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Abstract
Purpose The role of T2*-based MR imaging in intracranial
germ cell tumors (GCTs) has not been fully elucidated. The
aim of this study was to evaluate the susceptibility-weighted
imaging (SWI) or T2* gradient echo (GRE) features of
germinomas and non-germinomatous germ cell tumors
(NGGCTs) in midline and off-midline locations.
Methods We retrospectively evaluated all consecutive pediat-
ric patients referred to our institution between 2005 and 2016,
for newly diagnosed, treatment-naïve intracranial GCT, who
underwentMRI, including T2*-basedMR imaging (T2*GRE
sequences or SWI). Standard pre- and post-contrast T1- and
T2-weighted imaging characteristics along with T2*-based

MR imaging features of all lesions were evaluated.
Diagnosis was performed in accordance with the SIOP CNS
GCT protocol criteria.
Results Twenty-four subjects met the inclusion criteria (17
males and 7 females). There were 17 patients with
germinomas, including 5 basal ganglia primaries, and 7 pa-
tients with secreting NGGCT.

All off-midline germinomas presented with SWI or GRE
hypointensity; among midline GCT, all NGGCTs showed
SWI or GRE hypointensity whereas all but one pure
germinoma were isointense or hyperintense to normal paren-
chyma. A significant difference emerged on T2*-based MR
imaging among midline germinomas, NGGCTs, and off-
midline germinomas (p < 0.001).
Conclusion Assessment of the SWI or GRE characteristics of
intracranial GCT may potentially assist in differentiating pure
germinomas fromNGGCTand in the characterization of basal
ganglia involvement. T2*-based MR imaging is recommend-
ed in case of suspected intracranial GCT.
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Introduction

Intracranial germ cell tumors (GCTs) are rare and heterogeneous
neoplasms with variable geographic incidence, accounting for
approximately 2–3% of pediatric brain tumors in Western coun-
tries and 10% in Far East Asian countries [1–3].

GCT peak incidence is during adolescence, and approxi-
mately 90% occur before age 20 years [4].

Based on the histologic components, response to treatment,
and prognosis, GCTs are classically categorized into germinomas
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and non-germinomatous germ cell tumors (NGGCTs), with pure
teratomas (mature and/or immature) often considered a separate
category [5].

Intracranial GCTs arise predominantly in midline
supratentorial locations, such as the suprasellar and pineal re-
gions; however, about 6–10% of these neoplasms arise in off-
midline intracranial structures, usually comprising the basal gan-
glia and thalamus [6, 7], andmuchmore rarely the cerebellum [8,
9]. Pure germinomas have generally a good prognosis with 5-
year overall survival (OS) rates > 90%, whereas high relapse risk
and poor outcome are associated with NGGCT (5-year OS rates
of 30–50%) [5].

Histological confirmation represents the gold standard for ac-
curate tumor characterization; however, current consensus on the
management of intracranial GCT in North America and Europe
maintains that patients with consistent radiological imaging and
α-fetoprotein (AFP) and/or beta-human chorionic gonadotropin
(BHCG) elevations in the serum and/or cerebrospinal fluid
(CSF) above defined thresholds do not require surgical biopsy,
so that treatment may be initiated based on the diagnosis sug-
gested by the marker elevation and neuroimaging [10, 11].

Conventional magnetic resonance imaging (MRI), including
T1-, T2-, and gadolinium-enhanced T1-weighted sequences, is
the current radiological standard to evaluate intracranial GCT
[12]. Nevertheless, even though certain imaging characteristics
may be helpful to suggest a diagnosis, differentiating pure
germinomas from NGGCT is not straightforward by standard
neuroimaging alone due to overlapping features. At the same
time, GCT arising in atypical locations may present with ambig-
uous and non-specific conventional imaging findings, often caus-
ing delayed recognition.

T2*-based MR imaging, including conventional T2* gra-
dient echo (GRE) sequences or susceptibility-weighted imag-
ing (SWI), may be very helpful in depicting hemorrhagic
components (especially microbleeds), calcifications, or bio-
logic metal accumulation in lesions and tissues [13].

