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Preface

PET-CT: A Case-Based Approach, Second Edition, provides practical
clinical examples of studies performed 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 designed to pro-
vide 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 spec-
trum of normal and pathological findings in the cases selected.

Chapter 1 explores the fundamentals of PET-CT imaging with FDG,
including normal physiology, normal variants, and technical artifacts.
Chapters 2-10 discuss a spectrum of clinical applications in oncology,
such as common malignancies involving the lung, breast, and colon and
less common cancers, such as adrenal and germ cell tumors. Chapter 11
details the use of F-18 NaF in diagnosing prostate, breast, and lung can-
cers and presents cases in which this method is deployed with nonma-
lignant findings. Chapters 12 and 13 examine brain tumors and general
neurological applications such as epilepsy. Pediatric imaging cases with
both benign and malignant findings are discussed in Chapter 14. Cardiac
and granulomatous disease applications are described in Chapters 15
and 16. Finally, Chapter 17 highlights images of newer PET-CT tracers.

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

Los Angeles, CA Peter S. Conti, MD, PhD, FACNP, FACR
Riverside, CA Aarti Kaushik, MD
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1 Normal Patterns and Artifacts

Aarti Kaushik and Peter S. Conti

BoNE MARROW HYPERPLASIA

Granulocyte colony-stimulating factor is a glycoprotein hormone that
regulates proliferation and differentiation of granulocyte precursors. It is
used to accelerate recovery from chemotherapy-related neutropenia in
cancer patients. Intense increased FDG uptake is commonly observed in
the bone marrow and/or spleen following GCSF therapy; however, the
bone marrow response to GCSF can be differentiated from pathological
infiltration by its intense homogeneous nature without focally increased
areas of FDG uptake. Increased FDG uptake attributable to GCSF
uptake rapidly decreases following completion of therapy and generally
resolves within a month (Fig. 1.1).

© Springer Science+Business Media New York 2016 1
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1 Normal Patterns and Artifacts 3

METAL IMPLANTS

The presence of metal implants in the body produces streak artifact on
CT imaging and degrades image quality. When CT images are used for
attenuation correction, the presence of metal results in over-attenuation
of PET activity in this region and can result in artifactual “hot spots.”
Metal prostheses, dental fillings, indwelling ports, breast expanders, and
sometimes contrast media are common causes of streak artifact second-
ary to high photon absorption and can cause attenuation correction arti-
facts. In order to avoid false positives, particularly when imaging metallic
implants, careful attenuation should be paid to the non-attenuation-
corrected images, which do not produce this artifact (Fig. 1.2).

FiG. 1.2
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PACEMAKER ARTIFACT

See Fig. 1.3.

EPIDURAL STIMULATOR A RTIFACT

See Fig. 1.4.

Fic. 1.4



1 Normal Patterns and Artifacts 5

VASCULAR UPTAKE [ AORTA | AND BILATERAL Hip JOINT
WITH PERIPHERAL UPTAKE: INFLAMMATORY DEGENERATIVE
CHANGES

See Fig. 1.5.

FiG. 1.5
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PosT-RFA ASSESSMENT LESIONS

See Fig. 1.6.

Post-RFA or HEPATIC LESION PHOTOPENIA
(ABSENT UPTAKE) ON PET IMAGES ON THE LEFT
CORRELATING WITH Low ATTENUATION REGION ON CT

Post-RFA (radio-frequency ablation) assessment of lesion PET is useful
as it distinguishes treated lesion by whether it is actively metabolizing
glucose or dead in the area of destruction (photopenia) (Fig. 1.7).

Fic. 1.7



1 Normal Patterns and Artifacts 7

SUBCLINICAL ASPIRATION

Inflammatory changes in the lungs can be noted in asymptomatic patients
related to subclinical aspiration (Fig. 1.8).

FiG. 1.8
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PoOSTRADIATION CHANGES IN THE MID SPINE WITH Low
BoNE MINERAL DENSITY ON CT AND PHOTOPENIA
(ABSENT UPTAKE) ON PET

See Fig. 1.9.

FiGc. 1.9
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1 Normal Patterns and Artifacts 9

TaYMIC HYPERPLASIA POST CHEMOTHERAPY

Thymic hyperplasia post chemotherapy is a well-described phenomenon.
It is generally seen in children and young adults post chemotherapy. The
presence of increased FDG uptake in the anterior mediastinum can be
attributed to thymic hyperplasia by identification of a triangular soft tis-
sue density seen retrosternally on CT with a characteristic bilobed ana-
tomical appearance. In the presence of thymic hyperplasia, there is
generally preservation of the normal shape of the gland despite an
increase in size (Figs. 1.10 and 1.11).

Fic. 1.10
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DEXTROCARDIA

See Fig. 1.12.

Fic. 1.12



12 A. Kaushik and P.S. Conti

MuscULAR UPTAKE VARIATIONS ON PET/CT ScaN

Normal muscles accumulate little 'F-FDG, but muscles exercised just
before or around the time of ®F-FDG injection can exhibit intense '8F-
FDG uptake. Muscle uptake can be attributed to voluntary or involun-
tary muscle activity, increased insulin, and surgical interventions.
Voluntary muscle activity consists of activities such as talking, chewing,
and exercising. Involuntary muscle activity would include labored breath-
ing or muscle spasms/tension. Postradiation treatment or injection-related
inflammatory changes in the muscles can also cause F-18 FDG uptake.

RADIATION MYOSITIS

See Fig. 1.13.

Fic.1.13



1 Normal Patterns and Artifacts 13

WEIGHT LIFTING

See Fig. 1.14.

Fic. 1.14
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SiT-Ups PRIOR TO INJECTION

See Fig. 1.15.

Fic. 1.15
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TENSE, CERVICAL, AND INTERCOSTAL MUSCULAR UPTAKE

See Fig. 1.16.

Fic. 1.16




16 A.Kaushik and P.S. Conti

PET UPTAKE SECONDARY TO INFLAMMATORY
CHANGES PoST SUBCUTANEOUS INJECTIONS

Gluteal Subcutaneous Uptake, Postinjection Soft Tissue
Changes on CT

See Fig. 1.17.

Fic.1.17
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Thigh Subcutaneous Uptake, Postinjection Soft Tissue
Changes on CT

See Fig. 1.18.

Fic. 1.18



18 A. Kaushik and P.S. Conti

ATTENUATION CORRECTION ARTIFACT

Vertebroplasty Artifact, Increase Uptake on AC Images (Left)
with no Uptake on NAC Images (Right)

Comparison of the attenuation-corrected and non-attenuation-corrected
images is important as it demonstrated that the activity was due to an
artifact of attenuation correction. The CT scan correlated the site of ver-
tebroplasty to the foci of increased uptake of ¥F-FDG. The cement for
the vertebroplasty has high density (much denser than normal bone).
PET/CT uses the transmission scan from the CT as a density map for
attenuation correction of the measured activity. In this case, the attenua-
tion correction algorithm added back too many counts to compensate for
attenuation by the extremely dense cement (Fig. 1.19).

Fic. 1.19



2 Lung Neoplasms

Nova M. Isaac and Peter S. Conti

Case 2.1: Solitary Pulmonary Nodule

History

A 50-year-old male, incidentally diagnosed with a lung nodule in the
right lung apex on X-ray and confirmed on CT. Patient was referred for
PET/CT evaluation of solitary pulmonary nodule.

Findings (Fig. 2.1)

Hypermetabolic right upper lobe pulmonary nodule with pleural tag
(yellow arrow), measures 1.9x0.9 cm, anterolaterally, SUVmax 2.9,
worrisome for neoplastic process. Remainder of the study was
unremarkable.

Impression

Hypermetabolic solitary pulmonary nodule, worrisome for primary neo-
plasm. (Patient underwent Rt. Upper lobe wedge resection. Pathology:
granulomatous caseating inflammation.)

Pearls and Pitfalls

A major application of PET is in the workup of indeterminate solitary
pulmonary nodules, defined as noncalcified nodules, 3 cm or smaller, in
the lung parenchyma that are found on chest radiography or CT (both of
which play vital role in the diagnosis and management of many pulmo-
nary disorders) [1]. However, FDG-PET studies can be falsely positive,
primarily due to inflammatory and granulomatous changes, as might be
seen in tuberculosis, fungal infections, and sarcoidosis [1].

© Springer Science+Business Media New York 2016 19
P.S. Conti, A. Kaushik (eds.), PET-CT, DOI 10.1007/978-1-4419-5811-2_2
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Discussion

Solitary pulmonary nodule (SPN) is defined as a single spherical lesion
within the lung parenchyma without associated atelectasis or adenopa-
thy. Current convention is that SPNs are 3 cm or less in diameter. Larger
lesions should be referred to as pulmonary masses and should be man-
aged with the understanding that they are most likely malignant; prompt
diagnosis and resection are usually advisable [2].

SPNs are caused by a variety of benign and malignant processes.
Solitary pulmonary nodules are commonly encountered in clinical prac-
tice—about 150,000 new ones are discovered each year in the United
States, of which 30-50 % are malignant [1]- Of the benign lesions, 80 %
are caused by infectious granulomas, 10 % are caused by hamartomas,
and the remaining 10 % are caused by a variety of rarer disorders includ-
ing noninfectious granulomas and other benign tumors [2].

Fine-needle aspiration (FNA) biopsy is recommended as the first-line
diagnostic approach in the workup of SPN.

PET should be reserved for those situations in which a biopsy is incon-
clusive or contraindicated [3].
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Initial studies indicated that a standardized uptake value of 2.5 might
distinguish benign from malignant processes; however, later studies have
shown that there can be some overlap in these values between benign
and malignant processes [1].

Case 2.2: Non-small Cell Lung Cancer
History

A 60-year-old female with history of adenocarcinoma involving the right
lung. Additional history of left breast cancer in the past.

Findings (Fig. 2.2)

Pretherapy images demonstrate hypermetabolic pulmonary nodule
measuring 2.4 x 1.6 cm in the right lung base, SUVmax 3.2.

o I r
L4 49mimn
. o .

Fic.2.2 PET/CT (pretreatment)
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Impression

Hypermetabolic solitary pulmonary nodule in the right lung base, consis-
tent with malignancy (on biopsy). (The patient later underwent surgical
resection of the right lower lobe with nodal dissection.)

Findings (Fig. 2.3)

Posttreatment/follow-up PET/CT demonstrates findings consistent with
status post resection of previously noted hypermetabolic pulmonary
nodule (seen in Fig. 2.1) at the right lung base. Mild hypermetabolic
activity at the lower right costovertebral junction represents inflamma-
tion from recent resection. Linear, left chest wall uptake is related to
prior breast cancer therapy.

Impression

Post-therapy scan, compatible with treated disease with no scan evidence
of local recurrence or distant metastasis.
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Fic.2.3 PET/CT (posttreatment/surgery)
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Pearls and Pitfalls

Most solitary pulmonary nodules without increased FDG uptake are

highly unlikely to be malignant. However, FDG-PET scans are occasion-
ally falsely negative in cases of well-differentiated adenocarcinoma,
bronchoalveolar cell carcinoma, and carcinoid. The spatial resolution of
most commercial PET scanners is about 5-6 mm; FDG-PET is less accu-
rate for pulmonary nodules smaller than 1 cm [1].

Discussion

Figure 2.4 illustrates the descriptors from the seventh edition of the TNM
staging system for lung cancer [4].

Case 2.3: Squamous Cell Carcinoma of the Lung

History

A 67-year-old female with right lung, pleural-based squamous cell carci-
noma (biopsy proven).
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Findings (Fig. 2.5)

Large 6.4 cm hypermetabolic, pleural-based mass in the right middle
lobe (RML), SUVmax 8.2, with area of central necrosis (yellow arrow)
within it. Hypermetabolic focus in the (contralateral) left axillary region
(red arrow) corresponds to lymph node on CT.

Impression

Stage III lung cancer. Hypermetabolic pleural-based RML lung malig-
nancy (proven on biopsy as squamous cell carcinoma) with contralateral
left axillary lymph node metastasis.

Pearls and Pitfalls

With regard to PET/CT imaging, patient motion (e.g., respiratory motion)
can produce significant artifacts on fused images and may cause confusion
as to the correct position of the origin of the detected photon [5]. It is
recommended to review CT and PET images separately for comparison.

Discussion

National Comprehensive Cancer Network (NCCN) guidelines were
reviewed on March 13, 2012 for utilization of F18 fluorodeoxyglucose
(FDG) PET and PET/CT.

Practice guidelines from the SNM, NCCN, and other professional
groups summarized for lung cancer [6]:

1. Characterization of an indeterminate pulmonary nodule which is at
least 8-10 mm in diameter

2. Initial staging in patients with non-small cell lung cancer and selected
patients with small cell lung cancer

3. Delineation of gross tumor volume in patients receiving radiation
therapy

PET and PET/CT are approved by the Centers for Medicare and
Medicaid Services (CMS) for:

a. Characterization of solitary pulmonary nodules.

b. Development of initial treatment strategy and subsequent treatment
strategy in patients with NSCLC.

c. Development of initial treatment strategy in patients with SCLC. The
use of PET/CT for subsequent treatment strategy falls under “CED”
(coverage with evidence of development) category.



2 Lung Neoplasms 25

FiG. 2.5
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Case 2.4: Stage IIIB Non-small Cell Lung Cancer (NSCLC)

History

A 75-year-old male with right middle lobe non-small cell lung cancer,
clinical T4b N2 MO, stage IIIB.

Findings (Fig. 2.6)

Large, irregular, hypermetabolic mass (>7 cm), SUVmax 13.6, in the
medial segment of the right middle lobe, with central necrosis (appearing
photopenic on PET). There is invasion of the tumor into the right minor
fissure and extends superiorly into the right upper lobe. A satellite hyper-
metabolic nodule, SUVmax 6.6, seen posterior to the dominant mass
(yellow arrow).

Impression

Non-small cell lung carcinoma (biopsy proven), in the RML, stage IIIB.

Pearls and Pitfalls

PET is a useful tool for identifying patients at high risk for disease recur-
rence and restaging following neoadjuvant chemotherapy with or with-
out radiation. PET is particularly useful when posttreatment scarring and
pleural thickening limit the role of CT for disease assessment [7].

Discussion

Malignant lung neoplasms arise from respiratory epithelium (bronchi,
bronchioles, and alveoli).
Four major cell types make up 90 % of all primary lung neoplasms:

1. Squamous cell or epidermoid carcinoma

2. Small cell (also called oat cell) carcinoma

3. Adenocarcinoma (including bronchoalveolar)

4. Large cell (also called large cell anaplastic) carcinoma

Remainder include:

5. Undifferentiated carcinomas

6. Carcinoids

7. Bronchial gland tumors (including adenoid cystic carcinomas and
mucoepidermoid tumors)

8. Other rarer tumor types
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FiG. 2.6

Adenocarcinoma has replaced squamous cell carcinoma as the most fre-
quent histologic subtype for unclear reasons [8].

Case 2.5: Stage IV NSCLC

History

A 79-year-old female with history of locally advanced non-small cell lung
cancer in the left upper lobe.

Pretreatment PET CT images and follow-up surveillance PET/CT fol-
lowing cyber knife radiation therapy are shown below.
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Findings (Figs. 2.7 and 2.8)

Large, hypermetabolic left posterior apical 4.8 x4.0 cm mass which abuts
the medial pleura and left paravertebral margin, SUVmax of 19.7. In
addition, there is subtle erosion of the lateral margin of T3 vertebral
body cortex. The mass extends through the left T3/4 neural foramen with
epidural involvement at this level. The epidural portion of the mass is
inactive on PET, probably related to small size.

Impression

Stage IV lung cancer.

=

FiG. 2.7 Initial PET/CT, axial view

Fic. 2.8 Initial PET/CT, coronal view
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Findings (Figs. 2.9 and 2.10)

There is linear hypermetabolic activity associated with fibrotic changes
in the left lung apex which appears more confluent and demonstrates
SUVmax at 4.4 (compared to pretreatment PET/CT) (which was stable
from intermittent post-therapy scan from 6 months prior, not shown).

F16.2.10 Surveillance PET/CT (2 yrs. following radiation therapy), coronal view
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There is associated traction bronchiectasis, left lung volume loss, and
mediastinal shift to the left. Findings compatible with postradiation
changes. Remainder of the study was unremarkable for metabolically
active metastatic disease.

Impression

Stable postradiation-induced inflammation in the left lung apex.

Pearls and Pitfalls

Radiation pneumonitis (RP) has a characteristic linear border and diffuse
intense uptake [7]. Uptake on PET can be seen before radiation changes
are seen radiographically. Tumor recurrence is usually more focal and can be
differentiated from radiation pneumonitis. However, sometimes RP can
occasionally have heterogeneous uptake in the early treatment stages.
PET imaging should be delayed by 3—6 months following radiation therapy.

Discussion

See Fig. 2.11.

Treatment Recommendations and Future Research Directions in the Management
of Non-Small Cell Lung Cancer

Stage Standard Management Future Directions
Stage | Surgical resection Adjuvant therapy
(chemotherapy/radiation or a
combination of the two)
Chemoprevention
Stage Il Surgical resection Same as stage |
Stage llIIA Chemoradiotherapy Neoadjuvant combined-modality
Surgical resection in therapy to downstage primary tumor
selected patients
Stage llIB Chemoradiotherapy Neoadjuvant combined-modality
therapy to downstage primary tumor
Stage IV Cisplatin-based More efficacious single-agent and
chemotherapy* combination chemotherapy
Surgical resection if solitary
metastatic lesion with
resectable primary tumor

*Chemotherapy beneficial only in patients with good performance status and weight loss
less than 10% of their body weight

Fic. 2.11
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Case 2.6: Small Cell Lung CA (SCLC)

Fic. 2.12

History

A 65-year-old female with history of limited stage small cell lung
carcinoma.

Findings (Fig. 2.12)

Initial scan shows hypermetabolic pulmonary nodule in the left lower
lobe (adjacent to the left hilum), measuring 1.9 x2.9 cm, SUVmax 34.3,
most consistent with malignant tumor.

Impression

Left lower lobe hypermetabolic pulmonary nodule consistent with neo-
plasm (primary versus secondary).

Pathology on biopsy: Small cell lung carcinoma.

The patient underwent chemoradiation and prophylactic cranial radia-
tion. Follow-up PET/CT, 1 year since initial diagnosis was obtained. (fig2.13)

Findings (Fig. 2.13)

Posttreatment scan shows traction bronchiectasis, peribronchial thicken-
ing, and fibrotic changes related to radiation therapy in the left lower
lobe, demonstrating low-grade activity, SUVmax 3.8. There is volume
loss within the left lung with shift of mediastinum to the left.
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Impression

Findings consistent with radiation-related changes in the left lower lobe.

Pearls and Pitfalls

Limited data indicate that PET and PET/CT are more accurate than con-
ventional imaging in the staging and follow-up of SCLC with superior
accuracy for mediastinal, hilar, and extra thoracic lymph nodes, distant
metastases, and bone marrow metastases [9]. Compared to conventional
imaging, PET/CT can result in a change in stage in 10-17 % of patients.

Discussion

SCLC s considered a systemic disease. The clinical course, prognosis, and
treatment options are clearly different from those of other lung cancers.
Clinically, lung cancers are often categorized into SCLC and non-SCLC
(NSCLC) [10].

SCLC s categorized into two stages: limited disease and extensive dis-
ease. The disease is termed limited when it is confined to an area of the
chest that can be encompassed by a single irradiation port;supraclavicular
nodes may be included. The disease is called extensive when metastasis
outside the thorax is present or when intrathoracic disease cannot be
contained in a single irradiation port.

Patients with SCLC are rarely surgical candidates, and they are usually
treated with irradiation and/or chemotherapy.
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Case 2.7: Neuroendocrine Tumor Favoring Small Cell
Lung Cancer

History

A 49-year-old male presents with anterior mediastinal mass.

Findings (Fig. 2.14)

(Red arrow) hypermetabolic, heterogeneous, left anterior mediastinal
mass centered in the prevascular space/AP window, SUVmax 9.7.

Impression

Hypermetabolic anterior mediastinal mass corresponding to biopsy-
proven diagnosis of neuroendocrine tumor favoring small cell carcinoma.

Pearls and Pitfalls

The maximum SUVs of neuroendocrine tumors are significantly differ-
ent for carcinoid tumors, large cell neuroendocrine carcinomas (LCNEC),
and small cell lung cancers (SCLC). A high maximum SUV suggests
short survival of patients with (LCNEC) or (SCLC).

Discussion

Neuroendocrine tumors of the lung arise from Kulchitsky cells of the
bronchial mucosa and comprise typical carcinoid, atypical carcinoid,
large cell neuroendocrine carcinoma (LCNEC), and small cell lung can-
cer (SCLC) [11]. Pulmonary or bronchial carcinoid tumors account for
over 25 % of all carcinoid tumors and for 1-2 % of all pulmonary
neoplasms.

National Comprehensive Cancer Network (NCCN) guidelines were
reviewed on March 13, 2012 for utilization of F18 fluorodeoxyglucose
(FDG) PET and PET/CT.

Specific indications for PET and PET/CT in (SCLC) [12]:

For initial staging of small cell lung carcinoma and high-grade/large cell
neuroendocrine carcinoma: PET/CT is recommended if limited stage is
suspected (staging). PET/CT has replaced bone scan in NCCN guide-
lines; bone scan is now only recommended if PET/CT is not available.

PET/CT is not recommended for routine follow-up after initial therapy
(restaging).
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PET/CT is also suggested for radiation treatment planning purposes.

For low- and intermediate-grade neuroendocrine carcinomas (e.g., carci-
noid tumor): PET scan is considered optional (staging). Currently,
PET is undergoing evaluation in clinical trials and should only be con-
sidered as a supplement and not a replacement to other studies in such
cases [12].
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Case 2.8: Mesothelioma

History

An 80-year-old male with history of unresectable left malignant pleural
mesothelioma.

Findings (Fig. 2.15)

Multiple hypermetabolic pleural-based nodules in the left hemithorax
demonstrating circumferential distribution causing encasement of the
left lower lobe with loss of lung volume (yellow arrow). Pleural-based
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lesions seen at the medial aspect of left lung apex, between the trachea
and posterior arch of aorta and in the left costovertebral region shows
SUVmax in the range of 25.0-26.0 (red arrow). No FDG avid pleural
plaques in the right hemithorax. Left pleural effusion.

Impression

Findings compatible with biopsy-proven diagnosis of left hemithorax
mesothelioma.

Pearls and Pitfalls

The findings in talc pleurodesis are very similar to mesothelioma and
pleural metastasis. In patients with mesothelioma, talc pleurodesis is
used in treating recurrent pleural effusions, which also limits future PET/
CT evaluation as they both show similar scan patterns. The activity of
both pleural implants and talc-induced inflammation will be high. Careful
evaluation of the PET/CT images in the pleural reflections adjacent to
diaphragm is important to allow confident identification of loculated talc
(radiodense material on CT) at these sites [13].

Discussion

Malignant pleural mesothelioma (MPM) is an uncommon neoplasm that
arises from the pleura or, rarely, the pericardium or peritoneum. There
are approximately 2000-3000 new cases diagnosed in the United States
every year, the majority of which are associated with prior asbestos expo-
sure. Patients frequently present with dyspnea, chest pain, cough, and
weight loss. The tumor can invade both visceral and parietal pleura and
frequently extends to adjacent structures [14]. The prognosis is poor, with
a median survival time of 12 months after diagnosis.

Case 2.9: Mesothelioma (with low SUYV)

History

A 65-year-old male with biopsy-proven right pleural mesothelioma.

Findings (Fig. 2.16)

Circumferential pleural thickening with associated hypermetabolism,
SUVmax up to 7.2, with presence of calcified pleural plaques in the right
hemithorax. Large right pleural effusion.
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Impression

Findings compatible with known mesothelioma in the right hemithorax.

Pearls and Pitfalls

Patients with highly active mesotheliomas on FDG-PET imaging have a
poor prognosis. High FDG uptake in these tumors indicates shorter
patient survival [15].
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Discussion

Several factors have been shown to correlate with reduced survival time:
intrathoracic lymph node metastases, distant metastatic disease, and
extensive pleural involvement [14].

Case 2.10: Solitary Fibrous Tumor (SFT) in the Lung

History

A 65-year-old male with right lower lobe mass on the CT chest, status
post biopsy of tumor.

Findings (Fig. 2.17)

Mild-to-moderately active, pleural-based soft tissue mass in the right cos-
tophrenic  angle (yellow arrow), measuring approximately
7.1 cmx5.0 cmx8.2 cm (TR XAP X CC), SUVmax 2.9.

Impression

Pleural-based right lower lobe mass with low-grade FDG activity, consis-
tent with biopsy-proven diagnosis of benign solitary fibrous tumor.

Pearls and Pitfalls

Benign SFT exhibits low-grade activity in PET, whereas malignant SFT
tends to be strongly hypermetabolic. In addition to FDG activity on PET
scans, lesion multiplicity is a helpful feature in identifying malignant dis-
ease [16]. However, benign pleural SFT sometimes causes adjacent rib
destruction, mimicking an aggressive or malignant lesion. Ultimately,
benign SFT has a local recurrence rate of 8 %, and malignant lesions
recur within 2 years in as many as 63 % of cases.

Discussion

Solitary fibrous tumors (SFTs) are uncommon neoplasms of mesenchy-
mal origin that can be benign or malignant. Although SFTs most com-
monly occur in the pleura, numerous extra pleural sites of involvement
have been reported. SFTs most commonly present during the fifth and
sixth decades of life, and there is no significant sex predilection. SFT can
be associated with hypoglycemia secondary to production of insulin-like
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3 Breast Neoplasms

Nova M. Isaac and Peter S. Conti

Case 3.1: Ductal Carcinoma In Situ of Breast

History

A 45-year-old female with biopsy-proven diagnosis of ductal carcinoma
in situ of right breast. PET/CT was performed for initial staging.

Findings (Fig. 3.1)

Hypermetabolic right breast mass, SUVmax 13.8 (black arrow). Intensely
hypermetabolic right axillary lymph nodes (LN), most avid LN demon-
strates SUVmax 16.4 (yellow arrow).

Impression

Hypermetabolic right breast mass with at least two hypermetabolic right
axillary LN, consistent with biopsy-proven malignancy.

Pearls and Pitfalls

Positron emission tomography (PET) with fluorine 18 fluorodeoxyglu-
cose (FDG) is used to diagnose, stage, and monitor breast cancer. FDG-
PET has the capability to depict abnormal metabolic activity before any
anatomic change occurs. The most important advantage of FDG-PET/
CT compared with other imaging modalities is the capability of detecting
unsuspected distant metastases during a single whole-body examination.
However, the results of most studies show that the capability of PET to
depict lesions smaller than 1 cm in diameter is constrained by limited
spatial resolution. PET also is of limited use for identifying tumors that
are well differentiated histologically, such as ductal carcinoma in situ, and
slow-growing cancers such as tubular carcinoma [1].

© Springer Science+Business Media New York 2016 41
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Discussion

DCIS is defined as proliferation of epithelial cells confined to mammary
ducts. The frequency of the diagnosis of DCIS has increased markedly in
the United States since the widespread use of screening mammography
[2]. DCIS comprises of a heterogeneous group of histopathological
lesions that have been classified into several subtypes based primarily on
architectural pattern: micropapillary, papillary, solid, cribriform, and
comedo. Comedo-type DCIS appears to be more aggressive, with a
higher probability of associated invasive ductal carcinoma [3].
Treatment options for patients with DCIS [2]:

1. Breast-conserving surgery and radiation therapy with or without
tamoxifen

2. Total mastectomy with or without tamoxifen

3. Breast-conserving surgery without radiation therapy
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Case 3.2: Invasive Breast Cancer

FiG. 3.2

History

A 31-year-old female diagnosed with invasive right breast cancer and
positive axillary metastases. She underwent modified radical mastectomy
(MRM) and sentinel lymph node dissection, followed by chemotherapy.

Findings (Fig. 3.2)

(Right breast) Irregular enhancing mass measuring approximately
1.7x1.3x2.8 cm, approximately 6 cm from the nipple, in the deep outer
right breast (white arrow). No scan evidence of overlying skin, underlying
muscle, or nipple involvement. (Left breast) No occult masses or abnor-
mal areas of enhancement or adenopathy.

Findings (Fig. 3.3)

Hypermetabolic mediastinal lymph nodes seen best in coronal image on
left (subcarinal lymph node showed SUVmax 6.6). Postsurgical changes
in the right axilla. Minimally lytic, hypermetabolic lesion at L4, SUVmax
6.6 (coronal view and bottom right axial image).
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Findings (Fig. 3.4)

Follow-up PET/CT (obtained 2 years from initial diagnosis and chemo-
therapy). Metabolic activity in the surgical bed of right axilla may repre-
sent chronic postsurgical changes versus residual disease. Resolution of
hypermetabolic lymphadenopathy in the mediastinum. Resolution of
hypermetabolic, L4 lytic lesion, now replaced by inactive, dense sclerosis,
consistent with treated disease.

Impression

Interval resolution of activity within previously seen hypermetabolic
mediastinal lymph nodes and L4 lytic lesion. Mild activity at the right
axillary tail, likely postsurgical inflammation. No scan evidence of local
recurrence.

Pearls and Pitfalls

FDG-PET is valuable for monitoring the effects of chemotherapy [4, 5].
Clinical examination and mammography are of limited use for monitor-
ing the treatment response because of the difficulty in distinguishing
fibrosis from residual tumor [1].
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However, false-positive FDG uptake has been observed in some
benign breast diseases, e.g., in the presence of fibrocystic change, atypical
ductal hyperplasia, ductal ectasia, and phyllodes tumor [1].

Discussion

PET can demonstrate changes in tumor metabolism before morphologic
changes occur; thus, unresponsive tumors can be identified quickly. The
uptake of FDG in a tumor after chemotherapy is predictive of the
response to therapy; a treatment-induced reduction in metabolic activity
correlates with a positive clinical response [1].

Practice guidelines from the SNM, National Comprehensive Cancer
Network (NCCN), and other professional groups summarized for Breast
Cancer (March, 2012):

1. Initial staging of patients with locally advanced or metastatic breast
cancer when conventional staging studies (e.g., CT or bone scan) are
equivocal or suspicious

2. Follow-up or surveillance of patients with breast cancer when conven-
tional studies (e.g., CT or bone scan) are equivocal or suspicious
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Case 3.3: Osseous Metastatic Disease Secondary

to Intraductal Breast Carcinoma
History

A 54-year-old female, previously diagnosed with intraductal carcinoma
(IDCA) of right breast, refused therapy, and now presents with stage IV
disease.

Findings (Fig. 3.5)

Hypermetabolic, right subareolar mass also involving skin (known pri-
mary neoplasm), SUVmax 13.0, hypermetabolic satellite lesion lateral to
the primary lesion (yellow arrow), right axillary lymph nodes, hypermet-
abolic contralateral left internal mammary lymph node (axial PET
image), hypermetabolic retroperitoneal and pelvic lymphadenopathy
(coronal PET/CT images). Multiple hypermetabolic osseous lesions
(coronal PET/CT images) involving C5, left scapula, sternum, T7, L3 ver-
tebrae. Pathologic compression fracture of LS. Hypermetabolic lesion
involving sacral promontory, predominantly lytic left iliac bone lesion
extending to the posterior left acetabulum (red arrow).

Impression

Stage IV, metastatic breast cancer with hypermetabolic nodal disease
above and below the diaphragm and multiple osseous metastases.

Pearls and Pitfalls

BE-FDG-PET/CT may be an independent prognostic factor for disease
recurrence in patients with invasive ductal carcinoma [6]. Intraductal car-
cinoma also refers to as ductal carcinoma in situ (DCIS).

Discussion

Skeletal metastases of breast cancer mainly occur from lymphatic spread
and hematogenous dissemination. A part of the sternal metastasis could
occur via lymphatic vessels to parasternal lymph node. The prognosis of
patients with solitary metastatic bone lesions, especially sternal metasta-
sis, may be different from that of multiple skeletal metastasis, because
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sternal metastasis may be caused by local tumor invasion from either the
primary site or adjacent lymph nodes [7]. Coleman et al. [8] reported that
important prognostic factors for survival after the development of osse-
ous metastasis in breast cancer depended on the histopathological grade
of the primary tumor, ER status, presence of skeletal metastasis at initial
breast cancer diagnosis, disease-free interval, and age.
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Case 3.4: Metastatic Breast Cancer
History

A 5-year-old female with right breast cancer and hepatic metastases, on
chemotherapy.

Findings (Fig. 3.6)

(Top row image) Hypermetabolic solitary right axillary LN, SUVmax 6.8,
consistent with metastatic disease. (Middle row image) Hypermetabolic
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soft tissue density in the medial quadrant of the lower right breast,
SUVmax 8.3, consistent with known breast primary. (Bottom row image)
Large hypermetabolic left hepatic lobe lesion, SUVmax 14.0, with cen-
tral necrosis.

Impression

Hypermetabolic right breast primary neoplasm with ipsilateral right axil-
lary LN metastasis and hypermetabolic hepatic metastasis.

Pearls and Pitfalls

PET/CT may be more sensitive than serum tumor markers in detecting
relapse of breast cancer [9].

Discussion

O9Y radio embolization (selective internal radiation therapy [SIRT]) has
emerged as a valuable therapeutic option in unresectable, chemotherapy-
refractory hepatic metastases from breast cancer. The change in SUV
(max) as assessed by (18)F-FDG-PET/CT before and 3 mos after SIRT
was identified as the only independent predictor of survival in patients
with hepatic metastases of breast cancer [10].

Case 3.5: Stage 1V Breast

History

A 55-year-old female presented with pathologic fracture of the left femo-
ral neck. Shown below are images from the initial PET/CT (top row in
figs 3.7, 3.8, 3.9, 3.10) and follow-up PET/CT (performed 6 months fol-
lowing chemotherapy, bottom row in figs 3.7, 3.8, 3.9, 3.10).

Findings (Figs. 3.7, 3.8, 3.9, and 3.10, fop rows)

Pretherapy images showed focally hypermetabolic, spiculated right breast
lesion, SUVmax 5.2, with mildly hypermetabolic right axillary lymph
node, SUVmax 2.4, and FDG avid right hilar lymph node. Intense activ-
ity at the left femoral neck corresponds to a lytic lesion causing patho-
logic fracture, seen best in Fig. 3.10 (top).
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Findings (Figs. 3.7, 3.8, 3.9, and 3.10, bottom rows)

Post-therapy images showed resolution of metabolic activity within pre-
viously noted primary breast neoplasm and hypermetabolic right axillary
lymph node.

