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Abstract: Much has been written about the utility of FDG PET/CT (fluorode-
oxyglucose positron emission tomography/computed tomography) in frequently
encountered malignancies such as lung cancer, breast cancer, and gastrointesti-
nal cancers. Although less common, FDG PET/CT can be a useful modality in
the evaluation and staging of cancers of the male GU (genitourinary) tract.
Similar to its application with the more common malignancies, FDG PET/CT
can provide helpful information when evaluating for sites of disease such as
recurrent, nodal, and/or metastatic disease in the setting of these GU cancers.
This chapter reviews the utility of PET/CT in the evaluation of non-prostate
male GU pathologies such as the penis and testicles. Some very rare tumors as
well as infectious and/or inflammatory conditions that can affect the GU system
are also described.
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INTRODUCTION

Although they are not encountered as often, non-prostate male genitourinary
malignancies are an important indication for the use of FDG PET/CT. One would
think that carcinoma of the testicle, scrotum, or penis could be detected early.
Commonly, the male GU exam is listed as deferred. Many cases are detected after
the patient palpates an abnormality or has pain but perhaps could have been
detected by routine physical examination. This chapter provides a summary of the
male GU anatomy and discusses the utility of FDG PET/CT in the evaluation of
some of these male GU non-prostate pathologies such as cancers occurring in sites
such as the penis and testicles.

ANATOMY

The penis is composed of a central corpus spongiosum and 2 surrounding
cavernous corpora (Figure 1). These contain blood vessels necessary for erec-
tion. This unit extends until the glans penis. These corpora surround the ure-
thra. The glans is often covered by a retractable foreskin unless the patient has
been circumcised (1). The inguinal canal houses the testicular artery and veins
and the genitofemoral nerve. The two testicles descend through their respective
inguinal canals to their place within the scrotum. Occasionally, the canal may
contain an undescended or contracted testicle. Undescended testicles have a
propensity to develop cancer. Surrounding the testicle are the efferent ductules
and the epididymis, which is a highly convoluted duct along which sperm can
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Figure 1. Anatomy of the Human Male Reproductive System. This figure is reproduced - with
new figure legend title appropriate for current article — from Wikimedia Commons 2021
under the terms of the Creative Commons Attribution 4.0 International (CC BY-SA 4.0)
License (https://creativecommons.org/licenses/by-sa/4.0/deed.en). Wumingbai. File: Human
male reproductive system en.svg: Wikimedia Commons; 2021 [Available from: https://
commons.wikimedia.org/wiki/File:Human_male_reproductive_system_en.svg |
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pass to the vas deferens. The vas deferens (spermatic duct) is a long muscular
tubular structure which travels into the pelvic cavity just behind the bladder
and connects to the urethra via the ejaculatory duct. Through these, mature
sperm are transmitted to the urethra in preparation for ejaculation (1). The ana-
tomic placement of the seminal vesicles is at the posterosuperior aspect of the
base of the prostate. Ejaculatory ducts form a direct extension into prostate tis-
sue (1). Seminal vesicle size is variable and not generally of concern except for
asymmetry in size. Hypoplasia of seminal vesicles and congenital cysts may be
seen in a small number of patients.

PENILE CANCER

In the Western World, primary penile cancer is uncommon, and the overall inci-
dence is less than 1 in 100,000 men. There is worldwide variance in incidence,
possibly due to levels of hygiene, social, and religious practices. The incidence of
penile cancer increases with age, peaking in the sixth decade, but it can occur in
younger men, especially in association with human papilloma virus (HPV). HPV
has been identified in 70-100% of intraepithelial neoplasms. Other potential risk
factors include cigarette smoking, especially if HPV-positive, smegma, UV light
treatment for psoriasis, and phimosis. Some studies show HIV as an additional
risk factor. Protective factors include neonatal circumcision, public health
advancements such as improved hygiene, HPV vaccination, and genital shielding
in UVA therapy. There are approximately 2200 cases of penile cancer in the United
States per year, associated with approximately 440 deaths per year. Penile cancer
is generally a squamous cell carcinoma, starting anywhere on the penis, predomi-
nantly on the foreskin. This type approximates up to 95% of penile cancers. Other
etiologies, such as basaloid carcinoma, warty carcinoma, papillary carcinoma, and
mixed carcinoma are less frequently seen. Verrucous carcinoma (Buschke-
Lowenstein Tumor) looks like a large genital wart and has slow growth. Carcinoma
in situ is the earliest stage of squamous carcinoma. In the glans, erythroplasia of
Queyrat is found and when in the shalft, it is called Bowen’s disease. A rare form
of adenocarcinoma of the penis called Paget disease of the penis, arises from sweat
glands. Melanoma, sarcoma, and basal cell carcinoma in the penis are rare with
basal cell carcinoma accounting for less than 2% and melanoma and sarcoma
accounting for less than 3% (2-8).

