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Abstract Intracranial germ cell tumors differ in histol-
ogy and location, and require different clinical management
strategies. We characterized the imaging features that may
aid pre-operative differentiation of intracranial germinomas
and non-germinomatous germ cell tumors (NGGCTs). This
retrospective study analyzed 85 patients with intracranial
germ cell tumors and adequate preoperative or pretreatment
MRIs between 2000 and 2013 at our institution. Pretreat-
ment MRI characteristics, apparent diffusion coefficient
(ADC) values, tumor histopathology, and patient outcomes
were compared. NGGCTs occurred in the pineal region and
cerebral hemispheres more often than germinomas; all bifo-
cal lesions were germinomas. NGGCTs (36.6+17.0 mm)
were significantly larger than germinomas (25.7 +11.6 mm;
P=0.002). The presence of pure solid tumor (45.5 vs.
20.0%, P=0.033) and an infiltrative margin (20.0 vs. 3.3%,
P=0.035) were significantly more common in germinomas
than NGGCTs. The presence of intratumoral T1 hyper-
intense foci (66.7 vs. 10.9%, P<0.001) and moderate/
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marked enhancement (86.7 vs. 50.9%, P<0.001) were sig-
nificantly more common in NGGCTs than in germinomas.
Mean ADC,,.,, values (x10™> mm?/s) were significantly
lower in germinomas (1.113+0.415) than in NGGCTs
(2.011+£0.694, P=0.001). Combined a lack of T1 hyper-
intense foci and an ADC,.,, threshold value (1.143x 107
mm?/s) had the highest specificity (91.3%) and positive
predictive value (92.3%), while the combination of lack of
a T1 hyperintensense foci, no/mild enhancement, and an
ADC_,, threshold value had 100% sensitivity and 100%
negative-predictive value for discriminating germinomas
from NGGCTs. Pre-operative conventional MRI character-
istics and diffusion-weighted MRI help clinicians to assess
patients with intracranial germ cell tumors. Tumor size,
location, T1 hyperintense foci, intratumoral cystic compo-
nents, tumor margin and enhancing patterns demonstrate
contrast between germinomas and NGGCTs. Serum tumor
markers and adjunctive combination with T1 hyperinten-
sity and/or enhancing pattern with ADC offer potential in
preoperative differentiating intracranial germinomas and
NGGCTs.

Keywords Apparent diffusion coefficient - Central
nervous system - Diffusion-weighted imaging - Germ cell
tumor - Magnetic resonance imaging

Introduction

Intracranial germ cell tumors (GCTs) are the third most
common type of brain tumor in Asian pediatric patients,
after gliomas and medulloblastomas [1-3], although their
incidence is much lower in North American and Euro-
pean countries. These tumors comprise a heterogeneous
group of neoplasms, broadly classified as germinomas and
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non-germinomatous germ cell tumors (NGGCTs) based
on clinicopathologic features. NGGCTs include embryo-
nal carcinoma, endodermal sinus tumor (also known as
yolk sac tumor), choriocarcinoma, teratoma (immature
and mature), and mixed germ cell tumors with more than
one element. Although GCTs are highly treatable, with
reported 10-year survival rates exceeding 90% [4-6],
the overall survival rate for NGGCT is inferior to that of
intracranial germinoma, and more extensive surgery com-
bined with radiation therapy and chemotherapy are needed
to treat NGGCTs. An appropriate pre-operative diagnosis
is required to manage intracranial GCTs appropriately;
however, radiographic differentiation between intracranial
GCTs and NGGCTs has not yet been fully investigated. A
recent study investing ten patients with intracranial germ
cell tumors has suggested that apparent diffusion coefficient
(ADC) values differed between germinomas and NGGCTs
[7]. Here, by reviewing the histopathological and magnetic
resonance imaging (MRI) characteristics of intracranial
GCTs in a large pediatric population, and the patterns of
treatment failure, we sought to achieve an improved preop-
erative diagnosis and treatment planning, and to elucidate
the spreading pattern of intracranial GCTs.

Materials and methods
Patient characteristics

This present retrospective study was approved by the local
Institutional Review Board. We retrospectively analyzed
the clinical database of Taipei Veterans General Hospital
for cases of suspected intracranial germ cell tumors regis-
tered from January 1989 to March 2013. Our preliminary
search revealed that each case had been treated with differ-
ent radiation and chemotherapy strategies, while the thera-
peutic units of radiation also varied. Before 1990, patients
received cobalt-based gamma irradiation treatment; from
the mid-to-late 1990s, patients received treatment with
mega-voltage X-rays using linear accelerators; while, after
2000, patients received treatment with three-dimensional
conformal radiotherapy. Thus, to investigate a homogenous
patient cohort treated with similar protocols, we restricted
our investigations to patients treated at our institution after
2000.