Clinical applications of T2*-basedMR imaging in children are
extremely wide including, but not limited to, head trauma, stroke,
epilepsy, vascular malformations, and brain tumors [13, 14].

In the setting of GCT, few data are available [8, 15, 16]. On
the basis of these considerations, the overall objective of this
retrospective study was to analyze the SWI or T2* GRE fea-
tures of midline and off-midline GCT. Specifically, we aimed
to test the ability of T2*-based MR imaging in discriminating
pure germinomas from NGGCT.

Methods

Subjects

We retrospectively evaluated all consecutive pediatric patients
(aged less than 18 years at diagnosis) referred to our institution

between 2005 and 2016 for newly diagnosed, treatment-naïve
intracranial GCT, who underwent MRI, including T2*-based
MR imaging (T2* GRE sequences or SWI).

Information regarding sex, age at diagnosis, clinical pre-
sentation, CSF cytology and serum and/or CSF AFP and
BHCG levels was noted.

In accordance with the SIOP CNS GCT 96 and SIOP CNS
GCT II protocols, all patients with serum AFP > 25 ng/ml or
BHCG > 50 IU/l or CSF AFP > 25 ng/ml or CSF BHCG >
50 IU/l were diagnosed as NGGCT and biopsy was avoided.
Patients with serum and CSF markers below these thresholds
received histological confirmation, except for cases of
imaging-confirmed bifocal (suprasellar and pineal) tumors
which were considered pure germinomas.

This study was conducted within the guidelines from our
institutional review board, and informed consent was obtained
in all cases.

Image protocol and analysis

All MRI studies were performed on a 1.5-T superconductive
system (Intera Achieva; Philips, Best, the Netherlands) using
an 8-channel parallel imaging head coil; these studies included
3-mm-thick sagittal spin echo (SE) T1- and turbo spin echo
(TSE) T2-weighted images; 4-mm-thick axial fluid attenua-
tion inversion recovery (FLAIR), SE T1-, and TSE T2-
weighted images; and 4-mm-thick coronal TSE T2-weighted
images. Imaging parameters were as follows: TR 805 ms, TE
12 ms, and NEX 2, for SE T1 weighting; TR 5580 ms, TE
100 ms, and NEX 2, for TSE T2 weighting; and TR
11,000 ms, TE 140 ms, TI 2800 ms, and NEX 2, for
FLAIR. Following gadolinium compound bolus administra-
tion (0.1mmol/kg, macrocyclic ionic agent), 4-mm-thick axial
and coronal and 3-mm-thick sagittal SE T1-weighted images
were acquired in all patients. A post-contrast axial 3D T1-
weighted fast field echo (FFE) sequence with the following
parameters, TR 14 ms, TE 3.9 ms, flip angle 25°, and NEX 1,
was acquired in addition to post-contrast SE sequences in 17
subjects.

T2*-based MR imaging included either conventional T2*
GRE sequences with the following parameters (TR 759 ms,
TE 23 ms, flip angle 18°, NEX 2) or SWI, performed before
contrast agent administration. The SWI sequence was a 3D,
fully flow-compensated fast field echo sequence with the fol-
lowing parameters: TR 57 ms, TE 40 ms, 96 sections, flip
angle 15°.

SWI was available in 10 patients, whereas T2* GRE in 14.
None were examined with both techniques.

Computed tomography (CT), available in 15 patients, was
included in the analysis.

All images were assessed in consensus by two neuroradi-
ologists (GM and CAA), focusing on CT and conventional
MRI characteristics (tumor location, T1- and T2-weighted
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signal intensity, presence of cysts, calcifications, perifocal
edema, and contrast enhancement pattern). T2*-based MR
imaging features were also evaluated (signal intensity with
respect to normal parenchyma and compared to CT, T1- and
T2-weighted imaging).

Statistical analysis was performed by using SPSS Statistics
for Mac, version 21.0 (IBM, Armonk, NY). A p value of 0.05
was used to define nominal statistical significance.

Chi-squared test was performed to assess differences on
T2* GRE/SWI, conventional pre-contrast T1-/T2-weighted
images, or contrast-enhanced images among midline and
off-midline GCT.

