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Hybrid FDG PET/CT plays a vital role in oncologic imaging and has been widely adopted for
the staging and restaging of a variety of malignancies. Its diagnostic value in urogenital
malignancies is less well-known, not at least because of the variable FDG avidity of these
tumor entities, the sites of these tumors, and technical challenges associated with sequen-
tial imaging of CT and PET. PET/CT interpretation thus can be especially challenging and is
associated with many pitfalls, which can lead to both false-positive and false-negative diag-
noses as well as incorrect assessment of metabolic change following therapy. Currently,
FDG PET/CT is not the standard of care for the initial diagnosis or staging of early-stage or
low-risk urogenital cancers; however, it can help evaluate distant metastatic disease,
response to therapy, and disease recurrence in high-risk patients. Knowledge of imaging
features of tumor metabolic avidity and pitfalls is essential for accurate interpretation.
Semin Nucl Med 51:611-620 © 2021 Elsevier Inc. All rights reserved.

Introduction

Besides computed tomography (CT) and magnetic reso-
nance imaging (MRID), hybrid positron emission tomog-
raphy/CT (PET/CT) has improved imaging care for oncologic
patients.2-deoxy-2-fluorodeoxyglucose (FDG) PET/CT has
become widely used and made an enormous contribution to
the diagnosis, staging, and treatment monitoring in patients
with cancer.' ~ As a glucose analog, FDG is taken up by can-
cer cells owing to the upregulation of glucose metabolism.
Hybrid PET/CT combines functional with morphologic
imaging and promises to provide greater diagnostic confi-
dence and accuracy in cancer imaging than PET alone.”
The clinical interest in obtaining FDG PET or PET/CT for
patients with urogenital cancers was high during the 2008
U.S. National Oncologic PET Registry (NOPR), which was
developed to collect data on the clinical utility of FDG PET
for previously noncovered tumor entities in Medicare benefi-
ciaries. Renal and urinary bladder malignancies accounted
for 2877 and 3578 of 40,863 PET scans during the NOPR
period, accounting for 16% of all PETs.” Other tumor entities
with the highest number of PET and PET/CT scans
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performed included prostate cancer (13%), ovarian cancer
(11%), and pancreatic cancer (8%), among others.

The clinical utility of FDG PET/CT depends on the type of
malignancy and the clinical context, with current evidence-
based literature embracing several indications for urologic
cancers.”"® Although FDG PET/CT is not the standard of
care for the diagnosis or initial staging of early-stage or low-
risk urogenital cancers, it has added value to CT and MRI in
evaluating advanced or high-risk disease, recurrent disease,
response to surgical or chemotherapeutic treatments. Given
the hybrid nature of PET/CT imaging, there are inherent
technical challenges with it, which include respiratory
motion artifacts and anatomic misalignment of the two data-
sets, as well as excreted urinary radioactivity present along
the urinary tract. Other pitfalls include PET/CT misalignment
due to intestinal peristalsis, PET halo artifacts around the
bladder due to erroneous scatter correction, and mismatched
volume and misregistration of the bladder due to bladder fill-
ing. PET/CT interpretation thus can be especially challenging
and is associated with many pitfalls, which can lead to both
false-positive and false-negative diagnoses as well as incorrect
metabolic quantification following therapy. Knowledge of
imaging features of nonspecific radioactivity, pitfalls, and
tumor metabolic avidity is essential for an accurate interpre-
tation. In this article, we review the clinical role of FDG
PET/CT in renal cell cancer (RCC), bladder cancer, testicular
cancer, and penile cancer based on the current National
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Comprehensive Cancer Network Clinical practice guidelines
(NCCN guidelines, USA), along with case presentation to
highlight some of the technical and interpretive challenges
associated with PET/CT interpretation of urogenital cancers.