The pathological investigation of intracranial GCTs is
often incomplete in many patients, for two reasons. First,
stereotactic or endoscopic biopsy—rather than resection of
the entire tumor—is performed for most patients, because
the high response rates to adjuvant therapies render radi-
cal surgery less favorable. However, tumor biopsy has the
possibility of misrepresentative tumor considering the
frequency of mixed tumor histology within a single GCT.
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Second, a diagnosis of intracranial GCT is often possible
without a tumor biopsy in patients with elevated tumor
markers, such as alpha-fetoprotein and beta-human chori-
onic gonadotropin. Therefore, our clinical diagnoses were
based on levels of serum/CSF tumor markers and adjunc-
tive pathological data when available, with adjunctive MRI
appearance. We used detectable elevated serum alpha-feto-
protein (AFP) (>5 ng/dL) and/or B-human chorionic gon-
adotropin (f-HCG) more than 100 mIU/mL as considered
diagnostic of NGGCT, since very low levels of f-HCG can
be detected in germinomas. All pathological diagnosis was
verified with immunohistochemical markers including pla-
cental alkaline phosphatase, AFP, f-HCG, CD117 (c-Ki?),
OCT3/4 for tumor subclassification.

A total of 110 patients were investigated. We excluded
one case with final pathological diagnoses that were other
than GCT, and 24 patients who did not have adequate pre-
operative or pretreatment MRI for evaluation. Eventually, a
total of 85 patients were enrolled in the study.

MRI assessment and treatment

We analyzed the MRI features and patient information
from PACS and medical charts, respectively. All MRI
scans were performed on 1.5-T MRI units. The diffu-
sion weighted imaging (DWI) parameters were as fol-
lows: TE=60-75 ms; TR=4000-5000 ms; matrix size
128 x 128; field of view (FOV) 300 mm; slice thickness
5 mm, voxel resolution 1.2 mmXx 1.2 mmXx 6.0 mm; and
NEX 1. Diffusion was measured in three orthogonal direc-
tions by using three b-values (0, 500, and 1000 s/mmz).
ADC maps were automatically calculated by the MR scan-
ners using DWI sequences.

The MRI characteristics of tumors analyzed in the pre-
sent study included the tumor location, size (max diam-
eter), margin, cystic components, T1 hyperintense foci,
enhancing patterns, intratumoral hemorrhage, quantitative
ADC values, and presence of hydrocephalus. The imag-
ing analysis was performed on the PACS workstation by
consensus of two experienced qualified neuroradiologists
with more than 6 years’ experience of neuroradiology (CW,
FC), who were blinded to the tumor histology and patient
outcome. A bifocal location was defined as separate tumor
involvement limited to the neurohypophyseal (sellar/supra-
sellar) and pineal regions on brain MR images taken at the
time of diagnosis, and the presence of lesions within ven-
tricles (including the floor of the third ventricle) was con-
sidered to represent ventricular seeding [8, 9]. Enhancing
patterns were classified as no/mild enhancement and mod-
erate/marked enhancement. The qualitative degree of con-
trast enhancement was defined as having all or portions of
the tumor that demonstrate significantly higher signal on
the postcontrast T1-weighted (T1W) images compared to
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precontrast TIW images. Tumors were classified as mild
enhancement when barely discernible but unequivocal
degree of enhancement was present relative to pre-contrast
images, and those tumors showed obvious tissue enhance-
ment were classified as moderate/marked enhancement.
Post-processing of diffusion-weighted imaging data with
calculation of apparent diffusion coefficients (ADC) maps
was performed by using OsiriX MD software version 7.5
(Pixmeo SARL, Switzerland) with ADC Map Calculation
plugin version 1.9 (Stanford University). For each tumor,
the two neuroradiologists independently determined three
non-overlapped region of interest (ROI) of 20100 mm? in
the enhancing solid portion on ADC maps in conjunction
with T1-weighted and post-contrast sequences. Care was
taken to avoid cystic or gross hemorrhagic portions of the
tumor based on T1W, T2-weighted (T2W) and T2* or EPI-
T2W images. To standardize the image analysis as much
as possible, the ROI was drawn on the section in which the
tumor showed the enhancing solid portion with the largest
diameter. In the case of multifocal or multicentric disease,
the index cancer was represented by the largest volume.
The pixel-by-pixel mean ADC (ADC,,,.,,), minimum ADC
(ADC_;,), and maximum ADC (ADC,_ ) values for each
ROI were calculated automatically by OsiriX MD software
when the ROI was drawn. Then, three lesion ROIs were
averaged between the two observers and used as the tumor
ADC values for further analysis.

