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Abstract: With an overall 5-year survival rate >95%, patients with testicular cancer have
a great prognosis. Although initial diagnosis is based on clinical examination, imaging does
play a significant role in the diagnosis and prognosis of testicular cancer, which are
dependent on tumor burden and staging. Successful treatment requires appropriate disease
assessment throughout a patient’s treatment: evaluating treatment response, restaging, and
monitoring for disease recurrence after treatment completion. Ultrasound is usually the initial
screening modality for painless testicular masses, and computedtomography (CT) the most
commonly used for staging and restaging. However, with regard to seminomas, positron-
emission tomography (PET) combined with CT is slowly taking priority. With regard to
nonseminomatous germ-cell tumors, PET-CT has not proven to be completely effective, due
to a high number of false-negative results. The purpose of this paper is to provide radiolo-
gists with a pictorial review of testicular carcinoma from initial staging through posttreat-
ment follow-up.
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Introduction
Testicular cancer is the most common tumor among young adult males, and
accounts for 8.2% of all cancer in men aged 15-39 years." In 2017, a National
Cancer Institute Physician Data Query cancer-information summary about testicular
cancer reported the incidence of new cases to be 8,850, and the lifetime risk of
developing testicular cancer is a reported 0.4%.%* Risk factors for testicular cancer
include cryptorchidism (Figure 1), family or personal history of testicular cancer,
ethnicity, infertility, testicular dysgenesis. and prenatal exposure.”® Such factors as
marijuana exposure, vasectomy, trauma, mumps, and HIV infection continue to be
investigated. With the advent of improved management, survival and life expec-
tancy of patients with testicular cancer is quite good, with reported life expectancy
nearly equal to those without a diagnosis of testicular cancer.* Particularly, survival
rates for testicular germ-cell tumors (GCTs) are nearly 100% for seminomas and
91% for nonseminomas.*’

Pathologically, GCTs are broadly divided into seminomas, which resemble primor-
dial GCs, and nonseminomas, which are either undifferentiated or differentiated,
exhibiting a degree of embryonic or extraembryonic patterning (including yolk-sac

tumors, teratomas, embryonal cell tumors, and choriocarcinoma). Testicular cancer is
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Figure | Testicular mass in cryptorchid testis: homogeneous diffuse intratesticular mass lesion with surrounding internal vascularity.

classified as per the 2016 World Health Organization (WHO)
guidelines (Table 1).* A complete description of the patho-
genesis of testicular tumors is beyond the scope of this
radiological review. Rather, the purpose of this manuscript

Table | WHO Histological Classification of Testis Tumors

Germ-cell tumors

o Intratubular germ-cell neoplasia, unclassified (IGCNU)

® Seminoma (including cases with syncytiotrophoblastic cells)

® Spermatocytic seminoma (mention if there is sarcomatous component)

® Embryonal carcinoma

® Yolk-sac tumor

e Choriocarcinoma

e Teratoma (mature, immature, with malignant component)

e Tumors with more than one histological type (specify percentage of individual

components)

Sex-cord/gonadal stromal tumors
® Leydig-cell tumor
o Malignant Leydig-cell tumor
® Sertoli-cell tumor
- lipid-rich variant
- sclerosing
- large-cell calcifying
® Malignant Sertoli-cell tumor
® Granulosa cell tumor
- adult type
- juvenile type
® Thecoma/fibroma group of tumors
® Other sex-cord/gonadal stromal tumors
- incompletely differentiated
- mixed
® Tumors containing germ-cell and sex cord/gonadal stromal tumors

(gonadoblastoma)

Miscellaneous aspecific stromal tumors
® Ovarian epithelial tumors
e Tumors of the collecting ducts and rete testis

e Tumors (benign and malignant) of aspecific stroma

Note: Reproduced with permission from Williamson SR, Delahunt B, Magi-Galluzzi
C, Algaba F, Egevad L, Ulbright TM, et al. The World Health Organization 2016
classification of testicular germ cell tumours: a review and update from the
International Society of Urological Pathology Testis Consultation Panel.
Histopathology. 2017;70(3):335-46). Copyright 2017, John Wiley and Sons.®

is to provide an updated overview of the staging of testicular
cancer with an emphasis on the radiological perspective.