Imagining Protocol

As with all FDG PET/CT protocols, proper hydration prior to
the exam is encouraged to enhance the excretion and dilute
the radioactivity within the urinary tract. Patients must be
asked to void the urinary bladder just before going onto the
scanner to minimize the nonspecific urinary radioactivity,
commonly seen in the renal collecting system, ureters, and
bladder, which otherwise could limit lesion detection and
characterization. Protocol considerations to minimize this
physiologic urinary activity are especially relevant for urogen-
ital malignancies. Delayed imaging following oral hydration
or the use of IV furosemide to enhance the urinary excretion
of FDG has been described in the literature but is rarely used
in clinical practice.” "' Following the usual 60-minute FDG
uptake, hybrid PET/CT requires sequential imaging, com-
monly with CT first for anatomical imaging and attenuation
correction of PET data, followed by PET. The patient is
instructed to lay still on the scanner during both scans so
both CT and PET data are properly co-registered/aligned for
imaging interpretation. In oncology, a torso PET/CT is typi-
cally performed from skull-base to mid-thigh, with CT being
low-dose and non-enhanced (neCT) for attenuation correc-
tion and anatomic localization of PET data. As a special con-
sideration for urogenital imaging, it is better to start the scan
from the thigh up to the skull, not from skull to thigh, which
helps avoid the nonspecific urinary activity within the blad-
der. This also allows for a better PET/CT co-registration of
the bladder due to the two scans' negligible time delay.'”
Some institutions may opt for the placement of a urinary
catheter to minimize the bladder radioactivity further."”
Various PET/CT workflows exist that address the specific
CT needs as part of the PET/CT exam. The most common
PET/CT protocol uses a low-dose CT without oral or IV con-
trast, in which the patient is asked to breathe normally dur-
ing CT and PET scanning. A hybrid PET/CT scan can take
10-25 min to complete, dependent on the patients’ habitus
and scanner system.'® A diagnostic contrast-enhanced CT
protocol (ceCT) with iodinated oral and IV contrast media
administration can improve diagnostic accuracy. In most
instances, a portal-venous ceCT of the torso is acquired dur-
ing normal breathing, which matches the PET field-of-view
and mimics the diaphragmatic motion on PET; however, the
anatomic structures around the diaphragm, in the lower
chest and upper abdomen, commonly show some degree of
misregistration/misalignment because the CT data is acquired
at a random point of the respiratory cycle while the PET data
is obtained during multiple respiratory cycles. An additional
low-dose neCT of the chest in full inspiration allows for an
optimal lung parenchyma evaluation. A multi-phase CT with
arterial and portal-venous contrast enhancement focusing on
a region of interest such as the kidneys is technically feasible

but rarely indicated because most patients will already have
undergone a diagnostic CT as part of their imaging workup
prior to PET/CT.'""”

Technical Pitfalls

Attenuation and scatter correction

CT transmission data is used to correct for PET attenuation. The
attenuation correction and scatter correction of PET data are well
established, but technical challenges remain. A halo artifact is
commonly seen around the bladder due to scatter correction
errors in areas of intense radioactivity, such as the urinary blad-
der."® This artifact is also present but less evident at the level of
the kidneys, particularly when there is hydronephrosis, which
can mask PET findings and limit image interpretation. These arti-
facts can be reduced by using the latest time-of-flight (TOF) PET/
CT technology, which can minimize errors in data normalization,
attenuation, and scatter correction and help improve image qual-
ity for lesion detection.'® ' Metal artifacts from orthopedic hard-
ware in the hips can be extensive on CT, resulting in streak
artifacts and limiting CT evaluation of the hips and pelvic struc-
tures. Further, CT-based attenuation correction is susceptible to
errors in areas of metal implants, which can lead to falsely high
or low FDG uptake.'”* Recent introduction of iterative CT algo-
rithm to reduce metal artifact can improve not only the CT anat-
omy but also the PET image quality and quantification.'”

A PET/CT with ceCT quality is often indicated in urogeni-
tal cancers to enhance lesion detection and characterization.
When oral and/or IV contrast media are administered, high
concentrations of intestinal or IV contrast media may cause
artifacts in the reconstructed PET data because of inadequate
CT attenuation correction. As a result, the PET image quality
may be affected, and the standardized-uptake value (SUV)
measurements can be falsely high.”” However, these artifacts
are usually very mild and considered acceptable, particularly
when water-based contrast media is used.