Statistical analysis

To determine independent predictors of tumor subtypes and
treatment outcome, the following were assessed: gender
(male vs. female), age, and MR features, including tumor
location, tumor size (max diameter), tumor margin, cystic
components, T1 hyperintense foci, enhancing patterns,
intratumoral hemorrhage, and ADC values, and presence of
obstructive hydrocephalus. Tumor subtypes were divided
into two groups: (1) germinoma group and (2) NGGCT
group (including teratoma, non-germinomatous GCTs and
mixed germ cell tumor).

Descriptive statistics (medians and proportions) were
used to characterize the clinical data, MRI features, and
post-treatment status. Normality of distribution for the vari-
ables was determined by the Kolmogorov—Smirnov test.
Independent #-tests (two-tailed) or Mann-Whitney-U-tests
were used to compare continuous variable data among the
groups. To test for differences in terms of dichotomous var-
iables, Chi square tests or Fisher’s exact tests (two-tailed)
were used as appropriate. Receiver operating characteristic
(ROC) curves analysis and area under these curves (AUC)
were used to determine optimal cutoff values of ADC and
to determine the potential diagnostic performance of ADC,
MR features and their combination. The AUC results

greater than 0.9 was considered excellent performance,
from 0.8 to 0.9 as good, from 0.7 to 0.8 as fair and lower
than 0.7 as indictor of poor performance. The interobserver
and intraobserver reliability of ADC value measuring was
tested using intraclass correlation coefficients (ICC). All
data are presented as median (range), mean +SD or number
(percentage). All statistical analyses were performed using
IBM SPSS version 22.0 (SPSS, Chicago, IL, USA), with a
significance level of P <0.05.

Results

Of all enrolled 85 cases, 22 were female (25.9%), and 63
were male (74.1%). The mean age of the patients at diagno-
sis was 11.9 (median 12.2, range 2.5-18) years. Six patients
died due to tumor dissemination. The mean duration of fol-
low-up for the remaining 79 patients was 6.3 (median 5.9,
range 0.3-14.6) years. Twenty-two (25.9%) patients under-
went tumor resection, 40 (47.1%) underwent biopsy, and
23 (27.1%) were diagnosed based on MRI findings, tumor
marker levels, and response to radiation therapy.

In 62 patients with available histopathological data,
we observed 34 germinomas, four mature teratomas, two
yolk sac tumors, one choriocarcinoma and 14 mixed germ
cell tumors. Of the remaining 23 patients, two patients
were diagnosed with nongerminomatous germ cell tumors
based on elevated serum AFP levels, and the remaining 21
patients were diagnosed with germinomas, based on their
typical MR appearance, serum tumor marker levels (all
without elevated serum AFP, and serum beta HCG rang-
ing from 0.39 to 17.72 mIU/mL), and response to radiation
therapy.

The mean ages at diagnosis for germinomas and
NGGCTs were 11.94+3.0 and 10.9+4.1 years, and
11.9+5.9 years for single, and multifocal GCTs, respec-
tively, and 14.1 +2.6 for bifocal germinomas. There was no
significant difference between the groups. Before treatment,
five of 85 patients (6%) exhibited spinal seeding, while 12
of 85 (14%) exhibited ventricular seeding. At the final fol-
low-up, 11 of 85 patients (12%) demonstrated intracranial
or intra-spinal tumor recurrences.

Aside from an overall male predominance of intracranial
germ cell tumors (male:female 2.5:1), there was a slight
female predominance for suprasellar and double midline
GCTs, with a male-to-female ratio of 0.77 (10:13) and 0.5
(2:4), respectively. A marked male predominance was also
noted for GCTs in the pineal region, where the male-to-
female ratio was 10.7 (32:3).

Nineteen tumors (22.4%) were located at the level of
the basal ganglia, 23 (27.1%) were in the sellar/suprasellar
region, 35 (41.2%) in the pineal region, six (7.1%) bifocal
tumors, one (1.2%) multifocal location (in basal ganglion
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and sellar/suprasellar and pineal regions) and one (1.2%)
in the frontal region. All bifocal tumors were germino-
mas, three of which (50%) were pathologically confirmed
via biopsy. For tumors in the pineal region, the incidence
of initial intraventricular seeding was higher than that for
other locations (28.5 vs. 4%, P=0.001), while the inci-
dence of initial intraventricular seeding was lower for
tumors in the sellar/suprasellar region than the remaining
locations (0 vs. 19.3%, P=0.023).