Diagnosis

Although clinical history and examination of testicular
masses remain the cornerstone of diagnosis, imaging
using ultrasound (US) examination of the scrotum plays
a crucial role in initial diagnosis of tumors. Testicular
sonography is also helpful in assessing patients presenting
with metastatic disease in whom an occult primary tumor
of the testis is suspected or for synchronous tumors in the
contralateral testis.** Heller et al observed an eightfold-
increased prevalence of primary testicular neoplasms in
patients with microlithiasis over those without, as well as
an increased prevalence of GCTs, particularly pure
seminomas (Figure 2).'° However, US follow-up is of
questionable significance, and some studies have clearly
expressed doubts that follow-up US screening for patients
with testicular microlithiasis would substantially change
outcomes.''

Figure 2 Testicular mass in the background of microlithiasis: homogeneous large
oval hypoechoic intratesticular mass lesion with surrounding microlithiasis.
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Table 2 Recommended Initial Serological and Radiological
Examinations for Staging of Testicular Cancer

Test Recommendation Grade
Serum tumor markers a-fetoprotein A
BhCG
LDH
Abdominopelvic CT scan All patients A
Chest CT scan All patients A
Testis ultrasound (bilateral) | All patients A
MRI When abdominal CT is inconclusive
Bone scan In case of symptoms
Brain scan (CT/MRI) In cases of symptoms and patients
with metastasis
Further investigations
Fertility investigations: B
Total testosterone
LH
FSH
Semen analysis
Sperm banking should be offered A

Note: Reproduced with permission from Albers P, Albrecht W, Algaba F, et al. EAU
guidelines on testicularcancer: 2011 update. Actas Urol Esp. 2012;36:127-145.
Copyright 2012, Elsevier.*®

Magnetic resonance imaging (MRI) may be a valuable
problem-solving modality for the morphological evaluation
and characterization of scrotal masses in patients with incon-
clusive and inconsistent sonographic features, and may
improve differentiation between intratesticular and extratesti-
cular masses.'> Dynamic contrast-enhanced subtraction MRI
may be used to differentiate benign from malignant intratesti-
cular mass lesions by analyzing contrast enhancement.”> At
present, the role of positron-emission tomography (PET) is
limited in the initial evaluation of testicular tumors. Current
testicular cancer—staging algorithms rely primarily on ana-
tomic features of primary and metastatic disease (eg, enlarged
lymph nodes, pulmonary nodules, bone lesions), as opposed to
the functional information provided by PET. A few studies
have demonstrated a potential benefit of PET to alter a patient’s
initial testicular cancer staging — upstage or downstage —
which could mean that one day this modality will have a more
active role in initial staging.'*

Initial Tumor—Node—Metastasis Staging
and Serology

The diagnosis of testicular cancer is commonly based on
histopathology after radical orchiectomy. Use of noninvasive

imaging allows for clinical staging of testicular cancer before
orchiectomy (Table 2). Staging is crucial, as the treatment
approach is based on the staging/clinical classification of the
malignancy.' Serum tumor markers can assist in appropriate
diagnosis, most notably a histopathologically reported pure
seminoma in the presence of elevated serum AFP: as AFP
should not be elevated in a pure seminoma, the diagnosis is
more likely a nonseminomatous GCT with at least some
component of yolk-sac tumor. In addition to tumor markers,
staging also involves assessment of metastatic disease: nodal
and distant metastatic sites, including the chest, abdomen,
and pelvis. With normal tumor markers and no evidence of
metastases on imaging, patients are classified as having clin-
ical stage I disease. Bone and brain metastatic evaluation are
considered if related symptoms are present.' TNM interna-
tional classification criteria are used for staging of the
tumor.'”'® Using TNM classification (Tables 3 and 4),
patients can be staged based on the AJCC classification
(Tables 5 and 6)."” AJCC classification is often used to
determine prognosis and patient survival, which is also pro-
vided by the International Germ Cell Cancer Collaborative
Group classification (Table 7).%°

Tumor Staging (T Stage)

In sum, 70%—80% will present with disease confined to the
testis (stage I). The primary imaging modality is US scanning
of the scrotum, which has sensitivity approaching 100% in
experienced hands. Recently, use of US elastography in
providing additional information to differentiate between
malignant and benign lesions has been evaluated by many
studies.”’ However, this technique can only be complemen-
tary to conventional US, but not an imaging modality of
choice, because of overlapping imaging findings in lesions
<10 mm in size. The majority (>95%) of intratesticular
lesions are malignant, typically present as a painless mass,
and usually result in orchiectomy.*?