Respiratory artifact and PET/CT
misregistration

Respiratory artifact and PET/CT misregistration are signifi-
cant concerns for an accurate interpretation of urogenital
cancers. Respiratory artifact occurs on both CT and PET
because patients are breathing normally during the scans.
Differences in respiratory/diaphragmatic motion between CT
and PET can often induce co-registration errors in addition
to respiratory motion artifacts. Thus, variable degrees of PET/
CT misregistration is unavoidable (Fig. 1). Other causes of
misalignment involve intestinal peristalsis and urinary excre-
tion of radioactivity.'>'**” Blurry PET images and misregis-
tered PET/CT data can negatively impact the PET image
quality, particularly at the level of the kidneys, liver, and
spleen. Various commercial respiratory motion correction
methods are available, minimizing the respiratory artifact
and improving the PET/CT misregistration.”" >’ Currently,
most vendors use a respiratory gating method for PET
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Figure 1 PET/ceCT of a 67-year-old woman with sequential CT and
PET acquired during normal breathing. A, original fused images,
axial and coronal, show a 3 x 5 cm benign left renal cyst with PET/
CT misregistration due to respiratory motion (arrow). B shows man-
ually adjusted PET/CT registration, axial and coronal; however,
minimal misregistration remains due to the inherent differences in
the respiratory motion between CT and PET (arrow). In clinical
practice, a manual co-registration is feasible but will slow down the
image review and interpretation process. Still, a manual co-registra-
tion is subjective and may not solve the misregistration well.

imaging, which divides the respiratory cycle into a specific
number of bins and is simple to implement in clinical prac-
.30 . A L 4

tice.”” Though, respiratory motion correction is mainly used
for the chest area at present, such as lung nodules and radia-
tion treatment planning of lung cancer. Its use in evaluating
intraabdominal lesions is limited to few reports and requires
further validations.”**”

Tumor Entities

Renal Cell Carcinoma

Contrast-enhanced CT and MRI are the imaging modalities
of choice for the initial diagnosis and staging of RCC.”" They
provide adequate diagnostic information on the local extent,
nodal and vascular involvement, as well as distant metastasis.
For initial staging, FDG PET was found to have a sensitivity
and specificity of 60% and 100% compared with 92% and
100% for ceCT. The accuracy was slightly better for retroper-
itoneal nodal metastasis with a sensitivity and specificity of
75% and 100%, compared with 93% and 98% for ceCT.”
In a meta-analysis published in 2012, FDG PET showed a
pooled sensitivity and specificity of 62% and 88% for renal
lesions and 79% and 90% for extrarenal lesions at staging.””
With hybrid PET/CT, the sensitivity increased to 91% for
extrarenal lesion, while the specificity was stable at 88%.”
Some of the diagnostic challenges can be attributed to the
variable FDG avidity of renal primaries and the presence of
excreted urinary activity in the renal collecting system, which
often obscures lesion detection. A higher FDG avidity of the

primary is associated with higher tumor grading and
increases the likelihood of nodal and metastatic disease. A
maximum SUV of 3.0 has been shown to have 89% sensitiv-
ity and 87% specificity for differentiating low-grade from
high-grade RCC.”" "