There were significant differences in the location and
histopathology of the tumors. NGGCTs were more likely
to occur in the pineal region, and the case occurring in the
cerebral hemispheres was an NGGCT (immature teratoma).
On the other hand, all bifocal cases in the current study
were germinomas, as were most sellar/suprasellar and basal
ganglia GCTs. Furthermore, only four of 23 (17%) cases
occurring in the sellar/suprasellar region were NGGCT.

On pre-treatment MR images, there were few signifi-
cantly different MR imaging characteristics between ger-
minomas and NGGCTs. NGGCTs (36.6+17.0 mm) were
significantly larger than germinomas (25.7+11.6 mm;
P=0.002). The presence of pure solid tumor (45.5 vs.
20.0%, P=0.033) and infiltrative margin (20.0 vs. 3.3%,
P=0.035) were significantly more common in the germi-
noma than the NGGCT group. The presence of intratu-
moral T1 hyperintense foci (66.7 vs. 10.9%, P <0.001) and
moderate/marked enhancement (86.7 vs. 50.9%, P <0.001)
was significantly more common in the NGGCT group than
in the germinoma group. Additionally, NGGCT was more
likely to cause obstructive hydrocephalus than was germi-
noma (83.3 vs. 30.9%, P<0.001), even when the tumor
was located outside pineal region (40 vs 12.5%, P=0.043).
On the other hand, there was no significant correlation
between pre-treatment intratumoral hemorrhage and his-
topathological subgroups. We observed three (one germi-
noma and two NGGCTs) out of 85 cases (3.5%) that pre-
sented evident intratumoral hemorrhage on pre-treatment
MR images based on pre- and post-contrast TIW, T2W
and gradient-echo sequences. In addition, the presence of
initial subependymal ventricular and/or intraspinal seeding
lesions did not significantly correlate with histopathologi-
cal subtypes (Figs. 1, 2).

DWI and pretreatment ADC maps were available for
61 patients with germ cell tumors. Germinoma group and
NGGCT group could be differentiated from ADC_,, and
ADC,,« values (Fig. 3). The ADC,,,, and ADC_,, values
(x10™* mm?/s) of solid tumor portions were significantly
lower in the germinoma (1.113+0.415 and 2.011 +0.694,
respectively) than in the NGGCT group (1.499 +0.469 and
2.433+0.720x 107> mm?s; P=0.001 and 0.03, respec-
tively). The ADC,;, values were not significantly differ-
ent among the groups (0.706+0.355 vs. 0.781+0.373,
P=0.166) (Table 1).
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Fig.1 A 15-year-old boy with a pineal region germinoma, proved by
surgical biopsy. The tumor (arrows) is mainly hypointense without
hyperintense foci on transaxial TIW (a), hyperintense on transaxial
T2W (b), and heterogeneous mildly to moderately enhanced on post-
contrast TIW (c) sequences (classified as moderate/marked enhance-
ment). Transaxial T2W image also shows ill-defined margin between
tumor and adjacent left thalamus is noted (arrowhead) although
the margin in the right side is well-defined. Transaxial ADC map
(d) demonstrates the measurement of the ADC values of the tumor
with placement of a region-of-interest (ROI) on the solid portion of
the tumor (circle). The mean ADC,,, of measurements of two radi-
ologists is 0.832x 107> mm?s. No post-treatment intraventricular or
intraspinal seeding has been noted for 5 years

By ROC analysis for each ADC-value, the cut-off value
of 1.143x107® mm%s for ADC,,.,, (ADC,,,, threshold
value) could differentiate germinoma from NGGCT with
the best combination of sensitivity (71.8%) and specificity
(78.3%), with a positive-predictive value (PPV) of 84.4%,
and a negative-predictive value (NPV) of 62.1%, if ger-
minoma was predicted to be lower than the threshold and
NGGCT higher. According to ROC analysis, presence
of intratumoral T1 hyperintense foci, ADC,,,, threshold
value, combined T1 hyperintense foci and/or ADC
threshold value, combined enhancing pattern or ADC_ ...
threshold value, and combined T1 hyperintense foci,
enhancing pattern and ADC,,,, threshold value had fair
to good diagnostic performance to differentiate germino-
mas from NGGCT (AUC 0.735-0.809). Of all, combined
lack of T1 hyperintense foci and ADC,.,, threshold value
had the highest specificity (91.3%) and PPV (92.3%), while
the combination of lack of T1 hyperintense foci, no/mild
enhancement and ADC_ ., threshold value had 100% sen-
sitivity and 100% NPV for discriminating germinoma from

mean

mean
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Fig.2 A 3.5-year-old boy with a pathological-proven pineal region
mature teratoma. The tumor (arrows) is mainly cystic with hyperin-
tense on sagittal T2W (a), with moderate/well enhancement of the
cystic wall and focal enhancing soft tissue inside on post-contrast
T1W (b) sequences. Transaxial ADC map (c¢) demonstrates the meas-
urement of the ADC values of the tumor with placement of a ROI on
the solid portion of the tumor (circle). The ADC is 1.941x 1073
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Fig. 3 Scatter diagram of average ADC,.,, values for germinoma
and nongerminomatous germ cell tumor (NGGCT). The unit of Y
axis is x107® mm?s. The fransverse line indicates cutoff value of
1.143 x 1073 mm?s (shown as 1143 x 10~° mm?/s)

