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Abstract

Objective: The aim was to examine the efficacy of multiparametric magnetic resonance imaging (mp-MRI) in the histological differentiation of germ cell neo-
plasia in situ (GCNIS)-related testicular germ cell tumors (TGCTs).

Methods: We retrospectively included 58 patients with histologically proven GCNIS-related TGCTs, who underwent mp-MRI between November 2019 and
June 2022. The signal characteristics of the tumors on T2-weighted imaging were recorded. The mean apparent diffusion coefficient (ADC) values were calcu-
lated. Time signal intensity curves were generated, and semiquantitative parameters were calculated. The presence of a septal enhancement pattern within the
tumor was noted. Receiver operating characteristic curve analysis was performed to assess the diagnostic performance of the parameters.

Results: Histopathological examination revealed that 24 of the cases were seminomas, and 10 were non-seminomatous GCT (NSGCTs). The incidence of
hypointense signals was notably higher for seminomas (P <.001). The mean ADC values of the seminomas were lower than NSGCTs (0.645 + 0.11 and 0.879 +
0.061, respectively, P <.001). The optimal ADC cutoff value was 0.779 x 10~ mm?/s. No differences were observed between the 2 groups for semiquantitative
parameters (P=.16-.83). However, the septal enhancement pattern was more frequent in seminomas (P=.002).

Conclusion: Values of ADC measured in mp-MRI can be used as a reliable preoperative method in the histological differentiation of GCNIS-related TGCTs.
Also, the septal enhancement pattern can be helpful in distinguishing between seminoma and NSGCT.

Keywords: Germ cell neoplasia in situ-related testicular germ cell tumors, magnetic resonance imaging, apparent diffusion coefficient, dynamic contrast-
enhanced imaging, differential diagnosis

INTRODUCTION

Testicular cancer (TC) represents approximately 1% of male neoplasms.! However, it represents the most common type of cancer in the male
demographic aged 15-35 years, contributing to approximately 10%-14% of cancer cases in this age group.'? It is estimated by the American Cancer
Society that in 2022, 9910 men will develop TC, and 460 men will die from this disease.> Most TCs are testicular germ cell tumors (TGCTs)
originating from the germinal epithelium of the seminiferous tubules.*> The TGCTs are divided into 2 groups: germ cell neoplasia in situ (GCNIS)-
related TGCTs and non-GCNIS-related TGCTs. The GCNIS-related TGCTs are also divided into 3 groups: seminomas, mixed-non-seminomatous
GCT (NSGCT), and burned-out GCTs. Seminomas and mixed-NSGCT constitute the majority of GCNIS-related TGCTs.® The general morphol-
ogy and histological features of these 2 broad tumor groups differ from each other, and it is emphasized that this situation is related to imaging
features.”!*

Radical orchiectomy is the preferred therapeutic approach for cases of TGCTs associated with GCNIS and should be carried out promptly unless
clinical circumstances necessitate immediate chemotherapy.!! In these cases, a noninvasive imaging modality would be of great benefit to help
predict the histological characteristics of GCNIS-related TGCTs preoperatively.

Currently, ultrasonography (US) is accepted as the first choice for the diagnostic imaging of testicular masses.'>'* However, changes in echo-
genicity may not be specific, and reliable characterization of testicular masses is not always possible.'s"?
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Recently, it has been shown that magnetic resonance imaging (MRI)
shows high diagnostic performance for both morphological evaluation
and tissue characterization in testicular masses.*'*!>171° The benefits of
this technique encompass concurrent multi-plane imaging of both tes-
tes and paratesticular areas, providing high contrast and spatial resolu-
tion, offering satisfactory anatomical and functional information, with
no radiation exposure, and exhibiting reduced reliance on the operator
when contrasted with US.!*1820 Previous studies showed that conven-
tional MRI features of GCNIS-related TGCTs are closely related to
histological features and that diffusion-weighted images (DWIs) and
dynamic contrast-enhanced (DCE) images play an important role in the
characterization of scrotal masses.’”'-'%?!22 However, all of these stud-
ies separately compared the MRI features of GCNIS-related TGCTs
with histological features.

