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ABSTRACT

Germ cell tumor (GCT) arising in the basal ganglia or thalami is relatively 
uncommon. It occurs most commonly in boys during second decade of life. It is 
difficult to diagnose early stage GCTs in these regions because the images are 
not so typical and the symptom onset is insidious. However, early diagnosis 
of this tumor is important because of the high radiosensitivity and potential 
curability. Early stage GCTs originating from the basal ganglia or thalami appear 
as ill-defined small patchy lesions. They frequently present as hyperintense 
lesions compared with deep gray matter on T2-weighted image without 
cyst, mass effect, or prominent enhancement. Microhemorrhages can be 
accompanied infrequently. These tumors are mostly associated with ipsilateral 
hemiatrophy at the time of presentation. During tumor progression, tiny cysts 
develop at a relatively early stage, and intratumoral cyst, hemorrhage, and 
ipsilateral hemiatrophy gradually tend to be more pronounced. Ultimately, 
these become overt large mass with remarkable heterogenous enhancement, 
containing multiple cysts of various sizes and hemorrhage. This review aims to 
describe the serial MR imaging findings of the GCTs arising from basal ganglia 
or thalami, focusing on the early finding.
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Introduction 
Intracranial germ cell tumor (GCT) commonly originates in 

the pineal or suprasellar regions, but a significant portion of the 
tumors, estimated at 4% to 14%, arise in the basal ganglia or 
thalami, particularly in young males1-3. Based on histopathology, 
GCTs are classified into germinoma and non-germinomatous GCTs3. 
GCT arising from basal ganglia or thalami have special concerns 
with regard to early diagnosis due to atypical presentation and 
insidious clinical course: patients with GCT arising from these 
locations frequently present with only vague symptom such as 
decreased school performance and mild cognitive disturbance 
in the early stage2-5. Neuroimaging findings in the early stage 
are often subtle [6]. Therefore, the diagnosis may be challenging 
and can be delayed until an advanced stage of disease is reached. 
As GCTs, especially germinomas, are relatively radiosensitive 
and potentially curable, early diagnosis is essential for better 
outcome2-3. The purpose of this review is to discuss the serial MR 
imaging findings of the GCTs arising from basal ganglia or thalami, 
focusing on the early finding.

Early MR Imaging Finding 
Radiologic characteristics are similar between germinoma and 
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non-germinomatous GCTs3, and most of the previous 
reports have been discussed regarding neuroimaging 
finding of the germinoma. On magnetic resonance imaging 
(MRI), early stage of germinomas usually appears as 
ill-defined, homogenous, patchy solid lesion, without 
mass effect7-9. The tumors are generally isointense to 
hyperintense compared with cortical gray matter on T2-
weighted, T1-weighted, and FLAIR images, owing to the 
high cellularity and relatively low water contents1. Small 
tumors may appear as slightly hyperintense lesion relative 
to the basal ganglia on T2-weighted image, as a result of 
iron deposition in the globi pallidi during adolescence. 
Contrast enhancement is not prominent in the early stage. 
The majority of germinomas predominantly show normal 
to restricted diffusion10. Indeed, the conventional MR 
imaging finding of the germinoma itself can be subtle and 
inconspicuous in the early stage. 

Recently, susceptibility-weighted imaging has been 
proven as a useful technique for diagnosis of early basal 
ganglia germinoma6,7,11. Small tumor at early stage 
frequently appears as obvious hypointense lesion on 
susceptibility-weighted imaging owing to the characteristic 
intratumoral hemorrhage and tumor induced metal 
accumulation, even when it was indistinct on conventional 
imaging7,12. However, hypointensity on susceptibility-
weighted imaging is relatively not remarkable in the 
nontumorous condition such as infarction11. Therefore, 
susceptibility-weighted imaging could be helpful in 
differential diagnosis as well as in early detection of basal 
ganglia germinoma. 

Hemiatrophy in the ipsilateral hemisphere and 
brainstem, which is frequently present at the time of 
presentation, is also useful for diagnosing basal ganglia 
GCTs8,9,13. This feature was thought to be characteristic 
of germinoma arising from the basal ganglia or thalami 
because of common association with this tumor. However, 
ipsilateral hemispheric and brainstem atrophy is now 
regarded as a result of involvement of internal capsule or 
thalamic ganglion cell by any kind of brain pathology14. 
Germinomas, showing irregular margin, are frequently 
involve the internal capsule or periphery of the thalamus 
even in the small tumor. This tumor location may be a 
reasonable explanation for common association with 
ipsilateral hemispheric and brainstem atrophy in the basal 
ganglia germinoma. In contrast, relatively well marginated 
tumor restricted to the basal ganglia may not be associated 
with this feature6,9. Ipsilateral hemispheric and brainstem 
hemiatrophy also may be influenced by slow growth rate 
of the germinoma in addition to tumor location. Like 
germinoma, other slowly growing tumor could also develop 
ipsilateral hemiatrophy in the hemisphere and brainstem, 
while this feature is very rare for a rapid growing tumor13,15.

Serial MR Imaging Change during Tumor Progression
The indolent nature and atypical symptom of the GCTs 

in the basal ganglia or thalami may lead to long-term 
latency before diagnosis and render a timely diagnosis 
difficult5,6. In some case in which the diagnosis is equivocal 
or inconclusive, follow-up examination may be performed. 
A significant number of basal ganglia GCTs stay for up to 
several years, and it accordingly could be misinterpreted 
as non-tumorous condition11. Therefore, knowledge about 
sequential neuroimaging findings of this tumor could allow 
radiologists to diagnose this tumor correctly. 