NGGCT. Table 2 shows the summary of sensitivity, speci-
ficity, PPV, NPV and AUC for MR morphological features,

ADC, .., and their combination in the differentiation of
germinoma from NGGCT in all patients.

The MRI features and ADC values were also expedi-
ent for distinction between germinomas and NGGCT in
patients without elevated serum tumor maker, especially
when used in combination. In patients with normal serum
AFP and/or BhCG levels, the absence of intratumoral
T1 hyperintense foci, imaging features other than cystic
components with T1 hyperintense foci (morphology-1),
imaging features other than cystic components with T1
hyperintense foci and moderate/marked enhancement
(morphology-2), and ADC,,.,,<1.180x 10~ mm?%s had
fair to good diagnostic performance of differentiating ger-
minomas from NGGCT (AUC 0.747-0.887). The combi-
nation of absent T1 hyperintense foci or morphology-1 or
morphology-2 and ADC <1.180x10~* mm%/s had 100%
specificity and 100% positive-predictive value (PPV) with
excellent performance (AUC 0.934-0.961) in discriminat-
ing germinoma from NGGCT in this subgroup. A summary
of sensitivity, specificity, PPV, NPV and AUC for MR mor-
phological features, ADC_,,, and their combination in the
differentiation of germinoma from NGGCT in patients with
normal serum AFP and f-HCG below 100 IU/L is shown
in Table 3.

Of all the 11 cases had tumor recurrence after treatment,
four were diagnosed germinomas and seven were NGGCT.
Although the percentage of patients with NGGCTs who
experienced post-treatment tumor recurrence was higher
than that for patients with germinomas; this difference
was not statistically significant (P=0.057). There was no
significant association between tumor recurrence and gen-
der, tumor location, MR imaging features and the extent of
surgery. Interobserver reliability for of the two evaluators
was very high [ICC, 0.913; 95% confidence interval (CI),
0.859-0.947; P<0.001]. In the analysis of intraobserver
reliability, the ICC also indicated a very high correlation of
first evaluator (ICC 0.923; 95% CI 0.872-0.954; P<0.001)
and high correlation of second evaluator (ICC 0.887; 95%
CI10.812-0.932; P<0.001).

Discussion

In Taiwan, intracranial GCTs account for 10% of pre-
adult brain tumors [3]; this incidence is higher than that
in Western countries, where GCTs represent only 0.5-3%
of all brain tumors [5]. Intracranial GCTs include tumors
with diverse histology with different tumor responses to
treatment.

The distinction between germinomas and NGGCTs
is important, as the extent of surgery, radiation field, and
chemotherapy regimens differ between the two tumor
types. However, the radiological features of intracranial
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Table 1 Demographic and
MR features of germinoma and
NGGCT

Germinoma NGGCT P
Gender (n)

Male:female 38:17 23:7 0.615
Age (years)? 12.2(12.2,4.3-18)  11.4(11.8,2.5-16.6)  0.385
Location”

Basal ganglia 15 (27.3%) 4 (13.3%) 0.536

Sellar/suprasellar 19 (34.5%) 4 (13.3%) 0.019

Pineal region 14 (25.5%) 21 (70.0%) <0.001*

Bifocal 6 (10.9%) 0 (0%) 0.048*

Multifocal 1(1.8%) 0 (0%)

Lobar 0 (0%) 1(3.3%)

MR images

Max diameter (mm)© 25.7+11.69 37.4+17.27.0 0.002*

Tumor component (n) (solid: cystic) 25:30 6:24 0.033*

Margin (n) (infiltrative: well defined) 11:44 1:29 0.035*

T1 hyperintense foci (n) (presence: absence) 7:48 19:11 <0.001*

Enhancement (n) (no/mild: well) 27:28 4:26 0.001*

Intratumoral bleeding (n) (presence: absence) 1:54 2:28 0.247
DWI¢

ADC value (x107> mm/s?) 1.113+0.415 1.499 +0.469 <0.001%*

ADC,

ADC,,, 2.011+0.694 2.433+0.720 0.03*

ADC,;, 0.706 +0.355 0.781+0.373 0.166
Obstructive hydrocephalus

Presence: absence 17:37 25:5 <0.001*
Initial seeding (presence: absence)