To the best of our knowledge, there is no study that correlates multi-
parametric magnetic resonance imaging (mp-MRI) findings with his-
tological features. Our aim in this study is to investigate the efficacy
of mp-MRI in distinguishing between seminoma and mixed-NSGCT.

METHODS

Approval for this retrospective study was granted by the Institutional
Ethics Committee (Ethics Committee number: KAEK-108, date:
March 18, 2021, Giresun University). Given its retrospective nature,
necessity for informed consent was waived.

Study Population

A search of our institutional electronic medical database was per-
formed to identify patients who met the specified inclusion criteria for
the period spanning from November 2019 to June 2022: patients who
(1) had histopathological evidence of GCNIS-related TGCTs after radi-
cal orchiectomy and (2) underwent an mp-MRI scan. The exclusion
criteria included (1) unsatisfactory image quality and (2) mainly hem-
orrhagic and/or necrotic tumors. In the case of bilateral tumors, each
tumor was evaluated separately. The final study population comprised
30 patients with 34 tumors. The mean time between the MRI examina-
tion and radical orchiectomy was 2.7 days. Patient selection is shown
in Figure 1.

Magnetic Resonance Imaging Protocol

All MRI examinations were carried out using a 1.5-T MRI sys-
tem (Magnetom Symphony, Siemens Medical Solutions, Erlangen,
Germany) with a circular surface coil. Patients were examined in a
supine position, with the testicles placed equidistant from the coil, uti-
lizing a cloth placed beneath them, and with the penis resting on the
lower abdominal wall. The MRI protocol consisted of the following

MAIN POINTS

e Accurate characterization of testicular masses during the preoperative
period is very important.

e Multiparametric magnetic resonance imaging can be used as a reliable
preoperative method in the histological differentiation of germ cell
neoplasia in situ-related testicular germ cell tumors.

¢ Reduced apparent diffusion coefficient values, low signal on
T2-weighted imaging, and a septal enhancement pattern with high
intensity in contrast to the tumor are imaging characteristics indica-
tive of seminomas.

e Dynamic contrast-enhanced images have no proven role in the semin
oma-non-seminomatous germ cell tumor distinction.
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sequences: unenhanced axial T1-weighted image (T1-WI), 3 planes
(axial, coronal, and sagittal) T2-WI, axial DWI with b-values of 0, 400,
and 800 s/mm? DCE images with 3-dimensional (3D) high temporal
resolution. Gadopentetate dimeglumine (Gadovist, 0.2 mL per kilo-
gram of body weight; Bayer Healthcare, Berlin, Germany) was intro-
duced at a rate of 2 mL per second utilizing a power injector, succeeded
by a subsequent infusion of 20 mL of normal saline. After IV contrast
material injection, axial DCE images were obtained in 7 postcontrast
phases with no interval between them. Also, coronal DCE images were
obtained after injection. Table 1 details the technical parameters of the
MRI sequences.

Magnetic Resonance Image Analysis

The MR images of 30 patients with 34 GCNIS-related TGCTs were
transferred to a picture archiving communication system (PACS). The
MRI data were interpreted in consensus by 2 radiologists (board-certi-
fied urogenital radiologist with >10 years of experience and a general
radiologist with 8 years of experience, respectively). All radiologists
were blinded to the histological data of the patients. Signal character-
istics of the tumors on T2-WI were recorded, and the longest diameter
(LD) was measured.

The DWI was evaluated with reference to axial T2-WI. Apparent dif-
fusion coefficient (ADC) maps—were generated based on the high
b-value DWI. For quantitative analysis, a circular region of interest
(ROI) was defined as wide as possible within the tumor. The ROIs were
meticulously drawn to omit artifacts and regions with hemorrhaging
and/or necrosis, assisted by T1-WI, T2-WI, and DCE images. Tumor
presence on ADC maps was defined as areas with low signal intensity
(SI). Three measurements were made on the ADC maps, and the aver-
age was taken.

