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Abstract Primary intracranial germ-cell tumors are rare

tumors primarily of adolescence, and literature on this

disease in adults is scarce. The available evidence on

intracranial germ-cell tumors is reviewed with a focus on

adult patients whenever possible, and used to make sug-

gestions for diagnosis and treatment. Diagnostic and treat-

ment algorithms were developed to provide an evidence-

based backbone to base treatment on in adult patients with a

(suspected) primary intracranial germ-cell tumor.
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Introduction

Primary intracranial germ-cell tumors (GCT) are rare

tumors primarily of adolescence with an incidence of

0.07–0.1 per 100,000 per year [1]. The majority of patients

(60–70 %) is aged under 20 and 53 % of patients is

between 10 and 19 years at diagnosis [1]. Given the rarity

of this disease, especially in adults, literature for this

patient population is scarce. Prospective studies have not

been performed in adults and even in children only non-

randomized studies have been published. The current

review aims to provide an evidence-based backbone for

evaluation and treatment decisions in adult patients with

primary intracranial GCTs.

We performed a pub-med search utilizing the following

terms: ‘‘intracranial’’ or ‘‘CNS’’, and ‘‘germ cell’’, ‘‘germ-

cell’’, ‘‘germcell’’ or ‘‘germinoma’’. Selection criteria

were: humans, clinical trial, randomized controlled trial,

article, consensus, review, meta-analysis or guideline and

being written in English. Studies were included if they

reported on at least 15 patients unless they concerned only

a subgroup such as patients with bifocal GCT or pure

teratoma. If multiple studies reported similar results a

selection was made to minimize redundancy.
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We found no evidence, in the limited available data on

adult patients with GCTs, that treatment results in children

differed from those in adults, but it is likely that toxicity of

treatment differs between adults and (young) children.

Intracranial GCTs are heterogenous with respect to his-

tology, biological profile, response to treatment and secre-

tion of tumor markers [a-fetoprotein (AFP) and b-human

chorionic gonadotropin (b-HCG)] into serum and/or cere-

brospinal fluid (CSF). The majority are located in the pineal

and/or supra-sellar regions [2]. The incidence ratio in

men:women is 10:1 in pineal region GCTs [1]. Two main

groups are distinguished: the germinomas and the non-ger-

minomatous germ-cell tumors (NGGCT). Prognosis is

highly variable and depends on histology and dissemination.

Origin, classification and molecular genetics

Germ-cell tumors of the CNS have been hypothesized to

originate from primordial germ-cells that either migrated in

aberrant fashion, or homed to the embryonic CNS rather

than the developing genital ridges. An alternative hypoth-

esis is that intracranial GCTs are derived from neural stem

cells that have acquired pluripotent capacity. The molecular

pathways leading to oncogenesis of GCTs of the CNS are

not known but a pluripotent cell of origin may help to

explain the histological heterogeneity within mixed GCTs

[2, 3]. Up till now, classification of (intracranial) GCTs is

based on their histopathological features. Germinoma is the

most common subtype accounting for 70–80 % of the GCTs

and is histologically identical to testicular seminoma and

dysgerminoma of the ovary [2, 4]. The NGGCT subtypes

are shown in Table 1. Accurate histological (sub) classifi-

cation of GCTs of the CNS is critical for treatment planning

and prognosis. While germinoma and teratoma are fre-

quently encountered as pure tumor types, other intracranial

GCTs are often of mixed histologic composition.

Most GCTs show immunohistochemical staining for pla-

centa-like alkaline phophatase (PLAP). Germinomas usually

express c-Kit (CD117), the receptor for stem cell factor, an

important mitogen for normal germ-cells. Embryonal carci-

nomas are frequently CD30 positive. Teratomas by definition

show components of all three germ layers which may be

mature and/or immature in aspect. Examples of mature

components are epidermis with skin appendages (incl. hair

follicles/hair), teeth, cartilage, bone, glial and thyroid tissue.

Immature neural tissue with neurotubular structures is fre-

quently seen in immature teratomas [2, 3].

Germ-cell tumors of the CNS (beyond early childhood)

show complex chromosomal anomalies including gains of

chromosomes 12p, 8q, 1p and X, as well as losses of 11q, 13,

and 18q. Whether 12p gain, isochromosome 12p formation,

and X duplication, frequently present in testicular and

mediastinal GCTs, occur at comparably high frequency in

CNS tumors is debated. Klinefelter syndrome (47, XXY) is

associated with an increased risk of intracranial GCT. Up till

now, the contribution of molecular analysis in the diagnosis

and further characterization of GCTs has been limited [2, 3].