The most common forms of presentation are balanoposthitis, verrucous lesion,
or an indurated plaque, and the most common site is in the glans. The majority of
cases occur in men over the age of 65. (7) There are several premalignant lesions,
one third of which transform into invasive SCC. The penile cancer lesion is often
readily seen but can be hidden by phimosis. Often, penile cancer is found on imag-
ing during evaluation of inguinal adenopathy. Penile examination should be part of
the annual physical, but many times examination of the genitalia is deferred.
Similarly, examination of the genitalia on PET/CT should not be glossed over, since
some penile cancers can be identified on PET/CT obtained for other indications.
Uptake in the region of the glans is not always related to urinary contamination.
Surgical options depend on the invasiveness of the tumor. Rarely, penectomy may
be required. At the time of presentation, up to 50% have adenopathy, especially
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inguinal and iliac chain nodes. Distant metastases can be seen in 10% of the cases.
Guidelines provide optimal therapy options for individual stages of disease (9).
Multiple imaging modalities have been used to stage penile cancer. Imaging
findings, combined with fine needle aspiration and sentinel node detection and
biopsy have improved staging. PET/CT is not indicated in the initial diagnosis of
penile cancer and is reserved for when adenopathy is present (5). PET/CT is use-
ful in recurrent disease and in evaluating enlarged lymph nodes noted on physical
exam or on other imaging (Figure 2). Although physical examination is the basis
for staging primary penile cancer, imaging may be helpful when organ saving
surgery is being considered. In a Brazilian study, high standardized uptake values
(SUVs) were noted in more advanced tumors and aggressive pathological condi-
tions (10). Ultrasound with Doppler was helpful for detecting corporal invasion.
The combined use of FDG-PET and sentinel node biopsy was very sensitive
(94%). In penile cancers both the primary tumors and lymph node metastases

Figure 2. Penile base, surgical site, and lymph nodes. FDG PET/CT demonstrates
hypermetabolic activity within the penile base (thick solid arrow), surgical site (thick open
arrow), and bilateral inguinal lymph nodes (thin arrows). This patient was status post partial
penectomy and chemotherapy for penile squamous cell carcinoma. Findings on PET/CT were
consistent with progression of disease and poor response to chemotherapy.
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show high FDG uptake. Nearly all penile cancers are FDG avid, but some very
small tumors may not be detected on PET (11). Urinary excretion of tracer can
interfere with an accurate diagnosis. Urine leakage may hide a true lesion. In one
study, sensitivity of detecting the primary lesion was 75%, although the number
of patients was small. The sensitivity of detecting malignant inguinal lymph node
metastasis was 80%, with specificity of 100%. Similar sensitivity was found in
pelvic node basin nodes (6, 12, 13).

In our clinical practice, most patients have had prior surgery (penectomy or
circumcision) before they are imaged with FDG PET. Uptake appearing within the
foreskin or shaft may represent residual or recurrent tumor as opposed to artifact.
Depending on findings, treatment may consist of cryosurgery, circumcision, exci-
sion, Mohs surgery, penectomy, lymph node dissection, radiation therapy, and/or
systemic chemotherapy, immunotherapy, and targeted therapy.

Metastases to the penis such as from prostate cancer or colorectal cancer is a
rare occurrence, usually suggesting a worse prognosis. Kotake et al reviewed
patients with penile metastases from prostate cancer and found that 41% died
within 6 months (5, 14). Most penile metastases were in the corpora cavernosa.
Mearini et al proposed several mechanisms for the development of penile metas-
tases: direct invasion, implantation alter instrumentation, retrograde venous flow,
and arterial or lymphatic dissemination (5).