Intraventricular seeding 10:43 2:30 0.106

Spinal seeding 2:51 3:29 0.309
Recurrent interval (years)® 2.2(2.6,0.4-3.2) 2.8 (1.1,0.2-6.7) 0.524
Post treatment recurrence

No recurrence® 49/85 (57.6%) 25/85 (29.4%) 0.0576

Presence of recurrence® 4(7.3%) 7(23.3%)

Spinal recurrence 2 4

Intraventricular 1 3

Both spinal and intraventricular recurrence 1 0

*Significance values

*Values represent mean (median, range)

"Values represent number and percentage of patients in histologic subgroup (n, %)

“Values represent mean + SD

GCTs are diverse among different locations and histologi-
cal subgroups, although several distinct neuroimaging pat-
terns have been reported in the literature. The early stage
basal ganglia germinoma is reported to demonstrate subtle
patchy/ill-defined margin T2 hyperintensity without con-
trast enhancement, which mimics non-tumorous condi-
tion. Albeit, the associated Wallerian degeneration and
hemiatrophy of ipsilateral the brain structures are highly
characteristic and reliable signs of basal ganglia germ cell
tumors [8—14]. The basal ganglia germinomas are reported
as isointense to hypointense on T1WI, but hyperintensity
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on TIWI was also noted in early case reports [10]. In the
more advanced stages, the majority of basal ganglia germi-
nomas appear as large and heterogeneous with cystic com-
ponents and enhancement. These MR features were also
used as surrogates in conjunction with serum tumor makers
for diagnosis in some of our cases without surgical biopsy
data. Suprasellar region germinomas are reported to often
have an ill-defined margin and irregular shape. On the other
hand, the MRI findings of pineal region GCTs have been
more widely studied, but most of them focused on the dif-
ferentiation between pineal germinoma and other pineal
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Table 2 Sensitivity, specificity, PPV, and NPV for MR morphology, ADC, and combined feature in the differentiation of germinomas from

NGGCT (all 85 cases except ADC data was available in 61 cases)

Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC P

No T1 hyperintensities 88.7 62.5 79.7 76.9 0.775 0.002*
No/mild enhancement 49.1 84.4 83.9 50.0 0.650 0.051
No T1 hyperintensities AND no/mild enhancement 42.1 87.0 84.2 47.6 0.651 0.87
ADC,,,, < 1.143% 71.1 78.3 84.4 62.1 0.783 0.001*
No T1 hyperintensities OR ADC,,, < 1.143* 71.8 19 62.2 26.7 0.749 0.005*
No T1 hyperintensities AND ADC,,,, < 1.143% 63.2 91.3 923 60.0 0.809 <0.001*
No/mild enhancement OR ADC < 1.143% 81.6 69.6 81.6 69.6 0.772 0.002*
Combined feature 100 43.5 74.5 100 0.735 0.008*

Combined feature: other than T1 hyperintensities with well enhancement and ADC >

PPV positive predictive value, NPV negative predictive value
*Significance values
SADC: x10™> mm?/s

Table 3 Sensitivity, specificity, PPV, and NPV for MR morphology, ADC, and their combinations in the differentiation of germinomas from
NGGCT in patients with normal serum AFP and serum -HCG below 100 IU/L

Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC P
No T1 hyperintense foci 55.6 88.7 45.5 92.2 0.747 0.075
Morphology-1 88.7 55.6 92.6 45.5 0.747 0.075
Morphology-2 94.3 55.6 92.6 62.5 0.774 0.049%*
ADC,,,,<1.180% 80.0 97.4 80.0 97.4 0.887 0.005*
No T1 hyperintense foci AND ADC,,,, <1.180% 88.6 100 100 50.0 0.934 0.002*
Morphology-1 AND ADC,,,, < 1.180* 86.8 100 100 50.0 0.934 0.002*
Morphology-2 AND ADC,,,.,, < 1.180% 92.1 100 100 62.5 0.961 0.001*

Morphology-1: other than cystic with T1 hyperintensities

Morphology-2: other than cystic with T1 hyperintensities and well enhancement

PPV positive predictive value, NPV negative predictive value
*Significance values
*ADC: X107 mm?/s

region tumors. Smith et al. [15] reported that presence of
hyperattenuation on unenhanced CT, restriction on DWI,
and isointense signal relative to gray matter on T2WI due
to the high cellular nature of germinoma may aid consider-
ably in the differentiation of GCTs from other pineal region
tumors. Dumrongpisutikul et al. [16] reported a statistically
significant higher mean ADC value in compared with pin-
eal parenchymal tumors (including pineocytoma, papillary
tumor of the pineal region and pineoblastoma) [16]. In a
recent study, Awa et al. [17] suggested two significant imag-
ing features differentiating germinomas from NGGCTs in
the pineal region: (1) thick peritumoral edema (peritumoral
T2 high signal intensity area thicker than 5 mm) and (2)
bithalamic extension; however, quantitative data of ADC
values were lacking in that retrospective study. In view of
previous studies, data regarding MR characteristics and
ADC values of intracranial non-germinomatous germ cell