Results

Clinical features

A total of 24 subjects met the inclusion criteria. In the series,
there were 17 males and 7 females. Age at diagnosis ranged
from 8 to 17 years (median, 13 years). Eleven lesions were
located in the pineal region (46%), 4 were along the
hypothalamic-pituitary axis (17%), 4 were bifocal (17%), 2
presented with isolated involvement of the basal ganglia
(8%), and 3 showed concomitant involvement of the
hypothalamic-pituitary axis and basal ganglia (12%).

Seven patients presented with increased serum or CSF tu-
mor markers and, according to SIOP CNS GCTcriteria, biop-
sy was avoided and they were classified as NGGCT (3 pineal,
1 sellar-suprasellar, 3 bifocal). Biopsy was also avoided in a
patient with synchronous involvement of the pineal and
suprasellar region and negative tumor markers, indicative of
a pure germinoma. In the remaining 16 patients, the diagnosis
of pure germinoma (8 pineal, 3 sellar-suprasellar, 2 isolated
basal ganglia, and 3 with concomitant suprasellar and basal
ganglia involvement) was established histopathologically by
biopsy or open surgery.

Main clinical findings are summarized in Table 1.

Neuroimaging

On SWI or T2* GRE imaging, all NGGCTs (7/7, 100%) dem-
onstrated prominent hypointense foci in the parenchymal por-
tion of the lesion, compatible with iron/blood products
(Fig. 1a–h).

On conventional imaging, two out of seven NGGCTs
(29%) presented with homogeneous signal on T1- and/or
T2-weighted imaging whereas the remaining five lesions
(71%) were heterogeneous, including foci of spontaneous
T1 hypersignal and cystic components (ranging in size be-
tween 0.5 and 1 cm).

All but one pure germinoma involving midline structures
(14/15, 93%) showed on SWI/T2* GRE an isointense or

slightly hyperintense signal of the parenchymal portion of
the lesion when compared to normal brain (Fig. 1i–p). In
one subject with a huge sellar-suprasellar germinoma extend-
ing to both cavernous sinuses, scattered tiny hypointense foci
on SWI were present whereas the bulk of the lesion appeared
isointense. On conventional imaging, 6 out of 15 (40%) mid-
line germinomas presented a heterogeneous signal on T1- and/
or T2-weighted imaging, including tiny cystic components
(smaller than 0.5 cm in almost all cases). Perifocal edema

Table 1 Summary of subject characteristics

No. of subjects 24

Sex

Male 17 (71%)

Female 7 (29%)

Age at diagnosis

Median 13

Range 8–17

Diagnosis according to SIOP criteria

Germinoma 17

NGGCT 7

Tumor locations

Germinoma IS-SS 3

Pineal 8

Bifocal 1

Isolated BG 2

IS-SS and BG 3

NGGCT IS-SS 1a

Pineal 3

Bifocal 3

Main clinical presentation

Germinoma IS-SS DI, VD

Pineal IICP

Bifocal DI

BG DI/LW/HP

NGGCT IS-SS DI/MPHD

Pineal IICP, PS

Bifocal DI

Disease stage

Germinoma Localized 14

Metastatic 3

NGGCT Localized 6b

Metastatic 1

NGGCT non-germinomatous germ cell tumor, IS intrasellar, SS
suprasellar, BG basal ganglia, DI diabetes insipidus, VD visual distur-
bances, IICP increased intracranial pressure, LW limb weakness, HP
hemiparesis, MPHD multiple pituitary hormone deficits, PS Parinaud
syndrome
a Subject with concomitant suspected basal ganglia involvement only on
SWI (Fig. 4)
b One subject with suspected cerebellar dissemination only on SWI
(Fig. 3)
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was found in three cases (20%) (all lesions involving the pi-
neal region with thalamic edema). Following gadolinium ad-
minist rat ion, homogeneous, moderate to marked

enhancement was present in seven cases (47%), whereas there
was heterogeneous enhancement in eight (53%).

The presence of SWI or T2* GRE hypointensity was iden-
tified in all off-midline pure germinomas.

