Findings

On the PET scan of the brain, there are multiple intensely hypermetabolic intracra-
nial foci (Figure 4.4.1). There is a large bilobular deep left frontal lobe mass extend-
ing down into and nearly filling the left middle fossa (Figure 4.4.2). There is a small
midline focus just above the clivus (Figure 4.4.3). There is an intermediate sized deep
hypermetabolic white matter lesion in the left centrum semiovale. There is also a small
lesion in the posterior lateral ventricle, with some associated dilatation seen on CT of
the temporal horn posterior to it. There is focal hypermetabolic soft tissue medial to
the right mandibular ramus near the angle of the jaw and anterior to the upper portion
of the right submandibular gland. Two small nodules, 6mm and 8mm, are seen as
pleural-based nodules at the dome of the right diaphragm. These are not calcified, but
are not metabolically active. There is incidental notation of minor maxillary sinus
disease.

Case 4.4



Impression

1. Multiple intensely hypermetabolic intracranial foci, likely malignant neoplasia and
likely metastatic, based on multiplicity.

2. There is a likely primary tumor site localized to the floor of the mouth on the right.
3. Multiple pleural based nodules not likely representing malignancy.

Pearls and Pitfalls

• Brain metastases are 10 times more common than primary brain tumor, and can
usually be visualized on PET scintigraphy. Difficulty can occur when lesions are small
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(<0.5cm) and close to the gray-white junction, or when predominant cyst formation
or necrosis is present, with limited volume of detectable viable tumor.1,3,12

• The common primary tumors to consider that are FDG avid include lung, breast, and
melanoma.1,3,12

Discussion

The most common brain tumor in adults is the metastatic brain tumor that accounts
for 50% of brain malignancy in adults. More than 50% of the metastases are from lung
or breast carcinoma. PET whole body imaging can be used to survey the body for an
occult primary tumor.

History

46-year-old male who has a history of brain tumor diagnosed six months ago status
post resection. The CT at that time demonstrated a contrast-enhancing suprasellar
mass consistent with postsurgical changes. He now presents with left eye blindness.The
current study is being done to evaluate for tumor recurrence vs. therapy changes.

Findings

There is a left sided suprasellar mass that is hypermetabolic compatible with recurrent
malignancy (Figure 4.5.1). No other abnormality is observed.

Case 4.5
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Impression

Hypermetabolism of the contrast enhancing left sided suprasellar mass consistent with
recurrent tumor.

Pearls and Pitfalls

• PET can monitor postsurgical changes, radiation-induced necrosis, and recurrent
tumor.2,5,11

Discussion

Differentiation of radiation necrosis and posttreatment changes from recurrent brain
tumor can be difficult with anatomic-based imaging, even with serial examinations and
contrast enhancement. Progressive radiation necrosis and recurrent tumor can
enhance, cause mass effect, and induce clinical symptoms. PET scintigraphy is helpful
in differentiating these entities, leading to more appropriate management decisions.
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History

21-year-old male who presented with seizure and was subsequently shown to have a 
3cm ¥ 4cm ¥ 3.5cm mass in the left parietal white matter. A recent MRI showed a left
parietal area centered at the level of the upper portion of the posterior left lateral ven-
tricle. The PET exam is being done to evaluate for malignancy and tumor grade.

Findings

The left parietal mass has increased in size significantly from the prior MRI exam. This
area shows very faint metabolic activity which is barely discernibly greater than white
matter and much less than gray matter (Figure 4.6A.1). No significant mass effect or
edema is noted.

Impression

Low metabolism in the left parietal white matter tumor, definitely but only slightly
greater than adjacent white matter, with very little mass effect on the adjacent pari-
etal cortex consistent with a low-grade primary brain tumor.

Pearls and Pitfalls

• F-18 fluoro-deoxyglucose and C-11 methionine are the most common tracers used for
primary brain tumor PET imaging.2,4,7,8,11

• Ictal seizure focus activity can be hypermetabolic on FDG PET and, if in close prox-
imity to the tumor bed, can be confused with a locally recurrent high-grade tumor. In
a brain tumor patient presenting with seizures, the remaining portion of the brain
should be thoroughly evaluated for remote sites of seizure foci.10

Case 4.6A
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• Low-grade brain tumors generally display low FDG uptake; upon dedifferentiating,
FDG uptake can be seen to increase.1,9,12

• Patients treated with surgical resection of the seizure focus have a success rate of 65%
to 85%.1,9,12

• 10% to 20% of the partial complex seizure patients are unresponsive to anticonvul-
sant therapy.10

Discussion

Anatomical imaging and clinical history are highly critical in narrowing the differen-
tial diagnosis in a patient with low uptake in a brain lesion. These including low-grade
brain tumor, interictal epilepsy, and benign lesions such as meningioma and cyst.

In patients with intractable seizure, phenobarbital, phenytoin, carbamazepine, etho-
suximide, valproate, and benzodiazepines are the most common drugs used.The epilep-
togenic focus is often localized to the temporal lobe. Patients with side effects 
from antiepileptic medications such as marrow suppression are candidates for surgical
management.

PET can identify 60% to 70% of the epileptogenic foci and is superior to MRI for
this purpose. The test is especially effective during the interictal phase where cerebral
blood flow (CBF) and glucose utilization are at their lowest. If injected during a
seizure, PET may show increased FDG activity.

FIGURE 4.6A.1.



History

21-year-old male who has a history of brain tumor presumably glioma. An earlier PET
scan revealed minimal hypermetabolism in the left parietal lobe white matter suspi-
cious for tumor. He was subsequently treated with cyberknife. Radiation therapy
ended a few months ago. Evaluation for recurrence is requested.

Findings

There is a markedly hypermetabolic mass (Figure 4.6B.1) with central photopenia
appearing in the left parietal lobe corresponding to the lesion on CT with surround-
ing edema. The tumor is compressing the deep gray matter and creating a mass effect
on the left thalamus and caudate/putamen with decreased metabolic activity in those
structures. There is gyral/sulcal pattern effacement of the left parietal cortex. No sig-
nificant crossed cerebellar diaschisis is noted.

Impression

Recurrent high-grade tumor involving the left parietal lobe appearing since the prior
PET examination, now with mass effect evident.
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Pearls and Pitfalls

• In recurrent glioma, 18-FDG is an independent predictor of outcome. In high-grade
recurrence, those patients with intense tumor activity have lower 1-year survival rate
(29%) than those patients with modest tumor activity (78%).1,9,12

• Gamma knife treatment can cause a thin, ring-like pattern of FDG uptake in the tumor
bed that persists for up to one year.This usually represents inflammatory changes asso-
ciated with therapy. Bulky or nodular uptake within this time-line or beyond is highly
suggestive of tumor recurrence. Conventional radiotherapy associated changes usually
subside within 2 to 3 months.5,8,11

Discussion

When evaluated beyond 6 months following radiation therapy, FDG uptake in the
region of the previously treated location usually suggests recurrent tumor.

Quantitative PET using cerebral metabolic rate for glucose (CMR-Glu) can be
helpful in determining prognosis for survival outcome. Higher values suggest poor
outcome. In patients with CMR-Glu <1.4, the median survival is 19 months vs. in
patients with CMR-Glu >1.4, the median survival is only 5 months.

C-11 methionine is superior to FDG in that it has better background to target ratio
which equates with better detection for smaller lesions. As in FDG studies, false-
positive results can be seen with abscess and acute hematoma.

History

62-year-old female who has a history of glioma status post chemotherapy. The previ-
ous PET scan one month after chemotherapy was unremarkable. Evaluation is being
done for recurrence.

Findings

There is generalized left hypometabolism in the anterior temporal lobe, parietal lobe,
and frontal lobe. The left deep gray matter structures including the caudate putamen
(Figure 4.7.1) and thalamus (Figure 4.7.2) are also involved. These findings are mini-
mally more prominent since the prior study, and likely represent progressive edema
and post therapy changes. Additional edema has now resulted in mild midline shift.
There is again noted splaying of the left temporal lobe gyri. There is mild cerebellar
diaschisis on the right which is unchanged from prior study. On the contralateral side,
there is prominence of the motor cortex with sparing of occipital lobe and basal ganglia
noted suspicious for an underlying diagnosis of Alzheimer’s disease (Figure 4.7.3). No
evidence for high-grade tumor recurrence is seen.

Impression

1. Generalized hypometabolism in the temporal lobe, parietal lobe, and frontal lobe
on the left with significant involvement in the caudate putamen and thalamus com-
patible with progressive edema and post therapy changes.

2. Prominent motor strip and sparing of the occipital lobe and basal ganglia suspicious
for underlying Alzheimer’s disease.

Case 4.7



FIGURE 4.7.1. FIGURE 4.7.2.

FIGURE 4.7.3.



4 Brain 57

Pearls and Pitfalls

• 8% of people over 65 years of age are believed to be at risk for development of
Alzheimer’s disease.9

• PET can identify people with Alzheimer’s disease 2 to 3 years prior to any clinical
manifestation.9

• The sensitivity of PET is 92% to 96%, specificity 63% to 71%, and accuracy 82% to
87% in the diagnosis of dementia of the Alzheimer type.9

Discussion

Biparietotemporal hypometabolism is the typical pattern for Alzheimer’s disease.
When seen in the presence of sparing of the motor sensory cortex, deep gray matter
and occipital lobes, FDG PET can be diagnostic.

Radiation therapy generally causes a decrease in FDG metabolism in the ir-
radiated portion of the brain in the remote setting. Likewise edema can yield regions
of hypometabolism.

The degree of crossed cerebellar diaschisis is sometimes helpful in determining
disease status with greater diaschisis seen with progressive disease either related to
tumor or edema.

History

53-year-old female who has a history of progressive multiple sclerosis currently on a
T-cell therapy protocol who presents with worsening headache for 2 months. Evalua-
tion for malignancy is requested.

Findings

There is a large photopenic mass with peripheral mild hypermetabolism in the right
frontal lobe compressing the adjacent structures (Figure 4.8.1). Surrounding hypome-

Case 4.8
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tabolism is likely the result of edema. Anteriorly to this mass, there is an infolding of
uptake attributed to a region of normal gray matter.The diminished uptake in the cere-
bellar contralaterally is suggestive of crossed cerebellar diaschisis. No high-grade
tumor is evident.

Impression

Photopenic mass lacking FDG uptake in the right frontal lobe is compatible with pro-
gressive multiple sclerosis rather than high-grade malignancy.

Pearls and Pitfalls

• PET is a potentially useful tool for distinguishing benign processes from malignant
diseases.1,3,12

Discussion

Multiple sclerosis is an autoimmune disease characterized by demyelination in the
central nervous system. Fifty percent of affected patients will eventually require ambu-
latory assistance and 43% will have cognitive impairment. Caucasian, female, and early
adulthood are all risk factors. MRS is useful for the diagnosis of demyelinating disease,
monitoring its progression, and evaluating the response to treatment. CT is used to
exclude other causes for neurologic impairment. PET can help to differentiate multi-
ple sclerosis from malignant glioma based on the degree of uptake.
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History

52-year-old female with a complex history. She has known right breast cancer (poorly
differentiated ductal breast carcinoma). She had stem cell transplantation three years
prior to the current study, and recently she had a right cervical lymph node biopsy
which showed squamous cell carcinoma. There is also a remote history of resected
fibrous histiocytoma from the facial area.

Findings

There is a chain of multiple hypermetabolic right jugular nodes (Figures 5.1A.1 and
5.1A.2) totaling five or six from the angle of the jaw to the base of the neck (Figure
5.1A.3). There is a right supraclavicular lymph node below this. There are two hyper-
metabolic right axillary nodes (Figure 5.1A.4). In the chest, there is a hypermetabolic
left AP window lymph node as well as a right paratracheal hypermetabolic node
(Figure 5.1A.5). In the abdomen, there is a single focus representing an adrenal lesion
(Figure 5.1A.6). Although the adrenal gland is only minimally nodular, the hyper-
metabolic pattern is highly suspicious for metastatic disease. Incidental notation is
made of asymmetrical breast tissue and some mild increase in cutaneous activity of
the right breast. Also incidentally noted is a 4mm nodule in the anterior segment of
the left lower lobe. This solitary small nodule is indeterminate in character by CT cri-
teria but is not hypermetabolic on the PET study. A small peripheral ground glass
density is noted in the anterior segment of the right upper lobe. This raises some
concern for pulmonary embolism.

There is a hypodensity at the right hilum, a hypodensity within the descending right
pulmonary artery, and a hypodensity (relative to unenhanced blood) in the right
atrium. These findings are highly suspicious of embolic disease of cardiac origin.

Impression

1. Contiguous nodular hypermetabolic lymphadenopathy in the jugular chain from the
angle of the right jaw to the base of the right neck compatible with metastatic
disease.

2. There are metastases in the right axillary, right paratracheal, and left AP window
nodes.

3. In the abdomen, there is a left adrenal metastasis.

Case 5.1A
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4. There is a combination of findings suspect for pulmonary embolism of cardiac origin
as detailed above.

Pearls and Pitfalls

• In general, there is higher FDG accumulation in focal nodular neoplasm than infil-
trative diffuse neoplasm because of difference in density of viable cells.2,7,18

• It is difficult to differentiate carcinoma in situ from normal breast tissue since it
exhibits low FDG uptake as a result of a low tumor cell volume and an infiltrative
nature.2,7,18
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• 65% of invasive lobular carcinomas of the breast go undetected due to the inherent
characteristics of low metabolic activity and low tumor cell density.2,7,18

Discussion

Invasive ductal carcinoma has a higher FDG uptake than invasive lobular carcinoma.
There is a direct correlation in the degree of tumor proliferation and tumor dediffer-
entiation with the degree of FDG accumulation, although this relationship does not
always hold across all cancer types.

62 Part II Clinical Cases

History

53-year-old female who has a remote history of breast cancer and history fibrous his-
tiocytoma. A recent PET (Figure 5.1A.1) study revealed hypermetabolism involving
the right neck, right axillary, and left adrenal gland. She was treated with chemother-
apy for 14 days with Taxotere and Xeloda. A recent CT demonstrated unchanged lym-
phadenopathy involving the cervical nodes and para-aortic nodes. The low-density
focus in the right lobe of the liver was unchanged. The patient is being evaluated for
treatment response.

Findings

There is activity seen involving the bone marrow likely related to hyperplasia from
chemotherapy (Figure 5.1B.1).

Lymphadenopathy as described on the previous PET is not metabolically active.

Impression

Interval resolution of metastatic disease activity consistent with good response to prior
therapy.

Case 5.1B

FIGURE 5.1B.1.
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Pearls and Pitfalls

• Various thresholds have been applied to assess tumor response. One study used a
decrease in tumor glucose uptake ratio of 20% from the pre-treatment value to iden-
tify responders; whereas another study used a decrease in the tumor glucose uptake
ratio below 55% of the baseline scan.4,9

• Although anatomical findings may persist on CT, absence of metabolically active
lesions on PET can be used to assess the degree of response to treatment.10,12,13,16

Discussion

PET imaging is an effective method to visualize the effectiveness of induction therapy.
The sensitivity of PET increases the discrimination of tumor recurrence from post-
therapeutic changes with the ability to survey the entire body. It can differentiate
responders from nonresponders as early as following one cycle of chemotherapy.

History

57-year-old female who has a history of left breast cancer diagnosed ten years prior to
the current study. She was treated subsequently with chemotherapy and immunother-
apy. A recent PET seen one year ago revealed hypermetabolism involving the right
pleura and left midlung. No further treatment was given. The patient is being seen for
restaging.

Findings

There is hypermetabolism involving the right iliac crest (Figures 5.2.1 and 5.2.2), right
first rib, and left sternal border (Figure 5.2.3). Additional uptake is seen in the ante-
rior rib at the level of the right midchest (Figure 5.2.4). There is significant activity in
the proximal right femur and the region surrounding the left hip (Figure 5.2.5) with
superior and inferior acetabulum involvement. Uptake in the sacral base at the level
of the SI joint on the left is also noted. The soft tissue lesion has resolved since the last
examination.

Case 5.2

FIGURE 5.2.1.
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FIGURE 5.2.4.
FIGURE 5.2.5.
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Impression

Disease progression in bone since the last examination, with resolution of previously
noted soft tissue disease.

Pearls and Pitfalls

• 8% of the breast cancer patients present with bony metastases.5,6,7,8,11

Discussion

FDG imaging and bone scintigraphy are useful tools in the determination of bone
metastases. FDG is sensitive for lytic lesions since the glycolytic rate in lytic metas-
tases is higher. Bone scintigraphy including F-18 fluoride PET scanning, is more sen-
sitive for osteoblastic lesions. Aggressive therapy is often necessary in patients with
pure lytic bone lesions than in patients with sclerotic or mixed metastases since they
carry a poorer prognosis.

History

48-year-old female with reported small right axillary mass on ultrasound. She is status
post prophylactic bilateral mastectomies for breast cancer. Her most recent CT demon-
strated enlarged pretracheal and bilateral internal mammary lymph nodes. Evaluation
for malignancy is requested.

Findings

There are two relatively symmetric moderately FDG-avid lesions in the bilateral high
retrosternal areas (Figures 5.3.1 and 5.3.2) measuring at 2.0cm ¥ 1.5cm (right) and 
1.35cm ¥ 2.0cm (left) (Figure 5.3.3) on CT. Another mildly hypermetabolic lesion is
seen in the right paratracheal area which measures 1.14cm ¥ 0.9cm. All these nodal
lesions are at the level of the AP window and are consistent with metastatic disease.
The photopenia in the breasts is compatible with breast prostheses. There is moderate
hypermetabolism around the right breast prosthesis (Figure 5.3.4) with intense tracer
localization inferolaterally, which on CT localizes to a rib or the adjacent chest wall
soft tissue. Additionally, there is an irregular opacity in the posterior aspect of the left
lower lobe (Figure 5.3.5) that demonstrates moderate hypermetabolism on PET. This
may correspond to the suspicious finding on an earlier CT. The activity in the thyroid,
stomach and colon is physiologic in nature. There is some urinary stasis seen in the
renal collecting systems.

Impression

1. Abnormal hypermetabolism involving the bilateral high internal mammary and
right paratracheal lymph nodes at the level of the AP window, consistent with
metastatic disease.

Case 5.3



2. Relatively diffuse hypermetabolism around the right breast prosthesis which is
more intense inferolaterally. This most likely represents localized inflammatory
changes associated with fibrosis surrounding the implant.

3. Pleural-based moderately hypermetabolic irregular lesion in the posterior left lower
lobe, suspicious for a metastatic deposit.
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FIGURE 5.3.1.

FIGURE 5.3.2.

FIGURE 5.3.3.



5 Breast Cancer 67

Pearls and Pitfalls

• The sensitivity for malignancy in a focal breast lesion is 64% to 96% and specificity
75% to 100%.1,3,7,14,18

• In the differentiation of benign from malignant breast diseases, PET has a sensitivity
and specificity of 88% and 79% respectively.1,3,7,14,18

Discussion

PET is more sensitive (85%) vs. CT (54%) in the identification of unsuspected metas-
tases involving the internal mammary nodes and mediastinum. Presence of a positive
internal mammary node is associated with a poorer long-term prognosis. Additional
aggressive chemotherapy or radiation are necessary in the management of these
patients.

FIGURE 5.3.4. FIGURE 5.3.5.

History

56-year-old female who has a history of breast cancer diagnosed 5 years prior to the
current study, and status post left lumpectomy. She was then treated with radiother-
apy and chemotherapy. Her most recent CT demonstrates multiple nodules in the
upper and lower lungs bilaterally. The patient is being seen to evaluate for recurrence.

Case 5.4



Findings

There is an extensive adenopathy overlying the left chest wall with additional nodes
extending to the high axilla (Figures 5.4.1 and 5.4.2). Multiple sites of FDG-avid uptake
in the bihilar areas, and right paratracheal (Figure 5.4.3) nodal basin are also seen.
There is hypermetabolism within the T-10 vertebral body at the level of the diaphragm.
A right posterolateral rib lesion is present at the mid to lower thoracic level. There is
a solitary metastatic lesion in the superior medial aspect of the right iliac bone (Figure
5.4.4) lateral to the SI joint. No evidence for hepatic involvement is seen.

Impression

Multiple sites of hypermetabolism involving the left axilla, left chest wall, mediastinum,
ribs, pelvis, and spine consistent with metastatic disease.

Pearls and Pitfalls

• PET is superior to CT in detecting nodal involvement.7,16

• The sensitivity of PET for detection of local-regional nodal metastasis is between 50%
and 100% while the specificity for axillary nodal metastases ranges between 86% and
92%. The lower sensitivity for axillary nodal metastases is attributed to undetected
micrometastases.15,17,18
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FIGURE 5.4.1.



FIGURE 5.4.4.
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• 7% to 30% of the breast cancer patients initially treated for cure represent with local
or regional recurrent disease.7,9,11

Discussion

Most common sites of locoregional recurrence include the breast, the skin of the
breast, chest wall, and local nodal basins after surgical resection and radiation. Posi-
tive margins at surgery, age less than 40 years, and tumor with extensive intraductal
component are a few of the risk factors for locoregional recurrence.The most common
sites of locoregional recurrences are the supraclavicular nodes, the chest wall, and axil-
lary nodes. Patients with four or more positive axillary nodes, tumor diameter over 
4cm and extranodal extension greater than 2mm are all major risk factors for local
recurrence and have a poor survival rate.

70 Part II Clinical Cases

History

36-year-old female who has newly diagnosed right breast cancer by biopsy with clini-
cally positive neck and right axilla adenopathy. The patient is being evaluated to stage
disease.

Findings

There is an intensely hypermetabolic mass in the central part of the right breast
(Figures 5.5.1 and 5.5.2).A smaller satellite lesion is seen lateral to this lesion.A second
large bilobed hypermetabolic mass (Figure 5.5.3) is present in the upper medial aspect
of the right breast again with a smaller satellite lesion seen laterally. A small right hilar
node (Figure 5.5.4) is present, but is too small to characterize as definite for malig-
nancy. There is additional focus of hypermetabolism involving a right internal
mammary node (Figure 5.5.5) and right periclavicular nodes.There is an axillary lesion
on the right chest wall (Figure 5.5.6), which corresponds to a soft tissue mass seen on
CT. The mild uptake in the shoulders is symmetrical and is likely related to inflam-
matory joint disease.

Case 5.5

FIGURE 5.5.1.



FIGURE 5.5.2. FIGURE 5.5.3.

FIGURE 5.5.4. FIGURE 5.5.5.



Impression

PET evidence for advanced stage breast cancer with bulky primary disease in the right
breast.

Pearls and Pitfalls

• In contrast to mammography, PET is not affected by the breast tissue density.7,13,16

Discussion

PET is four times more accurate than CT in isolating malignant breast lesions. There
is a poorer prognosis when PET findings remain positive after the completion of
therapy. Locally advanced breast disease including a tumor >5 cm, chest wall or skin
involvement, and fixed lymph node metastases will indicate a poor response to neo-
adjuvant chemotherapy.
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6 Gynecologic Malignancies: Cervical,
Uterine, and Vulvar Cancer

Hossein Jadvar

History

32-year-old female who has a history of cervical cancer with a positive pelvic lymph
node dissection two years following her original diagnosis. At the time of the dissec-
tion her CT demonstrated lymphadenopathy involving the periaorta, left external iliac,
and left renal region. The patient is undergoing PET-CT to determine residual disease
prior to initiation of chemotherapy.

Findings

There is mild hypermetabolism in the left external iliac node chain and para-aortic
nodes (Figures 6.1.1 and 6.1.2) at the bifurcation of the iliac vessels representing malig-
nancy. A band of activity is present in the left lower abdomen (Figure 6.1.3) consistent
with recent surgery. Multiple surgical clips are seen in the pelvis compatible with prior
tumor removal and lymph node dissection.There is focal uptake possibly involving the
nerve root of the right upper thoracic spine at the T-5 level (Figure 6.1.4) likely inflam-
matory in nature. A UPJ obstruction with evidence of right-sided renal caliectasis is
noted. The liver, chest, and mediastinum are clear from visible abnormality.

Impression

1. The left iliac and para-aortic adenopathy compatible with the presence of 
malignancy.

2. Right renal caliectasis with UPJ obstruction.

Pearls and Pitfalls

• The sensitivity and specificity of PET for early recurrent cervical cancer is 90% and
76% respectively.4,5

• 30% of the cervical cancers in treated patients will recur after treatment.4,5

• 11% of the patients definitively treated with cervical cancer who are clinically asymp-
tomatic are identified afterwards with recurrence using PET.4,5

Case 6.1
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Discussion

Squamous cell carcinoma is the most frequent cervical cancer with 85% to 90% being
invasive. The most common risk factor is a history of sexually transmitted disease
including gonorrhea, syphilis, herpes simplex, and Trichomonas or Chlamydia. In the
United States, most cases found are carcinoma in situ or as premalignant disease.

MRI is considered the method of choice in the staging of primary tumor since it can
evaluate tumor depth and stromal invasion. However, it lacks the ability to accurately
diagnose nodal involvement. For this reason, PET is used to assess nodal malignancy
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as well as regional and distant metastatic disease. PET has a 91% positive predictive
value for pelvic and para-aortic lymphadenopathy.

The standard management of patients with early cervical carcinoma (stages IA-IIA)
in surgical removal of the cervix.The extent of resection of surrounding tissue depends
on the size of the lesion and depth of invasion. A recent GOG trial demonstrated the
benefit of the addition of cisplatin chemotherapy to pelvic radiation followed by
extrafascial hysterectomy in this group of patients. Therefore, many experts feel that
patients with stage IB2 and bulky IIA cervical cancer should be treated initially with
chemoradiation followed by adjuvant extrafascial hysterectomy.

FIGURE 6.1.4.

History

69-year-old female who has a history of cervical cancer treated 25 years ago with radi-
ation therapy. She recently had a left neck and abdominal lymph node dissection, pos-
itive for tumor. She recently received chemotherapy and radiation to the neck and
abdomen. The current PET-CT is being done to evaluate for residual disease.

Findings

The dominant feature of the exam is the mass between the urinary bladder and the
rectum, which was also reported on a recent CT as being 6.5cm ¥ 4cm ¥ 5cm. As with
that exam, the uterus appears in situ. The described mass has feces-like central con-
tents, with a peripheral hypermetabolic rim. The hypermetabolism extends into the
uterus (Figure 6.2.1). It also extends to the anterior aspect of the rectum and to the

Case 6.2



posterior aspect of the urinary bladder. The mass elevates and compresses the ureters
with bilateral ureteral stasis (Figures 6.2.2 and 6.2.3). The feces-like contents of the
mass could represent inspissation of secretions in a vaginal recurrence with osteal
obstruction vs. fistula to bowel. This mass is likely to represent a vaginal recurrence
with osteal obstruction and extension into the endometrial cavity by the recurrent
tumor. Additionally, there is a single intrathoracic hypermetabolic focus (Figure 6.2.4)
in the middle/posterior mediastinum, between the horizontal course of the right pul-
monary artery and the esophagus. This small lymph node is intensely hypermetabolic
and consistent with metastatic disease.

76 Part II Clinical Cases

FIGURE 6.2.1.

FIGURE 6.2.2. FIGURE 6.2.3.



6 Gynecologic Malignancies: Cervical, Uterine, and Vulvar Cancer 77

Impression

1. The reported mass between the rectum and the urinary bladder is probably a 
distended involved vagina with central inspissated secretions related to osteal
obstruction.

2. There is extension of tumor into the endometrial cavity of the in situ uterus. The
mass elevates and compresses the ureters with bilateral stasis. There is extension to
the anterior wall of the rectum and to the posterior urinary bladder.

3. There is a metastatic deposit to the chest in the middle/posterior mediastinum,
normal sized, but representing an involved lymph node in that location.

Pearls and Pitfalls

• Most cervical cancers recur within two years after therapy with the peak period for
recurrence at 9 to 12 months.4,5

• A repeat PET scan is recommended at least 1 year after treatment for all patients with
advanced disease.4,5

Discussion

The role of curative surgery diminishes once cervical cancer has spread beyond the
confines of the cervical and vaginal fornices. Intracavitary radiation for central pelvic
disease and external-beam radiation therapy for lateral parametrial and pelvic nodal
disease are typically combined to encompass the known patterns of disease spread with
an appropriate radiation dose while sparing the bladder and rectum from receiving full

FIGURE 6.2.4.



doses. The addition of intracavitary radiation to external-beam radiation is associated
with improved pelvic control and survival over external radiation alone, as the com-
bination can achieve high central doses of radiation.

At present, the use of adjuvant pelvic radiotherapy should be considered for patients
with negative nodes who are at risk for pelvic failure, and remains the standard 
postoperative treatment for patients with positive lymph nodes. Treatment consists 
of external pelvic radiation (45Gy–50Gy), with specific sites boosted with further
external-beam or intracavitary radiation as needed.

Various combination chemotherapy regimes have been evaluated, and high response
rates (>50%) were noted even in patients who had received prior radiation therapy.
The past few years have provided what may be the most important breakthrough in
cervical cancer treatment in 50 years. Five separate studies that compared combina-
tions of cisplatin-containing chemotherapy with concurrent RT have demonstrated a
consistent advantage to the chemotherapy-RT combination.

78 Part II Clinical Cases

History

50-year-old female who has a history of cervical cancer ten years ago now with a
biopsy-proven pulmonary nodule malignancy. PET-CT is being done to evaluate extent
of metastatic diseases.

Findings

There is an intensely hypermetabolic lesion corresponding to a 1.8 ¥ 2.3cm noncalci-
fied soft tissue nodule in the right anterior lung (Figures 6.3.1 and 6.3.2) adjacent to
the cardiac border.A noncalcified hypermetabolic nodule is also seen in the right upper
lobe at the level of the carina (Figure 6.3.3) roughly 1.0cm in size. The pulmonary
nodule in the right lower lobe adjacent to the diaphragmatic surface is also hyperme-
tabolic measured at 1.0cm. There is an apparent bronchiectatic lesion (Figure 6.3.4)
seen in the left lower lobe with mild hypermetabolism. The few nonenlarged bilateral
axillary lymph nodes are metabolically inactive and considered benign. The mild
increased distal esophageal activity is likely related to esophagitis (Figure 6.3.5). The
bilateral lower neck base (Figure 6.3.6) increased tracer uptake is compatible with
activity involving the fat and muscle extending to the supraclavicular areas and the
thoracic inlet. Moderate physiologic paraspinal muscle activity is also noted.

Case 6.3

FIGURE 6.3.1.



FIGURE 6.3.2. FIGURE 6.3.3.

FIGURE 6.3.4. FIGURE 6.3.5.



Impression

1. Three hypermetabolic right pulmonary nodules highly suspicious for metastatic
disease.

2. No evidence for locally recurrent disease in the pelvis.
3. Probable distal esophagitis.
4. Other presumed benign findings as described above.

Pearls and Pitfalls

• The sensitivity and specificity of lymphangiography, as an alternative to surgical
staging, are 79% and 73%, respectively.1

• The sensitivity and specificity of CT are 34% and 96% based on size and morphol-
ogy criteria.1

• In contrast, ultrasonography demonstrates a sensitivity of 19% and specificity of 99%.1

• PET FDG has a sensitivity of 75% and specificity of 92%.1

Discussion

Cervical cancer is staged clinically based on the FIGO system. The tumor generally
spreads from the primary cervical lesion follow by the pelvic lymph nodes, para-aortic
lymph nodes, and supraclavicular lymph node. Hematogenous metastases to lung, liver,
and bone are seen in advanced disease.

