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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
actioity, participants will be able to:

m Describe testicular vascular and lym-
phatic anatomy.

m Discuss the differential diagnosis of
solid testicular lesions.

m Describe the TNMS staging system for
testicular cancer.

See www.rsna.orgleducation/search/RG.

Cryptorchidism, family history, and infertility are risk factors for
testicular cancer. Most testicular cancers occur in young men aged
18-35 years, and seminoma is the most common cell type. Tes-
ticular tumors are usually diagnosed at ultrasonography (US) and
are staged at computed tomography (CT) or magnetic resonance
(MR) imaging. At US, testicular tumors usually appear as a solid
intratesticular mass. Because the differential diagnosis includes in-
farct and infection, correlation with patient history and symptoms
is important. At staging CT or MR imaging, retroperitoneal lymph
nodes are considered regional lymph nodes, and the greatest nodal
diameter is used to distinguish among N1-N3 disease. The right
testicular vein drains into the inferior vena cava, and the left testicu-
lar vein drains into the left renal vein. Because of venous and lym-
phatic drainage pathways, retroperitoneal lymph nodes are the ini-
tial landing station for testicular cancers. Enlarged lymph nodes in
the supraclavicular region, chest, and pelvis are considered distant
metastases. Testicular cancer is initially treated with orchiectomy.
The patient may then undergo active surveillance, chemotherapy,
radiation therapy, or retroperitoneal lymph node resection, depend-
ing primarily on the clinical stage. Radiologists play an important
role in initial diagnosis, staging, and imaging surveillance of testicu-
lar malignancies.

©“RSNA, 2015 - radiographics.rsna.org

Introduction
The management of testicular cancer is considered an oncologic suc-
cess story because most cases are curable as a result of advances in
chemotherapy (1). The American Cancer Society estimated that 8820
new cases of testicular cancer would be diagnosed in the United States
in 2014 but that only about 380 individuals would die of the disease (2).
Testicular cancer is the most common tumor in young adult men (3),
and the majority of cases occur in young men aged 15-35 (1,4). Ra-
diologists play an important role in identifying the primary tumor, ac-
curately staging disease, and conducting follow-up imaging surveillance.
We describe the anatomy of the testes and review the risk factors for
testicular cancer. An approach to the differential diagnosis of a testicular
mass is presented, with a review of the staging and management of tes-
ticular malignancies.
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TEACHING POINTS

e The management of testicular cancer is considered an onco-
logic success story because most cases are curable as a result
of advances in chemotherapy.

e Lymphatic drainage follows venous drainage, such that the
testes drain into paraaortic and paracaval lymph nodes.

¢ In young men, approximately 95% of testicular cancers are
germ cell tumors, and 5% are sex cord-stromal tumors. Ap-
proximately 50% of germ cell tumors are seminomas, and
approximately 50% are NSGCTs.

e USisused to distinguish between intratesticular masses, which
are more commonly malignant, and extratesticular masses,
which are more commonly benign. US can also be used to
accurately differentiate intratesticular solid masses, which are
often malignant, from cystic lesions, which are usually benign.

o Overlap exists between the imaging appearances of testicular
tumors and those of nontumorous conditions such as focal
infarction, hematoma, and infection, which can also appear as
hypoechoic masslike areas with variable internal blood flow.
Therefore, correlation with the patient’s clinical history is criti-
cal to avoid unnecessary surgery.

Embryology,
Anatomy, and Histology

The human testes initially form in the lum-
bar region of the abdomen. Approximately 21
weeks after conception, the testes begin to mi-
grate into the inguinal canal (5). By 30 weeks
after conception, nearly all testes have reached
the scrotum (5). In some individuals, the testes
fail to descend into the scrotum, a condition
termed cryprorchidism. In approximately 97 %
of full-term male infants, the testes are located
in the scrotum at birth (6). Most testes that are
undescended at birth move into the scrotum
during the first 3 months after birth (6).

Each adult testis measures approximately
3 x 3 x5 cm (7). Each testicular artery arises
directly from the aorta, below the origin of
the renal arteries (7). The right testicular vein
drains into the inferior vena cava, and the left

testicular vein drains into the left renal vein (7).

Lymphatic drainage follows venous drainage,
such that the testes drain into paraaortic and
paracaval lymph nodes (7). The lymphatic and
venous drainage pathways of the testes explain
why paraaortic and paracaval lymph nodes at
the level of the kidneys are the initial nodal sta-
tions affected by testicular malignancies.