Fig. 1 MRI features of NGGCTs and germinomas. a–d Bifocal NGGCT
in a 13-year-old boy. Sagittal T2- (a), T1- (b), and gadolinium-enhanced
T1-weighted (c) images reveal a heterogenous solid cystic mass lesion in
the pineal region. The posterior pituitary bright spot is absent (b). There is
concomitant pathologic thickening of the infundibular recess of the third
ventricle. Axial SWI image shows marked hypointensity of both the
pineal and the suprasellar lesions (arrows, d). e–h Pineal NGGCT in a
17-year-old boy. Sagittal T2- (e) and T1-weighted (f) images reveal a
huge pineal mass lesion with a central hemorrhagic area, hypointense
on T2- and spontaneously hyperintense on T1-weighted images. Axial
post-contrast T1-weighted image (g) shows heterogeneous enhancement.

SWI demonstrates marked hypointensity of the whole lesion (circle, h). i–
l Sellar-suprasellar germinoma in a 13-year-old girl. Coronal T2- (i), T1-
(j), and sagittal gadolinium-enhanced T1-weighted (k) images
demonstrate a sellar-suprasellar mass lesion with homogeneous signal
both pre- and post-contrast. On sagittal T2* GRE image, the lesion
shows a homogeneous isointense signal (circle, l). m–p Pineal
germinoma in a 12-year-old boy. Sagittal T2- (m) and T1-weighted (n)
images show a pineal mass lesion. There are few tiny cysts along the
ventral pole of the lesion (m); following gadolinium administration,
there is slight heterogeneous enhancement. Axial SWI image
demonstrates isointense signal (circle, p)
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Germinomas with basal ganglia involvement presented
with heterogeneous signal on T1- and/or T2-weighted imag-
ing in four out of five subjects (80%). Following gadolinium
administration, heterogeneous enhancement was present in
two cases, whereas three did not show contrast enhancement.

A significant difference was demonstrated on T2*-based
MR imaging among midline germinomas, NGGCTs, and
off-midline germinomas (p < 0.001). No significant differ-
ences emerged on conventional pre- (p = 0.183) and post-
contrast imaging (p = 0.372) among the three groups. Main
neuroimaging findings in midline and off-midline GCT are
summarized in Table 2.

In midline GCT, calcifications were detected only in the
pineal region, both in pure germinomas and in NGGCTs.
Among germinomas involving the basal ganglia, CT was
available in one subject, without evidence of calcifications.

Three out of five patients with basal ganglia involvement
presented with unilateral atrophy of the cerebral hemisphere
and/or cerebral peduncle.

Of note, in a patient with suprasellar involvement and con-
comitant left basal ganglia abnormalities characterized by a
small cystic lesion and non-specific T2/FLAIR hyperintensity
without contrast enhancement, SWI revealed marked
hypointensity of the left globus pallidus, suggestive of con-
comitant left basal ganglia involvement. Following chemo-
therapy and radiotherapy, these abnormalities reduced on
follow-up on conventional imaging in keeping with a pattern
of concomitant midline and off-midline involvement; SWI
also revealed reduced hypointensity. In the same patient, there
was also marked SWI hypointensity of the right globus
pallidus, suspicious for additional involvement. On conven-
tional imaging, there was only a small, focal, and non-specific
T2/FLAIR hyperintensity at that level. On follow-up, the SWI
hypointensity persisted whereas the T2/FLAIR hyperintensity
was no longer visible (Fig. 2).

T2*-based MR imaging was available on follow-up in
three additional patients with pure germinomas involving the

basal ganglia, demonstrating persistent hypointensity in one
subject and reduction in two.

In a patient with sellar-suprasellar NGGCT and marked
SWI hypointensity of the whole lesion, SWI revealed addi-
tional hypointense foci along the cerebellar folia, without cor-
responding abnormalities on standard pre- and post-contrast
MRI. These lesions were considered suspicious for secondary
dissemination and demonstrated reduction following treat-
ment (Fig. 3).

In a patient with bifocal and disseminated NGGCT, SWI
demonstrated bilateral basal ganglia hypointensity, without
corresponding abnormalities on T1-/T2-weighted imaging;
foci of dissemination were also hypointense on SWI
(Fig. 4). In the same patient, SWI was performed at recurrence
and following re-treatment, demonstrating progressive accu-
mulation of hypointense foci along the margins of the ventric-
ular system, later corresponding to foci of dissemination on
post-contrast imaging (Fig. 5 and supplementary Figure S1).