tumors, particularly outside the pineal location, and the dif-
ferentiation between GCT and NGGCT have been scarcely
studies and are insufficient. Therefore, the main goal of the
present study was to (1) characterize the imaging features
that may aid in the pre-operative differentiation between
germinomas and NGGCTs, and (2) to identify those fac-
tors that may increase the risk of early recurrence or that
may indicate a requirement for more intensive/long-term
monitoring.

Recently, epidemiological data from a large population-
based tumor registry has been published for intracranial
CGTs [18, 19], and our patient cohort exhibited similar
patterns of distribution, including teenage onset, an over-
all predominance of male gender, and germinoma pathol-
ogy. Additionally, all bifocal GCTs in the present study
were germinomas, in agreement with the findings of pre-
vious studies, which indicates that bifocal lesions are most
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frequently although not exclusively considered to be germi-
nomas [20-24]. However, in contrast to the findings of Phi
et al. [24], which indicated that bifocal GCTs were signifi-
cantly associated with multifocal, disseminated disease and
indicated a poor prognosis, the results of our study indi-
cated that the presence of initial or post-treatment tumoral
seeding did not significantly differ between patients with
single, bifocal, or multifocal lesions. The results of the pre-
sent study were comparable to those of a previous study
involving a patient cohort monitored from 1989 to 2009
at our institute by Chen et al. [25], who also revealed that
the number of lesions (single, multifocal, or bifocal) had
no significant impact on overall survival or relapse-free
survival in any of the treatment groups. When considered
along with the results of these previous studies, our find-
ings indicated that, with appropriate treatment protocols,
the presence of bifocal lesions per se is not a poor prognos-
tic sign.

In literature review, there is discrepancy of enhancing
pattern of GCTs. As discussed above, early stage basal gan-
glia germinomas tend to show no or only subtle enhance-
ment, while most advanced stage basal ganglia germinomas
show irregular solid area with enhancement. Wang et al.
[26] reported that the majority of pineal region germinoma
is hypointense to isointense on T1WI, isointense to hyper-
intense on T2WI, with markedly homogeneous enhance-
ment in 56 patients with intracranial germinoma and. In
a review by Kakigi et al. [27] they concluded pineal ger-
minoma shows avid enhancement which may be speckled,
and NGGCTs are more likely to enhance heterogeneously
in part because of hemorrhage [15]. In contrast, Dumrong-
pisutikul et al. [16] reported mildly enhancing (57.1%) in
their pineal germinomas. In this study, the enhancing pat-
tern was also diverse among subgroups of intracranial
GCTs. Nonetheless, the combination of enhancing pattern
with T1 signal intensities and ADC value serves as a better
imaging indicator to distinguish germinoma from NGGCTs
than using single imaging feature alone.

The role of DWI and ADC for brain tumor-typing and
tumor-grading has been evaluated [28, 29]; however, the
role of DWI and ADC values in assessing intracranial germ
cell tumors has not been fully investigated. In our study,
germinomas could be differentiated from NGGCTs using
ADC, . values. These results are comparable to those
of a recent study by Ogiwara et al., who investigated ten
cases with histologically confirmed germ cell tumors. In
their study, they calculated normalized ADC values as the
ratio of the tumor ADC value to the control ADC, which
was the average of ADC values for the normal-appearing
cerebellum and bilateral centrum semiovale. The reported
normalized ADC value was significantly lower for ger-
minomas (1.11+0.096x 107> mm?/s) than for NGGCTs
(1.703+0.223x 107> mm?%s; P=0.01) [7]. These results
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are comparable to those of the present study, although the
definite values are different, which may be due to different
methods for placement used for ROI placement and choice
of ADC values. ADC values in brain tumors are inversely
related to cellularity and the ratio of the nuclear area to
cytoplasm. In NGGCTs, particularly in yolk sac tumors
and immature teratomas, the tumor cells are not as densely
packed, and cellularity is not markedly high, as compared
to classic germinomas. This characteristic hypercellularity
of germinomas is considered to result in lower ADC values
in germinonas than in NGGCTs. Although the presence of
hyperintense foci representing fat or calcified components
within the tumor may indicate NGGCTs, the sensitivity of
this characterization approach is low in patients without
elevated tumor markers, probably because the calcifications
in some tumors in the NGGCT group are indistinguish-
able from pineal calcifications engulfed by a germinoma.
In addition, basal ganglia germinomas are reported to show
high signal intensity on TIWI without enhancement in
the early stage [11, 12, 14, 30]. Furthermore, intratumoral
hemorrhage, which is not uncommon in intracranial GCTs
[5, 8, 12, 14], also leads to the presence of T1 hyperintensi-
ties. Our study indicates that combined MR features, using
a lack of T1 hyperintensities and ADC_.,, values less than
1.143 x 107> mm?s can increase the specificity and PPV in
diagnosis of germinoma overall. Moreover, the combina-
tion of T1 hyperintense foci, an enhancing pattern and an
ADC,,.., value with a cutoff value of x1.180 10~ mm?*/s
can serve as an imaging marker with 100% specificity and
100% PPV in cases with normal serum AFP and serum
beta-HCG below 100 IU/L. Such differentiation may be
applied in future planning of surgical as well as non- surgi-
cal treatment.