The testes are derived from three sources:
mesothelium, mesenchyme, and primordial
germ cells (6). Mesothelial cells give rise to the
tunica vaginalis, which is the serous covering
of the testis (8). Mesenchymal cells give rise
to the supporting stromal cells of the testicular
interstitium, including endothelial cells and
vascular smooth muscle cells. Primordial germ
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Table 1: Classification of Testicular Tumors

Germ cell tumors
Seminoma
Embryonal carcinoma
Yolk sac tumor
Choriocarcinoma
Teratoma
Mixed germ cell tumor
Sex cord-stromal tumors
Leydig cell tumor
Sertoli cell tumor
Granulosa cell tumor
Thecoma-fibroma
Miscellaneous tumors
Lymphoma
Leukemia
Sarcoma
Leiomyoma
Vascular tumors
Fibroma
Neurofibroma

cells are the pluripotent stem cells that give rise
to most testicular tumors (9).

Types of Testicular Cancers
A classification of testicular tumors is pre-
sented in Table 1 (10-12). In young men,
approximately 95% of testicular cancers are
germ cell tumors, and 5% are sex cord—stromal
tumors (13). Approximately 50% of germ cell
tumors are seminomas, and approximately 50%
are nonseminomatous germ cell tumors (NS-
GCTs) (14). Of the NSGCTs, 33% are mixed
germ cell tumors, 10% are pure embryonal
carcinomas, 4% are teratomas, 1% are yolk sac
tumors, and 0.3% are choriocarcinomas (14).
Sex cord-stromal tumors include Leydig cell
tumors, Sertoli cell tumors, granulosa cell tu-
mors, and thecomas.

In men older than 60 years, lymphoma is the
most common testicular malignancy (15). Tes-
ticular lymphoma is usually a non-Hodgkin lym-
phoma and carries a poor prognosis (16). Other
rare testicular tumors include leukemia, sar-
coma, leiomyoma, vascular tumors, fibroma, and
neurofibroma (17-19). Metastases to the testes
are uncommon. The tumors that most com-
monly metastasize to the testicle are cancers of
the prostate, lung, kidney, and colon; melanoma;
and leukemia (20,21). Metastases are bilateral
in 8%—-15% of cases, and the mean age at pre-
sentation was 55 years in one large series (20).
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a.

b.

Figure 1. Undescended left testicle. (a) Coronal nonenhanced T1-weighted MR image shows the low-signal-
intensity right testicle (solid arrow) in the scrotal sac and the low-signal-intensity left testicle (dashed arrow) in
the left pelvis. (b) Coronal T2-weighted MR image shows the high-signal-intensity right testicle (solid arrow)
in the scrotal sac and the high-signal-intensity left testicle (dashed arrow) in the left pelvis.

Risk Factors

and Associated Features
Risk factors for testicular cancer include testicular
maldescension (22), family history (23), previous
history of testicular cancer, and infertility (24,25).
Maldescended testes are usually surgically moved
into the scrotum because this reduces the risk of
testicular cancer and also allows increased physi-
cal examination surveillance for testicular masses
(26).This procedure is termed orchiopexy. In
infants and young children, preoperative ultraso-
nography (US) is often performed to localize an
undescended testis. US has a 45% sensitivity, 78%
specificity, and 88% accuracy (27,28) for localiza-
tion of undescended testes and has been shown to
be more accurate than clinical examination (28).
However, in older children and adults who do not
require sedation, magnetic resonance (MR) imag-
ing is the preferred imaging modality and has been
shown to have a higher sensitivity (84%-96%) and
specificity (100%) than US for localization of
undescended testes (29,30).

In patients with a nonpalpable testis, 39% will
have a testis located distal to the external inguinal
ring or in the inguinal canal, 41% will have an
atrophic or absent testis, and 20% will have an in-
tra-abdominal testis (31). At US, an undescended
testis appears similar in echotexture to the contra-
lateral testis but may be smaller. At MR imaging,
an undescended testis will demonstrate signal
characteristics similar to those of the contralateral
testis and usually is homogeneously hypointense at

T1-weighted imaging and homogeneously hyper-
intense at T2-weighted imaging (Fig 1).

In men with untreated cryptorchidism, an
undescended testicle with secondary malignancy
may manifest at imaging as an intra-abdominal
mass (Fig 2). Diagnostic clues include an ipsilat-
eral draining vein that empties into the inferior
vena cava (if right sided) or left renal vein (if left
sided) (32). An empty ipsilateral scrotal sac is a
further clue to the diagnosis (32).