Three out of 15 patients with pure germinomas involving
midline structures were metastatic at presentation on conven-
tional imaging; in these patients, T2*-based MR imaging did
not reveal hypointense lesions.

Discussion

The role of T2*-based MR imaging in intracranial GCT has
not been fully investigated. In our study, T2*-based MR im-
aging revealed significant differences among midline and off-
midline germinomas and NGGCTs.

Prior studies evaluating large series of intracranial GCT
have demonstrated that conventional MRI is very sensitive
in detecting suprasellar and pineal region masses, but the ra-
diographic characteristics may be similar among GCT, there-
fore limiting their usefulness in determining their exact histol-
ogy [5]. Several imaging features have been analyzed includ-
ing calcifications, presence of cysts, and pattern of contrast

Table 2 Summary of MRI
findings of midline NGGCTs,
germinomas, and basal ganglia
germinomas

MRI signal Midline
NGGCTs

Midline
germinomasa

Basal ganglia
germinomasa

p valueb

T1/T2 Homogeneous 2/7 9/15 1/5 p = 0.183
Heterogeneousc 5/7 6/15 4/5

T1 CE Homogeneous 2/7 7/15 0d p = 0.372
Heterogeneous 5/7 8/15 2/5

GRE/SWI Hypointense 7/7 1/15 5/5 p < 0.001
Iso/hyperintense 0/7 14/15 0

a Three subjects with concomitant suprasellar and basal ganglia involvement. Each location was counted sepa-
rately (27 locations in 24 subjects)
b Value for chi-squared test (differences on T2* GRE/SWI, conventional pre-contrast T1-/T2-weighted images or
contrast-enhanced images among midline NGGCTs, germinomas, and off-midline germinomas)
c Including cystic components
d No contrast enhancement
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enhancement as possible findings to differentiate pure
germinomas from NGGCT [17–20]. Additionally, the pres-
ence of spontaneous T1 hypersignal within the tumor, de-
scribed as an indirect finding of hemorrhage, has already been
evaluated, however without statistical difference between both
subgroups [21]. In general, the standard neuroimaging char-
acteristics of pure germinomas and NGGCTs are similar
enough to limit diagnostic certainty, and either tissue confir-
mation or the measurement of specific tumor markers is need-
ed for the diagnosis [22].

In our series, T1- and T2-weighted imaging features of
GCTwere in line with those of prior studies. On the contrary,
T2*-basedMR imaging demonstrated an isointense or slightly
hyperintense signal in all but one pure midline germinoma
(with the exception of calcifications) and prominent
hypointense foci in all NGGCT extending beyond calcifica-
tions, in keeping with hemoglobin degradation products or
iron accumulation. These findings suggest that T2*-based
MR imaging might help in differentiating pure midline
germinomas from NGGCT, even though larger series are

Fig. 2 Germinoma with synchronous involvement of midline and off-
midline structures in a 9-year-old boy. Sagittal T2- (a), T1- (b), and
gadolinium-enhanced T1-weighted (c) images show a suprasellar mass
with multiple cystic components and heterogeneous contrast
enhancement. The posterior pituitary bright spot is absent (b). There is
an incidental pineal gland cyst. Axial SWI image shows isointense signal
of the suprasellar mass (thick black arrow, d). Axial T2-weighted images
(e, f) show a small cystic lesion (0.7 cm) with a dark fluid level in the left
globus pallidus (open arrow, e) and irregular hyperintensity extending to
the anterior limb of the internal capsule (arrowheads, f). A non-specific
mild hyperintensity is also visible in the right globus pallidus (thin white
arrow, e). Axial FLAIR images confirm a minimal hyperintensity in the