In a prospective study of 63 subjects with advanced RCC
(T2-4 tumors), FDG PET/neCT showed a sensitivity of 90%
and specificity of 83% for post-operative surveillance, which
was equivalent to conventional imaging (chest CT, abdomi-
nal CT, and bone scan).”” In another study by Alongi et al.,
PET/neCT was found to have a sensitivity and specificity of
74% and 80%, and influenced the clinical management in
43% of patients with tumor recurrence. Moreover, a positive
PET/CT scan was also associated with worse 5-year sur-
vival.”” In a meta-analysis published in 2017, FDG PET/CT
was found to have a sensitivity and specificity of 86% and
88% in detecting new metastatic or recurrent lesions.™
False-negative scans are commonly attributed to small lesion
size and limited spatial resolution of PET. As recurrent RCC
may have low-level FDG uptake and may be masked by
excreted urinary activity, PET/ceCT is preferred if clinically
indicated to enhance lesion detection and characterization.
False-positive findings are often a result of post-operative
scar, post-radiation inflammation, or infection.””*" A sum-
mary of the most important meta-analyses related to FDG
PET and PET/CT for RCC, urinary bladder cancer, testicular
cancer, and penile cancer, is provided in Table 1.

Current NCCN guidelines do not recommend FDG PET/
CT as a standard of care for the initial staging, or follow-up
after therapy in RCC, and indicate that the clinical value of
PET/CT in the management of RCC patients remains to be
seen.”’ The current 2014 American College of Radiology
(ACR) Appropriate Use Criteria suggest that PET/CT can be a
valuable adjunct to conventional imaging for RCC post-treat-
ment surveillance, particularly when CT or MRI is equivocal
for local recurrence, and postoperative or post-radiation
changes cannot be excluded.”” At our institution, PET/CT
has been requested for initial staging of high-risk RCC and
post-treatment follow-up of advanced RCC. A case of RCC,
clear cell type, whose primary shows only mild FDG avidity
and lacks uptake in the tumor thrombi present in the portal
vein as well as tumor extension within the proximal ureter is
illustrated (Fig. 2). Because immunotherapy response may
differ from traditional systemic therapies, PET/CT imaging
can be helpful as it provides functional and morphologic
evaluation of treatment response and has the potential to pre-
dict survival. " " In a small study of 10 patients, the sum of
lesion diameters at CT decreased to 80%, while the FDG
uptake decreased to 75% after 2 months of therapy with sor-
afenib for metastatic RCC."” The advantage of hybrid PET/
CT for evaluating treatment response in a patient with recur-
rent RCC treated with immunotherapy is shown (Fig. 3).

PET radiopharmaceuticals targeting prostate-specific
membrane antigen (PSMA) show promise for imaging of
RCC in addition to prostate cancer, due to the PSMA expres-
sion by tumor-associated neovasculature.”” Most clear cell
RCCs, the most aggressive subtype, are highly associated
with PSMA expression. Less aggressive RCC subtypes can
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Table 1 Summary of the Most Important Meta-Analyses Related to FDG PET and PET/CT for RCC, Urinary Bladder Cancer, Testicular Cancer, and Penile Cancer.

ici

Specifi

Sensitivity

No of studies
(patients)

Scan type (No
of studies)

©5% CD, in %

95% CD, in %

Indication

Tumor entity

Year

Ref. #

88 (77-94)

91 (84-96)
62 (49-74)
79 (71-86)

2(138)
4(83)

Staging, extra-renal lesions

Staging, primary

2012 PET/CT (2) RCC
PET (12)

33

88 (47-100)
90 (82-95)

8(272)
15(1168)

10 (433)

Staging, extra-renal lesions

Restaging
Staging

88 (84-91)

86 (88-93)
82 (75-88)
94 (91-96)

RCC

PET (8); PET/CT (7)
PET (1); PET/CT (9)

PET/CT (7

2017

40

92 (87-95)

Urinary bladder cancer

2015

58
63

92 (88-95)
86 (81-89)

7 (603)
9 (375)
16 (807)

Restaging
Restaging

Urinary bladder cancer
Testicular seminoma
Testicular cancer

2020
2014

78 (67-87)

PET (7); PET/CT (2)
PET (15); PET/CT (1)

74
75

87 (84-89)

75 (70-80)

Mostly restaging

2014

(mostly seminomas)
Penile squamous

81 (70-89) 92 (87-96)

7 (115)

Staging, inguinal -

PET/CT (7

2012

88

all nodes
Nonpalpable nodes

Palpable nodes

cell cancer

86 (76-93)
100 (84-100)

57 (35-77)

96 (82-100)

Cl, confidence interval; Ref., reference.