On US, seminomas are typically round, homogeneous,
hypoechoic tumors with increased vascularity compared to
background testicular parenchyma (Figure 3). In certain
cases, seminoma can replace testicular parenchyma, which
can make it difficult to differentiate from other infiltrative
masses of the testis, such as leukemia and lymphoma. This
appearance is in contrast to the heterogeneity of nonsemi-
nomatous GCTs (NSGCTs) related to hemorrhage and
necrosis with cystic degeneration and calcifications
(Figure 4).%*** Two factors associated with poor prognosis
include rete-testis invasion and tumors >4 cm.”> Color
Doppler US may be helpful in prepubertal boys when the
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Table 3 TNM classification (AJCC eighth edition, 2017)

Clinical T (cT)

Table 3 (Continued).

cT category
cTX
cTO
cTis
cT4

cT Criteria

Primary tumor cannot be assessed

No evidence of primary tumor
Germ-cell neoplasia in situ

Tumor invades scrotum with or without

vascular/lymphatic invasion

Pathological N (pN)

Pathological T (pT)

pT category
pTX

pTO

pTis

pTI

pT Criteria

Primary tumor cannot be assessed

No evidence of primary tumor

Germ-cell neoplasia in situ

Tumor limited to testis (including rete testis

invasion) without lymphovascular invasion

pTla (subclassification
applies onlyto pure

seminoma)

Tumor <3 cm

pNX
pNO
pNI

pN2

pN3

Regional lymph nodes cannot be assessed
No regional lymph-node metastasis
Metastasis with a lymph node 2 cm or less
in greatest dimension and five or fewer
positive nodes, none >2 cm in greatest
dimension

Metastasis with a lymph node >2 cm but not
>5 cm in greatest dimension

OR

More than five nodes positive, none >5 cm
OR

Evidence of extranodal extension of tumor
Metastasis with a lymph node >5 cm in

greatest dimension

Distant metastasis

pTIb (subclassification

Tumor 3 cm or larger

applies onlyto pure

seminoma)

pT2 Tumor limited to testis (including rete testis
invasion) with lymphovascular invasion

OR

Tumor invading hilar soft tissue, epididymis,
or penetrating visceral mesothelial layer
covering the external surface of tunica
albuginea with or without lymphovascular
invasion

pT3 Tumor directly invades spermatic cord soft
tissue with or without lymphovascular
invasion

pT4 Tumor invades scrotum with or without

lymphovascular invasion

Regional lymph nodes —clinical N (cN)

cNX Regional lymph nodes cannot be assessed
cNO No regional lymph-node metastasis
cNI Metastasis with a lymph node mass 2 cm or

smaller in greatest dimension

OR

Multiple lymph nodes, none >2 cm in
greatest dimension

cN2 Metastasis with lymph-node mass >2 cm but
not >5 cm in greatest dimension

OR

Multiple lymph nodes, any >2 ¢cm but not
>5 cm in greatest dimension

cN3 Metastasis with a lymph node >5 cm in

greatest dimension

(Continued)

MX Distant metastasis cannot be assessed
MO No distant metastasis

MI Distant metastasis

Mla Nonregional lymph node(s) or lung
Mib Other sites

Note: Used with permission of the American College of Surgeons, Chicago, lllinois.
The original source for this information is the AJCC Cancer Staging Manual, Eighth
Edition (2017) published by Springer International Publishing.'®

gray-scale findings of the mass are subtle, and may help
identify an isoechoic mass.*® US elastography typically
demonstrates increased parenchymal “stiffness”; however,
the role of US elastography is still questionable in char-
acterization of testicular lesions.”’ Difficulties may arise in
differentiating orchitis from tumors and in establishing
definitive diagnoses for small lesions on regular US.
Usually, surgical exploration through the groin and open
biopsy of the testis using the Chevassu technique along
with intraoperative US localization is necessary to diag-
nose and stage the tumor appropriately.

Table 4 TNM Classification for Testicular Cancer Per Serum
Testicular Tumor—Marker Level

S stage | LDH (U/l) hCG (mIU/mL) | AFP (ng/mL)
Sx Not available Not available Not available
SO Normal Normal Normal

Sl SI <1.5 x normal | <5,000 <1,000

S2 1.5-10 % normal 5,000-50,000 1,000-10,000
S3 >|0 % normal >50,000 >10,000

Note: Used with permission of the American College of Surgeons, Chicago, lllinois.
The original source for this information is the AJCC Cancer Staging Manual, Eighth
Edition (2017) published by Springer International Publishing.I9
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Table 5 Stage Groupings of Testicular Germ-Cell Tumors

