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Abstract N\
Magnetic resonance imaging (MRI) has excellent soft tissue resolution, as well as multidirectional and multisequence scanning |
technology, making it an important supplementary method in the diagnosis of testicular tumor.

To explore the utility of preoperative MR for the differential diagnosis of testicular seminoma and nonseminomatous germ cell
tumors (NSGCTs).

The medical records from 39 patients with testicular tumors that were examined preoperatively with MRI and treated
with urologic surgery at our institution between January 2015 and March 2019 were retrospectively reviewed. Testicular
tumors were confirmed by pathology and classified as seminoma (n=20) or NSGCT (n=19). Two radiologists analyzed the
testicular tumors on preoperative MRI for morphology: multiple nodules or a single mass; presence/absence of a capsule; signal
compared to the normal contralateral testicle (isointense, hypointense, hyperintense, or mixed); enhancement; septa; and
hemorrhagic or cystic degeneration. Characteristics of seminomas and NSGCT were compared using the Chi-square or Fischer
exact test.

MRI showed that the majority (95%; 19/20) of seminomas were nodular. There were significant differences in the presence/
absence of a capsule (P=.001), T1-weighted imaging (T1WI) signal intensity (P=.047), T2-weighted imaging (T2WI) signal intensity
(P<.001), septa (P<.001), and hemorrhagic or cystic degeneration (P <.001) between seminomas and NSGCT.

Seminomas were more likely to have no capsule, isointensity on T1WI, hypointensity on T2WI, and had narrow obviously enhanced
fiorovascular septa without hemorrhagic or cystic degeneration; NSGCT was more likely to have a capsule, a mainly mixed signal on
T1WI and T2WI, most of them had no fibrovascular septa, and hemorrhagic or cystic degeneration was common in malignant
NSGCT.

This study suggests that preoperative MRI can distinguish seminoma from NSGCT. We propose that preoperative MRI of the
scrotum is an effective technique that should be widely adopted for the management of scrotal disease.

Abbreviations: AFP = alpha fetoprotein, CT = computed tomography, GCT = germ cell tumor, B-HCG = human chorionic
gonadotropin, MGCT = mixed germ cell tumor, MRI = magnetic resonance imaging, NSGCT = nonseminomatous germ cell tumor,

T1WI = T1-weighted imaging, T2WI = T2-weighted imaging, TEC = testicular epidermoid cyst, US = ultrasonography.
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1. Introduction

Germ cell tumors (GCTs) account for an estimated 98% of
testicular tumors, while seminomas account for more than 55% of
GCTs.M Testicular tumors are usually diagnosed by ultrasonog-
raphy (US); however, US may not differentiate benign from
malignant lesions or accurately predict tumor size.[*! Magnetic
resonance imaging (MRI) has excellent soft tissue resolution, as
well as multidirectional and multisequence scanning technology,
making it an important supplementary method in the diagnosis of
scrotal diseases,*! and a useful tool for problem-solving.*!

MRI is accurate for preoperative differentiation of benign from
malignant testicular tumors, local staging of testicular malignant
masses, and for guiding clinical decision making. Currently,
treatment of benign testicular tumors adopts an organ-sparing
policy, and the tumor is enucleated. Radical inguinal orchiectomy
is performed in patients with malignant tumors, followed by
radiotherapy or chemotherapy. Postoperatively, MRI is effective
for detecting residual tumor, local recurrence, and distant
metastasis. The objective of this study was to explore the utility
of preoperative MRI for the differential diagnosis of testicular
seminoma and nonseminomatous germ cell tumor (NSGCT).
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2. Materials and methods

2.1. Patients

The medical records of patients with testicular tumors that
were examined preoperatively with MRI and treated
with urologic surgery at our institution between January
2015 and March 2019 were retrospectively reviewed.
Inclusion criteria were: clinical presentation of a painless
scrotal swelling requiring MRI examination; and testicular
tumors confirmed by pathology, including immunohistochem-
istry for S100, CD30, a-inhibin, CK, Ki67, CD117, and
SALLA4. Exclusion criteria were: primary tumors in other parts
of the body; recent history of testicular trauma; clinical
emergency, suspicious testicular torsion; or recent history of
systemic infection.

The following information was recorded: clinical manifesta-
tions, laboratory results, imaging data, treatments options, and
pathological diagnosis. Preoperative MRI was compared with
surgical and pathologic findings.

2.2. Preoperative MRI examination

The patient lay on his back. The testicles and scrotum were
elevated and supported with a raised towel. MRI was performed
with a Philips Ingenia 3.0T scanner using the protocol outlined in
Table 1. Contrast enhancement MRI used intravenous gadolini-
um-diethylenetriaminepentaacetate (0.2 mmol/kg, current speed
2.0mL/second).