Controversy exists regarding the association
of microlithiasis and testicular malignancy. Tes-
ticular microlithiasis is characterized by calcifi-
cations in the seminiferous tubules and appears
at US as multiple small echogenic foci within
the testicular parenchyma (Fig 3). The calcifica-
tions usually are so small that they do not pro-
duce posterior shadowing. Classic microlithiasis
is defined as at least five microliths per image,
whereas limited microlithiasis is characterized
by fewer calcifications. The prevalence of micro-
lithiasis is approximately 5% in asymptomatic
men aged 18-35 years (33). At presentation,
the rate of concomitant testicular malignancy
is higher in patients with classic microlithiasis
than in those without microlithiasis (34). How-
ever, there currently is no definite evidence
that testicular microlithiasis is a premalignant
condition or causes testicular cancer (35). The
results of prospective studies indicate that the
vast majority of patients with testicular microli-
thiasis will not develop testicular cancer (36,37).
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C.

Figure 2. Seminoma in an undescended testisin a 44-year-old man. (a) Axial nonenhanced T1-weighted MR image shows
a 10-cm, lobulated, low-signal-intensity mass (arrow) in the anterior pelvis. (b) Axial contrast-enhanced T1-weighted MR
image shows enhancement of the mass (solid arrow) and prominent vessels along the left lateral aspect (dashed arrow).
These vessels drain into the left renal vein (not shown). (c) Axial T2-weighted MR image shows low signal intensity in the
mass (arrow). (d) Axial T2-weighted MR image shows the right spermatic cord (arrow) but no left spermatic cord.

Regular testicular self-examination or physical
examination by a physician would be a reason-
able surveillance strategy for individuals with
microlithiasis (36), and annual US surveillance
for several years after the initial observation of
microlithiasis has been suggested (34,38).

Imaging of Testicular Cancers
The radiologist plays an important role in initial
identification of a testicular mass, staging, and
imaging surveillance.

Initial Identification

When an individual presents for evaluation of the
testes, US performed with a high-frequency (7—
10 MHz) transducer with pulsed and color Dop-
pler modes is the preferred imaging study (35).
US is used to distinguish between intratesticular
masses, which are more commonly malignant,
and extratesticular masses, which are more com-
monly benign (35,39—41). US can also be used
to accurately differentiate intratesticular solid

masses, which are often malignant, from cystic le-
sions, which are usually benign and may include
tubular ectasia of the rete testes, simple cysts, and
tunica albuginea cysts (Fig 4) (35,42,43). Solid
masses usually appear hypoechoic relative to the
adjacent testicular parenchyma, and internal vas-
cularity is usually detectable with color Doppler
imaging. In comparison, cysts appear anechoic,
with no internal vascularity, and usually demon-
strate posterior acoustic enhancement.

At imaging, a solid intratesticular mass with
internal vascularity is suggestive of a testicular
tumor in the appropriate clinical setting (44). US
has been shown to have a 92%-98% sensitivity
and a 95%-99.8% specificity for testicular malig-
nancy (44,45). Although US cannot be reliably
used to accurately predict tumor histology, some
generalizations can be made (46). Seminomas are
often hypoechoic and homogeneous (Fig 5) and
infrequently demonstrate calcifications or cystic
spaces (46). This homogeneous appearance is re-
flected at gross pathologic and histologic analysis,
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Figure 3. Classic testicular micro-
lithiasis in a 24-year-old man. Gray-
scale US image shows numerous (>5
per image) echogenic nonshadowing
microcalcifications in the testicular
parenchyma.

Figure 4. Benign testicular cystic structures in three dif-
ferent patients. (a) Color Doppler US image shows an an-
echoic tunica albuginea cyst (arrow) with posterior acous-
tic enhancement and no internal vascularity. (b) Color
Doppler US image shows an anechoic intratesticular cyst
(arrow) with no internal vascularity. (c) Color Doppler US
image shows multiple clustered anechoic cystic structures
(arrow) with no internal vascularity, findings consistent
with tubular ectasia of the rete testis.

where uniform cells are seen (Fig 5). In com-
parison, NSGCTs are more commonly heteroge-
neous in echotexture, with most demonstrating
cystic spaces (Fig 6) (46). Calcifications are also
seen much more frequently in NSGCTs than in
seminomas (46). NSGCTs are thought to arise
from a totipotential cell line that may undergo
varying degrees of differentiation into embryonal,
teratoma, yolk sac, or choriocarcinoma compo-
nents, thus accounting for their heterogeneity
(47). In comparison, seminomas are thought to
originate from a unipotential cell line (47).