No abnormal activity in the right breast (status post lumpectomy),
resolution of metabolic activity within previously noted hypermetabolic
right axillary lymph node. Status post left hip arthroplasty, with resection
of previously noted hypermetabolic osseous lesion. No scan evidence of
metabolically avid disease elsewhere.

Impression

Stage IV breast cancer demonstrating excellent response to chemother-
apy by scan pattern.

Pearls and Pitfalls

FDG-PET/CT can improve staging and alter therapeutic options in
patients suspected to have breast cancer recurrence with or without dis-
tant metastatic disease, primarily by demonstrating local or distant nodal
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involvement, which may present as occult at other imaging studies [11].
FDG-PET is complementary to bone scintigraphy, which remains the
standard imaging procedure for surveying the skeleton for metastatic
involvement. FDG-PET can be particularly useful in this setting to eval-
uate the response of metastatic breast cancer to systemic therapy, since
conventional imaging is often challenging in this setting.

Discussion

There are two major patterns of disease spread in metastatic breast car-
cinoma, excluding patients with extensive diffuse metastases [12].
Patients with ER+/PR+ tumors tend to develop osseous but not brain
metastases. Patients with ER—/PR— tumors tend to develop brain but not
osseous metastases. Appreciation of these distributions can aid the radi-
ologist in detecting metastatic lesions and will help the clinician to esti-
mate the likelihood of metastases to various organ systems as well as to
potentially target therapy.

Case 3.6: Invasive Ductal Carcinoma

History

A 53-year-old female, undergoing workup for invasive ductal carcinoma
of right breast.
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Findings (Fig. 3.11)

(Right breast; top left) Retroareolar spiculated mass corresponding to
known invasive ductal carcinoma. Evidence of nipple involvement includ-
ing enhancement and inversion, diffuse skin thickening and enhancement,
consistent with inflammatory breast carcinoma. BI-RADS 6. An addi-
tional 1.5 cm enhancing mass at the 11:00 axis. The position of this second
mass relative to the retroareolar mass above results in a total span of dis-
ease of approximately 5.6 cm. BI-RADS 5. Multiple abnormal level one
right axillary lymph nodes, the largest of which measures approximately
4.4 cm APx3.2 cm ML x2.3 cm SI, consistent with metastases. BI-RADS
5. (Left breast; top right): Normal appearing 1.1 cm intramammary lymph
node. No significant MR abnormalities identified. BI-RADS: 1

Findings (Figs. 3.12 and 3.13)

Hypermetabolic primary neoplasm with satellite lesion in the right
breast, presence of metastatic right axillary lymph node (seen best in
coronal images, Fig. 3.12) with overlying skin thickening, demonstrating
inflammatory changes (Fig. 3.13).
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Impression

Stage I1IB, breast cancer.

Discussion (Fig. 3.14)

The most common system used to describe the stages of breast cancer is
the American Joint Committee on Cancer (AJCC) TNM system [13].

Case 3.7: Male Breast Cancer
History

A 73-year-old male with history of right breast carcinoma, status post

(s/p) right mastectomy, showed disease progression over the course of
4 years.
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Findings (Fig. 3.15)

Initial PET images showed hypermetabolic metastatic disease in T6 and
T9 vertebrae and the left hepatic lobe. Similar study obtained 4 years
later showed disseminated osseous metastasis, numerous hepatic lesions,
metastatic pleural disease, and metastatic nodal disease.

Impression

Progression of hypermetabolic metastatic disease in a case of male breast

ca, s/p mastectomy.

Fic. 3.15
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Discussion

Men at any age may develop breast cancer, but it is usually seen in men
between 60 and 70 years of age. Male breast cancer makes up less than
1 % of all cases of breast cancer. Risk factors for breast cancer in men
may include the following [14]:

1. History of radiation exposure

2. Having a disease related to high levels of estrogen in the body, such as
cirrhosis (liver disease) or Klinefelter syndrome (a genetic disorder)

3. Having several female relatives who have had breast cancer, espe-
cially relatives who have an alteration of the BRCA2 gene

Case 3.8: Role of Positron Emission Mammography
(PEM) in Breast Cancer

History

A 50-year-old female, newly diagnosed with invasive breast cancer in the
upper outer quadrant of the right breast.

Findings (Fig. 3.16)

(Right breast; top left) In the central 10 o’clock axis approximately 5 cm
deep to the nipple, there is a 2.9 x2.6 x 2.2 cm spiculated enhancing mass,
consistent with the site of biopsy-proven invasive malignancy. No evi-
dence of nipple, skin, or chest wall involvement. No satellite lesions iden-
tified. Remainder of the breast and the right axilla appears unremarkable.
Right breast MRI BI-RADS: 6. (Left breast; top right): No occult masses,
abnormal areas of enhancement, or adenopathy. Left breast MRI
BI-RADS: 1.

Findings (Fig. 3.17)

Known breast neoplasm demonstrating intense FDG uptake in the 10
o’clock axis of the right breast, SUVmax=8.2. The remainder of the right
breast was normal. Right breast PEM BI-RADS: 6. (No abnormality in
the left breast; left breast PEM BI-RADS1 —image not shown).

Impression

Intensely hypermetabolic right breast mass, corresponding to known pri-
mary neoplasm, proven on biopsy.
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FiG. 3.18 Comparison view, mammogram, MRI breast, and PEM of the same patient

Discussion

Dedicated breast positron emission mammography (PEM) units have
been developed to overcome the limitations of whole-body PET and to
provide a positron emission imaging platform capable of detection and
depiction of primary breast carcinoma [11]. In general, these systems
consist of two planar detectors placed opposite a gently compressed
breast. The advantages of such dedicated systems include improved geo-
metric sensitivity, higher spatial resolution, shorter imaging time, and
reduced attenuation compared with whole-body PET systems. They also
have a small physical footprint, which makes their use in a breast imaging
facility feasible and allows correlation of the results with those of con-
ventional breast imaging as well as PEM-guided biopsy.

Case 3.9: Breast Activity in a Case of Nodal
Non-Hodgkin’s Lymphoma

History

A 38-year-old female, newly diagnosed with NHL following biopsy of a
left neck mass.
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Findings (Fig. 3.19)

Asymmetric, diffuse left breast activity (SUVmax 4.3), corresponding to
dense left breast tissue on concurrent CT. Diffuse, increased FDG activ-
ity involving medial two-third of left clavicle and adjacent soft tissue,
medial head of left clavicle, shows SUVmax 4.4, corresponding to biopsy-
proven diagnosis of NHL.

Impression

Finding consistent with preferential lactating breast status in a setting of
active NHL.
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Pearls and Pitfalls

The lactating breast has been reported to show FDG uptake related to
increased glucose trapping in active glandular tissue, causing false-
positive readouts. Tissue density and hormonal status also affect the
uptake of FDG in the breast; dense breasts have significantly greater
FDG uptake than do fatty breasts. However, the ability to discriminate
between benign and malignant breast lesions is unlikely to be affected by
normal physiologic uptake in the breast, because the average SUV of
normal breast tissue is low [1].

Discussion

Some of the administered ¥F-FDG might be excreted in small amounts
in breast milk. Normally, the scan should be delayed until breast-feeding
has stopped. But if the scan is needed urgently, then it is advisable to col-
lect milk before the scan, so that this can be used to provide a feed after
the scan [15]. Furthermore, milk should be collected and discarded for
2 h after the scan. Normal breast-feeding can resume after that.

Case 3.10: Diffuse Large Cell Lymphoma of Breast

History

A 48-year-old female presents with diffuse large cell lymphoma (DLBCL)
of the right breast.

Findings (Fig. 3.20)

Hypermetabolic soft tissue density anterior to the right breast implant,
SUVmax 7.5. Left breast tissue is relatively less dense with low-grade
activity, possibly related to postsurgical changes following left breast
implant removal.

Impression
Diffuse soft tissue activity within the right breast consistent with biopsy-

proven diagnosis of DLBCL. Likely postsurgical changes in the left
breast.
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Discussion

Primary breast lymphoma (PBL) and breast involvement in systemic
lymphoma are rare [16]. Primary breast DLBCL appears to have a
worse prognosis than early stage DLBCL in nodal or other extra
nodal sites.

There is no consensus on the question of how to best treat PBL.
Mastectomy offers no benefit in the treatment of PBL. The combined
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4 Esophageal and Gastric Neoplasms

Shahram Bonyadlou and Abtin Doroudinia

Case4d.1 History

A 73-year-old male with history of metastatic gastric carcinoma and peri-
toneal disease, on chemotherapy. Patient is status post total gastrectomy
and splenectomy.

Findings

Review of images demonstrates a large hypermetabolic mass in the left
mid to upper abdomen at the site of multiple surgical clips with SUVmax
of 10.0 (Fig.4.1). A hypermetabolic mesenteric focus in the mid abdomen
inferior to the left hepatic lobe demonstrates SUVmax of 5.3 is identified
(Fig. 4.2). Focal activity along the medial aspect of colon in the right
lower quadrant is compatible with serosal involvement with SUVmax of
4.1 (Fig. 4.3). Focal FDG activity at the presacral area likely represents a
hypermetabolic iliac lymph node with SUVmax of 84 (Fig. 4.4).
Correlation of the areas with increased PET activity with specific ana-
tomic locations was difficult due to the complete lack of intraperitoneal
fat causing poor definition of intra-abdominal structures.

Impression
1. Multiple hypermetabolic peritoneal and mesenteric metastatic

disease
2. Pelvic nodal metastatic disease

© Springer Science+Business Media New York 2016 65
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Pearls and Pitfalls

1. FDG PET may be useful in evaluation of recurrent gastric cancer as
well as detecting distant metastatic disease

2. Staging of gastric cancer with FDG PET scanning will alter the clinical
management in patients with recurrence and complement standard
staging methods such as laparoscopy, which are more effective at stag-
ing local nodal spread and peritoneal disease

Discussion

Gastric cancer is one of the most prevalent cancers worldwide and is a
leading cause of cancer mortality. Complete resection of gastric cancer is
the only method of achieving permanent control. However, surgeries can
be morbid and futile in patients who have advanced disease, making
appropriate staging and characterization of disease burden of paramount
importance.
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The value of PET-CT has been of increasing interest among clinicians
and increased its use in the detection, staging, and management of a
variety of malignancies. During and after therapy, PET-CT may be use-
ful in determining response to chemotherapy. It may be helpful for
restaging and diagnosing recurrence at an earlier time or with greater
certainty.
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Case 4.2 History

A 53-year-old male patient with submucosal squamous cell carcinoma of
the esophagus, status post thoracic laparoscopic esophagectomy with
gastric pull-up.

Findings
A hypermetabolic mass measuring 4 x4.1 x4.2 cm with SUVmax 19.9 in

the proximal esophageal anastomosis is identified. There were no enlarged
or hypermetabolic hilar, mediastinal, or axillary lymph nodes (Fig. 4.5).
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Impression

1. Hypermetabolic mass at the proximal esophagogastric anastomotic
site, consistent with locally recurrent disease
2. No nodal or distant metastatic disease
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Pearls and Pitfalls

1. Sensitivities for FDG PET imaging are between 91 and 100 %. False-
positive uptake can occur due to inflammation, and there can be nor-
mal mild FDG activity from muscular contractions.

2. Accuracy of FDG PET in the staging of regional lymph node metasta-
ses ranges from 24 to 90 %. The major limitation of FDG PET with
regard to the detection of nodal metastases adjacent to the primary
tumor is its relatively poor spatial resolution (approximately 6 mm for
a dedicated PET scanner) which reduces sensitivity. The level of meta-
bolic activity and pattern of mediastinal and hilar lymph nodes as well
as coexisting nodal calcification is helpful in determining inflamma-
tory versus metastatic etiology.

3. Recurrence is most common near the esophagogastric anastomosis.
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Discussion

Because esophageal cancer is associated with unfavorable prognosis,
proper assessment of primary tumor and regional/distant metastasis is
necessary for treatment selection and follow-up planning. The depth of
invasion and presence of lymph node metastasis are independent
prognostic variables in esophageal cancer. Open esophagectomy with
comprehensive lymph node dissection is the most accurate method for
pathologic staging as well as the most common treatment method for
esophageal cancer. However, this operation is frequently associated with
significant morbidity, and a mortality rate from experienced institutes is
reported in the range of 6-7 %. There are several noninvasive staging
methods for esophageal cancer. Endoscopic ultrasound (EUS) and '8F-
FDG PET have recently shown good results for clinical staging in esoph-
ageal cancer. The degree of F-FDG uptake in the primary tumor
presenting as the standardized uptake value (SUV) is associated with
prognosis in esophageal cancer.

History

Patient with invasive well-differentiated adenocarcinoma of the distal
esophagus.

Findings

There is a hypermetabolic distal esophageal circumferential thickening
with SUVmax of 17.4, consistent with biopsy-proven tumor (Fig. 4.6).
There are subcentimeter subcarinal and right hilar nodes with SUVmax
of 3.3 and 2.9, respectively. Constellation of latter findings is most sugges-
tive of granulomatous disease by pattern. There was also an AP window
node with SUVmax of 4.5, measuring 6 mm (white arrow), also more
suggestive of inflammatory (likely granulomatous disease) than malig-
nant etiology (Fig. 4.7). There are several subcentimeter mediastinal
nodes with no PET activity but below PET resolution. No enlarged or
hypermetabolic axillary lymph nodes are identified.

Impression

1. Hypermetabolic distal esophageal mass consistent with biopsy-proven
malignancy
2. Hypermetabolic mediastinal lymph nodes as noted above
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Pearls and Pitfalls

1. PET is a useful tool for staging in esophageal cancer prior to surgical
intervention and has higher accuracy in comparison with CT (88 %
versus 65 %).

2. PET is not sensitive enough to assess local invasion.

3. Carcinoma in situ and small volume tumors are predisposing factors
for false-negative PET.
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Discussion

There are two histologic types of esophageal carcinoma that account for
the majority of malignant cases: squamous cell carcinoma (>75 to 90 %)
and adenocarcinoma. Esophageal cancer tends to be aggressive in its
behavior. It invades locally, spreads to local lymph nodes, and then metas-
tasizes throughout the body. Approximately 15 % of esophageal cancers
occur in the upper third of the esophagus, 45 % in the middle third of the
esophagus, and 40 % in the distal third of the esophagus.

Esophageal carcinoma carries a poor prognosis. Although it is a dis-
ease that can be treated, it can rarely be cured. By the time the patient
becomes symptomatic, the disease is usually at an advanced stage.
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Case 4.4

The overall 5-year survival rate in patients who undergo surgery ranges
from 5 to 20 %, while the 5-year survival rate in patients with lymph node
metastases (nonsurgical patients) ranges from 0 to 7 %. Once the diagno-
sis of esophageal cancer has been made, staging is the next critical step in
determining the most appropriate treatment plan for the patient.

History

Patient with a history of moderate to poorly differentiated adenocarci-
noma of the distal esophagus, status post trans-hiatal esophagectomy and
gastric pull-up. Patient had biopsy-proven metastatic disease involving the
mesentery and liver and was on chemotherapy at the time of imaging.

Findings

There is status post esophagectomy and gastric pull-up with prominent
physiologic and/or inflammatory metabolic activity (white arrow)
(Fig. 4.8). There are reticular nodular fibrotic changes, predominantly in
the lower lungs, suggestive of posttreatment changes (red arrow).

Several metabolic active hypoattenuating hepatic lesions are identi-
fied. One of which demonstrates SUVmax of 4.5 in the lateral right lobe;
another lesion is seen in the inferior posterior right hepatic lobe with
SUVmax of 3.7 (Fig. 4.9).

Two hypermetabolic mesenteric nodules are identified that are most
consistent with metastatic disease. One of these nodules is at the level of
L3-14 (ventral to third part of duodenum), measuring 2.1 cm with
SUVmax of 4.5 (Fig. 4.10).

Impression

Enlarged and metabolically active metastatic disease involving mesen-
tery and liver parenchyma.

Pearls and Pitfalls

1. BF-FDG PET is sensitive and accurate in the preoperative staging of
distant metastases in patients with cancer of the esophagus and leads
to upstaging.

2. Though performance of PET in assessing N1 disease is not better than
that of current staging methods, there is a significant advantage in
detection of M1 disease, avoiding unnecessary surgery.
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Discussion

Performance of PET in assessing N1 disease is not better than that of
current staging methods. There is a significant advantage in detection of
M1 disease, avoiding unnecessary surgery. ®F-FDG PET detects 95 % of
the primary esophageal tumors. To identify unsuspected M1 disease, '8F-
FDG PET performed better than the combination of CT and EUS. The
rate of M1 metastases only detected by ®F-FDG PET in conventionally
staged tumors is 10-20 %. ®F-FDG PET upstaged the disease in about
20 % as M1 disease. The accuracy of 69 % for detecting M1 disease with
CT and EUS increased to 86 % when combined with ¥F-FDG PET.
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Case 4.5
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History

Patient with biopsy-proven well-differentiated adenocarcinoma of the
esophagus.

Findings

There is a hypermetabolic mass in the mid to distal esophagus, protrud-
ing into the lumen, with generalized wall thickening at SUVmax of 7.4.
There are inactive small paraesophageal nodes near the gastroesopha-
geal junction (Fig. 4.11).
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Impression

Hypermetabolic mid to distal primary esophageal tumor with small adja-
cent nodes that despite being metabolically inactive can statistically be
involved with tumor deposits.

Pearls and Pitfalls

Performance of PET in assessing N1 disease is not better than that of cur-
rent staging methods. The sensitivity, specificity, and accuracy of FDG
PET for nodal metastatic disease are 30 %, 90 %, and 82 %, respectively.
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Discussion

BE-FDG PET does not add much in the detection of regional nodes. The
direct vicinity of the primary tumor, obscuring F-FDG uptake, probably
causes false-negative results in peritumoral N1 nodes. Moreover, small
metastatic nodes could cause false negativity by limitations in the spatial
resolution. Specificity of 71 % with PET in assessing regional metastases is
comparable with that of other series. FDG PET is slightly less specific than
CT for depicting metastases, but the difference in specificity between the
two modalities is statistically significant. Both FDG PET and CT have low
sensitivity for depicting nodal metastasis. The relatively low specificity of
FDG PET for depiction of nodal metastasis compared with that of CT is
caused mainly by a high rate of false-positive hilar node interpretations.

History

A 50-year-old male with submucosal adenoid cystic carcinoma of
esophagus.

Findings

There is a hypermetabolic low attenuating heterogeneous retrotracheal
esophageal mass which appears to be arising from right anterior wall of
the esophagus. The bulk of the mass is at the level of thyroid, extending
inferiorly to the level of manubrium, compressing the trachea with
SUVmax of 5.4, compatible with primary neoplasm (Fig. 4.12). Focal
activity is also seen in the terminal ileum (Fig. 4.13) with prominent
mucosal enhancement, demonstrating SUVmax of 4.2. Subsequent imag-
ing revealed resolution of focal ileal activity.

Impression

1. Hypermetabolic retrotracheal esophageal mass, compatible with
known primary neoplasm

2. No definite evidence of distant metastasis

3. Focal activity in the terminal ileum with prominent mucosal enhance-
ment, likely inflammatory or physiologic

Pearls and Pitfalls

1. Sensitivities for F-FDG PET imaging are between 91 % and 100 %.
False-positive uptake can occur due to inflammation, and there can be
normal mild FDG activity from muscular contractions.

2. Recurrence is most common near the esophagogastric anastomosis.
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Discussion

Esophageal adenoid cystic carcinoma (EACC) accounts for 0.1 % of
esophageal malignancies. The clinical behavior of EACC is not well
known due to the small number of reported cases. The average age of
patients is 65 years, with a male-to-female ratio of 3.4:1. The most com-
mon symptom is progressive dysphagia. EACCs have most frequently
been reported in the middle third of the esophagus (63 %), less often in
the lower third (30 %), and rarely in the upper third (7 %). The most
common endoscopic findings include a fungating or polypoid mass rather
than an ulcerative or infiltrative growth pattern.
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The treatment of choice for EACC is radical excision. When the surgi-
cal margin is positive, postoperative radiotherapy is recommended.
Chemotherapy is not usually chosen due to a poor response rate. The
S-year survival rate is approximately 35 %, and the long-term survival is
poor. Eighty to 90 % of patients die of this disease within 10-15 years.
Poor prognostic factors that influence survival include solid histological
pattern, advanced clinical stage, and positive surgical margins. The role of
chemotherapy, through either adjuvant or primary chemotherapy, is not
clear. Postoperative radiotherapy may help the improvement of progres-
sive dysphagia.
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Case 4.7 History

Patient with distal esophagus/gastroesophageal junction mass with a super-
ficial biopsy showing severe dysplasia and focal adenocarcinoma in situ.

Findings

There is a large area of fairly intense hypermetabolism with some necro-
sis in the distal esophagus and medial gastric fundus with SUVmax
of 13.4 (estimated tumor volume of 148 cm? at a threshold of SUV 3,
with mean SUV of 5.5, indicating significant tumor necrosis) (Fig. 4.14).

FiG. 4.14
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There are regional perigastric/gastroduodenal nodes with SUVmax up to
9.2 (Fig. 4.15). There are no hypermetabolic or enlarged lymph node in
the celiac axis or retroperitoneal stations.

Impression

Large hypermetabolic tumor involving the distal esophagus and medial
gastric fundus with regional lymph node metastasis.
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Case 4.8

Pearls and Pitfalls

1. Sensitivities for FDG PET imaging are between 91 and 100 %. False-
positive uptake can occur due to inflammation, and there can be nor-
mal mild FDG activity from muscular contractions.

2. Accuracy of FDG PET in the staging of regional lymph node metasta-
ses ranges from 24 to 90 %. The major limitation of FDG PET with
regard to the detection of nodal metastases adjacent to the primary
tumor is its relatively poor spatial resolution (approximately 6 mm for
a dedicated PET scanner), which reduces sensitivity. The level of met-
abolic activity and pattern of mediastinal and hilar lymph nodes as
well as coexisting nodal calcification is helpful in determining inflam-
matory versus metastatic etiology.

3. Recurrence is most common near the esophagogastric anastomosis.

Discussion

BE-FDG PET does not add much in the detection of regional nodes. The
direct vicinity of the primary tumor, obscuring F-FDG uptake, probably
causes false-negative results in peritumoral N1 nodes. Moreover, small
metastatic nodes could cause false negativity by limitations in the spatial
resolution. Specificity of 71 % with PET in assessing regional metastases is
comparable with that of other series. FDG PET is slightly less specific than
CT for depicting metastases, but the difference in specificity between the
two modalities is statistically significant. Both FDG PET and CT have low
sensitivity for depicting nodal metastasis. The relatively low specificity of
FDG PET for depiction of nodal metastasis compared with that of CT is
caused mainly by a high rate of false-positive hilar node interpretations.

History

A 64-year-old male with history of esophageal adenocarcinoma.

Findings

There is long segmental hypermetabolic wall thickening of the esopha-
gus from the T3 level to the gastroesophageal junction with SUVmax of
14.9. The segmental thickening is more pronounced and concentric as it
reaches the gastroesophageal junction (Figs. 4.16 and 4.17). Several
hypermetabolic cervical and supraclavicular lymph nodes were noted.
Evaluation of the abdomen demonstrated innumerable hypermetabolic
hepatic lesions (most active at the dome with SUVmax of 12.2), some of
which correspond to hypodense lesions on transmission CT scan
(Figs. 4.18 and 4.19). A nodule was identified within the right adrenal
gland with intense increased metabolic activity. Enlarged lymph nodes
were seen within the celiac axis that also demonstrated increased
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metabolic activity. Numerous areas of increased metabolic activity were
seen within skeleton, consistent with metastatic osseous disease.
The majority of these lesions do not demonstrate any lytic or cortical
disruption on CT (Figs. 4.20 and 4.21).

Impression

1. Esophageal wall thickening with intense increased metabolic activity,
consistent with known esophageal adenocarcinoma

2. Metastatic disease to the liver, skeleton, and right adrenal gland

3. Metastatic nodal disease as described above

Pearls and Pitfalls

1. F-FDG PET is sensitive and accurate in the preoperative staging of
distant metastases in patients with cancer of the esophagus and leads
to upstaging. Though performance of PET in assessing N1 disease is
not better than that of current staging methods, there is a significant
advantage in detection of M1 disease, avoiding unnecessary surgery.

2. Sensitivity to identify locoregional metastases was highest for EUS (69 %)
but was not different for CT and PET (44 % and 55 %, respectively).
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Discussion

This study clearly shows the additional value of ®F-FDG PET in stag-
ing carcinoma of the esophagus and GE Junction. Though performance
of PET in assessing N1 disease is not better than that of current staging
methods, there is a significant advantage in detection of M1 disease,
avoiding unnecessary surgery.

To identify unsuspected M1 disease, '*F-FDG PET performed better
than the combination of CT/EUS. The rate of M1 metastases only
detected by ®F-FDG PET in conventionally staged tumors is 10-20 %.
BE-FDG PET upstaged the disease in about 20 % as M1 disease.
A combination of all three modalities increased the accuracy for detect-
ing M1 disease up to 92 % as was the result of a more sensitive detection
of both distant node and organ metastases. PET improves the currently
applied staging of esophageal and GEJ tumors, particularly by ameliorat-
ing the detection of M1 disease.
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Case 4.9 History

Patient with esophageal cancer.

Findings

There is a hypermetabolic right paratracheal node with SUVmax of 10,
consistent with metastatic node (Fig. 4.22, white arrow). There is a hyper-
metabolic distal esophageal circumferential thickening extending to the
gastroesophageal junction with SUVmax of 22 consistent with known

FiG. 4.22
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esophageal tumor with a hypermetabolic lymph node at gastroesophageal
junction with SUVmax of 16.4 (Fig. 4.23, blue arrow). There are multiple
hypoattenuating, hypermetabolic foci within hepatic parenchyma consis-
tent with metastases (Figs. 4.24 and 4.25, red arrow). There is focal activity
in the right iliacus muscle with SUVmax of 15.9 with slight adjacent osse-
ous erosion, also consistent with metastasis (Fig. 4.26, green arrow).

Impression

1. Hypermetabolic distal esophageal mass extending to gastroesopha-
geal junction, consistent with known primary tumor with adjacent
regional nodal metastasis

2. Mediastinal nodal disease
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3. Hepatic metastatic disease
4. Multiple osseous metastases
5. Right iliacus muscular metastasis with adjacent osseous erosion

Pearls and Pitfalls

1. BF-FDG PET is sensitive and accurate in the preoperative staging of
distant metastases in patients with cancer of the esophagus and leads
to upstaging. Though performance of PET in assessing N1 disease is
not better than that of current staging methods, there is a significant
advantage in detection of M1 disease, avoiding unnecessary surgery.

2. Sensitivity to identify locoregional metastases is highest for EUS
(69 %) but is not different for CT and PET (44 % and 55 %,
respectively).
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Discussion

This study clearly shows the additional value of ®F-FDG PET in staging
carcinoma of the esophagus and gastroesophageal junction. Though per-
formance of PET in assessing N1 disease is not better than that of current
staging methods, there is a significant advantage in detection of M1 dis-
ease, avoiding unnecessary surgery.

To identify unsuspected M1 disease, "*F-FDG PET performed better
than the combination of CI/EUS. The rate of M1 metastases only
detected by '®F-FDG PET in conventionally staged tumors is 10-20 %.
BE-FDG PET upstaged the disease in about 20 % as M1 disease. A com-
bination of all three modalities increased the accuracy for detecting M1
disease up to 92 % as was the result of a more sensitive detection of both
distant node and organ metastases. PET improves the currently applied
staging of esophageal and gastroesophageal junction tumors, particularly
by ameliorating the detection of M1 disease.
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5 Hepatobiliary, Pancreas,
Adrenal, Melanoma, and GIST

Heidi Wassef and Linh T. Ho

Case 5.1 History

A 55-year-old man with recently diagnosed hepatocellular carcinoma
(HCC). PET-CT requested for staging.

Findings

The small HCC is associated with focal enhancement at the dome of the
liver on the contrast-enhanced axial image (Fig. 5.1a) but is not appreci-
ated on the non-contrast-enhanced image (Fig.5.1b). The HCC is not asso-
ciated with hypermetabolism as shown on the fused PET-CT image
(Fig. 5.1c) and the FDG PET image (Fig. 5.1d). Contrast-enhanced CT
would be the follow-up study of choice since this HCC is not *F-FDG avid.

Pearls and Pitfalls

¢ The reported sensitivity of PET-CT for the detection of HCC is 55 %
while for CT is 90 %, thus CT with IV contrast is the preferred study
for diagnosis, staging, and restaging of HCC.

¢ Hypermetabolism in the hepatic tissue adjacent to a lesion can be seen
up to 3 months following transarterial chemoembolization as a reac-
tion to the infarcted tumor.

e Mild hypermetabolism in the parenchyma peripheral to the tumor
occurs 2-3 days following radiofrequency ablation (RFA). The recom-
mended ideal imaging time is 24-48 h following RFA because the cel-
lular damage caused by thermocoagulation in RFA is immediate.

© Springer Science+Business Media New York 2016 95
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Case 5.2

Discussion

PET-CT has low sensitivity for the detection of HCC partly due to the high
levels of glucose-6-phosphatase in the liver which dephosphorylates FDG-
6-PO4 allowing it to leave the cell. Unlike the liver, other tissue do not have
glucose-6-phosphatase, and thus FDG-6-PO4 is trapped within the cell
allowing radiotracer accumulation and visualization. High-grade HCCs
are less well differentiated and thus have less glucose-6-phosphatase.

Every year, there are nearly half a million people diagnosed with
HCC. HBV or HCYV infections and probably nonalcoholic liver disease
are risk factors for HCC. The most common sites of extrahepatic meta-
static HCC are the lung, abdominal lymph nodes, and bone.

History

A 75-year-old man with newly diagnosed gallbladder carcinoma. PET-CT
was requested to evaluate for metastatic disease.

Findings

A 27x14 cm intensely active soft tissue lesion within the gallbladder
(Fig. 5.2), with SUVmax of 5.7, represents the primary neoplasm. In addi-
tion, there is mild wall thickening of the gallbladder with pericholecystic
fluid, with no definite discernible activity, probably due to inflammation.

Several celiac axis (Fig. 5.2), retroperitoneal, and retrocrural lymph
nodes are seen, consistent with metastases. The largest celiac axis ade-
nopathy (near the stomach) measures 1.6x1.7 cm and has a SUVmax
of 5.6.

Pearls and Pitfalls

e PET-CT is valuable for detecting regional lymph node involvement
and distant metastases that are not diagnosed by multi-detector CT
(MDCT).

¢ PET-CT shows no significant advantage over MDCT for the diagnosis
of the primary gallbladder tumor.

¢ PET is helpful in detecting residual gallbladder carcinoma after chole-
cystectomy but has low sensitivity for detecting carcinomatosis.
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Discussion

PET-CT shows a significantly higher positive predictive value (94.1 % vs.
77.5 %, p=0.04) than that found for MDCT in the diagnosis of regional
lymph node metastasis. In addition, PET-CT also demonstrates a signifi-
cantly higher sensitivity (94.7 % vs. 63.2 %, p=0.02) than MDCT in the
diagnosis of distant metastases. A SUVmax of 3.65 was found to be the
best cutoff value for detecting a gallbladder malignant tumor. PET-CT
findings resulted in a change of management in 17 % of patients deemed
resectable after standard workup.
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Case 5.3

History

A 67-year-old man underwent an ERCP with biopsy revealing cholan-
giocarcinoma. PET-CT requested for staging.

Findings

There is an ill-defined, intensely hypermetabolic large mass involving the
medial segment of the left lobe and the anterior segment of the right lobe
of the liver (Fig. 5.3, arrowheads), consistent with the known cholangio-
carcinoma (CC). The tumor likely involves and engulfs the gallbladder
due to the apparent indistinctness of the gallbladder wall. A small, active
hepatoduodenal lymph node is present (not shown). In addition, there is
also mild hypermetabolism involving the entire pancreas (Fig. 5.3,
arrows) due to post-ERCP pancreatitis. Hypermetabolism surrounding
the biliary stent is due to foreign body reaction, but in this case, there
may also be tumor involvement.

Pearls and Pitfalls

e PET-CT is valuable for detecting regional lymph node involvement
and unsuspected distant metastases that are not diagnosed by MDCT.

e Hypermetabolism could be seen in patients with primary sclerosing
cholangitis or known granulomatous disease as well as biliary stents,
which could mimic neoplasm.
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Discussion

For cholangiocarcinoma, PET-CT shows significantly higher accuracy
over CT in the diagnosis of regional lymph nodes (75.9 % vs. 60.9 %,
p=0.004) and distant metastases (88.3 % vs. 78.7 %, p=0.004). There is
no significant advantage of PET-CT over multi-detector CT (MDCT) for
the diagnosis of a primary biliary tumor. FDG PET was shown to change
management in 30 % of patients with CC. Additionally, FDG PET-CT is
useful in patients with CC (except for infiltrating type) for detection of
recurrent disease and for assessment of treatment response.

History

A 73-year-old woman with recently discovered pancreatic head mass.

Findings

There is a 7x7x4 cm hypermetabolic pancreatic head mass with a
SUVmax of 13 (Fig. 5.4).

Pearls and Pitfalls

e For accurate staging of pancreatic carcinoma, the size of the tumor,
relationship to adjacent vessels, and invasion of nearby tissue and
spread of disease outside the pancreas must be assessed. Endoscopic
ultrasound (EUS) has been found to be more accurate than CT in local
staging of pancreatic malignancies and in predicting vascular invasion
and resectability.

¢ Pancreatic cancer spreads to regional lymph nodes followed by the
liver and lung. Osseous metastases are rare.

e PET can reliably detect hepatic, peritoneal, and other distant metasta-
ses that are at least 1 cm.
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Case 5.5

Discussion

The pancreatic head is defined as the segment to the right of the left bor-
der of the superior mesenteric vein (SMV). The body extends from the
left border of the SMV to the left border of the aorta. The narrow seg-
ment between the head and body is defined as the neck. The segment of
pancreas posterior to the SMV is the uncinate process. PET-CT is helpful
in differentiating benign and malignant pancreatic masses using a
SUVmax cutoff of 2.5.

History

Patient had a Whipple procedure for moderately differentiated pancre-
atic adenocarcinoma. PET-CT performed to assess response following
chemotherapy.

Findings

There is peripheral increased FDG uptake at the liver surface (Fig. 5.5)
with SUVmax up to 5.3 consistent with peritoneal carcinomatosis. Some
of the foci of hypermetabolism demonstrate no CT correlate and some
show peritoneal thickening or nodularity.

Pearls and Pitfalls

Peritoneal metastases can appear to lie within the liver. Careful evalua-
tion of the coronal and sagittal images is helpful in differentiating perito-
neal implants from peripheral hepatic lesions particularly if the peritoneal
deposits are not evident on CT.