2.3. Image analysis and judgment criteria

Two radiologists with 19 and 22 years experience diagnosing
abdominal and pelvic masses analyzed the testicular tumors on
preoperative MRI for morphology: multiple nodules or a single
mass; presence/absence of a capsule; signal compared to the
contralateral normal testis, defined as a isointense, hypointense,
hyperintense, or mixed; enhancement, defined as mild, medium,
significant, uneven, or annular; intralesional septa; and hemor-
rhagic or cystic degeneration. Characteristics of seminomas and
NSGCT on preoperative MRI were compared using the Chi-
square or Fischer exact test. P <.05 was considered statistically
significant.
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2.4. Ethics statement

The institutional review board of the People’s Hospital of
Long Hua District approved this study and waived the need
for informed consent based on the retrospective study
design.

3. Results

This study included 39 cases of testicular tumor in patients with a
mean age of 39.4 years (range, 12-56 years), mean height of 1.68
m, mean weight of 69.0 kg, and mean body mass index of 24.44
kg/m?. Pathology showed that 20 tumors were seminomas and 19
tumors were NSGCT. MRI showed that the majority (95%; 19/
20) of seminomas were nodular (Fig. 1). NSGCTs comprised
testicular epidermoid cyst (TEC, n=6), mixed germ cell tumor
(MGCT, n=3), lymphomas (n=3, 2 large B-cell lymphomas, 1
T-cell lymphoma), a yolk sac tumor (n=1), a Leydig cell tumor
(n=1), a mature teratoma (n=1), an embryonal carcinoma (n=
1), and an immature teratoma (n=1). The left testis was affected
in 17 patients, and the right testis was affected in 21 patients. One
case was invasive B-cell lymphoma that involved the left testis and
the left and right epididymis.

MRI findings and statistical analysis are summarized in
Table 2. Among the seminomas (n=20), 19 tumors were
composed of multiple nodules and had narrow obviously
enhanced fibrovascular septa, and 1 tumor presented as a single
5.9cm x 6.6cm x 5.7 cm mass with no detectable septa (Fig. 2).
No capsules or hemorrhagic or cystic degeneration were seen.
The accuracy of MRI for preoperative diagnosis of seminoma
was 95% (19/20). NSGCTs had a round or oval morphology.
Hemorrhagic and cystic degeneration were common MRI
manifestations (Figs. 3 and 4).

There were significant differences in the presence/absence of a
capsule (P=.001), T1-weighted imaging (T1WI) signal intensity
(P=.047), T2-weighted imaging (T2WI) signal intensity (P
<.001), septa (P <.001), and hemorrhagic or cystic degeneration
(P<.001) between seminomas and NSGCT.

4. Discussion

There are 2 main categories of testicular tumors, namely GCT
and stromal tumors. GCT, which account for 95% of all

MRI parameters (Philips Ingenia 3.0T unit).

Sequence TSE-T2WI TSE-T1WI TSE-SPAIR T1WI+CE SPIR + CE
parameter
Plane Transverse, sagittal Transverse Transverse Transverse, sagittal Sagittal
TE, ms 100—120 8—10 70—90 8—10 10—12
TR, ms 5000—7000 500—700 3000—5000 500—-700 550—600
Echoes 1 1 1 1 3/4
FOV, mm 200 x 200 180 x 180 150 x 150 180 x 180 200 x 200
Slice thickness, mm 3 3 3 3 3
Gap, mm 3.3 3.3 3.3 3.3 0.3
Matrix, mm 300—340 x 200—250 250—300 x 200—250 180—190 x 160—170 240—260 x 200—220 220—240 x 150—170
NSA 1 1 1 1 1.5
WL 1100—1200 1000—1100 700—800 1000—1100 500—600
Ww 1900—2000 1700—1800 1200—1300 1700—1800 900—-1000

CE=Gd-DTPA 0.2mmol/kg, current speed 2.0 mL/s. CE=contrast enhancement, FOV=field of view, Gd-DTPA = gadolinium-diethylenetriaminepentaacetate, MRI=magnetic resonance imaging, NSA=
number of signals average, SPAIR=spectral attenuated in-version recovery, SPIR = spectral presaturation with inversion recovery, T1WI=T1-weighted imaging, T2WI=T2-weighted imaging, TE = echo time,