In addition, germ cell tumors may be small
or involute, even in the setting of widespread
metastatic disease, a phenomenon known as a
“burned-out” germ cell tumor. It is thought that
some primary testicular malignancies may out-
grow their blood supply, which results in regres-
sion of the primary tumor (47). All that may be
visible in these regressed tumors at US is a small
mass or focal calcification (47) (Fig 7).

radiographics.rsna.org

Age is the most helpful discriminator for tes-
ticular lymphoma because lymphoma is the most
common testicular malignancy in men older than
60 years (48). At imaging, lymphoma may appear
as a diffusely hypoechoic but hyperemic testicle
or a focal testicular mass with increased blood
flow (Fig 8) (49). Primary testicular lymphoma
is most often unilateral but may be bilateral in up
to 35% of individuals (48). Secondary testicular
involvement with lymphoma may also occur (50).
Primary testicular lymphoma is most commonly
a B-cell lymphoma (48). Relapsed lymphoma
may also occur in the testes (50).
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Figure 5. Seminoma in a 33-year-old man. (a) Gray-scale US image shows a homogeneous lobular intratesticular mass (ar-
row). (b) Color Doppler US image shows internal blood flow in the mass (arrow). (c) Photograph of the gross specimen shows
a lobular homogeneous mass (arrow). (d) Photomicrograph (original magnification, x400; hematoxylin-eosin [H-E] stain) of the
specimen shows fried egg-like neoplastic cells (arrows). The relative homogeneity of the cell population accounts for the relative
homogeneity seen at US.

Differential Diagnoses
Overlap exists between the imaging appear-
ances of testicular tumors and those of non-
tumorous conditions such as focal infarction,
hematoma, and infection, which can also ap-
pear as hypoechoic masslike areas with variable
internal blood flow (35) (Figs 9—11). Therefore,
correlation with the patient’s clinical history is
critical to avoid unnecessary surgery (35,51).

Infarction and Hematoma

At color Doppler US, infarction (Fig 9) and
hematoma (Fig 10) typically have decreased color
flow relative to that of the normal testis and may
be avascular. Tumors typically have increased color
flow relative to that of the normal testis. Patients
with testicular infarction usually present with
acute pain rather than a painless palpable mass.
Patients with an intratesticular hematoma usually
present with pain after trauma. If the diagnosis is
uncertain on the basis of the imaging features and
clinical presentation, short-term follow-up imaging
in 2—4 weeks may be helpful because hematomas

usually decrease in size over time, and areas of
infarct will become more avascular and more
hypoechoic over time (52).

Infection and Inflammation
Areas of infection often have increased color
flow relative to that of the normal testis. There-
fore, focal infection could appear similar to
a tumor at color Doppler imaging. However,
patients with focal orchitis usually present with
acute pain and may have a fever and an elevated
white blood cell count. Follow-up imaging in
2—4 weeks can help clarify the diagnosis because
areas of focal orchitis would be expected to im-
prove with antibiotic therapy (52).
Granulomatous disease (Fig 12) can manifest at
US as multiple hypoechoic intratesticular masses
with internal vascularity. The recognition that tes-
ticular masses could be sequelae of granulomatous
disease in a patient with known granulomatous
disease (eg, sarcoidosis) may prevent unnecessary
orchiectomy because a more conservative approach
(eg, close imaging follow-up) may be undertaken.
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Figure 6. Mixed NSGCT in a 57-year-old man. (a) Gray-scale US image shows a partially cystic and partially solid intra-
testicular mass (arrow). (b) Color Doppler US image shows internal blood flow in the mass (arrow). (c) Photograph of the
gross pathologic specimen shows cystic spaces within the mass (arrow). (d) Photomicrograph (original magnification, x200;
H-E stain) of the specimen shows yolk sac and embryonal cell carcinoma elements (arrow), findings that account for the het-

erogeneity seen at US.

Syndromic Lesions

In men with congenital adrenal hyperplasia, bilat-
eral solid testicular masses are likely adrenal rests
(53). In men with Cowden disease, multiple ran-
domly distributed, 1-6-mm, hyperechoic, avascular
masses are most likely areas of lipomatosis (54).