Carcinoma in situ (CIS) and microinvasive cervical cancer (stage IA) are not asso-
ciated with lymph node metastases. Therefore, intracavitary brachytherapy alone,
delivering approximately 5500cGy, can control 100% of CIS and stage IA disease and
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is an acceptable alternative to surgery for patients who cannot undergo surgery
because of their medical condition. Concurrent radiotherapy and chemotherapy 
(cisplatin-based) with or without adjuvant hysterectomy are standard treatments for
bulky (≥8cm) IB2 cervical cancer. For stage IIA-IVA disease without para-aortic
lymph node metastases, pelvic external radiation (4000cGy–5000cGy) should be 
used, followed by intracavitary brachytherapy (4000cGy–5000cGy), for a total dose of
8000cGy–9000cGy.

History

32-year-old female status post hysterectomy and right oophorectomy for uterine
cancer. She now has a biopsy-proven left upper lung mass with histology of adeno-
carcinoma. The exam is for staging.

Findings

The large left upper lobe pulmonary mass (Figures 6.4.1 and 6.4.2) is intensely hyper-
metabolic, consistent with adenocarcinoma. This could either be primary or metasta-
tic from the uterine disease. There is some focal disease in the left costophrenic sulcus
(Figure 6.4.3). There are also small deposits in each adrenal area (Figure 6.4.4). The
dominant findings, however, are extensive skeletal metastases. These are concentrated
in the thoracolumbar spine, pelvis, proximal femora (Figure 6.4.5), and proximal

Case 6.4
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humeri (Figure 6.4.6). There are also lesions in the right medial clavicle (Figure 6.4.7)
and manubrium (Figure 6.4.8), as well as a number of small lesions in bones elsewhere.
There is little apparent osteolysis evident at the present time. Nonetheless, baseline
radiography of the thoracolumbar spine, pelvis, and proximal extremities may still be
an appropriate consideration as a baseline to judge progression of disease.

Impression

1. The large left upper lung mass is intensely hypermetabolic, consistent with known
adenocarcinoma.

2. There are a few soft tissue deposits, but the dominant finding is one of advanced
skeletal metastases, concentrated in the central skeleton and proximal peripheral
skeleton.

Pearls and Pitfalls

• FDG PET has high sensitivity and specificity during surveillance of endometrial
cancer following therapy.6

• C-11 methionine accumulates in uterine cancer and has a direct correlation with tissue
grade based on SUV level.3

• Continuous bladder irrigation with 18-FDG may eliminate potential artifacts from the
urinary bladder and help characterize malignant and nonmalignant lesions.2

FIGURE 6.4.6.
FIGURE 6.4.7.



Discussion

Uterine cancer is the most common cancer of the female pelvic organs. The most
common cancer in the uterus is adenocarcinoma. Postmenopausal bleeding is the most
common presentation in 90% of the patient. Of the female population, 70% to 75%
are diagnosed with surgical stage I disease. Obesity, chronic anovulation, diabetes mel-
litus, and hypertension are risk factors. CA-125 is useful for surveillance. Transvaginal
ultrasound can devaluate the endometrial stripe thickness. Chest radiography is helpful
to rule out distant metastases. CT-MR can reveal local vs. metastatic disease. Endome-
trial biopsy is the definitive diagnosis. Direct local extension in the majority of cases
is seen beyond the uterus. Lymphatic spread can occur to the pelvis and para-aortic
lymph nodes. Hematogeneous spread is seen to the lungs, liver, bone, and brain. Clin-
ical staging underestimates the extent of disease and thus the FIGO staging system
requires surgical and histopathologic evaluation. Most endometrial cancers are diag-
nosed in stage I and surgery alone is adequate. Beyond that, adjuvant radiotherapy
may be necessary for treatment. The 5-year survival rate for endometrial carcinoma in
stage I is 74% to 92% depending on histologic grade.
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FIGURE 6.4.8.

History

78-year-old female who has a history of vulvar cancer positive from left groin lymph
node biopsy. She was status postvulvectomy and local radiotherapy. The ultrasonogra-
phy revealed a subcutaneous mass in the left groin; scar vs. recurrent tumor. Evalua-
tion for possible recurrence is requested.

Case 6.5
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Findings

There is a vulvar mass (Figures 6.5.1 and 6.5.2) on CT that is hypermetabolic to the
left of midline consistent with locally recurrent tumor. There is an ill-defined mass in
the left groin (Figure 6.5.3) suspicious for metastatic disease. A focus of activity seen
in a para-aortic node (Figure 6.5.4) above the bifurcation of the iliac vessels is noted.
A mass anterior to the left kidney in the para-aortic area (Figure 6.5.5) on CT likely
represents a lymph node. The activity in the shoulders is likely inflammatory joint
disease. The scattered bowel uptake is physiologic.

FIGURE 6.5.1.

FIGURE 6.5.2. FIGURE 6.5.3.



Impression

Local and regional abnormalities consistent with primary recurrent malignancy with
distant metastatic disease.

Pearls and Pitfalls

• PET scanning has the ability to identify small nodal metastasis.6

• Currently, there is no data in the literature to evaluate the sensitivity and specificity of
PET for detecting vulvar carcinoma.

Discussion

Vulvar carcinoma represents 1% of the female genital cancers. The majority arises in
the labia majora and minora.Vulvar carcinoma includes squamous cell carcinoma, ade-
nocarcinoma and melanoma. Human papilloma virus, sexually transmitted disease,
smoking, and multiple sexual partners are risk factors. Patients may be asymptomatic
or present with a mass, pruritus, bleeding, or pain. Biopsy is the most diagnostic test.
Imaging studies may be helpful. CT can evaluate adenopathy with a sensitivity of 30%.
MR may evaluate lymphatic involvement. PET can detect small nodal metastasis.
Radical primary tumor excision and en bloc lymph nodes dissection is the treatment
of choice. Cure rate is 80% if malignancy is contained in stage I and II. Stage III has
a 68% 5-year survival rate vs. stage IV with 20%.
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Robert W. Henderson

History

62-year-old male who has a history of colon cancer diagnosed two years prior to the
current study. He was treated with chemotherapy. His recent CT demonstrated stable
mediastinal lymph nodes, while his last PET one year ago revealed multiple sites of
lymphadenopathy. The patient is having a repeat PET study for restaging.

Findings

The hypermetabolism involving the subcarinal (Figures 7.1A.1 and 7.1A.2), as well as
the celiac axis node is again seen with a very slight increase since the previous PET
study. The small right midline focus of uptake below the level of the renal arteries is
unchanged from the prior study. There is a newly apparent small hypermetabolic focus
in the right paracolic gutter (Figure 7.1A.3), which represents an implant on the peri-
toneal surface.

Impression

Progression of disease with increased activity in the mediastinal and retroperitoneal
nodes, with a new peritoneal implant.

Pearls and Pitfalls

• FDG PET has a sensitivity ranging from 81% to 91% for recurrent colorectal
cancer.5,7

• PET is more accurate than CT for the detection of liver metastases.19

• FDG imaging as an alternative to conventional imaging is by far the superior method
for detection of extrahepatic metastases (sensitivity 94% vs. 67%).1,2,14,15,18,20

Discussion

Common indications for a FDG PET scan include a rising CEA tumor marker from
an occult tumor, equivocal lesion on conventional imaging, detection of hepatic or
extrahepatic metastases, preoperative staging for a recurrent disease resection, char-

Case 7.1A

87



acterization of a local recurrence from postoperative scar and assessment of treatment
response. The reduction of tumor FDG uptake also correlates with therapy outcome.
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FIGURE 7.1A.1.

FIGURE 7.1A.2. FIGURE 7.1A.3.

History

63-year-old male with known metastatic colon carcinoma. The current study is done to
evaluate extent of disease and is compared to a prior PET-CT from six months ago.

Case 7.1B
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Findings

The current examination has four pathologic foci consistent with metastatic disease
and identical in locations with the prior examination (Figure 7.1B.1). All four lesions,
subcarcinal, left of the celiac axis, precaval/peripancreatic node, and peritoneal deposit
in the right paracolic gutter adjacent to the cecum in the right iliac fossa, have increased
in size and activity. No new foci are apparent and the patient remains negative for
hepatic metastasis.

Impression

Metastatic disease with four scattered metastatic deposits with progression based on
size of the individual lesions but not in number.

Pearls and Pitfalls

• FDG PET has the potential to change colorectal patient management in 26% to 65%
of cases.4,6

• The sensitivity for the detection of recurrent colorectal cancer disease is between 93%
and 100%.5

• The liver is the primary site of hematogenous metastases in colorectal cancer.2,14,18

• Existence of one to four metastases confined to one lobe of the liver is an indication
for liver resection if no other pathologic adenopathy or metastatic disease is present.

Discussion

PET-CT is an ideal way to follow scattered metastatic deposits, in this case, medi-
astinum, retroperitoneum, and peritoneum. Because increased relative activity
increases the apparent size of a lesion, small changes in size and activity are more con-
fidently identified than small changes in size alone on anatomical imaging.

FIGURE 7.1B.1.



History

56-year-old female with a history of colon CA currently receiving chemotherapy via
infusion pump and status postradiofrequency ablation in the liver six months prior to
this study. She has a slightly elevated and rising CEA and an elevated CA19-9, and is
being evaluated for tumor recurrence.

Findings

There are two photopenic areas representing treated areas in the liver (Figure 7.2.1).
One is in the posterior dome (Figure 7.2.2). This photopenic area has no associated
surrounding hypermetabolic activity. However, the second treated area, in the anterior
dome in the upper liver while photopenic has an adjacent hypermetabolic focus medial
to it on the anterior surface of the liver (Figure 7.2.3). This is consistent with recurrent
disease within the liver. There is obvious and moderately advanced metastatic disease
to bone. The lesion of most immediate importance would appear to be a T-12 poste-
rior element/epidural lesion (Figure 7.2.4). Further anatomic imaging with MRI and
possible local therapy would be appropriate in this area. Other deposits have a poten-
tial for future pathologic fracture although they have no major osteolysis at the present
time.There is a large lesion in the right medial ileum. Of concern also for future patho-
logic fracture would be a large lesion in the right lower ileum near the acetabulum
(Figure 7.2.5) and several lesions in the proximal femora (Figure 7.2.6), larger on 
the right than the left. These involve the femoral neck and intertrochanteric areas. An
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additional lesion is present in the lumbar spine at L-4. There is a left costovertebral
junction focus in the midthoracic spine which is small. There is moderate segmental
sigmoid colon activity; in the absence of either symptoms of colitis or wall thickening
this is presumed physiologic.

Impression

1. Moderately advanced metastatic disease to the skeleton, with the most important
lesion being a posterior element/epidural lesion at T-12. There are also multiple
proximal femoral and pelvic metastases discussed above.

2. There are two treated photopenic areas in the liver, one posterior VII segment and
one anterior near the dome. The posterior one is unassociated with hypermetabolic
activity. The anterior lesion has a focal area of hypermetabolism medial to it which
is consistent with residual/recurrent disease within the liver.

Pearls and Pitfalls

• FDG PET imaging is more accurate than CT in distinguishing post therapy changes
from residual tumor in patients treated with radiofrequency ablation therapy.10,12,16

• PET-CT is very useful for differentiating local recurrence from scarring following
surgery/radiation therapy.5,8

Discussion

Skeletal metastases of colon origin are uncommon but not rare. CT allows assessment
of osteolysis/fracture potential. PET-CT is very helpful to assess post ablation status
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of liver metastases. False-positive FDG uptake can be seen immediately after radia-
tion therapy due to inflammation and increased FDG uptake within irradiated tumor
cells. A minimum of 2 to 3 months following radiation therapy is usually necessary for
an accurate assessment on follow-up imaging.

History

59-year-old male who has a history of colon cancer status post left hemicolectomy. His
CA 19-9 is 57. His CEA level is 15.7 and rising. The patient is now being restaged with
PET-CT.

Findings

There is a significant amount of perirectal stranding (Figures 7.3.1 and 7.3.2) on CT
anterior to the sacrum and involving the perineum that is hypermetabolically active
on PET consistent with local infiltration from recurrence. A band of activity is seen to
extend posteriorly beyond the level of the coccyx (Figures 7.3.3A and 7.3.3B) extend-
ing into the midline gluteal subcutaneous fat. There is probable destruction of the
coccyx on CT. There is involvement with obstruction of the distal right ureter. There
is retroperitoneal paracaval adenopathy. The activity involving the ostomy (Figures
7.3.4A and 7.3.4B) and the scattered bowel uptake is likely inflammatory (Figure 7.3.5)
and physiologic respectively. No other abnormality is seen in the chest or liver.

Impression

1. There is an anastamotic recurrence of low rectal carcinoma with local coccygeal
destruction and posterior subcutaneous extension. There is right retroperitoneal
paracaval metastatic adenopathy with ureteral obstruction.

2. There is intense but probably physiologic colon activity including the stoma.

Case 7.3

FIGURE 7.3.1.
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FIGURE 7.3.3B. FIGURE 7.3.4A.
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Pearls and Pitfalls

• The presence of recurrent disease can be detected using serum levels of carcino-
embryonic antigen (CEA) with a sensitivity of 59%, and a specificity of 84%. A lim-
itation of the CEA test is that it cannot localize the site of recurrent disease.9

• 15% to 20% of patients with locally recurrent disease are cured by reresection.18

• Roughly 35% of patients have long-term survival after the curative resection for
metastatic or locally recurrent tumor. This is probably due to undetected metastatic
disease at other sites.3,11,17

Discussion

Diffuse colon activity is usually physiologic even when intense. Segmental intense
colon activity frequently indicates colitis. Focal intense colon activity frequently indi-
cates adenomatous polyp or adenocarcinoma.

FIGURE 7.3.4B.

FIGURE 7.3.5.

History

51-year-old female with known metastatic disease from colon carcinoma. The current
exam is compared with the most recent PET scintigraphy from one year ago and is
being done for restaging.

Case 7.4



Findings

Since the prior exam, there has been progression of abdominal disease, but no disease
is evident above the diaphragm (Figure 7.4.1).There appear to be postsurgical changes
at the right lung base, but there is no hypermetabolism evident above the diaphragm.
As with the prior exam, there is bulky abdominal retroperitoneal and pelvic extraperi-
toneal disease (Figure 7.4.2).The individual lesions appear significantly larger than pre-
viously seen. The lesion in the right abdominal retroperitoneum, which had obstructed
the right ureter, is now seen to engulf the ureter by virtue of a stent passing through
it (Figure 7.4.3). This mass is 5.5cm in maximum dimension. There is also a retroperi-
toneal lesion on the left at the same level as the lesion obstructing the right ureter of
smaller size, about 3.3cm (Figure 7.4.4). The disease is even bulkier in the pelvis. There
is a large, lobulated mass which is anterior to the rectum and superior to the urinary
bladder, which compresses the urinary bladder and displaces it anteriorly. This mass is
about 7.5cm in both maximum oblique dimensions. A small left iliac deposit of about
1.7cm is evident just below the iliac bifurcation. One additional extraperitoneal
implant is evident anteriorly just above the left pubic symphysis. Incidental notation
is made of thoracolumbar scoliosis.

Impression

There has been significant interval progression of bulky retroperitoneal/extraperi-
toneal disease. There is a large, lobular mass above and compressing the urinary
bladder and a large right pelvic extraperitoneal mass with intimate relationship to 
the right ureter. Several smaller pelvic extraperitoneal deposits are apparent.
There has also been progression of the right retroperitoneal deposit which has
obstructed the right ureter, now seen in intimate relationship to the stent, which 
passes through a portion of it. There is a smaller deposit at the same level, near the
left ureter.
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Pearls and Pitfalls

• The 5-year survival rate following salvage surgery for locally recurrent disease is
roughly 35%.18

• In the detection of hepatic metastases, FDG PET has a sensitivity of 87% (compared
to 73% for conventional imaging [CT/MR]).2,15

• Extrahepatic metastases can be identified in 18% to 43% of the patients in therapy
leading to treatment alteration.18

• Local recurrence can be detected by PET with an accuracy of 90% to 100%, com-
pared to 48% to 65% accuracy by CT.19

Discussion

Ureteral stents are helpful to mark the course of ureters obstructed by tumor.
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History

42-year-old male with a recent diagnosis of low rectal tumor by biopsy. The current
exam is for staging.

Findings

There is a single, intense focal area of colonic 18-FDG activity in the low rectum
(Figure 7.5.1). An outside CT reported this as a 2-cm lesion from the anal verge. The
hypermetabolism appears to be centered 3cm above the anal verge (Figure 7.5.2). This
is very consistent with the primary tumor. No pathologic regional nodal activity is
evident. There is no evidence for hepatic metastasis or distant metastasis elsewhere.
There is moderately intense diffuse activity in the distal sigmoid loop and upper rectum
(Figure 7.5.3). There is dense barium on the CT in this segment. No wall thickening is
apparent. In the absence of wall thickening, this is more likely physiologic than due to
colitis or tumor.

Impression

1. Isolated focal abnormal activity in the low rectum centered 3cm above the anal
verge judging from CT. This appears as isolated abnormality with no evident nodal
or distant metastases. The staging by PET-CT would be Dukes A or B.

2. Diffuse distal sigmoid loop and upper rectal activity, probably physiologic; air in the
urinary bladder, unassociated with other abnormality, is likely related to recently
discontinued Foley catheter.

Pearls and Pitfalls

• Nonspecific inflammation from abscess or post radiation treatment can produce a
false-positive PET exam.1,13

• PET may upstage or downstage the disease and thereby affect patient 
management.4,6,11,12
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FIGURE 7.5.1.

FIGURE 7.5.2.
FIGURE 7.5.3.



Discussion

Distance from the anal verge is of obvious importance to the colorectal surgeon and
must be assessed on CT if PET-CT is the sole staging procedure. Dense barium causes
artifacts on CT-corrected PET but dilute barium does not. Dense barium is frequently
associated with intense physiologic 18-FDG activity in bowel.
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8 Cholangiocarcinoma
Heidi R. Wassef

History

74-year-old male who has a history of extrahepatic cholangiocarcinoma diagnosed 5
years ago with a known metastasis to the liver found three years ago. The patient had
a Whipple procedure and a partial liver resection. His liver malignancy recurred two
years ago and he was subsequently treated with chemotherapy. Radioablation therapy
was later performed on the liver tumor. The patient’s recent CA 19-9 level is 697.3 and
is rising. He is being evaluated for extent of disease.

Findings

In the chest, there is right upper lobe focus of activity that is hypermetabolic which
corresponds to the lesion seen on CT (Figures 8.1.1 and 8.1.2). The right apex has two
small foci of abnormal activity. A right paratracheal node is active (Figure 8.1.3). A
second node more inferior is also active but less well defined on CT. In the abdomen,
there is a large region of intense abnormal activity in the right lobe of the liver near
the IVC. In addition, there are smaller sites of hypermetabolism involving the 
posterior, posterolateral, and the right lateral aspect of the liver. The right lateral 
aspect of the liver is the region of prior surgical resection. Small nodes around the 
pancreas exhibit elevated uptake (Figure 8.1.4). The gastric wall (Figure 8.1.5)
demonstrates physiological activity. The intense uptake in the loop of colon near the
hepatic flexure is either in the colon, or on the surface. This is suspicious for metasta-
sis, implants, or inflammatory bowel disease. A small focus in the rectum maybe a
polyp; endoscopic evaluation is advised. The lower thoracic, upper lumber spine
hypoactivity is consistent with prior radiation therapy. The generalized increased
marrow activity in other areas may be due to anemia or residual hyperplasia from
chemotherapy.

Impression

Multiple sites of hypermetabolism involving the liver and the lung parenchyma as
described above consistent with metastatic and locally recurrent disease.

Case 8.1
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Pearls and Pitfalls

• The overall prognosis for cholangiocarcinoma is 10% 5-year survival.1,3

• Tc-99m sulfur colloid and Tc-99m acetanilide iminodiacetic acid analogs may be alter-
natives to PET in cholangiocarcinoma imaging, but are less effective.

Discussion

Cholangiocarcinoma is the second most common primary hepatic tumor after
hepatoma. Bacteria-induced carcinogens are believed to be related. Primary scleros-
ing cholangitis and oriental cholangiohepatitis are predisposing factors. Of the tumors,
87% to 92% are intrahepatic and only 8% to 13% are extrahepatic. Abdominal ten-
derness, palpable masses, weight loss, and painless jaundice are the typical clinical pre-
sentations. Ultrasonography to the right upper quadrant is the best initial noninvasive
examination. CT infrequently depicts the tumor well but asymmetrical right vs. left
biliary dilatation is typical for biliary hilar cholangioma (Klatskin tumor). PET is
helpful for defining viable tumor. MRCP is very helpful for surgical or interventional
radiology procedure planning. ERCP is the definitive test.

FIGURE 8.1.4. FIGURE 8.1.5.

History

60-year-old male who has a history of gallbladder carcinoma diagnosed two years ago
status post cholecystectomy and partial hepatectomy with Roux-en-Y choledochoje-

Case 8.2



junostomy at that time. A previous PET at the time of diagnosis revealed hyper-
metabolism in the gallbladder fossa and right midabdomen suggestive of serosal
implantation. The PET scan is now being done for restaging.

Findings

There is an area of intense hypermetabolism in the right lower abdominal quadrant
(Figure 8.2.1) that corresponds with a soft tissue mass in the right paracolic gutter
(Figure 8.2.2) adjacent to the iliac crest on CT compatible with a peritoneal deposit or
implant. Another site of more diffuse area of increased tracer uptake is seen in the
right lower quadrant anteriorly, corresponding to the bowel without wall thickening,
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likely due to physiologic activity. There is also a pulmonary nodule in the anterobasal
segment of the right lower lobe which is metabolically inactive and considered benign.
No abnormal activity is seen in the gallbladder surgical bed.

Impression

1. Interval development of an intensely hypermetabolic right paracolic gutter metasta-
tic deposit.

2. No evidence for locally recurrent disease in the gallbladder surgical bed.
3. Anterobasal right lower lobe pulmonary nodule without abnormal metabolic activ-

ity, considered benign (e.g. hamartoma, old granuloma).

Pearls and Pitfalls

• PET is an excellent diagnostic tool in detecting unsuspected distant metastases from
GI cancers.1,2

Discussion

Gallbladder cancer is the fifth most prevalent cancer of the gastrointestinal tract. Of
these patients, 80% are diagnosed with the presence of gallstones. Porcelain gall-
bladder is an advanced stage of cholecystitis. Females age >70 and Native American
heritage are risk factors. Pain, jaundice, weight loss, and ascites are usually present late
in the disease. Ninety percent of the patients will eventually die of the disease. Fifty
percent of the gallbladder cancers are detected with ultrasonography. CT can detect
liver metastasis in 70% to 80% of the cases. MRCP and MRA can assist preoperative
planning. ERCP with biliary stent is a palliative treatment for jaundice. Surgery is the
only cure, although chemotherapy such as 5-FU and gemcitabine may be useful in the
adjuvant setting.

Change in Treatment

There is a definite change in the pre- and post-PET management for this patient.
Surgery was done and the malignancy was found to be confined to the mass in the
abdomen.



History

52-year-old male status post esophagectomy for esophageal carcinoma. He has had
subsequent radiation and chemotherapy. The current examination is to evaluate a new
right adrenal mass (adenoma vs. metastasis) seen on prior anatomic imaging.

Findings

The right adrenal tumor is intensely hypermetabolic (Figures 9.1.1 and 9.1.2) and con-
sistent with metastasis. No other metastatic disease is evident on the current exam.The
CT shows the surgery to be a gastric pull-up. Thyroid lobe activity is unusually intense
(Figure 9.1.3). This could be physiologic but a TSH value is suggested if not recently
performed to evaluate for functional significance.

Impression

1. Right adrenal metastasis as the isolated manifestation of metastatic disease of
esophageal origin.

2. Unusually intense thyroid uptake as discussed above.

Pearls and Pitfalls

• PET is useful for tumor staging prior to surgical intervention in esophageal cancer.3,4,6

• Endoscopy and conventional CT are primarily used for local staging; PET is pri-
marily used for detection of metastases.3,4,5,6

Discussion

Ninety percent of the initial presentations in esophageal cancer include dysphagia and
weight loss. Most early stages of disease are asymptomatic. Seventy-five percent are
discovered in advanced stages with lymph node metastases. The basic workup includes
barium esophagram and esophagoscopy with ultrasound. For early-stage disease, the
5-year survival is 57% to 78%. But overall, most patients have a 10% 5-year survival

9 Esophageal Carcinoma
Hossein Jadvar and Shahram Bouyadlou

Case 9.1
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rate. Surgery or external beam irradiation and chemotherapy are currently the stan-
dards of care for limited esophageal cancer.
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History

51-year-old male with a recent diagnosis of esophageal cancer with a 1-cm lesion endo-
scopically biopsied as positive. Outside CT had shown two small nodules in the left
upper lobe. The current examination is for staging.

Findings

In the chest, review of the CT scan reveals two small nodules in the left upper lobe,
one 3mm and one 2mm. No abnormal activity is seen in relationship to these small
nodules, but they may well be below the resolution of PET, particularly in view of the
quiet respiration status during acquisition. However, there are numerously intensely
active lymph nodes within the mediastinum (Figure 9.2.1). These lymph nodes are
normal by size criteria on CT but abnormal by PET scintigraphy. Numerous right 
superior mediastinal, prevascular, bilateral peribronchial, precarinal, subcarinal, and
lower middle mediastinal nodes are apparent (Figure 9.2.2). There are also bihilar and
infrahilar lymph nodes (Figure 9.2.3). There are two focal hypermetabolic areas in the
lower esophageal area. One is probably the primary tumor. The other may be a second
lesion with a skip metastasis or an adjacent posterior mediastinal lymph node. The 
lymphadenopathy distribution and extent would be unusual for metastatic esophageal
CA at presentation; the possibility of incidental granulomatous disease is considered.
Bronchoscopy prior to surgery might be helpful in this regard. Incidental notation is
made of minor circumflex coronary calcification and a small Bochdalek’s defect in the
left diaphragm. Minimal activity in the inguinal nodes is not pathologic and is proba-
bly reactive.

Impression

1. There is one focus consistent with a primary esophageal carcinoma in the lower eso-
phagus. There is either a skip metastasis above it or an adjacent lymph node.

2. Extensive superior and middle mediastinal and bihilar hypermetabolic lympha-
denopathy. This could either represent metastatic esophageal CA or active granu-
lomatous disease.

Case 9.2

FIGURE 9.2.1.
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3. The small pulmonary nodules are not visualized on PET but are probably below
the threshold of resolution.

Pearls and Pitfalls

• The sensitivity for primary esophageal cancer is 91% to 100%.5,8

• PET is not sensitive enough to assess local invasion.4,8,9

• Carcinoma-in-situ and T1 small cancers are predisposing factors for a false-negative
PET result.4,8,9

• False-positive test results can occur with patients who have esophageal 
inflammation.4,8,9

• The accuracy for nodal metastases in CT is 40% to 73%, as opposed to 24% to 90%
for PET.7,9,10

Discussion

Of the esophageal cancers, 50% to 60% are squamous cell carcinoma. There has been
a surge in number of adenocarcinomas in recent years. Once the malignancy extends
beyond the esophageal wall, a good radial resection is hard to achieve. The tumor
usually spreads longitudinally and may present with skip metastases. Ten to fifteen
percent of the patients will relapse despite clear margins on resection; 50% to 70% of
the patients will have lymph node involvement; and 20% to 30% will involve supra-
clavicular nodes that are nonpalpable.

FIGURE 9.2.2. FIGURE 9.2.3.
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History

65-year-old male who has a history of esophageal and liver cancer diagnosed within a
few months of each other. An earlier PET scan revealed hypermetabolism involving
the liver and esophagus. He was treated subsequently with chemotherapy. Evaluation
for treatment response is requested.

Findings

There are four hypermetabolic foci seen in the liver (Figures 9.3.1 and 9.3.2); two on
the right and two on the left, corresponding with the previous PET findings. There is
focal short segment of activity at the level of the original gastroesophageal junction
(Figure 9.3.3) that may represent local recurrent residual tumor.The mild bihilar activ-
ity is probably inflammatory (Figure 9.3.4) in nature.The tracer localization at the base
of the neck is fat or muscle activity (Figure 9.3.5). No pulmonary metastasis or discrete
mediastinal lymph node pathology is seen.

Impression

1. Hypermetabolism in the liver compatible with metastatic disease.
2. Abnormal activity at the level of the gastroesophageal junction compatible with

local recurrence; inflammatory disease at this site must also be considered.
3. Overall, findings represent a poor response to chemotherapy.

Pearls and Pitfalls

• CEA is an effective tumor marker for monitoring patient response to treatment.
• PET is a useful tool for detecting nodal metastases.
• Patients with limited and local disease have a higher survival rate (60%) than those

patients with distant metastasis (20%) over a 2 to 3 year period.4,8,10

• PET has the potential to alter patient management in 22% of the cases.1,2,3,5

Discussion

Patients with distant metastases are considered nonresectable. Most metastatic lesions
in the liver and lung are subcentimeter in size. PET has a sensitivity of 69% to 100%,

Case 9.3
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specificity of 84% to 90%, and accuracy of 84% to 91% for detecting metastases,
whereas CT has a reported sensitivity for distant metastases of 46%. Comparing the
two modalities, PET scored higher for the detection of distant metastases compared
to CT, 84% vs. 63%, respectively.
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History

63-year-old female status post esophagectomy with gastric pull-up for esophageal car-
cinoma. The patient is being seen for restaging.

Findings

The most striking finding of the exam is the intensely hypermetabolic confluent bulky
subcarinal (Figure 9.4.1) and left hilar adenopathy with a few smaller left peribronchial
intensely active nodes (Figure 9.4.2). This is consistent with metastatic regional
adenopathy of esophageal origin. There is some peripheral atelectasis in the left mid-
lung, which is likely related to the hilar adenopathy with bronchial compression. There
are a few mildly active nodes in the superior mediastinum between the posterior
margin of the left pulmonary artery and the aorta. The modest activity at the right AC
joint is presumed inflammatory in character.

In the abdomen, there is unusually active but probably physiologic distal colon activ-
ity diffusely. There is one separate focus which is probably also colon rather than an
iliac lymph node. There is no evidence for adrenal or hepatic metastasis. Multiple 
findings corresponding to surgical history and incidental notation of sigmoid 
diverticulosis.

Impression

1. With regard to the history of esophageal carcinoma, there is bulky, intensely hyper-
metabolic subcarinal, left hilar, and left peribronchial adenopathy with some sec-
ondary peripheral atelectasis.

2. There is unusually intense but probably physiologic distal colon activity. A single
intense focus more proximally is somewhat suspect but not definite for polyp/tumor.

Case 9.4

FIGURE 9.4.1.
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Pearls and Pitfalls

• PET has a higher accuracy (88%) for determining utility of surgical resection than
CT (65%).1,2,3,6,8

• PET is a cost-effective imaging procedure since it will select patients more appropri-
ately suited for surgery.3,6,8

Discussion

Only 40% of esophageal cancer patients are candidates for surgical resection. Resid-
ual tumors are frequently seen at the margins of the resection. The postoperative mor-
tality is 20% from fistulas, abscesses, and respiratory complications. The 5-year survival
after a total esophagectomy is less than 20%.

FIGURE 9.4.2.

History

62-year-old male who has a history of esophageal cancer three years ago status 
post en bloc esophagectomy and gastric pull-up. His CT was unremarkable and his
CEA level was 1.0. The patient presents with dysphasia and is being evaluated for
recurrence.