TR=repetition time, TSE=fast spin echo, WL=window level, WW =window width.
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Figure 1. Thirty-three-year-old male with seminoma of the right testicle. (A) Transverse T1WI showing right testicular enlargement and an isointense signal; (B)
transverse T2WI showing the tumor was formed by multiple hypointense nodules with isointense tissue between the nodules; and (C) transverse T1WI+CE
showing the slim fibrous septa between the nodules was enhanced to the same extent as the internodal tissue. CE =contrast enhancement, T1WI=T1-weighted

imaging, T2WI=T2-weighted imaging.
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Figure 2. Forty-two-year-old male with seminoma of the left testicle. (A) Transverse T1WI showing left testicular enlargement and a uniform isointense signal; (B)
transverse T2WI showing a hypointense tumor that comprised a single mass with shallow lobulation, the size of the tumor was 5.9cm x 6.6cm x 5.7cm; and (C)
transverse T1WI+CE showing a slightly enhanced tumor with no enhancement of the fibrous septa and an internal arterial blood supply. CE=contrast

enhancement, T1WI=T1-weighted imaging, T2WI=T2-weighted imaging.

Figure 3. Thirty-two-year-old male with an MGCT. (A) Transverse T1WI showing the testicle was completely invaded by an oval shaped tumor. There was a mixed
signal and a visible blood supply; (B) transverse T2WI showing a mixed signal; and (C) coronal SPIR + CE showing enhanced septa and a slightly enhanced tumor
with cystic degeneration. CE =contrast enhancement, MGCT =mixed germ cell tumor, SPIR =spectral presaturation with inversion recovery, T1WI=T1-weighted

imaging, T2WI=T2-weighted imaging.
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Figure 4. Fifty-six-year-old male with a large B-cell ymphoma. (A) Transverse T1WI showing a right testicular oval enlargement and an isointense signal; (B)
transverse T2WI showing a hypointense signal; and (C) transverse T1WI+CE showing the septa were not enhanced. CE=contrast enhancement, TIWI=T1-

weighted imaging, T2WI=T2-weighted imaging.

testicular tumors, is further subdivided into seminoma and
NSGCT.!! This subdivision is important for treatment purposes,
as seminoma is highly radiosensitive, and NSGCTs respond
better to a multimodal approach involving surgery and
chemotherapy. MGCTs that contain seminomatous elements
are treated as NSGCT. NSGCTs include embryonal carcinoma,
lymphoma, choriocarcinoma, teratoma, yolk sac tumors, and
other tumors. The histology of testicular tumors is age dependent:
yolk sac tumors present in individuals aged 0 to 10 years,
choriocarcinoma presents in individuals aged 20 to 30 years,
embryonal carcinoma and teratoma present in individuals aged
25 to 30 years, and seminoma presents in individuals aged 30 to
40 years. Leydig cell tumor is the most common stromal tumor,
and diffuse large B-cell type lymphoma is the most common
primary testicular lymphoma (>50 years old)."”!

US plays an important role in the evaluation of scrotal disease.
MRI is not currently a front-line imaging modality for patients
with acute scrotal disease, even though it allows acquisition of
precise anatomic information, satisfactory tissue contrast, and
imaging in various planes.!® MRI does have utility for differential
diagnosis, preoperative tumor staging, and can inform clinical
decision-making. Specifically, MRI has value in the diagnosis of
scrotal diseases with diverse etiologies, and for recognition of
benign tumors such as TEC to avoid unnecessary radical
orchiectomy.[®”!

Diagnosis of testicular tumors on MRI requires a comprehen-
sive analysis of morphology, presence or absence of a capsule,
signal compared to the normal contralateral testicle, enhance-
ment, septa, and hemorrhagic or cystic change. Findings from the
present study suggest that tumor morphology on MRI facilitates
differentiation of seminomas from NSGCTs. Most seminomas
consisted of multiple nodules, while NSGCTs had a round or oval
morphology. There were significant differences in the presence/
absence of a capsule and presence of septa between seminomas
and NSGCT. The mass, diameter, and volume of seminomas and
NSGCTs measured and calculated from the transverse, sagittal
plane of the MRI were not comparable. We propose that the
morphological characteristics of seminomas are related to the
polycentric development of the tumors. The septa within the
tumor may be the residual testicular tissue, as they have a signal
and enhancement that is similar to normal testicular tissue.

In our patients, seminomas appeared more homogeneous than
NSGCT, isointense compared to normal testicular parenchyma
on T1WI, and hypointense compared to spermatogenic cells on

T2WI. Compared to NSGCT, seminomas did not demonstrate
hemorrhagic or cystic change. There were significant differences
in T1WI signal intensity, T2W1I signal intensity, and hemorrhagic
or cystic degeneration between seminomas and NSGCT. The
hypointense signal on T2WI may reflect the density and lower
water content of seminoma cells compared to normal spermato-
genic cells.'%!1 Notably, hypointensity on T2WI is not
sufficiently specific to make an accurate diagnosis of seminoma.
Rather, seminomas may be characterized by the presence of
hypointense bandlike structures on T2WI that are obviously
enhanced, which represents a network of fibrovascular septa.!'?!