Figure 2 A 67-year-old man was found to have left RCC, clear cell
type, grade 3, with hemorrhage and necrosis at radical nephrec-
tomy. An additional Klatskin tumor was thought to be cholangio-
carcinoma but revealed metastatic RCC at endoscopic retrograde
cholangiopancreatography (not shown). Subsequent staging PET/
neCT shows a mildly FDG avid RCC mass located in the anterior
aspect of the left kidney, measuring 6 x 8 cm with max. SUV 3.5
(A, B, C, axial images; arrow); reference liver SUV was 2.8. On a
ceCT performed earlier (D, axial), there were tumor thrombi in the
renal vein and tumor extension into the left mesentery, colonic wall
and proximal ureter, which shows only mild uptake on PET (SUV
2.5, arrowhead). Mildly enlarged left paraaortic nodes demonstrate
no abnormal FDG avidity and were benign at later histopathology.
This case illustrates the pitfall of low FDG avidity in RCC and the
advantage of ceCT in detecting tumor thrombi and local extension.
He recently completed four cycles of ipilimumab and nivolumab.
also be PSMA positive in significant percentage of cases.”™"’
In a recent pilot study of 14 subjects, PSMA-targeted 18F-
DCFPyL PET/CT appeared to have added value in the identi-
fication of patients with oligometastatic clear cell RCC.”
Ongoing clinical trials are evaluating the diagnostic utility of
PSMA PET agents.’”* Another novel PET approach involves
the use of radiolabeled antibodies targeting the highly
expressed carbonic anhydrase IX (CAIX) in clear cell RCC.
Two recent pilot studies have demonstrated that anti-CAIX
monoclonal antibody 89Zr-girentuximab PET/CT could have
added value to CT and FDG PET in the clinical management
of RCC patients.” "

Urinary Tract Cancer

CT and MRI urography are standard of care for the initial evalua-
tion of suspected urothelial malignancies given the greater sensi-
tivity for lesion detection.”””® PET/CT is limited for early-stage
urinary tract cancers because of the low-level FDG avidity and
the excreted urinary activity, which can obscure the primary, par-
ticularly for the small ones. Compared to standard CT, FDG PET/
neCT was found to have greater sensitivity (85% vs 77%) but
lower specificity (25% vs 50%) in the detection of urinary blad-
der primary.”” However, diagnostic potential was found to be
better for staging of nodal and distant metastases, with a reported
sensitivity of 82% and specificity of 92% in a meta-analysis by
Zhang et al.”
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Figure 3 A 70-year-old man was diagnosed with grade 4 RCC with rhabdoid differentiation, underwent robotic left rad-
ical nephrectomy. Six months later while on immunotherapy with sunitinib, FDG PET/neCT was negative for residual
or recurrent disease (not shown). However, at 12-month follow-up PET/neCT imaging, he developed a new FDG avid
left lower lobe pulmonary nodule, 1.9 x 2.0 cm with max. SUV 8.1 (C, axial images; arrowhead) and a new FDG avid
left paraaortic node, 2.0 x 2.4 cm with max. SUV 9.4 (A, axial images; arrow); reference liver SUV was 2.8. The retro-
peritoneal node was recurrent RCC at subsequent core needle biopsy. The therapy was switched from sunitinib to ipili-
mumab and nivolumab. PET/neCT four months later showed resolution of the paraaortic node (B, axial images) and
pulmonary nodule (D, axial images), indicating complete treatment response.