TNM classification

Stage | pT1—4, NO, M0, SX

Stage Il Any pT/Tx, NI1-3, M0, SX

1A Any pT/Tx, NI, M0, SO

1IB Any pT/Tx, NI, MO, SI

|[@ Any pT/Tx, N2, M0, SO
Any pT/Tx, N2, MO, SI
Any pT/Tx, N3, MO0, SO
Any pT/Tx, N3, MO, SI

Stage 11l Any pT/Tx, any N, MI, SX

1A Any pT/Tx, any N, Mla, SO

B Any pT/Tx, any N, Mla, S|

nc Any pT/Tx, NI-3, MO, S2
Any pT/Tx, any N, Mla, S2
Any pT/Tx, NI-3, MO, S3
Any pT/Tx, any N, Mla, S3
Any pT/Tx, any N, Mlb, any S

Note: Used with permission of the American College of Surgeons, Chicago, lllinois.
The original source for this information is the AJCC Cancer Staging Manual, Eighth
Edition (2017) published by Springer International Publishing.'’

Table 6 AJCC Staging classification

Stage | Tumor limited to the testis (normal CT and markers)
Stage Tumor limited to the testis with persistence of
| serological elevated markers
Stage Il Regional lymph-node spread, but not to distant
lymph nodes or distant organs
Stage IIA Regional lymph node measures <2 cm; if surgical
lymph-node dissection has been performed, no more
than five lymph nodes are positive for cancer
Stage 1IB Regional lymph node measures 2-5 cm; if surgical
lymph-node dissection has been performed, no more
than five lymph nodes are positive for cancer
Stage IIC Regional lymph node measures >5 cm
Stage Il Supradiaphragmatic lymph-node, pulmonary, or
other visceral involvement

Note: Used with permission of the American College of Surgeons, Chicago, lllinois.
The original source for this information is the AJCC Cancer Staging Manual, Eighth
Edition (2017) published by Springer International Publishing.'?

MRI is an efficient diagnostic tool for the evaluation of
testicular masses. It is accurate in the preoperative differen-
tiation of benign and malignant intratesticular masses. MRI
of the testes seems to be more efficient than US for detecting
local extent of the tumor: involvement of the tunica albugi-
nea, epididymis, and spermatic cord.”® MRI may also be
helpful in differentiating seminomas from NSGCTs, showing

Table 7 Prognostic-Based Staging System for Metastatic Germ-Cell
Cancer

Good-Prognosis Group

Nonseminomas (56% of cases): all the following criteria
5-year PFS 89%, testis/retroperitoneal primary

5-year survival 92%, no nonpulmonary visceral metastases

AFP <1,000 ng/mL

hCG <5,000 1U/I (1,000 ng/mL)

LDH <I.5 ULN

Seminomas (90% of cases): all the following criteria
5-year PFS 82%, any primary site

5-year survival 86%, no nonpulmonary visceral metastases
Normal AFP

Any hCG

Any LDH

Intermediate-prognosis group

Nonseminomas (28% of cases): all the following criteria
5-year PFS 75%, testis/retroperitoneal primary

5-year survival 80%, no nonpulmonary visceral metastases

AFP 1,000-10,000 ng/mL, or

hCG 5,000-50,000 1U/I, or

LDH 1.5-10 ULN

Seminomas (10% of cases): any of the following criteria
5-year PFS 67%, any primary site

5-year survival 72%, nonpulmonary visceral metastases

Normal AFP

Any hCG

Any LDH

Poor-prognosis group

Nonseminomas (16% of cases): any of the following criteria:
5-year PFS 41%, mediastinal primary

5-year survival 48%, nonpulmonary visceral metastases

AFP >10,000 ng/mL, or

hCG >50,000 U/l (10,000 ng/mL), or

LDH >10 ULN

Seminomas

No patients classified with poor prognosis

Note: Reprinted with permission. © 1997 American Society of Clinical Oncology.
All rights reserved. International Germ Cell Cancer Collaborative Group.
International germ cell consensus classification: a prognostic factor-based staging
system for metastatic germ cell cancers.] Clin Oncol. 1997;15:594-603.%°

Abbreviations: PFS, progression-free survival; AFP, a-fetoprotein; hCG, human
chorionic gonadotrophin; LDH, lactate dehydrogenase; ULN, upper limit of normal.