Discussion

Tumors that may involve the peritoneal cavity include malignant peri-
toneal mesothelioma, pseudomyxoma peritonei, and metastases from
the stomach, colon, appendix, gallbladder, pancreas, ovary, breast,
lung, uterus, and lymphoma. CT has a sensitivity of 43 % and positive
predictive value of 100 % for evaluation of peritoneal carcinomatosis,
while PET-CT has a sensitivity of 78 % and positive predictive value
of 96 %.
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Case 5.6

Case 5.7

History

Patient with moderately differentiated adenocarcinoma of the ampulla who
is status post hepaticojejunostomy, right hemicolectomy, and partial hepa-
tectomy in February 2010 had his last chemotherapy dose 2 months ago.

Findings

Patient had interval progression of right paratracheal and precarinal
adenopathy and interval development of multiple right axillary and sub-
pectoral nodes.

Pearls and Pitfalls

The histological differentiation of periampullary cancer is more impor-
tant than the anatomical location. Pancreatobiliary histology carries a
worse prognosis than intestinal histology in periampullary cancers.

Discussion

Periampullary cancers can arise from the pancreas, duodenum, distal
common bile duct (CBD), or the ampullary duct. Ampullary carcinoma
most commonly presents as obstructive jaundice in 80 % of patients and
is treated with a Whipple procedure (pancreaticoduodenectomy).
Pneumonia, abdominal infection, anastomotic leaks, and delayed gastric
emptying are the most common complications following a Whipple
procedure.

History

Woman diagnosed with pancreatic cancer. PET-CT requested for staging.

Findings

A solitary focus of hypermetabolism was consistent with hepatic metas-
tases (Fig. 5.6).

Pearls and Pitfalls

Hepatic metastasis appeared as a vertically oriented linear lesion due to
patient breathing.
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Discussion

Only 15-20 % of patients with pancreatic cancer are resectable at diagnosis
and have a 20 % S-year survival rate. Gallium-68 DOTATATE positron emis-
sion tomography/computed tomography (PET-CT neuroendocrine tumors)
changed therapy in 35 % of patients Pancreatic ductal adenocarcinomas are
characterized by invasiveness, rapid progression and resistance to treatment.
Potentially curative resection followed by adjuvant systemic chemotherapy is
the most common therapeutic strategy.Pancreatic cancer has a proclivity for
perineural invasion. It is characterized by lymphatic spread to adjacent and
distant lymph nodes and metastases to the liver, peritoneum and the lung.
Higher metabolic activity on FDG PET correlates with higher initial stage of
pancreatic adenocarcinoma and with decreased overall survival.

History

A 61-year-old male with history of gastrointestinal stromal tumor (GIST)
for follow-up evaluation.

Findings
The patient is status post partial gastrectomy and splenectomy. There is

interval development of a hypermetabolic focus in the caudate lobe
(segment 1) consistent with recurrent disease (Fig. 5.7).

Pearls and Pitfalls

PET-CT can predict malignant potential of GISTs. An SUV greater than
5 indicates a higher likelihood of having a malignant potential.
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Case 5.9

Discussion

PET-CT no earlier than 6-8 weeks following GIST resection improves
the diagnostic accuracy and influences treatment. Studies performed less
than 6 weeks following resection have a higher incidence of false-
negative, false-positive, and indeterminate findings.

History

A 64-year-old male diagnosed with GIST 7 years ago. The patient is on
sixth line chemotherapy. PET-CT requested to evaluate response to
chemotherapy.

Findings

Hypermetabolic metastases are seen in the posterior segment of the right
lobe and lateral segment of the left lobe (Fig. 5.8, arrows). Although the
lesions as seen on CT are unchanged in size compared to the prior study,
the hypermetabolism has increased in size and activity. Patient was
admitted due to bleeding. Hemoglobin became stable, and thus no surgi-
cal or radiologic interventional procedure was required.

Pearls and Pitfalls

The size of the lesion on a post-therapy scan as determined by CT is not
an accurate assessment of response to therapy.

Discussion

A decrease in metabolic activity indicating response to therapy is seen
weeks to months prior to a significant decrease in the size of the lesion.
Post-chemotherapy studies revealing no change in metabolism indicates
primary resistance of the tumor to the administered chemotherapy.
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History

A 64-year-old man with esophageal adenocarcinoma. PET-CT is
requested for staging.

Findings

There is diffuse esophageal wall thickening with intensely increased met-
abolic activity involving the distal 2/3 of the esophagus consistent with
the reported recent diagnosis of esophageal adenocarcinoma via endos-
copy. Multiple scattered hypermetabolic foci involving the liver, bone,
retroperitoneal and cervical nodes, and right adrenal gland (Fig. 5.9,
arrows) are consistent with metastases. There is also mild activity in the
left adrenal gland which is physiologic.

Pearls and Pitfalls

Several groups have evaluated using a cutoff of 1 for the ratio of SUVmax
of adrenal gland to SUVmax of the liver to differentiate benign from
malignant adrenal lesions. Blake et al. found the sensitivity, specificity,
positive predictive value, negative predictive value, and accuracy to be
100 %, 93.8 %, 81.8 %, 100 %, and 95.1 %, respectively. Potential false
negatives include a very small malignant tumor, tumors with significant
necrosis, and metastases from tumors with limited 18F-FDG uptake such
as mucinous or neuroendocrine tumors. Potential false positives include
rare hypermetabolic adenomas and pheochromocytoma. Ten percent of
pheochromocytomas are malignant, 10 % are bilateral, 10 % are in chil-
dren, and 10 % are extra-adrenal.

Discussion

An adrenal lesion with Hounsfield unit (HU) <10 indicates a lipid-rich
adenoma. If HU>10, 18F-FDG PET, CT washout test, magnetic reso-
nance chemical shift imaging with in-phase and out-of-phase images, or



106 H. Wassef and L.T. Ho

Case 5.11

biopsy may be used to differentiate between benign and malignant lesions.
Greater than 60 % intravenous contrast washout at 15 min compared to
uptake at 60 s in the adrenal lesion indicates that it is an adenoma.

History

Newly diagnosed right adrenal cortical carcinoma.

Findings

There is an 8 cm heterogeneous, hypermetabolic mass superior to the
right kidney (Fig. 5.10, arrows). There were no enlarged lymph nodes.
Pathology examination revealed adrenal cortical carcinoma with lym-
phovascular invasion. Periaortic lymph nodes were negative.

Pearls and Pitfalls

Adrenal cortical carcinoma (ACC) is often large at presentation. ACC
appears heterogeneous due to the presence of necrosis, hemorrhage, and
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calcification. Large tumors may invade the adrenal vein and inferior
vena cava. Metastases commonly involve the lung, liver, and bone
(Fig. 5.11, 1 year later) but can involve cervical and mediastinal lymph
nodes, ovaries, pancreas, thyroid, brain, spleen, and peritoneum.

Discussion
ACC is rare with an incidence of 2 per million. Age of presentation is

between 30 and 70 years. ACC may present due to excess hormone pro-
duction or due to mass effect. Cushing’s syndrome which involves excess
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Case 5.12

cortisol production may present with weak muscles, fat on the back of
neck and upper back, abnormal hair growth, mood changes, high blood
pressure, and high blood sugars. In most patients with ACC, detection of
the first metastasis occurs within 4 months of diagnosis. Five-year sur-
vival drops to 0-24 % in patients with metastases compared to 58-66 %
in patients without metastatic disease.

History

A 5l-year-old woman with recently diagnosed melanoma following
shave biopsy overlying the left mandible. The patient has a palpable left
cervical lymph node. PET-CT was requested for staging.

Findings

A 1 cm left cervical level 2 lymph node has a SUVmax of 2.2 (Fig. 5.12,
arrows). This lymph node was biopsied revealing metastatic disease.

Pearls and Pitfalls

PET-CT has a high sensitivity and specificity in detecting distant metasta-
ses from melanoma. The sensitivity of PET-CT for the detection of mela-
noma in regional lymph nodes is reported to be only 16.7 %, and thus
PET-CT cannot replace lymphoscintigraphy for evaluation of regional
nodes. Reports indicate that PET-CT may aid in the detection of primary
disease in patients with metastatic melanoma of unknown primary.

Fic.5.12
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Discussion

The T stage depends on the tumor thickness with lesions less than 1.0 mm
thick, 1.01-2.0, 2.01-4.0, and >4.0 mm classified as T1, T2, T3, and T4,
respectively. Sentinel lymph node (SLN) biopsy is recommended for
patients with Breslow thickness 1-4 mm melanomas. Completion lymph
node dissection is performed if the SLN is positive.

History

A 64-year-old man who had resection 2 yrs ago of a 6 mm lentigo maligna
subtype of melanoma on his left cheek with perineural and subcutaneous
invasion. The patient underwent radiation 1 year ago. Restaging PET-CT
is requested following chemotherapy to determine response to therapy.

Findings

There has been interval progression of disease with interval increase in
size of hypermetabolic left cervical level 1B lymph node (Fig. 5.13, arrow)
as well as increase in number of pulmonary nodules.

Pearls and Pitfalls

PET-CT has higher accuracy (97.2 %) than PEt alone (92.8 %) and CT alone
(78.8 %) for N (lymph node) and M (metastases) staging. The sensitivity of
PET-CT for the detection of pulmonary melanoma metastases depends on
size. The sensitivity is 100 % for nodules 12 mm or larger, 63.6 % for 10-11 mm,
56.8 % for 89 mm, 33.3 % for 67 mm, and 7.9 % for 4-5 mm nodules.

Discussion

The most common location for melanoma is the upper back in men and
the lower legs and upper back in women. Superficial spreading, lentigo
maligna, nodular, and acral lentiginous are subtypes of melanoma that

Fi1G.5.13
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are distinguished by their growth patterns. Review of the patient records
is important. Recurrent disease in patients with stage I and II melanomas
is most likely locoregional, while in stage III disease is likely distant.
Common sites of metastases are the skin, subcutaneous tissue, lymph
node, liver, bone, lung, brain, and visceral organs.
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6 Colon Neoplasms

Aarti Kaushik and Robert W. Henderson

Case 6.1: Ascending Colon Cancer

History

Patient is a 35-year-old female with ascending colon cancer for initial
staging.

Findings

A soft tissue mass in the colonic hepatic flexure with SUV max 7.7
consistent with primary tumor (Fig.6.1). There are focal areas of increased
uptake which could represent mesenteric nodes and/or peritoneal/omen-
tal metastases. There are innumerable hypermetabolic panlobar metasta-
ses in the enlarged liver.

Case 6.2: Mid-ascending Colon Cancer
History

49-year-old male newly diagnosed with adenocarcinoma of the ascending
colon, with possible metastasis to the lung and liver.

Findings

There are hypermetabolic metastatic lesions seen in the right hepatic lobe
(involving segments 5, 6, and 7), with the most avid lesion seen in segment
6, demonstrating SUV max 9.4 (Fig. 6.2). There is an annular lesion in the
mid-ascending colon, demonstrating SUV max 18.3, compatible with
known site of primary neoplasm.

© Springer Science+Business Media New York 2016 113
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FiG. 6.1

Pearls and Pitfalls

Accurate preoperative staging is essential for the planning of optimal
therapy considering the many therapeutic options available.

Discussion

CRC is the third most commonly diagnosed cancer in males and females.
The survival rate depends on the stage at the time of diagnosis. Approximate
S-year survival rates are stage 190 %, I1A 85 %, IIB 72 %, I1IA 83 %, I1IB
64 %, 11IC 44 %,and IV 8 %.
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FiG. 6.2

Case 6.3: Peritoneal Metastases from Colon Cancer
History

Patient with metastatic colorectal cancer has history of cholecystectomy.
Patient had last chemotherapy in 2005. This scan is being done for sus-
pected recurrence in 2011.

Findings

There is a peritoneal nodule with adjacent peritoneal thickening measur-
ing 1.2 cm in the right false pelvis with SUV max 16.3 (Fig. 6.3). There is
an intensely active lesion anterior to the capsule of the liver at the gall-
bladder fossa measuring 1.7 x 0.7 cm, with SUV max 7.3.

Pearls and Pitfalls

1. Roughly one in five patients with colorectal cancer develops peritoneal
minimal residual disease after surgical resection.
2. About one in seven patients develops peritoneal carcinomatosis.
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FiG. 6.3

Discussion

There is a vast body of research addressing hematogenous metastasis;
little is known about the biology of peritoneal spread of colorectal can-
cer. The development of peritoneal carcinomatosis involves well-defined
steps including cell shedding and transport, adhesion to the mesothelial
layer, invasion of and proliferation into the submesothelial stroma, and
potential access to the systemic circulation.
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Case 6.4: Recurrent Adenocarcinoma of the Rectum
Manifesting as Solitary Inguinal Adenopathy

History

Patient with moderately differentiated adenocarcinoma of the rectum
diagnosed in 2005 status post resection with nodal and lung metastases.
Patient underwent resection of the left upper lung lesion in April 2008.
Patient is status post chemotherapy in April 2008 and radiation therapy
in August 2005. No interval treatment. Scan being done for restaging.

Findings

A new 2x2.3 cm left inguinal nodal mass with SUV max 12.8 is consis-
tent with recurrent metastatic disease (Fig. 6.4).

Pearls and Pitfalls

Low rectal carcinoma is more likely to present with pulmonary, osseous,
and ilioinguinal metastases because of hemorrhoidal venous circulation.

FiG. 6.4
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Discussion

The usual pattern of regional lymph node metastasis in colorectal carci-
noma follows the vascular distribution in the mesocolon. Tumors origi-
nating from the cecum spread to the ileocolic nodes, whereas tumors of
the ascending and the proximal transverse colon drain in lymph nodes of
the right colic and middle colic arteries reaching the superior mesenteric
artery lymph nodes. Tumors originating from the descending colon
spread to the left colic artery nodes, whereas those of the sigmoid colon
reach the sigmoid artery nodes ending in the inferior mesenteric artery
lymph nodes. Both the inferior and the superior mesenteric artery nodes
belong to the preaortic nodes. Tumors in the rectum can spread by two
different routes. The lymphatic drainage of tumors of the upper rectum
reaches the inferior mesenteric artery lymph nodes via the superior rec-
tal arteries. Metastases of tumors originating from the lower rectum
reach the internal iliac nodes by following the pathway of the middle and
the inferior rectal arteries and then the common iliac and the para-aortic
nodes. Tumors of the anal region spread to the superficial inguinal lymph
nodes ascending along the femoral vessels to the deep inguinal nodes
and along the iliac vessels to the para-aortic nodes. After radical surgery
for carcinoma of the rectum with interruption of the normal pathway of
lymphatic drainage, recurrent disease may find an alternative retrograde
route to the superficial and deep inguinal nodes.

Case 6.5: Psoas Muscle Metastasis from Colon Cancer
History
Patient is an 83-year-old female with appendiceal cancer (mucinous ade-
nocarcinoma) with mass in the right iliopsoas muscle. Patient has radia-
tion therapy in 2007 and is on chemotherapy, last dose in December 2010,
with scan being done for restaging.
Findings
There is a peripherally enhancing hypermetabolic right distal psoas mus-

cle mass with central photopenia (SUV max 6.2) (Fig. 6.5). On bone win-
dows, there is no definite iliac bone involvement.

Pearls and Pitfalls

Skeletal muscles are an unusual site of blood-borne metastasis, but direct
spread from adjacent tumor can occur.
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Fi1G. 6.5

Discussion

Skeletal muscle is an unusual site for blood-borne metastasis. The most
common neoplasm metastasizing to the muscle is from the breast, lungs,
or melanoma. The most common muscles involved are psoas and para-
vertebral muscles. The low incidence of muscular metastasis may be
related to the anatomical characteristics and/or biochemical environ-
ment of the skeletal muscle. In this case, this is direct spread from appen-
diceal tumor to the psoas muscle.

Case 6.6: Colon Cancer with Hepatic Pulmonary
and Nodal Involvement

History

The patient had moderately to poorly differentiated adenocarcinoma of
the sigmoid status post sigmoidectomy and left oophorectomy. Patient
has metastases to the left ovary, liver, and lung, with scan being done for
evaluation with PET/CT.

Findings

There are panlobar hepatic metastases with central necrosis with SUV
max up to 17.1 (Fig. 6.6). These are replacing almost half of the liver.
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There is continuous chain of hypermetabolic retroperitoneal adenopathy
extending from the porta hepatis/gastroduodenal level to beyond the
bifurcation involving a right common iliac node with SUV max up to 8.8.

Pearls and Pitfalls

Tumors arising in the low rectum may metastasize initially to the lungs
because the inferior rectal vein drains into the inferior vena cava rather
than into the portal venous system.



6 Colon Neoplasms 121

Discussion

Because the venous drainage of the intestinal tract is via the portal sys-
tem, the first site of hematogenous dissemination is usually liver, fol-
lowed by the lungs, bone, and many other sites, including the brain.
However, tumors arising in the distal rectum may metastasize initially to
the lungs because the inferior rectal vein drains into the inferior vena
cava rather than into the portal venous system. The true prevalence of
metastatic disease is unknown, but approximately 20-25 % of patients
with colorectal cancer have liver metastases at the time of diagnosis.
Studies based on autopsy results showed that up to 70 % of colon cancer
patients have liver metastases at autopsy.

Case 6.7: Cecal Cancer

History

Patient with moderately differentiated adenocarcinoma of the cecum for
initial staging.

Findings

There is a hypermetabolic right internal mammary node with SUV max
3.3 (Fig. 6.7). There is extraordinarily intense hypermetabolic cecal mass
with SUV max up to 75 likely the site of primary malignancy. There is a
large complex hypermetabolic mass with both solid and cystic compo-
nents in the left pelvis which could either be an ovarian metastasis
(Krukenberg tumor) or a serosal implant of the sigmoid mesocolon SUV
max 32.4.

There are hypermetabolic mesenteric nodules and pelvic nodes with
SUV max up to 7.5. There were multiple hypermetabolic hepatic lesions
too (not seen in images above).

Discussion

A Krukenberg tumor is a rare tumor of the ovary derived from metastatic
tissue, most frequently from a tumor of gastrointestinal origin. Gastric
cancer is the most frequent primary source, followed by the breast, colon,
and appendix. For those carcinomas originating from the intestinal tract,
about 80 % are found within either the sigmoid colon or rectum. Colorectal
cancers can be found anywhere from the cecum to the rectum, in the fol-
lowing distribution: rectosigmoid, 55 %; cecum and ascending colon,
22 %; transverse colon, 11 %; and descending colon, 6 %.
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Case 6.8

Pearls and Pitfalls

A Krukenberg tumor is a rare tumor of the ovary derived from metastatic
gastrointestinal tissue.

Findings

Adenocarcinoma of the rectum, villous tumor of the cecum (situs inver-
sus); ileal conduit to stoma s/p cystectomy (Fig. 6.8).

Pearls and Pitfalls

Normally, colon adenocarcinoma is relatively active with exceptions
being villous and mucinous tumors.
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Case 6.9: Anastomotic Recurrence
Findings

There is general wall thickening from radiation with one active focus
suspect for anastamotic recurrence (Fig. 6.9).
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Case 6.10  Findings

Perirectal space recurrence, 5 cm above the anal verge at 10 o’ clock as
viewed from below (Fig. 6.10).

Case 6.11  Findings

Presacral recurrence within postsurgical scar at 5 o’ clock as viewed from
below (Fig. 6.11).
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Discussion

A considerable proportion of local failures is caused by anastomotic or
suture line recurrence, which reportedly develops in 5-15 % of patients
undergoing colorectal resection [1-3]. However, the true incidence of
anastomotic recurrence, after restorative rectal cancer surgery, is unclear
in the era of total mesorectal excision (TME). Although anastomotic
recurrence could be rather easily controlled, compared to other types of
local recurrence, curative-intent surgery is not always feasible, and reop-
eration itself is a significant burden to the patient, both physically and
economically [4, 5]. Anastomotic recurrence may develop outside of the
rectum and spread inside to the suture line. Conversely, tumor regrowth
on the mucosal surface of the intestinal anastomosis may present along
with a recurrence involving the suture line [8, 9]. Differentiation of these
two possibilities is difficult in clinical practice.

Pearls and Pitfalls

1. Anastomotic recurrence may develop outside of the rectum and
spread inside to the suture line.

2. Conversely, tumor regrowth on the mucosal surface of the intestinal
anastomosis may present along with a recurrence involving the suture
line [8, 9]. Differentiation of these two possibilities is difficult in
clinical practice.
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7 Gynecologic Neoplasms:
Cervical, Ovarian, Vulvar, Uterine,
and Endometrial Cancer

Bhushan Desai and Hossein Jadvar

CERvicAL CANCER

Case 7.1 History

A 59-year-old female presenting with newly diagnosed cervical carci-
noma on biopsy. PET/CT was ordered as a part of the initial treatment
strategy evaluation.

Findings

The uterus is anteverted, demonstrating physiologic FDG activity
(Fig. 7.1). Intense metabolic activity is seen in the cervical region with
associated thickening, SUVmax 16.3, which is compatible with biopsy-
proven diagnosis of primary neoplasm. There is a fat plane between the
cervix and urinary bladder anteriorly which excludes the direct tumor
invasion.

Impression

Cervical thickening demonstrating intense hypermetabolism, which is
compatible with biopsy-proven diagnosis of primary neoplasm.

© Springer Science+Business Media New York 2016 127
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Case 7.2

History

A 51-year-old female with history of cervical cancer.

Findings

1.

There are bilateral supraclavicular, bilateral internal mammary, left
axillary, and mediastinal lymph nodes, demonstrating intense FDG
activity which is compatible with distant metastatic spread (Fig. 7.2).
As a reference, right precarinal lymphadenopathy demonstrates
SUVmax 12.9, measuring approximately 2.4 x 3.6 cm, subcarinal lymph
node measures approximately 1.7 cm with SUVmax 8.9, left internal
mammary lymph node demonstrates SUVmax 7.8, and AP window
lymphadenopathy shows SUVmax 10.8.

. There is a large hypermetabolic uterine cervical mass demonstrating

intense FDG activity, SUVmax 13.8. Exact tumor margins cannot be
identified due to lack of IV contrast. There is no fat plane between the
tumor and posterior wall of urinary bladder anteriorly, which also
abuts the ventral surface of the rectal wall posteriorly, worrisome for
local tumor invasion.

. There are several hypermetabolic, enlarged retrocrural, retroperitoneal,

bilateral common iliac lymph nodes extending inferiorly to involve
bilateral external iliac lymph nodes, compatible with metastatic disease.
As a reference, left para-aortic lymph node at the level of L1 demon-
strates SUVmax 7.5; a right retrocrural lymph node, measuring approxi-
mately 1.5 cm at the level of T11 and T12, demonstrates SUVmax 5.5;
right common iliac lymphadenopathy also shows SUVmax 5.5; and
right internal iliac lymph nodes demonstrate SUVmax 12.1.

. Solitary hypermetabolic osseous focus identified at the posterolateral

aspect of left eleventh rib, demonstrating SUVmax 5.0.
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Impression

1.

2.

3.

Hypermetabolic, large, uterine cervical mass which is worrisome for
local tumor invasion.

Metastatic lymphadenopathy involving multiple nodal stations in the
neck, chest, abdomen, and pelvis.

Findings compatible with early metastatic disease within the lungs.

Pearls and Pitfalls

1.

2.

FDG PET/CT has no significant role in screening/diagnosis of cervical
cancer.

Lymph node staging with PET/CT provides unique prognostic infor-
mation [1,2].

. Early response assessments using PET/CT might help to avoid unnec-

essary and ineffective treatments.

. The sensitivity and specificity of PET for early recurrent cervical cancer

is 90 % and 76 %, respectively [3].
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Discussion

Cervical cancer was once the most common cause of cancer death in
women, but the mortality rate has decreased by 50 % due to widespread
screening. Worldwide, cervical cancer is the third commonest cancer diag-
nosed, and it remains the major gynecologic cancer in underdeveloped
countries. Squamous cell carcinoma is the most frequent cervical cancer
with 85-90 % being invasive. The most common risk factors include lower
socioeconomic groups,smoking, early initial sexual activity and/or multiple
sexual partners, and history of sexually transmitted disease like gonorrhea,
syphilis, and herpes simplex.

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 rea-
son, PET is used to assess nodal malignancy as well as regional and dis-
tant metastatic disease. Frequency and pattern of cervical cancer lymph
node metastasis on FDG PET is influenced by FIGO staging [12, 13].
PET has a 91 % positive value for pelvic and para-aortic lymphadenopa-
thy. In a prospective study on 560 patients, Kidd et al. concluded that the
PET findings correlated with the risk of disease progression and survival.
In another study looking at the prognostic value of SUVmax, on 73
patients with operable cervical cancer, Chung et al. concluded that FDG
tumor uptake correlated with FIGO stage, tumor size, parametrial
involvement, and lympho-vascular invasion. These results will likely have
important implications for management of cervical cancer patients with
lymph node metastasis on FDG PET.

OVARIAN CANCER

Case 7.3

History

A 61-year-old female with metastatic stage IV ovarian carcinoma, post
gamma knife radiosurgery for left frontal and left cerebellar metastasis.
PET/CT was done as part of the subsequent treatment strategy
evaluation.

Findings

Three hypermetabolic peritoneal implants are seen in the abdomen
(Fig. 7.3). These include a hypermetabolic lesion at the hepatorenal sur-
face of segment 6 of the liver measuring 4.2 cm (long axis) with SUVmax
14.8; peritoneum implant in the splenic flexure, measuring 2.0 cm with
SUVmax 8.3; and peritoneal implant in the right hemipelvis internal to
the right internal iliac vessels showing SUVmax 10.2. Hypermetabolic
subcarinal lymph node is seen with increase in size and activity, SUVmax
8.2. Physiologic brown fat activity is seen in the superior mediastinal and
bilateral paravertebral regions.
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Case 7.4

Impression

Three peritoneal implants with increased size and metabolic activity.

History

A 53-year-old female with stage IV ovarian carcinoma, status post
hysterectomy, bilateral salpingo-oophorectomy, omentectomy, and bilat-
eral lymph node dissection with appendectomy, currently on chemotherapy
(Taxol). PET/CT was done as part of subsequent treatment strategy
evaluation.

Findings

Overall, previously seen majority of the hypermetabolic abdominal
lymph nodes have resolved (Fig. 7.4). Exceptions include a porta hepatis
lymph node which has decreased in FDG activity and currently demon-
strates SUVmax 6.5, previously 9.5; a mesenteric lymph node near the
terminal ileum has increased in FDG activity and currently demonstrates
SUVmax 12.1 previously 9.3. Additionally, there is a new right retrocru-
ral lymph node which currently demonstrates SUVmax 8.6.
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Follow-up

Fic 7.4

Case 7.5

Impression

1. Resolution of majority of hypermetabolic abdominal and chest lymph
nodes with the exception of the porta hepatis lymph node and mesen-
teric lymph node adjacent to the terminal ileum.

2. New hypermetabolic right retrocrural lymph node.

3. Overall findings consistent with a substantial partial response to interval
chemotherapy.

History

A 65-year-old female with ovarian cancer, currently on chemotherapy.

Findings

Multiple hypermetabolic omental/peritoneal metastases are seen, like
the peritoneal implant lateral to psoas in the left iliac fossa with SUVmax
9.3 (Fig. 7.5). The lymph nodes are involved which are intensely hyper-
metabolic, for example, retroaortic node at L4 with SUVmax 12.3, left
common iliac with SUVmax 8.8, left external iliac with SUVmax 7.1, and
left hypogastric with SUVmax 5.7.
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Case 7.6

Impression

Widespread metastases in the abdomen and pelvis.

History

A 66-year-old female with well-differentiated papillary serous adenocar-
cinoma of the ovary, status post total abdominal hysterectomy and left
salpingo-oophorectomy.

Findings

PET/CT showed multiple hypermetabolic calcified masses in the abdomen
and pelvis consistent with metastatic disease (Fig. 7.6).

Pearls and Pitfalls

1. PET has the sensitivity of 80-90 %, specificity of 92-100 %, and accu-
racy of 79-92 % for detecting recurrent ovarian tumor [4-6].

2. PET has a sensitivity of 73 %, specificity of 92 %, accuracy of 86 %,
positive predictive value of 89 %, and negative predictive value of
86 % for detecting lymph node involvement. The sensitivity of CT for
detecting lymph node involvement ranges from 40 to 63 %; the speci-
ficity of CT for detecting the same ranges from 81 to 83 % [4-0].
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3. FDG PET has a sensitivity of 71 %, specificity of 100 %, positive pre-
dictive value of 100 %, negative predictive value of 76 %, and accu-
racy of 85 % in the detection of peritoneal carcinomatosis [4-0].

4. Peritoneal metastases along the serosa of the colon may be mistaken
for physiologic bowel activity, while calcified metastases along the
bowel can be mistaken for oral contrast and is typical of mucinous
cystadenocarcinoma histology [7].

Discussion

Ovarian cancer is the fifth cause of cancer-related death in women. 24,000
new cases of ovarian cancer were detected in the USA in 2010 with 16,000
deaths/year. More women die of ovarian cancer than of endometrial and
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cervical cancer combined. Age-specific incidence peaks in the eighth
decade. Some of the common risk factors associated with ovarian cancer
are BRCAL1 and 2, infertility, nulliparity, family Hx, and endometriosis. At
the time of initial evaluation, about 80-85 % of patients have
CA-125>35 U/mL (postmenopausal women with asymptomatic pelvic
mass and CA-125>65 U/mL:78 % specific and 97 % sensitive for cancer).
Ovarian tumors can be of epithelial cell, stromal cell, or germ cell origin.
Two thirds of patients will have metastatic disease outside the pelvis at the
time of diagnosis. Approximately 85 % of the malignant ovarian tumors
are epithelial origin of which 50 % are benign, 33 % malignant, and
around 15 % borderline with a good prognosis.

In a prospective study on 60 patients who underwent PET/CT scan
within 2 weeks prior to surgery, Risum et al. found that the presurgical
SUVmax was not predictive of the outcome in patients with primary
ovarian cancer. PET/CT scans are accurate for staging but probably not
very relevant since impact on management and outcome is small [8].
PET/CT has a high accuracy and positive predictive value in diagnosing
recurrent ovarian cancer and can alter patient management [14, 15].
Restaging with PET/CT is not only accurate but also provides the foun-
dation for monitoring of chemotherapy which can help in shortening the
duration of ineffective treatments and reduce costs. PET can detect an
intra-abdominal relapse with peritoneal carcinomatosis in 40-60 % of
the cases. Most recurrent ovarian carcinomas present with peritoneal
seeding from para-aortic or peritoneal lymphatics. Unfortunately, false-
positive examinations can occur with associated non-malignancy
physiology including inflammatory adnexal mass or corpus luteum. Urine
activity can also potentially mask the lesions. Some institutions recom-
mend the use of bladder lavage in order to minimize this artifact.

ENDOMETRIAL/UTERINE CANCER

Case 7.7

History

An 8l-year-old female with endometrial adenocarcinoma, status post
total abdominal hysterectomy with bilateral salpingo-oophorectomy,
pelvic radiation therapy, and chemotherapy. PET/CT is done as part of
the subsequent treatment strategy evaluation.

Findings

There is an intensely hypermetabolic left adrenal lesion, measures 1.4 cm
with SUVmax 5.0, consistent with metastatic disease (Fig. 7.7). There are
several hypermetabolic peritoneal/serosal implants, some of which dem-
onstrate central necrosis, again compatible with progression of metastatic
disease. A serosal implant overlying the right hepatic lobe demonstrates
SUVmax 13.2. Serosal implants are also seen adjacent to the sigmoid and
in the region of lower rectum (SUVmax 18.5). Most avid omental implant
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Case 7.8

is seen in the lower right abdomen, adjacent to the anterior abdominal
wall at the level of L5, demonstrating (SUVmax 19.9).

Impression

Overall findings compatible with progression of metastatic disease.

History

An 88-year-old female with history of recurrent uterine carcinoma, cur-
rently on chemotherapy. PET/CT is done as part of the subsequent treat-
ment strategy evaluation.

Findings

Bilateral adrenal glands demonstrate interval increase in PET activity,
suspect for metastatic disease (Fig. 7.8). As a reference, right adrenal
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gland currently shows SUVmax 5.0 (previously 3.9), and left adrenal
shows SUVmax 4.5 (previously 4.3). There is an interval increase in
hypermetabolic activity within gastrohepatic, portacaval, celiac, right ret-
rocaval, mesenteric, retroperitoneal and bilateral common, external and
internal iliac, right obturator, and left inguinal and bilateral femoral
lymph nodes with marginal increase in size of some of them, compatible
with progression of disease. As a reference, gastrohepatic lymph node
currently shows SUVmax 4.2 (previously 2.3), and portacaval lymph
nodes show SUVmax 9.1 (previously 6.3).

Impression

Progression of metastatic disease.

Case 7.9 History

A 72-year-old female with poorly differentiated endometrial carcinoma,
status post-radiation therapy. Approximately 1 year later, she developed
a recurrent mass in the vaginal vault and metastases to the lungs.
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Findings

Hypermetabolic mass in the vagina and lung consistent with recurrent
and metastatic disease (Fig. 7.9).

Pearls and Pitfalls

1. Need to avoid pitfalls associated with benign pathology or physiologi-
cal processes (fibroids, menstruation).

2. FDG PET/CT is insensitive for presurgical LN staging in endometrial
CA [9].

3. Highly accurate for detecting recurrence and distant metastasis which
can help in clinical decision-making: sensitivity 93 %, specificity 93 %,
and accuracy 93 % [10].

4. Very limited data on treatment monitoring [11].
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Discussion

Uterine cancer is the most common cancer of the female pelvic organs.
Around 40,000 new cases of uterine cancer were detected in the USA in
2010, and the mortality rate was 7400 deaths/year. The most common
cancer in the uterus is adenocarcinoma (75-80 % adenocarcinomas,
10 % adenocarcinomas with squamous differentiation, 5 % mucinous
carcinoma, and 5-10 % papillary serous carcinoma). Postmenopausal
bleeding is the most common presentation in 90 % of the patients;
70-75 % are diagnosed with surgical stage I disease. The most common
risk factors include obesity, low fertility index, early menarche, late
menopause, chronic anovulation, unopposed estrogen replacement, and
hypertension. Clinical staging underestimates the extent of disease, and
thus the FIGO staging system requires surgical and histopathologic eval-
uation. Most endometrial cancers are diagnosed 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 74-92 % depending on histologic grade.