Findings

There is an intensely hypermetabolic mass (Figures 9.5.1 and 9.5.2) posterior to the
trachea and lateral to the gastric pull-up within the superior mediastinum. This corre-
sponds to a soft tissue mass in this region. No regional adenopathy is seen.

Case 9.5



Impression

Evidence for tumor recurrence adjacent to the gastric pull-up anastomosis in the supe-
rior mediastinum near the esophagogastric anastamosis.

Pearls and Pitfalls

• PET can evaluate patient response to therapy.1,2

• Recurrence is most common near the esophagogastric anastamosis.4,9,10
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History

64-year-old male with a history of gastric cancer, status post partial gastrectomy, with
subsequent radiotherapy and chemotherapy one year ago. A recent CT demonstrated
a suspicious area in the medial segment of the left lobe of the liver. This study is per-
formed to evaluate for evidence of metastatic disease.

Findings

The pulmonary exam is negative by 18-FDG PET scintigraphy. Scattered atelectasis is
evident on CT as well as a left-lung base cystic area in the lung. No pulmonary nodule
is apparent. The mediastinum is negative. The abdomen is remarkable for a liver dome
lesion which is intensely hypermetabolic (Figure 10.1.1) with central hypoactivity con-
sistent with central necrosis (Figure 10.1.2). This is somewhat ill-defined on the non-
contrast CT but it is measured at about 3.3cm in diameter. No other hepatic lesion is
apparent. Multiple upper abdominal surgical clips are consistent with the history.
There is moderate calcification in the normal caliber abdominal aorta. There is promi-
nent but presumed physiologic diffuse bowel activity. In the pelvis, the urinary bladder
appears more distended than usually seen on a post-voiding exam. This may reflect
prostate enlargement.

Impression

1. Solitary liver dome metastasis of approximately 3.3cm diameter with central necro-
sis. There is no other evidence for metastatic disease by PET scintigraphy with CT
attenuation correction.

2. Increased postvoiding residual in the urinary bladder; prior partial gastrectomy with
multiple upper abdominal surgical clips; scattered pulmonary atelectasis and left
lung base cyst.

Pearls and Pitfalls

• PET may be useful in the evaluation of recurrent gastric cancer and localize the
disease where CT is nondiagnostic.1,2

• PET can alter the clinical management of patients with recurrent gastric cancer.1,2,3

Case 10.1
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• In a retrospective study, PET demonstrates a sensitivity of 62% and specificity of 60%
for a group of primary tumors with signet cell differentiation.1,2,3

• The positive predictive value of PET in gastric cancer is 78% as opposed to a nega-
tive predictive value of 60%.1,2,3

• Due to the poor sensitivity and negative predictive value, most authorities agree PET
imaging is not a useful screening tool for gastric cancer.1,2,3
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Discussion

Gastric cancer ranked fourteenth among major malignancies in the US and remains
the least studied malignancy with F-18 FDG PET imaging. Studies suggest that expo-
sure to an etiologic agent at an early age (H. pylori infection, cigarette smoking, and
low levels of dietary vitamin C) may be responsible for gastric cancer that eventually
leads to up-regulation of expression of cox-2 enzyme.

Early satiety and abdominal tenderness are some of early-stage nonspecific signs for
stomach cancer. Weight loss or palpable mass is late in the course of the disease.
Endoscopy, gastric cytology washing, and barium x-ray are commonly used for diag-
nosis. Resection is the cornerstone for cure. Chemotherapy may be used for palliative
treatment. Prognosis is good only if the malignancy is limited to the mucosa and 
submucosa.

History

63-year-old male who has a history of gastric cancer diagnosed status post chemother-
apy two years ago. His most recent CT revealed a suspicious lesion in the medial aspect
of the inferior portion of the liver.The patient is being evaluated for metastatic disease.

Findings

In the abdomen, there are several small hepatic metastases (Figures 10.2.1 and 10.2.2).
There is a large subhepatic (Figure 10.2.3) and several other large peritoneal implants
(Figures 10.2.4 and 10.2.5). The low left pelvic focus is probably a peritoneal implant
in the rectovesical recess (Figure 10.2.6). The chest is clear.

Impression

Multiple lesions found in the liver and the abdomen consistent with disseminated
implants from known gastric cancer.

Case 10.2
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Pearls and Pitfalls

• PET-negative patients have a higher survival rate than PET-positive patients, 18.5
months vs. 6.9 months, respectively.1,3

Discussion

PET scintigraphy is useful for imaging in advanced, metastatic, or recurrent disease,
although there is no direct correlation between uptake and histopathological appear-
ance. F-18 FDG is an important tool in staging, treatment planning, and in assessing
response to therapy.

Change in Treatment

There is a definite pre- and post-PET management change in this patient. The patient
initially refuses chemotherapy due to its side effect profile and would prefer radio-
therapy instead. After the PET findings, the patient was convinced that chemotherapy
would be the best therapeutic approach to his therapy planning.

FIGURE 10.2.6.



History

43-year-old male who has a history of gastrointestinal stromal tumor diagnosed status
postexploratory laparotomy. Evaluation for metastatic diseases is requested.

Findings

There is a single abnormality in the loop of bowel below the umbilicus deep (Figures
11.1.1 and 11.1.2) in the abdomen that is moderately hypermetabolic with wall thick-
ening on CT consistent with malignancy. The ground glass density on CT in the right
pulmonary apex is mildly active probably representing inflammatory changes. The
prominent activity in the right colon is physiologic. The activity near the cervical ver-
tebrae posteriorly is consistent with fat mobilization (Figure 11.1.3).

Impression

1. Hypermetabolism in a thickened loop of bowel as described above compatible with
known malignancy.

2. Presumed inflammation in right pulmonary apex.
3. No evidence of metastatic disease.

Discussion

Gastrointestinal stromal tumors (GISTs) are a group of rare soft tissue tumors that
constitutes 80% of the GI mesenchymal tumors. This represents less than 3% of all GI
malignancies. Both men and women are affected between the ages of 40 and 70 years.
Fifty to seventy percent of the GISTs occur in the stomach, 33% in the small bowel,
and 5% to 15% in the colorectal.

The typical symptoms include abdominal discomfort (or pain), vomiting, fecal blood,
and fatigue secondary to anemia.

CT with contrast can provide information regarding the location of the abnormal
growth. It is also very sensitive in detecting any metastatic involvement including the
liver, peritoneum, and lungs. MRI is used to evaluate soft tissue mass and lesion 
vascularity. Ultrasound guided biopsy follow by immunohistochemical staining will
provide additional character of the tumor. PET can determine if any other malignancy
is involved where CT (MR) might have missed the diagnosis. Special diagnostic kits

11 Gastrointestinal Tumors
Heidi R. Wassef
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are now commercially available to detect GISTs with CD-117 (and CD-34 antigen)
surface tissue expression.

The treatment of GISTs is primarily surgical. Only 10% of patients will remain
symptom free after treatment. As a rule of thumb, small GISTs (<1cm in size) rarely
metastasize; whereas larger GISTs (>15cm) will inevitably spread.

The overall 1-year survival rate of GISTs is 69%. The 3-year survival rate is 29% to
35% and 5-year is 29% to 35%.

Follow-up

In this case scenario, PET has successfully downstaged the original malignancy sug-
gested from CT.
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History

67-year-old male who presented with jaundice. A biliary stent was placed endoscopi-
cally and an ulcerative mass noted in the post-bulbar duodenum and confirmed on CT.
The current evaluation is for staging.

Findings

There is thickening of the medial wall of the descending duodenum with accompany-
ing intense hypermetabolism (Figures 11.2.1 and Figure 11.2.2), between the duodenal
lumen and the stent. The lesion is about 2cm in diameter and the intense hyper-
metabolism is consistent with malignancy. Additionally, there is a focal area of intense
hypermetabolism of about 1.5cm dimension in the posteromedial cortex of the upper
right kidney. An apparent cortical lesion appears to be a misregistered prominent

Case 11.2

FIGURE 11.2.1.
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upper pole calyx. There are a few scattered peripheral radiodensities that are inter-
preted as minor atelectasis on CT. Incidental notations are made of pneumobilia
related to the stent and high-density material in the gallbladder, which is probably con-
trast from a previous radiographic exam.

Impression

1. Intense hypermetabolism of the wall thickening of the left/medial aspect of the
descending duodenum, between the duodenal lumen and the biliary stent, consis-
tent with malignancy.

2. No evidence of regional or distant metastatic disease.

FIGURE 11.2.2.



History

35-year-old female who is status post left modified radical neck dissection with a 
diagnosis of buccal cavity squamous cell carcinoma. She is being evaluated for locally
recurrent and metastatic disease.

Findings

In the head and neck examination, there are two areas of intense hypermetabolism
(Figures 12.1.1 and 12.1.1A). The first area is within and extending inward from an
osteolytic defect at the internal cortex of the proximal left mandibular ramus (Figure
12.1.2) near the angle of the jaw. There are multiple surgical clips in this area, but 
this intense hypermetabolism at 15 months after surgery is likely to represent locally
recurrent neoplasm (rather than postoperative changes). The other area of intense
hypermetabolism is the soft palate (Figure 12.1.3). This is most likely physiologic. Also
noted in the head and neck is moderately increased right gingival margin activity along
multiple teeth in the right maxilla likely representing gingival inflammation. At the
same level, there is more intense right than left posterior tongue activity, which may
reflect asymmetric muscular activity. Also noted as striking in the head and neck is
increased fat activity in the neck and shoulders.This is suspected to be related to mobi-
lization of fat, as the patient reports significant recent weight loss. Vocal cord activity
is slightly asymmetrical, left greater than right, but no pathologic significance is 
attributed to this finding. The lung window images on the chest CT are negative, with
no evident pulmonary nodules.

Impression

1. Intense hypermetabolism within and extending inward from a defect in the inter-
nal cortex of the left mandibular ramus. At more than one-year post surgery this is
most likely recurrent neoplasm.

2. Intense soft palate and right greater than left posterior tongue activity, probably
physiologic.

3. Negative for metastatic disease on whole-body examination.

12 Head and Neck Cancers
John L. Go

Case 12.1

124



12 Head and Neck Cancers 125

Pearls and Pitfalls

• PET has an accuracy of 81% in distinguishing residual tumor from scar in head and
neck cancers, whereas for CT (or MR) are 42%.4,5,7,9

Discussion

Squamous cell carcinoma (SCC) of the buccal mucosa is a rare form of oral cavity
cancer. It is a very aggressive disease that is associated with a high rate of locoregional
recurrence and poor survival. The 5-year survival with patients of T1 or T2 tumors is
only 78% and 66%, respectively. Extracapsular lymphadenopathy, muscle invasion, and
Stensen’s duct involvement are poor prognosticators. Surgical salvage for patients with
locoregional recurrence after radiation therapy is rarely successful.

FIGURE 12.1.1.

FIGURE 12.1.1A.



History

62-year-old male who has a history of squamous cell carcinoma on the face with known
metastasis to the brain. His most recent MR demonstrated suspicious lesions involv-
ing the right lateral pons, right internal auditory canal, and left infratemporal fossa.
Evaluation for extent of disease is requested.

Findings

On the rotating images, no bulky adenopathy is seen (Figure 12.2.1). There is slight
increased activity in the right pons (Figures 12.2.2 and 12.2.2A) when compared to the
left with evidence of ipsilateral diaschesis in the cerebellum. The rest of the brain
parenchyma is within limits. In the chest, a linear band of activity is seen posterior to
the right perihilar region (Figure 12.2.3) with a slightly prominent focus laterally. This
is suspicious for inflammatory lung disease.There is small focus of activity on the lateral
chest wall underneath the right axilla on the medial aspect of the arm that may rep-
resent a skin mole. Right urinary stasis is seen near the pelvis brim.There is mild caliec-
tasis in the right renal collecting system.

126 Part II Clinical Cases

FIGURE 12.1.2. FIGURE 12.1.3.
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Impression

1. PET evidence for malignancy involving the right pons.
2. Suspicious activity on the right lateral chest or medial arm warrants additional 

clinical examination.

Pearls and Pitfalls

• CT is useful in identifying the extent of primary and nodal involvement. It can also
assess for pulmonary and hepatic metastasis.4,7

FIGURE 12.2.1.

FIGURE 12.2.2.

FIGURE 12.2.2A.



• MRI is recommended for evaluation of brain metastases due to higher sensitivity 
compared to other imaging modalities; PET can be used in this setting to improve
specificity.7,9

Discussion

Squamous cell carcinoma of the skin involves malignancy of the keratinocytes arising
from the epidermis with evidence of dermal histological invasion. People with fair skin
color are more susceptible to this disease. The prognosis corresponds to the location,
the size, and the depth of the invasion. Local excision is the initial treatment. Radio-
therapy after surgery is used to treat local recurrence.

This patient has a known history of squamous cell carcinoma of the face. Although
rare, malignancy on the face can potentially spread to the central nervous system by
lymphatic drainage.

128 Part II Clinical Cases

FIGURE 12.2.3.

History

44-year-old female with a history of treated nasopharyngeal carcinoma. She is currently
being restaged.

Findings

There is intense pathologic activity in the midline and left of midline at the posterior
nasopharynx level. On CT, there is lytic destruction of the clivus (sphenooccipital clivus

Case 12.3
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and body of sphenoid) with permeative infiltration of the adjacent remaining bone,
midline and left of midline (Figure 12.3.1). There is involvement of the foramen ovale
but no inferior extension into the masticatory space. There is involvement of medial
margin of the carotid canal (horizontal portion of the petrous segment). This extends
to the upper left paramedian soft tissues anterior to the foramen magnum. No regional
adenopathy is evident.

The torso exam is unremarkable in appearance by 18-FDG PET scintigraphy. There
is physiologic cardiac, GU, hepatic, and splenic activity as well as physiologic marrow
activity. The liver has a long right lobe, consistent with Reidel’s lobe.

Impression

1. Primary nasopharyngeal carcinoma involving the left neck without evidence of
distant metastatic disease. Recurrence in the left posterior and posterolateral
nasopharyngeal carcinoma extends posteriorly and superiorly to involve the skull
base.

2. Negative for regional adenopathy and distant metastatic disease.

Pearls and Pitfalls

• A SUV of greater than 5.5 has been used by some groups to identify patients in need
of aggressive treatment.1,6

Discussion

Nasopharyngeal carcinoma is a common malignant disease in Southeast Asia. In the
Western population, it is 0.19% per 100,000 persons each year. Although the etiology

FIGURE 12.3.1.



of this disease is unclear, both genetic and environmental elements may be contribut-
ing factors. The incidence mostly occurs in males with the age of onset at 30 to 40 and
50 to 60 years of age. Most cases go undetected until late in disease course with pre-
sentation of a neck mass at the time of diagnosis. Approximately 60% to 85% of the
patients are first diagnosed with the disease already having cervical metastasis.

Epstein-Barr virus is associated with the disease. Most (80% to 90%) of the patients
have an elevated level of immunoglobulin A (IgA) antibodies to the viral capsid
antigen (VCA) and early antigen (EA). Transnasal biopsy is the gold standard to 
diagnose the nasopharyngeal mass, although fine-needle aspiration may suffice in the
detection of occult primary tumor. External beam radiation is the common approach
to treat nasopharyngeal cancer. Chemotherapy may serve as an adjuvant treatment
when metastasis is detected. The 3-year survival for locoregional disease is 34% to
48%. The distant failure rate has been reported as 18% to 35%.
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History

63-year-old male who has a history of squamous oral cancer. His most recent CEA
level is 6.3 and has been rising. His last PET study demonstrates elevated uptake in
the left parotid gland. He now presents with an enlarged left neck lymph node and a
right upper jaw pain. Evaluation for malignancy is requested.

Findings

There is a large area of mildly intense hypermetabolic activity in the left parotid
(Figures 12.4.1 and 12.4.2) as well as the submandibular gland (Figure 12.4.3) consis-
tent with inflammatory changes. There is evidence of right mandibular surgery with
graft and plate placement. The right parotid gland has been surgically removed. There
is no evidence of significant hypermetabolic activity on the right neck to indicate 
residual or recurrent tumor. In the abdomen, there is mildly intense activity along the
distribution of the GI tract considered to be physiological. There is mildly increased
activity in the left hip consistent with inflammatory arthritis.

Impression

1. No evidence of residual or recurrent tumor in the head and neck region.
2. Mildly increased activity in the left parotid and submandibular gland consistent with

inflammatory changes.

Pearls and Pitfalls

• The overall diagnostic accuracy of PET in head and neck cancer is 86% depending
on the type of cancer and area evaluated.3,5,8,11,12

Discussion

False-positive findings with FDG imaging are commonly seen with inflammatory
processes, such as with infections, granulomas, abscesses, and postsurgical changes.

Case 12.4



FIGURE 12.4.1.

FIGURE 12.4.2. FIGURE 12.4.3.



These are benign processes that accumulate FDG and can easily be confused with
malignant lesions.
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History

50-year-old male who has a history of oral squamous cell carcinoma status post resec-
tion. Evaluation for recurrence is requested.

Findings

There is a hypermetabolic mass in the right posterior liver (Figures 12.5.1 and 12.5.2)
that corresponds to a poorly visualized lesion on non-contrast CT compatible with
either primary hepatoma or metastatic disease. There is asymmetric uptake involving
the larynx, more on the right (Figure 12.5.3), that corresponds to minimal soft tissue
fullness on CT, suspicious for malignancy or metastasis from the known primary
cancer. The paraspinal activity is related to muscular uptake (Figure 12.5.4) and is con-
sidered physiologic.

Impression

Hypermetabolism involving the right posterior hepatic mass and soft tissue fullness in
the right larynx consistent with malignancy.

Pearls and Pitfalls

• PET is useful for identifying distant metastatic disease in head and neck
cancers.2,3,10,11,13,14

Discussion

The TNM staging system of the American Joint Committee on Cancer (AJCC) main-
tains uniformity in the staging of head and neck tumors. Prognosis correlates strongly

Case 12.5

FIGURE 12.5.1.
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with stage at diagnosis. For many head and neck cancer sites, survival for patients with
stage I disease exceeds 80%. For patients with locally advanced disease at the time of
diagnosis, stages III and IV, survival drops below 40%. Development of nodal metas-
tases reduces survival of a small primary tumor by ª50. Involvement of even a single
lymph node is associated with a marked decline in survival. Most patients with head
and neck cancer have stage III or IV disease at diagnosis.
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History

44-year-old female who had the diagnosis of palate carcinoma seven years ago with
recurrence. She is status post radiation therapy, resection of recurrent tumor twenty
months ago, and status post recent gamma knife therapy. An MR demonstrated a right
infratemporal fossa tumor recurrence with right mandible infiltration and two lymph
nodes in the submandibular area.

Findings

The examination of the head and neck is abnormal. There is a curvilinear band of
abnormal activity in the right infratemporal fossa (Figures 12.6.1 and 12.6.2), consis-
tent with metastatic disease. It is parallel to and probably involving the upper right
mandibular ramus. There are also two weakly positive subcutaneous nodes near the
angle of the right mandible. The middle cranial fossa finding reported on MR is not
seen on PET-CT. Decreased temporal cortical activity consistent with prior radiation
is noted on PET. Also noted was a right posterolateral tracheal focus of either adher-
ent mucus or, less likely, a polyp. No pulmonary nodules are apparent.

The torso exam appears negative. No distant metastases are apparent.The CT shows
relatively low iodine content of the thyroid isodense with muscular tissue. A TSH 
is suggested to evaluate for functionally significant thyroid disease, if not recently 
performed.

Impression

1. Abnormal activity consistent with regional metastasis to the infratemporal fossa
along and probably involving the upper right mandibular ramus.

Case 12.6

FIGURE 12.6.1.



12 Head and Neck Cancers 135

2. Two subcutaneous nodes near the angle of the right mandible are weakly positive
and also suspicious for metastasis.

3. Post radiation changes in right temporal cortical activity.

Pearls and Pitfalls

• CT is best to assess bony invasion of the palate, maxillary sinus, and its adjacent struc-
tures. It is an invaluable for staging. Contrast infusion can assess for cervical nodal
involvement. MRI can be used to evaluate for perineural invasion.4,7

Discussion

The palate is divided into the hard palate and the soft palate. Two percent of the head
and neck malignancies involve the soft palate; 80% of the cancers are squamous cell
carcinoma. Tobacco and alcohol are predisposing factors. Most patients are asympto-
matic in early stage disease. Only in advance stage disease will the patient present with
painful ulceration, bleeding, and dysphagia.

Ten to fifteen percent of the patients with squamous cell carcinoma of the head and
neck have a synchronous second primary cancer in the upper aerodigestive tract. It is
important to perform panendoscopy to assess for either synchronous or metachronous
lesions. Local biopsy is typically performed under local anesthesia to evaluate the
extent of locoregional tumor involvement.

FIGURE 12.6.2.



History

73-year-old male with a history of soft palate surgery. He is status post maxillary sinus
surgery.

Findings

There has been resection of the medial wall of the left maxillary sinus (Figure 12.7.1).
The most intense regional hypermetabolism, however, is in the left maxillary alveolar
ridge (Figure 12.7.2) in the molar area, centered in the bone and probably of dental
or osseous origin. There is moderate hypermetabolism of the walls of the left maxil-
lary sinus as well as of the soft tissues of the face anterior to the left maxillary sinus.
The fact that the most intense hypermetabolism is in the left maxillary alveolar ridge
favors a dental origin. In the chest, there is ground glass density in the posterior
segment of the right upper lobe (Figure 12.7.3). This is moderately hypermetabolic on
18-FDG PET scintigraphy. In view of the history of recent surgery, this may well rep-
resent alveolitis associated with aspiration. However, follow-up CT would be recom-
mended, because differential diagnosis for ground glass density in this location with
moderate hypermetabolism would also include active granulomatous disease and
bronchioalveolar type neoplasm. There are several incidental findings in the lung, with
a calcification at the dome of the left base, a small linear density in the anterior segment
of the left upper lobe, both findings of doubtful clinical significance. In the abdomen,
there are multiple bilateral renal cysts. Two small cysts on the left are more than water
density. Ultrasound is recommended if not previously performed to exclude a solid
lesion. There is also a small cyst in the lateral segment of the left lobe of the liver,
an incidental notation of degenerative disc disease and facet arthropathy at the 
lumbosacral junction.

Impression

1. Intense focal hypermetabolism of the molar area of the left maxillary alveolar ridge.
There is moderate general activity of the base of the left maxillary sinus and of its
walls, as well as soft tissue anterior to the sinus in the face. Findings indicate a likely
dental origin and infection and tumor are both in the differential diagnosis.

2. Ground glass density of moderate hypermetabolism in the posterior segment of the
right upper lobe, for which follow-up is needed.

3. Two of the left renal cysts are greater than water density.
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Pearls and Pitfalls

• MRI with gadolinium can determine the extent of brain parenchymal involvement as
well as its associated structures, in particular the foramen ovales, spinosum, and
lacerum. The carotid canal and the jugular foramen are also places to examine for
metastasis. PET can offer additional way to examine the nasopharynx and the skull
base when CT and MRI are in doubt.3,4,7

Discussion

The treatment of squamous cell carcinoma of the hard palate is primarily resection.
Radiation therapy may be an alternate approach for more extensive invasion. The
treatment of soft palate tumor depends on the extent of tumor spread, with radiation
therapy being the mainstay of treatment. For advanced lesions, chemotherapy is used
as an adjunctive treatment.

FIGURE 12.7.2. FIGURE 12.7.3.

History

59-year-old male who has a history of right parotid cancer followed by resection.
Evaluation for metastasis is requested.

Case 12.8



Findings

Abnormal uptake on the right side deep to the angle of the mandible to the right of
the parotid is noted (Figures 12.8.1, 12.8.2, and 12.8.3). However, because there is no
recent manipulation in this area, the uptake is most likely related to metastasis or
locally recurrent disease. Bilateral hilar adenopathy with mild elevated uptake is noted
(Figures 12.8.4 and 12.8.5). The mild uptake in the left upper chest is consistent with
a pacemaker (Figure 12.8.6). The mild activity in the wall of esophagus is likely sec-
ondary to inflammation.
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FIGURE 12.8.1.

FIGURE 12.8.2. FIGURE 12.8.3.
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FIGURE 12.8.4.

FIGURE 12.8.5. FIGURE 12.8.6.

Impression

1. Suspicious uptake near the region of the right parotid gland, deep to the angle of
the mandible.A repeat PET-CT is indicated in 3 months if the decision is to observe
the patient.

2. Bilateral hilar adenopathy is probably related to inflammatory changes.
3. Mild uptake in the left upper chest is consistent with inflammation associated with

a pacemaker.
4. Mild esophageal uptake secondary to inflammation.



Pearls and Pitfalls

• Parotid cancers are not uncommonly identified by PET as a source of primary head
and neck cancer.3,12,14

Discussion

Eighty-five percent of the salivary gland tumors arise from parotid glands, and 75%
are benign. The most common nonneoplastic cases include cysts, parotitis, and lym-
phoepithelial lesions associated with benign hypertrophy, collagen vascular diseases,
and AIDS.

A painless, asymptomatic mass is the most common initial presentation. Eighty
percent of the masses involve the cheek. Malignancy is likely when there is evidence
for perineural invasion. Facial nerve paralysis is a poor prognostic indicator; 80% of
these patients will have nodal metastatic involvement with a 10-year survival rate of
14% to 26%. Trismus and dysphagia are also indicators for malignancy.
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History

72-year-old male who has a history of squamous cell carcinoma involving the right
parotid gland. He was treated with radiotherapy and resection, with facial reconstruc-
tions. Evaluation for recurrence is requested.

Findings

There is intense hypermetabolism in the right parotid region (Figures 12.9.1 and 12.9.2)
highly suspicious for locally recurrent disease. There is asymmetric hypermetabolism
involving the left posterior aspect of the hard palate (Figure 12.9.3). The right 
Rosenmüller’s fossa is also hypermetabolic with associated soft tissue irregularity on
CT. There is slight asymmetry in the tonsillar activity, considered physiologic. Dental
metallic implant artifact is present. No hypermetabolic distant lesions are seen.

Case 12.9

FIGURE 12.9.1.
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Impression

1. Intense hypermetabolism involving the right parotid region highly suspicious for
locally recurrent tumor.

2. The hypermetabolism in the left posterior hard palate and the right Rosenmüller’s
fossa may be related to infection, evolving post therapy inflammation, or spread of
malignancy. Direct endoscopic examination would be helpful.

3. No evidence for distant metastatic disease.

Pearls and Pitfalls

• False-positive PET for benign parotid tumor such as Warthin’s tumor and pleomor-
phic adenomas can limit the specificity (reported as 63%) from true malignancy.1,3,14

• CT scan can determine the extent of lymph node metastasis by size criteria, particu-
larly in those lesions larger than 1cm to 1.5cm, multiple enlarging lymph nodes, and
nodes with central necrosis.4,13

• MRI can assess the size of the soft tissue mass. It can reveal the extent of tumor inva-
sion to the adjacent tissue and parapharyngeal space.9,11,14

Discussion

Most parotid tumors are in the superficial lobe. Surgery followed by radiation therapy
is currently the mainstay of treatment. As in this case, only superficial parotid lobec-
tomy is needed. This is especially true with tumors confined to the superficial lobe, low

FIGURE 12.9.2. FIGURE 12.9.3.



grade by histology, and less than 4-cm in size without evidence for local invasion. The
overall 5-year survival for all stages is 62% and the 5-year survival for recurrent disease
is 37%.
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History

51-year-old male who has a history of tonsillar and submandibular cancer. The patient
was later treated with radiation therapy. Evaluation for recurrence is requested.

Findings

A focal site of intense uptake is noted superficially anterior to the sternum. This is
probably related to an implant. On CT, multiple staples are noted in the anterior tri-
angle of the left neck consistent with prior surgery. Mild to moderate multifocal activ-
ity in muscle is seen, likely physiologic in nature. Due to the patient’s known prior
malignancy, this might obscure any abnormalities within this region. No abnormal
uptake is seen in the mediastinum, abdomen, or pelvis. No residual tumor in the neck
is observed (Figure 12.10A.1).

Impression

1. No evidence for primary local recurrence or metastasis.
2. A repeat scan is advised in three months.

Pearls and Pitfalls

• A mean reduction of 82% from the baseline SUV is suggestive of a favorable outcome
after therapy.8,11,14

• Premedication with 10mg–20mg of a benzodiazepine (e.g. Valium) can reduce 
physiological muscle uptake.

Case 12.10A

FIGURE 12.10A.1.
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Discussion

Radiation therapy with curative intent usually involves daily treatment for 6 to 7 weeks
(total dose, 60Gy–70Gy). Although there is no tissue loss with radiation therapy, com-
plications include dry mouth, tissue fibrosis, trismus, bone necrosis, and hypothy-
roidism. Some problems are very common and sufficiently debilitating to warrant
significant concern in treatment planning for head and neck cancer. Surgery often pro-
duces less morbidity.

History

52-year-old male status post surgery for tonsillar cancer. He underwent left neck 
dissection and flap. He has received radiation therapy. The study is being done to 
evaluate for tumor recurrence.

Findings

The head and neck evaluation is very limited due to patient motion and dental arti-
facts (Figures 12.10B.1 and 12.10B.2). There is evidence for left neck dissection. There
is a large and intensely hypermetabolic mass located to the right of midline in the area
of the tongue consistent with tumor recurrence (Figure 12.10B.3). No evidence of
regional lymphadenopathy seen. There is some hypermetabolic activity (Figure
12.10B.4) anterior to the left of midline likely related to post surgical reconstruction.
In the abdomen, there is mild hypermetabolic activity located just left of midline con-
sistent with a percutaneous feeding tube (Figure 12.10B.5). No evidence for hyper-
metabolic activity in the pancreas and adrenals to indicate metastatic disease. Activity
in the kidney and GI tract is physiologic.

Impression

Intense hypermetabolic activity in the left tongue, compatible with tumor recurrence.

Case 12.10B

FIGURE 12.10B.1.
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Pearls and Pitfalls

• To avoid a false-positive PET study due to inflammatory changes, a waiting period of
5–7 days is recommended following needle biopsy and at least two weeks following
surgical resection.3,5,12

Discussion

Stages I and II disease at most sites may be treated with either resection or radiation
therapy.The best therapeutic approach for the primary tumor depends on the anatomic
site. The approach to treatment of the neck also varies with site and treatment of the
primary tumor. A neck dissection in a clinically negative neck might be considered
optional for primary tumor of the oral cavity, but would typically be performed in asso-
ciation with pharynx operations since resection would require incision/dissection in the
neck. Neck dissection should remain standardized (i.e., complete anatomic dissections,
as opposed to “berry picking” or random biopsy) in these settings so as to avoid incom-
plete surgery.



History

55-year-old male who has a history of coronary artery disease status post CABG. The
rest and stress thallium examination revealed mild apicolateral wall ischemia and
transmural scar involving the inferior, inferoapical walls. Evaluation for heart viabil-
ity is requested.

Findings

There is hypometabolism seen involving the midportion of the inferior wall consistent
with transmural infarction and matching the resting perfusion exam results (Figures
13.1.1 and 13.1.2). There is viability present in the inferoapical and proximal posterior
wall (Figures 13.1.3 and 13.1.4). These findings are suggestive of a significant circum-
flex artery deficit with the presence of scar in a third of the inferior posterior wall. The
remaining two-thirds of the posterior wall is metabolically preserved but compromised.