When PET/neCT is performed, a correlation with a previ-
ous ceCT, if available, is highly recommended. The impor-
tance of correlating PET/neCT with ceCT when interpreting
urogenital cancers is highlighted (Fig. 4). Other pitfalls may
include nonspecific focal ureteral radioactivity due to focally
dilated ureter, which can mimic disease, particularly on axial
images. However, a correlation with coronal and sagittal
images can help reduce this pitfall. Better yet, a PET/ceCT
should be obtained instead of PET/neCT if clinically feasible
to minimize false-positive interpretation and improve diag-
nostic accuracy. A PET halo artifact around the bladder due
to erroneous scatter correction can be severe in some
patients, limiting the assessment of the bladder wall and

primary and pelvic lymph nodes. In other instances, the mis-
matched PET/CT volume and misregistration of the bladder
anatomy can pose a severe pitfall to interpretation. Anatomic
variations of the urinary bladder can also pose diagnostic
challenges. Specifically, FDG retention within urinary blad-
der diverticula can resemble tumoral uptake. Herniation of
the urinary bladder into the inguinal canal is uncommon but
can mimic a metastatic inguinal lymph node following
administration of FDG on PET. Image interpretation can also
be challenging in patients who have had prior cystectomy
and creation of an ileal conduit as the radiotracer excreted
through the stoma can obscure disease evaluation or mimic
peritoneal disease.'”

Figure 4 An 88-year-old man underwent PET/neCT for workup of a 3 c¢m left lower lobe pulmonary mass. A recent
biopsy also found multifocal high-grade, invasive urothelial carcinoma along the left ureter. The left lower lobe mass is
FDG avid and reveals invasive adenocarcinoma at subsequent core needle biopsy (A, maximum-intensity-projection
image; circle). There is mild radioactivity along the right ureter with SUV 5.3 (B, C, coronal images; arrow and arrow-
head); reference liver SUV was 3.3. This corresponds to multiple contrast-enhancing lesions measuring up to
0.7 x 1.4 cm in the right ureteropelvic junction and mid ureter, seen on a ceCT performed two weeks earlier (D, coro-
nal images; arrow and arrowhead). PET/ceCT would have missed all these ureteral lesions, had the interpreting physi-
cian not known about the recent diagnosis of urothelial cancer and not reviewed the previous ceCT for correlation. No
FDG avid retroperitoneal nodes are present. Note the prominent nonspecific urinary activity along the left ureter with-

out tumor lesions or ureteral dilation.
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The NCCN guidelines currently do not recommend FDG
PET/CT for the initial staging of non-muscle invasive bladder
cancer because the risk of metastatic disease is extremely
low. However, PET/CT may be considered in patients with
muscle-invasive disease (T2) or clinical stage III or greater.””
PET/CT can be beneficial for these patients as it may influ-
ence clinical management. The added value of FDG PET/CT
to resolve equivocal findings on diagnostic CT or MRI has
also been acknowledged by the ACR.“” Kibel et al. found that
staging PET/neCT had a sensitivity of 70% and specificity of
94% for metastatic disease in muscle-invasive bladder can-
cer.®! More importantly, additional occult metastatic disease
was found in 7 of 42 patients with PET/CT compared with
ceCT. In another study of 44 patients with muscle-invasive
bladder cancer, the sensitivity for pelvic nodal metastasis was
57% for PET/neCT and 33% for ceCT.”" A case of FDG avid
multifocal bladder urothelial carcinoma with hilar nodal and
pulmonary metastasis is illustrated (Fig. 5). It should be
emphasized that PET/neCT should not be used to delineate
the anatomy of the urinary tract as the neCT is low-dose and
lacks the soft tissue contrast.

For tumor surveillance with or without prior cystectomy,
FDG PET/CT may be considered, particularly in high-risk
patients in whom metastasis is suspected. PET/CT findings
can guide biopsy in select patients, alter patient management,
and provide prognostic information compared with CT or
MRI"’ In a recent study of 41 patients with suspected recur-
rent bladder cancer, FDG PET/neCT showed a sensitivity of
87% and specificity of 94% for recurrent/metastatic bladder
cancer, with identifiable lesions including abdominal and
pelvic nodes, pulmonary and osseous metastases.”

Moreover, PET/CT led to change in treatment decisions in
40% of patients and impacted the overall survival and pro-
gression-free survival. In a meta-analysis in 2020, PET/CT
was found to have a 94% sensitivity and 92% specificity for
restaging of urinary bladder cancer.”” A case of recurrent uro-
thelial bladder carcinoma with disease progression while on

immunotherapy is shown (Fig. 6).