There is physiologic uptake of FDG in the endometrium in premeno-
pausal women that increases during the menstrual and ovulatory phases
[16]. FDG PET/CT is helpful in the staging of endometrial carcinoma
because it can detect distant metastatic disease which can change patient
management [17]. In a prospective study on 88 patients by Park et al. [18]
they found that PET/CT scan helped in clinical decision-making in 22 %
of the patients. In another study by Nakamura et al., they concluded that
the SUVmax of 18F FDG PET correlated with the histological grade in
endometrial cancer (p=0.017). Around 10-30 % of women with clinical
stage I or II disease will have metastasis to the pelvic and para-aortic
lymph nodes at the time of surgery [19, 20]. However, lymph nodes that
are too small may not be detected. Physiologic uptake in the ovaries,
ureters, bladder diverticulum, and blood vessels may be mistaken for
metastatic disease.

VULVAR CANCER

Case 7.10

History

A 60-year-old female with history of recurrent vulvar cancer, who had
undergone a recent perianal biopsy which showed invasive squamous cell
carcinoma, status post-radiation therapy to the rectal/vaginal region. PET/
CT is done as part of the subsequent treatment strategy evaluation.

Findings

Focal activity seen in the region of anal verge with SUVmax 8.0, presumed
to correspond to biopsy site of known neoplasm (Fig. 7.10).
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Case 7.11

Impression

Focal metabolic activity in the region of anal verge corresponds to known
biopsy site of neoplasm.

History

A 72-year-old female with recent history of vulvar intraepithelial neo-
plasm, level 3, status post modified radical vulvectomy. PET/CT is done
as part of the subsequent treatment strategy evaluation.

Findings

There is linear tracer activity in the perineal region which likely repre-
sents urinary contamination (Fig. 7.11).

Impression

Probable perineal urine soiling that reduces the sensitivity for local
recurrence evaluation.

Pearls and Pitfalls

1. Currently, there is no data in the literature to evaluate the sensitivity
and specificity of PET for detecting vulvar carcinoma.
2. PET scanning has the ability to identify small nodal metastasis.
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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, adenocarcinoma, and melanoma. Human pap-
illomavirus, 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 confirmatory. Imaging studies
may be helpful. CT can evaluate adenopathy with a sensitivity of 30 %.
MRI can evaluate lymphatic involvement. PET can also help in detecting
nodal metastasis. Radical primary tumor excision and en bloc lymph
nodes dissection are the treatment of choice. Cure rate is 80 % if malig-
nancy is contained in stages I and II. Stage III has a 68 % 5-year survival
rate vs. stage IV with 20 %.

1. Chung H, et al. Preoperative ['"*F] FDG PET/CT maximum standardized
uptake value predicts recurrence of uterine cervical cancer. Eur J Nucl Med
Mol Imaging. 2010;37:1467-73.

2. Kidd E, et al. Lymph node staging by positron emission tomography in cer-
vical cancer: relationship to prognosis. J Clin Oncol. 2010;28:2108-13.

3. Ryu SY, et al. Detection of early recurrence with 18F FDG PET in patients
with cervical cancer. J Nucl Med. 2003;44:347-52.

4. Nakamoto Y, et al. Clinical value of positron emission tomography with
FDG for recurrent ovarian cancer. Am J Roentgenol. 2001;176:1449-54.

5. Turlakow A, et al. Peritoneal carcinomatosis: role of 18F FDG PET. J Nucl
Med. 2003;44:1407-12.

6. Risum S, et al. The diagnostic value of PET/CT for primary ovarian can-
cer —a prospective study. Gynecol Oncol. 2007;105:145-9.

7. Burkill GJ, et al. Significance of tumor calcification in ovarian carcinoma. Br
J Radiol. 2009;82:640-4.

8. Risum §, et al. Standardized FDG uptake as a prognostic variable and as a
predictor of incomplete cytoreduction in primary advanced ovarian cancer.
Acta Oncol. 2010;50:415-9.



142 B. Desai and H. Jadvar

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Horowitz N, et al. Prospective evaluation of FDG-PET for detecting pelvic
and para-aortic lymph node metastasis in uterine corpus cancer. Gynecol
Oncol. 2004;95:546-51.

Kazuhiro K, et al. Performance of FDG-PET/CT in the diagnosis of recur-
rent endometrial cancer. Ann Nucl Med. 2008;22:103-9.

Nishiyama Y, et al. Monitoring the neoadjuvant therapy response in gyneco-
logical cancer patients using FDG PET. Eur J Nucl Med. 2008;35:287-95.
Kaur H, et al. Diagnosis, staging, and surveillance of cervical carcinoma. Am
J Roentgenol. 2003;180:1621-32.

Schwarz J, et al. The role of 18F-FDG PET in assessing therapy response in
cancer of the cervix and ovaries. J Nucl Med. 2009;50:64S-73S.

Seung J, et al. CT and MR imaging of ovarian tumors with emphasis on dif-
ferential diagnosis. Radiographics. 2002;22:1305-25.

Prakash P, et al. Role of PET/CT in ovarian cancer. Am J Roentgenol.
2010;194:W464-70.

Lerman H, et al. Normal and abnormal 18F-FDG endometrial and ovarian
uptake in pre- and postmenopausal patients: assessment by PET/CT. J Nucl
Med. 2004;45:266-71.

Subhas N, et al. Imaging of pelvic malignancies with in-line FDG PET-CT:
case examples and common pitfalls of FDG PET. Radiographics.
2005;25:1031-43.

Park J, et al. Comparison of the validity of magnetic resonance imaging and
positron emission tomography/computed tomography in the preoperative
evaluation of patients with uterine corpus cancer. Gynecol Oncol.
2008;108:486-92.

Picchio M, et al. High-grade endometrial cancer: value of [18F] FDG PET/
CT in preoperative staging. Nucl Med Commun. 2010;31:506-12.

Gambir SS, et al. A tabulated summary of the FDG PET literature. J Nucl
Med. 2001;42:1S-93S.



8 Urologic Neoplasms:
Prostate, Bladder, and Renal Cell
Carcinoma

Bhushan Desai and Hossein Jadvar

PROSTATE CANCER

Case 8.1 History

A 60-year-old Caucasian male with castrate-resistant metastatic
adenocarcinoma of prostate, status post radical prostatectomy (Gleason
score 4+5) and androgen ablation therapy.

Findings

FDG PET-CT scan performed 4 months after the baseline showed an
interval increase in extent and degree of hypermetabolism diffusely
throughout both hepatic lobes with maximum SUV of 9.1 (Fig. 8.1).
There is also an interval increase in number and size of diffuse pulmo-
nary nodules. Patient died from disseminated disease 2 months later.

Impression

Interval progression of metastatic disease.

Case 8.2 History

A 55-year-old male with history of end-stage renal disease and metastatic
prostate cancer, initially diagnosed in June 2005, status post radiation
treatment and currently on Casodex and monthly Lupron.

© Springer Science+Business Media New York 2016 143
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BASELINE

4 MONTH

Fic. 8.1

Case 8.3

Findings

There has been an interval increase in the size and metabolic activity of
previously seen mesenteric, retroperitoneal, and right common iliac
lymph nodes (Fig. 8.2). For example, the hypermetabolic left para-aortic
lymph nodes, at L2 level, now have a maximum SUV of 2.7 (from 2.1). A
newly apparent, hypermetabolic left supraclavicular lymph node has a
SUVmax of 3.0 and measures 1.5 cmx2.9 cm. There has also been an
interval increase in the intensity and extent of previously seen hyper-
metabolic osseous lesions.

Impression

Progressive retroperitoneal, left supraclavicular lymphadenopathy, and
osseous metastatic disease.

History

A 63-year-old male with castrate-resistant metastatic prostate cancer
(primary Gleason score 4 +5).
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BASEUNE

4 MONTHS

FiG. 8.2

Case 8.4

Findings

Serial FDG PET-CT scans showed that the lesions’ metabolic activity, as
depicted by SUVmax, kept on decreasing showing a good response to
therapy and was also correlated with decline in PSA values, but the CT
density, as depicted by HU (Hounsfield unit), continued to increase
(Fig. 8.3).

Impression

Metabolic activity of metastatic osseous lesions tends to decrease, while
CT density tends to increase with successful therapy.

History

An 86-year-old male, recently diagnosed with small cell carcinoma of the
prostate gland. PET-CT is done as part of the initial treatment strategy
evaluation.
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Findings

The prostate gland is extensively bulky with areas of calcification
(Fig. 8.4). Intense metabolic activity is seen at the right posterior and
central aspect of prostate (SUVmax 11.2), compatible with known pri-
mary neoplasm. The prostate tumor appears to encroach the urethra with
no fat plane identified between the prostate tumor and anterior wall of
the rectum posteriorly or the urinary bladder anteriorly. There are sev-
eral hypermetabolic bilateral external and internal iliac and presacral/
perirectal lymph nodes, compatible with metastatic disease. The highest
level of FDG-avid lymph node is seen at the level of left proximal exter-
nal iliac bifurcation, involving the left external iliac lymph node, measur-
ing approximately 2.7 cm in long axis with SUVmax 13.3. The largest
hypermetabolic right external iliac lymph node measures approximately
2.6 cm long axis with SUVmax 14.6. Two hypermetabolic presacral lymph
nodes are seen: one in the midline shows SUVmax 7.0, and the left para-
median presacral lymph node shows SUVmax 9.4. A right perirectal
lymph node at the level of S4 shows SUVmax 13.1.

Impression
Hypermetabolic, large, bulky tumor involving right and central posterior

aspect of prostate with hypermetabolic, metastatic bilateral internal and
external iliac and perirectal/presacral lymphadenopathy.
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Pearls and Pitfalls

¢ FDG PET may be useful for detecting, staging, and restaging poorly
differentiated, hypoxic, high Gleason score tumors, monitoring treat-
ment response in metastatic disease, assessment of extent of metaboli-
cally active castrate-resistant disease, and prognostication.

e FDG PET-CT has limited utility to differentiate between primary
prostate cancer vs. BPH and post-op scarring and in patients with local
recurrence after primary therapy.

¢ Higher FDG uptake with higher Gleason grade, advanced clinical
stage, and higher serum PSA levels.

¢ Conventional morphologic (CT) and functional (99m Tc-MDP bone
scintigraphy) imaging methods for qualitative treatment response
assessment of bone metastases have been inaccurate and pose a chal-
lenge in routine oncological practice and in clinical trials, as skeletal
lesions have been considered as nonmeasurable disease [2].

¢ Semiquantitative analysis of 18F FDG PET-CT might address an
urgent need to develop an objective method for assessing tumor
response in bone lesions which can clinically help physicians deter-
mine the effectiveness of systemic therapy [11, 13].

Discussion

Prostate cancer is the most common CA (30 % of all male CA) and sec-
ond leading cause of CA death in men (exceeded by lung cancer) [1].
Incidence of adenocarcinoma is much higher than sarcoma and transitional
cell carcinoma of the prostate. Routine diagnostic tests include digital
rectal examination (DRE), PAP and PSA (nonspecific), and Gleason
score (min 2, max 10). PSA and DRE have a limited positive predictive
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value. Imaging modalities currently in use are ultrasonography (standard
gray scale, enhanced transrectal with contrast agents, color and power
Doppler, elastrography), computed tomography (CT), MRI (endorectal
probe, contrast, spectroscopic imaging, lymphotropic nanoparticles, DWI),
scintigraphy (bone scan, radioimmunoscintigraphy — Prostascint™), and
positron emission tomography (PET), PET-CT, and PET-MRIL.

Prostate cancer is biologically and clinically a heterogeneous disease,
and its imaging evaluation needs to be tailored to the specific phases of the
disease in a patient-specific, risk-adapted manner. Within 10 years after
successful treatment for localized disease, 15-40 % experience PSA rise
which is termed as biochemical recurrence. About 25-35 % of men with an
increasing serum PSA level will develop locally recurrent disease only,
20-25 % will develop metastatic disease only, and 45-55 % will develop
both local recurrence and metastatic disease. Median survival time for
patients detected with metastatic disease is around 5 years, while the
medial survival is only 8-18 months for those who have become refractory
to hormonal therapy. As shown in Case 1, the patient had developed cas-
trate-resistant metastatic prostate cancer and died 2 months after his
4-month scan due to disease progression.

Bone is the most common site to which prostate cancer metastasizes.
Response to treatment is typically estimated by using a combination of
methods, including diagnostic imaging, measurement of biochemical
markers, and evaluation of patients’ symptoms. Three patterns of bone
metastasis commonly noted depending on the stage of treatment are (a)
FDG uptake without corresponding morphological changes on CT; (b)
FDG uptake with concomitant morphological changes on CT as sclerotic,
lytic, and/or mixed lesions; and (c) negative FDG PET but dense sclerosis
on CT. Metabolic and anatomic details provided by the combined PET-CT
may provide a good imaging tool for quantitatively assessing response of
metastatic skeletal lesions to various forms of systemic therapy.

Several novel PET tracers which are being tested for use in prostate
cancer are radiolabeled acetate (11C, 18F), choline (11C, 18F),
11C-methionine,dihydrotestosterone (18F-FDHT), anti-1-amino-3-18F--
fluorocyclobutane-1-carboxylic acid (anti-18F-FACBC), 1-(2’-deoxy-2'-
fluoro-b-p-arabinofuranosyl)thymidine (18F-FMAU), and [18F]DCFBC
(PSMA inhibitor) [12, 14, 15].

BLADDER CANCER

Case 8.5

History

A 68-year-old male with high-grade urothelial carcinoma primary involv-
ing his kidney and bladder with metastasis in the retroperitoneum and
liver, status post open nephroureterectomy with excision of the bladder
cuff and left pelvic lymph node dissection and chemotherapy. Scan is
being done for restaging.
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Findings

Interval progression of hepatic disease now pan lobar with interval
increase in extent of right hepatic confluent metastatic disease with new
active left hepatic lobe lesions (Fig. 8.5). The confluent disease in the
right correlates to low attenuation and now measures 9.8x9.2x10.4 cm,
with SUVmax 25.1 (9% 6.6x4.1 cm with SUVmax 23.1 in prior). There is
an interval increase in size and activity of portacaval nodes now with
SUVmax 14.1 (right 13.5 in prior). Also noted is a new hypermetabolic
gastroduodenal (SUVmax 16) celiac axis node which is normal sized.
There are also new multiple retroperitoneal hypermetabolic nodes, for
example, aortocaval nodes with SUVmax up to 8.9. Interval increase is
seen in the extent of left anterior pillar of acetabulum medullary sclerosis
with stable metabolic activity, now involving superior pubic ramus, with
SUVmax 10.6 (SUVmax 9.8 in prior).

Impression

Interval progression of disease with increasing hepatic, nodal, and osseous
metastases.

BASEUNE

FO LLOW-UP

FiG. 8.5
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Case 8.6

FiG. 8.6

History

A 50-year-old male with history of metastatic bladder cancer, status post
cystoprostatectomy with extensive lymph node dissection and seminal
vasectomy with neobladder and ureteral diversion. The PET-CT was
done for restaging purposes.

Findings

There is a slight misregistration of hypermetabolic activity with SUVmax
10.0 that most likely corresponds to the left supraclavicular lymph node,
measuring approximately 0.6 x 0.8 cm (Fig. 8.6). There is large portacaval
single lymph node or nodal conglomerate, approximately measuring
5.1 ecmx3.2 cm and demonstrating intense hypermetabolic activity
(SUVmax 14.3). Patient is status post cystoprostatectomy with extensive
lymph node dissection and seminal vasectomy with neobladder and ure-
teral diversion. The bilateral ureters are connected to the ileal conduit to
Studer pouch and to urethra. There is stasis and dilatation of the left
ureter and normal caliber of the right ureter, suggestive of stenosis at the
anastomosis from left ureter to the conduit.

Impression
Scattered hypermetabolic lymph nodes above and below the diaphragm,

with most active and largest lymph node/nodal conglomerate at portaca-
val location, consistent with metastatic disease.
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History

A 27-year-old male with bladder cancer, status post radical cystectomy
and chemotherapy, with scan requested for initial staging.

Findings

There are several hypermetabolic periaortic and retroperitoneal lymph
nodes noted; most of them are along the surgical clips (Fig. 8.7). The larg-
est and the most active left aortic lymph node at the level of L4 vertebral
body measures 1.3 cm with maximum SUV of 18.4. The left peritoneal
nodule adjacent to the left psoas muscle measures 1.4 cm with maximum
SUV of 8.6. The largest of right retroperitoneal lesion adjacent to the
right psoas medially at the level of L5 vertebral body measures
2.9 cm x2.4 cm with maximum SUV of 11.6. There are multiple presacral
lesions with the largest presacral lesion next to the surgical clips on the
left measures 3.1 cmx2.5 cm with maximum SUV of 16. The midline
presacral lesion measures 1.6 cm x 1.2 cm with maximum SUV of 10.7.

Impression

Multiple hypermetabolic abdominal and pelvic lymphadenopathy
consistent with recurrent disease in the retroperitoneum.

History

A 52-year-old female with recurrent high-grade urothelial carcinoma of
the urinary bladder, status post radical cystectomy and anterior pelvic
exenteration with multiple postoperative complications necessitating




152 B. Desai and H. Jadvar

additional six repair surgeries. Her last surgery included cystectomy with
removal of the neobladder and ileal conduit urinary diversion and place-
ment of bilateral open indwelling ureteral stents and biopsy of vaginal
cuff. CABG pathology of the vaginal cuff revealed recurrent high-grade
urothelial carcinoma. PET-CT is done to assess for local versus distant
metastasis in order to plan further treatment strategy.

Findings

Left and right hydronephrosis and hydroureter are present (Fig. 8.8).
Both ureters show mild circumferential wall thickening and terminate at
the level of the large soft tissue mass at the L5-S1 level, suspicious for
tumor involvement. There is hypermetabolic heterogeneous presacral
mass, anterior to L5-S1, now measuring approximately 5.5 x5.3 x4.8 with
SUVmax 19.0.This tumor mass causes new bony erosion of approximately
the anterior two-thirds of the upper sacrum. A focal intramuscular activity
is noted laterally to the right ischial tuberosity, measuring approximately
1.0 cm and SUVmax 3.6, which may represent local inflammation versus
metastatic implant.
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Impression

Hypermetabolic lesions in the pelvis, significant in the presacral lesion
which demonstrates bone erosion involving approximately the anterior
two-thirds of the upper sacrum.

Pearls and Pitfalls

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

2. 11C-choline and 11C-acetate have potential for bladder tumor imag-
ing because they are not excreted in the urine [3].

3. PET has sensitivity of 67 %, specificity of 86 %, and an accuracy of
80 % for staging bladder cancer [4-6].

Discussion

Most cases of bladder cancer are transitional cell carcinoma. It is more com-
mon in whites than blacks. The median age is 68 years. Smoking, industrial
carcinogen exposure, and prior radiation are risk factors. Microscopic
hematuria is a common finding. IVP can be used to image the upper-tract
urothelium in patients 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 metho-
trexate, vinblastine, Adriamycin, and cisplatin combination is the standard
treatment for metastatic bladder cancer. For superficial bladder cancer, the
S-year survival is 82-100 %. For T2, T3, and T4 tumors, the 5-year survival
rates are 63-83 %, 45-55 %, and 0-22 %. 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.

RENAL CELL CARCINOMA

Case 8.9

History

An 85-year-old female with history of right renal cell carcinoma, status
post right radical nephrectomy. Patient developed metastasis to the left
lung 11 years later for which she underwent left wedge resection with
mediastinal lymphadenectomy. PET-CT is done as part of the subsequent
treatment strategy evaluation.
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Baseline

Follow-up

FiG. 8.9

Findings

Status post interval resection of hypermetabolic metastatic mass in the
left upper lobe with postsurgical changes in comparison to baseline
PET-CT (Fig. 8.9). There is increased confluence of airspace disease/
bronchiectatic changes seen in the inferior right middle lobe which has
increased in metabolic activity, currently demonstrating SUVmax 13.4
(previously 7.1). Again noted, patient is status post right nephrectomy
with right adrenalectomy.

Impression

Status post interval resection of hypermetabolic metastatic mass in the
left upper lobe. Bronchiectatic changes are seen in the right middle lobe
which demonstrates increased metabolic activity, most probably
inflammatory.
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History

A 90-year-old male with high-grade transitional renal cell carcinoma and
recurrent hematuria, status post resection of right renal lower pole.
Pathology report showed high-grade papillary urothelial carcinoma,
grade 4/4. PET-CT was done for staging purposes.

Findings

Within the right low pelvicalyceal system, in the expected area of filling
defect on the CT, there is focal hyperactivity (SUVmax 7.7) (Fig. 8.10).
Central calyx of the right kidney showed SUVmax 5.0, probably related
to the urine. The close proximity to the urine makes it somewhat difficult
to differentiate; however, the area of activity related to filling defect is
suspicious for recurrent carcinoma. There is an exophytic renal cyst in the
right upper pole and an intra-cortical cyst in the lower pole.

Impression

Suspect hypermetabolic recurrent malignancy within the low right renal
pelvicalyceal system.

Pearls and Pitfalls

1. Seventy-seven percent of the renal cell carcinomas may be identified
correctly with PET [7, §].

2. Both PET and CT perform well in detecting metastatic lesions, 80 %
as opposed to 83 %, respectively [7, 8].

3. The sensitivity, specificity, and diagnostic accuracy of PET is 82 %,
88 %, and 84 %, respectively [7, 8].

4. PET can alter patient management in 40 % of the cases [7, 8].
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Discussion

Renal cell carcinoma represents 3 % of all cancers in the adult population;
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conventional CT, MRI, and ultrasonography of the abdomen has resulted
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extension, and vascular invasion, factors which are essential for staging
patients, prognosis, and planning of surgery.

Metastatic renal cell carcinoma has a median survival of 10 months
despite of nephrectomy. A shortcoming regarding FDG PET is that its suc-
cess is highly dependent on tumor histology type and tumor grade [16].
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9 Lymphoma

Aarti Kaushik and Robert W. Henderson

Case 9.1: Transformation of Follicular
Lymphoma Grade

History

A 63-year-old female with recurrent lymphoma. Patient had low-grade
(grade 1A) follicular B-cell lymphoma initially in the left inguinal region.
The current disease is follicular B cell (grade 3). Scan is requested for
restaging.

Findings

There are at least two subcentimeter left cervical level 2 lymph nodes
with the most active with maximum SUYV of 8.6 (Fig. 9.1). There is a sub-
centimeter left level 5 lymph node with maximum SUYV of 7.9. These are
consistent with lymphomatous involvement. There are multiple splenic
lesions noted with the largest and most active measuring 2.4 cm x 1.8 cm,
with maximum SUV of 13.9 correlating to hypodense region on CT.

Pearls and Pitfalls
Recurrent disease with histopathological transformation from grade 1-3
(Fig.9.1).
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CASE 1

Fi1G6. 9.1

Case 9.2: Multiple Recurrences with High-Grade
Transformation of Lymphoma

History

A patient with low-grade follicular lymphoma initially diagnosed in the
sacrum in 1998, treated with chemotherapy and radiation. A patient had
recurrence in 2004 involving the right groin, bilateral iliac region, and right
base of the tongue, treated with chemotherapy and radiation therapy.
No interval treatment since then. Current study in 2011.
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Findings

Interval increase in size and metabolic activity of a left level 4 node now
measuring 1.2 cm in short axis with SUVmax 4.5 (normal size and inac-
tive in prior) (Fig. 9.2). New intensely active and enlarged left porta
hepatis nodes, SUVmax up to 12. There is interval increase in metabolic
activity but unchanged size of a left retroaortic node, now with SUVmax
4.3 (SUVmax 3.8 in prior).

Pearls and Pitfalls

1. Multiple recurrences with progressive more biologic activity as noted
with SUVmax in the current study.
2. Zevalin (90Yt Rituxan) with higher response rate than Rituxan alone.

Discussion

Follicular lymphoma is the second most common type of lymphoma in
high-income countries, representing nearly 20 % of all non-Hodgkin’s
lymphomas. The pathogenesis of follicular lymphoma remains elusive,
and evidence exists that t(14;18)(q32;q21), the most common genetic
alteration in follicular lymphoma cells, which results in an overproduction
of the antiapoptotic BCL-2 protein, is not sufficient to cause the disease
[26]. By contrast, the role of infiltrating cells in the tumor microenviron-
ment has gained attention in the past few years [1]. The clinical course of
follicular lymphoma is quite variable, with some patients having an indo-
lent, waxing, and waning disease for years, without the need for therapy,
and others presenting with a more disseminated and rapidly growing dis-
ease. Most patients with follicular lymphoma have incurable disease, with
a generally indolent course, frequent relapses, and a progressive decrease
in duration of responses with every subsequent relapse. A major advance
in the treatment of follicular lymphoma was the introduction of monoclo-
nal antibodies to therapeutic regimens, mainly antibodies against CD20.
These antibodies have contributed to the improvements in survival of
patients with follicular lymphoma recorded in the past decade [2]. But,
even in the immunotherapy era, relapses will occur (Fig. 9.2).

Case 9.3: Diffuse Large B-Cell Lymphoma Scapula

History

A patient with diffuse large B-cell lymphoma, stage 4, involving the right
scapula (biopsy dated 12/13/2010). No treatment yet.
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Findings

A hypermetabolic, osteolytic right scapular body mass involving the wing
and extending into the glenoid, with SUVmax 10.3 consistent with
biopsy-proven lymphoma (Fig. 9.3). Hypermetabolic, right supraclavicu-
lar and right axillary nodes (faintly visible) with SUVmax up to 6.5 and
hypermetabolic right inguinal node (1.3 cm, with SUVmax 13.2) are con-
sistent with lymphomatous involvement (Fig. 9.3).

Case 9.4: Hodgkin’s Lymphoma Involving Spine

History

A 47-year-old female presenting with neurologic symptoms, undergoing
workup with PET-CT for TS lesion, status post bone biopsy which was
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nondiagnostic. However, post scan biopsy reported classic Hodgkin’s
lymphoma.

Findings

There is a large hypermetabolic mass involving TS with its soft tissue com-
ponent causing bony destruction and extending posteriorly abutting and
possibly causing mass effect on the spinal cord, SUVmax 13.3 (Fig. 9.4).
This lesion extends anteriorly to abut the posterior aspect of the trachea
and extends laterally involving adjacent paravertebral space (Fig. 9.4).
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Case 9.5: Sacral Lymphoma

History

A 59-year-old male with B-cell lymphoma of the right sacrum.

Findings

Intensely active destructive lytic mass involving the right sacral wing and
body with presacral extension of the soft tissue, with maximum SUV of
12.5 (Fig. 9.5). In addition, there is extension of this lesion into the adjacent
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iliacus musculature. There is extension into the lower bony spinal canal
with involvement of the first and second sacral foramina (Fig. 9.5).

Case 9.6: Right Maxillary Lymphoma

History

A 71-year-old male with history of diffuse large B-cell lymphoma involv-
ing the right maxilla and right neck nodes for initial staging.

Findings

There is a large right maxillary sinus mass with SUVmax 15 (Fig. 9.6).
There is osseous destruction involving the anterior and medial walls of
the right maxillary sinus as well as the maxilla.

Discussion

Primary lymphoma of the bone is a rare malignant condition that accounts

for less than 5 % of all primary bone tumors [3]. It has also been called
reticulum cell sarcoma [4], malignant lymphoma of the bone [5], and more
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recently osteolymphoma [6]. The vast majority of cases are of the non-
Hodgkin type, with Hodgkin’s disease accounting for 6 % of cases in one
series [3]. Lymphomas of the bone are uncommon, comprising only 8 %
of primary malignant bone tumors [3]. Most malignant lymphomas of the
bone are diffuse non-Hodgkin’s lymphomas of B-cell type [4] (Fig. 9.6).

Case 9.7: NHL Bladder

History

Primary urinary bladder non-Hodgkin’s lymphoma in an 80-year-old
female. She presented with difficulty urinating and urinary frequency and
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urgency along with weak stream of urine. On physical examination, she
was found to have bladder neck mass for which she underwent transure-
thral resection of the mass. The pathology was consistent with diffuse
large B-cell lymphoma.

Findings

Staging PET-CT study demonstrated a hypermetabolic, soft tissue mass
at the base of the urinary bladder, measuring 6.3 x 3.8 x 3.4 cm and maxi-
mum SUV of 21.8 (Fig. 9.7). She had received chemotherapy and demon-
strated excellent response on the follow-up PET-CT study.

Pearls and Pitfalls

Lymphomas of the bladder are rare lesions, representing approximately
0.2 % of the primary neoplastic lesions and approximately 1.8 % of the
secondary lesions in this organ [7, 8,27].

Discussion

Primary lymphoma of the bladder represents 0.2 % of all bladder malig-
nancies. Secondary involvement of the bladder by malignant lymphoma
occurs in 10-50 % of cases. Most lymphomas of the bladder are non-
Hodgkin’s lymphomas of the B-cell type, with preponderance among
women. Patients with bladder lymphomas can be divided into three
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groups, according to their clinical presentation: (1) primary cases in the
bladder, (2) cases occurring in the bladder as a manifestation of systemic
disease, and (3) secondary cases, with clinical history of malignant lym-
phoma recurring in the bladder. In the latter case, the main sites of
involvement are peripheral lymph nodes, the bone marrow, and the
spleen [8] (Fig. 9.7).

Case 9.8: Parotid Lymphoma

History

A 48-year-old female with non-Hodgkin’s lymphoma in the left parotid
diagnosed in 2012, for initial staging.

Findings

There is intensely hypermetabolic soft tissue density noted in the left
parotid with the maximum SUV of 10.4 with photopenic hypoattenuat-
ing center which may be related to necrosis or seroma, consistent with
the known left parotid tumor (Fig. 9.8). There is brown fat activity noted
in the bilateral posterior cervical region in the images.

Pearls and Pitfalls

The following clinical features might suggest the diagnosis: development
of a parotid mass in a patient with a known history of malignant lym-
phoma; occurrence of a parotid mass in a patient with an immune disor-
der, such as Sjogren’s syndrome, rheumatoid arthritis, or acquired
immunodeficiency syndrome; occurrence of a parotid mass in a patient
with a previous diagnosis of “benign lymphoepithelial lesion”; multiple
masses in a unilateral parotid gland or bilateral parotid masses; or parotid
mass associated with multiple, enlarged unilateral or bilateral cervical
lymph nodes.

Discussion

Sjogren’s disease is the commonest collagen vascular disorder involving
the parotid gland causing enlargement. The parotid node maybe involved
in lymphoma. Parotid glands are the only salivary glands with lymph
nodes. Primary malignant lymphomas of the salivary glands are uncom-
mon, comprising only 1.7-3.1 % of all salivary neoplasms [9-11] and
0.6-5 % of all tumors and/or tumor like lesions of the parotid gland [9,12].
The lymphoma may arise in intraglandular lymph nodes normally found
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in the parotid gland or from the parenchyma (mucosa-associated lymphoid
tissue [MALT]) or both. The distinction of nodal vs parenchymal (MALT)
origin of a salivary lymphoma has some clinical significance, since many of
the parenchymal (MALT) lymphomas tend to be low grade, are localized
at the time of diagnosis and often remain so for extended periods, fre-
quently are associated with a “benign lymphoepithelial lesion,” and are
often curable. 18-25 A few, however, may disseminate to lymph nodes or
other MALT sites or even transform to a higher-grade lymphoma
(Fig. 9.8).
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Case 9.9: Renal Non-Hodgkin’s Lymphoma

History

A patient is a 70-year-old male with history of non-Hodgkin’s lymphoma.
The study is requested for staging.

Findings

Bilateral kidneys are markedly enlarged and demonstrate intense activ-
ity on PET, consistent with lymphomatous infiltration (Fig. 9.9). The right
kidney measures approximately 14.5cm AP x 13.7 cm transverse x 19.5 cm
craniocaudal and has a maximum SUV up to 11.5. The left kidney mea-
sures approximately 16.9 cm AP x 16 cm transverse x 18.2 cm craniocau-
dal and has a maximum SUV of 9.8. There is a right ureteral stent, with
the distal pigtail terminating in the urinary bladder.

Numerous enlarged lymph nodes in are seen multiple nodal basins in
the neck, chest, abdomen, and pelvis, consistent with the documented
lymphoma abdomen, and pelvis. For reference, the largest right axillary
adenopathy measures 2.0 x4.6 cm and has a maximum SUYV of 7.0.

Pearls and Pitfalls

1. Primary renal lymphoma should be suspected if there is bilateral
enlargement of the kidneys.

2. Imaging techniques and renal histology have a central role in estab-
lishing the diagnosis.

Discussion

Primary renal lymphoma is an uncommon variant of extranodal non-
Hodgkin’s lymphoma. Manifestations are usually nonspecific hematuria,
fever, flank pain, and renal insufficiency [13, 14]. Renal lymphoma, how-
ever, is important to include in the differential diagnosis of renal masses,
because generally it is a systemic disease and treatment is nonsurgical.
Primary renal NHL is a rare disease [15, 16]. It is defined as an NHL aris-
ing primarily in the renal parenchyma, not resulting from invasion of an
adjacent lymphomatous mass [16]. It affects middle-aged people and is
usually of B-cell lineage. Clinical presentation includes symptoms of
flank pain and renal insufficiency [15, 16]. Compressive alteration of the
tubules and vascular impairment are the main structural events. The
pathogenesis of primary renal lymphoma is poorly understood, as the
renal parenchyma is not a lymphoid organ. It is believed by some inves-
tigators that lymphomas in nonlymphoid organs arise in the setting of an
inflammatory disease with a lymphoplasmacytic infiltrate [17]. However,
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such a pathogenetic mechanism has not been applied to the kidney. Most
primary renal lymphomas disseminate rapidly from their renal origin,
and mean survival is reportedly less than a year after the diagnosis [18].
Differentiating renal lymphoma from carcinoma, especially in the case of
a unilateral lesion, is a diagnostic challenge (Fig. 9.9).

Case 9.10: NK Lymphoma

History

A patient with NK-type nasal lymphoma for initial staging.

Findings

Hypermetabolic right nasopharyngeal mass with destruction of the lower
mid bony nasal septum with SUVmax 7.3 (Fig. 9.10). The mass begins in
the cavity and extends along the medial wall of the right maxillary sinus
to the posterior nasal cavity and superiorly up to the level of the hard
palate.

Pearls and Pitfalls

NK-cell lymphoma is the commonest histologic subtype in nasal lympho-
mas in Asian patients.

Discussion

Natural killer (NK) cells are cytotoxic cells, which are capable of lysing
tumor cells, and cells infected by bacteria and virus [19-21]. Nasal NK-cell
lymphomas refer generally to tumors arising in the nose and the upper
airway [22]. The male to female ratio is approximately 3:1, with disease
peaking in the fifth decade of life. NK-cell lymphoma is the commonest
histologic subtype in nasal lymphomas in Asian patients [22]. Nasal
NK-cell lymphomas present as destructive mass lesions involving the
nasal cavity, nasopharynx, paranasal sinuses, tonsils, hypopharynx, and
larynx. Destruction of the hard palate leads to a characteristic midline
perforation, from which the term “lethal midline granuloma” was origi-
nally derived (Fig. 9.10).
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Case 9.11: Orbital Lymphoma

History

A patient with history of orbital lymphoma (MALT), with follow-up
showing complete remission.