Impression

Nonviable myocardium in the mid inferior wall.

Pearls and Pitfalls

• FDG will be trapped in the myocardium since the phosphorylated form cannot be
further metabolized.4,11

• The myocardium is considered viable if uptake of FDG is present even in the absence
of resting perfusion.1,3,4,6,8

• 80% to 85% of the myocardial ischemic patients will improve following 
revascularization.3,4,11

Discussion

The myocardium preferentially oxidizes the fatty acids and lactate as energy substrates
in the fasting state. When perfusion is compromised, this will increase the glycolytic

13 Heart Viability
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flux and will increase exogenous glucose utilization. The myocyte can only maintain
glycolysis if lactate and hydrogen ions do not accumulate to toxic levels. When the
myocardium is still viable but incapable of sustaining mechanical work, it is consid-
ered in the state of hibernation. This is reflected in a perfusion-metabolism mismatch
where resting perfusion is lost or reduced and glucose uptake is preserved. Contrac-
tility will improve with revascularization.

FIGURE 13.1.1.

FIGURE 13.1.2.



History

73-year-old female who has a history of coronary artery disease status post myocardial
infarction involving the anterior and inferior wall. Her most recent thallium perfusion
scan demonstrated transmural infarction involving the anteroseptal and anterolateral
wall of the apical myocardium. There was mild to moderate ischemia in the infero-
posterior wall. Evaluation for viability is requested.
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FIGURE 13.1.3.

FIGURE 13.1.4.
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Findings

There is a significant focal metabolic defect involving the mid anterior wall extending
to the apicoseptal wall (Figures 13.2.1 and 13.2.2) similar to the anteroseptal defect
seen in the SPECT myocardial perfusion study. There is also a small segment of focal 
pronounced defect involving the middle third of the inferior wall (Figures 13.2.3 and
13.2.4). These focal abnormalities represent nonviable tissue but only ten percent of

FIGURE 13.2.1.

FIGURE 13.2.2.



the total left ventricular myocardium. The ischemia described on SPECT in the infer-
oposterior wall demonstrates preserved metabolism.

Impression

Significant metabolic defect involving the distal anteroseptal wall as well as the middle
third of the inferior wall, compatible with infarction. This region is nonviable, but 
represents about 10% of the total left ventricular myocardium.
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FIGURE 13.2.3.

FIGURE 13.2.4.
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Pearls and Pitfalls

• Oral glucose loading and hyperinsulinemic-euglycemic clamping are some of the ways
used to optimize the image quality.2,5,8,9,10

• Nonviable tissue is considered a scar when both flow and metabolism demonstrate
matched reduction.7

• PET can overestimate the potential for recovery in post-MI patients within one week
of the initial event since the function of the myocardium may still be widely variable.1



History

77-year-old female who has a history of ulcerative colitis status post colectomy, Koch
pouch, and cholecystectomy. Her recent CT demonstrated significant dilatation involv-
ing the biliary ducts and colon. Evaluation for malignancy is requested.

Findings

There are multiple sites of hypermetabolism involving the glenohumeral joints
(Figures 14.1.1, 14.1.2A, and 14.1.2B), right sternoclavicular joint (Figure 14.1.3), and
humeri bilaterally. The sternoclavicular joints, more on the right, are also involved. The
tracer localization to the metacarpal-carpal bones, more on the right, is also noted.
Uptake in the hips, more prominent on the left, is noted. These findings are consistent
with inflammatory joint disease. There is right renal stasis with evidence of caliectasis
(Figure 14.1.4).The superficial lower right abdominal uptake is compatible with Koch’s
pouch (Figure 14.1.5).The activity at the base of the neck bilaterally is muscular uptake
and is considered physiologic.

Impression

1. Multifocal inflammatory joint disease.
2. Koch’s pouch.
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Pearls and Pitfalls

• Patients with bone prostheses may present with a false-positive PET study for infec-
tion since a loosening may be associated with elevated uptake. FDG uptake specifi-
cally in the synovial joint is considered synovitis.1,2,3

• 50% of the joint accumulations are seen in the acromio-clavicular joint, 80% in 
the glenohumeral joint, 50% in the hip joint, 90% in the knee joint, and 80% in the
talotibial joints.3

• FDG accumulations in the joints are frequent and usually asymptomatic.
• There is a strong correlation between the amount of FDG uptake and age.4,5,6

• Subclinical inflammatory proliferation in the synovial joint and chronic inflammatory
processes is commonly seen in elderly patients.3
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15 Unknown Primary Tumors
Shahram Bouyadlou and Peter S. Conti

History

38-year-old male who has a history of low-grade fever and episodic night sweats pre-
sents with an abnormal CT. Evaluation for malignancy is requested.

Findings

There is extensive adenopathy within the mediastinum involving the paratracheal, sub-
carinal, pericardial, and the AP window nodes (Figure 15.1.1). There are also hyper-
metabolic nodes within the gallbladder fossa adjacent to the pancreatic head near the
common bile duct. A right internal mammary, as well as a perigastric node, are mod-
erately positive. The periaortic nodes within the celiac axis are also active. There is
abnormal activity involving the pleural base and possibly soft tissue on the left of the
chest wall. No abnormalities are seen in the liver and spleen. No definite bony lesions
are seen.

Impression

Extensive metastatic lymphadenopathy along with soft tissue disease. Differential
diagnosis included lymphoma vs. metastatic disease from an unknown primary. Dis-
seminated granulomatous disease is a less likely possibility.

Discussion

A patient should be considered to have carcinoma of unknown primary site when a
tumor is detected at one or more metastatic sites and routine evaluation fails to define
a primary tumor site. In evaluation of a patient with suspected malignancy, history
would be the key to develop the differential diagnosis. The clinical findings along with
imaging studies are complementary.

In this case the patient is a young male with constitutional symptoms of night sweats
and low-grade fever. The initial diagnosis of infection (most likely TB) is more likely.
The abnormal mediastinal lymphadenopathy on CT without lung involvement 
leads more toward malignancy. The anatomically based imaging modalities have sig-
nificant shortcomings, particularly their lack of specificity when abnormal findings are
present.

Case 15.1
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Lymphoma may be multifocal and widespread, where there is a need for a non-
invasive whole body imaging capability. Ga-67 has been successfully used for high-
grade lymphoma but carries limitations for abdominal evaluation. With the
introduction of F-18 FDG PET these limitations have been overcome. Studies have
demonstrated that FDG shows good visualization of Hodgkin’s and non-Hodgkin’s
lymphoma, and that there is a direct correlation between quantitative FDG uptake
and poor prognosis. The highest FDG uptake is seen in the most clinically aggressive
tumors.

The clinical presentation and imaging findings will place this case in the category of
highly suspicious for malignancy (lymphoma preferably), however one must still con-
sider infection (e.g., advanced TB) in this case.
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FIGURE 15.1.1.

History

44-year-old male who has a history of an inflammed left buttock. The CT revealed
swelling in multiple muscles in the pelvis. Evaluation for malignancy is requested.

Findings

There is extensive hypermetabolism in the left obturator internis piriformis muscle
(Figure 15.2.1) extending to the gluteus minimis and left iliacus muscles which presents
as an irregular border soft tissue mass adjacent to the sclerotic iliac/ischium lesion on
CT (Figure 15.2.2). There is also a focus of intense activity in a right inguinal node
(Figure 15.2.3).

The generalized uptake in the left lower extremity (Figure 15.2.4), more in the 
calf, is suggestive of venous stasis, possibly thrombophlebitis secondary to a pelvic
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malignancy superiorly. The mild uptake in the gastroesophageal junction is due to
inflammatory changes.

Impression

Bulky adenopathy seen involving the muscle groups mentioned above with additional
right groin lymphadenopathy, compatible with lymphoma vs. sarcoma.
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16 Liver Cancer
Heidi R. Wassef

History

67-year-old male who has a history of hepatic ductal cancer with liver resection. He is
currently on chemotherapy. The patient is being evaluated for recurrence in a suspi-
cious lesion on CT.

Findings

On CT, the multiple clips in the liver inferiorly are consistent with prior liver resec-
tion. There are two discrete hypermetabolic nodules in the right posterior liver next
to the kidney in the region of surgical clips consistent with local recurrence (Figures
16.1.1, 16.1.2, and Figure 16.1.3). Curvilinear uptake in the bowel is physiologic. No
active adenopathy is evident above or below the diaphragm.

Impression

Evidence for hypermetabolism in the right posterior liver consistent with local 
recurrence.

Pearls and Pitfalls

• In primary liver cancer, there is a strong correlation between high-grade histopathol-
ogy and intratumoral fibrosis, but not with necrosis or cirrhosis.1,2,6

Discussion

Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide.
Most cases occur in individuals older than 40 years of age. It is more common in males
than in females. Hepatitis B, hepatitis C, cirrhosis, aflatoxin, and Thorotrast are risk
factors for HCC. AFP and ultrasonography are useful screening tools. AFP is usually
present in 75% of the symptomatic cases, but AFP alone cannot distinguish between
benign from malignant disease. Helical CT is a useful tool for subcentimeter lesion
detection without the problems of respiratory misregistration. Angiographically
assisted CT can characterize the lesions for resectability. Sonography is useful for

Case 16.1
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detecting hyperechoic lesions. Duplex and color Doppler are useful for the detection
of vascular invasion. MRI with gadolinium enhancement is also useful for early detec-
tion of HCC.

History

68-year-old male who has a history of liver cancer status post liver transplant and
chemotherapy. His most recent MRI study demonstrated suspicious lesions involving
the right hepatic dome and right posterior lobe of the liver. Evaluation for recurrence
is requested.

Findings

There is an intense focus of hypermetabolism in the dome of the liver laterally (Figures
16.2.1 and 16.2.2), which does not corresponds to a definite CT (noncontrast) abnor-
mality. The surgical sutures in the right upper quadrant (Figure 16.2.3) are consistent
with prior liver transplant.Abnormal multifocal sites of hypermetabolism are also seen
within the mediastinum including the hila, prevascular space (Figure 16.2.4), AP
window, right paratracheal, precarinal, and subcarcinal regions, highly suspicious for
metastatic nodal disease. There is an approximately 1-cm noncalcified nodule (Figures
16.2.5 and 16.2.5A) seen in the posterior aspect of the left lower lobe, which is mildly
hypermetabolic. Incidentally noted are three superficial hypermetabolic lesions in the
buttocks (Figure 16.2.6) presumably inflammatory injection sites, two superior and one
right inferior in location.Another separate superficial focus of hypermetabolism is seen
located in the posterolateral aspect of the abdominal wall corresponding to subcuta-
neous soft tissue thickening on CT attributed to probable inflammation. Inferior and
posterior to the bladder in the prostate bed, there is moderate hypermetabolism, which
probably represents benign prostatic hypertrophy (Figure 16.2.7); other prostate
pathology cannot be excluded. The thickened gastric wall (Figure 16.2.8) with associ-
ated hypermetabolism is compatible with gastritis. The spleen is prominent in size with
heterogeneous tracer localization. The aortic wall is calcified. There is symmetric high
tracer uptake in the larynx which is considered physiologic.The activities in the rectum
and testes are also considered physiologic. An artifact in relation to the metallic dental
work is noted.

Case 16.2
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Impression

1. Markedly abnormal study demonstrating at least one focal intensely hypermeta-
bolic lesion at the dome of the liver, hypermetabolic multinodal disease in the chest
and a noncalcified pulmonary nodule in the posterior left lower lobe, all suspicious for
recurrent metastatic disease. The differential diagnosis also includes post transplant
lymphoproliferative disease.

2. Splenomegaly.
3. Moderate prostate hypermetabolism probably related to benign prostate hyper-

plasia/hypertrophy; malignancy cannot be excluded.
4. Thickened gastric wall with moderate hypermetabolism suggestive of gastritis.
5. Probable injection site superficial inflammation in the buttocks.

Pearls and Pitfalls

• 64% of HCC lesions accumulate FDG.2,8

• PET can alter management in 28% of patients.1,2,8

• PET-CT may potentially mislocate a lesion particularly at the dome of the liver and
base of the lung owing to respiratory motion artifact. It is highly recommended to
obtain breath-hold CT views for comparison.6
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History

59-year-old male who has a history of liver cancer status post liver transplant and was
later treated with chemotherapy. His most recent AFP is 119 and is rising. Evaluation
for recurrence is requested.

Findings

There is a large right upper quadrant focus in the sub hepatic region (Figures 16.3.1,
16.3.1A, and 16.3.2) along the bowel distribution that is metabolically active. Another
smaller lesion is seen in the right lower quadrant (Figure 16.3.3).A third focus of activ-
ity is also noted in the mid-abdomen just right of midline (Figure 16.3.4). These find-
ings appear both intense and focal and are suspicious for serosal, bowel, or omental
involvement with metastatic disease. Other bowel pathology such as inflammatory
bowel disease or polyposis also should to be considered. The surgical bed in the liver
(Figure 16.3.5) is mildly active consistent most likely with post-surgical changes. The
mild activity in the stomach is likely gastritis (Figure 16.3.6).

Impression

Multiple intense hypermetabolic foci in the abdomen as described above suspicious
for serosal, bowel, or omental involvement with malignant process.

Pearls and Pitfalls

• CEA is not a sensitive indicator for liver cancer recurrence. Only 59% of recurrent
disease demonstrates an elevated serum CEA level.1,2
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• The positive predictive value for detecting a locally recurrent lesion after treatment
with PET is 80%; the negative predictive value is 100%.5,7,8

FIGURE 16.3.6.

History

58-year-old male with a history of liver cancer status post partial liver resection. He
was later treated with radiotherapy and chemotherapy. His AFP level has increased
from 11.0 to 53.9. Evaluation for recurrence is requested.

Findings

There is a focus of activity near the anterior abdominal wall left of midline (Figures
16.4A.1 and 16.4A.2), which corresponds to a mass seen below the liver on CT. This is
new compared to a previous PET done 5 months ago. This is suspicious for metastases
either from an implant on the transverse colon wall or peritoneal surface. The mild to
moderate focal hypermetabolism along the liver edge (Figure 16.4A.3) near the surgi-
cal resection noted is minimally increased since the last PET study. A loop of bowel is
seen as protruding into the right hepatic cavity consistent with the history of right
hepatic lobe resection.
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Impression

1. New malignancy seen in the anterior abdominal wall left of midline with modest
increased activity in the hepatic surgical bed.

1. Possible locally recurrent disease at the surgical margin as described above.

Discussion

The degree of tumor differentiation is closely related to the rate of proliferation in
hepatocellular carcinoma. Patients with the worst prognosis tend to have histologically
undifferentiated lesions and lesion size exceeding 1cm in diameter.The 5-year survival
rate of HCC is 90% if the lesion is 1cm in diameter or less and well differentiated.
A high cure rate is possible only with resection. Fifty percent of the patients with
advanced disease will benefit from liver transplantation as the most salient treatment
for a cure.

History

58-year-old male who has a history of liver cancer with the prior PET demonstrating
hypermetabolism involving the left anterior abdominal wall and liver. He later under-
went anterior abdominal wall resection. Evaluation for malignancy is requested.

Findings

There is a small focus of activity along the superolateral aspect of the residual liver
(Figures 16.4B.1 and 16.4B.2) at the site of the surgical resection and clips that is
unchanged from the prior study. The lesion in the left anterior abdominal wall is no
longer visible.

Case 16.4B
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Impression

Interval resolution involving the left anterior abdominal wall abnormality with resid-
ual liver activity suspicious from post surgical changes; suggest a repeat scan in 3
months to monitor for disease progression.

Pearls and Pitfalls

• FDG accumulation varies with the degree of tumor differentiation.1,2

• 11C-acetate may be used as an alternative to 18F-FDG since it demonstrates a detection
sensitivity of 87.3% as opposed to 47.3% in the detection of individual tumor lesions
using FDG.3,4

Discussion

In normal hepatocytes, glucose-6-phosphatase degrades the phosphorylated FDG
resulting in poor intracellular accumulation of the tracer.Well-differentiated HCC con-
tains an abundance of glucose-6-phosphatase, accounting for decreased accumulation.

Only 55% of the malignant tumors have been reported to have a higher intensity of
FDG uptake than normal livers.Thirty percent of the malignant tumors have an uptake
intensity equal to uptake intensity in normal liver and 15% have uptake less than that
of normal liver.
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FIGURE 16.4B.2.

History

41-year-old patient with cirrhosis secondary to hepatitis-B and known hepatoma status
post embolization therapy. The current exam is to evaluate for metastatic disease and
consideration for potential liver transplant.

Case 16.5
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Findings

On CT the liver surface is irregular, and the spleen mildly enlarged (Figures 16.5.1 and
16.5.2) with some omental portosystemic collaterals. These are consistent with the
history of cirrhosis. The primary hepatocellular carcinoma is visible as a hypermeta-
bolic mass replacing much of the lateral segment of the left lobe of the liver (Figure
16.5.3). Radiodensities within the lateral segment on CT are consistent with contrast
given with chemoembolization. The largest contrast collection is devoid of activity. A
small collection is seen within the tumor, which has a hypometabolic center and a
hypermetabolic periphery, consistent with treated hepatocellular carcinoma with

FIGURE 16.5.1.

FIGURE 16.5.2. FIGURE 16.5.3.



viable tumor at the periphery. No other hypermetabolic liver lesion is apparent. The
remainder of the study appears normal with prominent but symmetrical presumed
physiologic tonsillar, bowel, and testicular activity. There is no evidence for skeletal
metastatic disease. Lung window images of the chest were reviewed, and there is no
evidence for pulmonary metastasis.

Impression

Moderately intense hypermetabolism within the lateral segment of the left lobe of the
liver with central photopenia, consistent with hepatocellular carcinoma status post
embolization therapy. There is a background of cirrhosis with portal hypertension.
However, there is no evidence for metastatic disease.

Discussion

PET imaging can guide the biopsy of large, metabolically active tumors, identify distant
metastases, monitor patient response to treatment for hepatic chemoembolization, and
detect recurrent disease.
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17 Lung Tumors
Hossein Jadvar and Sherief Gamie

History

57-year-old male with known right-sided malignant mesothelioma. The current study
is being done to evaluate extent of disease.

Findings

There is intensely hypermetabolic right-sided pleural disease. There is a linear band of
tumor activity in the midsagittal plane of the right lung, extending over the anterior
surface and over the posterior surface of the lung (Figure 17.1.1). The band-like dis-
tribution probably reflects tumor spread with background pleural adhesive disease.
Additionally, there is disease in the right costophrenic angle along the lateral right
major fissure, and the minor fissure. No distant disease is evident outside the right
thorax. There is minimal dot-dash pleural involvement of the medial posterior pleura.

Impression

Malignant right-sided mesothelioma with the most dramatic disease in the lung
base/costophrenic angle and liver dome and along the lateral fissures.

Pearls and Pitfalls

• The overall sensitivity, specificity, and accuracy are 97%, 80%, and 94% in detecting
malignant mesothelioma.8,9

• CT cannot reliably distinguish benign pleural thickening from malignant 
mesothelioma.

• PET can define the extent of disease in patients with diffuse malignant 
mesothelioma.1,7,8,10,13

• Patients with highly active FDG uptake have a poor long-term prognosis.5,11,12

• Pleuritis may produce a false-positive response on FDG PET imaging.
• Mesothelioma tends to have low FDG uptake early in the disease process.1,2,3,13

Discussion

Mesothelioma is an occupational disease. Ninety percent of the patients are exposed
to asbestos once in their lifetimes. Pleural mesotheliomas spread diffusely over the

Case 17.1
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lung surface and invade the pulmonary parenchyma. The prognosis is poor and the
mean survival is usually less than two years after the initial diagnosis. The irregular
sheet-like lesions wrapping around the lung makes this especially challenging for con-
ventional imaging.

Follow-up

The patient was subsequently treated with chemotherapy and is currently improving.
A follow-up PET scan was done to monitor treatment response and revealed a partial
resolution in disease involving the right hemidiaphragm.
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FIGURE 17.1.1.

History

55-year-old male who has a history of lung cancer status post left lung biopsy three
weeks ago. The patient is scheduled to start chemotherapy and is being staged with
PET.

Findings

There is a bulky hypermetabolic mass involving the left hilum (Figures 17.2A.1 and
17.2A.2) with subcarinal, right paratracheal region anterior mediastinal adenopathy
left of midline. The vertebral uptake in the right pedicle at the level of T-7 (Figure
17.2A.3) indicates this is Stage IV disease. There is no pathology visible in the brain
or adrenal glands.
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Impression

1. Primary left lung cancer with disseminated metastases involving the mediastinum
and vertebral column.

2. Negative for brain and adrenal metastases by PET.

Pearls and Pitfalls

• Conventional imaging, specifically MRI, is still the initial method of choice in the eval-
uation of brain metastases. A normal brain has substantial glucose uptake on PET
scan. This may potentially mask small metastatic foci.3,6

Discussion

PET can change treatment planning in 39% of patients. It can alter staging in 44% of
the cases, upstaging 29%, and downstaging 15%. As a result, PET has been observed
to change patient management in 35% to 67% of the time.

PET is capable of identifying twice as many patients with unresectable disease than
conventional imaging.
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History

55-year-old male who has a history of lung cancer with known metastatic disease to
the brain. He is status post chemotherapy. His previous PET demonstrated hyper-
metabolism involving the mediastinum and vertebral column consistent with malig-
nancy. His MR revealed several suspicious lesions involving the brain, for which he
received gamma knife treatment. Evaluation for restaging is requested.

Findings

In comparison with the previous PET scan, there is no interval change in metastatic
disease (Figure 17.2B.1) with regard to the number, size, and intensity of the lesions 
in the mediastinum (Figures 17.2B.2, 17.2B.3, 17.2B.4). There is a region of photo-
penia in the right posterior temporal lobe of the brain likely related to gamma knife
treatment (Figure 17.2B.5). The other lesions described on the MR of the brain are
nonvisualized.

Impression

1. Persistent hypermetabolism involving the mediastinum consistent with metastatic
disease unchanged since the prior PET study.

2. No PET evidence of residual metastatic disease in brain.
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Pearls and Pitfalls

• The 5-year survival rate for Stage IV lung cancer patient is 1%.
• MRI should be a consideration when evaluating for brain metastases.14,23

Discussion

Solitary brain metastasis may present synchronously or metachronously. Postoperative
radiation to the lesion in the brain may improve survival.

FIGURE 17.2B.1.

FIGURE 17.2B.2. FIGURE 17.2B.3.
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History

85-year-old female who has a large mass in the left midlung suspicious for malignancy.
There was also lymphadenopathy seen involving the left hilum, subcarcinal area, and
the azygoesophageal space on a recent chest CT study. Evaluation for staging is
requested.

Findings

There is a large intensely hypermetabolic mass (Figure 17.3.1) in the left midlung
extending medially to the mediastinum and laterally to the pleural surface (Figure
17.3.2). There is also extensive hypermetabolic pathology seen involving the AP
window, prevascular space (Figure 17.3.3), right paratracheal region, subcarina, and the
right supraclavicular area. No evidence for distant hypermetabolic lesions. The vocal
cord uptake is physiological. The hyperactivity in the shoulders is likely related to
degenerative changes.

Impression

Large intensely hypermetabolic left lung mass extending to left pleural surface and
mediastinum with evidence for multiple hypermetabolic lymph nodes highly suspicious
for at least stage III-B lung cancer.

FIGURE 17.2B.4. FIGURE 17.2B.5.
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Pearls and Pitfalls

• Effusion (T4 staging) is best visualized with CT with malignant pleural lesions seen
well on PET.1,2,7,8

Discussion

CT scanning is still the method of choice in determining the size of the tumor. PET
plays a limited role in evaluating the extent of the tumor’s invasion to its adjacent
structures. In the detection of mediastinal lymphadenopathy, however, the sensitivity
for PET is reported as 67% to 92% and specificity as 97% to 100%.
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History

59-year-old male who has a history of lung cancer. The CT chest revealed a large neo-
plastic mass in the right upper lobe with supraclavicular adenopathy. Evaluation for
malignancy is requested.

Findings

There is a large hypermetabolic mass with central photopenia (Figure 17.4.1) consis-
tent with central necrosis in the right upper chest abutting the mediastinum (Figure
17.4.2). There is pericarinal adenopathy noted. Mild scoliosis is noted in the mid-
thoracic spine. There is activity in the right ureter compatible with urinary stasis. No
abnormality seen in the adrenal glands.

Impression

Bulky hypermetabolic mass in the right upper chest with adjacent pericarinal adeno-
pathy consistent with stage III-B lung cancer.

Pearls and Pitfalls

• Stage III-B cancer patients are generally not candidates for surgical intervention.
The 5-year survival rate is 7% to 18%. The treatment of choice is chemotherapy and
radiation therapy.4,7,13

• Some authorities have claimed the 4-year survival rate may increase to 46% with sur-
gical intervention by resection of III-B disease.4,7,13

Discussion

The distinction of primary malignant tumor and hilar or mediastinal adenopathy can
be successfully assessed with PET-CT fusion imaging.The ability to superimpose meta-
bolic abnormalities detected with PET with anatomic CT images is very helpful in this
scenario. The pericarinal lymphadenopathy could have been mistaken as parenchymal
disease.
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History

72-year-old female who has a history of lung cancer positive by bronchoscopy. The
patient is being evaluated for staging.

Findings

Heterogeneous hypermetabolism in the right hilum, right upper, and right middle lobe
(Figure 17.5.1) is present in the area of consolidation/mass seen on CT (Figure 17.5.2).
There is intense hypermetabolism in the soft tissue mass in the right lung base poste-
riorly (Figure 17.5.3). Hypermetabolism in the lower tip of the left lobe of the liver
just anterolateral to the gall bladder is suggestive of a metastasis; ultrasonography is
advised as it is not definitely seen on CT and is superficial. The mild hyperactivity in
the right supraclavicular region is a lymph node measured 1.40 ¥ 1.35cm. There is
apparent wall thickening in a small bowel loop in the left lower quadrant, likely distal
ileum, of uncertain etiology.

Impression

1. Extensive active disease involving a right lung base, right hilum, and right upper
and middle lobes mass. It is difficult to accurately differentiate tumor burden from
associated postobstructive pneumonia.

2. Possible hepatic metastasis as described above. Recommend ultrasonography.
3. Right supraclavicular lymphadenopathy suggestive of metastatic disease.
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FIGURE 17.5.2. FIGURE 17.5.3.

Pearls and Pitfalls

• The sensitivity of PET for malignant pleural disease with effusion is 95%.10,13

• Sputum cytology may be useful for diagnoses since 50% to 60% of the squamous cell
carcinomas are proximal and involve the hila.7,8

Discussion

A false-positive PET can sometimes be observed as reactive lymphadenopathy from
post-obstructive pneumonitis. Malignant pleural disease associated with effusion is
commonly FDG avid.

History

65-year-old male with known small cell lung carcinoma is being evaluated for staging.

Findings

There is a left midlung mass of 2.8 ¥ 2.8cm dimension in the midcoronal plane at the
hilar level (Figures 17.6.1, 17.6.2, 17.6.3). There is an adjacent 2.6cm left hilar mass.
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There are several satellite nodules around the midlung mass, as well as a small nodule
in the anterior segment of the left upper lobe near the apex. There is a small left peri-
bronchial node (Figure 17.6.4) central to the left hilar mass. A definite distant meta-
stasis is present in the left adrenal gland (Figure 17.6.5). There is an involved left
supraclavicular node immediately lateral to the left thyroid lobe of 1.1cm short axis
dimension. There is a very small node of about 3mm which is probably involved in the
left jugular area at the vocal cord level.There is a focal area of hypermetabolism within
the right gluteal musculature with lesser activity extending superior and inferior to it
along the fascial plane. This most likely represents a muscular injection site. There is
prominent but probably physiologic gastric activity.

Impression

1. The left midlung mass is intensely hypermetabolic, consistent with neoplasm.
There is an adjacent hypermetabolic hilar mass, as well as a small left peribronchial
node. There are also multiple satellite nodules near the mass and a small metastasis to
the left pulmonary apex. Distant metastasis is evident in the left adrenal gland and left
supraclavicular area, as well as a small probable 3-mm left jugular node.

2. There is focal hypermetabolism in the right gluteal musculature most likely 
representing an injection site for prior therapy.

FIGURE 17.6.4. FIGURE 17.6.5.



Pearls and Pitfalls

• 11% of the small cell carcinoma patients are found to be in the advanced stages of
their disease through PET imaging although they had been initially staged at I or II
by conventional imaging.8,13,14

• PET imaging has the ability to detect extrathoracic malignancy using a whole body
imaging approach. This valuable aspect of PET imaging allows it to detect extra-
thoracic metastases that are not otherwise suspected in 6% to 24% of the patients.8,10

Discussion

Small cell carcinoma tends to be disseminated at the time of diagnosis. It is an aggres-
sive and rapid growing tumor. Twenty-five percent of the patients will have thoracic
involvement. Lung, liver, adrenal gland, bone, CNS, and locoregional lymph nodes are
the most common sites for metastases. Chemotherapy is the therapy of choice.
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18 Hematologic Malignancies: Lymphoma,
Leukemia, Multiple Myeloma

Robert W. Henderson

History

67-year-old male status post left neck biopsy proven to be lymphoma. The patient has
not received any treatment yet. The PET study is requested for staging.

Findings

Examination of the head and neck area reveal multiple sites of lymphadenopathy bilat-
erally. This includes level-2 bilaterally, level-3 on the right side with a node on the left
side at the same level, and level-4 on the right side. In addition, extranodal hyper-
metabolic activity is seen bilaterally in the lingual, palatine tonsil, and parotid 
glands (Figure 18.1.1). There are multiple bilateral axillary sites of lymphadenopathy
(Figures 18.1.2 and 18.1.3). No evidence for hilar adenopathy. Mild activity in the 
mediastinal area is not clearly pathological. In the abdomen, there is focal uptake in
the right upper quadrant in the gastric area most likely representing a physiologic
finding. No evidence of para-aortic lymphadenopathy is seen. There is a curvilinear
area of hypermetabolic activity in the lower quadrant most likely related to physio-
logic bowel activity (Figure 18.1.4). Focal activity in the right inguinal region would be 
consistent with a pathologic node.

Impression

Extensive lymphadenopathy predominantly involving the lymph node basins above
the diaphragm with a node below the diaphragm in the right inguinal region consis-
tent with stage III disease.

Pearls and Pitfalls

• A single inguinal node upstages this patient from stage II to stage III.1,7,12,18

Discussion

PET is a useful tool for detecting abnormal lymph nodes with lymphoma and usually
identifies all lesions seen on CT. This includes disease in mesenteric lymph nodes where
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CT may be inadequate. The sensitivity of PET for nodal disease is 62% to 100% based
on the histology type and grade.

History

62-year-old female with a history of lymphoma who presents with several suspicious
nodules in the abdominal cavity. The CT of the pelvis was unremarkable. The patient
is being seen for restaging of recurrent disease.

Findings

In the chest wall, bilateral breast implants are noted. There is a mass compressing the
anterior medial aspect of the right implant (Figures 18.2.1 and 18.2.2) that is hyper-
metabolic. A focus of activity in the upper abdomen midline (Figure 18.2.3) is seen
corresponding to a mesenteric node on CT. Along the right anterior lateral aspect of
the abdomen adjacent to the wall of the ascending colon is another pathological lymph
node. There is a mesenteric lymph node in the pelvis, not well defined on CT. A cluster
of metabolic nodes is seen in the midline of the anterior pelvis. The linear activity in
the left acromioclavicular joint is likely degenerative joint disease. The intense uptake
below the left elbow medially is likely contamination. In the lower extremities, there
are numerous superficial nodules seen scattered throughout both thighs (Figures 18.2.4
and 18.2.5), right greater than left, that are unusually metabolically active compatible
with soft tissue tumor deposits. Two other nodules are noted in the upper thigh on the
left.