Testicular Cancer

Contrast-enhanced CT and MRI are primarily used for the
initial staging of testicular malignancies.”"” Currently, the
diagnostic value of PET/CT in the initial staging of testicular
cancer is not well defined.”* Most PET literature on initial
staging of testicular cancer to date is based on FDG PET, not
PET/CT, and indicates that PET may have slightly greater
sensitivity than ceCT.?° ” A limited number of retrospective
PET/neCT studies also showed encouraging diagnostic per-
formance for germ cell testicular cancers.”"" In a recent
study, the diagnostic accuracy of PET/neCT for germ cell
tumors was 81% for local regional metastasis and 93% for
distant metastasis on a lesion-based analysis.”” It appears
however, FDG PET and PET/neCT have limited accuracy in
nonseminomatous germ cell tumors and is suboptimal for
differentiation between mature teratoma from necrosis or
fibrosis.”*"’

On the other hand, the role of PET/CT in surveilling semi-
nomatous testicular cancer is well established. Treglia et al.
reported a pooled sensitivity of 78% and specificity of 86%
for restaging of seminomas in a meta-analysis published in
2014."" Similarly, a meta-analysis by Zhao et al. in 2014

C

Figure § A 68-year-old-man with hematuria was found to have two foci of muscle-invasive urothelial carcinoma with
mucinous features, high grade, invading the prostate on transurethral resection. Staging PET/ceCT reidentifies these
contrast-enhancing lesions at the bladder neck (A, axial images; arrow) and base (B, sagittal images; arrow) measuring
4.1 x 4.6 cm with intense FDG uptake (max. SUV 9.6; reference liver SUV was 2.6). There are incidental findings of
FDG avid left hilar node and left upper lobe pulmonary nodule (C, axial images; arrowhead), 1.2 x 2.3 cm with max.
SUV 6.8. It revealed metastatic urothelial carcinoma at subsequent biopsy. The patient was treated with palliative che-
motherapy with cisplatin and gemcitabine but died 5 months later.
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Figure 6 A 71-year-old man with history of poorly-differentiated urothelial carcinoma of the bladder had undergone
cystoprostatectomy and pelvic nodal dissection with the creation of an ileal conduit. Five years later, while on immu-
notherapy with atezolizumab, PET/neCT shows several FDG avid paraaortic nodes, with the index lesion measuring
1.3 x 1.5 cm with max. SUV 6.3 (A, axial images; arrow), most consistent with disease recurrence. Follow-up PET/
neCT performed 8 months later, while on therapy with carboplatin and gemcitabine, shows interval increase in size
and FDG avidity of the paraaortic nodes (B, axial images; arrow) and a new FDG avid subcarinal node, 1.2 x 1.5 cm
with max. SUV 6.3 (D, axial images; arrowhead) was not present on the prior exam (C, axial images). Findings are
most consistent with disease progression. The patient died four months later.

reported a sensitivity of 75% and specificity of 87%, with
most patients undergoing PET scanning for restaging of tes-
ticular seminomas.”” The current NCCN guidelines indicate
that PET/CT may be considered for stage II and III seminoma
patients who are found to have a residual mass (>3 c¢cm) on
CT and normal serum alpha fetoprotein and beta hCG.”*
Imaging should be performed at 6 weeks or later after ther-
apy, as earlier imaging may be false-positive in as much as
15% of patients due to post-treatment inflammation.”®
Lesions smaller than 3 cm are often associated with low cell
proliferation and may lead to false-negative PET.”* Nonethe-
less, PET/CT can detect metabolically active residual tumors
while CT alone may not be able to differentiate between
residual tumor and necrotic or fibrotic tissue.”""""% A case
of metastatic mixed germ cell tumor of the testis, which
shows mild metabolic PET response to systemic chemother-
apy but a slight increase in size on CT is presented (Fig. 7).
PET/CT can also provide early detection of recurrent disease
as tumor FDG avidity usually precedes CT morphology;
thus, a negative PET/CT is reassuring.”" Follow-up with diag-
nostic CT should follow for additional 5 years, as testicular
germ cell tumors are often slow-growing with low FDG avid-
ity, resulting in indeterminate imaging diagnosis.””