In the present study, we were interested in determining
whether a clinical or MR feature could be used as a marker
of increased recurrence risk. However, we were unable
to identify any factor as a significant predictor of tumor
recurrence, possibly because the overall case number was
small, and also the numbers of recurrent and deceased
cases observed were too small to be statistically meaning-
ful. Furthermore, case excluded from the current cohort
was controversial. The excluded case had one well-defined
non-enhancing lesion in the sellar to suprasellar region,
with isointense on both TIW and T2W images with clinical
presentation of central diabetes insipidus. He received sur-
gical resection due to partially tumor regression after radio-
therapy and the histopathological result revealed a Rathke’s
cleft cyst. Whether this was a rare case of mixed Rathke’s
cleft cyst and germinoma which responded to radiation,
or whether it was a true false-positive diagnosis of germi-
noma, it is necessary to recognize the radiological pitfalls
and diagnostic limitations in order to minimize the impact
on image interpretation and improve patient care.
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Although serum and CSF tumor markers are mandatory
for making a diagnosis, and neurosurgery/histological con-
firmation is generally necessary for diagnosis in patients
without elevated beta-HCG, the cut-off values for elevated
beta-HCG vary between institutes and study groups (from
50 mIU/mL in the Children’s Oncology Group study
ACNSO0232, to 50-100 mIU/mL in the ACNS1123 study).
The contribution of surgery to a superior treatment out-
come, when given before or after radiotherapy combined
with chemotherapy, is still debated. For tumors in critical
and/or deep locations, such as the basal ganglia and pin-
eal region, where gross total resection may be difficult, tis-
sue biopsy could pose the risk of inadequate sampling or
under-representation of the histological components of the
entire tumor [30]. An extensive review of the literature by
Balossier et al. [31] has shown that tissue diagnosis is less
accurate with endoscopic procedures than with stereotac-
tic procedures (81.1 vs. 93.7%) for pineal tumor biopsies.
In addition, the optimal selection of biopsy sites for bifo-
cal lesions is unclear, and whether the benefit of biopsy
at both sites outweighs the adverse effects of these dif-
ficult procedures remains to be determined. There is also
a possible risk of sampling error when sampling a single
lesion in a bifocal germ cell tumor. In our study, the results
of combined MR features could aid differentiation of the
germinoma group from the NGGCT group in patients with
or without tumor marker elevation. It has a potential clini-
cal role when deciding on whether to perform a biopsy in
patients with tumors in critical locations, selecting the tar-
get site in bifocal lesions, and considering a second-look
surgery in the context of dubious histological results in
terms of clinical conditions and MR features.

The present study had some limitations. Radiological
interpretations of ADC measurements may vary consider-
ably. However, we attempted to minimize such variation
via accurate placement of ROIs sampling the enhanced
solid portion of the tumor. Furthermore, although the over-
all number of patients with available DWI was fairly large
as compared to previous studies, the number of patients
with tumor recurrence or who had died was rather small.
Additionally, due to the retrospective nature of the study,
potential selection bias existed and the results of MR spec-
troscopy and MR perfusion were lacking. Nonetheless, our
results should be interpreted with caution due to the limited
number of patients studied. Our findings should be verified
by further studies involving larger cohorts of patients.

Conclusion

MRI features, including tumor size, location, T1 hyperin-
tense foci, intratumoral cystic components, tumor margin,
enhancing pattern, and ADC values of intracranial

mean

germ cell tumors may facilitate preoperative differentiation
of intracranial germinoma from NGGCTs, especially by
using a combination of T1 hyperintense foci and/or enhanc-
ing pattern with ADC. Such differentiation may apply in
planning of surgical as well as non-operative treatment.
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