Epidermoid Cysts

Epidermoid cysts are benign testicular lesions that
can sometimes mimic testicular malignancies at
US. At histologic analysis, epidermoid cysts appear
as unilocular cysts filled with keratin or other des-
quamated material and are lined with squamous
epithelium (55). Because testicular malignancies
are much more common than epidermoid cysts,

a painless testicular mass, especially in a young
man, is more likely a malignancy. However, if a
hypoechoic intratesticular mass visible at imaging
has an “onion ring” appearance, concentric layers,
no internal vascular flow, and a well-defined rim,
an epidermoid cyst should be included in the dif-
ferential diagnosis (Fig 13) (56).This recognition
alerts the urologist to the possibility of an epider-
moid cyst, which may result in testis-sparing sur-

gery, including wedge excision with frozen-section
analysis and enucleation, rather than orchiectomy
if the lesion is confirmed to be an epidermoid cyst.

Contrast-enhanced

US and MR imaging

Because it is sometimes difficult to distinguish
testicular tumors from nontumorous lesions at
US, advanced US techniques and MR imaging
are being investigated as tools to further char-
acterize testicular lesions. Although it currently
is not approved by the U.S. Food and Drug Ad-
ministration, contrast-enhanced US has shown
promise, especially in depicting whether blood
flow is present in a testicular lesion (57). Ab-
sence of vascularity usually implies a benign le-
sion, while disordered vascularity implies a ma-
lignant lesion (57). In addition, use of real-time
sonoelastography may help differentiate between
tumorous and nontumorous solid lesions with
internal blood flow (58). For example, tumors
more typically demonstrate hard elasticity, while
nontumorous lesions more typically demon-
strate soft elasticity (58).
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a.

Figure 7. "Burned-out” germ cell tumor in a 43-year-old man. (a) Axial contrast-enhanced computed tomographic (CT)
image shows a large (>5-cm) retroperitoneal mass (arrow) surrounding the aorta at the level of the kidneys. (b) Gray-scale US
image shows two adjacent, small, hypoechoic structures (solid arrows) and a shadowing calcification (dashed arrow). Histo-
logic analysis showed viable seminoma in the retroperitoneum. In the orchiectomy specimen, no viable tumor was found in

the testis.

a. b.

Figure 8. Testicular lymphoma in a 77-year-old man who presented with a swollen left testicle. (a) Gray-scale US
image shows an ill-defined, heterogeneous, 2-cm mass (arrow). (b) Color Doppler US image shows intense blood flow

in the mass (arrow).

Several recent articles have described the utility
of MR imaging in evaluation and characterization
of testicular masses (59-62). MR imaging showed
a 100% sensitivity and an 88% specificity for dif-
ferentiation of benign from malignant intratesticular
lesions in one series (60). As at US, seminomas
typically show homogeneous signal intensity at
MR imaging, while mixed germ cell tumors show
heterogeneous signal intensity (59,60). Teratomas
demonstrate bulk fat with areas of signal loss on
fat-saturated MR images (59). Hematomas dem-
onstrate areas of intrinsic signal hyperintensity on
T1-weighted images. At contrast-enhanced MR
imaging, malignant testicular lesions typically dem-
onstrate enhancement followed by contrast material

washout (62). In comparison, benign lesions dem-
onstrate continuously increasing enhancement or
increasing enhancement that plateaus (62).

Staging of Testicular Cancers
Testicular cancer is staged according to the TNMS
(tumor, lymph node, metastasis, serum tumor
marker) system. The clinical stage is determined
on the basis of findings at physical and imaging
examinations and laboratory testing (Table 2).
The pathologic stage is determined on the basis
of histologic evaluation of the resected tissue.
The T stage refers to the local extent of the tumor
and is determined on the basis of pathologic
analysis after orchiectomy (63).
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Figure 9. Testicular infarction mimicking a testicular mass in
a 24-year-old man who presented with a 2-day history of right
scrotal pain. (a) Gray-scale US image shows a large hypoechoic
area (arrow) in the right testicle. (b) Color Doppler US image
shows no internal blood flow in this area (arrow). An infarcted
right testicle was confirmed at surgery

N Stage
The N stage refers to the presence or absence of
disease in regional lymph nodes. Abdominal ret-

roperitoneal lymph nodes are considered regional

lymph nodes. Tumors involving the left testicle
typically spread first to left paraaortic lymph
nodes just below the left renal vein. Tumors in-
volving the right testicle typically spread first to
paracaval, precaval, and retrocaval lymph nodes.
The sensitivity and specificity of CT in de-
termination of nodal metastases varies depend-
ing on the size criteria used (64). In a study by
Hilton et al (64) that used a size threshold of
10 mm or more, CT was only 37% sensitive but
100% specific for nodal metastases. Lowering
the size threshold to 4 mm or more increased
the sensitivity to 93% but decreased the speci-
ficity to 58% (64). A CT size threshold of 7-8
mm (short-axis measurement) for retroperito-

radiographics.rsna.org

Table 2: Clinical Staging of Testicular Tumors

T stage (primary tumor)
TX: primary tumor cannot be assessed
TO: no evidence of primary tumor
Tis: carcinoma in situ (noninvasive cancer cells)
T1: tumor confined to testicle and epididymis