better characterization of NSGCTs demonstrating heteroge-
neous signal and enhancement characteristics caused by
necrosis and hemorrhage. However, there may be overlap
in the imaging characteristics of seminomas and NSGCTs.*’

Lymph-Node Metastases (N Stage)

About 15%-20% will present with disease that has metas-
tasized to abdominal lymph nodes, constituting stage II
disease. CT scans of the chest, abdomen, and pelvis are the
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Figure 3 Seminoma: homogeneous large oval intratesticular mass lesion with internal hypervascularity.

recommended method for staging for infradiaphragmatic
lymph nodes (Figure 5). Lymphatics are a major route of
cancer spread for testicular malignancies, because the
tunica albuginea forms a barrier against local extension.
Retroperitoneal spread is felt to be the result of embryo-
logical migration of the testis through the retroperitoneum,
where it acquires drainage from the lymphatics adjacent to
the aorta and inferior vena cava.’® As per the literature,
about 15%-20% of patients with stage I seminoma can
have subclinical metastatic disease, usually in the retro-
peritoneum, and relapse after orchiectomy alone.”’

While CT is the standard of care for locating the
presence of lymphadenopathy or retroperitoneal masses,

its false-negative rates have been reported to be as high
as 30%—59%.°%33 A pitfall of CT is that inflammatory
reactive lymph nodes cannot be differentiated from those
that are enlarged secondarily to malignant disease.**
Lymph-node involvement is usually limited to the
site of the primary tumor, and contralateral nodal invol-
vement is usually present only in the presence of
advanced disease.”® Lymph nodes >1 cm are suspicious
for metastasis, especially if they are located in the renal
hilar regions or the aortocaval areas. Various studies
have established the accuracy of CT in detecting meta-
static retroperitoneal lymph nodes, with sensitivity of
65%-96% and specificity of 81%-100%.***" On CT,
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Figure 4 Nonseminomatous GCT: heterogeneous large oval intratesticular mass lesion with internal cystic and calcific changes. The mass also show internal

hypervascularity.

retroperitoneal spread will present as enlarged lymph
nodes, which could be homogeneous or heterogeneous,
depending on cystic or necrotic degeneration. These
lymph nodes can be bulky and lobulated, showing con-
glomeration, and can be encasing the retroperitoneal
vasculature.

A recent meta-analysis study by Zhao et al concluded that
PET-CT may be an accurate noninvasive and useful diag-
nostic tool for patients with testicular cancer (Figure 6).**

A negative PET-CT result eliminates viability in large lesions

and helps to avoid unnecessary surgery. In addition, PET-CT
demonstrates good specificity, being a potentially useful tool
if combined with other imaging methods. Another study by
the National Cancer Research Institute Testis Cancer Clinical
Studies Group evaluated the performance of PET-CT in
nodal staging of testicular cancers with good prognosis,
chemotherapy being offered to PET-CT—positive patients,
and monitoring of PET-CT-negative patients.”® The sensi-
tivity of PET-CT does not at present seem to be sufficient to

detect lymph-node micrometastases or single out patients
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Figure 5 Retroperitoneal metastasis. (A) Left para-aortic lymph node on a patient with left-sided testicular mass. (B) Bilateral large heterogeneous retroperitoneal lymph

nodes.

Figure 6 Distant lymph-node metastases. (A) Chest CT soft-tissue window showing subcarinal mediastinal lymphadenopathy with corresponding PET-CT. (B) Increased
FDG avidity. (C) Left supraclavicular lymphadenopathy in axial CT with soft-tissue window settings.

with a low risk of recurrence, and additional evidence is
needed in order to support its use in initial staging of testi-
cular cancer.* However, PET-CT may still play a role in
deciding between chemotherapy or surgery for the initial
management of retroperitoneal masses by using metabolic
activity as one additional criterion.*'

Distant Metastases (M Stage)

The M1 stage consists of visceral metastatic and supra-
diaphragmatic lymph-node involvement. In testicular
malignancies, nodal involvement of the inguinal, external
iliac, and pelvic nodes is usually considered distant spread.
Hematogeneous metastasis usually includes pulmonary
metastases (can show a “cannonball” appearance as
well), and can also metastasize to the liver, brain, or
bone to a lesser extent. Other rare sites of metastasis
include the peritoneum, kidneys, and spleen, and are
more frequently observed at the time of relapse. CT of
the chest, abdomen, and pelvis is currently the most pre-
cise and rapid imaging method for exploring the entire
trunk, looking for metastases in the lungs and other target
organs.*> CT of the thorax is most often preferred over

chest X-rays.*’ It is uncommon to observe metastases in

the lung and posterior mediastinum without concomitant
retroperitoneal disease (Figures 8 and 9).**