Findings

There is a right retro-orbital mass, with SUVmax 7.2 consistent with his-
tory of lymphoma (top row) (Fig. 9.11). On follow-up there is activity in
the bilateral ocular muscles with inactive residua on the right (bottom
images).

Pearls and Pitfalls

Orbital lymphoma is almost always non-Hodgkin’s lymphoma (NHL)
with the most common subtype being low-grade small B-cell lymphoma.
Discussion

Lymphoproliferative lesions of the orbit account for 5-10 % of orbital

masses and exist along a spectrum from benign hyperplasia (1040 %) to
lymphoma (60-90 %). Orbital lymphoma is almost always non-Hodgkin’s
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lymphoma (NHL) with the most common subtype being low-grade small
B-cell lymphoma. The most common presentation is a painless slow-
growing mass. It is commonly extraconal, anterior, superolateral and has a
predilection for the lacrimal glands. It is bilateral in 25 % of cases, and 50 %
will have globe displacement. Orbital lymphoma is also known to infiltrate
the conal or rectus musculature as well as the globe. Fluorine-18 deoxyglu-
cose PET (FDG-PET) can sometimes find systemic extranodal lymphoma-
tous sites that are not detected with conventional imaging studies. This
ability yields valuable information in patients with ocular lymphoma, which
may result in important changes in staging and also in patient management
[23, 24]. PET has been found to have a higher sensitivity than CT scan
(86 % vs.72 %) in detecting distant disease [25] (Fig. 9.11).
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Aarti Kaushik and Linh T. Ho

Case 10.1: Primary Osseous Lymphoma

History

Patient is a 27-year-old woman with left proximal tibial lesion. Recent
MRI showed aggressive mass like marrow replacement throughout the
proximal right tibia with cortical thinning and disruption. PET-CT is
requested as part of initial staging.

Findings

There is an intensely active left proximal tibial lesion extending approxi-
mately 11 cm from the tibial plateau inferiorly with mixed lytic sclerotic
changes on CT, predominantly sclerotic, and maximum SUV up to 27.5
(Fig. 10.1). Other smaller hypermetabolic satellite foci are seen within
the left proximal tibia. This lesion was subsequently biopsied and consis-
tent with diffuse large B-cell lymphoma. The patient had received che-
motherapy followed by radiation treatment.

Impression

¢ Local disease in the left proximal tibia
¢ No other active in the remaining body

Pearls and Pitfalls

¢ FDG PET-CT can detect other disease sites and shows the most active
area which is useful for biopsy planning.
¢ Primary osseous lymphoma can mimic other bone tumors.

© Springer Science+Business Media New York 2016 177
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Discussion

Primary lymphoma of the bone is a rare malignant condition that
accounts for less than 5 % of all primary bone tumors. The vast majority
of cases are of the non-Hodgkin type, with Hodgkin disease accounting
for 6 % of cases. It is rare for patients younger than 10 years and occurs
slightly more often in males. The femur is the most common site (espe-
cially in the metadiaphysis) and is affected in 25 % of cases. Other sites
include the pelvis, humerus, head and neck, and tibia. Distinguishing pri-
mary bone lymphoma from other bone tumors is important because the
former has a better response to therapy and a better prognosis (Fig. 10.1).
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Case 10.2: Extra-Adrenal Paraganglioma

Fic. 10.2

History

Patient is a 38-year-old female with newly diagnosed paraganglioma of
the lower lumbar spine and upper sacrum.

Findings

There is an intensely active 4.5x 7.8 x5.6 cm soft tissue mass (maximum
SUV of 8.9) centered in the lower lumbar and upper sacral spinal canal
from the level of L4 through S2-3 (Fig. 10.2). This mass demonstrates
osseous involvement of the L5, S1, and S2 vertebral bodies and posterior
elements, consistent with the documented paraganglioma.

Impressions
e Hypermetabolic soft tissue mass centered in the lower lumbar and

upper sacral spinal canal, consistent with the known paraganglioma
¢ No definite evidence of distant metastasis
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Pearls and Pitfalls

e FDG PET positivity is almost a constant feature of pheochromocyto-
mas and paragangliomas.
* Whole-body PET-CT study is helpful in detecting distant metastases.

Discussion

Pheochromocytomas and extra-adrenal paragangliomas are rare tumors
of neuroectodermal origin. They belong to the heterogeneous family of
neuroendocrine tumors. Pheochromocytomas and paragangliomas show
consistent 18F-FDG avidity, with maximum SUV ranging from 1.9 to
42 in nonmetastatic tumors and 2.3-29.3 in metastatic tumors. FDG PET
is superior to 131I-metaiodobenzylguanidine in the majority of meta-
static patients (Fig. 10.2).

Case 10.3: Low-Grade Fibromyxoid Sarcoma

History

Patient is a 77-year-old man presented with left thigh mass. He is being
seen for staging.

Findings

There is a moderately active 5.7 x 10.5x 15 cm left distal thigh mass with
maximum SUV of 4.6, consistent with neoplasm (Fig. 10.3). The mass has
mixed areas of increased and decreased metabolic activity. The patient
subsequently had biopsy which was consistent with low-grade fibromyx-
oid sarcoma.

Impression
e Heterogeneous hypermetabolic soft tissue mass in the left distal thigh,

consistent with neoplasm
¢ No definite evidence of distant metastasis

Pearls and Pitfalls

e Whole-body PET-CT study is helpful in detecting distant
metastases.
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e PET-CT is useful in biopsy planning to show the most metabolically
active area of the tumor.

e More accurate staging with FDG PET can help guide and ensure the
most appropriate therapy.

Discussion

Low-grade fibromyxoid sarcoma is a rare soft tissue neoplasm with a
bland histologic appearance that nevertheless can follow an aggressive
course with multiple local recurrences and eventual metastasis to the
lung and sometimes bone (Fig. 10.3).

Case 10.4: Elastofibroma Dorsi

History

Patient is a 73-year-old female with history of bilateral breast carcinoma,
status post bilateral mastectomies. She is being seen for restaging.

Findings

Moderately active soft tissue densities are seen in bilateral subscapular
regions, with maximum SUV of 3.7 on the right and 3.1 on the left (Fig. 10.4).
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These masses are located just deep relative to the serratus anterior muscles,
displacing the muscle laterally. The soft tissue masses are oblong in shape,
being longest in the superior-inferior plane. The attenuation of the lesions
is similar to that of muscle, consistent with elastofibroma dorsi (EFD).

Impressions

¢ Bilateral EFD
¢ No definite evidence of recurrent or metastatic disease

Pearls and Pitfalls

e The diagnosis of EFD is made on the basis of the typical subscapular
location of the lesions and the characteristic CT appearance (poorly
circumscribed soft tissue with attenuation similar to that of muscle).

e EFD also shows hypermetabolism on FDG PET.
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Discussion

Elastofibromas are benign, slowly growing lesions characteristically
located in the subscapular region. Elastofibromas are pseudotumor-
ous lesions characterized by fibroblastic proliferation and accumula-
tion of abnormal elastic fibers. They are relatively common lesions; the
prevalence revealed on CT was found to be 2 %, and an autopsy series
reported an 11-24 % prevalence. A lack of awareness of the CT
characteristics of EFD could have resulted in erroneous interpretation of
the PET portion of the studies. The FDG hypermetabolism may have
been attributed to an inflammatory or neoplastic process (Fig. 10.4).

Case 10.5: Fibrous Dysplasia

History

Patient is a 38-year-old female with history of breast cancer. She is being
seen for restaging.

Findings
Expansile cortex with ground-glass appearance of the right posterior

seventh rib, with associated moderate activity (maximum SUYV of 3.4),
consistent with fibrous dysplasia (FD) (Fig. 10.5).

Impression

¢ Fibrous dysplasia in the right posterior seventh rib
¢ No definite evidence of recurrent or metastatic disease

Pearls and Pitfalls

¢ Expansile cortex with ground-glass appearance.
¢ Fibrous dysplasia shows hypermetabolism on FDG PET.

Discussion

FD is a relatively common, benign skeletal disorder, typically encoun-
tered in adolescents and young adults. Rather than a true neoplasm, FD
is a developmental anomaly in which the normal medullary space of the
affected bone is replaced by fibroosseous tissue. The process may affect
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a single bone (monostotic FD) or many bones (polyostotic FD).
CT appearance of fibrous dysplasia will vary in direct proportion to the
extent of mineralization within the lesion (Fig. 10.5).

FiG. 10.5
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Case 10.6: Squamous Cell Carcinoma
of the Lower Extremity

History

Patient is a 40-year-old man with history of recurrent metastatic squa-
mous cell carcinoma involving his left lower extremity. The patient ini-
tially had wide excision in June 2010 followed by adjuvant chemoradiation
treatment. He subsequently had local recurrence in the pretibial region
with metastasis to the left foot. MRI study of the lower extremity showed
extensive disease in the left foot including the talus and calcaneus with
extension into the adjacent proximal tibia with other smaller lesions
noted in the bones of the left foot consistent with metastatic disease.
PET-CT is requested for restaging.

Findings

Multiple disease sites are seen below the left knee including the soft tis-
sue masses in the anterior tibial region, destructive lesion in the distal
third of the fibula, distal left tibial mass with cortical destruction and
extraosseous component, and large destructive heterogeneously hyper-
metabolic mass involving the hindfoot and posterior midfoot on the left
with extension to base of third, fourth, and fifth metatarsal proximally as
well as the distal fourth metatarsal, with maximum SUYV of 8.2 in the
large destructive mass (Fig. 10.6).

In addition, there is metastatic disease involving a left inguinal lymph
node and bilateral lungs.

Impressions
e Multiple sites of tumor in the left lower leg below the knee as well as
focus of increased activity in the left lateral tibial plateau, probably a

site of additional metastasis
e Left inguinal and bilateral pulmonary metastatic disease

Pearls and Pitfalls

¢ Whole-body FDG PET scan can detect skip metastasis such as left
inguinal and bilateral pulmonary metastasis.
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Discussion

The association of preexisting scars and sinuses in the extremities with
the later development of squamous cell carcinoma is well established.
This rare form of carcinoma carries a poor prognosis, with a recurrent
rate of 50 %.The most significant prognostic factor predicting recurrence
is the histologic grading of the tumor. Amputation is recommended in all
grade II or III disease and wide local excision only in very small lesions
that can be radically excised or in grade I lesions, with prophylactic nodal
irradiation in all grades II and III carcinoma (Fig. 10.6).

Fi6. 10.6
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Case 10.7: Low-Grade Chondrosarcoma of the Pelvis

History

Patient is a 73-year-old man with history of low-grade chondrosarcoma
of the right pelvis, status post radiation therapy. The current PET-CT is
requested for restaging.

Findings

There is a large, heterogeneous pelvic mass with matrix calcifications
causing permeative destructive changes within the right iliac bone and
acetabulum, demonstrating mild FDG activity at the periphery (Fig. 10.7).
This mass measures 20.0x16.0 cm and shows heterogeneous activity
more significant in the periphery (with maximum SUV up to 4.0).

Impression

Recurrent disease in the right pelvis with permeative destructive changes
within the right ilium and acetabulum.

Pearls and Pitfalls

e Whole-body FDG PET is helpful in detecting local recurrences and
metastatic disease.

e Low-grade sarcomas are generally less FDG avid than a high-grade
sarcoma.

Discussion

Chondrosarcoma, a malignant tumor characterized by the production of
a cartilage matrix, accounts for about 11 % of cases of primary malignant
bone tumors. The average age at presentation is 46 years (range, 5-82
years). The pelvis is the most common location. Local pain is the most
frequently reported initial symptom. The overall 5-year survival rate is
77 %.The recurrent rate is higher for tumors of the shoulder and pelvis
than for tumors of long bones. Radiographically, chondrosarcomas have
a characteristic appearance, including a combination of bone expansion
and cortical thickening. Histologic tumor grade is an important predictor
of local recurrence and metastasis (Fig. 10.7).
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Case 10.8: Multiple Myeloma

History

Patient is a 66-year-old man with history of multiple myeloma, currently
on chemotherapy. PET-CT is requested for restaging.
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Findings

Multiple hypermetabolic lytic lesions are seen involving the axial and
appendicular skeleton, consistent with the documented myeloma
(Fig. 10.8). The reference lesions are located in the left posterior parietal

bone (maximum SUV of 17.5) and left proximal humerus (maximum
SUV of 24.3).

Impression

Multiple hypermetabolic lytic osseous lesions involving the axial and
appendicular skeleton, consistent with the known myeloma.

Pearls and Pitfalls

e FDG PET/CT is able to detect bone marrow involvement in patients
with multiple myeloma and useful in assessing extent and burden of
disease at time of initial diagnosis and for evaluating therapy response.

Discussion

Multiple myeloma (MM) is a malignant hematologic disorder character-
ized by bone marrow infiltration with neoplastic plasma cells. MM
accounts for 10 % of all hematologic cancers. Approximately 5-10 % of
patients have a solitary plasmacytoma, and two thirds of these patients
progress to multiple myeloma. Patients with stage I MM, with only lim-
ited alteration of blood parameters and not more than one skeletal
lesion, are followed clinically without therapy. Patients with stage II or
III MM require chemotherapy (Fig. 10.8).
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Case 10.9: Low-Grade Soft Tissue Sarcoma

History

Patient is a 77-year-old man presented with left thigh mass with MRI
reporting mass consistent with soft tissue sarcoma (biopsy dated February
7,2011, stating low-grade fibromyxoid sarcoma).
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Findings
Moderately hypermetabolic 5.7x10.5x15 cm left distal thigh soft tissue
mass, with maximum SUV of 4.6, consistent with tumor (Fig. 10.9). The mass

shows heterogeneous attenuation and metabolic activity. The mass was sub-
sequently biopsied and consistent with low-grade fibromyxoid sarcoma.

Impression
¢ Hypermetabolic left distal thigh soft tissue mass, consistent with pri-

mary tumor
e No definite evidence of distant metastasis

Pearls and Pitfalls

e FDG PET could be useful in rare soft tissue sarcomas to demonstrate
possible metastasis and direct biopsy.

Discussion

Low-grade fibromyxoid sarcoma is a rare type of low-grade sarcoma. It is
characterized by a long and indolent clinical course and the possibility of
local recurrence or distant metastases in a subset of patients. Unlike
many other types of cancer, low-grade fibromyxoid sarcoma can metasta-
size after many years, sometimes decades after the initial presentation of
the tumor, to the lung and sometimes bone (Fig. 10.9).
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Case 10.10: Myxofibrosarcoma

History

Patient is a 68-year-old female presented with right medial thigh mass.
PET/CT is requested for further evaluation.

Findings

A 16.7x22.1x17.5 cm (in transverse, craniocaudal, and anteroposterior
dimensions, respectively) well-defined, compartmentalized, heterogeneous
right medial thigh soft tissue mass (Fig. 10.10). This finding demonstrates
diffuse heterogeneous activity, with the most active areas located in the
superolateral aspect (with SUV max up to 11.4). There are scattered areas
of hypoattenuating photopenia within the mass consistent with necrosis.
No definite evidence of underlying bony erosion or involvement is noted.

The patient subsequently had right thigh mass biopsy which was con-
sistent with myxofibrosarcoma (MFS), for which she had received
chemoradiation treatment.

Impression

1. Large, heterogeneous active right thigh soft tissue mass, consistent
with neoplasm
2. No definite evidence of distant metastasis

Pearls and Pitfalls

e FDG PET-CT is useful in detecting distant metastasis and also for
biopsy planning.
e MEFS shows heterogeneous FDG uptake.

Discussion

Myxofibrosarcoma (MFS), also known as a myxoid subtype of malignant
fibrous histiocytomas, is one of the most common sarcomas in the extrem-
ities of old patients and is characterized by a high frequency of local
recurrence. For high-grade lesions, they tend to form solid parts with a
continuous transition to a storiform-pleomorphic-type MFH. No to het-
erogeneous FDG uptake within MFS was previously reported which
probably correlates to the tumor histologic grade (Fig. 10.10).



10 Musculoskeletal Neoplasms 193

Fic. 10.10

Case 10.11: Osteosarcoma

History

Patient is a 12-year-old female with newly diagnosed left femoral osteo-
sarcoma. PET-CT is performed as part of initial staging.

Findings

There is an intensely active lesion in the left distal femur (maximum SUV
of 10.3), corresponding to medullary sclerosis with small area of cortical
disruption and associated periosteal reaction medially on CT images
(Fig. 10.11). No other abnormal activity is seen in the remaining body.

Impression

1. Intensely active medullary sclerotic lesion with small area of cortical
disruption and associated periosteal reaction in the left distal femur,
consistent with the documented osteosarcoma.

2. No definite evidence of distant metastasis.
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Pearls and Pitfalls

e FDG PET helps to determine the presence and extent of sarcomas
and may allow the noninvasive estimation of the histologic grade of
these tumors.

e The measured SUV of a sarcoma has been used to predict patient
outcome both before and after neoadjuvant therapy. This in turn
allows targeted biopsies, which can reduce the likelihood of underesti-
mation of tumor grade and inadequate therapy.

¢ PET may help to detect intraosseous skip lesions, which may be diffi-
cult to differentiate from physiologic hematopoietic marrow at MR
imaging.

Discussion

Osteosarcoma, or sometimes referred to as osteogenic sarcoma, is the
second most common primary malignant bone tumor, exceeded in fre-
quency only by multiple myeloma. It is the most common primary malig-
nant bone tumor to affect children and adolescents. The intraosseous
tumor usually arises in the metaphyses of the long bones, distal femur
(44 %), proximal tibia (22 %), and proximal humerus (9 %). It can extend
into the diaphysis, epiphysis, or both. The overall prognosis for patients
with osteosarcoma depends on the stage of the tumor at presentation.
Without metastases, long-term survival is in the order of 60-85 %
(Fig. 10.11).
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11 F-18 Fluoride Bone
Scintigraphy

Bhushan Desai and Peter S. Conti

PROSTATE CANCER

Casell.1

Case 11.2

Case 11.3

An 81-year-old male with metastatic adenocarcinoma of prostate, status
postradiation therapy, presenting with widespread osseous metastatic
disease involving predominantly T4-T7 vertebral bodies along with pos-
terior ribs from T4-T6, likely representing epidural disease with perineu-
ral spread (Fig. 11.1). There are also small lesions involving the right
lamina T10, proximal right 9th and 10th ribs, L-4 vertebral bodies, and
bilateral posterior ilium.

A 75-year-old male diagnosed with metastatic adenocarcinoma of
prostate, presenting with multiple foci of hypermetabolic and sclerotic
osseous lesions involving L1, L3, right posterior L4, T12, and left T9
vertebral bodies (Fig. 11.2). Also noted is activity with faint sclerosis in
the right anterior iliac bone and posterior left acetabulum.

A 73-year-old male with history of prostatic adenocarcinoma, presenting
with multiple hypermetabolic, predominantly sclerotic osseous lesions i
nvolving the left temporal bone, right occipital bone, L1 vertebra, spinous
process of L2, left iliac bone, and right iliac bone (Fig. 11.3).
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Case 11.4
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A 64-year-old male with biochemically recurrent prostate cancer, post
radical prostatectomy, and EBRT, presenting with faintly sclerotic but
intensely hypermetabolic right L2 metastatic lesion (Fig. 11.4). Tc99m
MDP bone scintigraphy was negative. Other nonneoplastic findings
include T11 osteophytic activity, Paget’s-related increased right
hemipelvis activity, and degenerative changes in the knees.

BREAST CANCER

Case 11.5

A 54-year-old female with breast cancer presenting with hypermetabolic,
predominantly sclerotic osseous lesions noted in T11, right C7 lamina,
inferior L4 and sacral promontory, several ribs, left posterior pillar of
acetabulum, and right posterior iliac disease (Fig. 11.5).
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Case 11.6 A 68-year-old female with history of metastatic right breast carcinoma,
post right lumpectomy with axillary lymph node dissection, and right
lung VATS procedure with talc pleurodesis, presenting with several
hypermetabolic osseous lesions seen predominantly in the pelvis and
spine (Fig. 11.6). The purely blastic lesions are less avid, and the mixed
Iytic and sclerotic lesions demonstrate more intense metabolic activity.
Mixed lytic and sclerotic lesions are seen at the posterior aspect of the
right iliac bone, sacrum, and T8 vertebral body.



11 F-18 Fluoride Bone Scintigraphy 201

Fic. 11.6

Case 11.7 A 67-year-old female with history of metastatic breast cancer presenting
with numerous osseous metastatic lesions involving the sternum, multiple
ribs, L1 vertebral body, and left distal humerus (Fig. 11.7).

LuNG CANCER

Case 11.8 A 25-year-old male with history of metastatic squamous cell carcinoma
of the lung presenting with several hypermetabolic, predominantly lytic
lesions involving multiple levels of the cervical, thoracic, and lumbar
spine, manubrium and sternum, multiple ribs bilaterally, scapulae,
bilateral iliac bones, sacrum, acetabulae, and ischial and pubic bones
(Fig. 11.8). There is sparing of the osseous structures of the upper and
lower extremities bilaterally.
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Case 11.9

A 56-year-old male with history of metastatic adenocarcinoma of the
lung, presenting with multiple sclerotic and hypermetabolic osseous

lesions (Fig. 11.9). These include lesions in medial head of the left clavicle,
lower sternum, and T3 vertebral body.
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ADDITIONAL BENIGN FINDINGS

Case 11.10 (1) Enthesopathic changes, (2) degenerative changes in glenohumeral
joint, (3) osteophyte activity in lower thoracic spine, (4) knee
arthroplasties, and (5) degenerative disc disease at L3-14 (Fig. 11.10).

Pearls and Pitfalls

e NaF PET/CT is significantly more accurate than conventional Tc99m
MDP bone scintigraphy, SPECT bone scan, and NaF PET only.
Sensitivity, specificity, PPV, and NPV: planar BS (70 %, 57 %, 64 %,
55 %), SPECT BS (92 %, 82 %, 86 %, 90 %), NaF PET only (100 %,
62 %,74 %,100 %),and NaF PET/CT (100 %,100 %,100 %, 100 %) [5].

e 18F-NaF PET/CT superior to standard BS for detection of osteolytic
lesions [9].

e NaF PET/CT imaging can be used for evaluation of stress relate inju-
ries and child abuse [8].

e Very early bone reaction in small bone metastases can be seen with
18F-fluoride scintigraphy [2].

¢ Fluoride studies can reduce the number of invasive bone biopsies and
facilitate subsequent follow-up in patients with metabolic bone disease.
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Discussion

At least 99 % of whole-body fluoride is thought to be present in the
skeleton, primarily as fluorapatite. 18F-NaF was initially introduced in
1962 as an imaging agent for bone lesions. 18F-fluoride has favorable
tracer kinetics as a radiopharmaceutical for bone imaging: it accumulates
in bone rapidly to a high concentration and clears quickly from the circu-
lation, allowing a high bone-to-background uptake ratio within a short
time [11]. The interest in 18F-fluoride as a bone imaging agent was
renewed in the 1990s owing to a wider availability and improved technol-
ogy of PET scanners, which offer higher spatial resolution and sensitivity
than conventional gamma cameras used in planar scintigraphy or single-
photon emission computerized tomography (SPECT). In most cases
where different imaging modalities were compared, 18F-NaF PET
proved to be more sensitive and specific than other techniques. Diagnostic
imaging has played a major role in the evaluation of patients with bone
metastases, and this application is the focus of the majority of the recent
published literature on use of 18F-fluoride PET. For the detection of
bone metastases in cancer patients, doses typically ranged from 8 to
12 mCi [12]. In this dose range, excellent image quality with higher spatial
resolution than convention BS is obtained. There is evidence that
18F-fluoride PET is more sensitive and selective than conventional BS
for diagnosis and detection of bone metastases. The use of low-dose CT
in conjunction with 18F-fluoride PET improves sensitivity and specificity
and improves the ability to distinguish benign from malignant lesions.
Because of these advantages, and advancements in cost-effectiveness, it
has been suggested that 18F-fluoride PET will replace conventional bone
scan for the detection of bone metastases within several years. In sum-
mary, evidence from published studies in cancer patients indicates that
18F-fluoride PET is superior to 99mTc-MDP planar scintigraphy or
SPECT in detecting primary bone cancer and skeleton metastases from a
wide range of cancers, including cancer of the breast, lung, and prostate
[1,3,4,6,10,13, 14]. The very high resolution and target-to-background
contrast of 18F-fluoride PET can potentially reduce its specificity; how-
ever, correlating PET with CT findings substantially helps differentiate
malignant from benign lesions. 18F-fluoride PET is also effective in other
applications involving altered osteogenic activity, such as detecting skel-
etal injury, diagnosing causes of back pain, diagnosing osteoporosis, and
monitoring effectiveness of bone regeneration therapy, and in cases of
child abuse [7].
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12 Neuroradiology: Neoplasms
and Epilepsy

Saman Hazany, John Go, Robert W. Henderson, Paul Kim, and Meng Law

Case 12.1: Langerhans Cell Histiocytosis

History

29-year-old female with palpable neck mass.

Findings

Axial post-contrast CT (Fig. 12.1a), FDG-PET (Fig. 12.1b), and PET-CT
fusion (Fig. 12.1c) demonstrate hypermetabolic, peripherally enhancing
mass inseparable from the posterior parotid gland.

Impression

Biopsy-proven Langerhans cell histiocytosis (LCH).

Pearls and Pitfalls

Differential diagnosis for parotid masses is broad including benign and
malignant etiologies. The finding in this case represents involvement of
an intra-parotid lymph node. The most common site of involvement by
LCH is the bone (90 %) followed by the skin (30 % ). FDG-PET is sensi-
tive in detection of multifocal disease and shown to be superior to tech-
netium 99 m methylene diphosphonate bone scans or radiograph in
detection of active osseous lesions and response to therapy. There are
limited number of studies evaluating utility of FDG-PET in soft tissue
involvement by LCH.

© Springer Science+Business Media New York 2016 207
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Discussion

LCH is a rare idiopathic “neoplastic” process secondary to monoclonal
proliferation of Langerhans-type cells. It is more common in the pediat-
ric population, with a peak incidence between 1 and 3 years of age. There
is also a male predilection (M:F 1.2-2.1:1). The course of the disease
ranges from spontaneous regression to rapid progression (especially
common in young children with multisystem disease). LCH can involve
multiple organ systems, single-organ system with multiple sites, or single
site. Diagnosis is confirmed histologically by tissue sampling.

The prognosis is variable and depends on disease burden, with single-
organ system disease carrying better prognosis than multisystem disease.
In 2008 the WHO recommended distinguishing LCH from a more pleo-
morphic variant know as Langerhans cell sarcoma, which carries a worse
prognosis. Treatment ranges from excision or limited radiation for single-
focus disease to systemic chemotherapy and steroid administration for
multifocal disease and supportive care in cases of endocrine and CNS
involvement (Fig. 12.1).

Case 12.2: Crossed Cerebellar Diaschisis

History

43-year-old female with remote history of biopsy-proven oligoastrocytoma
within the right cerebral hemisphere status post radiation.
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Findings

CT: Areas of calcification with associated volume loss and no appreciable
mass effect centered in the right thalamus and internal capsule compati-
ble with known previously treated oligoastrocytoma (Fig. 12.2).

FDG-PET: Relative decreased FDG uptake in the right cerebral hemi-
sphere as compared to left compatible with post radiation change.
Relative decreased FDG uptake in the left cerebellar hemisphere as
compared to right compatible with crossed cerebellar diaschisis
(Fig. 12.2).

MRI: Subtle asymmetric left cerebellar volume loss with no decreased
diffusion or signal abnormality (Fig. 12.2).

PET PET

T2-FLAIR DWI ADC cT

PET

Fic.12.2
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Impression

Crossed cerebellar diaschisis.

Pearls and Pitfalls

Crossed cerebellar diaschisis refers to hypometabolism in a cerebellar
hemisphere contralateral to a cerebral hemispheric lesion. Lesions
located in the motor cortex, anterior corona radiata, and thalamus (as in
this case) produce the most marked suppression of the contralateral
cerebellar cortical metabolism. Findings of hypometabolism are seen on
FDG-PET. Decreased blood flow to the contralateral cerebellum has
also been shown on MR perfusion imaging in setting of MCA territory
stroke. In setting of chronic hypometabolism, cerebellar atrophy ensues.

Discussion

Crossed cerebellar diaschisis (CCD) has been reported in patients with
ischemic and hemorrhagic hemispheric stroke, during carotid amytal
procedure, migraine attack, seizure, space occupying lesion, and focal
volume loss of a cerebral hemisphere. CCD is thought to be due to inter-
ruption of corticopontocerebellar fibers and subsequent transneuronal
metabolic and blood flow alterations that are distant to and on the oppo-
site side of the primary lesion. Border-zone cerebellar infarcts have also
been reported in setting of CCD especially in migraines with prolonged
aura. In setting of cerebral infarct, CCD is associated with poor clinical
outcome (Fig. 12.2).

Case 12.3: Tumor Recurrence/Progression

History

43-year-old female with remote history of treated oligoastrocytoma
WHO grade III, within the right cerebral hemisphere status post radia-
tion and chemotherapy about 14 years ago with increased area of
enhancement on surveillance MRI (prior MRI is not shown here).
Clinical concern for tumor recurrence/progression versus radiation
Necrosis.

Findings
PET-CT: Focal mass-like area on CT shows abnormal avid FDG uptake

which is increased in extent and avidity as compared to prior studies (not
shown) (Fig. 12.3).
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FDG-PET PET-CT PET-MRI

ADC map Post-contrast T1 MR perfusion T2* negative enhancement
histogram for two regions of
interest

MRI: Approximately 2 cm area of new mild enhancement (prior study
not shown) and increased cerebral blood volume (CBV) on dynamic sus-
ceptibility contrast-enhanced cerebral blood volume (DSCE-CBV) mag-
netic resonance imaging (i.e., MR perfusion) with associated decreased
diffusion.

PET-MRI: Overlap of abnormality on PET and MRI confirming hyper-
metabolism and increased CBV (Fig. 12.3).

Impression

Tumor recurrence/progression.

Pearls and Pitfalls

In setting of treated glioma, differentiating radiation necrosis from tumor
recurrence/progression on imaging is crucial but often difficult. Findings
on conventional imaging are relatively nonspecific and often unable to
distinguish the two entities. Utility of fluorodeoxyglucose positron emis-
sion tomographic (FDG-PET), which studies tumor metabolism, for dif-
ferentiation of glioma recurrence/progression from radiation necrosis has
been controversial with reported specificities as low as 18 %. However,
considering recent advances in MR perfusion imaging, which studies
tumor vascularity, combination of the two modalities maybe helpful.
These imaging tools have also been for differentiation of high-grade from
low-grade tumors and benign lesions.
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Discussion

Primary central nervous system neoplasia is one of the most frequent
causes of death between 15 and 35 years of age. Gliomas constitute
>90 % of primary brain tumors diagnosed after the second decade of life.
Despite treatment with chemotherapy and radiation, including proton-
beam therapy (PBT) and other radiosurgery, the majority of these tumors
progress and/or recur. Moreover, treatment with radiation remains asso-
ciated with tissue necrosis that may also lead to clinical deterioration.
Differentiating recurrent tumor (or progression of tumor) from predom-
inant radiation necrosis has treatment and prognostic implications.

Oligoastrocytomas histologically represent mixed glial cell origin,
astrocytoma, and oligodendroglioma with a peak incidence occurring in
the third to fifth decade. The incidence among males is higher than females.
Prognosis is similar to anaplastic astrocytoma and worsened with increased
age of onset, with 5-year survival of greater than 50 % and a 10-year sur-
vival of 25-34 %. On histologic evaluation, predominance of oligodendro-
cytes over astrocytes confers a better prognosis. Treatment is controversial
and includes surgical reduction, radiotherapy, and chemotherapy often
with corticosteroids and seizure prophylaxis. In our case, surgery was not
possible as the tumor was in an eloquent location (Fig. 12.3).

Case 12.4: Stage IVa (T2 N2a M0) Oropharyngeal/
Tonsillar HPV-Positive Squamous Cell
Carcinoma

History

42-year-old male with no history of smoking or alcohol consumption
presents with neck mass.

Findings

Axial post-contrast CT (A), PET (B), and PET-CT fusion (C) and coronal
post-contrast CT demonstrate 2.5 cm FDG-avid mass involving the left
palatine tonsil/oropharynx with associated FDG-avid 5.4 cm level 24
lymph node (Figs. 12.4 and 12.5). There is also nonspecific FDG uptake in
the right palatine tonsil and both sublingual glands, none of which were
involved by tumor.

Impression

Stage IVa (T2 N2a M0) oropharyngeal/tonsillar squamous cell carcinoma.
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Pearls and Pitfalls

Squamous cell carcinoma (SCC) accounts for the vast majority of malig-
nancies of the oral cavity and oropharynx and is commonly evaluated
with radiologic imaging. The symptoms of disease, the routes by which it
may spread, and the prognosis vary greatly, depending in large part on
the anatomic site at which the primary tumor originates and the stage of
the tumor at time of presentation. FDG-PET-CT is used at most centers
for detection of otherwise occult primary oropharyngeal SCC (OSCC),
as well as determining the local extent and stage of the tumor (including
lymph node and distant metastasis). In our case, the tumor was about
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2.5 cm with a 5.4 cm ipsilateral lymph node and no distant metastasis,
making it T2, N2a, MO, or stage IVA [1]. Tables 12.1 and 12.2 describe
TNM staging of oropharyngeal SCC [1].