Impression

Hypermetabolism involving the right breast, abdomen, pelvis, and lower extremities
bilaterally compatible with disseminated lymphoma.

Case 18.2

FIGURE 18.2.1.



FIGURE 18.2.2. FIGURE 18.2.3.

FIGURE 18.2.4.



18 Hematologic Malignancies: Lymphoma, Leukemia, Multiple Myeloma 191

Pearls and Pitfalls

• PET can isolate 57% more extranodal diseases than CT.12,15,21

Discussion

In the staging of lymphoma, FDG PET is more accurate than CT. This is especially
true when the lesions are nodally and extra-nodally involved where CT/MR has a
limited value. Patients with splenic, hepatic, and bone marrow involvement tend to
have a poor prognosis in comparison with isolated nodal disease. Cutaneous/subcuta-
neous lymphoma is much better appreciated on PET than CT.

FIGURE 18.2.5.

History

64-year-old female with a recent diagnosis of lymphoma. The study is being done for
disease staging.

Findings

The PET scintigraphy demonstrates bilateral cervical and supraclavicular pathologic
adenopathy, which is intensely hypermetabolic (Figure 18.3A.1). There is bulky patho-

Case 18.3A



logic biaxillary adenopathy; all nodes are very intensely hypermetabolic. In the
abdomen, there is pathologic retrocrural adenopathy (Figure 18.3A.2) and abdominal
retroperitoneal adenopathy.There is a fairly bulky confluent mesenteric mass of patho-
logic hypermetabolic adenopathy (Figure 18.3A.3). There is a virtual chain of patho-
logic adenopathy throughout the common external and inguinal lymph node chains,
with additional left internal iliac adenopathy.

Impression

There is bulky intense hypermetabolic adenopathy, both above and below the
diaphragm. Above the diaphragm and within the thorax, the disease is limited to a
right superior mediastinal and a left internal mammary node. However, there is bulky
bilateral axillary, bilateral cervical, and bilateral supraclavicular adenopathy. There is
virtually continuous disease below the diaphragm from the retrocrural space to the
inguinal areas bilaterally.

Pearls and Pitfalls

• Extent of widespread lymphoma is easier to visualize with PET than CT.15,16

Discussion

Laparotomy has an important role in staging. It has the ability to detect 20% to 30%
of the patients with presumed only supradiaphragmatic disease also with infra-
diaphragmatic involvement. One major disadvantage of laparotomy is that it is a inva-
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sive procedure. PET has the potential to identify these lesions without any long-term
complications.

FIGURE 18.3A.2. FIGURE 18.3A.3.

History

64-year-old female with a history of lymphoma being evaluated for restaging. The
current exam is compared directly with the prior PET scintigraphy.

Findings

There is bulky pathologic biaxillary adenopathy (Figure 18.3B.1).There are a few small
remaining supraclavicular nodes, but there has been a significant regression in supra-
clavicular disease since the prior exam. The hepatic and splenic lesions have resolved.
However, the reduction in bulk of the axillary adenopathy is modest. Likewise, there
has been only a moderate decrease in the bulk of the bilateral common iliac, right pos-
terior internal iliac and external iliac adenopathy. The overall impression is one of a
moderate interval partial response to therapy, with the smallest nodes, such as the supe-
rior mediastinum and internal mammary no longer visible, and the bulkiest disease in
the axilla and iliac areas showing only modest improvement. The most dramatic
improvement is the resolution of the hepatic and splenic lesions. Overall, the bulk of
the disease has decreased on the order of 50% to 60%.

Case 18.3B



Impression

Interval significant partial response to interval therapy as detailed above.

Pearls and Pitfalls

• 62% to 100% of the FDG positive patients will relapse after first-line chemotherapy;
in contrast, only 4% to 16% of the patients with negative PET will relapse.9,18,20

• 30% to 64% of the residual masses will remain viable following the completion of
therapy, demonstrating persistent metabolic uptake.9,18,20,23

• Patients with a negative PET will relapse in 16% to 25% on a long-term 
followup.10,13,16,22

• 80% of the patients who relapse do so in another site.10,13,16,22

Discussion

Response to therapy is easier to conceptualize with the whole body images. Complete
remission is very important after first-line chemotherapy since it has a higher rate for
progression-free survival than partial remission. Conventional imaging is inferior to
PET in differentiating residual malignancy vs. fibrotic tissue. It has a high predictive
value for relapse and determining the overall prognosis when comparing with patients
without FDG uptake. One limitation of PET is that uptake from thymic hyperplasia
and histiocytic reaction can cause false-positive results.

194 Part II Clinical Cases

FIGURE 18.3B.1.

History

47-year-old male with diagnosis of solitary plasmocytoma of the T-10 vertebral body.
He has had subsequent proton therapy to the thoracic spine and chemotherapy and is
status post decompressive T-10 laminectomy.

Case 18.4
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Findings

There are numerous intensely active randomly distributed pathologic hypermetabolic
foci within the central skeleton on the PET scintigraphy (Figure 18.4.1). This is con-
sistent with extensive active multiple myeloma and correlates with lytic disease, evident
on the concurrent CT. There is also left scapular involvement. There is heavy involve-
ment of the central posterior pelvis bilaterally in the medial iliac bones and in the
sacral wings (Figure 18.4.2). There is also bilateral ischial uptake. In the spine, there is
heavy involvement of L-2 through L-5 (Figure 18.4.3) and on CT there appears to be
a right-sided pathologic fracture at L-3 (Figure 18.4.4). In the thoracic spine, there is
lytic disease but no hypermetabolism at the level of T-10 where there had been decom-
pressive laminectomy and fusion. In the upper thoracic spine, there are multiple
lesions. In the upper thoracic spine, probably T-3, there is involvement of the left ante-
rior aspect of the bony spinal canal with possible epidural involvement. There is a cor-
tical infraction at the posterior aspect of the mid thoracic vertebra, about T-7, with a
cortical infraction into the bony spinal canal. There are both C-2 vertebral body
involvement (Figure 18.4.5) and multiple areas of cervical posterior element involve-
ment. MR with contrast would be an appropriate consideration to evaluate epidural
disease, particularly in the cervical and thoracic areas and particularly if there were
long tract signs. Also noted on the CT scan is some dependent lower lung atelectasis,
several lytic rib lesions, a small hiatus hernia, and the mentioned lytic disease of the
thoracolumbar spine.

Impression

Widespread and advanced disease of bone, consistent with multiple myeloma with
heaviest involvement in the spine and pelvis as detailed above.

Pearls and Pitfalls

• Focal and diffuse osseous involvement is a common finding for multiple myeloma.
• 25% of the PET positive patients will have a negative plain film.8,14,19

FIGURE 18.4.1.



FIGURE 18.4.2. FIGURE 18.4.3.

FIGURE 18.4.4. FIGURE 18.4.5.
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• 25% of the time, PET will identify focal extramedullary disease that was not previ-
ously suspected, indicating a poor prognosis irrespective of treatment.

Discussion

Multiple myeloma is a plasma cell neoplasm. The management is primarily based on
staging and monitoring. Skeletal survey is commonly for staging and unfortunately
tends to underestimate bone marrow involvement. Bone scintilligraphy and gallium
study may be useful but they are unreliable for staging and monitoring. MR is good
for assessment of local disease. CT fails to differentiate active disease from scar. PET
can detect early marrow involvement of multiple myeloma. It is useful in assessing the
extent of active disease at the time of initial presentation and in evaluating treatment
response.

History

42-year-old male with a history of acute myelocytic leukemia. He had a left neck lymph
node biopsy which was inconclusive for malignancy. His bone marrow biopsy was pos-
itive for AML. The patient is being evaluated for recurrence.

Findings

In the left neck, there is a single left jugular node below the angle of the jaw and deep
to the anterior sternocleidomastoid muscle (Figures 18.5.1 and 18.5.2). It is insepara-
ble from the carotid sheath by CT, but appears to be between the carotid sheath and
the anterior aspect of the sternocleidomastoid muscle on PET. It is estimated on PET
to be spherical in shape and just over 1cm in dimension. The remainder of the head
and neck activity appears modestly active with some submandibular activity asymme-
try, right greater than left. The right submandibular gland is somewhat larger than the
left. This probably represents some inflammation of the right submandibular gland.
Parotid activity is symmetrical. There is vocal activity noted. The whole body study is
unremarkable other than notation of two findings. There is increased central marrow
activity with some heterogeneity of activity (Figure 18.5.3), consistent with AML and
its treatment. The second finding is focal hypermetabolism which is located by CT to
be in close proximity to the anterior margin of the left hip joint (Figure 18.5.4). There

Case 18.5

FIGURE 18.5.1.



is modest activity within the hip joints bilaterally. The location of the left-sided focus
favors synovitis/synovial cyst. No abnormal nodal uptake is evident in the torso.

Impression

1. There is a single hypermetabolic lymph node in the left jugular chain, appearing to
be lateral to the carotid and deep to the anterior aspect of the sternocleidomastoid
muscle.
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FIGURE 18.5.3.
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2. Heterogeneity of and increased activity of the central marrow, consistent with
AML/treatment.

3. Focal activity anterior to the left hip joint, likely related to synovitis by location.

Pearls and Pitfalls

• The intense FDG uptake in the lingual tonsil and vocalis muscle is physiologic.2,3

• The moderate symmetrical uptake in the salivary gland activity is physiologic.2,3

• CT scan can distinguish inflammatory joint activity in the hip from inflammatory
activity in the external iliac node.25

Discussion

Twenty percent of new leukemia diagnosed in children is acute myelocytic leukemia
(AML). In adults males, Caucasians, and patients with a median age of 65 are predis-
posing factors. Some other etiology to this disease includes prior radiation exposure,
toxins, and genetics. Fatigue, fever, and dyspnea are common clinical features. Blood
count and smear is the best initial screening test. Anemia, neutropenia, and thrombo-
cytopenia are usually seen. Chemistry profile may reveal an LDH elevation. Bone
marrow is the definitive diagnosis. CT can detect any suspicious large bowel thicken-
ing from infection. Echocardiogram for baseline cardiac function prior to chemother-
apy. Technetium bone scan is for occult osteomyelitis and Gallium study is for occult
deep tissue infection. PET is to monitor treatment response and restaging.

Chemotherapy is the cornerstone for treatment. Radiation for oncologic emergency
such as cord compression fracture. Bone marrow transplant may be an effective
approach for cure.

FIGURE 18.5.4.



The 5-year survival for age <60 is 25% to 30% and fewer than 10% will appear in
older population. The long-term survival rate of pediatric patients is 50%. Seventy-five
percent of the patients will be disease free.
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History

27-year-old female who has a history of Castleman’s disease presenting with retroperi-
toneal adenopathy in the abdomen on CT. Evaluation for staging is requested.

Findings

There is a large hypermetabolic mass in the left pelvis with two smaller lesions noted
inferiorly and to the right of midline (Figures 18.6A.1 and 18.6A.2) compatible with
known Castleman’s bowel wall lymphoid infiltrates.There is a smaller para-aortic node
superiorly that is hypermetabolic. Very mild bilateral hilar uptake is noted which may
represent minimum disease involvement vs. nonspecific inflammatory disease.

Impression

Multifocal sites of hypermetabolism in the left pelvis as described above compatible
with known Castleman’s disease.

Case 18.6A

FIGURE 18.6A.1.

FIGURE 18.6A.2.
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Pearls and Pitfalls

• This patient is a good candidate for Rituxan treatment because she exhibits a CD-20
positive cytology on biopsy.4,5,24

Discussion

Castleman’s disease, more specifically, the hyaline vascular type, is an angiofollicular
lymph node hyperplasia most frequently observed pathologically as hypervascular
hyaline germinal centers and extensive capillary proliferation in the nodes. Majority
of the patients are young (age < 30yrs), and usually asymptomatic. The most common
site is in the chest, stomach, neck, and mediastinum; and less commonly in the axilla,
pelvis, and pancreas. This asymptomatic 27-year-old female had incidental retroperi-
toneal adenopathy on an abdominal on CT (initially mistaken as an ovarian cyst on
routine clinical examination) and a positive biopsy confirmed for Castleman’s disease,
with positive CD-20 cytology.

History

27-year-old female with a diagnosis of bulky left pelvic Castleman’s disease, which is
CD-20 positive. There has been interval Rituxan therapy since the baseline exam.

Findings

In the abdomen, there is again seen bulk disease in the left pelvis (Figures 18.6B.1 and
18.6B.2). The three-dimensional images show a definite reduction in bulk between the
two exams.The measured difference at the level of the greatest depiction of the central
stellate calcification are less impressive than the three-dimensional images, with dimen-
sions decreasing from 5.7cm ¥ 5.1cm to 5.3cm ¥ 4.7cm in maximum oblique axial mea-
surements. The findings on the current exam are isolated to bulky confluent, common
iliac and external iliac adenopathy with stellate central calcification. On the prior exam
there had been another intense focus above the urinary bladder that localized to bowel
which is not seen on the current exam. The central stellate calcification is typical for
Castleman’s adenopathy. There is atrophy of the left abdominal rectus muscle and the
psoas component of the iliopsoas muscle. Aside from the bulk left pelvis disease, the
exam currently is otherwise negative. There is intense but presumed physiologic ton-
sillar and anterior tongue activity. There is supraclavicular fat activity. These findings
are considered physiologic.

Impression

Substantial interval partial response to Rituxan therapy with decrease in bulk of 
the remaining confluent left pelvic iliac adenopathy with typical central stellate 
calcification.

Case 18.6B



History

58-year-old male who has a history of lymphoma and recently presents with several
suspicious lesions involving the lung, liver, and spleen on CT. The patient is being
staged.

Findings

There is a widespread hypermetabolism involving the axial and appendicular skele-
tons (Figure 18.7.1). Multiple punctate lesions are also seen in the lungs, liver, and
spleen. Left periclavicular and anterior base of the neck adenopathy is noted. There
are several scattered omental nodes also seen.

Impression

Widespread metastatic disease involving bone and soft tissue as described above.

Pearls and Pitfalls

• The sensitivity of FDG PET for lymphomatous involvement of the bone marrow
ranges from 81% to 88% and the specificity is 100%. FDG imaging is superior to
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FIGURE 18.6B.1.

FIGURE 18.6B.2.
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99mTc-MDP bone scintigraphy, detecting an additional 42% more osseous lesions than
the latter.11

• Disseminated osseous lymphoma is well visualized on PET whole body
images.1,2,3,6,17,23

Discussion

Lymphoma patients with bone marrow involvement have a poor prognosis. Five to
fifteen percent (avg. 10%) of the Hodgkin’s lymphoma patients will have bone marrow
involvement on the initial presentation, compared to 19% to 83% (avg. 25%) of those
with NHL.

PET has the advantage in detecting asymptomatic patient with infiltrative marrow
involvement without bony destruction. Conversely, CT detection of osseous involve-
ment requires the presence of bony destruction.

The degree of FDG uptake declines in a lower grade of malignancy. False-negative
PET can occur in low- or intermediate-grade lymphomas with only discrete displace-
ment (up to 10%) of normal marrow. Five percent of patients not detected by FDG
PET imaging are bone marrow biopsy positive for tumor involvement.

FIGURE 18.7.1.



History

69-year-old female with a history of melanoma of the right heel. After several recur-
rences, the patient underwent right inguinal lymph node biopsy with three of seven
positive nodes. More recently, she underwent resection of three lesions in the right leg,
anterior shin, lateral leg, and foot. The current exam is being done for staging.

Findings

The exam of the lower extremities reveals focal hypermetabolism in the subcutaneous
soft tissues of the right lateral foot (Figure 19.1.1). There is a second focus in the
dorsum of the right midfoot. There is subcutaneous focal disease in the lateral soft
tissues of the right lower leg above the ankle. There is also moderate hypermetabo-
lism in the deep subcutaneous tissues adjacent to the tibia (Figures 19.1.2 and 19.1.3)
at the junction of its proximal middle third anterolaterally, more on the lateral than
the medial side. On the contralateral left foot, there is a focus at the left plantar fore-
foot which is probably urine contamination. Increased synovial activity at the left knee
probably represents synovitis. There is intense hypermetabolism in multiple areas in
the anterior left thigh (Figure 19.1.4) and left lateral gluteal soft tissues (Figure 19.1.5).
These correspond to reticular changes in the subcutaneous fat on CT. The findings are
suspicious for cellulitis and could be related to injection.

In the whole body exam (Figure 19.1.6), there is intense hypermetabolism corre-
sponding to confluent right external iliac adenopathy, similar to that reported on recent
CT. There is prominent gastric activity but this is presumed physiologic. A small
nodular lesion is noted on the CT in the right lower lung which is negative by PET
scintigraphy and has the appearance of a small AVM on CT. There is no evidence for
skeletal or pulmonary metastasis or hepatic metastasis.

Impression

1. There are multiple areas in the right lower extremity which appear subcutaneous
in location and are fairly intensely hypermetabolic, consistent with metastatic 
disease: right lateral foot; right dorsal midfoot; right lateral lower leg above the ankle;
and right shin in the tissues around the tibia at the junction of the proximal and middle
third.

2. Intensely hypermetabolic pathologic confluent right external iliac adenopathy.

19 Melanoma
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3. Reticular changes in the fat with hypermetabolism of the left thigh and lateral
gluteal subcutaneous soft tissues, likely cellulitis and possibly related to injections.

4. 18-FDG PET negative right lower lobe pulmonary finding, probably an AVM.
5. Negative for skeletal, hepatic, or pulmonary metastasis.

Pearls and Pitfalls

• Breslow thickness is a good indicator for recurrence and prognosis.
• Lymphoscintigraphy and sentinel node biopsy have a sensitivity of 94% and speci-

ficity of 100% for the detection of occult regional metastases.3,5,6

FIGURE 19.1.1.

FIGURE 19.1.2. FIGURE 19.1.3.



FIGURE 19.1.4. FIGURE 19.1.5.

FIGURE 19.1.6.
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• PET is currently used for extranodal staging, restaging, and recurrent melanoma.7,9,10

• The sensitivity of PET for skin metastases less than 3mm in diameter is 79% and the
specificity is 86%.1,8,10

Discussion

Malignant melanomas are cutaneous tumors which develop from melanocytes.
Melanoma can involve the eye, central nervous system, respiratory, gastrointestinal,
and genitourinary tracts. It is now the fifth most common tumor and second to lung
cancer for mortality. Ninety percent of malignant melanoma is curable if discovered
early. The overall cure rate is 80%.

History

75-year-old male who has a history of malignant melanoma twenty years ago. A CT
demonstrated new multifocal metastases in the right posterior 6th rib, liver, and lungs
bilaterally. Evaluation of extent of disease is requested.

Findings

There is a focus of sternal hyperactivity associated with a soft tissue component and
bony destruction in comparison with the CT.A rib lesion on the left upper lateral chest
wall is noted (Figures 19.2.1 and 19.2.2). A right anterior lateral rib is also involved.
The posterior elements in a left upper thoracic spine are involved with metastatic
deposits with activity seen on the right projecting to the pleural surface. The T-7 
vertebral body displays a lytic lesion with a soft tissue mass possibly compressing the
spinal cord (Figure 19.2.3). Another smaller vertebral lesion at the level of T-12 on the
right is also seen. There is a large destructive lesion associate with soft tissue mass in
the posterior aspect of the right ilium. Multiple sites of hypermetabolism are noted 
on the medial aspect of the right lobe of the liver extending from the dome to the
caudate lobe, representing multiple coalescing nodules corresponding to the abnor-
malities described on the earlier CT (Figure 19.2.4). The activity in the shoulders 
bilaterally, right greater than left, is likely inflammatory arthritis. There is mild focal

Case 19.2

FIGURE 19.2.1.
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patchy ill-defined activity on the right lateral thigh which may represent local skin
inflammation.

Impression

1. Multiple bony metastasis as described above, in particular the vertebral body at the
level of T-7 with a soft tissue mass which may be compressing the spinal cord.

2. Multifocal sites hypermetabolism in the right lobe of the liver consistent with
metastatic disease.

3. Ill-defined right lateral thigh uptake, likely inflammatory in nature.

Pearls and Pitfalls

• PET-CT is very helpful in identifying spinal cord or nerve root compression sec-
ondary to metastatic disease.2,9,10

• FDG PET alters clinical management in up to 50% of the patients with melanoma.7,9

Discussion

The highest prevalence of disease is in young females between the ages of 25 and 29,
with the age range of 15 to 39. Red-haired, blond, light-skinned individuals, sun expo-
sure, race, nevus, family history, and xeroderma pigmentosum are other risk factors.
There are 4 major subtypes of malignant melanoma: the lentigo maligna melanoma
(4%–15%), superficial spreading melanoma (70%), nodular melanoma (12%–30%),
and acral lentiginous melanoma (2%–8%). Staging is based on the TNM classification
system which requires histologic correlation of (T stage) and depth and level of inva-
sion as described by Breslow and Clark.

History

75-year-old female who has stage-III melanoma. The original resection was from the
toe. She is status post ipsilateral right inguinal lymph node dissection. The current
examination is for restaging.

Findings

There is a single pathologic hypermetabolic focus corresponding to a normal-to-
borderline size deep left axillary lymph node (Figure 19.3.1), near the chest wall, which
is measured on the CT at 1cm ¥ 2cm. This is a solitary hypermetabolic focus. It is con-
sistent with a solitary axillary lymph node metastasis. The right inguinal area is weakly
positive (Figure 19.3.2), consistent with recent (5-month) scar. The lower extremities
are negative with notation of muscular activity in the right medial calf (Figure 19.3.3).
No hepatic lesion or pulmonary lesion is apparent.

Case 19.3
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Impression

1. Apparently solitary hypermetabolic focus corresponding to a deep left axillary
lymph node near the chest wall, measuring 1cm ¥ 2cm. No other evidence for metas-
tasis is evident by PET scintigraphy, inclusive of the liver and lungs.

2. Weak activity corresponding to the right inguinal scar, consistent with recent scar
formation.

3. Right medial calf muscular activity. No pathologic significance is attributed to this
finding.

Pearls and Pitfalls

• 3% to 5% of patients presenting with malignant melanoma will develop a second
primary melanoma within 3 years of treatment.1,3,4

• PET is a useful tool for evaluating recurrent or metastatic disease in patients with
Stage III and IV disease.4,10

• Sentinel node biopsy has a sensitivity of 95% for initial melanoma staging.6

Discussion

Early surgical resection is the mainstay of treatment. This is followed by sentinal node
mapping with either blue dye or technetium-labeled ultrafiltered sulfur colloid or both.
If the nodal basin is positive for cancerous cells, radical lymph node dissection may be
necessary. PET is more accurate than regional lymph node staging and is used for sys-
tematic staging of disease.



History

74-year-old female who is status post thyroidectomy and status post subsequent radio-
iodine ¥ 2. She is currently being evaluated for recurrent disease because of elevated
thyroglobulin of 14.

Findings

Breath hold images of the lung show a number of peripheral areas of atelectasis in the
lingula and middle lobe which suggest a background of chronic bronchial disease.
There is also some postinflammatory linear scarring at the left base. However, no pul-
monary nodules are apparent. One tiny pleural nodule is rectangular in shape and is
probably a postinflammatory lesion.The 18-FDG whole body PET scintigraphy is neg-
ative in the chest and abdomen. There is one moderately hypermetabolic focus in the
neck (Figure 20.1.1). The neck dissection was on the right (Figure 20.1.2). The focus is
on the left, just posterior to the inferior posterior ala of the thyroid cartilage (Figure
20.1.3). No recognizable lymph node is evident on the unenhanced CT.All of the tissue
is the same density on CT at this level.

Impression

1. Single moderately hypermetabolic focus in the deep left neck, just posterior to the
posterior inferior left thyroid cartilage ala, compatible with recurrent thyroid
cancer.

2. Negative scintigraphy in the chest, abdomen and pelvis.

Pearls and Pitfalls

• Only 50% to 60% of papillary thyroid carcinomas and 64% to 67% of follicular
cancers are iodine avid.4,5

• PET is not indicated for primary thyroid malignancy detection since FDG can accu-
mulate in normal thyroid tissue (~30% of patients) and in certain benign thyroid 
diseases.3,7

• A PET study will usually be positive in patients with thyroglobulin level higher than
100ug/L. PET will detect true positive disease in 11%, 50%, and 93% of patients with
hTg levels of <10ug/L, 10 to 20ug/L, and >100ug/L.6,8

20 Thyroid Carcinoma
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• FDG is indicated for a known, differentiated, and recurrent papillary/follicular
thyroid cancer patient with a negative I-131 scan. Increased expression of GLUT-1 is
associated with the loss of radioactive iodine uptake in metastases.10,14

Discussion

Less than 1% of all cancer deaths are from thyroid cancer. Most differentiated thyroid
cancers have an indolent course with low morbidity and mortality. 12% to 15% of the
photopenic lesions seen on technetium-99m or radioiodine studies are malignant. Most
malignant lesions are solid on ultrasonography. Fine needle aspiration is best for accu-
rate diagnosis. The treatment of papillary and follicular thyroid cancers are surgery
complemented with I-131 therapy.

Thyroid cancers are mostly in females with the age range of 45 to 50 years old. In
countries where iodine intake is normal, 80% of the thyroid cancers are of papillary
and follicular histology. In countries of low iodine intake, follicular and anaplastic his-
tology are more common. Previous external irradiation is a risk factor for papillary
carcinoma, whereas previous I-131 administration is not. Less than 10% of all thyroid
cancers are undifferentiated anaplastic cancers, mostly occurring in elderly patients.
Medullary carcinoma constitutes the rest of the 10% cancers. These cancers have a
high predisposition for MEN (multiple endocrine neoplastic) syndromes. The princi-
ple treatment of papillary and follicular (Hürthle cell) carcinoma is surgery followed
by I-131 radioablation 4 to 6 weeks postop and a whole body scan 4 to 7 days later.
External radiotherapy is reserved for elderly patients who have contraindications for
surgery and I-131 treatment. Anaplastic cancers are treated with combination therapy
of systemic chemotherapy and external radiotherapy. The treatment of medullary
thyroid cancer is surgery, provided the presence of pheochromocytoma has been ruled
out.
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History

49-year-old female who has a history of papillary thyroid cancer treated with radio-
therapy and limited neck dissection. The patient is being seen for evaluation for
metastatic disease.

Findings

There is focal hypermetabolism within the upper posterior triangle of the right neck
(Figure 20.2.1) that corresponds to a lymph node on CT. Additionally two moderately
positive hypermetabolic nodes are seen bilaterally in the superior mediastinum with
the more prominent one on the right (Figure 20.2.2, right column). Inferiorly, there is
hyperactivity in the thymus (Figure 20.2.2, left column) corresponding to prominence
on CT; differential diagnosis includes thyroid metastases at this site.

Impression

Evidence for distant metastasis involving the right upper posterior triangle of the neck,
the superior mediastinum, and possibly the anterior mediastinum.

Case 20.2
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Pearls and Pitfalls

• In differentiated thyroid carcinoma, PET can detect recurrence and metastases with a
sensitivity of 80% to 90%.11

• Removal of exogenous thyroid hormone in addition to TSH stimulation may improve
the detection of unsuspected lesions.5,7

• The 3-year survival rate of a thyroid carcinoma patient with a positive PET scan is
60% as opposed to 98% survival of the same patient with a negative PET scan.1,6,7,8

• Thymic hyperplasia can cause false-positive PET results in the anterior mediastinum.

Discussion

Differentiated cancers, papillary or follicular, are highly treatable and usually curable.
Poorly differentiated cancers, medullary or anaplastic, are less common but aggressive,
metastasize early, and have a poorer prognosis.

FIGURE 20.2.1.

FIGURE 20.2.2.

History

62-year-old male who has a history of undifferentiated thyroid carcinoma and
esophageal cancer.A prior PET demonstrated several sites of hypermetabolism involv-

Case 20.3



ing the neck and lung. His most recent CT confirmed the right neck pathology. He was
treated with radiotherapy and chemotherapy. Evaluation for metastases is requested.

Findings

There is hypermetabolism posterior to the left hyoid bone in the prevertebral space
(Figures 20.3.1 and 20.3.2) that exhibits soft tissue asymmetry with lower density on
the left side without evidence of a discrete mass on CT. This may represent residual
normal thyroid tissue or metastatic disease. There is a band of activity in the 
paravertebral region on the right (Figure 20.3.3) that corresponds to nodular pleural

216 Part II Clinical Cases

FIGURE 20.3.1.
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thickening on CT, compatible with metastatic disease vs. pleuritis. This latter finding
has decreased from the prior PET examination. The left band of activity is no longer
visible. There is no interval change in the thyroid bed activity left of midline, consis-
tent with residual thyroid tissue vs. tumor. The focus of activity in the cecum (Figure
20.3.4) indicates possible pathology and endoscopic evaluation is recommended. The
halo of activity around the glenohumeral joint (Figure 20.3.5) is likely the result of
inflammatory joint disease. The abnormal lung activity from prior study has resolved.

Impression

1. Suspicious sites of mediastinal uptake involving the neck and chest with some inter-
val improvement. The findings are most consistent with residual metastatic disease
from either of the two known primary cancers.

2. The focal activity in the cecum is suspicious; endoscopic evaluation is advised.

Pearls and Pitfalls

• CT is superior to PET in the detection of small lung lesions less than one centimeter
in diameter. Low FDG uptake makes even large lesions difficult to detect on PET.11,15

FIGURE 20.3.4. FIGURE 20.3.5.



• Highly differentiated thyroid cancer is usually I-131 positive and may display low
FDG uptake; in contrast, poorly differentiated thyroid cancer will be I-131 negative
and FDG positive.10

• Retinoic acids and somatostatin therapy are alternate treatments for undifferentiated
thyroid cancer showing persistent serum thyroglobulin levels if I-131 therapy proves
ineffective.2,9,13

Discussion

In medullary thyroid cancer (MTC), 71% to 80% of the cases present with loco-
regional metastases and 20% have distant metastases. FDG may also be indicated for
medullary thyroid cancer with rising calcitonin level, or CEA level, and a negative
study on octreotide or MIBG scan.

218 Part II Clinical Cases

History

The patient has a remote history of thyroid carcinoma, status post thyroidectomy and
I-131 ablation. He is now being evaluated for a soft tissue abnormality on CT near the
thyroid bed, possibly representing recurrence.

Findings

There is active tissue in the right thyroid bed (Figures 20.4.1 and Figure 20.4.2). The
tissue, which is moderately metabolically active, is below the thyroid cartilage and
about 2cm above the suprasternal notch. It is triangular in shape and adjacent to the
trachea. It is modestly more active than the usual malignancy, but it should be noted
that thyroid carcinoma is quite variable in its 18-FDG metabolic activity. It is so remote

Case 20.4

FIGURE 20.4.1.
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from surgery that it is considered unlikely to represent scar activity. No other meta-
bolically active abnormality is evident on the torso exam.

Impression

Active soft tissue of about 2cm dimension in the right paratracheal area in the right
thyroid bed, status post remote bilateral thyroidectomy, suspicious for recurrent
thyroid cancer.