right globus pallidus (thin white arrow, g) and the left nucleo-capsular
region abnormality (arrowheads, h). Pre-and post-contrast T1-weighted
images (not shown) did not reveal definite abnormalities with the
exception of a small focal hypointensity corresponding to the left basal
ganglia cyst. Axial SWI image shows marked hypointensity in the left
globus pallidus around and within the small cyst; there is also
hypointensity involving the right globus pallidus (thin black arrows, i).
On follow-up MRI (6 months after treatment), FLAIR images show
marked reduction in size of the left basal ganglia hyperintensity and
disappearance of the small right basal ganglia abnormality (j, k). SWI
image (l), performed 6 years later, shows clear reduction of the left basal
ganglia hypointensity and persistence on the right side
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required to confirm these data. Regarding the role of T2*-
based MR imaging in GCT, only small case descriptions are
available in the literature. In a prior case series including six
pediatric patients, Lou et al. [15] highlighted the potential role
of SWI in the early recognition of basal ganglia germinoma. In
that study, SWI clearly demonstrated the presence of basal
ganglia hypointensity when only subtle and inconspicuous
changes were depicted by conventional MRI.

In an additional case report, Minami et al. [8] underscored
the diagnostic value of T2*-based MR imaging in an adult
patient with intracranial GCT arising in the cerebellum and
brain stem, presenting only with low-intensity spots on T2*
GRE and SWI in the early phase of disease and with further
evidence of contrast enhancement after 8 months; the authors
concluded that enlarging low-intensity lesions on T2* GRE
and SWI may be a reliable clue to the diagnosis of
germinomas, irrespective of their location, even without
enhancement.

In line with the findings reported by Lou et al. [15], basal
ganglia involvement in pure germinomas was always charac-
terized by the presence of hypointense foci. This confirms a
different imaging behavior of midline and off-midline pure

germinomas. Interestingly, basal ganglia involvement was
subtle and non-specific on standard MRI in two out of five
cases with pure germinomas, whereas in one subject with
NGGCT and disseminated disease, bilateral basal ganglia
hypointensity raised the suspicion of additional involvement.

The pathogenesis underlying the low signal intensity on
SWI in basal ganglia germinoma may be explained by the
presence of blood products. Indeed, the majority of basal gan-
glia germinomas are characterized by the presence of hemor-
rhagic foci [17]. In addition to intratumoral hemorrhage, the
SWI/GRE hyposignal of basal ganglia might be explained by
tumor-induced iron accumulation, especially when
hypointensity involves the globus pallidus. This structure is
physiologically rich in biological metals, including iron and
manganese. It has been hypothesized that axonal transport of
transferrin may be disrupted by tumor invasion, resulting in
iron deposition. Another hypothesis involves the possible tu-
mor cell secretion of transferrin that binds to transferrin recep-
tors on neurons and glial cells, thus promoting the transport of
iron to the globus pallidus [15, 16, 23].

Regarding NGGCTs, they commonly may have associated
hemorrhage, causing a more heterogeneous pattern of signal

Fig. 3 Sellar-suprasellar NGGCT in a 17-year-old girl. Sagittal T1- (a)
and coronal T2-weighted (b) images show a huge sellar-suprasellar mass
lesion with homogeneous signal. The posterior pituitary bright spot is
absent (a). Post-contrast sagittal T1-weighted image (c) shows
heterogeneous enhancement. Axial SWI image demonstrates marked
hypointensity of the whole lesion (thick white arrow, d), in keeping
with extensive microbleeds not discernible from standard T1- and T2-
weighted imaging. Gadolinium-enhanced axial T1-weighted image (e)

does not reveal areas of pathologic contrast enhancement along the
cerebellum, whereas axial SWI image shows hypointense foci along the
right cerebellar folia and vermis (thin black arrows, f), suspicious for
microhemorrhagic secondary lesions. SWI performed 6 months after
the end of treatment shows marked reduction of the cerebellar
hypointense foci (g). At admission, there was no evidence of
dissemination based on cerebrospinal fluid cytology; spinal MRI (not
shown) was also negative
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intensity [5]. Intratumoral hemorrhage is particularly charac-
teristic of choriocarcinoma and of mixed neoplasms with
choriocarcinomatous elements, typically due to the fragility
of its vessels [24].

In our series, calcifications of the pineal region appeared
hypointense on SWI magnitude images and T2* GRE. When
compared to conventional T2* GRE sequences, SWI offers
the opportunity to discriminate iron and calcium on the basis
of their paramagnetic-versus-diamagnetic behaviors using fil-
tered phase images, thus reducing the need for additional CT
[13, 14].