Discussion
A large body of recent research points out the increasing incidence of

human papillomavirus (HPV) as a common cause of oropharyngeal
squamous cell carcinoma (OSCC), which includes tonsillar and base of

TasLE 12.1 TNM staging of oropharyngeal squamous cell carcinoma

Cancer stage T N M
0 Tis NO MO
I T1 NO MO
I T2 NO MO
1 T1,T2,T3 N1 MO
NO, N1 MO
IVA T1,T2,T3,T4a N2 MO
NO,N1,N2 MO
IVB Any N3 MO
T4b Any MO

IvC Any Any M1

TasLE 12.2 TNM staging of oropharyngeal squamous cell carcinoma

Primary tumor of oropharynx

Tx
TO
T1
T2
T3
T4a

T4b

Primary tumor cannot be assessed

No evidence of primary tumor is seen

Primary tumor has a maximal diameter of less than 2 cm
Primary tumor has a maximal diameter of 2-4 cm
Primary tumor has a maximal diameter of more than 4 cm

Primary tumor involves the larynx, intrinsic or extrinsic muscles of the tongue, medial pterygoid,
hard palate, mandible

Primary tumor involves the lateral pterygoid muscle, pterygoid plates, lateral nasopharynx, skull
base, carotid artery

Regional metastasis

Nx
NO
N1
N2a
N2b
N2c
N3

Regional lymph nodes cannot be assessed

No regional lymph node metastasis is evident

Ipsilateral single enlarged node with a maximal diameter of less than 3 cm
Ipsilateral single enlarged node with a maximal diameter of 3-6 cm

Ipsilateral multiple enlarged nodes with a maximal diameter of less than 6 cm
Bilateral or contralateral enlarged nodes with a maximal diameter of less than 6 cm

Enlarged node with a maximal diameter if more than 6 cm

Distant metastasis

MO
M1

No distant metastasis is evident

Distant metastasis is evident
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tongue cancer. Approximately 25 % of all head and neck cancers and
60 % of all oropharyngeal cancers are HPV positive. This data has made
HPYV an independent risk factor for OSCC, in addition to smoking and
alcohol consumption. Patients with HPV-positive cancer have their first
sexual experience at a young age and have multiple partners, suggesting
that increased incidence of OSCC in the United States and some coun-
tries in northern Europe is because of a new, primarily sexually transmit-
ted HPV epidemic. Oral and vaginal sex and open-mouth kissing have
been associated with increased incidence of HPV-associated OSCC.There
are >100 HPV types, some found in skin warts and others in mucous tis-
sues. HPV-16 accounts for 90-95 % of HPV-positive OSCC. HPV-
associated OSCC has a better prognosis than other types of OSCC, and
the knowledge of this association can alter treatment planning. There are
no accurate radiologic features to confidently distinguish this entity, but
cystic adenopathy (not seen in our case) has been associated with HPV-
positive OSCC (Figs. 12.4 and 12.5).

Case 12.5: Adenoid Cystic Carcinoma Recurrence

History

42-year-old female with history of adenoid cystic carcinoma involving the
right maxillary sinus status post resection and XRT 13 years ago.

Findings

Axial post-contrast fat-saturated T1 (Fig. 12.6a), T2 (Fig. 12.6b), PET
(Fig. 12.6c), PET-MRI fusion (Fig. 12.6d) and coronal non-contrast CT
(Fig. 12.6¢e), and PET-CT fusion (Fig. 12.6f) of the face show enhancing,
FDG-avid mass within the right masticator space.

Impression

Adenoid cystic carcinoma recurrence.

Pearls and Pitfalls

The clinical utility of ¥*F-FDG-PET in evaluating salivary gland malignan-
cies has not been well defined. In a study of 34 patients with newly diag-
nosed salivary gland cancers, ®F-FDG-PET was more sensitive than CT
for the detection of primary salivary gland tumors and cervical metastases
[2]. High-grade malignancies had higher mean maximum SUVs than did
low- and intermediate-grade malignancies. In a 25 months follow-up,
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BF-FDG-PEt also correctly diagnosed local-regional recurrences in six
patients and new distant metastases in nine patients.

Occasional failure of ®F-FDG-PET in detecting some primary salivary
gland tumors has been attributed to normal physiologic uptake of '8F-
FDG in the head and neck region, including the salivary glands, and small
size of some of the tumors.

Discussion

Adenoid cystic carcinoma most often occurs in the salivary glands, but
has also been reported in the breast,lacrimal glands, lung, brain, Bartholin
glands, trachea, and paranasal sinuses. It is the third most common malig-
nant salivary gland tumor overall (after mucoepidermoid carcinoma and
polymorphous low-grade adenocarcinoma). It represents 28 % of malig-
nant submandibular gland tumors, making it the single most common
malignant salivary gland tumor in this region. Salivary gland malignancy
is currently managed primarily by resection of the primary tumor, possi-
bly in combination with neck dissection or subsequent radiotherapy.
Proper management requires accurate information about the site and
extent of tumors (Fig. 12.6).

Case 12.6: Right Vocal Cord Paralysis

History

34-year-old female with recurrent papillary thyroid carcinoma, status
post thyroidectomy, and neck dissection with hoarseness.

Findings

Axial FDG-PET (Fig. 12.7a), non-contrast CT (Fig. 12.7b), PET-CT
fusion (Fig. 12.7¢), axial T1-weighted MRI (Fig. 12.7d), and PET-MRI
fusion (Fig. 12.7¢) images of the neck demonstrate asymmetric uptake in
the left cricoarytenoid muscle.

Axial CT at the level of the vocal cords (Fig. 12.7f) shows subtle medi-
alization of the right vocal fold.

Impression

Right vocal cord paralysis.
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Pearls and Pitfalls

Incidence of permanent recurrent laryngeal nerve (RLN) injury after
thyroid surgery is 1-2 % when performed by experienced neck surgeons
and higher in hands of less experienced surgeon or in setting of malig-
nant disease. In some cases of thyroid malignancy, the nerve is purposely
sacrificed when it runs through the tumor.

Up to 40 % of individuals with vocal cord paralysis may be asymptom-
atic, making detection of this entity on imaging essential, as vocal cord
paralysis can be an initial sign of invasion or compression of the
RLN. Detection of vocal cord paralysis can be difficult on conventional
imaging (MRI or CT), however usually easily seen on PET. Knowledge
of laryngeal anatomy helps the radiologist differentiate this entity from
metastatic disease and/or lymphadenopathy.

Discussion

Understanding the anatomy of RLN helps the radiologist in determining
the cause of vocal cord paralysis. The vagus nerve descends along the
course of the carotid artery into the upper mediastinum bilaterally. The
right RLN exits from the vagus nerve anterior to the subclavian artery and
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courses posteriorly under the artery at the level of the brachiocephalic
bifurcation and courses obliquely toward the right tracheoesophageal
groove. The left RLN exits from the vagus nerve at the level of the aortic
arch, then courses posteromedially beneath it, and thus passes through the
aorticopulmonary window posterior to the ligamentum arteriosum. It then
ascends vertically through the superior mediastinum to reach the tracheo-
esophageal groove. Both RLNs enter the larynx posterior to the cricoary-
tenoid joints and innervate the intrinsic laryngeal muscles [3]
(Fig. 12.7a—f).

Case 12.7: Focal Cortical Dysplasia (ILAE Type Ila)

History

12-year-old male with epilepsy.

Findings
Dysplastic thickened cortex in the superior-medial left parietal lobe with

associated subtle signal abnormality on FLAIR and decrease metabolic
activity on PET in the interictal state (Figs. 12.8 and 12.9).

&

Coronal FDG-PET Coronal PET-CT fusion

Fic. 12.8
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Impression

Focal cortical dysplasia (ILAE type Ila).

Pearls and Pitfalls

FDG-PET/MRI coregistration has been shown to be useful in detecting
cortical dysplasia in patients with epilepsy [4]. The addition of FDG-
PET/MRI coregistration to the presurgical protocol enhances the ability
to detect FCD, especially in patients with type I or type II FCD and non-
concordant EEG and MRI findings. Sensitivity of MRI for the detection
of FCD has been reported in 53-90 % of patients with surgically proven
FCD. An increase in the detection of hypometabolism at the location of
thelesionon FDG-PETimages when using FDG-PET/MRI coregistration
has been shown and considered a useful technique in the presurgical pro-
tocol to improve detection of the epileptogenic lesion.

Focal cortical dysplasia is a disorder of cortical formation, which may
demonstrate both architectural and proliferative features, and a frequent
cause of epilepsy. MR findings of FCD are related to the histologic grade
of FCD. Most common finding of FCD on MRI, which is usually seen in
severe cortical dysplasia, is indistinct gray-white matter demarcation with
T2 prolongation involving the subcortical white matter. FDG-PET is
more sensitive in the detection of grades I and II FCD. The histologic
abnormalities of bizarre glial cells (balloon cells), ectopic neurons, and
abnormalities of myelination may be responsible for the MR abnormality
in blurring of the gray-white matter junction with abnormal signal inten-
sity of the subcortical white matter. FCD has been histologically divided
into three histologic types by International League Against Epilepsy
(ILAE).ILAE type Ila is histologically characterized by cortical dyslami-
nation and dysmorphic neurons without balloon cells (Figs. 12.8 and 12.9).



12 Neuroradiology: Neoplasms and Epilepsy 221

Case 12.8: Left Medial Temporal Sclerosis

History

22-year-old female with epilepsy scanned in interictal state.

Findings

Coronal PET (Fig. 12.10a), PET-CT fusion (Fig. 12.10b), and PET-MRI
fusion (Fig. 12.10c) images show asymmetric decrease in FDG uptake in
the left medial temporal lobe (including parahippocampal gyrus) and
hippocampus.

Coronal FLAIR image at the level of hippocampal body-tail
(Fig. 12.10d) shows small left hippocampus with abnormal configuration
and hyperintense signal on FLAIR, characteristic of medial temporal
sclerosis.

Impression

Left medial temporal sclerosis.

Fic. 12.10
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Pearls and Pitfalls

The ultimate goal of PET in epilepsy imaging is to identify and/or confirm
the location of a seizure focus which may be completely or partially invisi-
ble to other diagnostic techniques (EEG, MRI). PET is generally performed
in the interictal state and demonstrates decrease metabolic activity in the
epileptogenic focus. Anterior temporal lobe resection has been reported to
increase quality-adjusted life expectancy by 7.5 quality-adjusted life years
and is the preferred treatment in setting of medial temporal lobe epilepsy.
PET imaging and PET-MRI fusion combined with assessment of seizure
semiology and extracranial and intracranial EEG findings help the neuro-
surgeon in determining the extent of epileptogenic focus.

Discussion

Mesial temporal sclerosis (MTS), most common pathological abnormality
in temporal lobe epilepsy, is a specific pattern of hippocampal neuron cell
loss with associated hippocampal atrophy and gliosis. Cell loss can occur
in CA1l and CA4, CA4 alone, or CA1 to CA4 segments. It can be a pri-
mary epileptogenic focus or secondary to other epileptogenic focus in the
same cerebral hemisphere. PET is useful in determining the location and
extent of epileptogenic focus. MRI findings of MTS include small-size,
abnormal configuration (including loss of hippocampal head interdigita-
tions) and T2 prolongation or increased FLAIR signal in the hippocam-
pus (Fig. 12.10a-d).

Case 12.9: Sydenham’s Chorea

History

11-year-old female with mood change, hearing voices, dysarthria, and
choreoathetosis of four extremities. No significant past medical history or
family history and no recent infections, pharyngitis, or strep throat. Her
brain MRI was unremarkable.

Findings

Axial FDG-PET (Fig.12.11a), CT (Fig. 12.11b),and PET-CT fusion images
(Fig. 12.11c) at the level of the basal ganglia demonstrate symmetric
marked increased FDG uptake in caudate and putamen, compatible with
Sydenham’s chorea. Normal metabolic activity is seen in the remaining
brain. Figure 12.11d is an example of normal FDG uptake at the level of
basal ganglia.
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Impression

Sydenham’s chorea.

Pearls and Pitfalls

Sydenham’s chorea is a late manifestation of rheumatic fever and associated
with group A-hemolytic streptococcus. Sydenham’s chorea is most common
in children and adolescents above the age of 5 (80 %) and twice as common
in girls as compared to boys. Preceding or concurrent throat cultures for
hemolytic streptococcus can be negative. It is associated with subsequent
cardiac valvular heart disease and obsessive-compulsive disorder. A link
between multiple tics, pediatric autoimmune neuropsychiatric disorders
associated with streptococcal infection (PANDAS syndrome), Tourette syn-
drome, and Sydenham’s chorea has also been suggested.

FDG-PET demonstrates hypermetabolism of the basal ganglia in active
Sydenham’s chorea. Single-photon emission computed tomography
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Aarti Kaushik and Peter S. Conti

Case 13.1: Alzheimer’s Dementia
History

67-year-old female with cognitive impairment.

Findings

There is bilaterally decreased temporal and posterior parietal cortical
activity such that it is less than the cerebellar cortical activity (Fig. 13.1).
There is sparing of the motor strips, basal ganglia, and visual. Age-
appropriate cortical atrophy is noted. There is no evidence of ischemia or
mass lesion.

Impression

Abnormal metabolism consistent with dementia of Alzheimer’s type.

Pearls and Pitfalls

Alzheimer’s disease (AD) is the most common form of dementia.
Association cortices are more severely involved, while the primary
somatosensory and motor cortices, the basal ganglia, the thalamus, and
the cerebellum are relatively spared.

FDG-PET demonstration of the classic metabolic abnormality associ-
ated with pathologically verified AD has a sensitivity of 93 %, a specificity
of 63 %, and an accuracy of 82 %.

© Springer Science+Business Media New York 2016 225
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Discussion

It was first described by German psychiatrist and neuropathologist Alois
Alzheimer in 1906 and was named after him. Many causes of dementia
symptoms exist. Alzheimer’s disease is the most common cause of a pro-
gressive dementia characterized with gradual decline in cognition and
behavior. Accurate early diagnosis of AD is important because early use of
medications may improve or delay the cognitive loss that occurs in mild-to-
moderate disease. Normal aging of the brain is characterized by a regional
decline in the cerebral glucometabolism of the prefrontal cortex (Fig. 13.1).

Case 13.2: Frontotemporal Dementia

History

62-year-old female with 3-year history of progressive decline in cognition
accompanied by personality change; with prominent impairment in
memory, anomic aphasia, and decreased insight; and with preservation of
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visual-spatial. PET/CT is done as part of the investigational workup for
neurodegenerative process.

Findings

There is relative symmetric decrease in metabolic activities of the bilateral

frontal and temporal regions with sparing of the visual cortex/occipital
lobe and deep gray matter activities (Fig. 13.2).

Pearls and Pitfalls

Frontotemporal dementia (FTD) is the most common dementia diag-
nosed in patients under age 60 and is as common as Alzheimer’s disease
among patients age 45-64.

Discussion

Cases of elderly patients with progressive language deterioration have
been described since Arnold Pick’s landmark case report of 1892. FTD
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describes a clinical syndrome associated with shrinking of the frontal and
temporal anterior lobes of the brain. Originally known as Pick’s disease,
the name and classification of FTD have been a topic of discussion for
over a century. The current designation of the syndrome groups together
Pick’s disease, primary progressive aphasia, and semantic dementia as
FTD (Fig. 13.2).

Case 13.3: Normal Pressure Hydrocephalus

History

75-year-old male with memory loss, incontinence, and history of gait
disturbance.

Findings

CT images of the brain demonstrate profound cerebral cortical atrophy
and gross ventriculomegaly (Fig. 13.3). There were also calcifications as
well as exostoses from posterior sella into the pituitary area.

PET images of the brain demonstrate decrease in metabolic activity
appropriate for the cortical atrophy. The deep gray matter structures
demonstrated normal and symmetric FDG uptake (not in the images). In
the view of relatively normal cortical perfusion, the pattern best fits com-
municating hydrocephalus.

Pearls and Pitfalls

NPH is treatable cause of dementia.

Discussion

First described by Hakim and Adams in 1965, normal pressure hydro-
cephalus (NPH) refers to a clinical entity consisting of the triad of gait
disturbance, dementia, and incontinence, coupled with the laboratory
findings of normal cerebrospinal fluid (CSF) pressures and radiographic
findings of ventriculomegaly. Although NPH is a relatively rare cause of
dementia, identifying NPH is important because it is one of the few treat-
able entities. NPH is one of the reasons that all dementia patients should
have neuroimaging with either CT scanning or MRI as part of their
workup (Fig. 13.3).
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Shereif H. Gamie, Ella Yevdayev, Aarti Kaushik, and Hollie A. Lai

Case 14.1: Adrenal Cortical Cancer

History

A 15-year-old female with known right adrenal cortical adenocarcinoma,
status post chemotherapy treatment. PET/CT scan reported pulmonary
metastases in the left lung and increase in size in the right adrenal mass.

Findings

Chest: There are two hypermetabolic left lung pulmonary lesions, one in
the lateral lingual segment and second at the base (lower lobe), suggest-
ing persistently active pulmonary metastases (measuring approximately
9-10 mm) (Fig. 14.1). The lingular segment nodule, SUV max 4.07. Left
lung base nodule, SUV max of 4.07.

Abdomen: A 8.0x4.5x10.8 cm right adrenal mass, SUV max 18.7
(Fig. 14.2). There are two separate focal areas of intensely increased FDG
uptake superior to the mass, more medial, SUV max 18.7 and 12. 7 in the
more lateral nodule. Suggestive for metastatic disease. There is noted sub-
tle ill-defined hypoattenuating lesion in the liver seen on unenhanced CT,
which demonstrates no significant corresponding FDG uptake on the
PET. Lesions seen in the dome of the liver in segment 8 measure approxi-
mately 1.2x2.5 cm.

Impression
PET/CT scan demonstrating hypermetabolic pulmonary nodules and

right adrenal mass, suggestive for residual metabolically avid local and
metastatic disease.

© Springer Science+Business Media New York 2016 231
P.S. Conti, A. Kaushik (eds.), PET-CT,DOI 10.1007/978-1-4419-5811-2_14
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Pearls and Pitfalls

FDG PET for characterization of adrenal lesions showed a sensitivity of
100 %, a specificity of 94 %, and an accuracy of 96 %.

Discussion

Adrenal cortical carcinoma (ACC) is a rare malignant neoplasm with a
pooT prognosis.

FDG PET showed excellent diagnostic performance in differentiating
adrenal lesions detected on CT or MRI. Because FDG PET has the addi-
tional advantage of evaluating the primary lesions as well as metastases,
it could be cost-effective and the modality of staging. Most adrenocorti-
cal carcinomas accumulate and retain FDG and thus can be visualized by
PET. However, false-negative findings are possible, especially with very
small lesions.

Radical surgery of the primary tumor and of local as well as of distant
recurrence is the only effective treatment and requires accurate and
early localization of recurrent tumors. All known sites of ACC lesions
showed markedly increased FDG uptake (Figs. 14.1 and 14.2).

Case 14.2: Thyroid Cancer: Recurrence

History

A 12-year-old female who was discovered to have a right thyroid lobe
nodule on routine physical examination which ultimately turned out to
be a T3, Nla, Mx papillary thyroid carcinoma. The patient is status post
total thyroidectomy, after which she received 50 mCi of I-131. The patient
presented with reportedly elevated thyroglobulin levels. Recent whole-
body 1-123 scan reported no definitive scintigraphic findings of iodine
uptake to suggest a site of locally recurrent and/or metastatic disease.

Findings

Neck: A mildly FDG-avid 4 mm right lower cervical node focus of promi-
nent FDG uptake is seen (SUV max 3.21) (Fig. 14.3). Two or three subtle
focal areas of mildly increased FDG uptake are noted in the right lower
neck on PET in the midst of the brown fat which appears to correspond
to the very subtle subcentimeter-sized nodes on unenhanced CT (Fig. 14.4).
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Impression

Restaging PET/CT scan demonstrating subtle subcentimeter-sized
mildly FDG-avid nodes in the right lower neck, as detailed above. In the
setting of reportedly elevated thyroglobulin levels, these questionable
areas of uptake raise concern for possible sites of residual/recurrent
disease.

Pearls and Pitfalls

1. Only 50-60 % of papillary thyroid carcinomas and 64-70 % of follicu-
lar carcinomas are iodine avid.

2. PET is not indicated for primary thyroid malignancy detection since
FDG can accumulate in normal thyroid tissue (about 30 % of patients)
and certain benign thyroid disease.

3. A PET study will usually be positive in patients with thyroglobulin
level higher than 100 pg/L. PET will detect true positive disease in
11 %, 50 %, and 90 % of patients with hTg levels of <10 pg/L,
10-20 pg/L, and >100 pg/L, respectively.

4. FDG PET/CT is indicated for a known, differentiated, and recurrent
papillary/follicular thyroid cancer patients with a negative I-131 scan.
Increased expression of GLUT-1 is associated with the loss of radioac-
tive iodine uptake in metastases.

Discussion

Less than 1 % of all cancer death are from thyroid cancer. FNA is best for
accurate diagnosis for primary tumor. Coregistered ¥F-FDG PET/CT can
provide precise anatomic localization of recurrent or metastatic thyroid
carcinoma, leading to improved diagnostic accuracy, and can guide thera-
peutic management. In addition, further assessment of '*'I WBS-negative,
thyroglobulin-positive patients by ¥F-FDG PET/CT may aid in the clini-
cal management of selected cases regardless of the thyroglobulin level
(Figs. 14.3 and 14.4).

Case 14.3: Burkitt’s Lymphoma

History

A 15-year-old female with reported newly diagnosed Burkitt’s lymphoma.
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Findings

There are prominent focal symmetric regions of intense FDG uptake
bilaterally in the posterior triangle on the upper neck and bilateral supra-
clavicular regions, which demonstrate no corresponding anatomic corre-
late on unenhanced CT and likely represent brown fat activity (Fig. 14.5).
Tiny, subcentimeter bilateral cervical nodes are seen in the midst of these
areas of likely physiologic brown fat activity. There are symmetric regions
of intense FDG uptake in the superior mediastinum and bilaterally in the
axillae, which demonstrate no corresponding anatomic correlate on CT
and also likely represent physiologic brown fat activity (Fig. 14.6).
Bilateral symmetric paravertebral intense FDG uptake is seen along the
entire thoracic spine, also without corresponding anatomic correlates on
CT and also likely physiologic brown fat uptake.

Impression

Prominent most symmetric likely physiologic brown fat activity is seen in
bilateral upper neck, supraclavicular regions, superior mediastinum, and
axillae. A few scattered subcentimeter nodes are seen in the midst of this
brown fat uptake (especially in axillae), in which disease involvement
cannot be entirely excluded as detailed above.
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Pearls and Pitfalls

1.

Overall sensitivities, specificities, and positive and negative predictive
values were 78 %, 98 %, 94 %, and 90 % for F-18 FDG PET and 79 %,
88 %,90 %, and 46 % for CT, respectively.

. PET/CT scan with uptake greater than that of the liver is considered

positive. Uptake that increased over the background but less than in
the liver is equivocal.

. Coregistered PET/CT images significantly improve the specificity of

PET findings. In this case, areas of significant focal FDG uptake in
head/neck and chest demonstrate no correlates on CT, enabling dif-
ferentiation between disease-involved nodes and physiologic brown
fat activity.

Discussion

F-18 FDG PET imaging is a useful technique for the staging and follow-
up of pediatric patients with lymphoma.

Negative PET/CT scan during routine follow-up for lymphoma in chil-

dren strongly suggests absence of recurrence, but a positive PET/CT and
diagnostic CT scans have low PPV and should be interpreted with cau-
tion (Figs. 14.5 and 14.6).
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Case 14.4: Hodgkin’s Disease

Fic. 14.7

History

A 10-year-old male recently diagnosed with Hodgkin’s disease from the
left cervical node biopsy and post initiation chemotherapy. Study is per-
formed for scintigraphic staging.

Findings

Head and Neck: Focal region of prominent FDG uptake in seen in the
nasopharynx (Waldeyer’s ring) more prominent on the left, which cor-
responds to ill-defined soft tissue fullness on unenhanced CT, which
likely represents disease-involved tissue (Fig. 14.7). There is large hetero-
geneous area of moderate to intense FDG accumulation involving the
entire left neck on PET, corresponding to the coalesced-appearing con-
glomeration of numerous levels II-IV left-sided cervical nodes, which
likely represent disease-involved lymphadenopathy. In aggregate, this
conglomerate measures approximately 7.5x3.6 cm. Several mild to
moderate FDG-avid right-sided cervical nodes are seen involving levels
II-1V, the largest of these nodes measures approximately 1x 1.4 cm.
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Chest: Diffuse mild curvilinear FDG activity seen in the anterior medias-
tinum to the left of midline, which may represent reactive/rebound thy-
mic tissue uptake. Left-sided Port-A-Cath seen in the left upper chest.

Abdomen: A focus of intense FDG uptake is seen in the upper anterior
abdominal wall, which likely represents reactive uptake in the area of
known G-tube (Fig. 14.8).

Impression

PET/CT scan evidence for supradiaphragmatic hypermetabolic lymph-
adenopathy, predominantly in the Waldeyer’s ring and cervical nodes,
left more than right, as detailed above.

Pearls and Pitfalls

1. 62-100 % of the FDG-positive patients will relapse after first-line che-
motherapy;in contrast, only 4-16 % of the patients with negative PET
will relapse.

2. 30-64 % of the residual masses will remain viable following the com-
pletion of therapy, demonstrating persistent metabolic uptake.
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3. Patient with a negative PET relapse in 16-25 % on a long-term
follow-up.
4. 80 % of the patients who relapse do so at another nodal site.

Discussion

The prognosis for children and adolescents with Hodgkin’s lymphoma is
excellent. However, many patients will show secondary malignancies
15-30 years after the initial diagnosis, which appears to be connected
with the intensity of treatment during primary disease. The indication for
radiotherapy in patients with early stage Hodgkin’s lymphoma should be
further refined by using FDG PET for evaluating the response to chemo-
therapy. Furthermore, in patients at an advanced stage of the disease, it
should be determined if sequential FDG PET research during chemo-
therapy can separate patients into subgroups with an excellent or a poor
prognosis.

PET imaging plays an important role in staging, evaluating tumor
response, planning radiation treatment fields, and monitoring after com-
pletion of therapy for pediatric Hodgkin’s lymphoma. This trend will
likely increase in the future as a result of PET’s superior sensitivity in
correlating sites of tumor activity compared to other available functional
imaging modalities. Ongoing prospective studies of PET in pediatric
patients will increase understanding about the optimal use of this modal-
ity in children with cancer and define the characteristics of FDG-avid
nonmalignant conditions that may be problematic in the interpretation
of tumor activity (Figs. 14.7 and 14.8).

Case 14.5: Rhabdomyosarcoma

History

A 7-month-old infant with reported left thigh rhabdomyosarcoma.

Findings

Chest: Diffuse mild curvilinear FDG activity seen in the anterior medias-
tinum to the left of midline, which may represent normal physiologic thy-
mic tissue uptake in a 7-month-old infant.

Abdomen: Several moderately to intensely hypermetabolic, likely
disease-involved periaortic nodes are seen on PET, the most cranial of
which is seen at the level of L3, approximately measuring 0.8 cm
(Fig. 14.9).
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Several adjacent focal regions of moderately intense FDG uptake are
seen in the left pelvis/left groin (max SUV 3.69), which corresponds to a
cystic appearing confluent mass with a thick periphery in the left pelvis
on unenhanced CT, which likely represent bulky left iliac chain necrotic
adenopathy, measuring 2.4 x 1.3 cm.

Several mildly to moderately hypermetabolic left-sided inguinal nodes,
the largest of each measures 3x2.1x2.6 cm on unenhanced CT
(Fig. 14.10).

A few scattered mostly subcentimeter right inguinal notes are also
seen on unenhanced CT, which demonstrate mild corresponding FDG
uptake on PET. Disease involvement cannot be excluded.

Edematous changes are seen in the subcutaneous tissue of the proxi-
mal left hip and thigh anteriorly along left thigh edema, likely a mass
effect. Undescended right testicle is noted.

Musculoskeletal: Prominent focal region of intensely increased FDG
uptake is seen in the posterior and lateral aspect of the left thigh (max
SUV 4.87), corresponding to a heterogeneous appearing partially cystic/
partially solid bilobed left thigh mass on unenhanced CT, with noted
thickened walls and septations (Fig. 14.11). FDG uptake is mostly seen
posteriorly in the solid component of this mass, while the more cystic/
anterior regions of the mass demonstrate no abnormal FDG uptake.
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Impression

1. PET/CT scan demonstrates moderately hypermetabolic left thigh
mass, which likely represents uptake in the site of the patient’s known
rhabdomyosarcoma.

2. Moderately to intensely hypermetabolic likely disease-involved peri-
aortic, left iliac, and left inguinal bulky adenopathy, with questionable
mildly FDG-avid subcentimeter right-sided inguinal nodes.

Pearls and Pitfalls

1. High-grade sarcomas are generally more FDG-avid than low-grade
lesions.

2. Comparing PET with the final clinical determination of disease extent,
PET is 77 % sensitive and 95 % specific.

Discussion

PET/CT useful in depicting an unknown primary rhabdomyosarcoma
and detecting unsuspected and unusual metastatic sites of childhood sar-
comas. It was useful in monitoring response to chemotherapy, radiation
therapy, and radiofrequency ablation and aided the postoperative evalu-
ation of tumor resection sites.

8F-fluorodeoxyglucose positron emission tomography (FDG PET)
and FDG PET/computed tomography (CT) are becoming increasingly
important imaging tools in the noninvasive evaluation and monitoring of
children with known or suspected malignant diseases (Figs. 14.9, 14.10,
and 14.11).

Case 14.6: Right Kidney Mass and History of Acute
Lymphoid Leukemia

History

A 19-year-old female diagnosed with acute lymphoid leukemia as a child
who has been in remission since treatment at that time. Recently, the
patient reported right abdominal pain, and an abdominal CT reported a
2.8 cmx2.3 cm x2.3 cm heterogeneous hyperdense lesion which is partially
exophytic in the right lower kidney.
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Findings

Abdomen/pelvis: Focal FDG uptake in a 2.8 x2.3x2.3 cm heterogeneous
hyperdense lesion in the right lower kidney pole (Fig. 14.12). The SUV
max of this lesion is 3.04 on initial whole-body images, and 3.56 on post
void delayed spot images of this region (Fig. 14.13). No FDG-avid
abdominal and/or pelvic lymph nodes are seen.
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Impression

PET/CT scan demonstrating focal FDG uptake in the right lower kidney
pole lesion, which persists on post void/post Lasix augmentation images.
Findings raise concern for significant pathology.

Pearls and Pitfalls

FDG PET detected all the sites of distant metastasis revealed by CT, as
well as additional metastatic sites, leading to an accuracy of 94 % vs.89 %
for CT. Although PET is more sensitive than CT for the characterization
of renal masses, it lacks specificity given a background of physiologic
tracer-labeled urine. As such, if we are able to “drive out” all physiologic
tracer-labeled urine, we can significantly improve the specificity of PET/
CT for these tumors. As such, our now standard acquisition protocol
involves injection of 15-20 mg of Lasix IV 25-30 min post FDG adminis-
tration. Additionally, the acquisition protocol also includes a single post
void “bed” of the kidneys, as patient ambulation has proved valuable in
allowing gravity to contribute to renal pelvis evacuation.

Additionally, FDG PET has proven to be an efficient tool for the
detection of distant metastasis in renal cancer, further suggesting its
superiority over CT along. A selection process could be implemented to
determine which patients should undergo PET. FDG PET could be per-
formed in the event of a solitary metastasis or doubtful images on
CT. Selection could also be based on adverse histological findings from
nephrectomy specimens in order to perform staging early after
nephrectomy.

Metastatic tumors or secondary lymphoma of the kidney are rare and
can often be missed on conventional computed tomography (CT) imag-
ing. On the other hand, many types of metastatic tumor or lymphoma can
be detected clearly as hotspots of elevated uptake on FDG PET. However,
excreted FDG present in the urinary tract mimics these findings and
interferes with image reading. Careful investigation of the renal cortex
by FDG PET and review of anatomical images, such as the findings of CT
and MRI, have important roles in the detection of renal tumor.

Discussion

F-18 FDG PET may have a role in the diagnostic evaluation of patients
with RCC and primary staging of disease. Positive F-18 FDG study may
be predictive of the presence of RCC. However, a negative study does
not exclude the RCC (Figs. 14.12 and 14.13).
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Case 14.7: Chronic Respiratory Disease

History

A 5-year-old male child with reported history of idiopathic interstitial
lung disease. The current study is performed to characterize the metabolic
nature of areas of most notable inflammatory changes for future compari-
son to posttreatment scans.

Findings

Chest: The lungs appear hyperexpanded. High-resolution CT of the chest
demonstrates diffuse patchy confluent areas of reticular opacities scat-
tered throughout both lungs predominately seen at the lung bases and
lower lobes (Fig. 14.14). Corresponding to the confluent reticular opacities
is a varying range of mild to moderate intensely hypermetabolic FDG
uptake on PET, suggesting metabolic uptake in an area of active inflamma-
tory changes (Fig. 14.15). A region of interest was drawn around the most
metabolically active region in the left lung base posteromedially, which
demonstrated an SUV max of 1.5 (Fig. 14.16). Another area of curvilinear
metabolically increased activity is seen peripherally in the left lower lung
lobe with an SUV max of 1.64 (Fig. 14.17). Similarly, the most metaboli-
cally active region in the posteromedial right lung base was outlined and
showed an SUV max of 1.91 (Fig. 14.18). A focal subcarinal region of
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intense FDG uptake is seen with an SUV max of 2.0. Tiny pneumatoceles
are seen scattered throughout both lungs along with a few scattered sub-
pleural cysts on unenhanced high-resolution chest CT. A 1.5 cm pneuma-
toceles is seen at the posterior right lower lung lobe on unenhanced CT,
which demonstrates moderately intense FDG uptake on PET. High-
resolution images demonstrate mostly parenchymal changes involving
bilateral lower lung lobes without peribronchial thickening or bronchiectasis.
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Faint/mild FDG uptake is seen in a 7.0 mm precarinal node. Diffuse
nonspecific/similar to background FDG uptake is seen symmetrically in
bihilar regions on PET, although evaluation for hilar lymph node enlarge-
ment is limited by lack of contrast enhancement. There is no intensely
hypermetabolic mediastinal or hilar lymphadenopathy. There are no
hypermetabolic axillary lymph nodes. Normal FDG uptake is seen in the
heart. Diffuse mild to moderate increased nonspecific likely age-related
thymic FDG activity is seen. No pleural or pericardial effusion is seen.

Impression

PET/CT scan demonstrating varying degrees of mild to moderate FDG
uptake corresponding to extensive mostly bibasilar lung parenchymal
pulmonary opacities with some pneumatoceles and subpleural cysts.
SUV max of the most metabolically active regions in both lung bases is
as detailed above.
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Pearls and Pitfalls

PET does not allow differentiation of IPF from a non-IPF diffuse
interstitial pulmonary process.

Discussion

Lung (18)FDG uptake was considered to reflect a gravity-dependent tissue
density in the normal lung. Though the lung (18)FDG uptake as well as the
CT density tended to be higher in chronic ILD patients, it may be difficult
to distinguish them in normal dependent regions from those related to
chronic ILD in some cases.