Pearls and Pitfalls

• The sensitivity and specificity of PET for recurrent tumor ranges from 69% to 94%
and 42% to 95%, respectively.15

• 70% of the normal lymph nodes are detected with PET. 7,12

• 50% of the changes in patient management are directly related to results obtained from
PET imaging.6,7

• 20% of the differentiated thyroid cancers recur.

FIGURE 20.4.2.



History

52-year-old female who has a history of sarcoma in the right thigh. The patient is being
seen for staging.

Findings

There is a bulky mass displaying hypermetabolism with central necrosis (Figures 21.1.1,
21.1.2, and 21.1.2A) seen in the right mid posterior thigh compatible with known malig-
nancy. Multiple sites of photopenia are noted in the liver (Figures 21.1.3 and 21.1.3A)
involving the left and right lobes consistent with hepatic cysts seen on CT. No abnor-
mal uptake is seen in the chest. There is a focus of activity in the sigmoid colon (Figure
21.1.4) suspicious for a polyp or tumor; recommend flexible sigmoidoscopy.

Impression

1. Hypermetabolism in the right mid posterior thigh compatible with history of
sarcoma, without evidence of metastatic disease.

2. Abnormal activity in the sigmoid colon; advise endoscopy.

Pearls and Pitfalls

• Total whole body PET-CT is helpful in detecting distant metastases. High-grade 
sarcomas are generally more FDG-avid than a low-grade lesions.2,5,8

Discussion

The histopathology of this mass in this patient was proven later to be a liposarcoma.
Liposarcoma is a malignant tumor that can occur anywhere fat is present. This tumor
most typically presents between 40 and 60 years of age. Histologic subtype is a signif-
icant prognostic indicator. Myxoid liposarcoma is often classified as an intermediate-
grade tumor with a large metastatic potential.The treatment of choice is resection with
a wide surgical margin. Liposarcoma is radioresponsive. Adjuvant radiation therapy
can be given, either preoperatively or postoperatively, depending on the margin status.

21 Muscular Skeletal Tumors
Lalitha Ramanna and Sherief Gamie

Case 21.1
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FIGURE 21.1.1.

FIGURE 21.1.2.

FIGURE 21.1.2A.



FIGURE 21.1.3. FIGURE 21.1.3A.

FIGURE 21.1.4.
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Certain variants of liposarcoma have shown a higher incidence of regional nodal 
and extrapulmonary metastases. Regional adenopathy is generally well depicted with
PET.

History

80-year-old female with a history of recurrent leiomyosarcoma. The current exam is
being done to evaluate extent of disease.

Findings

There is a large pelvic mass (Figure 21.2.1) corresponding to the 8cm ¥ 8.3cm low
pelvic mass demonstrated on recent CT (Figure 21.2.2). This is seen to be between an
anastomotic bowel staple line and the urinary bladder, superior to and compressing
the urinary bladder.The mass is moderately and heterogeneously hypermetabolic with
greater hypermetabolism at its periphery than at its center. There are three small
nodular densities extending from or adjacent to the mass. Any one of these could be
a separate mesenteric mass. All of these peripheral lobulations or adjacent nodular
densities are intensely hypermetabolic. There is physiologic bowel activity. No abnor-
mal focus is seen above the central midpelvic mass. Sigmoid diverticular disease and
low-density liver lesions are noted. No abnormal hepatic activity is evident, consistent

Case 21.2

FIGURE 21.2.1.



with cysts. The subcarinal soft tissue noted on CT is negative by 18-FDG PET scintig-
raphy. Incidental findings include sigmoid diverticulosis and atherosclerotic vascular
disease. Multilevel degenerative disease in the lumbar spine is noted.

Impression

There is a large central pelvic mass above and compressing the urinary bladder and
just below an anastomotic staple line. This is heterogeneous in activity with moderate
activity centrally and multifocal sites of peripheral intense hypermetabolism. Several
lobulations or adjacent nodular densities are intensely hypermetabolic. No distant
disease is evident.

Pearls and Pitfalls

• Heterogeneous uptake of FDG is typical for pelvic leiomyosarcoma.2,5,8

Discussion

Leiomyosarcoma is a subgroup of sarcoma and is more commonly seen in gynecologic
malignancies. The mean patient age at diagnosis is about 60 years old. Leiomyosar-
coma frequently is diagnosed after a hysterectomy is performed for a presumed
leiomyomatous uterus. Pure leiomyosarcomas constitute about 20% to 50% of uterine
sarcomas. Leiomyosarcomas are relatively radio-insensitive to treatment. Chemo-
therapy has limited success rate. Cisplatin has a total response rate of only a 3% with
leiomyosarcomas. Newer agents, such as Ifosfamide, have been used in phase II trials
for advanced or recurrent tumor, with a response rate of 17%.
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FIGURE 21.2.2.
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The 5-year survival rate for leiomyosarcomas can range from 17% to 65% based on
mitotic rate. The recurrence rate is 71%.

History

19-year-old male who has a history of a left ankle mass. A biopsy was positive for
osteosarcoma. His MR demonstrated a left calcaneus mass measuring 3.2cm. An
outside CT chest was unremarkable. The patient is being seen for staging.

Findings

There is a large and well-demarcated hypermetabolic mass (Figure 21.3A.1) seen
involving the medial and lateral aspect of the left calcaneus (Figures 21.3A.2 and
21.3A.3) and tarsal bone (Figure 21.3A.4) with corresponding soft tissue mass and bony
destruction on CT. There is mild soft tissue uptake involving right lateral foot com-
patible with pressure from altered weight bearing. The mild activity in the thymus
(Figure 21.3A.5) is considered normal for age. CT of the chest demonstrates no evi-
dence of metastatic disease.

Impression

Hypermetabolism involving the left calcaneus and tarsal bone consistent with malig-
nancy, without evidence of regional or distant metastases.

Pearls and Pitfalls

• Low-grade osteosarcomas can produce false-negative results on PET because FDG
uptake tends to be low.2,5,8

• PET has the ability to identify recurrent tumor earlier than conventional imaging.9

• FDG imaging can accurately depict histopathologic response to therapy.1,4,6

• The sensitivity for soft tissue tumors is 87% and specificity 79%. The positive predic-
tive value for high-grade tumors is higher than that for lower-grade tumors.2,5,8

Case 21.3A

FIGURE 21.3A.1.



FIGURE 21.3A.2.

FIGURE 21.3A.3.

FIGURE 21.3A.4.

FIGURE 21.3A.5.
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Discussion

Osteogenic sarcoma is a rapidly proliferating tumor and usually presents as a primary
malignant bone tumor. It is the most common bone tumor encountered in the first
three decades of life and has an incidence rate of 2.6% of all childhood cancers. It is
more common in males. The peak incidence is at 13 to 14 years of age. The incidence
of osteogenic sarcoma is increased in patients with Paget’s disease and bones that have
previously been irradiated. This is why there is a second prevalence peak in older indi-
viduals. Pain is the most common presentation as well as palpable masses, swelling, and
limitation of motion.

Conventional imaging shows bone destruction and periosteal new bone formation.
A “sunburst” appearance, and soft tissue swelling is sometime seen. MRI imaging of
the involved region is recommended because the MRI scan can then be used to plan
resection and subsequent reconstruction. Arteriography is considered for limb salvage
procedures. Chest x-ray and CT scan are used to detect metastatic disease in the lungs.
Technetium-99m or F-18 fluoride bone scans can outline the primary tumor, and FDG
PET can detect unsuspected metastatic lesions.

History

19-year-old male with osteosarcoma of the left calcaneus. The current PET study is
compared with the prior exam to evaluate response to chemotherapy.

Findings

There is again seen intense hypermetabolism in the body of the left os calcis (Figures
21.3B.1 and 21.3B.2). The tumor appears to involve all but the most posterior, supe-
rior, and anterior portions of the calcaneus, roughly 80% with intense hypermetabo-
lism. There appears to be extension into the soft tissues medially, laterally, and
inferiorly. The relative intensity is similar to the prior exam (SUV=4.3 prior, 3.8
current) (Figures 21.3B.3 and 21.3B.4). No other hypermetabolic focus in the lower
extremities is apparent. Incidental notation is made of interval appearance of 
treatment-related marrow hyperplasia (Figures 21.3B.5 and 21.3B.6) of the distal
femora and proximal tibias. The torso exam is negative for metastatic disease.

Case 21.3B

FIGURE 21.3B.1.
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FIGURE 21.3B.2.

FIGURE 21.3B.3.

FIGURE 21.3B.4.

Impression

Persistent intense hypermetabolism of the left os calcis osteosarcoma, with no visible
improvement since the prior exam. There is symmetric FDG uptake in bilateral neck,
upper chest, and paraspinal area representing fat uptake.
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Pearls and Pitfalls

• FDG PET is extremely valuable in monitoring patient response to chemotherapy,
changing management in many patients considered surgical candidates.3,6

Discussion

Certain forms of chemotherapy may cause an apparent increase in or persistently high
SUV value if images are obtained within the first few weeks to one month after treat-
ment. Residual high uptake of FDG is most commonly due to poor response to treat-
ment, but may also occur with development of an inflammatory reaction in the tumor
bed, mimicking tumor progression or lack of treatment response. An additional short-
term follow-up imaging study may help clarify whether there is response if immediate
surgery or biopsy is not contemplated: persistent uptake after 2 to 3 months is more
likely to reflect poor treatment response as inflammatory changes tend to subside over

FIGURE 21.3B.5.

FIGURE 21.3B.6.



History

43-year-old female who has a history of right thigh angiosarcoma status post resection.
Her radiotherapy ended several months ago and is currently treated with chemo-
therapy. The patient is being seen to evaluate for recurrence.

Findings

There is heterogeneous hypermetabolism in the upper medial aspect of the right lower
extremity (Figures 21.4.1 and 21.4.2). The lesion extends from the surgical clips supe-
riorly to the level of the medial femoral condyle inferiorly consistent with recurrent
tumor. Mild to moderate bone marrow activity is also noted in the central skeleton
(Figure 21.4.3).

Impression

1. Hypermetabolism in the right lower extremity suggestive of recurrent malignancy.
2. Central skeletal marrow hyperplasia consistent with chemotherapy-related marrow

response.

Pearls and Pitfalls

• Prominent bone marrow activity is noted and explained by post treatment changes.3,6
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Case 21.4

FIGURE 21.4.1.

time. In this case a third examination done 3 months after the first examination 
continued to demonstrate high tumor uptake, consistent with pathologically proven
residual tumor.
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FIGURE 21.4.2.

FIGURE 21.4.3.



Discussion

Angiosarcomas are a group of rare and high-grade tumors derived from vascular
endothelial cells. Angiosarcomas frequently have been associated with previous 
irradiation sites. The prognosis of angiosarcoma is poor. The progression is frequently
described as relentless. The standard approach is surgical resection. A few studies have
reported limited success with adjunctive chemotherapy.

This patient has a right thigh angiosarcoma. Prior to PET, the patient had her right
thigh mass resected followed by external beam radiation. Four months later, PET eval-
uation was requested to evaluate for metastatic disease. The CT examination failed to
detect any trace of residual disease. On the PET study, the recurrence was clearly
visible.
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History

25-year-old male who has a history of a lateral right knee mass increasing in size. The
patient is being seen to evaluate for extent of disease.

Findings

There is intense hypermetabolism in the popliteal fossa (Figure 21.5.1) corresponding
to a mass on CT. There is also an additional site of hypermetabolism in the muscular
compartment surrounding the proximal right tibia that is irregular posteriorly and con-
fluent anterolaterally, corresponding to a large lobulated mass on CT. There are small
high-density foci in the posterior aspect of the large mass which are curvilinear 
inferiorly, suggestive of calcifications within the wall of the lobules. A separate focally
intense hypermetabolic lesion is noted more superiorly and posteriorly adjacent to the
superior portion of the right fibula (Figure 21.5.2). There is some asymmetry in the 
surrounding vocal cord which may represents pharyngeal uptake and is physiologic.
Physiologic activity is seen in the heart, lung, liver, bowel, and testicles. No metastases
are present in the lung.

Case 21.5

FIGURE 21.5.1.
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Impression

1. There is a large intensely hypermetabolic mass surrounding the right proximal tibia
with additional satellite lesions adjacent to the right proximal fibula and in the
popliteal fossa consistent with malignancy.

2. No evidence for distant disease.

Pearls and Pitfalls

• Synovial sarcoma is highly FDG avid because of the tumor’s inherent aggressive
behavior.7,10

Discussion

In this patient, the histopathology was subsequently found to be consistent with syn-
ovial sarcoma. Synovial sarcoma belongs to a group of sarcomas that usually grow by
local extension, infiltrate adjacent tissues, and extend along tissue planes. Ninety
percent of these sarcoma patients will have localized disease but the tumor eventually
spreads to distant sites. More than 50% will develop disease in the lung as the first
distant metastatic site. Chromosomal analysis, histology, and immunohistochemistry
are some of the techniques available to identify the types of soft tissue sarcomas.

FIGURE 21.5.2.



History

55-year-old male who has a history of renal cell carcinoma status post left nephrec-
tomy and chemotherapy. His outside CT revealed a left renal bed mass consistent with
recurrent renal cell carcinoma. There is a 2-cm nodule in the right lower lobe of the
lung, which is a new finding. The patient is being evaluated for metastatic disease.

Findings

There is local recurrence of disease in the left renal bed, which is hypermetabolic on
PET. The right lower lobe nodule (Figures 22.1.1 and 22.1.2) on CT is once again seen
as an intense hypermetabolic foci on PET. There is also uptake in the left lower rib
anteriorly (Figure 22.1.3), which suggest metastasis. The mild uptake in the right lower
anterior wall (Figure 22.1.4) is likely due to myositis. There is a mild activity in the
right buttock (Figure 22.1.5) possibly related to an injection site.

Impression

Evidence for local tumor in the left renal bed and metastasis in the right lower lobe
and left lower rib anteriorly.

Pearls and Pitfalls

• 77% of the renal cell carcinomas are identified correctly with PET.6,7

• The diagnostic accuracy for staging is 84%.6,7

• The sensitivity is 82% and specificity is 88%.6,7

• PET reveals lesions not previously suspected in 69% of the cases.6,7

• In contrast to bone scan, PET has a sensitivity and accuracy of 100% and 100% for
detecting metastatic bone lesions; bone scintigraphy has a sensitivity and specificity of
77.5% and 59.6%, respectively.6,7

22 Urinary Malignancies: Renal Cell 
Carcinoma and Bladder Cancer

Lalitha Ramanna

Case 22.1
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Discussion

Renal cell carcinoma represents 3% of all cancers in the adult population. Commonly
occur in men and within the age range of 50 to 70 years of age. Most patients are
detected incidentally with ultrasonography and CT. Surgery is the modality of choice.

Metastatic renal cell carcinoma has a median survival of 10 months despite of
nephrectomy. A shortcoming regarding FDG PET is that its success is highly depen-
dent on the glucose transporter 1 (GLUT-1) expression. This protein molecule is an
early marker for cellular malignant transformation. It has been reported that some
renal tumors fail to express this protein, thereby lowering the detectability of disease.

FIGURE 22.1.1.

FIGURE 22.1.2. FIGURE 22.1.3.



History

76-year-old male with a remote history of laryngeal cancer status post radiation
therapy and total laryngectomy. Subsequently, he developed right flank symptoms and
was diagnosed with renal cell carcinoma of the right kidney. The current study is being
done to evaluate for metastatic disease.

Findings

There is a large mass intrinsic to the right kidney which has intense peripheral hyper-
metabolism (Figures 22.2.1 and 22.2.2). The mass measures 10.5cm in diameter. There
is extensive central photopenia with more necrosis than viable tumor. No regional or
distant metastatic disease is apparent, however. One pulmonary nodule at the left base
is not active by 18-FDG PET scintigraphy.

Impression

1. 10.5-cm right renal cell carcinoma with peripheral hypermetabolism but predomi-
nant central necrosis. There is no evidence for metastatic disease within the neck,
chest, abdomen, or pelvis.

2. Mild hypermetabolism at the right shoulder joint, likely representing some synovitis.
3. 1-cm pulmonary nodule in the lingula, not active by 18-FDG PET scintigraphy, is

likely benign.
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FIGURE 22.1.4. FIGURE 22.1.5.
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FIGURE 22.2.1.

FIGURE 22.2.2.

History

82-year-old male status post left nephrectomy and cystectomy for bladder cancer. He
is currently being evaluated for a left chest mass.

Case 22.3

Pearls and Pitfalls

• Both PET and CT performed well in detecting metastatic lesions, 69% as opposed to
70% respectively.7

• PET can alter patient management in 40% of the cases.5



Findings

The activity in the face and upper neck appears physiologic with some pre-cervical
normal-variant muscular activity and tonsillar activity (Figures 22.3.1 and 22.3.1A).
However, there is intense hypermetabolism in a left neck supraclavicular mass (Figure
22.3.2). This has a discernible tail, which extends posteriorly into the left T-2 neural
foramen. This connects to an extensive region of epidural hypermetabolism which is
nearly continuous from T-1 to T-10 (Figure 22.3.3). There is extension along the prox-
imal left posterior ribs at multiple levels, indicating likelihood for perineural spread
(Figure 22.3.4).
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FIGURE 22.3.1.

FIGURE 22.3.1A.
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FIGURE 22.3.2. FIGURE 22.3.3.

The epidural disease also appears to extend into the left posterior mediastinum at
the midthoracic level and is continuous in the posterior mediastinal, the left aspect of
the vertebral bodies and the right aspect of the descending aorta from the carina down-
ward to the left retrocrural space (Figure 22.3.5). Involvement of vertebral foramina
may be a consequence of spread from epidural disease. The left pleural effusion does
not have associated hypermetabolism. However, there appears to be some left
paraspinous musculature and left latissimus dorsi musculature hypermetabolism. The
paraspinous disease appears continuous with the posterior mediastinal disease. The
retrocrural hypermetabolism extends caudally and is continuous with upper abdomi-
nal retroperitoneal adenopathy, which is hypermetabolic. One other small paraspinous
muscular deposit is evident at about L-2.

There is one small hypermetabolic deposit in a lymph node in the high left axilla.
There is also a small focus in the left common iliac area bilaterally which probably also
represents metastatic adenopathy.

Impression

1. Extensive hypermetabolic disease in an unusual distribution with apparent
epidural disease from T-1 to T-10 and perineural extensions at multiple thoracic levels,
as well as into the left supraclavicular neck. There is extension into the lower poste-
rior mediastinum with continuous disease from the carina through the retrocrural
space, into the upper abdominal retroperitoneum. There are also a few nodes in the
common iliac chains and left axilla.

2. The epidural disease is of concern and MR would be an appropriate considera-
tion to evaluate the status of the thoracic cord.



Pearls and Pitfalls

• FDG is not generally used for the detection of primary bladder cancer since the tracer 
is mostly excreted through urine. However, distant metastatic disease is usually well seen.

• Radiolabeled choline and acetate have potential for bladder tumor imaging because
they are not excreted in the urine.3

• PET has a sensitivity of 67%, specificity of 86%, and an accuracy of 80% for bladder
cancer.1,2,4

Discussion

Bladder cancer is the fourth common cancer in men. Most cases are transitional cell
carcinoma. It is more common in whites than blacks. The median age is 68 years.
Smoking, industrial carcinogen exposure, and prior radiation are risk factors. Micro-
scopic hematuria is a common finding. IVP can be used image the upper-tract urothe-
lium in patient presenting with hematuria. CT and ultrasonography can be effective
for lesion detection but they can miss urothelial tumors in the upper tract. Cystoscopy
and urine cytology are diagnostic. More than 70% of the cancers are carcinoma in situ.
Intravesical immunotherapy and intravesical chemotherapy are common treatment
modalities.The methotrexate, vinblastine,Adriamycin, and cisplatin combination is the
standard treatment for metastatic bladder cancer. For superficial bladder cancer, the
5-year survival is 82% to 100%. For T-2, T-3, and T-4 tumors, the 5-year survival rates
are 63% to 83%, 455 to 55%, and 0% to 22%.

Recognition of epidural disease should prompt urgent consultation to initiate local
therapy (radiation or surgery) if there is compromise of the spinal cord on MRI.
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23 Nerve Tumors
Lalitha Ramanna

History

63-year-old female who has a history of high-grade malignant peripheral nerve sheath
tumor of the right facial nerve. She is status post right superficial parotidectomy 
and treatment with adjuvant radiotherapy. Her CT revealed multiple lesions in the
bilateral lung parenchyma suspicious for malignancy. The fine needle aspiration of the
right middle lobe demonstrated malignant spindle cell components consistent with
metastasis from the parotid gland. Evaluation for metastasis is requested.

Findings

There is a large hypermetabolic mass in the right midlung (Figures 23.1.1 and 23.1.2)
associated with a soft tissue mass on CT. Another smaller lesion in the right anterior
lateral lung field (Figure 23.1.3) is seen adjacent to the pleural surface and also corre-
sponds to a mass on CT. Within the left anterior lateral midlung (Figure 23.1.4), there
is a lesion seen with corresponding soft tissue mass that is hypermetabolic. The photo-
penia in the region of the right parotid (Figure 23.1.5) is from prior radiotherapy.
The activity in the stomach is physiologic. Dedicated brain scan is within normal limits
for age.

Impression

Abnormal hypermetabolism seen in the lung parenchymal nodules bilaterally, consis-
tent with metastatic disease.

Pearls and Pitfalls

• An imaging delay of 3 hours can be helpful for distinguishing malignant lesions from
background activity due to continued washout of tracer from normal organ and 
progressive accumulation in tumor.

Discussion

With more than 4% of the neurofibromatosis 1 (NF-1) patients are at risk of devel-
oping malignant peripheral nerve sheath tumor (MPNST) from preexisting plexiform

Case 23.1
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neurofibromas. Previous radiotherapy, family history, and microdeletion of the NF-1
locus are predisposition factors. The disease may metastasize widely to the lung, brain,
liver, and retroperitoneum. The prognosis is poor. Pain, changing texture, increasing
size, and neurological deficit are some of the nonspecific indicators for malignancy. MR
can assess the extent of plexiform neurofibroma involvement. PET can determine 
the degree of malignancy based on metabolism. Surgery is the treatment of choice.
Adjuvant radiotherapy may be used for intermediate to high grade MPNST. Ifosfamide
and doxorubicin are for palliation.
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FIGURE 23.1.1.

FIGURE 23.1.2. FIGURE 23.1.3.
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History

48-year-old male status post resection of a right ulnar mass which was proven to be 
primitive neuroectodermal tumor (PNET). PET study is requested for staging.

Findings

There is moderately intense hypermetabolic activity in the right distal arm/elbow area
(Figures 23.2A.1 and 23.2A.2) consistent with recurrent tumor. In the neck and chest
area, there is bilateral and symmetric metabolic activity in the lower neck consistent
with muscle uptake. No hypermetabolic foci are seen in the parenchyma to indicate
pulmonary metastatic disease. In the abdomen, no hypermetabolic foci are seen in the
liver and adrenals. Tubular shaped activity along the distribution of the GI track is
attributed to physiologic tracer accumulation. No evidence for adenopathy is seen. In
the lower extremity, there is an elongated segment of hypermetabolic activity in the
lateral muscular compartment of the left leg attributed to physiologic activity (Figure
23.2A.3).

Impression

1. FDG uptake in the right distal arm mass consistent with recurrent tumor.
2. PET scan is negative for metastatic disease.

FIGURE 23.1.4. FIGURE 23.1.5.

Case 23.2A
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Pearls and Pitfalls

• PET is a useful method to detect distant metastases.

Discussion

Ewing’s sarcoma (primitive neuroectodermal tumor) is a rare malignant bone tumor
found mostly in the pelvis, femur, humerus, and ribs. Pain and stiffness are the most
common presentations. Biopsy is the definitive diagnosis. Early diagnosis offers the
best prognosis. The cancer can spread to the lung and bone marrow. Recurrent tumor
can occur regionally from the site of prior resection or distally in a new location.
Surgery is the treatment of choice. Additional radiation or chemotherapy may be
needed for metastatic disease.

History

48-year-old male who is status post resection of right arm mass proven to be a primi-
tive neuroectodermal tumor (PNET). He has now received chemotherapy and is being
evaluated for treatment response. The current exam is compared with the prior exam
which had shown a regional hypermetabolic focus in the medial soft tissues of the right
arm above the elbow.

Findings

There has been interval regression of the focal hypermetabolism previously demon-
strated in the soft tissues of the right arm above the elbow (Figure 23.2B.1). There is
a smaller focus of lesser hypermetabolism evident in this area on the current exam.

Case 23.2B

FIGURE 23.2B.1.



There is no evidence of pathologic axillary adenopathy or mediastinal adenopathy.
The lungs appear negative both by 18-FDG PET scintigraphy and by CT with lung
window settings with no pulmonary lesions identified. No skeletal metastases are 
identified. There is some marrow hyperplasia. Incidental notation is made of a left 
subcutaneous pectoral port for central venous catheter which terminates in the right
atrium.

Impression

With regard to the history of right upper extremity primitive neuroectodermal tumor,
there has been a significant interval decrease in the apparent size and relative inten-
sity of the right arm lesion since the prior exam. The patient remains free of evident
disease elsewhere.

Pearls and Pitfalls

• FDG is more sensitive when compared to other modalities in evaluating patient
responses to treatment.
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History

39-year-old male who has a history of schwannoma with a recent left inguinal resec-
tion for multiple masses. The patient is being evaluated for extent of disease.

Findings

Hypermetabolic nodal uptake is seen near the site of recent biopsy in the left medial
inguinal region (Figures 23.3.1 and 23.3.2) corresponding to nodes seen on CT. This 
is likely local recurrence of the patient’s previous tumor. Asymmetrical substernal
uptake is also noted possibly representing thyroid gland uptake (Figure 23.3.3); further
thyroid work up is recommended. The prominent uptake in the stomach is likely due
to inflammatory disease. Bilateral prominent muscle uptake in legs is physiological.

Impression

1. Abnormal uptake in the left medial inguinal region is consistent with recurrent
tumor plus inflammation associated with recent surgery.

2. Prominent stomach activity is likely related to an inflammatory process; suggest 
clinical correlation.

Pearls and Pitfalls

• Wide resection is the primary treatment for malignant schwannoma.1,2,3,4

Case 23.3
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Discussion

Schwannoma is a tumor that forms from a group of cells around the peripheral nerve
fibers which normally produce the myelin sheath. The most common schwannoma is
acoustic neuroma involving the eighth cranial nerve. Neurilemmoma and melanocytic

FIGURE 23.3.1.

FIGURE 23.3.2.



schwannoma are benign tumors, as opposed to malignant peripheral nerve sheath
tumor (MPNST) and malignant melanocytic schwannoma. CT is used to determine
pulmonary metastases and hepatic involvement. MR is best to define the tumor and
adjacent anatomic structures. The definitive diagnosis is biopsy. Staging is based on a
GTNM (grading, tumor, node, metastases) system. Surgical resection is used for local-
ized tumor and medical treatment with chemotherapy is generally reserved for high-
grade tumor.
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History

32-year-old male presents with a left calf tumor. Evaluation for metabolic activity and
metastatic disease is requested.

Findings

The torso study is negative other than notation of vocalis muscle activity at the vocal
cord level. This is unusual as it is asymmetrical, right much more than left. However,
the vocal cords appear normal by CT. If there were any symptoms referable to phona-
tion, indirect laryngoscopy would be an appropriate consideration. The lower extrem-
ity images demonstrate an intensely hypermetabolic left calf lesion (Figures 23.4.1 
and 23.4.2). This is much longer than it is around. It is adjacent to and parallel to the
proximal to middiaphysis of the left fibula. The shape of the tumor is quite consistent
with a tumor of peroneal nerve origin. The intense hypermetabolism does not imply
malignancy, as benign neural tumors can be quite hypermetabolic by 18-FDG PET
scintigraphy.

Case 23.4

FIGURE 23.3.3.
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Impression

1. The left calf tumor is intensely hypermetabolic and much longer than it is around.
It parallels the fibula and is most likely a tumor of peroneal nerve origin. A benign
tumor is likely even though the tumor is intensely hypermetabolic.

2. Negative torso study, other than notation of rather asymmetric vocalis activity at
the vocal cord level.

FIGURE 23.4.2.

FIGURE 23.4.1.



History

73-year-old female who has a history of ovarian cancer, who is also status post right
gluteal resection for sarcoma. Her recent CA-125 is 71 and a new right iliac mass was
found on the recent CT study. The patient is evaluated for extent of disease.

Findings

There is a moderately intense focus of hypermetabolism in the right gluteal soft 
tissue consistent with locally recurrent sarcoma (Figures 24.1.1 and 24.1.2). This cor-
responds with the recent enhanced CT clearly delineating the soft tissue density within
the water density collection in the area of resection. The right psoas muscle is also
hypermetabolically active (Figure 24.1.3) in the region of the common iliac vessels indi-
cating metastases. The bladder is displaced by the feces-filled rectum and is extending
to the right psoas area. The right colonic activity is prominent but probably physio-
logic.The tongue uptake is also probably physiologic. No other active lesions are noted
above the diaphragm.

Impression

1. Interval multifocal gluteal recurrence consistent with the enhanced gluteal lesions
on CT.

2. Interval appearance of bulky right psoas muscle metastasis consistent with mass on
CT.

Pearls and Pitfalls

• PET has the sensitivity of 80% to 90%, specificity of 92% to 100%, and accuracy of
79% to 92% for detecting recurrent ovarian tumor.2,6,7,8

• PET has the ability to change patient management by 40%.

Discussion

A PET negative exam tends to have a longer relapse-free interval than a positive PET
study. This patient has a recurrent tumor. Most authorities recommend a followup post
chemotherapy in 6 months with imaging.

24 Ovarian Cancer
Hossein Jadvar

Case 24.1
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History

74-year-old female who has a history of ovarian cancer with elevated CA-125 at 2522.
Patient underwent hysterectomy, bilateral salpingo-oophorectomy, and omentectomy.
Pelvic washing was positive for cancer. She was treated with chemotherapy. Her last
CT revealed some residual paraaortic adenopathy and a right pelvic lymphocele. Her
most current CA-125 was 19. Evaluation for residual disease is requested.

Findings

There are multiple extensive sites of lymphadenopathy along the left para-aortic
(Figures 24.2.1 and 24.2.2) and left iliac chains (Figure 24.2.3). Another intense focus
of hypermetabolism is also noted in the left lower cervical node (Figure 24.2.4). These
findings are consistent with metastasis. There is photopenia (Figure 24.2.5) in the right
superior aspect of the bladder consistent with the right pelvic lymphocyst seen on the
CT. The symmetric activity in the vocal cord (Figure 24.2.6) is physiologic. No other
adenopathy seen above or below the diaphragm. Moderately intense tubular shaped
uptake in the right abdomen may be related to either normal bowel uptake or metasta-
tic serosal/omental tumor implants.

Impression

1. Evidence for distant metastasis in a lower cervical lymph node.
2. Extensive lymphadenopathy in the left para-aortic and left iliac chain.
3. Photopenic right lymphocyst as noted on CT.

Pearls and Pitfalls

• PET has a sensitivity of 73%, specificity of 92%, and accuracy of 86% for detecting
lymph node involvement.3,4

• The positive predictive value and negative predictive value are 89% and 86% 
respectively.1,3,4

• The sensitivity of CT for detecting lymph node involvement ranges from 40% to 63%;
the specificity of CT for detecting the same ranges from 81% to 83%.1,3,4
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FIGURE 24.2.1.



FIGURE 24.2.2. FIGURE 24.2.3.