Brain MRI may be advocated in addition to the chest/
abdomen/pelvis CT scan if the patient has pertinent clin-
ical symptoms or for testicular tumors with a poor prog-
nosis (Figure 10). Brain metastases are most common with
choriocarcinoma, which is also the most common cause of
hemorrhagic pulmonary metastases.*> GCT metastases
may have histological characteristics that are different
from those of the primary testicular tumor, indicating the
totipotential nature of the GCs.*® Spinal MRI may also be
proposed when vertebral metastasis has been shown on the
CT scan. Bone scintigraphy using technetium-99m-—
labelled phosphate derivatives can be recommended in
patients when bone metastasis is suspected.'® Evaluation
by PET-CT is again not currently indicated in any initial
staging of testicular cancer.*’

MRI has also been recommended in the staging of
testicular tumors in special circumstances: patients with
iodinated contrast is contraindicated or in cases where
radiation exposure should be limited. In these instances,
MRI sensitivity and specificity results have been shown to
be similar to CT.*’ The disadvantages of MRI are longer
examination times, high cost, artifacts, and low availability

submit your manuscript

606

Dove

Research and Reports in Urology 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Revels et al

Figure 7 Use of MRI for retroperitoneal spread. Retrocrural heterogeneous T,
intermediate signal intensity LN on right side.

(Figure 7). MRI with lymphotrophic nanoparticles has been
shown to be an effective method for evaluating lymph
nodes in different cancers.*® The role of MRI with lympho-
trophic nanoparticles still needs larger study designs to be
able to be accommodated in regular clinical practice.

Serological Tumor Markers
In testicular GCTs, serum concentrations of a-fetoprotein
(AFP), human chorionic gonadotrophin (hCG), and lactate
dehydrogenase (LDH) are imperative in screening, diag-
nosis, staging, treatment monitoring, and surveillance.
However, different types of GCT have different tumor-
marker profiles, as well as pure form or mixed type.
Patients with testicular GCT will have elevated tumor
markers in 51% of cases: increased levels of AFP are
associated with yolk-sac tumors, and elevated B-hCG is
found in cases of choriocarcinoma. LDH is reportedly
a less informative tumor marker.*”>!" Tumor markers also
offer a means of patient follow-up and continue to yield
information regarding response and ongoing prognosis.>>
In cases of seminomatous testicular tumors, LDH may
be elevated in 80% of patients, but this tumor marker can

also be elevated in up to 60% of NSGCTs.” Elevated
LDH may be seen, and correlates with tumor burden,
growth rate, cellular proliferation, and advanced disease.
Placental alkaline phosphatase is another tumor marker
that may be elevated in seminomas, but may also be
falsely elevated in smokers.”> Elevated p-hCG can be
seen in up to 20% of cases of advanced seminomatous
disease.>® Testicular choriocarcinoma very often has ele-
vated serum B-hCG levels that are produced by tumor
syncytiotrophoblasts. Therefore, B-hCG is important in
monitoring treatment response and recurrence.>® Yolk-sac
tumors have elevated AFP levels in 90% of cases, which
usually decrease 5 days after orchiectomy.>* If AFP levels
do not decrease, this raises concern for possible residual
primary disease or metastases that were not detected on
the initial staging evaluation.’*

Testicular embryonal-cell tumors demonstrate elevated
AFP and f-
hCG; however, in pure embryonal cell tumors these tumor
markers are elevated to a lesser extent. Levels of these
tumor markers are proportional to tumor burden, and ele-
vation is a sign of poor prognosis.”* Pure testicular tera-
tomas do not have APF elevation; however, elevated AFP
can be seen in tumors with mucinous or hepatoid differ-
entiation. The lack of tumor-marker elevation at initial
staging can pose a challenge in treatment monitoring/sur-
veillance, as confidence in a disease-free state becomes
exclusively reliant on radiological changes: new or grow-
ing soft tissue at the site of resection, lymphadenopathy, or
new distant lesions suggestive of metastases.