Pulmonary 18F-FDG uptake predicts measurements of health and
lung physiology in all patients with IPF and other forms of DPLD. 18F-
FDG metabolism is higher when the site of maximal uptake corre-
sponded to areas of reticulation/honeycomb on HRCT than to those
with ground-glass patterns (Figs. 14.14, 14.15, 14.16, 14.17, and 14.18).

Case 14.8: Lymphoma

History

A 9-year-old male with recently diagnosed lymphoma. The current study
is performed to scintigraphically stage the patient’s disease.

Findings

Face/meck: Large bulky conglomerates of hypermetabolic adenopathy
are seen involving both sides of the neck which likely represent disease-
involved lymphadenopathy (Fig. 14.19).

The largest left neck mass in the posterior triangle measuring approxi-
mately 2.3 x2.6x2.7 cm on unenhanced CT, demonstrating an SUV max
of 12.1 on PET. Additionally, a separate intensely hypermetabolic nodal
mass is seen in the posterior lower left neck/left supraclavicular region
measuring 2.3 x 1.1 cm on unenhanced, with an SUV max of 7.95.

On the right side, the largest nodal mass is seen along the jugular vein
measuring 1.5x1.7x2.7 cm on unenhanced CT demonstrating an SUV
max of 10.01 (Fig. 14.20).

Diffuse mild enlargement of the soft tissue of the left posterior phar-
ynx is seen on unenhanced CT with diffuse intensely increased FDG
uptake on PET.

Asymmetric tonsillar FDG activity is seen significantly more promi-
nent on the left, corresponding to a more prominent appearing left tonsil
in comparison to the right on unenhanced CT. The SUV max on the left
tonsil was seen to be 7.98 on PET, measuring 1.4 cm on unenhanced CT.
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Impression

1. PET/CT scan demonstrating bulky hypermetabolic bilateral cervical
and left supraclavicular adenopathy, all of which are likely disease
involved.

2. Findings concerning for disease involvement of the posterior pharynx
and tonsils (left >right), as detailed above.

Pearls and Pitfalls

1. Overall sensitivities, specificities, and positive and negative predictive
values were 78 %, 98 %, 94 %, and 90 % for F-18 FDG PET and 79 %,
88 %, 90 %, and 46 % for CT, respectively.

2. PET/CT scan with uptake greater than that of the liver is considered
positive. Uptake that increased over the background but less than in
the liver is equivocal.

Discussion

F-18 FDG PET imaging is a useful technique for the staging and follow-
up of pediatric patients with lymphoma.

Negative PET/CT scan during routine follow-up for lymphoma in chil-
dren strongly suggests absence of recurrence, but a positive PET/CT and
diagnostic CT scans have low PPV and should be interpreted with cau-
tion (Figs. 14.19 and 14.20).

Case 14.9: Leiomyosarcoma

Clinical History

The patient is an 18 -year-old male with a history of metastatic leiomyosar-
coma diagnosed in 2007. He has received several rounds of chemotherapy,
with the most recent dose in May 2012. The PET scan is requested to evalu-
ate response to therapy.

Findings

Head and Neck: There is a hypermetabolic 1.4 x 0.9 cm left level II lymph
node, with a max SUV of 5.2 (Fig. 14.21).
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Musculoskeletal System

A small focus in the right upper back posterior to the scapula in or adja-
cent to the right infraspinatus muscle has a max SUV of 3.5.Two foci are
seen in the left upper arm in or adjacent to muscle; this area is subopti-
mally imaged on CT. Activity in the right upper medial forearm may rep-
resent tracer activity at the injection site.

There is a focus of intense activity associated with the paraspinous
muscle at the L4 level on the left, max SUV 82. A 1x0.7 cm soft tissue
density is seen in fat posterior to the right femoral neck, max SUV 5.3. A
minimally active 5 mm subcutaneous soft tissue density in the right back
at the L1/2 level is of uncertain significance.

Several foci are seen in the lower extremities bilaterally, including in
the right upper posterior medial thigh in or adjacent to muscle, max SUV
4.4;a1x0.6 cm soft tissue density in fat posterior to the right distal femur,
max SUV 6.2; a small focus in the right tibialis posterior muscle, max
SUV 5.5; a soft tissue density in the left upper anteromedial thigh in fat
deep to the sartorius muscle, max SUV 5.1; in the left mid thigh in or
closely adjacent to the femur anterolaterally, max SUV 4.7; in the left
lateral thigh in muscle; posterior to the left lower femur in or adjacent to
muscle; and in muscle in the left medial foot, max SUV 4.0.

Several foci of abnormal activity are seen in bone. The most active
(max SUV 8.2) is associated with an approximately 1.2x0.7 cm destruc-
tive bone lesion medially in the head of the left mandible. In the right
mandible, there is a tiny focus (max SUV 5.3) medially adjacent to the
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most posterior molar. Other foci include in the left posterolateral
elements of C5 (max SUV 4.9) and in the right side of the spinous pro-
cess of L3 (max SUV 4.8).

Impression

1. PET/CT imaging demonstrates numerous foci of abnormal tracer
uptake in soft tissue of the torso, arms, legs, and left foot and in bone,
including in the left and right mandibular heads, the posterolateral
elements of c5, the 13 spinous process, and possibly a small focus in the
left mid femur.

2. Prominent hypermetabolic left level II lymph node worrisome for
malignant involvement.

Pearls and Pitfalls

FDG PET is considered as a useful tool in differentiating a benign lesion
from a malignant lesion from benign. However, FDG PET scan was not
able to correctly distinguish leiomyosarcoma from benign characteristic
of nodular fasciitis. The SUV max in the nodular fasciitis was as high as 7.
High glucose uptake in benign lesions was unusual because they nor-
mally grow more slowly and are metabolically less active. Why does nod-
ular fasciitis, a benign tumor, has such high FDG uptake? The rapid
growth, rich cellularity, and high mitotic activity.

Discussion

FDG PET correctly detected disease in patients with anaplastic thyroid
cancer, pleural mesothelioma, myxoid liposarcoma, malignant fibrous
histiocytoma, synovial cell sarcoma, and uterine leiomyosarcoma. These
findings suggest that PET is useful in the evaluation of a variety of rare
tumors both for initial preoperative staging and post-therapy assessment.
FDG PET can identify both local and distant recurrences of tumor as a
one-step procedure and will detect other metastases (Fig. 14.21).

Case 14.10: Epithelial Malignant Neoplasm

History

The patient is an 18-year-old female with liver cancer (epithelial malig-
nant neoplasm, NOS).
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Findings

Abdomen/Pelvis: The liver is studded with numerous hypermetabolic
lesions in both lobes corresponding to large confluent hypoattenuating
lesions (Fig. 14.22). For reference purposes, the lesion in the anterior
right hepatic lobe (segment IV with SUV max of 6.03) and the lesion in
the left lateral segment at the same level have an SUV max of 5.0. The
spleen measures approximately 9.2 cm.

Impression

PET/CT scan demonstrating numerous large hypermetabolic bilobed
hepatic lesions.

Pearls and Pitfalls

1. Data suggests that FDG PET imaging may be able to effectively mon-
itor the efficacy of regional therapy to hepatic metastases. FDG PET
is more accurate than lipiodol retention on CT in predicting the pres-
ence of residual viable tumor. The presence of residual uptake in some
lesions can help in guiding further regional therapy.
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2. The sensitivity of FDG PET for detection of HCC is 64 %. A correla-
tion was found between the degree of FDG uptake and the grade of
malignancy. Therefore, FDG imaging may have a prognostic signifi-
cance in the evaluation of patients with HCC. HCCs that accumulate
FDG are associated with markedly elevated alpha-fetoprotein levels.
However, FDG PET has limited value for the differential diagnosis of
focal liver lesions in patients with chronic hepatitis C virus infection
because of the low sensitivity for detection of HCC and the high prev-
alence of this tumor in that population of patients.

Discussion

Ninety percent of malignant primary liver tumors are tumors from epi-
thelial origin: hepatocellular carcinoma (HCC) and cholangiocarcinoma.
FDG PET detects only 50-70 % of HCC, but has a sensitivity greater
than 90 % for all other primary (cholangiocarcinoma and sarcoma) and
metastatic tumors to the liver. FDG PET imaging appears helpful to dif-
ferentiate malignant from benign hepatic lesions, with the exception of
false-negative HCC, false-negative infiltrating cholangiocarcinoma, and
false-positive inflammatory lesions. It is not helpful to identify HCC in
patients with cirrhosis and regenerating nodules. In patients with hepatic
primary malignant tumors trapping FDG, FDG PET imaging does iden-
tify unexpected distant metastases (although miliary carcinomatosis is
often false negative) and can help in monitoring therapy. Scintigraphic
tumor detectability depends on both the size of the lesion and the degree
of uptake, as well as surrounding background uptake and intrinsic resolu-
tion of the imaging system. Small lesions may yield false-negative results
which can be due to partial volume averaging, leading to underestima-
tion of the uptake in small lesions (Fig. 14.22).

Case 14.11: Brown Fat
Findings

Extensive uptake in the neck corresponding to brown fat uptake
(Fig. 14.23).

Pearls and Pitfalls

1. Combined "*F FDG PET/CT provides precise anatomic correlation,
which allows differentiation between '®F FDG uptake corresponding
to fat-attenuation tissue at CT and uptake from pathologic causes.

2. Brown fat ¥F FDG uptake can also be avoided by administering diaz-
epam, fentanyl, or propanolol prior to injection.
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Discussion

The development of PET/CT has led to the recognition that metabolically
active fat, referred to as brown fat, can accumulate FDG and represents a
possible source of false-positive scans in oncology patients. Physiologic
high uptake can be observed along the distribution of activated brown
adipose tissue in the neck, supraclavicular regions, axillae, mediastinum,
and paravertebral and perinephric regions. Uptake of '®F FDG, a glucose
analog, occurs when glucose transporters in brown adipose tissue have
been activated. Since the introduction of PET, physiologic ¥F FDG uptake
in activated brown adipose tissue has been known to be a source of false-
positive results. 'F FDG uptake in brown fat is typically bilateral and
symmetric. However, focal and asymmetric uptake can occur in the neck
or mediastinum, leading to false-positive results. Combined ®¥F FDG
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PET/CT provides precise anatomic correlation, which allows differentiation
between '8F FDG uptake corresponding to fat-attenuation tissue at CT
and uptake from pathologic causes. Uptake in brown fat is more common
in children than in adults and is most common during the winter. Warming
the patient prior to injection and during the uptake phase is a simple
approach that is used routinely at our institution to reduce brown fat
uptake. Brown fat 8F FDG uptake can also be avoided by administering
diazepam, fentanyl, or propanolol prior to injection (Fig. 14.23).

Case 14.12: Normal Thymus
Findings

Normal thymic uptake (Fig. 14.24).

Pearls and Pitfalls

Both the higher metabolic activity of the thymus in the first years of life
to puberty and the known phenomenon of the occurrence of thymus
hyperplasia after chemotherapy were considered.

Discussion

The thymus is a lymphoid organ and endocrine gland responsible for
directing and stimulating the adaptive immune system. The thymus gland
is located in the superior and anterior mediastinum, behind the sternum.
Thymus shape and size demonstrate marked age-related and interindi-
vidual variability on ultrasonographic (US), computed tomographic
(CT), and magnetic resonance (MR) imaging studies, particularly in early
childhood. The thymus is disproportionately large in infants and gradu-
ally undergoes involution with fatty replacement by adolescence or early
adulthood. The normal thymus is typically triangular or bilobed in shape
with homogeneous parenchyma and absence of mass effects on adjacent
structures. The thymus responds to systemic stress related to infection,
neoplasm, chemotherapy, and surgery by rapid atrophy. Once the stress-
ful event has ended, the thymus may regrow to its original size and
beyond. In patients with malignant mediastinal tumors, the thymus typi-
cally regresses during chemotherapy, with possible rebound enlargement
after completion of therapy (Fig. 14.24).
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Case 14.13: Pediatric Lymphoma
Findings

Uptake in multiple left lymph nodes (Fig. 14.25). Biopsy was consistent
with Hodgkin’s lymphoma.
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Pearls and Pitfalls

Bone marrow biopsy is the reference standard for BMI; it can miss localized
disease outside the site of bone marrow biopsy. FDG PET/CT may be used
at initial staging of pediatric lymphoma as it may uncover unsuspected bone
marrow involvement.

Discussion
PET/CT in pediatric lymphoma is more accurate than other imaging

modalities for initial staging, evaluating treatment response and follow-
up (Fig. 14.25).
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Case 14.14: NUT Midline Carcinoma
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Findings

Uptake in chest corresponds to the patient’s primary NUT midline
carcinoma (Fig. 14.26). There are also osseous metastases to the humeri,
spine, femurs, and tibias (Fig. 14.27).

Discussion

NUT midline carcinoma is a very rare, poorly differentiated, highly
aggressive cancer originating from midline body locations, most often in

4 i-§ PT: p49s0_wb_ctac.img: LOR-RAMLA
SIA7 2009 CT: Body-Low Dose CT
PT:3/17/2009
CT:3/177/2009

Min: 0.4 SUV
Max: 12.2 SUV
Mean: 3.6 SUV

StdDev: 2.8 SUV

.. -

O_wb_ctacimg: LOP-RAMLA PT: p384s0_wb_ctac.img: LOR-RAMLA
i} CT: Body-Low Dose CT
PT: 3/123/2012

CT:3/2372012

Min: 0.9 SUY

Max: 7.6 SUV
Mean: 2.7 SUY
StdDey; 1.5 SUY

’.

20cm




14 Pediatric Imaging 261

A0 _nh ez LOR-ALILL
T

Min: 0.6 SUY
Mar 6.8 SUY
Mean: 2.8 SUY
StdDey: 1.7 SUY

; +

4

Lerivz Y0600/ Risw Y1 14

' pI384s0_wh_ctoc.imy: LOk-FakLA
3 232012

40 ¢

e

ol

¥
Ld el

Serles: BOLET0/ Sheez
unltess LL:D,0DULSSE0,00
-

'PE—-I A g
Page: 1of 1 Series: 304670 f Slice: B1 Series: 2 / Slice: 81
e SUYLLD.ODULE.7S Width:2000 Le

Fic. 14.27

adolescents or young adults. Advanced local disease and distant
hematogenous metastases are typical. NMC is genetically defined by
chromosomal rearrangements of the NUT gene on chromosome 15q14
forming a BRD4-NUT fusion oncogene which blocks epithelial differen-
tiation, resulting in uncontrolled cell growth (Figs. 14.26 and 14.27).
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Case 14.15: Recurrent Left Frontal Anaplastic
Astrocytoma
Findings

Arrows point to a recurrent left frontal anaplastic astrocytoma
(Fig. 14.28).

Discussion

High-grade gliomas (HGG)—glioblastoma multiforme (GBM), anaplas-
tic astrocytoma, oligodendroglioma, and oligoastrocytoma—nearly
always recur, with median overall survival (OS) ranging from 4 to 8
months from the time of progression (Fig. 14.28).

Fic.14.28
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Case 14.16: Ewing Sarcoma
Findings

There is increased uptake corresponding to the sclerotic lesion in the
distal right tibia (Fig. 14.29).

Discussion

Ewing sarcoma family tumors account for approximately 3 % of all pedi-
atric cancers, making them the second most common bone malignancies
in children and adolescents. Radiologic evaluation of Ewing sarcoma can
help detect and accurately assess the extent of disease prior to treatment,
determine whether metastatic or recurrent disease is present, and moni-
tor therapy response (Fig. 14.29).
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Case 14.17: Posttransplant Lymphoproliferative
Disorder

Findings

There is a soft tissue mass with FDG uptake in the right pelvis adjacent
to the patient’s transplanted kidney (Fig. 14.30).

Discussion

Posttransplant lymphoproliferative disease (PTLD) is a severe complica-
tion after solid organ or bone marrow transplantation. In pediatric trans-
plant recipients, PTLD is the most common malignancy (Fig. 14.30).
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15 Myocardial Viability

Shahram Bonyadlou and Sindu Sheth

FDG VIABILITY SCINTIGRAPHY

Introduction

Among all methodologies in the diagnosis of hibernating myocardium,
BFE-FDG PET has remained a significant diagnostic tool. In combination
with myocardial perfusion scintigraphy, FDG PEt allows differentiation
between scar and viable myocardium and extent of disease with
remarkable certainty. This leads to appropriate patient selection for
invasive revascularization procedure. FDG PET has also been helpful in
patients with diagnosis of cardiac sarcoidosis and evaluation of patients
with cardiomyopathy for resynchronization therapy or who are being
considered for revascularization or heart transplant.

Overview

Normal myocardium utilizes free fatty acids or glucose to generate energy.
Under aerobic conditions, free fatty acids are the main sources of energy
unless there is circulating insulin to facilitate glucose consumption. During
severe ischemia (viable), myocardium switches to anaerobic metabolism,
utilizing glucose as the sole source of energy. Therefore, ¥ F-FDG PET will
detect an ischemic myocardium (hibernating).

Technique

Perhaps the most important factor in obtaining a quality image is patient
preparation. The following protocol has been successfully implemented
in our institution.

© Springer Science+Business Media New York 2016 269
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['*F]-FDG CARDIAC VIABILITY IMAGING PROTOCOL

Scheduling Considerations

A resting myocardial perfusion study must be obtained within the month
prior to the PET scan, and there must be no change in the patient’s clini-
cal status between the perfusion scan and the viability scan.

Patient Preparation

Obtain patient history including allergies, risk factor, diabetes, medica-
tion, known cardiovascular therapy, and prior cardiovascular tests (echo-
cardiography, SPECT, MRI, or invasive coronary angiography).

The patient must have a resting myocardial perfusion scintigraphy
(thallium, Myoview/MIBI, or rubidium) prior to viability scintigraphy.

Glucose management for diabetic cardiac patients is individually
reviewed by the nuclear medicine physician, radiologist, or nurse.
However, generally diabetic patients are instructed to eat a high-protein/
low-carbohydrate dinner the evening before the scan. Diabetics using
oral hypoglycemic agents are asked to take the normal dose of medica-
tion and no breakfast the day of the study (early morning schedule).

If the study must be scheduled for the afternoon, the patientis instructed
to eat a high-protein/low-carbohydrate light breakfast, take a full dose of
morning hypoglycemic agent or insulin, and abstain from eating lunch.

Tube feeding and intravenous dextrose solution must be placed on
hold 3-6 h prior to study. Nicotine and caffeine consumption must be
held 24 h prior to viability scintigraphy.

RADIOPHARMACEUTICAL DOSAGE

Adult dose: F-FDG 10-20 mCi IV or 0.22 mCi/kg.
Pediatric dose: adjusted pediatric dose schedule =(0.14-0.21 mCi) ['*F]
IV not to exceed 10 mCi.

CLINICAL IMAGING PROCEDURE

1. Height, weight, and blood glucose are measured. An intravenous cath-
eter is placed and left throughout the study.

. Cardiac monitoring.

. Obtain serum fasting blood glucose (BG).

. Glucose is administered PO.

. Nondiabetic

DB W

Oral glucose loading:

(a) IfBG<or=150mg/dl 50 g oral glucose +regular insulin 3 units [V
(b) If BG 151-300 mg/dl  regular insulin 5 units IV

(¢) If BG301-400 mg/dl  regular insulin 7 units IV

(d) If BG>400 mg/dl consult physician
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IV glucose loading (if unable to load PO): see below

FDG administration: After glucose load and sliding scale insulin
injections, administer F-18 FDG at least 45 min after glucose loading
and when BG <or=150 mg/dl.

. Diabetic

Oral glucose loading:

(a) IfBG<or=150mg/dl 25 g oral glucose

(b) IfBG151-180mg/dl  regular insulin 5 units IV
(c) IfBG181-200 mg/dl  regular insulin 7 units IV
(d) If BG201-300 mg/dl  regular insulin 12 units IV
(e) If BG>400 mg/dl consult physician

IV glucose loading (if unable to load PO): see below

FDG administration: After glucose load and sliding scale insulin
injections, administer F-18 FDG at least 60 min after glucose loading
and when BG <150 mg/dl.

. 15 min following administration of oral glucose load, obtain blood

glucose level and repeat every 15 min and administer IV regular insu-
lin as per above protocol.

. Residual activity in the syringe and tubing is assayed and used to

determine the actual administered activity.

. Following uptake period, the patient is transferred to the imaging

table.

The patient is positioned with their arms up (preferred) or at their
side. Scout images are acquired to determine position and whether
there is adequate FDG uptake in the myocardium.

Routine cardiac imaging should not begin sooner than 40 min post
injection. If myocardial uptake is still negligible after 40 min, the
nuclear medicine physician must be notified.

The blood glucose level must be >80 mg/dl prior to discharge.
The patient will be observed for signs of hypoglycemia during the
entire procedure while in the PET center. If blood sugar is ever less
than 80 mg/dl after insulin administration, start DSW @ 100 cm3/h IV.
Recheck blood glucose in 15 min.

IV Glucose Loading Instruction

(a) If the fasting glucose level is <150 mg/dl, 25 g dextrose-50 is given

intravenously. (20-25 mg of hydrocortisone should be added to the
dextrose-50 prior to injection to reduce the irritation of the veins.)

(b) For fasting glucose levels between 150 and 200, administer 12.5 g

dextrose-50 dose.

(c) For fasting glucose levels >200, implement sliding scale insulin to

lower the blood sugar using the following formula:

Units of regular insulin IV = BS2—550‘

Note: Up to 10 units IV per dose (i.e., no single dose greater than
10 units of regular insulin should be given).
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Case 15.1

(d) After each insulin dose, blood sugar should be checked 15 min after
the dose is given.

(e) If blood sugar is ever less than 80 mg/dl after insulin administration,
start DSW @ 100 cm?/h TV. Recheck blood glucose in 15 min.

(f) If hypoglycemia occurs (patient becomes diaphoretic, tachycardic,
disoriented, etc.), give dextrose-50, 1 ampule IV, and start DSW @
100 cm/h TV.

(g) Insulin is administered by physician or PET nurse only.

(h) If the blood sugar is =or <150 mg/dl following sliding scale protocol,
FDG can be injected.

(i) If the blood sugar remains >150 mg/dl, continue sliding scale insulin
formula prior to injection of the FDG.

History

A 57-year-old male with known history of coronary artery disease, status
post CABG, was referred for myocardial viability.

Rows 1 and 3 (short-axis images) demonstrated a large area of perfu-
sion abnormality at rest (SPECT myocardial perfusion scintigraphy —
PmTc-tetrofosmin) involving the inferior left ventricular wall (Fig. 15.1).
Rows 2 and 4 ¥F-FDG viability scintigraphy demonstrated a nonviable
myocardium.

Top row (vertical axis) image resting SPECT myocardial perfusion
scintigraphy (*™Tc-tetrofosmin) (Fig. 15.2). Bottom row ¥F-FDG viabil-
ity scintigraphy demonstrated no viable myocardium in the inferior wall.

DM @ M MmMmMmnmn
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Case 15.2 History

A 72-year-old male with known history of coronary artery disease, status
post PTCA stent of RCA, was referred for evaluation of myocardial via-
bility. Image 2 showed a moderate size perfusion abnormality involving
inferoseptal left ventricular myocardium. This region demonstrated phys-
iologic activity on FDG scintigraphy, indicating a viable myocardium.

Rows 1 and 3 demonstrated a large area of perfusion abnormality at
rest SPECT myocardial perfusion scintigraphy (*'thallous chloride)
(Fig. 15.3). Rows 2 and 4 demonstrated a viable myocardium on *F-FDG
PET scintigraphy.
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ARTIFACTS ASSOCIATED WITH PET-CT MYOCARDIAL
PERFUSION SCINTIGRAPHY

Case 15.3

Misregistration of PET and CT Transmission Data

Misregistration of PET and transmission data is common in cardiac PET
imaging, resulting in false interpretation. As a quality control measure,
assessment of registration images of PET and CT must be performed
routinely. This is important for processing PET data based on underlying
soft tissue attenuation level. As a result, over- or undercorrection of PET
data may occur.

A 54-year-old male with hypertension and diabetes and abnormal ECG,
complaining of chest pain of suspected ischemic origin (Fig. 15.4). Patient
underwent routine rubidium-82 myocardial perfusion scintigraphy. Stress
fusion images (PET rubidium-82 cardiac perfusion and CT transmission
scan) demonstrate misregistration of the lateral wall of the left ventricle
within low attenuating tissue of the lung parenchyma. The resting fusion
images demonstrated appropriate registration.

Attenuation-corrected rubidium-82 cardiac perfusion PET demon-
strates hypoactivity of the lateral wall at stress and normal activity at rest,
most suspected for ischemia (Fig. 15.5).

Images demonstrate appropriate registration of rubidium-82 cardiac
perfusion and transmission scans (manual correction was made)
(Fig. 15.6). Note: Alignment must be made in 3-D format.

Fic. 154
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Following correction of registration data, rubidium-82 cardiac perfu-
sion images demonstrate resolution of hypoactivity of the lateral wall
(Fig. 15.7).

Breast Attenuation Artifact

Although markedly reduced, attenuation associated with soft tissue of
the breast must be excluded.
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Case 15.4 Following images demonstrate hypoactivity of the anterior wall in a
64-year-old female with long-standing hypertension and hyperlipidemia,
complaining of chest pain and shortness of breath. The anterior wall
hypoactivity appears more pronounced at rest than stress (Figs. 15.8 and
15.9). Acquisition of gated data was at the time of peak stress, representing
a true stress wall motion and wall thickening. Figures 15.10 and 15.11
demonstrate end-diastolic and end-systolic gated images, respectively.
There is appropriate thickening of the anterior wall at end-systolic
images, confirming attenuation artifact attributed to breast parenchyma.

Fic. 15.8
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ATTENUATION ATTRIBUTED TO LARGE REGION OF INTEREST

Fic. 15.12

Whether automatic or manual, there would be an Region of Interest
(ROI) drawn within processing matrix to normalize the left ventricular
count profile. The field of view may or may not include noncardiac activi-
ties. This adversely affects the normalization process, therefore affecting
myocardial activity.

Figures 15.12 and 15.13 demonstrate initial (automatic) placement of
ROI that included the left ventricle as well as intense subdiaphragmatic
activity. Normalization was based on the most active region within
ROL. The stress images were normalized to left ventricular myocardial
activity, whereas resting images were normalized to subdiaphragmatic
activity (Fig. 15.13).

Figure 15.14 demonstrates manual correction of ROI only to the left
ventricle. Note following correct placement of ROI, the resting left ven-
tricular activity is appropriately normalized at rest (Fig. 15.15).
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Fic. 15.15

NONCARDIAC FINDINGS

1. PET
(a) Chest: mediastinal, esophageal, pulmonary, skeletal, breast, thy-
roid, cervical, and subdiaphragmatic.
Attention must be made to noncardiac activities during the evaluation
process, similar to conventional SPECT scintigraphy as radiotracer
activity may localize to pathological processes such as a tumor. Careful
evaluation of raw data during quality control (registration assess-
ment) process is a must.
2. CT
(a) Nonmalignant: mediastinal, pulmonary, skeletal, esophageal, cer-
vical, and nodal.
(b) Malignant: primary and metastatic.
Most PET myocardial scintigraphies are performed, using hybrid
equipments (PET-CT). Quality of transmission CT scan images is
poor secondary to low level of radiation (50-70 mAs) and acquisi-
tion during mild respiration. However, one must carefully examine
the transmission CT dataset as it may reveal benign or malignant
lesions.
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Case 15.5

Case 15.6

Case 15.7

Transmission scan of rubidium myocardial perfusion scintigraphy
(Fig. 15.16) demonstrates heterogeneous attenuation through liver
parenchyma, highly suspicious of malignancy. Patient was referred for a
FDG PET-CT scan for further clarification.

PET-CT scintigraphy (Fig. 15.17) demonstrated hypermetabolic activ-
ity associated with hypoattenuating liver lesions. Tissue sampling revealed
metastatic disease from colon carcinoma.

A 70-year-old male with hypertension, hyperlipidemia, and family history
of coronary artery disease was being evaluated for chest discomfort of
suspected ischemic origin. Axial CT transmission scan images
demonstrated large hiatal hernia and vertebral body hemangioma
(Fig. 15.18). Rubidium myocardial perfusion scintigraphy was
unremarkable. No prior anatomical imaging was performed prior to
rubidium scintigraphy. Patient’s symptom was attributed to hiatal hernia
and GERD. Subsequent management of GERD resulted in complete
cessation of symptoms.

A 55-year-old female with hypertension and family history of coronary
artery disease was referred for assessment of coronary artery disease. Axial
CT transmission images demonstrated large retrotracheal/mediastinal

Fic. 15.16
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mass that was worrisome for malignant etiology (Fig. 15.19). Further
correlation with ¥F-FDG PET-CT scan identified the mass as mediastinal
extension of a large goiter. Subsequent management of goiter resulted in
resolution of chest pain.






Fi6.15.19

Case 15.8
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A 63-year-old male with hyperlipidemia, hypertension, and chest pain
was referred for assessment of coronary artery disease. Spiculated left
upper lobe mass on transmission scan (Fig. 15.20) was identified. The
mass was pathologically confirmed following wedge resection as primary
pulmonary neoplasm.
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1 6 Granulomatous Diseases
Nova M. Isaac and Robert W. Henderson

Case 16.1: Sarcoidosis

History

50-year-old male, with history of esophageal cancer, status post esopha-
gectomy with gastric pull-through.

Findings

Symmetrically intense FDG activity seen within bihilar and mediastinal
lymph nodes, demonstrating hypermetabolism of similar intensity
(Figs. 16.1 and 16.2).

Impression

Findings compatible with sarcoidosis by scan pattern (which was proven
on surgery, during esophagectomy and gastric pull-up).

Pearls and Pitfalls

The hypermetabolic lymph nodes could have been mistaken for meta-
static disease.

Discussion

Etiology for granulomatous disease (noncaseating) is unknown.
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Fic.16.1

Characteristic scan pattern: nodal disease involving mediastinal (lower
paratracheal, aortopulmonary window, subcarinal), bilateral hilar, and
interlobar lymph nodes.

Parenchymal disease is a late feature; by then nodal disease may have
regressed.

BFDG-PET scan pattern is similar to “’Ga scan (lambda pattern) in the
region of the chest.

Symmetric FDG avid bihilar lymphadenopathy would be a rare pat-
tern for metastatic disease (Figs. 16.1 and 16.2).
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Fic. 16.2

Case 16.2: Pneumoconiosis

History

55-year-old male, sand blaster by occupation, presents with chronic
cough.
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Findings

Lambda pattern of lymphadenopathy involving mediastinal and bihilar
nodal regions (Fig. 16.3, yellow arrow). Particles predominantly seen in

the upper lobes of the lung, as shown here in the right upper lobe image
(Fig. 16.4, red arrow).

Fic.16.3

Fic.16.4
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Impression

Silicosis based on correlation with patient’s occupational exposure
history, presence of hypermetabolic mediastinal and bihilar lymph nodes
(lambda pattern), and visualization of multiple small pulmonary nodules,
predominantly in the upper lobes.

Discussion

¢ Involvement of upper lobes predominantly. This is related to lym-
phatic drainage, which is better in the lower chest, as it is assisted by
more excursion.

e Particles that pass the respiratory bronchioles into the alveoli are
drained by lymphatics, due to lack of cilia.

e Exception, being asbestosis (whose needles are not cleared by lym-
phatics) (Figs. 16.3 and 16.4).

Case 16.3: Asbestosis

History

55-year-old male with asbestosis.

Findings

Fibrotic changes in the lower lung fields demonstrating low-grade FDG
activity on PET and PET/CT fused images (Fig. 16.5). Pleural plaque in
the left lower lobe (red arrow).

Impression

Sequela to prior asbestosis exposure.

Discussion

¢ Differentiating idiopathic pulmonary fibrosis from asbestosis is impot-
tant because of legal and compensatory issues (Fig. 16.5).



294 N.M. Isaac and R.W. Henderson

Fic. 16.5

Case 16.4: Prior Tuberculosis/Old Granulomatous
Disease

History

Patient with known history of prior tuberculosis (TB).

Findings

Symmetric bihilar nodal activity within normal-sized lymph nodes
(Fig. 16.6).
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Impression

Granulomatous disease by scan pattern.

Pearls and Pitfalls

Granulomatous disease (GD) is by far the commonest false-positive
finding for nodal disease in the chest. In majority of the time, the hilar
and med iastinal lymph nodes cannot be readily biopsied. Therefore, the
classic scan pattern for GD must be identified on PET/CT.

Discussion

Active nodes common.

Does not imply active infection or need for treatment.
May or may not be associated with calcifications.
Nodes usually are normal size.

Usually bilateral (Fig. 16.6).
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Case 16.5: Granulomatous Disease in the Midst of
Hodgkin’s Lymphoma

History

56-year-old male, with history of Hodgkin’s disease (HD) below the dia-
phragm and prior history of tuberculosis. PET/CT images during chemo-
therapy (Fig. 16.7, top images); post chemotherapy PET/CT (Fig. 16.7,
bottom images).

Findings

Axial CT and fused PET/CT images (top) demonstrate new enlarged,
hypermetabolic right hilar lymph nodes with the rest of the body demon-
strating good response to chemotherapy (Fig. 16.7). Follow-up PET/CT
images (bottom) at the same level demonstrate resolution of right hilar
lymph nodes without anti-TB treatment.

FiG. 16.7
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Impression

Reactivation of granulomatous disease during chemotherapy.

Pearls and Pitfalls

The PET/CT reader might call the post-therapy scan as persistent
Hodgkin’s disease or progression of HD. (False-positive) PET/CT scans in
patients with HD are not always due to residual or progressive disease.

Discussion

e Association seen between increased incidence of granulomatous
disease and HD patients undergoing chemotherapy.

e Familiarity with scan pattern of 18F-FDG uptake in GD is essential as
it significantly impacts prognosis and management.

¢ Clinicians may need to maintain a low threshold of confidence for bas-
ing their diagnosis on histopathological evaluations when PET/CT

results appear to be incongruent with the patient’s clinical response
[1] (Fig. 16.7).

Case 16.6: Granulomatous Disease Coexisting with
Lymphomatous Disease

History

Patient presents with lymphoma recurrence in the left external iliac
lymph node.

Findings

Normal-sized, calcified bihilar lymph nodes; granulomatous disease by
scan pattern (Fig. 16.8, yellow arrow). Enlarged hypermetabolic left
external iliac lymph node (Fig. 16.8, red arrow) is compatible with recur-
rence of lymphoma.

Impression

Coexistence of granulomatous disease and lymphomatous disease.
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Discussion

¢ Presentation of unilateral hilar disease, mediastinal lymphadenopathy
without hilar disease, or posterior mediastinal adenopathy are rarely
seen with sarcoidosis and are more suggestive of lymphoma, meta-
static cancer, or other granulomatous infections [2] (Fig. 16.8).
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Case 16.7: Granulomatous Disease and Metastatic
Disease in the Chest

History

62-year-old male with known metastatic lung cancer with prior history of
mycobacterium tuberculosis.