Penile Cancer

Diagnostic CT chest, abdomen, and pelvis is typically per-
formed to assess the size and extent of local tumor involve-
ment and screen for nodal disease and distant metastasis;
MRI may also be considered.””"* Imaging workup is vital as
13%-16% of patients without palpable inguinal lymph nodes
may have occult metastases, and 20%-40% of patients with
palpable lymph nodes may not have metastases.””* The
most common histology of penile cancer is squamous cell
carcinoma, which is usually FDG avid. %' 78" However, PET/
CT is not recommended for staging of low-risk patients
because it is less sensitive to small nodal metastases that are
below the PET spatial resolution.”” "’ A meta-analysis

< |

Figure 7 A 33-year-old man underwent orchidectomy for a mixed
germ cell tumor with extensive tumor necrosis (60% seminoma,
30% teratoma, and 10% yolk sac tumor) and was known to have
retroperitoneal and pulmonary metastases. Staging PET/neCT
shows a heterogeneously FDG avid retroperitoneal mass measuring
12.2 x 6.4 cm with max. SUV 6.6 (A, axial images; arrow), refer-
ence liver SUV is 2.5; and bilateral pulmonary nodules measuring
up to 1.2 cm with SUV 1.0 (C, axial images; arrowhead). Three
months later, while on therapy with cisplatin, etoposide and ifosfa-
mide, the size of the retroperitoneal mass is slightly increased, now
measuring 13.3 x 7.8 c¢cm (B, axial images; arrow), but the FDG
uptake is decreased by 46%. The pulmonary nodules are not signifi-
cantly changed in size or metabolic activity (D, axial images; arrow-
head). The patient died nine months later.
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Figure 8 A 65-year-old man was diagnosed with an ulcerated, invasive, and moderate-poorly differentiated, predomi-
nantly non-keratinized squamous cell carcinoma of the glans penis. Staging PET/ceCT shows a 2.5 cm contrast-
enhancing, FDG avid penile lesion, max. SUV 5.6 (A, axial; B, sagittal, arrow); reference liver SUV was 3.0. A slightly
enlarged left inguinal lymph node measuring 1.2 x 2.1 cm shows no abnormal uptake (SUV 1.5), which favors a
benign node; there is no PET/CT evidence of distant metastasis. The patient underwent partial penectomy and remains

disease-free at his recent 5-year clinical follow-up.

showed that PET/CT had a pooled sensitivity of 81% and
specificity of 92% for inguinal nodal staging of all lesion
sizes. Specifically, the sensitivity was only 57% for non-pal-
pable nodal metastases but increased to 96% when the nodes
were palpable, Table 1. Thus, FDG PET/CT is most valu-
able in those patients with clinically suspicious inguinal
nodes or where initial CT or MRI shows equivocal findings
for metastasis.”"" """ A case of moderate-poorly differenti-
ated, non-keratinized squamous cell carcinoma of the penis
with true-negative nodal and distant metastasis on clinical
follow-up is shown (Fig. 8).

Conclusion

The diagnostic value of FDG PET/CT in urogenital malignancies
is less well-known compared with other tumor entities not at
least because of the variable FDG avidity of these tumor entities
and interpretive challenges associated with the sites of these
tumors and inherent limitations of hybrid imaging. Current evi-
dence-based literature suggests that FDG PET/CT is not stan-
dard of care for initial diagnosis or local staging of early-stage or
low-risk urogenital cancers; however, it can help evaluate dis-
tant metastatic disease, response to therapy, and disease recur-
rence. Further studies are warranted to assess its added value to
standard-of-care CT and MRI fully.
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