The enhancement patterns of tumors were evaluated on the maxi-
mum enhanced image and classified as heterogeneous or homo-
geneous. In addition, it was recorded whether there was a septal
enhancement pattern within the tumor. The ROIs were placed in
areas of tumors that showed maximum enhancement with care and
with the aid of the corresponding T1- and T2-WI to exclude areas
of hemorrhage and necrosis. Time SI (TSI) curves of the measured
MRI signal for each ROI in arbitrary units plotted against time in
seconds were compiled. The enhancement pattern was classified into
1 of 3 types according to the shape of the TSI curves: type I, a linear
increase in enhancement over the entire dynamic period; type II, an
initial upstroke followed by a plateau or mild-gradually increased;
and type III, an initial upstroke followed by gradual washout. The
TSI curves of all tumors were recorded. In addition, the measured
SI from tumors (S, (i=0, 1, .., 7)) were normalized according to the
formula (S, - S,) /S, with the help of precontrast SI (S,). The follow-
ing parameters first described by Tsili et al® were calculated using
normalized measurements:

. Peak enhancement (PE) is described as the maximum Si of the
tumor.

o Time to peak (TTP) is described as the time to reach the maxi-
mum Si of the tumor.

. Wash-in rate (WIR) is described as the maximum slope of tumor
enhancement before TTP and calculated by the following for-
mula; WIR =max S, (PE) - S,,/ max t,— t, ,

. Wash-out rate (WOR) is described as maxSi (PE) — S7, i.e., the
difference between the maximum signal and the signal at the last
time point.
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Patients who underwent scrotal MRI
between November 2019 — June
2022 with scrotal mass (n = 58)

Included

e Histolopathological
evidence of GCNIS-
related TGCTs after
radical orchiectomy

* mp-MRI protocol with
includes DWI and DCE
images

Excluded

e Poor image quality of
conventional, DWI and
DCE images (n = 9)

e Mainly hemorrhagic or
necrotic tumor (n = 19)

Eligible patients
(n = 30, with 34 tumors)
e Four patient with bilateral tumor

Seminoma
(n =24, 70.5%)

Figure 1. Flowchart of patient selection.

Mixed-NSGCT
(n = 10, 29.5%)

DCE, dynamic contrast-enhanced images; DWI, diffusion-weighted images; GCNIS, germ cell neoplasia in situ; MRI, magnetic resonance imaging;

TGCT, testicular germ cell tumor.

Standard of Reference

A standard procedure of radical orchiectomy was performed for all
tumors, with evaluation carried out by a pathologist possessing 15
years of expertise in the field of uropathology. The World Health
Organization-2016 classification of TGCTs was used to classify the
tumors. The pathologist was blinded to the mp-MRI findings during
the evaluation.

Statistical Analysis

Statistical analyses were conducted using IBM Statistical Package for
the Social Sciences Statistics software, version 25 (IBM SPSS Corp.,
Armonk, NY, USA). The assessment of data normality was carried
out with the Kolmogorov—Smirnov test, and for normally distributed
quantitative data, mean values were presented along with their cor-
responding SDs. Categorical variables were presented as numbers
and percentages. The Mann—Whitney U-test was used to compare the
mean values of ADC, PE, TTP, WIR, and WOR, and the LD between
seminomas and mixed-NSGCTs. Receiver operating characteristic

(ROC) curve analysis was performed to assess the diagnostic perfor-
mance of parameters displaying distinct mean values between the 2
tumor groups. Statistical calculations were performed using 95% Cls.
A P-value < .05 was considered statistically significant.