T2: tumor breaches tunica vaginalis or has
spread to adjacent blood vessels or lymphatics
T3: tumor growing into the spermatic cord

T4: tumor growing into the scrotal skin
N stage (lymph nodes)
NX: regional lymph nodes cannot be assessed

NO: no spread to regional lymph nodes visible at
imaging

N1: lymph node disease (<2 cm at greatest
dimension)

N2: lymph node disease (2-5 cm at greatest
dimension)

N3: lymph node disease (>5 cm at greatest
dimension)

M stage (metastasis)
MO: no distant metastatic disease

M1la: tumor in distant (nonregional) lymph
nodes or lung
M1b: tumor in other organs (eg, liver, brain,
or bone)
S stage (serum tumor markers measured after
orchiectomy)
S0: LDH, B-hCG, and AFP values are normal

S1: LDH < 1.5 times the normal level (measured
in units per liter); B-hCG < 5000 mIU/mL;
AFP < 1000 ng/mLL

S2: LDH is 1.5-10 times the normal level; 3-
hCG = 5000-50,000 mIU/mL; AFP =
1000-10,000 ng/mL

S3: LDH > 10 times the normal level; B-hCG >
50,000 mIU/mL; AFP > 10,000 ng/mL

Note.—AFP = o-fetoprotein, f-hCG = beta
subunit of human chorionic gonadotropin, LDH =
lactate dehydrogenase.

neal lymph nodes has been suggested (65,66)
and was shown to result in 70% sensitivity and
specificity for diagnosis of nodal metastases
in patients with testicular cancer in a study by
Hudolin et al (66). Morphologic features, in-
cluding central necrosis and a round or spicu-
lated morphology, are also suggestive of nodal
disease (65). It should be noted that although
a short-axis measurement of 7-8 mm or more
is suggested to distinguish between clinical NO
and N1 disease stages, the greatest diameter of a
lymph node is used to distinguish among clinical
NI1-N3 disease stages (Table 2, Figs 14-17).
The use of MR imaging has been shown to
be equivalent to the use of CT for diagnosis of
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retroperitoneal lymph node metastases by expe-
rienced readers (67). MR imaging is an appeal-
ing imaging modality because it does not expose
patients to ionizing radiation, and most patients
with testicular cancer are young men with a
high likelihood of cure. However, the use of MR
imaging is currently limited by its lack of avail-
ability and relatively high cost. In the future,
there may be a role for lymphotrophic nanopar-
ticle—enhanced MR imaging in evaluation of
lymph nodes in patients with testicular cancer.
Macrophages in normally functioning lymph
nodes take up these agents such that uptake is
increased in benign lymph nodes compared with
in lymph nodes with metastatic disease. How-
ever, further studies are needed to determine the
utility of this technique in staging and surveil-
lance of testicular cancer (18).The use of fluo-
rodeoxyglucose positron emission tomography
(PET)/CT currently is not recommended in ini-
tial staging of testicular cancer, in part because
PET/CT is unable to depict disease less than 5
mm in diameter or any size teratoma (68).

Figure 10. Testicular hematoma mimicking a tumor in
a 36-year-old man who presented with right scrotal pain
after being injured during a soccer game. (a) Gray-scale
US image shows several ill-defined hypoechoic areas in
the right testicle that measure less than 2 cm (arrows).
(b) Color Doppler US image shows no internal blood flow
in these areas. (c) Follow-up US image obtained 6 weeks
later shows that the hypoechoic areas seen in a are signifi-
cantly smaller (arrow), a finding consistent with resolving
hematomas.

M Stage

The M stage refers to the presence or absence of
distant metastatic disease. Distant lymph nodes,
including those found in the chest, pelvis, and
supraclavicular regions, are considered metastatic
disease (Fig 17). The initial staging workup usu-
ally includes CT or MR imaging of the chest,
abdomen, and pelvis. Brain imaging may be per-
formed if the patient is symptomatic or if the tes-
ticular tumor is a choriocarcinoma, because cho-
riocarcinomas are more likely to metastasize to
the brain. The most common sites of solid organ
metastatic disease are the lungs, liver, and brain.
Testicular metastases to bone may also occur.