Bifocal tumors were both germinomas and secreting
NGGCTs, whereas concomitant involvement of midline
(suprasellar) and basal ganglia was found almost exclusively
in pure germinomas. Review of the literature demonstrated
that three additional cases of concomitant involvement of the
suprasellar compartment and basal ganglia turned out to be all
pure germinomas [9, 25, 26]. These findings suggest that this
association is predictive of a GCT, facilitating an early recog-
nition. In this context, the contribution of T2*-based MR im-
aging may be significant given the high sensitivity of this
technique in the detection of basal ganglia involvement. This
is especially true in case of a clinical presentation with diabe-
tes insipidus, lack of the posterior pituitary bright spot, and

absence of a definite pituitary stalk thickening or hypothalam-
ic mass lesion. In such cases, the search for basal ganglia
abnormalities is strongly advised and may potentially reduce
the diagnostic delay that typically characterizes these lesions.
Of note, even though synchronous involvement of midline
and off-midline structures is mainly found in pure
germinomas, basal ganglia involvement in NGGCTcan occur
[24, 27, 28], demonstrating similar features to pure
germinomas, therefore warranting histological verification.

Basal ganglia hypointensity on T2*-based MR imaging is
rather uncommon in children. This MR finding indicates iron,
calcium, or blood product deposition. Bilateral hypointensity
is mainly found in genetic conditions (e.g., idiopathic basal
ganglia calcification), congenital infections, hypoxic-ischemic
encephalopathy (status marmoratus), metabolic/degenerative
disorders (e.g., Wilson disease, neurodegeneration with brain
iron accumulation, Cockayne syndrome, or mitochondrial dis-
orders), or as a late consequence of radiotherapy (mineralizing
microangiopathy) [29]. Bilateral basal ganglia germinoma
may rarely occur and, in the appropriate clinical setting, bilat-
eral basal ganglia hypointensity should raise the suspect of a
germinoma [30].

An additional information offered by SWI at presentation
was the detection of foci of hypointensity distant from the

Fig. 4 Metastatic NGGCT in a 9-year-old girl. Sagittal CT image (a), T1-
(b), T2- (c), and gadolinium-enhanced T1-weighted (d) images show a
solid mass of the hypothalamic-hypophyseal region (arrowheads, a–d),
demonstrating a compact and homogeneous structure. Concomitant
pineal involvement and secondary lesions, better visible on the sagittal
CT image (thin white arrows, a), demonstrate similar density of the
primitive lesion (mild spontaneous hyperdensity). All lesions show
weak contrast enhancement (d). Axial and coronal SWI images (e–g)
demonstrate hypointense foci within the suprasellar lesion (thick black

arrow, e, f) and reveal marked hypointensity of the bilateral globus
pallidus, without evidence of definite abnormalities on T2-weighted
(not shown) and axial post-contrast T1-weighted image (h). On axial
gadolinium-enhanced T1-weighted image, there is also mild
enhancement of a secondary lesion located along the margin of the right
frontal horn (open arrow, h), with corresponding hypointensity on SWI
image (thick white arrow, g). Cytologic examination of cerebrospinal
fluid was also positive for disseminated disease, whereas spinal MRI
(not shown) was negative
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main lesion in two patients with NGGCT and marked SWI
hypointensity of the primary lesion. In one subject,
hypointense foci corresponded to foci of dissemination on
conventional pre- and post-contrast T1-/T2-weighted imaging
(Fig. 4); on follow-up, this patient presented disease relapses,
again characterized by the presence of hypointense foci on
SWI (Fig. 5 and supplementary Figure S1).