RESULTS

The study included 30 patients with 34 GCNIS-related TGCTs (mean
+ SD, 35.2 + 14.6 years; range, 26-89). In the study, 4 patients had
bilateral tumors. Of the 34 GCNIS-related TGCTs, 24 (70.5%) were
seminomas, and 10 (29.5%) were mixed-NSGCTs. Of the 10 mixed-
NSGCTs, 4 (40%) were embryonal carcinoma and postpubertal tera-
toma, 2 (20%) were embryonal carcinoma, 2 (20%) were postpubertal
yolk sac tumor, embryonal carcinoma, and postpubertal teratoma, and
2 (20%) were postpubertal yolk sac tumor and embryonal carcinoma.

The LDs were measured as 4.3 2.4 cm and 3.6 + 2.1 cm in seminoma
and mixed-NSGCT cases, respectively. There was no significant differ-

ence between the 2 groups (P=.467). Twenty-four (20 seminomas and
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Table 1. Technical Details of Multiparametric Magnetic Resonance Imaging
Scanning Parameters

T2-WI T1-WI DWI DCE
Imaging planes Axial, coronal, Axial Axial Axial

sagittal
Fat saturation - - - Fat-sat
Sequence TSE GRE EPI 3D GRE
TE (ms) 100 15 110 4.1
TR (ms) 4000 500 4000 9
Flip angle (degrees) 90 90 90 35
NEX 2 1 12 1
FOV (cm) 24 24 24 22
Slice thickness 3 3 3 3
Matrix size 180 x 256 240 x 270 180 x 256 256 x 256
b value (s/mm?) - - 0, 400, 800 -
Temporal resolution (s) - - - 45
Number of - - - 7

acquisitions

DWI sequences included ADC map calculation.

ADC, apparent diffusion coefficient; DCE, dynamic contrast-enhanced images; DWI, diffu-
sion-weighted images; EPI, Echo planar imaging; Fat-sat, fat saturated; FOV, field of view;
GRE, Gradient recall echo; NEX, number of excitation; TE, time to echo; TR, time to rep-
etition; TSE, Turbo spin echo; T1-WI, T1-weighted images; T2-WI, T2-weighted images.

4 mixed-NSGCTs) of the tumors were hypointense and 10 (4 semino-
mas and 6 mixed-NSGCTs) were isointense on T2-WI. Hypointense
signal on T2-WI was statistically significant for seminomas compared
to mixed-NSGCT (P <.001).

ADC (10-3 mm?/s
g 8

g

=

Time ()

Figure 2. Right testicular seminoma in a 23-year-old man. (A) Sagittal
T2-weighted image shows hypointense right testicular mass (white arrows).
Tumor septa are also seen as hypointense bands (black arrows). (B) Axial ADC
map (b=800 s/mm?) shows tumor’s restricted diffusion. The mean ADC values
of tumor (circular ROIs) were 0.49 x 107> mm?/s. (C) Axial DCE image at
early phase (180 seconds) shows heterogeneous tumor enhancement. Septal
enhancement (arrows) more than the remaining tumoral tissue. (D) TSI curve
shows early tumor enhancement, followed by gradual washout in the delayed
phase (type I1I).

ADC, apparent diffusion coefficient; DCE, dynamic contrast-enhanced images;
ROJ, region of interest; TSI, time signal intensity.
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On DWI, all tumors showed restricted diffusion compared to normal
testicular parenchyma (Figures 2, 3 and 4). The mean ADC values of
the seminomas were statistically significantly lower than those of the
mixed-NSGCTs (0.645 + 0.11 and 0.879 + 0.061, respectively, P <
.001). Figure 5 clearly shows the difference between ADC value box
plots for seminoma and mixed-NSGCTs. In the ROC curve analysis
for ADC values, the area under the curve for the differentiation of
seminoma and mixed-NSGCT was 0.983 (Figure 6). The optimal ADC
cutoff point that simultaneously maximized sensitivity (91.6%), speci-
ficity (100%), and accuracy (94.1%) was 0.779 x 1073 mm?/s.