FIGURE 24.2.4. FIGURE 24.2.5.



Discussion

CA-125 is a serum marker to monitor recurrent tumor. The sensitivity of CA-125 is
90% to 100%. However, it can be falsely negative in 25% to 50% of the cases. Also, it
does not provide the site of recurrence.
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FIGURE 24.2.6.

History

69-year-old female who has a history of ovarian cancer currently on Cytoxan therapy.
The patient is being evaluated for using CA-125 level and disease recurrence.

Findings

There are retroperitoneal (Figures 24.3.1 and 24.3.2), common iliac (Figures 24.3.3 and
24.3.4), and distal external iliac nodes.There is a left paracolic gutter peritoneal implant
(Figure 24.3.5). There are multiple hypermetabolic liver metastases (Figures 24.3.6 and
24.3.7), some with calcification, indicating mucinous histology.

Impression

Metastatic mucinous ovarian carcinoma to the liver parenchyma, retroperitoneum, and
peritoneum.

Case 24.3
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FIGURE 24.3.2. FIGURE 24.3.3.



FIGURE 24.3.4. FIGURE 24.3.5.

FIGURE 24.3.6. FIGURE 24.3.7.
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Pearls and Pitfalls

• FDG PET has a sensitivity of 71%, specificity of 100%, positive predictive value of
100%, negative predictive value of 76%, and an accuracy of 85% in the detection of
peritoneal carcinomatosis.5

• Calcifying metastases is typical of mucinous cystadenocarcinoma histology.

Discussion

Early detection of recurrent disease is a reliable indicator for a second-line therapy.
PET can detect an intra-abdominal relapse with peritoneal carcinomatosis in 40% to
60% of the cases. Most recurrent ovarian carcinomas present with peritoneal seeding
from para-arotic or peritoneal lymphatics. Unfortunately, false-positive examinations
can occur with associated nonmalignancy physiology including inflammatory adnexal
mass or corpus luteum. Urine activity can also potentially mask the lesions. Some 
institutions recommend the use of bladder lavage in order to minimize this artifact.



History

47-year-old male with a history of pancreatic cancer and liver lesions on CT. The study
is being done to evaluate extent of disease.

Findings

The breath hold CT chest images show some concave focal posterior pleural thicken-
ing on the right. No pleural fluid is apparent. No pathologic mediastinal adenopathy
is evident. In the abdomen, there is increased metabolism in the body and tail of 
the pancreas (Figure 25.1.1), consistent with primary carcinoma of the body/tail of the
pancreas (Figure 25.1.2). There are numerous hypermetabolic lesions within the
hepatic parenchyma, panlobar (Figure 25.1.3). A disproportionate number of these
small liver lesions are surface lesions. This is seen in conjunction with some moderate
hyperactivity in the omentum. These features suggest that there is also peritoneal 
carcinomatosis.

Impression

Primary carcinoma of the body and tail of the pancreas with panlobar liver metastases
and probable peritoneal carcinomatosis.

Pearls and Pitfalls

• The role of PET imaging is to distinguish benign pancreatic masses from cancer,
stage nodal involvement and liver metastasis, and assess patient response to
chemotherapy.1,2,3,5

• It is estimated that PET can alter patient management in 50% of the patients with 
pancreatic carcinoma.1,2,3,5

Discussion

Pancreatic cancer is the third most common gastrointestinal malignancy in the United
States. It is the fifth leading cause of cancer-related mortality. Black, male, and age over

25 Pancreatic Cancer
Heidi R. Wassef

Case 25.1
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45 are predispositing factors. Patients are asymptomatic. By the time symptomology
surfaces, most patients are incurable. Midepigastric abdominal tenderness and weight
loss are the most common symptoms. Smoking, alcohol, diabetes, chronic pancreatitis,
and family history are all risk factors. Seventy-five percent of the cancers involve the
head or neck of the pancreas. Approximately 95% of the pancreatic cancer arises from
the exocrine portion. The tumor first spread to regional lymph nodes, then to the liver,
and then to the lungs. CEA will be elevated in 40% to 45% and CA 19-9 will elevated 
in 75% to 85%. CT is useful, with 70% to 80% of lesions detected. Percutaneous 
ultrasound will detect 60% to 70% of the cancers. Endoscopic ultrasound and ERCP
will detect 99% to 100% and 90% to 95% of the cases, respectively.

FIGURE 25.1.1.

FIGURE 25.1.2. FIGURE 25.1.3.



History

82-year-old male who has a history of pancreatic cancer. His recent CT demonstrates
fullness in the pancreatic head with bilateral suspicious cavitary pulmonary nodules.
Evaluation for metastasis in the lung is requested.

Findings

There is a hypermetabolic focus on PET which corresponds to the fullness in the pan-
creatic head (Figures 25.2.1 and 25.2.2) previously described on CT. This appears to
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extend into the tail of the pancreas. The nonrandom clusters and smooth wall pul-
monary nodules on CT are metabolically negative on PET and are probably inflam-
matory rather than neoplastic. The weakly positive activity in the right perihilar node,
or medial midlung parenchyma, is probably inflammatory. The retention in the upper
pole of the collecting system is due to urinary stasis. The curvilinear activity in the
bowel is physiologic.

Impression

1. Hypermetabolic focus in the region of the pancreatic head consistent with history
of pancreatic malignancy.

2. The nodules in the lung are not FDG avid and therefore are considered non-
neoplastic.

Pearls and Pitfalls

• Pancreatic cancer displays a higher expression of glucose transporter 1 (Glut-1) vs.
glucose transporter 4 (Glut-4) in comparison to chronic mass-forming pancreatitis.4

• The overall sensitivity and specificity for pancreatic cancer by SUV analysis is 94%
and 88%, respectively.1,2,3,5

• When using the SUV cutoff criteria of 1.53, PET has a better sensitivity and specificity
than CT for detecting cancer, 93% PET sensitivity as opposed to 80% CT sensitivity,
and 93% PET specificity as opposed to 74% CT specificity.1,2,3,5

• Chronic active pancreatitis and serous cystadenoma are common causes for false-
positive PET results.

• PET helps accurately stage the disease, making it helpful in planning the appropriate
therapy.1,2,3,5

Discussion

Histologically, 80% of the pancreatic cancers are adenocarcinomas. Staging is based
on a TNM staging system. At initial presentation, 20% of the patients are in stage I,
40% are in stage II, and 40% are in stage III and IV. Whipple pancreaticoduodenec-
tomy is usually performed. 5FU and gemcitabine may improve overall survival.
Palliative therapy is usually employed for analgesia. The overall 5-year survival rate 
is less than 5%. In patients who are fortunate enough to have a successful curative
resection, the 5-year survival rate is 15% to 20%.

History

64-year-old female with a history of pancreatic cancer ten years ago, status post
Whipple procedure. There is a history of thyroidectomy for thyroid cancer eight years
ago. The current study is being done to evaluate for recurrence.

Findings

There is focal hypermetabolism in the neck (Figure 25.3.1). The focal hypermetabo-
lism is midline and retrotracheal in location (Figure 25.3.2), centered 2cm below the

Case 25.3
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vocal cord and centered at the level of the only surgical clip right of midline.
This may represent metastatic disease or recurrent thyroid carcinoma. An elevated 
thyroglobulin would favor the latter.

There is intense focal hypermetabolism of the 3-cm mass at the root of the mesen-
tery (Figures 25.3.3 and 25.3.4), which was shown to be heterogeneously enhancing on
prior CT.This is consistent with recurrent pancreatic carcinoma by location but unusual
in time frame from diagnosis. It is potentially approachable by percutaneous biopsy.

No abnormal hypermetabolism is evident in the chest. There is no increase in 
activity related to the fibrotic changes in the pulmonary apices.

Impression

1. Single midline, approximately 1-cm retrotracheal cervical focus, corresponding 
to increased retrotracheal soft tissues, centered at the level of the only rightsided
surgical clip.This could be due to recurrent thyroid carcinoma or metastatic disease.

2. Intensely hypermetabolic 3-cm mesenteric root mass consistent with recurrent 
pancreatic cancer.

Pearls and Pitfalls

• FDG PET cannot be used to differentiate types of cancer although the level of uptake
may correlate with tumor grade in certain types of malignancies.

Discussion

FDG PET is useful in staging and determination of resectability of pancreatic masses
at the time of initial diagnosis as well as in reevaluation of patients after therapy and
differentiating malignancy from chronic pancreatitis.

FIGURE 25.3.4.



History

50-year-old male who is being evaluated because of a prevertebral soft tissue mass at
T-9 on CT.

Findings

The intense 18-FDG activity at T-9 is seen on the sagittal images to involve both the
prevertebral soft tissues and the vertebral body at T-9 (Figure 26.1.1). There is no oste-
olysis and slight medullary sclerosis of this vertebral body. This appears on 18-FDG to
be only one of many randomly scattered pathologically intense osseous foci (Figures
26.1.2 and 26.1.3). There is a small focus in the left ischium, involvement of the right
subtrochanteric femoral medullary cavity (Figure 26.1.4), a small focus in the right
anterior superior ilium, abnormal activity in the right proximal humeral diaphyses
(Figure 26.1.5), and a possible small lesion near the right AC joint. Each of these lesions
is characterized by slight sclerosis without osteolysis. The multiplicity of the lesions is
indicative of likelihood for metastatic disease of unknown primary. Pertinent to this is
the intense hypermetabolism in the posterior midline prostate gland (Figure 26.1.6).
If this proves to be prostate carcinoma with osseous metastasis at presentation, it would
appear to represent an aggressive prostate lesion. Serum PSA is recommended as a
first initial step with subsequent prostate biopsy if positive.

Impression

The T-9 prevertebral soft tissue appears to represent coexistent involvement of the 
T-9 vertebral body as one of several scattered osseous metastases with slight sclerosis.
There is an intense midline posterior lobe prostate activity, consistent with an aggres-
sive primary prostate carcinoma. Other diagnoses such as myeloma and lymphoma 
are considered less likely.

Pearls and Pitfalls

• 80% of expired prostate cancer patients have osseous metastases.
• The sensitivity of PET for prostate cancer is 50%.1

• PET has a detection rate of 18% to 65% for metastatic disease.1

26 Prostate Cancer
Hossein Jadvar

Case 26.1
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• PET imaging is a valuable tool for identifying lymph node metastases since it is a
whole body exam.

• PET is currently useful in monitoring patient response to treatment for prostate cancer
in patients with positive baseline examinations.3

Discussion

A problem with FDG imaging is that it does not accumulate well in some prostate
cancers presumably due to a low glucose metabolic rate. Another problem with 
the tracer is that it is excreted in the urine which will potentially mask lesions in the
vicinity of the prostate.

11C-choline may provide an alternative way for prostate cancer imaging. Choline is
an important component of phospholipids in cell membrane integrity. Most prostate
cancer display a high proliferation rate and increases production of cellular compo-
nents for choline uptake. Choline may be superior than FDG because it does not accu-
mulate in urine. The sensitivity of 11C-choline PET and conventional imaging is 80%
vs. 47%, in histologically proven cases.The specificity is 96% vs. 98% and accuracy 93%
vs. 86%, respectively. Micrometastases and bowel activity are common reasons for a
false-negative exam.

11C-acetate also may be useful in the detection of recurrent prostate cancer. It can
accumulate in prostate cancer and has a sensitivity higher than that of FDG.A problem
with this agent is that it can also accumulate in normal prostate gland and benign
prostate hyperplasia. This may lower the specificity of this exam.
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Peter S. Conti

History

37-year-old male with a history of osteosarcoma of the left upper maxilla status post
resection followed by radiation and chemotherapy. The patient had recurrence in the
L-4 vertebra and was treated with chemotherapy. Outside bone scan revealed abnor-
mal uptake at L-4 and left mastoid.

Findings

On the FDG PET scan there is a large hypermetabolic sclerotic lesion in the vertebral
body of L-4 with an expansile mass beyond the vertebral body and a soft tissue com-
ponent on the left side with extensive calcification consistent with high-grade sarcoma
(Figures 27.1A.1, 27.1A.2, and 27.1A.3). There are sclerotic lesions involving the left
posterior iliac bone, right iliac wing, sacrum, and multiple lesions in T-9, T-10, and T-11
(Figure 27.1A.4). There are additional sclerotic lesions throughout the cervical, tho-
racic, and lumbar spine, too small to characterize but hypermetabolic in the PET scan.
There are small sclerotic foci in the left sternomanubrial joint and right third rib pos-
teriorly. There is asymmetry in the soft tissue in the right groin, possibly due to a small
lymph node. The tiny nodules in both lungs are not metabolically active and may be
below the resolution of the scanner. There is a large area of photopenia in the left

Case 27.1A
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FIGURE 27.1A.2.

FIGURE 27.1A.3.

FIGURE 27.1A.4.

maxilla compatible with the surgical defect. Low-level uptake is seen lateral to the sur-
gical margin with no focal increase in tracer activity suggestive of post treatment
changes rather than recurrence. There is no discrete focus of regional adenopathy in
the neck.
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History

37-year-old female with a history of osteosarcoma in the left maxilla status post resec-
tion with recurrence in L-4 vertebra follow by chemotherapy. Her previous FDG PET
scan is abnormal, and this study is being done with 18-F fluoride bone scintilligraphy
to evaluate response extent of bony disease and treatment.

Findings

There is bony uptake with some thickening in the right maxilla with little activity in
the posterior maxillary anthrum probably associated with small osteitis or maxillary
infection (Figure 27.1B.1). Evidence of postsurgical maxillary remnant is seen in the
left maxillary region. There are foci of increased radiotracer uptake involving the left
scapula proximal to the glenoid, right glenoid, left side of the manubrium, right fourth
or fifth costocartilaginous junction, anterior left midrib, right ninth lateral rib, left 
posterolateral sixth rib, left second costovertebral junction, left fifth costovertebral
junction, right eighth costovertebral junction, and left T-11 costovertebral junction.
Increased tracer activity is seen in the vertebral bodies of T-7, T-9, T-11, L-1, L-4, and
the coccyx. There is increased radiotracer uptake involving the right iliac wing, right
acetabulum, inferior left sacroiliac joint, and left medial iliac crest. There are degen-
erative changes around the right knee joint with some remodeling of the bone. There
is no evidence of metastasis in the lower extremities.

Impression

1. Evidence of extensive and progressive bony metastases, suggesting poor response
to chemotherapy.

Case 27.1B

Impression

1. Evidence of extensive metastases to the skeleton and possibly the right groin and
lungs.

2. Large surgical defect in the left maxilla without definite evidence of local 
recurrence or pathologic adenopathy in the neck.

FIGURE 27.1B.1.



2. Probable osteitis or sinus infection in the right maxillary region.
3. Postsurgical changes in the left maxilla.
4. Degenerative changes in the right knee.

Pearls and Pitfalls

• 18F Fluoride PET can quantitatively estimates metabolic activity in bone.2

• Fluoride studies can reduce the number of invasive bone biopsies and facilitate 
subsequent follow up in patients with metabolic bone diseases.

• Very early bone reaction in small bone metastases can be seen with F-18 fluoride
scintigraphy.1

Discussion

[18F] flouride bone scintigraphy with PET offers a high resolution, quantitative alter-
native to planar and SPECT scintigraphy with Tc–99m based radiotracers. Images are
generally acquired 2 hours following injection of radiotracer, and no pre-injection
fasting is required by the patient. Correlation with the companion CT acquisition
allows for precise registration of abnormal activity with bony structures.
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I PET and PET-CT Reimbursement
Jennifer S. Keppler

PET and PET-CT have become important tools in the clinical management of patients
with cancer, neurologic disorders, and coronary artery disease. Numerous peer-
reviewed publications support the value of FDG PET in patients with many different
types of cancer. Summaries of this literature show that the sensitivity and specificity
of FDG PET range on average between 80% and 90%, and that patient management
is changed with the introduction of PET into clinical decision-making in up to 40% of
patients (Conti 1996). In neurology applications, FDG PET has demonstrated value in
patients with primary brain tumors, epilepsy, and dementia. PET also provides earlier 
and more accurate detection of primary brain tumor regrowth than MRI (DiChiro 1986;
Patronas 1982, 1985; Coleman 1991; Conti 1995a, 1995b). In patients with complex
partial epilepsy, FDG PET scan results indicating a unilateral foci of hypometabolism
is correlated with a high likelihood of the patient benefiting from surgical resection
(Gambhir 2001). Studies have shown that patterns of FDG uptake in the brain can
predict both progressive cognitive impairment and the histopathologic diagnosis of
Alzheimer’s disease at early stages of disease, with a sensitivity, specificity, and accu-
racy of 94%, 75%, and 90% respectively. In the heart, using the short-lived radiotrac-
ers of [N-13] Ammonia or [Rb-82] Chloride, PET is an effective way to assess perfusion
of the heart, at rest or with pharmacological stress, for management of patients with
known or suspected coronary artery disease (Schelbert 1982; Gould 1986). Finally, the
use of FDG to demonstrate the presence of myocardial viability before a revascular-
ization procedure has been shown to predict postsurgical functional improvement and
better survival (Tillisch 1986; Schöder 1999). Despite the substantial and growing peer-
reviewed literature support for this technology, public and private reimbursement for
PET continues to lag behind its demonstrated utility.

Reimbursement for a medical test or procedure is conditional on a combination of
factors, including any required Food and Drug Administration (FDA) approvals, peer-
reviewed documentation of clinical utility, as well as acceptance of medical necessity
within the clinician and payer communities. Recently, the Center for Medicare and
Medicaid Services (CMS), which sets coverage guidelines for Medicare beneficiaries,
has focused intently on the quality of the published literature as well as on its own
assessment of medical necessity. Given that recent data suggest that the utilization of
imaging is growing at a rate of 4.5% and the relative value units for imaging proce-
dures are growing at 6% per year, we can expect continued scrutiny of the necessity
of imaging procedures in clinical patient management (Dehn 2003).
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FDA Approval for PET Scanners and Radiopharmaceuticals

The FDA is charged with ensuring the safety and effectiveness of drugs and medical
devices used in the United States. For PET, this includes the use of both the PET
scanners, as well as the PET radiopharmaceuticals. Operationally, other regulatory
approvals may be required to maintain compliance or facilitate reimbursement con-
tracting (e.g., Nuclear Regulatory Commission or an equivalent state radiation regu-
latory agency for handling or using radioactive materials, Environmental Protection
Agency for monitoring of effluent release, and practice accreditation through State or
private agencies); however, a discussion of these issues is outside of the scope of this
appendix.

For reimbursement to be made on behalf of services provided to Medicare patients,
CMS requires that the equipment used to perform the PET scans be “approved” or
“cleared for marketing” by the FDA (Medicare Coverage Issues Manual 50–36). This
is not an unusual requirement; the FDA must clear all medical devices before a vendor
can legally market the device. The FDA provides this “approval to market,” which in
the case of PET scanners is “510K Clearance,” in the form of a letter addressed to the
manufacturer of scanner. Having 510K Clearance is required before a device can be
marketed and sold. In general, all commercially available PET scanners have been
cleared for the use of “imaging radionuclide emissions from the body.”

FDA approval of the radiopharmaceutical has always been a stated prerequisite 
for Medicare reimbursement for PET. This was a significant roadblock for PET reim-
bursement for many years, because traditional pathways of gaining FDA approval were
not easily applied to most PET drugs. The FDA did approve one PET drug in 1989,
Rubidium-82 for cardiac rest and stress imaging. Rubidium-82 is manufactured cen-
trally, and then shipped to sites via a generator. This central manufacturing concept is
better aligned with the traditional pathways of FDA approval, than is the distributed
model of manufacturing FDG at regionally-based cyclotrons. Rubidium-82 (Rb-82)
was afforded coverage by the CMS for Medicare beneficiaries (then, the Health Care
Financing Administration, HCFA) in 1994. This first Medicare coverage statement
restricted payments to only these Rb-82 applications, noting that all other PET radio-
pharmaceuticals and indications for PET were to be considered experimental. Sub-
sequently in 1994, the FDA reviewed and approved a single application for the use 
of FDG and approved its production and use in epilepsy. However, Medicare reim-
bursement did not follow this additional FDA approval. Changes in the regulatory
mechanisms of PET would be required in order for this technology to be made widely
available to the public.

The FDA Modernization and Accountability Act of 1997 (“FDAMA”) provided the
basis for the FDA to develop these new regulatory mechanisms for PET and equally
important, for CMS to expand public sector reimbursement. FDAMA contained 
specific language requiring that “appropriate” procedures for approval of New Drug
Applications (NDA) and abbreviated NDAs for PET radiopharmaceuticals, as well as
“appropriate” Current Good Manufacturing Practices (CGMPs) for the production of
PET compounds be developed. FDAMA also stated the mechanism by which PET
drugs could be legally produced in the interim until final FDA approvals were in place.
This opened the way for expansion of Medicare reimbursement. Shortly thereafter,
CMS (then, HCFA) revised its national coverage policy, providing coverage as of
January 1, 1998 to Medicare beneficiaries for PET scans to characterize solitary pul-
monary nodules and to initially stage certain types of lung cancer. CMS (then HCFA)
developed several temporary HCPCs codes (G-codes assigned by diagnosis) to provide
the coding for payment. This was the first of several steps taken by the HCFA toward
a controlled expansion of PET reimbursement.

In March of 2000, the FDA released its assessment of the safety and efficacy of FDG
[FR 65(48)]. In summary, the FDA concluded:
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• FDG is safe and effective in PET imaging for assessment of abnormal glucose
metabolism to assist in the evaluation of malignancy in patients with known or sus-
pected abnormalities found by other testing modalities or in patients with existing
diagnoses of cancer.

• FDG is safe and effective in PET imaging in patients with coronary artery disease
and left ventricular dysfunction, when used together with myocardial perfusion
imaging, to examine myocardial glucose metabolism, and to identify myocardium
with reversible loss of systolic function.

• NH3 is safe and effective in PET imaging of the myocardium under rest or phar-
macological stress conditions to evaluate myocardial perfusion in patients with sus-
pected or existing coronary artery disease.

These findings supplemented the FDA’s previous favorable conclusions of the efficacy
of positron emitting drugs, including:

• Sodium fluoride F 18 injection is safe and effective as a bone imaging agent to define
areas of altered osteogenic activity.

• FDG F 18 injection is safe and effective for the identification of regions of abnor-
mal glucose metabolism associated with foci of epileptic seizures.

• Rb-82 Chloride is safe and effective as a myocardial perfusion agent that is useful
in distinguishing normal from abnormal myocardium in patients with suspected
myocardial infarction.

FDA publication of these findings opened up the path for expansion of PET 
reimbursement.

Reimbursement for PET

Although FDA approval is a prerequisite for reimbursement for Medicare and many
private insurance carriers, FDA approval does not guarantee a drug or procedure will
be covered. In the private sector, each independent insurance company determines the
benefits offered to its subscribers. Payments by insurance companies for a service or
procedure may be influenced by a number of factors, including published technology
assessments, FDA approval, peer-reviewed literature, and standard medical practice in
an area or region. In the public sector, CMS is the government entity that defines 
coverage benefits for Medicare beneficiaries. The current view of PET reimbursement
is outlined below.

CMS implements Medicare coverage through contracts with private insurance 
carriers, also known as Medicare Carriers and/or Fiscal Intermediaries (“Medicare
Contractors”). CMS determines what services will be eligible for coverage (i.e., that it
deems to be “reasonable and necessary”) by defining a “National Coverage Decision”
or by delegating a coverage decision to its Medicare Contractors. National coverage
decisions are policies that provide for or restrict Medicare coverage for a particular
medical service and generate obligatory benefits for all Medicare beneficiaries [FR
64(80)]. These local contracting companies that insure the Medicare beneficiaries may
also publish their own local medical review policies to clarify when an item or service
will be considered “reasonable and necessary” and thus eligible for coverage under the
Medicare. These local policies, however, cannot conflict with a national coverage deci-
sion published by CMS.

A National Coverage Decision has been issued for PET scanning; that is, there is a
national definition of the types of PET scans that Medicare beneficiaries are eligible
to receive (Medicare Coverage Issues Manual 50–36). As compared with most other
radiology services, PET is unique in this regard; however, national coverage determi-
nations exist for many medical services, including magnetic resonance angiography
(Medicare Coverage Issues Manual 50–14), and use of cardiac rehabilitation therapy



(Medicare Coverage Issues Manual 35–25). Most of the published coverage instruc-
tions for other tests and treatments have fewer constraints than those published for
PET, which contributes to the difficulty that some of the Medicare Contractors have
had in the implementation of the PET guidelines. Nonetheless, the nationwide cover-
age assures that all Medicare patients are eligible for PET scans in certain diagnoses
and clinical situations.The Medicare Contractor does not have the authority to expand
this coverage, even if the national guidelines fall behind the utility demonstrated in the
peer-reviewed literature or local medical practice. Local Medicare Carriers and Fiscal
Intermediaries that provide payment for Medicare beneficiaries around the country
must follow this policy and do not have latitude to make changes to it. Providers of
services are obligated prior to billing for the services to ascertain whether the patient
meets the prescriptive criteria. Efforts are underway to remove the national coverage
restriction to allow local Medicare Contractors to assess and define coverage needs for
their beneficiaries.

CMS has been very cautious with its expansion of coverage for PET. Their cover-
age decisions not only have restricted the scope of eligible diagnoses, but also have
limited clinical eligibility within a covered diagnosis based on their strict interpreta-
tion of the indication demonstrated by portions of the published literature. More
recently, CMS has restricted coverage of PET scans performed on coincidence gamma
camera devices, requiring that most of these procedures be performed on full or partial
ring PET Scanners (Medicare Coverage Issues Manual 50–36). Professional societies
have taken the lead in petitioning CMS to expand coverage so that appropriate clini-
cal situations are included in the coverage guidelines; however many petitions have
been denied by CMS. Several formal requests are currently pending.

Current Medicare Coverage Guidelines

Guidelines for reimbursement of PET are described in Medicare’s Coverage Instruc-
tion Manual (CIM) Section 50–36. CMS places the responsibility for ensuring that the
patient qualifies on the referring physician (Medicare Coverage Issues Manual 50–36);
however PET providers also have a responsibility to ascertain whether the patient
meets the prescriptive criteria, prior to billing for the services. A summary of the
current Medicare coverage guidelines is shown in Table A1.1 and described below.

Within the cancer indications, Medicare has defined the terms “diagnosis,”“staging,”
“restaging,” and has outlined the scenarios in which they consider a scan to be “rea-
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TABLE A1.1. Summary of clinical conditions covered by Medicare

Clinical Condition Coverage (within the guidelines of CIM 50–36)

Lung cancer (Non-Small Cell) Diagnosis, Staging & Restaging
Esophageal Cancer Diagnosis, Staging & Restaging
Colorectal Cancer Diagnosis, Staging & Restaging
Lymphoma Diagnosis, Staging & Restaging
Melanoma Diagnosis, Staging & Restaging
Head and Neck Cancer (excludes CNS Diagnosis, Staging & Restaging

& thyroid)
Breast Cancer Restaging, Monitoring Response to Therapy
Thyroid Cancer (Follicular Cell Origin; Restaging

not medullary)
Single Pulmonary Nodule (£4cm Characterization of indeterminate nodule

diameter)
Coronary Artery Disease Assess rest & stress myocardial perfusion; assess 

myocardial viability
Refractory Seizures Presurgical Evaluation
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sonable and necessary,” or more specifically, payable. For the cancer indications, the
policy states that:

Diagnosis: PET is covered only in clinical situations in which the PET results may assist in avoid-
ing an invasive diagnostic procedure, or in which the PET results may assist in determining the
optimal anatomical location to perform an invasive diagnostic procedure . . . PET scans follow-
ing a tissue diagnosis are performed for the purpose of staging, not diagnosis.

Staging and or Restaging: PET is covered in clinical situations in which:
1) (a) the stage of the cancer remains in doubt after completion of a standard diagnostic workup,
including conventional imaging (computed tomography, magnetic resonance imaging, or ultra-
sound); or (b) the use of PET would also be considered reasonable and necessary if it could
potentially replace one or more conventional imaging studies when it is expected that conven-
tional study information is insufficient for the clinical management of the patient; and 2) clini-
cal management of the patient would differ depending on the stage of the cancer identified
(Medicare Coverage Issues Manual 50–36).

The Coverage Instructions add to the definition of when PET will be covered in restag-
ing and monitoring, indicating that use of PET is appropriate in restaging only after
the completion of treatment for the purpose of detecting residual disease, for detect-
ing suspected recurrence or to determine the extent of a known recurrence. Use of
PET would also be considered reasonable and necessary if it could potentially replace
one or more conventional imaging studies when it is expected that conventional study
information is insufficient for the clinical management of the patient (Medicare Cov-
erage Issues Manual 50–36).

For monitoring a patient’s cancer, the “use of PET to monitor tumor response during
the planned course of therapy (i.e. when no change in therapy is being contemplated)
is not covered. A PET scan for monitoring therapy may be considered reasonable and
necessary when change of therapy is being considered” (Medicare Coverage Issues
Manual 50–36). Furthermore, by these definitions, “Restaging only occurs after a
course of treatment is completed . . . subject to the conditions above” (Medicare Cov-
erage Issues Manual 50–36).

Medicare patients with a solitary pulmonary nodule may also be eligible for a PET
scan under the Medicare system. If other diagnostic studies, such as CT scans or a chest
x-ray are inconclusive about the malignancy status of a lesion, then a PET scan may
be done to help characterize it, if the lesion is £4cm in diameter. It is important to note
that if the PET scan is negative, then, since all other diagnostic studies have as well
been inconclusive, a biopsy procedure also would not be routinely covered in that
patient (Medicare Coverage Issues Manual 50–36).

CMS defines a number of clinical exceptions to their stated coverage. Specifically, in
lung cancer, eligibility is restricted to patients with demonstrated “non-small cell”
pathology. In addition, although some Medicare patients with breast cancer are eligi-
ble for PET scans, as shown in Table A1.1, CMS will not cover a PET scan for the
“diagnosis” or “initial (presurgical) staging” of the axillary lymph nodes in patients
with breast cancer. PET scans may be performed, however, for staging or restaging of
patients with distant metastasis or locoregional recurrence. Importantly, FDG PET
scans may be used in women with locally advanced or metastatic breast cancer to
monitor the tumor’s response to the treatment, as long as a change in therapy is being
considered. Breast cancer is currently the only type of cancer in which Medicare rec-
ognizes the role of PET in monitoring response to treatment (Medicare Coverage
Issues Manual 50–36).

The guidelines are also extremely specific with respect to the eligibility of patients
with a history of thyroid cancer. Those patients who are Medicare beneficiaries must
have been previously treated by thyroidectomy and radioiodine ablation, have a neg-
ative I-131 whole body scan and currently have a serum thyroglobulin >10ng/ml, in
order to be eligible for PET scans for restaging. Futhermore, this coverage is limited



to the types of thyroid cancer with a follicular cell origin, so patients with medullary
thyroid cancers are excluded from coverage for PET scans (Medicare Coverage Issues
Manual 50–36).