In the present study, hemorrhagic and cystic degeneration were
common MRI manifestations of NSGCT, which caused
heterogeneously mixed signals on T1WI and T2WI. The
hemorrhagic and cystic degeneration may reflect the degree of
malignancy of the tumor. NSGCTs comprised TECs, MGCTs,
lymphomas, a yolk sac tumor, a Leydig cell tumor, a mature
teratoma, an embryonal carcinoma, and an immature teratoma.
The 3 lymphomas were isointense on T1WI and hypointense on
T2WI, with mild enhancement, which is consistent with previous
reports.'>1* The hypointense signal on T2WI may reflect the
reduced cytoplasm and low water content of lymphoma cells
compared to normal spermatogenic cells. Morphologically,
lymphoma can be divided into diffuse and nodular types.”!
Among our patients, 1 large B-cell ymphoma had no enhancement
of fibrous septa within the tumor and obvious cystic degeneration.
Another large B-cell lymphoma was of interest because the tumor
involved the left testis and the left and right epididymis. Testicular
lymphoma is common in patients over 50 years old!”); therefore,
patient age can assist in differential diagnosis.

Yolk sac tumor is a highly malignant tumor that originates
from the endoderm.!®! The tumors have mixed signals on T1WI
and T2W1 as they are composed of a multitude of morphological
patterns, including microcystic, glandular, endodermal sinus-
like, and myxomal, accompanied by hemorrhagic and cystic
degeneration. Septa are hypointense on T2WI with significant
enhancement after contrast administration. Yolk sac tumors may
be differentiated from seminomas on MRI as the septa appears
irregular and varies in thickness.

In our study, a Leydig cell tumor presented as a mixed signal on
T1WI and a hypointense signal on T2WI, likely due to tumor
hemorrhage. This case showed significant and continuous
enhancement after contrast administration, which is consistent
with published literature.!'”!8!
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In addition to MRI findings, we reported on the immunohis-
tochemical characteristics of the testicular tumors included in this
study. In NSGCTs, alpha fetoprotein (AFP) elevation was seen in
the yolk sac tumor and MGCTs but in very few teratomas, and
increased human chorionic gonadotropin (3-HCG) was seen in
the choriocarcinomas. In the seminomas, AFP levels were within
normal range in all cases (normal 0—ng/mL), and B-HCG was
elevated in 1 case. These data imply that the increase in AFP and
B-HCG in the yolk sac tumor, MGCT, and embryonic carcinoma
may be helpful for the differential diagnosis of seminoma before
surgery.

In the present study, 2 cases of seminoma and 3 cases of
NSGCT developed inguinal lymph node and retroperitoneal
lymph node metastases. Previous reports suggest that all
NSGCTs except choriocarcinoma show early metastasis to the
retroperitoneal lymph nodes, and an estimated 30% of Stage I
NSGCT are accompanied by retroperitoneal lymph nodes with
micrometastases at diagnosis.''”! These data indicate that whole-
abdominal computed tomography (CT) scanning should be
performed when testicular malignancy is detected by MRI. The
accuracy of CT for the diagnosis of lymph node metastases
associated with testicular tumors is 89%/°l; therefore, whole-
abdominal CT scanning plays an important role in the diagnosis,
prognosis, and follow-up of testicular tumors.

According to preoperative MRI of the testicular tumors in this
study, specific diagnostic criteria for seminoma are an isointense
signal on TIWI, a hypointense signal on T2WI, and the presence
of hypointense fibrovascular septa on T2WI that are obviously
enhanced. Accuracy of preoperative MRI for diagnosis of
seminomas based on these criteria was 95.00% (19/20).
Preoperative MRI may not accurately identify MGCTs, yolk
sac tumors, or embryonal carcinomas that have hemorrhagic and
cystic degeneration but no specific tissue components, such as fat
or fiber. The benign TEC could not be clearly distinguished from
a benign cystic teratoma as there was no typical onion skin sign or
bull’s-eye sign on MRL!®?!

This study was associated with several imitations. First,
testicular tumor is a rare disease, and the small number of
samples in this study may lead to biased results. Second, the
pathological basis of the hypointense signal on T2W1I as a feature
associated with testicular disease needs to be further studied as it
may be related to the blood—testis barrier or a result of an
infectious lesion in the testis.

In conclusion, this study of the MRI manifestations of
testicular tumors suggests that preoperative MRI can distinguish
seminoma from NSGCT. We propose that preoperative MRI of
the scrotum is an effective technique that should be widely
adopted for the management of scrotal disease.
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