All tumors showed a type III TSI curve (Figures 2D, 3D, and 4D).
In 14 (58.3%) of 24 seminomas, more intensely enhanced septa were
observed compared to solid tumor areas (Figure 2C and 3C), whereas
no enhanced septa was observed in any of the mixed-NSGCTs
(Figure 4C) (P=.002). Table 2 presents the mean values of PE, TTP,
WIR, and WOR for seminoma and mixed-NSGCT. There was no sig-
nificant difference between the 2 groups for PE, TTP, WIR, and WOR
(P=.21, .83, .31, and .16, respectively).

DISCUSSION

The results of our study showed that the measurement of ADC values,
based on high b-value DWI, can largely distinguish between semino-
mas and mixed-NSGCTs since the cutoff value of 0.779 x 107 mm?/s
is used. Our results are similar to those previously reported in the lit-
erature.”!%»24 In addition, in our study, DCE images showed the pres-
ence of septa with more intense enhancement compared to tumor tissue
in most of the seminoma (58.3%), but this finding was not observed

.0

ADC (10-* mm?/s)

Time (s)

Figure 3. Left testicular seminoma in a 55-year-old man. (A) Sagittal
T2-weighted image shows large hypointense left testicular mass (arrows),
replacing the ipsilateral testis. (B) Axial ADC map (b=800 s/mm?) shows
tumor’s restricted diffusion. The mean ADC values of tumor (circular ROIs)
were 0.53 x 1073 mm?s. (C) Axial DCE image at early phase (180 seconds)
shows heterogeneous tumor enhancement. Septal enhancement (arrows) more
than the remaining tumoral tissue. (D) TSI curve is typical of malignancy
(type III).

ADC, apparent diffusion coefficient; DCE, dynamic contrast-enhanced images;
ROI, region of interest; TSI, time signal intensity.
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Figure 4. Left mixed-NSGCT (postpubertal type yolk sac, embryonal
carcinoma, and postpubertal type teratoma) in a 31-year-old man. (A) Coronal
T2-weighted image shows large heterogenous hypointense left testicular mass
(arrows). (B) Axial ADC map (b=800 s/mm?) shows the tumor appears
slightly hypointense compared to the contralateral testis (star) and has mild
restricted diffusion. The mean ADC values (circular ROIs) of the tumor were
1.07 x 1073 mm?/s. (C) Axial DCE image in the early phase (180 seconds)
shows nonhomogeneous circumferential tumor enhancement (arrows). Septal
enhancement is absent. (D) TSI curve is typical of malignancy (type III).
ADC, apparent diffusion coefficient; DCE, dynamic contrast-enhanced images;
NSGCT, non-seminomatous germ cell tumor; ROI, region of interest; TSI,
time signal intensity.

in mixed-NSGCTs. This result is also similar to those previously
reported by Tsili et al,’ and the septal contrast enhancement pattern
on DCE images suggests that it can be used to differentiate between
seminoma and mixed-NSGCT. Also, we revealed that the majority of
seminomas had a hypointense signal on T2-WI, and the presence of a
hypointense signal on T2-WI was higher in seminomas compared to
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Figure 5. Box plots showing differences of ADC values between seminomas
and mixed-NSGCT.
ADC, apparent diffusion coefficient; NSGCT, non-seminomatous germ cell tumor.
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Figure 6. Receiver operating characteristic curve demonstrating the diagnostic
performance of ADC values in differentiating seminomas from mixed-NSGCT.
ADC, apparent diffusion coefficient; NSGCT, non-seminomatous germ cell
tumor; ROC, receiver operating characteristic curve.

mixed-NSGCTs (P <.001). This result was in parallel with studies that
showed a close relationship between morphological imaging param-
eters and histological features of GCNIS-related TGCTs.”#

As is known, radical orchiectomy is the preferred method for the treat-
ment of GCNIS-related TGCTs and should be performed without delay.
Nonetheless, in situations involving extensive disease and/or metasta-
ses that pose an immediate threat to life, emergency chemotherapy is
warranted. Orchiectomy may be postponed until clinical stabilization
has been attained.' It is very important to perform the histological char-
acterization of GCNIS-related TGCTs with a non-invasive method in
these cases.