In addition to oncology applications, clinical indications in neurology and cardiol-
ogy are covered for Medicare beneficiaries. The only neurology indication that is
covered by CMS currently is in epilepsy. The clinical scenario for coverage is very spe-
cific; the PET scan is covered if it is done as a part of a presurgical evaluation of patient
with medically refractory seizures, with the intent of localize one of more seizure foci.
In cardiology, two types of procedures are covered for Medicare beneficiaries. These
include myocardial perfusion imaging (stress and/or rest using either Rb-82 Chloride
or N-13 Ammonia), as well as a study to ascertain myocardial viability. The myocar-
dial perfusion exams are covered instead of a conventional SPECT myocardial perfu-
sion procedure or following an inconclusive SPECT myocardial perfusion scan. For
the PET myocardial viability scan, the scan is covered either as a front line test to
assess cardiac myocardial viability, or following an inconclusive myocardial perfusion
test. For each of these indications, Medicare imposes certain conditions and restric-
tions for coverage (Medicare Coverage Issues Manual 50–36).

Like most diagnostic tests, PET scans are not covered for “screening” defined as
testing patients without specific signs and symptoms of disease. The coverage guide-
line also affirms that PET is not covered for other diagnostic uses, thereby preventing
Medicare contractors from expanding coverage beyond the national coverage policy
(Medicare Coverage Issues Manual 50–36).

CMS continuously reevaluates its coverage policy for PET. Therefore, it is impor-
tant to review the Medicare Coverage Issues Manual, Section 50–36 to gain a com-
plete understanding of Medicare’s coverage policy for PET for all these indications
and to consult with your local Medicare carrier or fiscal intermediary for clarification
of local or regional policies.

There are several pending applications for coverage. A request for evaluation of
diagnostic imaging in patients with suspected Alzheimer’s disease recently has been
approved. Although the detail have not been finalized at the time of this writing, cov-
erage under this application would be restricted to patients who have had a gradual
decline in one or more cognitive domain over a 6 month period, do not suffer from a
severe dementia, have no other documented cause by laboratory testing or anatomi-
cal imaging, and in whom the diagnosis would have a specific impact on life planning
decisions.

Private Insurance Coverage Guidelines

Private payer’s reimbursement policies for coverage of PET will vary by company,
depending on a variety of factors. Each private insurance payer makes an independent
decision on which procedures to cover. While some private payers may rely on
Medicare coverage guidelines as the basis for their reimbursement policies, others may
choose to set coverage that is either more or less restrictive. Most companies have pub-
lished policies, which you may be able to access from your local PET center. The keys
to working with private insurance carriers is to understand their existing coverage poli-
cies, and their process for deciding whether a test is covered or not. Developing good
relationships with the decision-maker in the Insurance Carrier will help ensure that
they have the proper information with which to decide on PET coverage.

Coding

One of the challenges to securing appropriate reimbursement for PET is learning 
to use the billing codes appropriately. CMS reimbursement relies on “Healthcare
Common Procedure Coding System” (HCPCS) codes. For PET, CMS has established
Level II codes for reimbursement. These codes are more specific than CPT® codes and
allow tracking of utilization by both the clinical diagnosis and the stage of disease man-
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agement, or in the case of the cardiology procedures, by the prior testing that has been
completed. These Level II HCPCS codes describe the services in much more detail
than Level I (existing CPT codes) and must be used in lieu of the CPT codes in billing
for Medicare procedures. Tables A1.2 and A1.3 outline the HCPCS codes that should
be used for billing PET procedures to Medicare.

Private insurance carriers may accept the Level II HCPCS coding required by
Medicare; others may rely on CPT or other codes for the billing of PET services. It is
important to work with each private payer in your area to determine the appropriate
billing codes for a given company. CPT codes for PET, which describe the procedures
in much more general terms than the CMS developed codes, can be obtained through
private insurance companies, professional societies, or directly from CMS.

Coverage and Coding for PET-CT

No specific coverage guidelines exist for scans performed on combined PET-CT scan-
ners in either the private or the public sector. The American College of Radiology
(ACR) has issued a position statement describing guidelines for performing and billing
for combined PET and CT images acquired in a single imaging session. First, in order
to bill for both the PET and the CT scans performed, it is essential that both proce-
dures are medically necessary, as documented by the orders from the referring clini-
cian. This means that the referring clinician must specifically order the diagnostic CT
scans to be performed at the time of the PET scan, providing the necessary history
and clinical indication. Additionally, the CT scan should be performed using the gen-
erally acceptable diagnostic parameters common in the community. Separate reports
should be rendered. Currently, ACR guidelines recommend that separate PET and CT
codes be used to charge for the procedures.

In early 2004, the American Medical Association (AMA) approved the addition of
six new CPT codes for PET and PET/CT to be published in January 2005. These new
codes (numbers to be determined) have been developed to reflect more accurately the
current practice of PET and PET-CT. Two of the codes will reflect a limited PET scan,
performed with or without anatomical correlation. These codes would cover a one or
two bed position PET scan. Another two codes will reflect a standard torso PET scan,
performed with or without anatomical correlation. The vignettes sent to the AMA
described these scans as being performed from “eyes to thighs” to indicate that the
neck and full pelvis would be included in these types of PET scans. Finally, the last two
codes will reflect a whole body PET scan, performed with or without anatomical cor-
relation. These codes would be used to reflect PET scans performed from head to toe,
such as what might be required in an assessment of melanoma.

Implications of Coverage Guidelines on PET Operations

It is important that a PET Center prequalify a patient for services based upon his/her
clinical background. To do this, it will be important to obtain detailed information on
the patient to determine eligibility under their insurance guidelines. Table A1.4
describes the type of information that should be obtained in order to assess whether
or not the patient will qualify under insurance guidelines. Assign an expert within the
Center to review the documentation to make an accurate assessment of whether or
not the patient is eligible under Medicare and what billing code should be used to
assure payment. Then, the PET Center can communicate with the clinician’s office
office, as well as with the patient as to whether or not Medicare or the private insur-
ance company will cover the PET scan.

Most of the clinical information that is needed prior to scheduling the exam will be
in the patient’s medical chart. With private insurance, it is important to determine if a
preauthorization for the PET scan is needed. With respect to ascertaining Medicare
eligibility or obtaining a pre-authorization, the latest “History and Physical”, current
progress notes, and reports of recent radiographs and blood tests should provide 
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TABLE A1.2. 2004 Medicare codes for procedures performed on a Full/Partial Ring PET
scanner

Code HCPCS description

G0125 PET Imaging regional or whole body; single pulmonary nodule; full-and partial-ring 
PET scanners only

G0210 PET Imaging whole body; full- and partial-ring PET scanners only, diagnosis; lung 
cancer, non-small cell

G0211 PET Imaging whole body; full- and partial-ring PET scanners only, initial staging;
lung cancer; non-small cell

G0212 PET Imaging whole body; full- and partial-ring PET scanners only, restaging; lung 
cancer; non-small cell

G0213 PET Imaging whole body; full- and partial-ring PET scanners only, diagnosis;
colorectal cancer

G0214 PET Imaging whole body; full- and partial-ring PET scanners only, initial staging;
colorectal cancer

G0215 PET Imaging whole body; full- and partial-ring PET scanners only, restaging,
colorectal cancer

G0216 PET Imaging whole body; full- and partial-ring PET scanners only, diagnosis;
melanoma

G0217 PET Imaging whole body; full- and partial-ring PET scanners only, initial staging;
melanoma

G0218 PET Imaging whole body; full- and partial-ring PET scanners only, restaging;
melanoma

G0219 PET Imaging whole body; full- and partial-ring PET scanners only, melanoma for 
non-covered indications

G0220 PET Imaging whole body; full- and partial-ring PET scanners only, diagnosis;
lymphoma

G0221 PET Imaging whole body; full- and partial-ring PET scanners only, initial staging;
lymphoma

G0222 PET Imaging whole body; full- and partial-ring PET scanners only, restaging;
lymphoma (replaces G0164)

G0223 PET Imaging whole body or regional; full- and partial-ring PET scanners only,
diagnosis; head and neck cancer; excluding thyroid and CNS cancers

G0224 PET Imaging whole body or regional; full- and partial-ring PET scanners only, initial 
staging; head and neck cancer; excluding thyroid and CNS cancers

G0225 PET Imaging whole body or regional; full- and partial-ring PET scanners only,
restaging; head and neck cancer, excluding thyroid and CNS cancers

G0226 PET Imaging whole body; full- and partial-ring PET scanners only, diagnosis;
esophageal cancer

G0227 PET Imaging whole body; full- and partial-ring PET scanners only, initial staging;
esophageal cancer

G0228 PET Imaging whole body; full- and partial-ring PET scanners only, restaging;
esophageal cancer

G0229 PET Imaging; Metabolic brain imaging for pre-surgical evaluation of refractory 
seizures; full- and partial-ring PET scanners only

G0230 PET Imaging; Metabolic assessment for myocardial viability following inconclusive 
SPECT study; full- and partial-ring PET scanners only

G0252 PET imaging, full and partial-ring PET scanners only, for initial diagnosis of breast 
cancer and/or surgical planning for breast cancer (e.g., initial staging of axillary 
lymph nodes), not covered by Medicare

G0253 PET imaging for breast cancer, full and partial-ring PET scanners only,
staging/restaging of local regional recurrence or distant metastases, i.e.,
staging/restaging after or prior to course of treatment

G0254 PET imaging for breast cancer, full and partial-ring PET scanners only, evaluation of 
response to treatment, performed during course of treatment

78459 Myocardial imaging, positron emission tomography (PET), metabolic evaluation
G0296 PET Imaging, full and partial ring PET scanner only, for restaging of previously 

treated thyroid cancer of follicular cell origin following negative I-131 whole body 
scan

C1775 FDG, per dose (4–40mCi/ml)

Source: Data from Medicare Program; Changes to the Hospital Outpatient Prospective
Payment System and Calendar Year 2004 Payment Rate; Final Rule, 42 CFR Parts 410 and 419,
Federal Register, Friday Nov 7, 2003 (CMS-1471-FC).
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TABLE A1.3. 2004 Medicare codes for cardiac procedures performed on a Full/Partial Ring PET
scanner

Code HCPCS description

G0030 PET myocardial perfusion imaging, (following previous PET, G0030-G0047); single 
study, rest or stress (exercise and/or pharmacologic)

G0031 multiple studies, rest or stress (exercise and/or pharmacologic)
G0032 PET myocardial perfusion imaging, (following rest SPECT, 78464); single study, rest 

or stress (exercise and/or pharmacologic)
G0033 multiple studies, rest or stress (exercise and/or pharmacologic)
G0034 PET myocardial perfusion imaging, (following rest SPECT, 78465); single study, rest 

or stress (exercise and/or pharmacologic)
G0035 multiple studies, rest or stress (exercise and/or pharmacologic)
G0036 PET myocardial perfusion imaging (following coronary angiography, (93510–

93529); single study, rest or stress (exercise and/or pharmacologic)
G0037 multiple studies, rest or stress (exercise and/or pharmacologic)
G0038 PET myocardial perfusion imaging (following stress planar myocardial perfusion 

78460); single study, rest or stress (exercise and/or pharmacologic)
G0039 multiple studies, rest or stress (exercise and/or pharmacologic)
G0040 PET myocardial perfusion imaging (following stress echocardiogram, 93350); single 

study, rest or stress (exercise and/or pharmacologic)
G0041 multiple studies, rest or stress (exercise and/or pharmacologic)
G0042 PET myocardial perfusion imaging (following stress nuclear ventriculogram 78481 

or 78483); single study, rest or stress (exercise and/or pharmacologic)
G0043 multiple studies, rest or stress (exercise and/or pharmacologic)
G0044 PET myocardial perfusion imaging (following rest ECG 93000); single study, rest or 

stress (exercise and/or pharmacologic)
G0045 multiple studies, rest or stress (exercise and/or pharmacologic)
G0046 PET myocardial perfusion imaging (following stress ECG 93015); single study, rest 

or stress (exercise and/or pharmacologic)
G0047 multiple studies, rest or stress (exercise and/or pharmacologic)
78459 Myocardial imaging, positron emission tomography (PET), metabolic evaluation
Q3000 Supply of radiopharmaceutical diagnostic imaging agent, Rubidium-82 per dose
Q4078 Supply of radiopharmaceutical diagnostic imaging agent, Ammonia N-13, per dose

Source: Data from Medicare Program; Changes to the Hospital Outpatient Prospective
Payment System and Calendar Year 2004 Payment Rates; Final Rule, 42 CFR Parts 410 and 419,
Federal Register, Friday Nov 7, 2004 (CMS-1471-FC).

TABLE A1.4. Information needed to assess patient eligibility

Patient data to be collected at scheduling:
• Patient name, height and weight
• Age of patient (if pediatric)
• Insurance card/information
• Diagnosis and H & P

� Including history of diabetes, if any
• Dates of recent surgery and treatments
• Reports of recent radiographs and blood work, if any
• How the clinician plans to use the PET results in the care of the patient (to help justify

medical necessity)

an adequate picture of the patients’ clinical history. If possible, determine how the 
clinician plans to use the PET scan results in the management of the patient (such as
to differentiate between alternative courses of treatment). This will further document
patient eligibility under Medicare and may help justify any required pre-authorization.



Having a National Coverage Policy for PET clarifies which Medicare patients are
eligible for a PET scan. Unfortunately, patients are not eligible for coverage might be
referred for a PET scan. In these cases, the patient must sign an “Advanced Benefi-
ciary Notification” (ABN), which will inform him/her of the financial responsibility for
the scan (Medicare Carriers Manual 30–50). Medicare can be billed, if needed in order
to obtain a denial of services, however, the claim form must indicate that the ABN is
on file using a GA modifier. If a center knows that a procedure should not be covered,
then a CPT code should be used to describe the procedure and the billing condition
code should reflect that the claim is issued in order to obtain a denial.

Medicare Coverage Decisions Pending

On an ongoing basis, CMS reviews petitions for coverage of additional clinical indica-
tions. CMS will initiate a review for a national coverage decision when issues are iden-
tified internally with CMS or when a formal request to review an issue is received.
These formal requests can be made by individuals (patients, physicians or others) or
by groups, such as professional societies. A formal request must be in writing and
contain the following components [FR 64(80)]:

• Statement that the document is a “formal request for a national coverage decision.
• Supporting documentation that includes at a minimum:

� A complete description of the service and the benefit category or categories of
the Medicare program to which it applies.

� A compilation of the medical and scientific information supporting the service,
including any clinical trials underway that may impact the decision.

• In the case of a drug or device (or a service using a drug or device subject to regu-
lation by the FDA), the status of FDA approval.

Currently, for PET, CMS is considering requests for expanded coverage of PET for
additional indications. To support their decision, the CMS may request a formal tech-
nology evaluation, refer the decision to a Medicare Coverage Advisory Committee,
or internally make the decision based on the evidence provided and in the public
domain [FR 64(80)]. Once a “Decision Memorandum” is published, CMS provides
instructions to the Medicare Contractors to begin payment for the services at some
future date. In the past, once a decision is made by CMS, it is at least 6 months before
coverage is in place for patients. CMS provides the public with updated information
on the web regarding the status of current and past coverage decisions at
http://cms.hhs.gov/ncdr/ncdr_index.asp.

Conclusion

PET scanning with FDG has become an important tool in the clinical management of
patients, with a significant number of peer-reviewed publications supporting its value.
Translating the published “value of PET” into insurance coverage requires concerted
effort at the local and national levels.

Obtaining appropriate reimbursement for PET services means developing an under-
standing of the coverage criteria for Medicare patients and identifying coverage guide-
lines for the private sector in the local region. Once these are known, proper screening
of patients to make sure they qualify under coverage rules, accurate coding and billing
for the test, along with regular review of payments received, are critical to obtaining
the correct reimbursement for the services offered.
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II PET-CT Techniques Applied in Case Studies
James Bading and Peter Shomphe

Studies included in this atlas were acquired with a Biograph LSO PET/CT scanner
(Siemens/CPS, Knoxville, TN). The system comprises a dual-slice, spiral CT (Siemens
Somatom Emotion) in tandem with an ACCEL PET scanner. The system is optimized
for use in whole-body oncology. Intrinsic spatial resolution is 6mm to 7mm in the
transaxial plane and 5mm to 7mm in the axial dimension. Data are acquired strictly
in 3D mode (no interring septa), and the design relies on a proprietary calculated cor-
rection to remove scatter noise. Standard techniques are used to correct for detector
non-uniformity, dead time and randoms noise. Attenuation correction is calculated
from coregistered, segmented CT images. PET-CT alignment is ensured via a mea-
surement-based software correction.The system provides 47 transaxial slices and a 15.5
cm axial field of view.

Studies begin with a 2D X-ray topogram, on which the bed position locations for
the study are defined. The CT scan is then acquired, followed by the PET scan. When
the patient enters the scanner head first, the CT scan is acquired in the superior to
inferior aspect, while the PET scan begins at the inferiormost bed position, a sequence
defined to minimize bladder activity in the PET scan.The computer system is Windows
NT-based with a Siemens/Syngo user interface. It includes of four separate PCs, one
each for data acquisition and reconstruction for CT and PET.

The standard scanning protocol for studies presented here arms raised above the
head and normal breathing during the CT portion of the CT-PET sequence. All PET
images presented in the atlas were reconstructed with either of two manufacturer-rec-
ommended ordered subsets estimation maximization (OSEM) techniques: body
images—2 iterations, 8 subsets, 5mm Gaussian postsmoothing; brain images—6 itera-
tions, 16 subsets, 5mm Gaussian postsmoothing. For whole body exams the CT slice
thickness was 5mm and 4mm collimation, using 90 to 70mAs, 130kVp, and pitch
(feed/rotation) of 7.6mm to 16mm. Breath-hold chest studies were performed with 5
mm slice thickness and 4mm collimation, using 80mAs, 130kVp and pitch of 12mm
to 16mm.
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A
Abdomen, 117. See also Stomach

discomfort/pain in, 120
incisions, 19

Abscess, 113, 130
Acquired immune deficiency syndrome

(AIDS), 140
Acute mastitis, 9
Acute myelocytic leukemia. See

Leukemia, acute myelocytic
Adenoma, pleomorphic, 15, 141
Adenopathy, 155

axilla, 70
biaxillary, 191, 193
hilar, 112, 138–138
mesenteric, 30
paracaval, 93
regional, 113, 129
supraclavicular, 180

Adriamycins, 240
Aflatoxins, 159
AIDS. See Acquired immune deficiency

syndrome
AJCC. See American Joint Committee

on Cancer
Alcohol, 135
Alzheimer’s disease

discussions of, 56
findings of, 55–56
histories of, 55
impressions of, 55
pearls/pitfalls of, 56

American Joint Committee on Cancer
(AJCC), 132

AML. See Leukemias, acute myelocytic
Anastomosis, esophagogastric, 114
Anemias, 101, 120
Anesthesia, 135
Angiography, 29
Angiosarcoma, of forehead

discussions of, 49
findings of, 48
histories of, 48
impressions of, 49
pearls/pitfalls of, 49

Angiosarcoma, thigh
discussions of, 230–232
findings of, 230–231
histories of, 230
impressions of, 230
pearls/pitfalls of, 230

Anovulation, 84

Aorta
abdominal, 13, 115
thoracic, 13

Aortitis, 13
Arthritis, 130, 207
Arthropathy, facet, 136
Ascites, 105
Atelectasis

dependent, 191
minor, 123
pulmonary, 115

B
Barium

dense, 100
enema, 20
esophogram, 106

Benzodiazepines, 53, 142
Bile ducts, 155
Biliary ducts, 152
Biopsies

local, 135
lymph node, 59
sentinel node, 205, 211
transnasal, 130

Bladder, 5, 13. See also Cancers, bladder;
Urinary bladders

Bleeding, postmenopausal, 84
Blood, fecal, 120
Bochdalek defects, 108
Bone

lesions, 65
marrow and hyperplasias, 62
marrow flare, 18
prosthesis, 154
spurs, 15

Bowel, 4
activity/uptake, 7, 20, 93, 100
diffuse, 115
distribution, 164
hernia and, 9
inflammatory diseases, 12
small, 120

Brain
clinical cases of, 45–58
metastasis, 126
parenchyma, 21, 45, 126, 137
parenchymal atrophy, 48
vascular insult in, 16

Brain lesions
discussions of, 51
findings of, 49–50

histories of, 49
impressions of, 50
pearls/pitfalls of, 50–51

Brain mass and pulmonary Carcinoids.
See Carcinoids, brain mass and
pulmonary

Brain tumors
discussions of, 52, 53, 55
findings of, 51, 52–53, 54
histories of, 51, 52, 54
impressions of, 52, 54
metastatic, 51
pearls/pitfalls of, 52–53, 55

Breast. See also Cancers, breast;
Carcinomas

acute mastitis and, 9
physiological activity of, 7
prostheses, 22
tumors, 51

Breslow level, 209
Bronchoscopy, 108, 182
Buccal cavity squamous cell carcinomas.

See Carcinomas, buccal cavity
squamous cell

Bursitis, 17

C
Calcifications, 29, 136
Calf tumors. See Tumor, calf
Caliectasis

mild, 126
right renal, 73

Callus, rib, 14
Cancers. See also Carcinomas
Cancers, adrenal

clinical cases of, 27–29
discussions, 27–29
findings, 27–28
histories of, 27
impressions of, 27
pearls/pitfalls in, 27

Cancers, bladder
discussions of, 240
findings of, 237–239
histories of, 237
impressions of, 239
pearls/pitfalls of, 240

Cancers, breast
discussions of, 62, 63, 65, 67, 70, 72
findings of, 59–61, 62, 63, 65–67, 68–69,

70–72
histories of, 59, 62, 63, 65, 67, 70
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Cancers, breast (cont.)
impressions of, 59–60, 62, 65–66, 68, 72
pearls/pitfalls of, 60–63, 65, 67, 68–70,

72
Cancers, cervical

discussions of, 74–75, 77–78, 80–81
findings of, 73–75, 75–77, 78–80
histories of, 73, 75, 78
impressions of, 73, 77, 80
pearls/pitfalls of, 73, 77, 80

Cancers, colon/colorectal
discussions of, 87–88, 89, 92–93, 95, 98
findings of, 87–88, 89, 90–92, 93–95,

96–99
histories of, 87, 88, 90, 93, 95
impressions of, 87, 89, 92, 93, 95
pearls/pitfalls of, 87, 89, 92, 95, 98

Cancers, gastric
discussions of, 117, 119
findings of, 115–116, 117–119
histories of, 115, 117
impressions of, 115, 117
pearls/pitfalls of, 115–116, 119
treatment changes in, 119

Cancers, laryngeal
findings of, 236–237
histories of, 236
impressions of, 236

Cancers, liver
discussions of, 159–161, 168, 170, 172
findings of, 159–160, 161–163, 164–167,

169–171
histories of, 159, 161, 164, 167, 169, 170
impressions of, 159, 164, 168, 170, 172
pearls/pitfalls of, 159, 164–167, 170

Cancers, lung
discussions of, 176, 177, 180, 183, 186
findings of, 174–175, 176–178, 180–181,

182–185
histories of, 174, 176, 178, 180, 182,

183
impressions of, 176, 178, 180, 182, 185
pearls/pitfalls of, 176, 177, 180, 183,

186
Cancers, neck

discussions of, 125
findings of, 124–126
histories of, 124
impressions of, 124
pearls/pitfalls of, 125

Cancers, ovarian
discussions of, 250, 254, 257
findings of, 250–251, 252–254, 254–256
histories of, 250, 252, 254
impressions of, 250, 252, 254
pearls/pitfalls of, 250, 252, 257

Cancers, pancreatic
discussions of, 258–259, 261, 263
findings of, 258–259, 260, 261–263
histories of, 258, 260, 261

impressions of, 258, 261, 263
pearls/pitfalls of, 258, 261, 263

Cancers, parotid
discussions of, 140
findings of, 138–139
histories of, 137
impressions of, 140
pearls/pitfalls of, 141

Cancers, prostate
discussions of, 266
findings of, 264–266
histories of, 264
impressions of, 264
pearls/pitfalls of, 264

Cancers, squamous oral
discussions of, 130–132
findings of, 130–131
histories of, 130
impressions of, 130
pearls/pitfalls of, 130

Cancers, submandibular and tonsillar
discussions of, 143, 145
findings of, 142, 143–144
histories of, 142, 143
impressions of, 142, 143
pearls/pitfalls of, 142, 145

Cancers, testicular
clinical cases of, 30–44
diagnosis/prognosis of, 42
discussions of, 32, 33, 42
findings of, 30–32, 33–35, 35–38,

39–41
histories of, 30, 32, 34, 35, 37–38
impressions of, 30, 33, 34, 35, 37, 42
metastatic, 37
pearls/pitfalls of, 30–32, 33, 35, 38, 42

Cancers, uterine
discussions of, 84
findings of, 81–83
histories of, 81
impressions of, 83
pearls/pitfalls of, 83

Cancers, vulvar
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discussions of, 159–161, 168, 170, 172
findings of, 159–160, 161–163, 164–167,
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Carcinomas, oral squamous cell
discussions of, 132–134
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testicular cancer and, 30–44
thyroid carcinoma and, 218
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Cytology, sputum, 183
Cytoxans, 253

D
Degenerative disc diseases, 136
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Dysphagias, 106, 140
Dysplasia, 14

E
Early antigen (EA), 130
EA. See Early antigen
Effusion, 180
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findings of, 267–269, 270
histories of, 267, 269
impressions of, 266–267, 269–270
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Endoscopy, 106, 117
Enema, 20, 55
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F
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nasopharyngeal carcinoma and, 129
osteosarcoma and, 225–227, 229
ovarian cancer and, 257
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potential of, 92
subacute avulsion, 13

Fungal infection, 12
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material in, 123
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Gastric cancer. See Cancers, gastric
Gastric cytology, 117
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Gastritis, 161, 164
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Stimulating Factor
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parotid, 130, 140
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H
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Carcinomas, hepatocellular

Hepatocytes, 170
Hepatoma, 132, 170
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left, 130
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GISTS and, 120–123
glioblastoma and, 45
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melanoma and, 204, 207–209
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osteosarcoma and, 225–229
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sites of, 32
squamous cell carcinoma and,

140–141
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thyroid carcinoma and, 215–216
vulvar cancer and, 85
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Hyperplasia

benign, 164
bone marrow and, 62
marrow, 18, 228, 230
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Hypometabolism, 16, 146–147
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extrafascial, 75
post, 81

I
IgA. See Immunoglobulin A
Immunoglobulin A (IgA), 130
Immunohistochemical staining, 120
Immunotherapy, 19
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dental, 140
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Induction therapy, 63
Infection, 130, 155
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findings of, 152–154
histories of, 152
impressions of, 152
pearls/pitfalls of, 154
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Intracavitary brachytherapy, 80–81
Irradiation, 32, 108
Ischemia, 148

J
Jaundice, 105, 122
Joints

AC, 264
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glenohumeral, 152, 154
hip, 154, 197
knee, 154
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synovial, 154
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K
Keratinocytes, 128
Kidney, 4

cortex of, 122
mass, 27

Klatskin tumor, 103
Koch pouch, 152–154
Kubota, K., 119

L
Labia majora, 86
Labia minora, 86
Lacerum, 137
Lactate, 146–147
Laparotomy, 120, 192–193
Laryngeal Cancers. See Cancers,

laryngeal

Larynx, 161
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findings of, 223–224
histories of, 223
impressions of, 224
pearls/pitfalls of, 224
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impressions of, 198
pearls/pitfalls of, 199

Liposarcoma
discussions of, 220–223
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impressions of, 220
pearls/pitfalls of, 220

Liver, 5, 120. See also Cancers, liver
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lobes, 89, 115
mass, 27–29, 101
metastasis, 87, 93, 115
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transplants, 169, 170

Rectal tumors. See Tumor, rectal
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Mesothelioma
infectious granulomatous diseases in,
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tumors, 51, 83, 110
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groin, 158
nodular hypermetabolic, 59
sites, 252
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biopsy of, 59
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mammary, 65, 68
metastasis, 80–81, 106
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M
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sites of, 217
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histories of, 204, 207, 209
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discussions of, 49
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impressions of, 47
malignant, 47
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MEN. See Multiple Endocrine
Neoplastic syndrome, 2
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Mesothelioma
discussions of, 173–174
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impressions of, 173
pearls/pitfalls of, 173
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detection of, 106
distant, 110, 214
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hematogenous, 89
hepatic, 87, 89, 112, 127, 204
liver, 87, 93, 115
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micro, 68
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GISTS and, 120, 123
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vulvar cancers and, 86

MRA, 105
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histories of, 57
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findings of, 195–196
histories of, 194
impressions of, 195
pearls/pitfalls of, 195
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function of, 151
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Nerve root, 12
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Osteolysis, 83, 90, 92
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discussions of, 227, 229
findings of, 225–226, 227–229
histories of, 225, 227
impressions of, 225, 229
pearls/pitfalls of, 225–227, 229
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technical artifacts and, 23–24
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Polyp, 134
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Cancers, prostate
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chemo, 75
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necrosis, 46, 52
pelvic, 75, 78
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therapy, 54–55, 57, 75, 141, 220

Radioablation therapy, 101, 214
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Radiography
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Radiology, 103
Radiotherapy, 55, 119, 140, 167

local, 84
pelvic, 78, 81

Rectal tumor. See Tumor, rectal
Rectum, 77
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renal cell
Respiratory complications, 113
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Revascularization, 146–147
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RT, 78

S
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histories of, 232
impressions of, 232
pearls/pitfalls of, 232

Schwannoma
discussions of, 247–248
findings of, 246–247
histories of, 246
impressions of, 246
pearls/pitfalls of, 246
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mild, 180
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findings of, 52–53
histories of, 52
ictal, 52
impressions of, 52
pearls/pitfalls of, 52–53

Seminoma, 32
Serum PSA, 264
Sexually transmitted diseases, 74
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Tobacco
Sonography, 159
Southeast Asia, 129
SPECT study, 148, 149
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lumbar, 92
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Carcinomas, squamous cell of 
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Carcinomas, squamous cell
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squamous oral
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Sternum, 142
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Stoma, 93
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Stroke, 16
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resection in, 113, 117, 140, 211
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pancreatic cancer and, 261
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synovial
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TB. See Tuberculosis
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Thalamus, 55
Thallium perfusion scan, 148
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Thoracotomy, 42, 43
Thorotrast, 159
Thrombophlebitis, 156
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Thyroid. See also Carcinomas, thyroid

activity of, 6, 65
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TNM staging systems, 132
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Transplant, 59, 169, 170
Trichomonas, 74
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Klatskin, 103
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recurrent, 54
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sarcoma mesenchymal, 120
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findings of, 120–121, 122–123
histories of, 120, 122
impressions of, 120, 123

Tumor, peripheral nerve sheath
discussions of, 241–242
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histories of, 241
impressions of, 241
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impressions of, 243, 246
pearls/pitfalls of, 245, 246
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impressions of, 98
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Tumor, unknown primary
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histories of, 155, 156
impressions of, 155, 158
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sensitivity/specificity of, 80

Ultrasound, 120, 136
Unknown primary tumor. See Tumor,

unknown primary
UPJ obstruction, 73

Ureters, 93, 96
Urinary bladder, 75–77, 115, 223–224.

See also Bladder
air in, 98
irrigation, 83

Urinary stasis, 65, 126, 180
Uterine cancer. See Cancers, uterine
Uterine cavity, 10
Uterus, 77

V
Valium, 142
Valproate, 53
VCA. See Viral capsid antigen
Vinblastine, 240
Viral capsid antigen (VCA), 130
Viruses, human papilloma, 86
Vitamin C, 117
Vocal cords, 6, 124
Vomiting, 120
Vulvar cancer. See Cancers, vulvar

W
Warthins tumor, 141
Weight loss, 105, 106, 117

X
Xeloda, 62
Xeroderma pigmentosum, 209
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