During follow-up period, intratumoral tiny cyst may 
develop in the ill-defined patchy small tumor, although 
overall tumor size is not significantly changed. Multiple 
intratumoral cysts of various size are typically found in 
late-stage basal ganglia GCTs, however tiny cysts can occur 
at the relatively early stage during tumor progression6. The 
majority of the cysts have fluid-fluid level with markedly 
hypointense dependant layering or dark-intensity rim 
on T2-weighted image, indicating repeated intratumoral 
hemorrhage6. At initial MR imaging, tumor presenting 
as a small basal ganglia mass containing a few tiny cysts 
can be mistaken for a nontumorous condition such as 
vasculitis, cavernous malformation, or cerebral infarction. 
However, basal ganglia GCT should be considered as one 
of differential diagnosis based on such a progression 
process, especially in boys. Cyst may develop as a result of 
necrosis or repeated intratumoral hemorrhage, and cystic 
change and hemorrhage seems to be attributable to tumor 
enlargement16-18. Changes in sequential feature of the basal 
ganglia GCTs support this theory even further6 [6]. As tumor 
grows, cystic change and hemorrhage within tumor are 
generally more obvious: the cysts not only increase in size 
but also occupy a greater portion of the tumor, moreover 
intra-cystic hemorrhage is usually more pronounced 
during tumor progression6. The overt large mass ultimately 
contains multiple cysts of various sizes and hemorrhage. 
The timescale for tumor progression is variable in each 
tumor, and it can take for more than several years6. 

Hemiatrophy in the ipsilateral hemisphere and 
brainstem, which is frequently visible at the time of 
presentation, is generally more pronounced during tumor 
progression. As it is considered as a result of Wallerian 
degeneration caused by tumor infiltration of fiber tracts, 
tumor enlargement may naturally lead to progression 
of ipsilateral hemiatrophy. Interestingly, ipsilateral 
hemispheric and brainstem atrophy can progress, although 
tumor size is not changed during follow up6.

Tumor enhancement also becomes more prominent 
and heterogenous, as tumors progress6,19. Small patchy 
lesion without mass effect and cystic component usually 
shows faint or no contrast enhancement. As tumor grows, 
mild nodular enhancement may occur in some portion 
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of the tumor. The overt large mass containing multiple 
cysts and hemorrhage generally shows remarkable and 
heterogenous enhancement. (Figure1)

Late MR Imaging Finding
Late stage of the GCTs arising from basal ganglia 

or thalami usually appear as overt large masses which 
consist of solid portion, various cystic component, and 
hemorrhage1,18,20. Heterogeneity is common in GCTs 
arising in this regions, unlike that of the suprasellar or 
pineal regions: most of the tumors more than 2-3cm in 
diameter contain hemorrhage as well as cyst, furthermore 
some degree of necrosis is present in 80% (50% are 
slightly necrotic, 30% are mostly necrotic) at the time of 
presentation1,6,17,18,20,21. GCTs of this regions show relatively 
less mass effect and peritumoral edema, therefore tend to 
be large at the time of presentation1,18. The solid portion 
is generally isointense relative to the signal intensity of 

the cerebral cortex and usually markedly enhance after 
contrast infusion. At this time, presence of accompanying 
cerebrospinal fluid-borne metastases in the brain and 
spine, which shows also remarkable enhancement, 
should be considered, because it may be associated 
with tumor progression19. When large mass in the basal 
ganglia or thalami is isointense to the cerebral cortex, 
particularly in assoication with cysts, hemorrhage, or 
ipsilateral hemiatrophy, GCTs should be considered, along 
with lymphoma and primitive neuroectodermal tumor. 
Prevalence in the young male predominance is helpful in 
the differential diagnosis.

Added Value of PET in the Diagnosis of GCTs 
Basal ganglia germinomas generally show 

discernible uptake in 11C-methionine-PET in contrast, 
hypometabolism in 18F-FDG-PET22,23. These metabolic 
imaging using amino acid or glucose can be helpful in 

Figure 1: An 11-year-old boy with mixed GCT in the left basal ganglia. A-E. Axial T2-weighted and contrast enhanced images illustrate a 
staged change during tumor progression. A. Initial T2-weighted image shows an ill-defined hyperintense lesion without evident cystic 
component or mass effect in the lentiform nucleus and internal capsule (arrow). Ipsilateral hemiatrophy is seen in the BG and thalamus. 
(B-C): B. Two months after initial MRI, tumor (arrow) shows cystic change and increased size. Tiny cysts have fluid-fluid level with marked 
hypointensity in the dependant portion suggesting hemorrhage (arrowhead). C. Post contrast T1 WI shows marked enhancement. (D-
E): Seven months after initial MRI. D. Tumor (arrow) has changed to an overt large mass contining multiple cysts of various sizes and 
hemorrhage E. Tumor shows rather homogenous solid enhancement.
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differential diagnosis. Hypometabolism on 18F-FDG-PET 
enables differentiation of germinoma from other high-
grade tumors such as lymphoma, high-grade glioma, and 
primitive neuroectodermal tumor, while this feature 
may make it difficult to distinguish germinoma from 
nontumorous condition such as cerebral infarction. 
11C-methionine-PET have an advantage of differentiating 
tumor from nontumorous condition: the demand of amino 
acid is increased during malignant transformation unlike 
nontumorous condition, in addition it is less influenced by 
inflammation than the 18F-FDG-PET23. 11C-methionine-
PET has a high diagnostic value for detecting basal ganglia 
germinoma, therefore can aid earlier diagnosis19,22,23.

Conclusion 
 Here, we review the serial MR imaging findings of GCTs 

arising basal ganglia or thalami, focused on early finding. 
For earlier detection of basal ganglia or thalami GCTs, not 
only high radiologic suspicion but also active diagnostic 
procedures aided by 11C-methionine-PET are required.
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