With the advent of prostate specific membrane antigen (PSMA) imaging agents
such as F-18 PSMA or Ga-68 PSMA, penile metastases from prostate cancer can
be detected earlier. Reports in the literature are few; one report demonstrated that
5 out of 8 asymptomatic penile metastases were diagnosed with PSMA PET. Penile
metastasis from prostate cancer is an uncommon event, more often seen in the late
stage of the disease and generally portends a poor prognosis as noted above. It
remains to be seen if earlier detection of penile metastases from prostate cancer
with PSMA PET will translate into a survival advantage (15).

SEMINAL VESICLE CANCER INVOLVEMENT

Comparatively little is written about pathological conditions of seminal vesicles.
Neoplasia, both primary and metastatic disease, and changes related to aging can
be seen on imaging. Abnormalities are generally seen as incidental findings on
PET/CT examinations ordered for other etiologies. Calcification may be seen in
older men and those with diabetes. Normally there is no FDG uptake in the semi-
nal vesicles. Uptake may be mistaken for distal ureteral activity or a bladder diver-
ticulum. Unilateral or bilateral seminal vesicle uptake raises concern for possible
malignancy or less commonly infection. Rarely urinary reflux into the vesicles can
be seen after prostatectomy (Figure 3A).

Involvement of the seminal vesicles is generally secondary. The most common
neoplastic involvement of the seminal vesicles is direct extension of metastasis
from prostate, bladder, or rectal cancer, often present upon the initial examina-
tion. Metastases from malignancies such as Merkel cell, lymphoma, and hepato-
cellular cancer have been seen. We present a documented case of plasmacytoma
in a seminal vesicle (Figure 3B). Primary malignant neoplasms of the seminal
vesicles are relatively rare: adenocarcinoma, sarcoma, leiomyosarcoma, and

163



m Schroeder Il HW and Barron BJ

Figure 3. Seminal vesicles. FDG PET/CT demonstrates uptake within the bilateral seminal
vesicles (thick solid arrows) in one patient (row 3A) and within an enlarged right seminal
vesicle (thick solid arrow) in another patient (row 3B). Biopsy was negative in the first patient
suggesting that activity likely represented urinary reflux of radiotracer (3A). Biopsy was
positive for a plasmacytoma in the second patient (3B).

angiosarcoma are among those noted. A review of the literature showed only
approximately 60 reported cases of adenocarcinoma of the seminal vesicles
(16-19). In the presence of an adjacent malignancy such as prostate cancer, direct
extension should be considered. In other settings, metastatic disease or primary
seminal vesicle cancer should be considered. As PET/CT findings are usually inci-
dental, there are no established protocols/guidelines for PET/CT imaging of semi-
nal vesicles.

Benign inflammatory changes and amyloid of the seminal vesicles can also
cause uptake. Infections of the seminal vesicles are generally in association with
prostatitis or epididymitis. Bacterial infections are the most common cause. TB
and parasitic disease may be seen in endemic areas. Amyloid deposition of the
seminal vesicles can be seen in 20% of men over the age of 75 (16, 17, 20).
Unilateral agenesis of the seminal vesicles is often associated with ipsilateral renal
agenesis. Bilateral seminal vesicle or vas deferens agenesis can be seen in patients
with mutation of the cystic fibrosis gene (17, 18).

TESTICULAR CANCER

Testicular carcinoma represents only 1% of all neoplastic lesions in men but is
the most common malignancy in the 15- to 34-year-old cohort. The incidence
has been increasing to a current level of 3 to 10 per 100,000 men. A positive
family history, contralateral testicular cancer, childhood leukemia, testicular
dysgenesis, Klinefelter's syndrome, and cryptorchidism increases the risk of
developing testicular carcinoma. The risk appears to be lower in African
Americans (21-24).

Testicular stromal tumors may arise from Sertoli cells and Leydig cells (sex
cords), which are rare. Approximately 10% of these are malignant. However, a
95% majority are derived from germ cells. These include seminomas and
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nonseminomatous tumors (embryonal carcinoma, yolk sac tumors, choriocarci-
noma, teratoma, and mixed germ-cell tumors) (25). One classification scheme
divides human germ cell tumors into five types. Three are relevant to males.
Type 1 includes teratomas and yolk sac tumors seen in neonates and infants.
Type Il includes seminomas and non-seminomas found predominantly in ado-
lescents and young adults. Type III tumors include spermatocytic seminomas
seen in the elderly. Seminomas and nonseminomas are thought to arise from
precursors, carcinoma in-situ or gonadoblastomas, resulting from disturbed
gonadal physiology. Testicular germ cell tumors can begin as a non-invasive
form called carcinoma in situ. At this point in time, the cells appear abnormal
but are still within the walls of the seminiferous tubules. This form does not
always progress to invasive cancer (25, 26).