S Stage
The S stage refers to serum tumor markers. Serum
tumor marker levels (B-hCG, AFP, and LDH) are
usually checked before and after orchiectomy. For
most men with NSGCTs, the serum levels of -
hCG and/or AFP are elevated (69). For men with
seminomas, B-hCG serum levels are elevated in a
minority of individuals, and AFP levels are almost
invariably normal (69). LDH is a less sensitive and
less specific marker for both seminomatous germ
cell tumors and NSGCT's and is a marker of total
tumor burden (69). In general, serum tumor mark-
ers are used to monitor the patient’s treatment re-
sponse and to detect recurrence (69).

On the basis of the TNMS staging system,
patients are classified as having stage I disease
if the tumor is limited to the testis, epididymis,
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a.

b.

Figure 11. Intratesticular abscess mimicking a tumor. (a) Color Doppler US image shows a 2-cm intratesticular mass with
internal echoes, no definite internal blood flow, and perilesional hyperemia (solid arrow). A complex hydrocele is also visible
(dashed arrow). The intratesticular lesion did not resolve after intravenous antibiotic therapy, and the patient underwent
orchiectomy. (b) Photomicrograph (original magnification, x100; H-E stain) of the specimen shows purulent debris.

Figure 12. Testicular granulomas in a 57-year-old man with an incidental finding of low-attenuating testicular lesions at CT.
(a) Gray-scale US image shows two testicular masses measuring up to 1.6 cm (arrows). (b) Color Doppler US image shows
no definite internal blood flow in the masses. The patient underwent orchiectomy, and necrotizing granulomas were seen at
histologic analysis.

spermatic cord, or scrotal skin (70). Clinical
stage II disease is limited to retroperitoneal
lymph nodes (stage IIA if the nodes are less than 2
cm in maximal diameter, stage IIB if the nodes are
2-5 cm in maximal diameter, and stage IIC if the
nodes are larger than 5 cm in maximal diameter)
(70). Clinical stage III disease involves regional
lymph nodes with moderately elevated tumor
markers or distant nodal or visceral sites (70).

Management
of Testicular Tumors
All patients with testicular cancer undergo radi-
cal inguinal orchiectomy, which involves removal
of the testicle and ligation of the spermatic cord

at the inguinal ring, usually through an inguinal
excision (70). In some cases, small, incidentally
discovered, nonpalpable testicular tumors with
undetectable tumor markers may be treated
with inguinal delivery of the testicle and high-
frequency US—guided resection (Fig 18) because
the prevalence of benign tumors such as Leydig
cell tumors may be as high as 50% for these inci-
dentally discovered nonpalpable masses (71-73).
Patients who are found to have a testicular ma-
lignancy at microsurgical exploration would then
undergo radical inguinal orchiectomy.

Accurate clinical staging is critical because
further treatment depends on the clinical stage of
disease and whether the tumor is a seminomatous
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Figure 14. Stage lIA testicular disease. (a) Color Doppler US
image shows a heterogeneous cystic and solid left testicular
mass (arrow) that was proven at histology to be a mixed germ
cell tumor (65% embryonal carcinoma, 20% seminoma, 14%
yolk sac tumor). (b) Axial staging CT image shows several en-
larged left paraaortic lymph nodes (arrow) measuring up to 1.2
cm, findings indicative of clinical stage lIA disease.

germ cell tumor or an NSGCT. For example,
after orchiectomy, patients with stage I semi-
noma may be offered adjuvant radiation therapy,
single-agent carboplatin chemotherapy, or active
surveillance for at least 5 years (63). Surveillance
strategies may vary slightly from practitioner to
practitioner. At our institution, a typical surveil-
lance regimen includes (a) a patient history,
physical examination, and serum tumor marker
check (ie, AFP, 3-hCG, and LDH) every 3—4
months for the first 2 years, every 6—12 months
for years 3 and 4, and then annually; (6) CT of
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Figure 13. Testicular epidermoid cyst in a 26-year-old man
with a palpable left scrotal mass. Gray-scale US image shows
a primarily hypoechoic mass (arrow) with concentric hyper-
echoic rings due to lamellated layers of keratin in the mass. The
findings illustrate the “onion ring” appearance of an epider-
moid cyst The mass was enucleated and was confirmed to be
an epidermoid cyst. (Courtesy of Matthew Heller, MD, Univer-
sity of Pittsburgh School of Medicine, Pittsburgh, Pa.)

the abdomen and pelvis every 6 months for the
first 2 years, every 6—12 months for year 3, and
then annually for years 4 and 5; and (¢) chest
radiography as clinically indicated for years 1-5.
In a recent study, there was a 0.2% relapse rate in
individuals who received either radiation therapy
or carboplatin chemotherapy (74). In compari-
son, in a series by Warde et al (75), up to 18%

of individuals who underwent active surveillance
relapsed within 5 years. However, even in patients
who relapse, the cure rate is approximately 100%
after salvage chemotherapy (76).