In another patient, there were no corresponding abnormal-
ities on standard imaging. In this subject, despite negative
CSF cytology and lack of signs of secondary dissemination
on conventional brain and spine MRI, craniospinal irradiation
was performed on the basis of SWI findings which raised the
suspicion of secondary dissemination. Follow-up MRI dem-
onstrated reduction of SWI hypointensities following treat-
ment (Fig. 3). To the best of our knowledge, these findings
have never been reported and, paralleling the role of SWI for
basal ganglia involvement recognition, might suggest a poten-
tial role of this sequence in the detection of secondary dissem-
ination from NGGCT presenting with extensive microbleeds
of the primary lesion. In subjects with metastatic pure
germinomas, secondary lesions detected on conventional

imaging did not show hypointensity on SWI/GRE, similarly
to primary lesions. Even this finding might be helpful for
differentiating pure germinomas from NGGCT.

Of note, brain hypointense foci on T2*-based MR imaging
are a common secondary effect of radiotherapy treatment in
children, likely corresponding to microbleeds, capillary telan-
giectasias, and/or small cavernomas [31–33]. Typically, these
lesions do not show contrast enhancement. However, in pa-
tients with NGGCT and marked SWI hypointensity of the
primary lesion at presentation, the appearance of new SWI
hypointensities on follow-up in areas of typical disease re-
lapse, such as the subpendymal region, should alert clinicians,
because even though radiation-induced lesions are common,
foci of disease relapse cannot be excluded.

Given the limited number of patients with dissemination or
disease relapse evaluated in this study, larger series are neces-
sary to better understand the potential role of SWI/GRE im-
aging in this field.

T2*-based MR imaging was available on follow-up in four
out of five patients with basal ganglia involvement demon-
strating persistence of hypointensity within the basal ganglia

Fig. 5 Recurrent disease in a 10-year-old girl with NGGCT (same
patient as in Fig. 4). a, b Follow-up MRI 10 months after the end of
treatment. Gadolinium-enhanced axial T1-weighted image shows
pathologic tissue with contrast enhancement along the frontal horns in
keeping with relapse (thick white arrow, a). Axial SWI image
demonstrates hypointense foci along the frontal horns (thin black
arrows, b). There is persistence of the hypointense foci within the
bilateral globus pallidus. c, d Follow-up MRI 2 months after re-
treatment (radiotherapy). Gadolinium-enhanced axial T1-weighted
image demonstrates complete resolution of the pathologic contrast
enhancement (c). Axial SWI image shows persistence of hypointense

foci along the frontal horns and globus pallidus, bilaterally (d) and
evidence of tiny hypointense foci, not present in the prior examination,
along the posterior wall of the lateral ventricles (black circle, d). e–g
Follow-up MRI 4 months after re-treatment. Gadolinium-enhanced axial
T1-weighted image does not show residual/recurrent disease (e);
however, axial SWI images demonstrate worsening of hypointense foci
along the wall of the lateral ventricles (black circle, f, g). h Follow-up
MRI 8 months after re-treatment. Gadolinium-enhanced axial T1-
weighted image now shows tiny nodules of contrast enhancement along
the walls of the lateral ventricles (thin white arrow, h)
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in one patient and reduction in three subjects. Persistence of
basal ganglia T2* hypointensity on follow-up remains unclear
and might be related to persistence of hemosiderin or iron
deposition rather than active disease. Larger studies are need-
ed to elucidate the pathomechanism of such changes in basal
ganglia.

Our results should be interpreted with awareness of some
limitations. A limited number of patients were studied; how-
ever, we included only children with intracranial GCT under-
going T2*-based MR imaging, which is not a commonly used
MR sequence in the evaluation of these rare tumors. Another
limitation concerns the selection of patients included in retro-
spective analyses. Because not all pediatric patients with in-
tracranial GCT underwent T2*-based MR imaging, selection
bias may have played a role in the interpretation of data, and
the distribution of lesions may not be entirely reflective of the
epidemiology of intracranial GCT. We also recognize that
histological verification of secreting lesions was not per-
formed; therefore, a precise radiological and histological cor-
relation was not possible. However, current standards in
Europe and North America do not require histological confir-
mation for secreting intracranial GCT diagnosis.

In conclusion, assessment of the SWI or T2* GRE charac-
teristics of intracranial GCT may assist in differentiating pure
germinomas from NGGCTs and can provide additional clues
in the identification and characterization of basal ganglia
germinomas. Further investigations on larger series are
awaited to elucidate the role of SWI in assessing dissemina-
tion in NGGCT.
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