More recently, morphological MRI sequences were found to be closely
related to the histological features of GCNIS-related TGCTs.™!” Tsili
et al® reported that 19 of 21 TGCTs were correctly classified preop-
eratively as seminoma or mixed-NSGCT in their study based on mor-
phological MRI features. In our study, we showed that the T2-WI
hypointense signal characteristic was identified with seminomas and
was higher than mixed-NSGCTs (P < .001), similar to Tsili et al.® We
think that this is due to the histological features of seminomas, which

Table 2. Mean Values of Relative Time Signal Intensity Parameters for
Seminomas and Mixed-Non-Seminomatous Germ Cell Tumor

Mixed-NSGCT (n=10) P

TSI Parameter Seminoma (n=24)

PE 2.18 £ 0.87 3.08+0.98 21
TTP 4.18 £0.68 421+0.75 .83
WIR 1.96 + 0.64 2.02+0.88 31
WOR 0.18 +£0.58 0.11£0.51 .16

NSGCT, non-seminomatous germ cell tumor; PE, peak enhancement; TSI, time signal
intensity; TTP, time to peak; WIR, wash-in rate; WOR, wash-out rate.
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consist of a uniform population of large cells arranged in the lobules
and cords. On the other hand, we think that mixed-NSGCTs have a
more heterogeneous appearance compared to seminomas in morpho-
logical MRI parameters, due to the fact that they represent a large group
consisting of different tumors and the higher frequency of necrosis.>”?

In our study, we performed ADC measurements based on high b-value
DWI to distinguish between seminoma and mixed-NSGCT. Our
results showed that ADC values were lower in seminomas compared
to mixed-NSGCTs (0.645 + 0.11 and 0.879 + 0.061, respectively,
P < .001). In addition, our results showed that seminoma-mixed-
NSGCT discrimination can be made with high sensitivity, specificity,
and accuracy when 0.779 x 107 mm?/s is used as the optimal ADC
cutoff value. Tsili et al® reported that the ADC values of seminomas
were lower than those of mixed-NSGCT (0.59 £ 0.009 and 0.90 +
0.33, respectively, P < .001) and showed that a seminoma-mixed-
NSGCT distinction is possible with an optimal cutoff point of 0.68
x 107 mm?/s for ADC values. Our results were similar to those pre-
viously reported in the literature. The diffusion restriction and low
ADC values seen in seminomas are interpreted as secondary to the
restriction of the mobility of water molecules due to histological fea-
tures, such as the presence of large cells with abundant cytoplasm
and large nuclei surrounded by fibrous trabeculae and accompanying
lymphocyte infiltrates, plasma cells, eosinophils, and granulomatous
reactions.>%1°

While measuring ADC values in our study, we used a circular ROI by
avoiding areas of necrosis and hemorrhage, and we took the average
value by making 3 measurements from different areas of the tumor.
There are limited studies in the literature regarding ROI-drawing tech-
niques in the differentiation of GCNIS-related TGCTs. In the study of
Tsili et al,' the use of multiple and circular ROIs and the calculation
of the mean ADC value have been presented as the most useful meth-
ods in the histological characterization of GCNIS-related TGCT. It has
been reported that the use of circular and multiple ROIs and obtain-
ing average ADC values give more appropriate and accurate results in
studies conducted for the differentiation of different testicular tumor
groups for ADC measurement.?*?¢ The results previously reported in
the literature are similar to our study and show the accuracy of the
ADC measurement results used in our study. We think that it is impor-
tant to use multiple and circular ROIs when measuring ADC values to
prevent possible false results due to the frequent occurrence of necrosis
and hemorrhage, especially in mixed-NSGCTs, in the differentiation of
GCNIS-related TGCTs.