Seminomas are seen predominantly in men aged 25 to 45 years of age. A sper-
matocytic seminoma may be seen in older men and has much slower growth. A
low percentage of seminomas can increase serum human chorionic gonadotropin
(HCQ) levels. Seminomas can rarely be seen in androgen insensitivity syndrome.
Seminoma is the most common pure germ cell tumor (26).

The four main types of non-seminomas are as follows: embryonal carci-
noma (which can increase alpha fetoprotein (AFP) and HCG levels), yolk sac
carcinoma (which can increase AFP, generally responds well to chemotherapy,
and is the most common form of testicular cancer in infancy with the pure
form rarely seen in adults), choriocarcinoma (which can increase HCG, is rare,
and quickly metastasizes to lung, brain, and bones), and teratoma (which
does not increase HCG or AFP). Most are mixed tissues and may contain some
elements of seminoma. Mixed tumors have a better prognosis than pure
choriocarcinomas. Embryonal carcinoma is present in approximately 40% of
testicular tumors (26-28).

Diagnosis is often made by self-examination or after an injury leading to physi-
cal examination. Testicular cancer may present with testicular discomfort, and
physical exam may reveal a mass. Occasionally decreased libido and breast
tenderness may be present. Levels of AFP, HCG, and lactate dehydrogenase can
help determine if the tumor is of germ cell origin. There is no evidence that
screening reduces mortality (21, 26).

Germ cell tumors can spread via both lymphatic and hematogenous routes
with frequency depending on tumor type (Figure 4 and Figure 5); for example,
seminomas often spread solely via the lymphatic route whereas choriocarcino-
mas often spread hematogenously to sites such as lungs, liver, and brain. Sentinel
node mapping is often useful for surgical excision. There are different lymphatic
drainage patterns for the right versus left testicle. On the right, the main nodes
are interaortocaval chain at the L2 level. For the left, the primary nodes are the
left paraaortic nodes. Some crossovers can be seen in the cisterna chyli and tho-
racic duct, which can then spread to the mediastinal and supraclavicular nodes
(23, 26-28).

Ultrasound, with approximately 100% sensitivity, is generally the main
modality used for diagnosis. Ultrasound can differentiate intra- versus extra-
testicular involvement and whether the lesion is cystic or solid. Magnetic reso-
nance imaging (MRI) plays a secondary role. The role of FDG-PET/CT in the
evaluation of testicular cancer has been controversial. After surgery, CT is the
main modality for follow-up. PET/CT of the primary tumor is rarely used.
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Figure 4. lymph nodes. FDG PET/CT demonstrates hypermetabolic activity within left
supraclavicular (thick solid arrow) and periaortic lymph nodes (thick open arrow).

This patient was undergoing restaging for a history of seminoma. Findings on PET/CT were
consistent with retroperitoneal and left supraclavicular nodal disease.

Figure 5. Pulmonary nodules. FDG PET/CT demonstrates hypermetabolic activity within two
right lung pulmonary nodules. This patient was status post left testicular mass resection
revealing a nonseminomatous germ cell tumor with pathologic staging of pT4 Nx Mx. Findings
on PET/CT were consistent with pulmonary metastases resulting in final staging of T4 NO M1.
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Shao et. al. demonstrated that PET/CT could differentiate between benign and
malignant testicular masses with a sensitivity of approximately 90% and spec-
ificity of approximately 80% (22, 23, 25). Carcinoma in-situ is thought to be
a precursor of germ cell cancers. The utility of PET/CT at this stage is yet to be
defined as normal testicular activity on F-18-FDG scans is very variable. Cook
et. al. determined FDG PET/CT to be useful in the setting of equivocal primary
staging CT scans, in ruling out active disease in the setting of residual masses
after chemotherapy, and in locating active sites of disease in the setting of ris-
ing tumor markers and a negative CT scan (29). For seminomas PET/CT stag-
ing has been reported to have a sensitivity of 92% and a specificity of 84%
when compared to standard staging models. For non-seminomas, the sensitiv-
ity was lower at 77%. PET/CT resulted in a change in management in a quarter
of cases (29 out of 121 cases) (23, 30). PET/CT is advantageous in evaluat-
ing post-chemotherapy residual retroperitoneal lymph nodes. Seminoma
patients with a residual nodal mass exceeding 3 cm can represent a serious
challenge. FDG PET/CT is recommended by the European Association of
Urology (EAU) in evaluation of residual masses after seminoma excision.
FDG-PET/CT proved to be superior to standard imaging in predicting viable
tumors. A negative predictive value of 94% was determined when evaluating
lesions >3 c¢cm. EAU does not have a recommendation for use of PET/CT in
non-seminomas (29, 31).