Restaging and Surveillance
Of all seminomas, 75% are confined to the testicle at the time
of clinical presentation, and a complete cure is thus achieved
with a thorough radical orchiectomy. In patients with non-
metastatic stage I seminoma, the risk of subsequent para-
aortic lymp- node relapse is 15%—20%, but adjuvant use of
either chemotherapy or radiotherapy reduces the risk of
recurrence to <1%.>> Patients declining primary chemother-
apy may be offered primary nerve—sparing retroperitoneal
lymph-node dissection with adjuvant chemotherapy.
Primary chemotherapy and primary retroperitoneal lymph-
node dissection have comparable outcomes and a cure rate of
almost 90% for stage II disease.® Chemotherapy with radio-
therapy appears to reduce the relapse rate in stage Il semi-
noma with minimal additional toxicity.”’

Imaging and tumor markers are the two import aspects

of restaging and surveillance of testicular tumors.
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Figure 8 Retroperitoneal metastasis teratoma. (A) Large heterogeneous retroperitoneal mass lesion with internal necrotic and cystic contents. (B) Retroperitoneal spread

with vascular invasion involving iliac veins and IVC.

Figure 9 Pulmonary metastases. Same patient as Figure 8. (A) Chest radiograph showing multiple pulmonary masses and nodules predominantly in bilateral mid-zones. (B)
Chest CT lung window settings showing multiple lung nodules in right-middle and left-upper lobes.

Depending on the stage of the tumor, follow-up guidelines
vary based on the 2011 European Association of Urology
guidelines (Tables 8—, 10).°® The European Consensus
Conference on Diagnosis and Treatment of GC Cancer
guidelines state that radiological restaging must be per-
formed after completion of first-line chemotherapy; how-
ever, in patients with slow tumor-marker decline or
clinical evidence of progression, restaging should be per-
formed earlier, because immediate modification of the
first-line treatment strategy may be required.>”

CT of chest/abdomen/pelvis is the usual method for
assessing response of disease to treatment. Size reduction
of metastases is the primary criterion for assessing tumor
response to therapy, though institutional preferences may
vary based on clinical trial guidelines. In addition to size
change, CT can help assess residual postchemotherapy
tissue characteristics, eg, development of cystic and fatty
features at sites of previous metastases have been asso-
ciated with mature differentiated teratomas and may indi-
cate the need for surgical removal.**** Seminoma primary
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Figure 10 Brain metastases of NSGCT with a patient presenting with headaches. (A) Sagittal T|-weighted postcontrast images showing intra-axial heterogeneous enhancing
mass lesion in right occipital region. (B) Axial T,WI Large intra-axial heterogeneous mass lesion with surrounding mass effect and edema, also showing internal darkT, foci,

which could represent hemorrhagic components.

and metastatic sites may demonstrate necrosis, fibrosis,
and/or calcifications.”> Treated lung metastases may

demonstrate cavitation that may initially appear ominous,

Table 8 Stage | Nonseminoma Testicular Cancer: Minimum Follow-
up Schedules for Surveillance and Following Retroperitoneal Lymph-
Node Dissection or Adjuvant Chemotherapy

Minimum follow-up schedules for surveillance

Procedure Year | Year | Years 3-5 | Years 6-10
2
Chest X-ray Twice Twice | — —
Abdominopelvic | Twice (at 3 — —
CT months and 12
months)

Following retroperitoneal lymph-node dissection or adjuvant

chemotherapy

Procedure Year | Year Year 3-5 Year 6-10
2

Chest X-ray Twice Twice | — —

Abdominopelvic | Once Once | — —

CcT

Note:Reproduced with permission from Albers P, Albrecht W, Algaba F, et al. EAU
guidelines on testicularcancer: 2011 update. Actas Urol Esp. 2012;36:127-145.
Copyright 2012, Elsevier.*®

Table 9 Stage | Seminoma Testicular Cancer: Minimum Follow-
up Schedule for Postorchiectomy Surveillance, Radiotherapy, or
Chemotherapy

Procedure Year | | Year 2 | Year 3 Years 4-5
Chest X-ray Twice Twice
Abdominopelvic CT | Twice Twice Annually | Annually

then subsequently progress to more benign—appearing
fibrosis.®* Patients with large-volume post-neoadjuvant
therapy disease may benefit from the use of CT and MRI
for planning an operative approach.®’