Findings

Enlarged, intensely avid, left hilar lymph nodes representing metastatic
disease (Fig. 16.9, circled) from lung primary. Calcified, normal-sized

bihilar (yellow arrow) and subcarinal lymph nodes demonstrating mild
FDG activity, representing old granulomatous disease.

Fi16.16.9
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Impression

Metastatic left hilar lymph nodes with coexisting sequela of prior granu-
lomatous disease.

Discussion

Granulomatous disease and metastatic disease in the chest [2].

Lymph node calcification (occasionally eggshell pattern) can be seen
in up to 25 % of cases with prior granulomatous disease, usually in
long-standing disease.

In addition to lung cancer, malignancies that may metastasize to tho-
racic lymph nodes include breast, melanoma, head and neck, genito-
urinary, and gastrointestinal carcinomas including esophageal
carcinoma and melanoma.

Metastatic lymph node involvement is usually asymmetric (as opposed
to granulomatous disease) (Fig. 16.9).

Case 16.8: Mycobacterium Avium Complex

History

65-year-old female with history of bronchiectasis.

Findings

Increased linear and focal hypermetabolic activity in the right upper
lobe on PET (Fig. 16.10, black arrow). Increased hypermetabolism in the
lingula (red arrow). Both PET findings correspond to clusters of pulmo-
nary nodules seen in a background of bronchiectatic changes in the lung
parenchyma on CT.

Impression

Non-immunocompromised mycobacterium avium complex (MAC).

Pearls and Pitfalls

FDG-PET/CT is considered as a useful diagnostic tool to assess the exact
extent and activity of disseminated MAC infection [3]. Moreover, PET/
CT is advantageous over CT and magnetic resonance imaging to assess
the treatment response and time course of the disease.
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Discussion

Older women, 60s—70s.

80 % have bronchiectasis.

Clustered nodules occur in areas of regional bronchiectasis.

May be asymptomatic.

Symptomatic cases (cough, constitutional symptoms) more likely dem-
onstrate lymph nodes which are 18F-FDG avid (Fig. 16.10).
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Case 16.9 History

45-year-old male with history of Hodgkin’s disease, in remission since
many years, presents with new right upper lobe (RUL) lung nodule.
Biopsy of pulmonary nodule revealed fungal infection.

Findings

New pulmonary nodule in RUL, hypermetabolic on PET, SUV max 3.0
(Fig. 16.11, images on left). Resolution of pulmonary nodule, 3 months
following antifungal therapy (Fig. 16.11, images on right).

Impression

Pretherapy images: hypermetabolic RUL pulmonary nodule, worrisome

for neoplastic process. Post-antifungal therapy scan: interval response to
antifungal therapy with resolution of RUL pulmonary nodule.

FiG. 16.11
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Pearls and Pitfalls

Fungal infection can be a cause for false positive on PET.

Discussion

¢ Infectious and inflammatory processes aggregate metabolically active
macrophages, which also have increased demand for glucose, causing
false-positive results on FDG-PET [4] (Fig. 16.11).

History

65-year-old female, status post left ventricular aneurysm repair with
patch in 2009. PET/CT images provided below were obtained in 2012.

Findings

Status post left ventricular aneurysm patch repair demonstrating intense
FDG accumulation on PET images (Fig. 16.12, yellow arrow), secondary
to foreign body reaction.

Impression

Foreign body reaction in a left ventricular aneurysm repair patch.

Pearls and Pitfalls

FDG uptake secondary to inflammation/infection is the most common
false-positive finding on PET/CT. Differentiation between low-grade
infection within a prosthetic graft and foreign body reaction remains
difficult.

Discussion

It is likely that a large portion of patients with synthetic vascular grafts
will display high 18F-FDG accumulation in the graft material on PET/
CT, even after a long time following surgery and without a graft infection
[5]- The basis for this 18F-FDG accumulation may be due to chronic
inflammation known to occur on the surface of synthetic graft material.
Although not statistically significant, the 18F-FDG accumulation appears
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to be less prominent in endovascular grafts than in conventional grafts
(Fig. 16.12).

Case 16.11 History

42-year-old female, status post soft tissue augmentation with Juvederm
injections, 2 weeks post procedure.
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Findings

Subcutaneous hyperdense material in bilateral malar regions on CT with
corresponding linear hypermetabolism, consistent with known history of
cosmetic injections in the cheeks, 2 weeks post procedure (Fig. 16.13).

Impression

Foreign body reaction in bilateral malar regions secondary to hyaluronic
acid gel (soft tissue filler) injection.

Pearls and Pitfalls

Foreign body reaction is a potential source for false-positive results.
Clinical history and correlation of PET with CT findings is crucial in
making the diagnosis of foreign body reaction scan pattern, which can
vary in intensity and persist for many years following surgery/
procedure.

Discussion

¢ Hyaluronic acid gel is also called Hydrafill. Approved by FDA in June
2006 for correction of moderate to severe facial wrinkles and folds.

¢ Derived from Streptococcus equi and manufactured by a bacterial fer-
mentation process [6] (Fig. 16.13).
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17 Newer Tracers

Aarti Kaushik and Peter S. Conti

18F-AV-45 anp 18F-FDG

Case 17.1

Case 17.2

Findings

The 18F-FDG PET brain images (Fig. 17.1, top) demonstrate normal
tracer distribution in the gray matter and in the bottom 18F-AV-45 PET
images demonstrate normal white matter uptake (Fig. 17.1).

Findings

The 18F-FDG brain PET images of the brain (Fig. 17.2, top) demonstrate
bilateral temporal hypometabolism consistent with dementia of
Alzheimer’s type by pattern and the 18F-AV-45 PET images of brain
(Fig. 17.2, bottom) demonstrate diffuse uptake in the brain with loss of
gray and white matter demarcation unlike in case 1 (Fig. 17.2).

64Cu-ATSM (64Cu-ATSM: CorPER (II)-DIACETYL-
Bi1s(N4-METHYLTHIOSEMICARBAZONE) AND 18F-FDG)

Case 17.3  Findings
18F-FDG PET/CT images (Fig. 17.3, left) demonstrate mild to intense
uptake in cervical mass with uptake in bladder above it. 64Cu-ATSM
PET/CT images (Fig. 17.3, right) show peripheral rim of uptake in one
© Springer Science+Business Media New York 2016 307
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Fic.17.2

region of tumor and intense uptake in the other (Fig. 17.3, bottom). The
64Cu-ATSM is retained in hypoxic tissues, but rapidly washes out of nor-
moxic tissues (Fig. 17.3).

18F-MISO (18F-FLUOROMISONIDAZOLE)

Case 17.4  Findings

Images of 18F-MISO PET/CT scan of the brain show focal uptake in the
right parietal region (Fig. 17.4). [¥F]MISO is the prototype hypoxia
imaging agent. Uptake is homogeneous in most normal tissues, reflecting
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its high partition coefficient (near unity), and delivery to tumor’s is not
limited by perfusion. [18F]MISO binds to large molecules in tumor cells
that have a low level of oxygen and therefore hypoxic and resistant to
treatment (Fig. 17.4).

F-18 FLT

Case 17.5  Findings

18F-FLT PET/CT images show physiologic uptake in bone marrow, but
there is pathologic uptake in right breast mass (Fig. 17.5).
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Case 17.6

Case 17.7
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Findings

The 18F-FLT PET/CT images show thymic uptake before (Fig. 17.6, left)
and is decreased after chemotherapy (Fig. 17.6, right). There is physio-
logic uptake in the marrow and pathologic uptake in the right breast
mass (Fig. 17.6).

Findings

18F-FLT PET/CT images of patient with melanoma with uptake in the
left lung metastasis as well in the primary lesion in the right mid arm,
medially (Fig. 17.7). There is physiologic uptake in the bone marrow
(Fig. 17.7).
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Case 17.8 Findings

18F-FLT PET/CT images of a patient with transitional cell carcinoma of
the bladder with metastases to the lungs (Fig. 17.8).
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A
ACC. See Adrenal cortical cancer (ACC)
AD. See Alzheimer’s disease (AD)
Adenocarcinoma
bronchoalveolar cell carcinoma, 23
esophageal carcinoma, 73
focal, 82
histologic subtype, 27
metastatic, 197,202
mucinous, 118
pancreatic ductal, 103
polymorphous low-grade, 217
right lung, 21
solitary inguinal adenopathy, 117-118
superficial biopsy, 82
Adenoid cystic carcinoma recurrence
advantages and disadvantages, 215-216
PET-MRI fusion, 215
salivary gland tumor, 217
sinus status, 215
Adrenal
ACC (see (Adrenal cortical cancer (ACC)))
cortical carcinoma with lymphovascular invasion,
106
hounsfield unit, 105
SUV, 105
Adrenal cortical cancer (ACC)
abdomen, 231,232
advantages and disadvantages, 233
chest, 231
FDG PET, 233
hypermetabolic left lung pulmonary lesions, 231
PET/CT scan, 231
post chemotherapy treatment, 231
pulmonary metastases, 231, 232
radical surgery, 233
AJCC. See American Joint Committee on Cancer
(AJCO)
Alzheimer’s disease (AD)
abnormal metabolism, 225
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cerebellar cortical activity, 225,226
cognitive impairment (female), 225
medications, 226
American Joint Committee on Cancer (AJCC), 55
Anastomotic recurrence
advantages and disadvantages, 126
postsurgical scar, 124-125
radiation, 123
rectum, 126
Artifacts (PET-CT myocardial perfusion
scintigraphy)
attenuation-corrected rubidium-82, 274
breast attenuation (see (Breast attenuation artifact))
ischemic origin, 274
rubidium-82 myocardial perfusion, 274, 275
Asbestosis, 293-294
Attenuation (large region of interest)
left ventricle, 279-281
placement, ROI, 279
subdiaphragmatic activity, 279, 280
Attenuation correction artifact, 18
Atypical myocabacteria, 45

B
B-cell lymphoma scapula, 161
Bilateral hip joint, 5
Bile ducts, 102
Bladder cancer
advantages and disadvantages, 153
cystoprostatectomy, 150
hepatic disease, 149
hydronephrosis and hydroureter, 152
hypermetabolic lesions, 153
lymphadenopathy, 151
lymph nodes, 150
metastases, 149
radical cystectomy, 151
urothelial carcinoma, 148, 151-152
vasectomy, 150
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Bone marrow hyperplasia
FDG uptake, 1,2
GCSE 1,2
Breast, 121. See also Breast attenuation artifact
adenoid cystic carcinoma, 217
cancer, 199-201
Breast attenuation artifact
end-diastolic and end-systolic gated images,
277,278
hypertension and hyperlipidemia, 277
stress, 277
Brown fat
adipose tissue, 256
advantages and disadvantages, 255, 256
false-positive scans, 256
fat-attenuation tissue, 257
BF FDG uptake, 256-257
Burkitt’s lymphoma
advantages and disadvantages, 237
anatomic correlation, 236
diagnosis, 235
F-18 FDG PET imaging, 237
negative PET/CT scan, 237
subcentimeter nodes, 236
upper neck and bilateral supraclavicular
regions, 236

C
Calcifications, 70, 84, 106-107, 187,209, 300
Cancers
ascending colon, 113
breast, 199-201
cecal, 121-122
esophageal, 71-73
with FDG PET, 66
gastric, 66—-67
hepatic pulmonary and nodal involvement,
119-121
lung, 201-203
mid-ascending colon, 113-114
pancreatic, 103
periampullary, 102
peritoneal metastases, 115-116
prostate, 197-199
psoas muscle metastasis, 118-119
Carcinoids, 23, 33, 34
Carcinomas
adenoid cystic, 215,217
EACC, 80-81
esophageal, 73
BF-FDG PET, 86
with lymphovascular invasion, 106
pancreatic ductal, 103
peritoneal, 100
PET-CT, 99
SCC (see (Squamous cell carcinoma (SCC)))
submucosal squamous cell, 68
CC. See Cholangiocarcinoma (CC)
CCD. See Crossed cerebellar diaschisis (CCD)

Cecal cancer, 121-122
Cell lymphoma of breast
DLBCL, 62-63
hypermetabolic soft tissue density, 61
Centers for Medicare and Medicaid Services
(CMS), 24
Cervical cancer, 84,105,107, 109, 201, 307
advantages and disadvantages, 129
on biopsy, 127
FDG activity, 127-128
hypermetabolism, 127
metastatic disease, 129
risk factors, 130
Cholangiocarcinoma (CC), 98, 99
Chondrosarcoma, pelvis
cartilage matrix, 187
FDG activity, 187, 188
FDG PET, 187
heterogeneous pelvic mass, 187
ilium and acetabulum, 187
metastasis, 187,188
post radiation therapy, 187
Chronic respiratory disease
advantages and disadvantages, 249
chest
faint/mild FDG uptake, 248
high-resolution chest CT, 247
hypermetabolic axillary lymph nodes, 248
inflammatory changes, 246
lung bases and lower lobes, 246
parenchymal changes, 247
SUV max, 246-248
E-FDG uptake, 249
interstitial lung disease, 246
lung (18)FDG uptake, 249
PET/CT scan, 248
pneumatoceles and subpleural cysts, 248
Colon cancer, 113,115,118,119
hepatic pulmonary and nodal involvement,
119-121
mid-ascending, 113-115
peritoneal metastases, 115-116
psoas muscle metastasis, 118-119

Copper (II)-diac etyl-bis(N4-methylthiosemica rba

zone), 307-309
Crossed cerebellar diaschisis (CCD), 208-210
64Cu-ATSM, 307-309

D
Degenerative disc diseases, 203
Dementia
AD, 225-226
Alzheimer’s type, 307
FTD (see (Frontotemporal dementia
(FTD)))
NPH, 228-229
Dextrocardia, 11
Diabetes, 274
Digital rectal examination (DRE), 147-148



Diverticulosis, 139
DRE. See Digital rectal examination (DRE)
DSCE-CBV. See Dynamic susceptibility contrast-
enhanced cerebral blood volume
(DSCE-CBV)
Ductal carcinoma in situ (DCIS )
biopsy-proven diagnosis, 41
comedo-type, 42
FDG-PET/CT, 42
hypermetabolic right breast mass, 41,42
PET, 42
proliferation, 42
treatment options, 42
whole-body examination, 42
Dynamic susceptibility contrast-enhanced cerebral
blood volume (DSCE-CBV), 211
Dysphagias, 80, 81

E
EACC. See Esophageal adenoid cystic carcinoma
(EACC)

Elastofibroma dorsi (EFD)
advantages and disadvantages, 182
bilateral breast carcinoma, 181
pseudotumorous lesions, 183
recurrent/metastatic disease, 182
soft tissue densities, 181-182

Endometrial/uterine cancer
abdominal hysterectomy, 135
adrenal glands, 136-137
adrenal lesion, 135-136
advantages and disadvantages, 138
FDG, 139
metastatic disease, 136, 137
uterine carcinoma, 136
vagina and lung, 138
vaginal vault, 137

Endoscopic ultrasound (EUS), 71,75, 85, 86,91, 92,99

Epidural stimulator artifact, 4
Epilepsy, 219-222
Epithelial malignant neoplasm
abdomen/pelvis, 254
advantages and disadvantages, 254-255
and cholangiocarcinoma, 255
lesions, 256
liver cancer, 253
PET/CT scan, 254
Esophageal
cancer, 71,73
EACC, 80
heterogeneous retrotracheal, 79
hypermetabolic lymph node, 90
Esophageal adenoid cystic carcinoma (EACC), 80,
81
EUS. See Endoscopic ultrasound (EUS)
Ewing sarcoma
malignancies, 263
metastatic/recurrent disease, 263
sclerotic lesion, 263
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Extra-adrenal paraganglioma
advantages and disadvantages, 180
hypermetabolic soft tissue, 179
BIT-metaiodobenzylguanidine, 180
paraganglioma, 179
pheochromocytomas, 180
sacral spinal canal, 179
vertebral bodies, 179

F
BE-FDG PET, 71,74,75,79, 86,92
BE-FDG uptake, 12
BE-FLT PET/CT images, 310, 311
[¥F]-Fluoro-deoxyglucose (FDG) cardiac viability
imaging protocol
glucose management, 270
myocardial perfusion, 270
tube feeding, 270
18F-fluoromisonidazole (18F-MISO), 309-310
Fibrous dysplasia
advantages and disadvantages, 183
breast cancer, 183
fibroosseous tissue, 183
ground-glass appearance, 183
lesion, 184
metastatic disease, 183
Focal cortical dysplasia, 219-220
Follicular lymphoma grade
cervical level lymph nodes, 159
histopathological transformation, 159
restaging, 159
Foreign body reaction, 98, 303, 305
Frontotemporal dementia (FTD)
advantages and disadvantages, 227
cortex/occipital lobe, 227
language deterioration, 227
metabolic activities, 227
personality changes, 226-227
Pick’s disease, 228
Fungal disease, 19, 302, 303
Fungal infection, 19, 302, 303

G

Gallbladder, 96-98

Gallium-68 DOTATATE positron emission
tomography/computed tomography, 103

Gamma knife therapy, 130

Gastric cancer, 66, 121

Gastrointestinal stromal tumor (GIST), 103-104

GBM. See Glioblastoma multiforme (GBM)

GD. See Granulomatous disease (GD)

Germ cell tumors, 135

GIST. See Gastrointestinal stromal
tumor (GIST)

Glioblastoma multiforme (GBM), 262

Glioma, 211-212

Gluteal subcutaneous uptake, postinjection soft
tissue changes on CT, 16
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Granulocyte colony-stimulating factor
(GCSF), 1

Granulomas, 20

Granulomatous disease (GD), 98,294-295, 295

H
Hepatic pulmonary, 119-121
Hepatocellular carcinoma (HCC), 255
Hepatoduodenal lymph node, 98
High-grade gliomas (HGG), 262
Hodgkin’s disease (HD), 296-297, 302
abdomen, 239
advantages and disadvantages, 239-240
chest, 239
FDG-avid right-sided cervical nodes, 238
FDG PET research, 240
Hodgkin’s lymphoma, 240
prognosis, 240
supradiaphragmatic hypermetabolic
lymphadenopathy, 239
tumor activity, 240
Waldeyer’s ring, 238
Hodgkin’s lymphoma, 162-164, 296297
Hypermetabolic mass, 68, 77
Hypermetabolism, 82, 93, 98, 100, 104, 223, 300
pleural-based mass, 24
pretherapy images, 21
upper lobe pulmonary nodule, 19
Hyperplasia
bone marrow hyperplasia (see (Bone marrow
hyperplasia))
thymic hyperplasia post chemotherapy (see
(Thymic hyperplasia post chemotherapy))
Hypometabolism, 210, 220

I
IDCA. See Intraductal carcinoma (IDCA)
Infarct, 95,210
Inflammatory disease, 170
Injection, 304-305
acquisition protocol, 245
FDG administration, 271
postradiation treatment, 12
Intraductal carcinoma (IDCA)
advantages and disadvantages, 46
hypermetabolic osseous lesions, 46
osseous metastasis, 46
skeletal metastases, 46
stage IV disease, 46
Invasive breast cancer
advantages and disadvantages, 44-45
hypermetabolic mediastinal lymph nodes, 43, 44
interval resolution, 44
irregular enhancing mass, 43
metabolic activity, 44
NCCN, 45
sentinel lymph node dissection, 43

treatment-induced reduction, 45
tumor metabolism, 45
Invasive ductal carcinoma
BI-RADS 5,53
hypermetabolic primary neoplasm, 53, 54
retroareolar spiculated mass, 53
right breast, 52
stage IIIB, 55
Irradiation, 32, 186
Ischemia, 225,269,274

J

Jaundice, 102

Joints, 203,219
cricoarytenoid, 219
glenohumeral, 203

K
Klinefelter syndrome, 57

L
Langerhans cell histiocytosis, 207-208
Laryngeal cancers, 218-219
Left frontal anaplastic astrocytoma
HGG and GBM, 262
progression, 262
Leiomyosarcoma
advantages and disadvantages, 253
anaplastic thyroid cancer, 253
head and neck, 251, 252
hypermetabolic left level II lymph node, 253
musculoskeletal system, 252-253
PET/CT imaging, 253
PET scan, 251
Leukemia, 243-245
Liposarcoma, 253
Liver, 74,95
FDG uptake, 100
glucose-6-phosphatase, 96
SUV, 105
Lobes
anterior segment, 98
anterior temporal, 222
hepatic, 65, 74
PET, 300
superior-medial left parietal, 219
Low-grade fibromyxoid sarcoma
advantages and disadvantages, 180-181
heterogeneous hypermetabolic soft
tissue, 180
left thigh mass, 180
metastasis, 181
neoplasm, 180, 181
Low-grade soft tissue sarcoma
advantages and disadvantages, 191
distant metastases, 191



heterogeneous attenuation, 191
hypermetabolic left distal thigh, 191
left thigh mass, 190
Lumpectomy, 50, 200
Lung neoplasms
mesothelioma (see (Mesothelioma))
neuroendocrine tumor favoring small cell lung
cancer, 33-34
non-small cell lung cancer, 21-23
SCC,23-25
SCLC, 31-32
SFT, 38-40
SPN (see (Solitary pulmonary nodule (SPN)))
Lungs, 74, 96,103,107, 117, 119, 120,292,299
cancer, 201-203
RUL, 302
Lymphadenopathy, 44, 46, 128-130, 218, 290, 292, 298
Lymphoma, 100, 298
advantages and disadvantages, 161,251
antibodies, 161
diagnosis, 249
face/neck, 249,250
F-18 FDG PET imaging, 251
granulomatous disease, 297-298
hepatis nodes, 161
Hodgkin’s lymphoma, 296-297
metabolic activity, 161
PET/CT scan, 251
pharynx and tonsils, 251
sacrum, 160-161
Lymphomatous disease, 297-298

M
Male breast cancer
disease progression, 55
hypermetabolic metastatic disease, 56
Klinefelter syndrome, 57
progression, 56
Malignant
adrenal lesions, 105
etiology, 71
gallbladder, 97
peritoneal cavity, 100
salivary gland tumor, 217
Malignant pleural mesothelioma (MPM), 36
Mastectomy, 42, 55, 56, 62
MDCT. See Multi-detector CT (MDCT)
Medial temporal sclerosis, 221-222
Mediastinum, 218-219
Meningioma, 211
Mesenteric metastatic disease, 65
Mesothelioma
with low SUV
biopsy-proven right pleural mesothelioma, 36
circumferential pleural thickening, 36,37
FDG-PET imaging, 37
reduced survival time, 38
MPM, 36
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multiple hypermetabolic pleural-based
nodules, 35
pleural-based lesions, 35, 36
talc pleurodesis, 36
Metabolism, 45, 104. See also Hypermetabolism
Metal implants, 3
Metastasis
lymph node, 71
psoas muscle, 118-119
TNM staging, 214
Metastatic breast cancer
advantages and disadvantages, 49
hepatic metastases, 48
hypermetabolic solitary right axillary LN, 48
ipsilateral right axillary LN, 49
SUVmax 14.0, 49
®0Y radio embolization, 49
MEFS. See Myxofibrosarcoma (MFS)
MM. See Multiple myeloma (MM)
MPM. See Malignant pleural mesothelioma (MPM)
Multi-detector CT (MDCT), 96
Multiple myeloma (MM)
advantages and disadvantages, 189
blood parameters, 189
bone marrow infiltration, 189
hypermetabolic lytic lesions, 189
osseous lesions, 189
PET-CT, 188
stage II/III MM, 189, 190
Multiple sclerosis, 202
Muscular uptake variations, PET/CT scan, 12
Musculoskeletal neoplasms
chondrosarcoma, 187-188
elastofibroma dorsi, 181-183
extra-adrenal paraganglioma, 179-180
fibrous dysplasia, 183-184
low-grade fibromyxoid sarcoma, 180-181
multiple myeloma, 188-190
myxofibrosarcoma, 192-193
osteosarcoma, 193-195
primary osseous lymphoma, 177-178
Mycobacterium avium complex, 300-302
Myocardial viability
anaerobic metabolism, 269
cardiac sarcoidosis, 269
clinical imaging procedure, 270-272
coronary artery disease, 272
fatty acids/glucose, 269
BE-FDG PET, 269
left ventricular wall, 272
PmTe-tetrofosmin, 272, 273
patient selection, 269
protocol, 269
PTCA stent, 273
radiopharmaceutical dosage, 270
SPECT, 272
20lthallous chloride, 273
Myocardium, 269, 271-273
Myositis ossifican, 12



320 Index

Myxofibrosarcoma (MFS)
FDG PET-CT, 192
heterogeneous activity, 192
histologic grade, 192, 193
medial thigh mass, 192
myxoid subtype, 192
soft tissue mass, 192

N
Nasopharyngeal carcinomas, 172
National Comprehensive Cancer Network (NCCN)
guidelines, 24, 33
Natural killer (NK) lymphoma, 172-173
Neck, 100, 108, 212,217,218
Neoplasm
colon, 113-126
Neuroendocrine tumor favoring small cell
lung cancer
anterior mediastinal mass, 33
high maximum SUV, 33
Kulchitsky cells, 33
low-and intermediate-grade neuroendocrine
carcinomas, 34
NCCN guidelines, 33
PET/CT, 33,34
pulmonary/bronchial carcinoid tumors, 33
NHL bladder, 166-168
Noncardiac findings
coronary artery disease, 282
CT, 281
BE-FDG PET-CT scan, 283
hypertension and family history, 282
PET, 281
rubidium myocardial perfusion, 282
spiculated left upper lobe mass, 285
transmission scan, 285, 286
vertebral body hemangioma, 283-285
Non-Hodgkin’s lymphoma
breast-feeding, 61
lactating breast status, 60
left breast tissue, 60
left neck mass, 59
tissue density and hormonal status, 61
Non-immunocompromised MAC, 300
Non-small cell lung cancer
FDG-PET scan, 23
hypermetabolic pulmonary nodule, 21-22
left chest wall uptake, 22
PET/CT
posttreatment, 22
pretreatment, 21
posttreatment/follow-up PET/CT, 22
stage I11B
cell types, 26
large, irregular, hypermetabolic mass, 26, 27
PET, 26
stage IV
cyber knife radiation therapy, 27
initial PET/CT, 28
linear hypermetabolic activity, 29

radiation pneumonitis, 30
stable postradiation-induced inflammation, 30
surveillance PET/CT, 29
traction bronchiectasis, 30
treatment recommendations, 30
T3 vertebral body cortex, erosion, 28
TNM staging system, 23
Normal pressure hydrocephalus (NPH)
advantages and disadvantages, 228
cerebral cortical atrophy, 228
cortical perfusion, 228
CT scanning, 228,229
gait disturbance (male), 228
ventriculomegaly, 228
NUT midline carcinoma
aggressive cancer, 260
cell growth (uncontrolled), 260, 261
chest, 260
chromosomal rearrangements, 260
osseous metastases, 260

(0]
Old mycobacterium tuberculosis, 299
Orbital lymphoma, 173-174
Oropharyngeal squamous cell carcinoma (OSCC),
214,216
Osteosarcoma
abnormal activity, 193
FDG PET, 194
intraosseous skip lesions, 194
left distal femur, 193
malignant bone tumor, 194
medullary sclerotic lesion, 193
Ovarian cancer
abdomen and pelvis, 133
abdominal hysterectomy, 133
advantages and disadvantages, 133
bladder lavage, 135
carcinoma, 131
chemotherapy, 132
endometrial, 134
hypermetabolic, 130
lymph nodes, 131
metabolic activity, 131
metastatic stage, ovarian carcinoma, 130
omental/peritoneal metastases, 132
PET/CT, 133

P
Pacemaker, 4
Paget’s disease, 199
Palate carcinomas, 172
Pancreatic cancer, 99, 102, 103
Pancreaticoduodenectomy, 102
Parotid lymphoma, 168-169
Pediatric lymphoma
advantages and disadvantages, 259
biopsy, 258,259
treatment response, 259



Pelvic nodal metastatic disease, 65
PEM. See Positron emission mammography (PEM)
Peritoneal metastases, 100
Peritoneum, 103, 107
PET-CT neuroendocrine tumors, 103
Pharynx, 249, 251
Pheochromocytoma, 105, 108
Photopenia, 6, 118,192
Pneumoconiosis, 291-293
Positron emission mammography (PEM)
breast neoplasm, 57
hypermetabolic right breast mass, 57
invasive breast cancer, 57
MRI BI-RADS: 6,57, 58
right breast, 57, 58
spatial resolution, 59
whole-body PET, 59
Post-ERCP pancreatitis, 98
Postinjection soft tissue changes on CT
gluteal subcutaneous uptake, 16
thigh subcutaneous uptake, 17
Postradiation changes, mid spine, 8
Postradiofrequency ablation, 95, 243
Post-RFA assessment lesions, 6
Post therapeutic changes, 50, 114, 235
Posttransplant lymphoproliferative disease
(PTLD), 264
Primary breast lymphoma (PBL), 61
Primary osseous lymphoma
FDG PET-CT, 177
local disease, 177
lytic sclerotic changes, 177
non-Hodgkin type, 178
prognosis, 178
proximal tibial lesion, 177
SUV, 177,178
Primitive neuroectodermal tumor, 180
Prostate cancer, 197-199
advantages and disadvantages, 146
bone metastasis, 148
CA, 146-147
castrate-resistant metastatic, 144-145
DRE, 147-148
FDG PET-CT scan, 143
gland, 146
lymph nodes, 144
metastatic disease, 143,144
presacral lymphadenopathy, 146
radical prostatectomy, 143
renal disease and metastatic, 143
SUV, 146
Psoas muscle metastasis, 118-119

R

Radiation, 109, 118,208, 210,212
Radiation myositis, 12
Radioablation therapy, 95
Radiodensity, 36

Radiotherapy, 62, 81, 139, 212, 240
Rectal tumor, 117
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Recurrence
adenoid cystic carcinoma, 215-217
anastomotic, 123-126
restaging and diagnosing, 67
tumor, 210-212
Recurrent laryngeal nerve (RLN) injury, 218
Renal cell carcinoma
advantages and disadvantages, 155
hypermetabolic metastatic mass, 154
malignancy, 155
metastatic, 156
pelvicalyceal system, 155
PET-CT, 153-154
Renal non-Hodgkin’s lymphoma
bilateral kidneys, 169
lymphomatous infiltration, 171-172
renal lymphoma, 169
Retroperitoneum, 148, 151
Rhabdomyosarcoma
abdomen
disease-involved periaortic nodes, 240, 241
edematous changes, 241
hypermetabolic left-sided inguinal
nodes, 241
advantages and disadvantages, 243
chest, 240
FDG PET, 244
left thigh (infant), 240
metastatic sites, 244
musculoskeletal
bilobed left thigh mass, 241
septations and thickened walls, 241, 242
PET/CT scan, 243
Right kidney mass and history of acute lymphoid
leukemia
abdomen/pelvis, 244
advantages and disadvantages, 245
F-18 FDG PET, 245
PET/CT scan, 245
right abdominal pain, 243
Right maxilla lymphoma, 165-166
RLN injury. See Recurrent laryngeal nerve
(RLN) injury

S
Sacral lymphoma, 164-165
Sarcoidosis, 19, 269, 289-291
Sarcoma, 208
SCC. See Squamous cell carcinoma (SCC)
Single-photon emission computerized tomography
(SPECT), 205
Sit-ups prior to injection, 14
Small cell lung CA (SCLC)
hypermetabolic pulmonary nodule, 31
left lower lobe hypermetabolic pulmonary
nodule, 31
limited and extensive, 32
posttreatment scan, 31, 32
radiation-related changes, 32
stages, 32
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SMV. See Superior mesenteric vein (SMV)

Solitary fibrous tumor (SFT)
benign pleural, 38
hypoglycemia, 38
myxoid degeneration, 40
pleural-based right lower lobe mass, 38
pleural-based soft tissue mass, 38, 39

Solitary pulmonary nodule (SPN)
benign and malignant processes, 21
cause, 20
definition, 20
FNA biopsy, 20
hypermetabolic right upper lobe pulmonary

nodule, 19,20
impression, 19
PET, 20

SPECT. See Single-photon emission computerized

tomography (SPECT)

Squamous cell carcinoma (SCC), 68, 73,201,212-213
advantages and disadvantages, 185
bilateral pulmonary metastatic disease, 185
chemoradiation, 185
destructive mass, 185, 186
grades II and III carcinoma, 185
left knee, 185
lung

contralateral left axillary lymph node
metastasis, 24
hypermetabolic, pleural-based mass, 24,25
NCCN guidelines, 24
PET/CT imaging, 24
pleural-based, 23, 24
metastatic disease, 185
preexisting scars, 185

Stage IV breast
advantages and disadvantages, 50, 52
lytic lesion, 49, 50
metastatic breast carcinoma, 52
pathologic fracture, 49
post-therapy images, 50-52
scan pattern, 50

Standardized uptake value (SUV), 71

Subclinical aspiration, 7

Superior mesenteric vein (SMV), 100

SUV. See Standardized uptake value (SUV)

Sydenham’s chorea, 222-224

T
Tense, cervical, and intercostal muscular uptake, 15
Thallium perfusion scan, 270

Thigh subcutaneous uptake, postinjection soft tissue
changes on CT, 17
Thymic hyperplasia post chemotherapy, 9, 10
Thymus (normal)
advantages and disadvanatges, 257
endocrine gland, 257
enlargement, 257, 258
lymphoid organ, 257
systemic stress, 257
thymic uptake, 257
Thyroid, 79,107,218
Thyroid cancer (recurrence)
advantages and disadvantages, 235
anatomic localization, 235
coregistered *F-FDG PET/CT, 235
FDG-avid 4 mm, 233,234
scintigraphic findings, 233
subcentimeter-sized mildly FDG-avid
nodes, 235
subcentimeter-sized nodes, 233, 234
thyroglobulin levels, 233
Tonsillar HPV-positive squamous cell carcinoma,
212-214
Tuberculosis, 19, 294-295
Tumor recurrence/progression, 210-212

U

Ulcer, 80

Ulcerative colitis, 80

Urinary bladder, 127,128, 151, 167,170

Uterine cancer. See Endometrial/uterine cancer

A\
Vaginal cancer, 137,139
Vascular uptake [aorta], 5
Vertebroplasty artifact, 18
Vocal cord paralysis, 217-218
Vulvar cancer, 139
advantages and disadvantages, 140
carcinoma, 141
focal metabolic activity, 139-140
intraepithelial neoplasm, 140
neoplasm, 140
perianal biopsy, 139
perineal urine, 140

w
Weight lifting, 13
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