The testicle can also be the primary site of involvement in lymphomas and
rarely in sarcoid. Primary testicular lymphoma is a form of extra-nodal lym-
phoma that originates in the testicle. Okuyucu et. al. used PET/CT to follow
patients and determine overall survival. Mean overall survival was 44.5 months
and disease-free survival was 35.5 months. This entity comprises about 1% of
non-Hodgkin lymphomas. It generally occurs in those over 60 years of age and
is usually a diffuse large B-cell lymphoma. Typically, the patients present with a
painless testicular mass. At presentation, bilateral testicular disease is found in
less than approximately 35% of cases, and approximately 60 to 80% of patients
have stage I/II disease. Some of the most often encountered metastatic sites
include the CNS (central nervous system), contralateral testicle, lung, bone
marrow, skin, and pleura (32).

Adenocarcinomas of the rete testis, sperm-carrying tubules in the testis, is
a very rare tumor type which tends to grow and rapidly metastasize outside of
the testicle and has a poor prognosis (33). Another very rare tumor, testicular
mesothelioma may have asbestos exposure as one of its risk factors (34).
Paratesticular rhabdomyosarcoma is also in the category of rare tumors. It
originates from the mesenchymal tissue of the spermatic cord, epididymis,
and testes. Surgery, radiation therapy and chemotherapy are often successful,
resulting in high survival rates of approximately 94%. These tumors tend to
metastasize via a lymphatic route (35, 36). Vary rarely, testicular plasmacyto-
mas have also been seen (37).

Metastatic disease to the testicle is rare. The lower temperature of the testi-
cles is thought to be a deterrent for metastatic disease. Lymphoma, melanoma,
prostate cancer, and pancreatic cancer are examples of malignancies that have
been noted to metastasize to the testis. Generally, the metastatic disease is not
limited to the testis (38).
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MISCELLANEOUS SITES

Disease states of the epididymis are generally due to infection, sometimes due to
sexually transmitted disease or viruses such as the mumps. Tuberculosis of the
epididymis can be unilateral or bilateral. The epididymis can also be involved
with sarcoid and idiopathic epididymo-orchitis. Other infections can also involve
the epididymis especially in immunosuppressed men (39). Diseases of the scro-
tum may reflect inflammation in surrounding tissues, melanoma, sarcoid, and
rarely amyloid. Eccrine sweat gland carcinoma and scrotal sac metastases from
prostate cancer have been described (40, 41).

The urachus is the remnant of an embryologic structure connecting the fetal
bladder and allantois. Generally, the remnant appears as a fibrous band arising
from the superior and anterior portion of the bladder. In children, the remnant
can remain patent, allowing urine to flow out of the umbilical opening. Cysts of
the urachus are uncommon and generally have no abnormal FDG avidity unless
infected. Urachal adenocarcinoma is very aggressive and has often metastasized
by the time of diagnosis. Urachal abscesses and infection have been reported.
Pelvic images should also be viewed in the sagittal projection to evaluate for a
urachal remnant (42—44).

CONCLUSION

There are many common malignancies involving the chest, abdomen, and/or pelvis
that are evaluated with FDG PET/CT such as lymphoma, lung cancer, breast cancer,
and melanoma. Prostate cancer is also a common malignancy evaluated with PET/
CT although PSMA being the preferred molecular imaging agent. Less commonly
encountered are non-prostate diseases involving the male GU tract. This chapter
provides a review of the utility of FDG PET/CT in the evaluation of some of these
non-prostate cancers occurring in sites such as the penis and testicles.
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