For men with nonseminomatous stage I tu-
mors, chemotherapy (combined bleomycin, eto-
poside, and cisplatin), at least 5 years of active
surveillance, or nerve-sparing retroperitoneal
lymph node dissection are options after orchiec-
tomy (63). About 25%—-30% of patients will re-
lapse with a surveillance-only strategy, but about
98% of patients who relapse will be cured after
salvage chemotherapy (76-78).

For men with stage IIA or IIB seminoma,
radiation therapy for the paraaortic region and
ipsilateral iliac field, in addition to orchiectomy,
is the usual treatment, although chemotherapy is
being more widely used (63). The relapse rate is
5%—11%; relapse is treated with salvage chemo-
therapy and has a high cure rate (79,80). Stage ITA
or IIB nonseminomatous tumors are treated with
chemotherapy and resection of any residual retro-
peritoneal tumor measuring 1 cm or larger (63).

Men with seminomatous or nonseminoma-
tous stage IIC or III disease are typically treated
with intense chemotherapy regimens (63). Com-
plete surgical resection of any residual disease
measuring more than 1 cm is considered the
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Figure 15. Stage IIB testicular disease. (a) Color Doppler US image shows a right testicular mass with internal blood flow
(arrow), a finding that was proven at histology to be a mixed germ cell tumor (50% teratoma, 45% embryonal carcinoma,
3% yolk sac tumor, 2% choriocarcinoma). (b) Axial T2-weighted staging MR image shows a 3.7-cm aortocaval lymph node

(arrow), a finding indicative of stage IIB disease.

a.

b.

Figure 16. Stage IIC testicular disease. (a) Color Doppler US image shows a solid right testicular mass with internal blood
flow (arrow), a finding that was proven at histology to be a seminoma. (b) Axial staging CT image shows a 5.5-cm retroperi-

toneal mass (arrow), a finding indicative of stage IIC disease.

criterion standard (81). Metastasectomy may be
performed for pulmonary and liver metastases
(81,82). The optimal treatment of brain metasta-
ses (eg, chemotherapy, radiation therapy, or sur-
gical resection) has yet to be determined (63).
When active surveillance, chemotherapy, ra-
diation therapy, and lymph node dissection are
treatment options, the treating physician must
weigh a number of variables. For example, only
compliant patients would be candidates for active
surveillance. Although the relapse rate may be
higher for patients who undergo active surveil-
lance, most patients will not relapse. Therefore,
patients who opt for active surveillance and do
not have a recurrence are spared the long-term
toxicity of chemotherapy and radiation therapy.
Patients who undergo chemotherapy and/or ra-
diation therapy for testicular cancer have a rela-
tive risk of 1.8-2.9 for developing a secondary

malignancy (83). The most common secondary
malignancies in this population are cancers of the
lung, colon, bladder, pancreas, and stomach (83).
Increased cardiovascular mortality is an addi-
tional late side effect of chemotherapy and radia-
tion therapy (84).

An additional argument for active surveil-
lance is that cure rates are estimated to be 98%
for stage I nonseminomatous tumors and 100%
for stage I seminomas, even if the individual
relapses, because current salvage chemotherapy
regimens are so effective (76). The results of
recent studies suggest that surveillance with ab-
dominal CT results in the same overall survival
rate for stage I disease without exposing patients
to the risks of chemotherapy, radiation therapy,
or lymph node dissection (85). However, be-
cause most patients who undergo active surveil-
lance are young men, radiation exposure due
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to serial CT scans is of concern. Surveillance
recommendations currently being developed
include at least three to five CT scans of the
abdomen spread over 3-5 years (86). Therefore,
active surveillance is performed with MR im-
aging at some centers. Approximately 60% of
recurrences will be in the retroperitoneum, 25%
will be in the lungs, and 10% will be diagnosed
solely on the basis of elevated serum tumor
markers (87).

Conclusion
Testicular cancer is considered an oncologic
success story because most individuals will be
cured with a combination of surgery and che-
motherapy. Radiologists play an important role
in identifying tumors at patient presentation,
accurately staging disease, and detecting recur-
rence during imaging surveillance.
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poechoic intratesticular mass with internal vascularity (arrow). (b) Intraoperative US image used to guide resection shows

the mass (calipers).
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