In our study, a type III TSI curve was seen in DCE images in both
seminoma and mixed-NSGCT cases. As is known, lesions with a type
III TSI curve have a high PPV for the diagnosis of malignancy.'$2!272
Previous studies by Tsili et al®?? reported that testicular tumors had a
type III TSI curve. The type III TSI curve seen in tumors is thought
to result from increased angiogenesis of the tumor, increased intra-
tumoral arteriovenous shunts, and highly permeable vascular struc-
tures.?’32 Further studies are needed to determine the utility of the type
III TSI curve in distinguishing testicular tumors from benign processes.
However, we believe that the TSI curves have no benefit for the histo-
logical differentiation of GCNIS-related TGCTs.

In our study, we also calculated 4 parameters from the TSI curves:
PE, TTP, WIR, and WOR. We found that none of these parameters
was statistically significant in the distinction between seminoma and
mixed-NSGCT (P=.21, .83, .31, and .16, respectively). In previous
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studies, Tsili et al’ reported that PE, TTP, WIR, and WOR parameters
did not differ in the distinction between seminoma and mixed-NSGCT
(P=.18, .63, .32, and .18, respectively), which is similar to our results.
Tsili et al?!' reported in another study that only the relative maximum
time (representing TTP) differed significantly between benign and
malignant tumors (P < .001). As commonly recognized, tumor vas-
cularity exhibits several characteristics linked to malignancies, such
as spatial heterogeneity, disorganized structure, arteriovenous shunts,
elevated vascular tortuosity and vasodilation, and the existence of
inadequately developed fragile vessels featuring heightened perme-
ability owing to the existence of large endothelial space cells.”?’? We
think that DCE images can be used in the differentiation of benign and
malignant testicular masses because they are based on vascular pat-
terns; however, they are not suitable for histological differentiation of
GCNIS-related TGCTs because both seminomas and mixed-NSGCTs
share the abovementioned features. However, we think that the septal
contrast enhancement pattern, which we detected only in seminomas
in our study, may help DCE images to distinguish between seminoma
and mixed-NSGCT.

This study has some limitations. First, although it is the largest patient
group in the literature to the best of our knowledge, it is a retrospective
study conducted with a relatively small group of patients. In addition,
mixed-NSGCTs represent a highly heterogeneous group, and the mp-
MRI features of different histological subtypes may differ. Therefore,
we think that multicenter studies with large patient populations are
needed to perform histological characterization of GCNIS-related
TGCTs in the preoperative period. Second, in our study, we did not use
the whole tumor volume ROI for ADC measurements; we measured
from 3 different points and averaged them. Although the whole tumor
volume ROI is considered a reliable method, it is time-consuming
and difficult to use in routine clinical practice. Third, MRI data were
interpreted in consensus by the 2 radiologists; therefore, interobserver
reliability was not assessed. Finally, we consider it possible that our
findings could exhibit variations between and within scanners. This
variability can be attributed to the significant differences in ADC mea-
surements stemming from diverse factors, such as the types of coils,
imagers, suppliers, and magnetic field strengths used for MRI. Despite
these limitations, our study is the first to evaluate the histological dif-
ferentiation of GCNIS-related TGCTs preoperatively using mp-MRI.
We think that it will be a pioneer among the studies to be done on this
subject.

Our study shows that mp-MRI including morphological images and
ADC values, can be used as a reliable preoperative method in the histo-
logical differentiation of GCNIS-related TGCTs. The semiquantitative
parameters obtained from DCE images have proven to be not spe-
cific enough to allow histological characterization of GCNIS-related
TGCTs. Only the septal enhancement pattern on DCE images can
be helpful in distinguishing between seminoma and mixed-NSGCT.
Although histopathological examination remains the gold standard
for the characterization of GCNIS-related TGCTs, larger prospective
studies will help demonstrate the potential role of mp-MRI as a non-
invasive method as an aid in the histological differentiation of these
tumors.
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