Follow-up of metastatic lymphadenopathy with CT
demonstrates similar features to response and recurrence
at primary and other metastatic sites, eg, treatment
response of decreased size and necrosis/fibrosis, and pro-
gression or recurrence of lymphadenopathy growth.
Studies have emphasized the usefulness of PET-CT in
the follow-up evaluation of metastatic lymphadenopathy
based on maximum systemic uptake values.*' In patients
with pure seminomas and postchemotherapy residual dis-
ease >3 cm, PET-CT can be considered (Figures 11 and
12), and PET-positive masses should be considered for
selective resection, or close

biopsy, surgical

Table 10 Advanced (Metastatic) Testicular Cancer: Minimum
Follow-up Schedule

Procedure Year | Year 2 Year Thereafter
3-5

Chest X-ray Four Four Twice Annually
times times per year

Abdominopelvic | Twice Twice As As indicated

CT indicated

Chest CT As As As As indicated
indicated | indicated | indicated

Brain CT As As As As indicated
indicated | indicated | indicated

Note:Reproduced with permission from Albers P, Albrecht W, Algaba F, et al. EAU
guidelines on testicularcancer: 2011 update. Actas Urol Esp. 2012;36:127-145.
Copyright 2012, Elsevier.*®

Note:Reproduced with permission from Albers P, Albrecht W, Algaba F, et al. EAU
guidelines on testicularcancer: 2011 update. Actas Urol Esp. 2012;36:127-145.
Copyright 2012, Elsevier.*®
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Figure 11 Bone metastases of NSGCT in a patient presenting with seminoma and PET-avid osseous metastasis. (A) Pelvic radiography showing geographic lytic lesion
involving right superior pubic ramus. (B and C) Axial CT of pelvis showing geographic mass lesion with soft-tissue component involving superior pubic ramus with

corresponding increased FDG avidity.

Figure 12 Use of FDG-PETCT in restaging. (A and B) Patient with seminoma showing mediastinal lymphadenopathy with increased FDG avidity. (C and D) Patient with
NSGCT showing mildly hypermetabolic retroperitoneal lymph nodes. In both cases, FDG-PET/CT was used for treatment-response monitoring.

surveillance.®® Tt should be noted that FDG-PET is sub-
optimal at distinguishing fibrosis from teratomas, as both
have low uptake values; however, Sugawara et alsuggested
the utility of PET kinetic-rate constants to differentiate
mature teratomas from fibrosis and necrosis.’’ PET-CT
may also demonstrate false-positive (nonmalignant) hyper-
metabolic activity as a result of posttreatment
inflammation.*®“® For this reason, it might be prudent to
perform PET-CT before chemotherapy or have an interval

of no sooner than 4 weeks after chemotherapy.®

Treatment and Treatment Complications
Standard-of-care medical therapy for patients with low-risk
GCTs includes three cycles of bleomycin, etoposide, and cis-
platin (BEP) or four cycles of EP.”’ Patients with advanced
disease typically receive four cycles of BEP or etoposide,
ifosfamide, and cisplatin.”"-”* Toxicities associated with these
chemotherapeutic agents have been well described in the
literature.”*"*"® Bleomycin is associated with immunome-
diated pulmonary toxicity, eventually leading to fibrosis.

With dose as the sole risk factor, bleomycin-induced
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pulmonary toxicity has an incidence of 8.5%.”° Poor renal
function and high cumulative dose are the best-established
risk factors, and their presence increases the probability of
developing pulmonary toxicity. In fact, incidence of fatal pul-
monary fibrosis has been reported as high as 10% for patients
receiving high cumulative doses.”®”* High-resolution CT find-
ings of bleomycin-induced pulmonary toxicity vary by histo-
logical patterns of lung injury. Injury patterns vary from
aspecific interstitial pneumonia, cryptogenic organizing pneu-
monia, and diffuse alveolar damage patterns. Cisplatin-
induced venous thromboembolism and cardiovascular disease
is another common chemotherapy-induced toxicity encoun-
tered in the treatment of testicular cancer.”’® Endothelial
injury and increased circulating prothrombotic factors can
lead to thrombosis.”® On cardiovascular or abdominopelvic
imaging, the presence of new or increasing calcified or uncal-
cified atherosclerotic plaques can suggest the presence of
cisplatin-induced vascular toxicity.

Conclusion

Testicular cancer is considered almost curable in low tumor—
burden stages. In addition to tumormarkers, multimodality-
imaging evaluation plays a pivotal role in patient management.
While US and CT are mainly used as imaging modalities for
initial staging, PET-CT and MRI can be used in restaging in
special circumstances. Imaging is necessary for tumor
response to treatment, restaging, and surveillance. It is essen-
tial that the clinical team has thorough knowledge of imaging
modalities to be used in each stage of the disease, and
radiologists should also guide clinicians to order a study
depending on the circumstancs of the patient.
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