Clinical presentation and diagnostic investigations

Clinical presentation

Symptoms and signs at presentation of GCTs are dependent

on size of the tumor, site of involvement and histological

Table 1 World Health Organization classification of intracranial

germ-cell tumors [2, 3]

Germinomas 70–80 %

Non-germinomatous germ-cell tumors 20–30 %

Embryonal carcinoma

Yolk sac tumor

Choriocarcinoma

Teratoma

Immature

Mature

Teratoma with malignant transformation

Mixed germ-cell tumors

Fig. 1 Flowchart for diagnosis and evaluation of extent of disease
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Fig. 2 Flow-chart for diagnosis and suggested treatment of adult intracranial germinoma

Fig. 3 Flow-chart for diagnosis and suggested treatment of adult intracranial NGGCT (exception: in case of pure mature teratoma treatment with

resection only) e.g. PEI; cisplatin, etoposide and ifosfamide
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tumor type. Typical locations are the pineal (40–60 %) and

suprasellar regions (30–40 %), with at least 15 % of

patients having tumors at multiple sites [1, 5]. Germinomas

may present with bifocal location in the pineal and supra-

sellar region (25–30 % of cases) without metastases else-

where in/around the CNS [6]. The vast majority of patients

with tumors in the pineal region presents with symptoms

and signs of intracranial hypertension and/or Parinaud’s

syndrome and diplopia as a result of obstruction of the

aquaduct, invasion of the tectal plate, and hydrocephalus

[7]. The majority of patients with suprasellar tumors present

with hypothalamo-hypophyseal insufficiency e.g. diabetes

insipidus (DI) or visual disturbances caused by compression

or invasion of the optic chiasm. Serum levels of cortisol,

thyroid stimulating hormone (TSH), thyroxine or cortisol

are abnormal in 40–60 % of patients and females older than

12 years frequently manifest with primary or secondary

amenorrhea [5, 8]. Duration of symptoms before diagnosis

is related to tumor location and type of symptoms. Espe-

cially DI may precede all other abnormalities and initially

isolated DI may result in a prolonged interval of up to

3 years between initial symptom and diagnosis [7, 8].

Suggested evaluations in patients suspected of intra-

cranial GCT are summarized in Fig. 1; suggested treatment

is summarized in Figs. 2 and 3.

Imaging

MRI is the best imaging modality although CT can also

contribute information on tumor location, cellular density,

and calcification. Typical MRI abnormalities in typical

locations (suprasellar, pineal, bifocal), in conjunction with

clinical signs, are strongly suggestive of an intracranial GCT.

Germ-cell tumors other than teratomas usually appear as a

solid mass, similar of intensity to the grey matter showing

prominent enhancement after administration of contrast

material. Teratomas frequently have heterogeneous signal

characteristics due to fat, cysts and calcification, whereas

choriocarcinoma has a high propensity for intratumoral

hemorrhage [9]. Calcification of the pineal gland is a char-

acteristic feature of GCTs but may also occur in healthy

individuals. Germinoma may show more or less symmetric,

‘butterfly wing-like’ spread of the tumor from the pineal

gland into the cerebral hemispheres [9]. Cases involving both

the suprasellar region and the pineal gland without further

dissemination are most likely to be germinomas [6]. Ger-

minomas located in the basal ganglia may not enhance with

gadolineum and a mass effect may be subtle or absent [10].

Germ-cell tumors are the most common tumor in the

pineal region, accounting for 31–85 % of tumors [9]. The

differential diagnosis includes pineal parenchymal tumors

(pineocytoma, pineoblastoma, pineal parenchymal tumor

of intermediate differentiation), a spectrum of gliomas

(astrocytomas, ependymomas), meningeoma, and metastasis.

In suprasellar sites the main differential diagnosis for small

lesions is Langerhans Cell Histiocytosis and sarcoidosis, and

for larger lesions low-grade glioma or craniopharyngeoma.

To determine the extent of macroscopic disease full

craniospinal MR imaging is necessary.

Tumor markers

Germ-cell tumors may secrete the tumor markers AFP and

b-HCG, which are not produced by any other primary

intracranial tumor, into serum or CSF. One or both of these

markers is elevated at diagnosis in the majority of patients

with malignant NGGCTs, and in patients with germinoma

b-HCG may be mildly elevated [11, 12]. The presence of

elevated AFP in conjunction with consistent MRI appear-

ances is considered sufficient for the diagnosis NGGCT

without the need for biopsy [4, 13]. When initially elevated,

tumor markers can also be used for response evaluation

[12]. Therefore investigation of AFP and b-HCG in both

serum and CSF is essential in patients suspected of har-

boring an intracranial GCT. Association of pathology with

tumor markers and clinical behavior is shown in Table 2.

In pure germinomas AFP is never elevated. However, in

40–60 % of patients with germinoma mild elevation of

HCG, more frequently in CSF than in serum (though

generally less than 50 IU/l) is found [14]. Normal values

for CSF HCG are lower in men than in women but always

below 5 IU/l [15]. In a majority of subjects without GCTs

CSF levels of HCG are higher than simultaneously

obtained serum levels; therefore a higher CSF than serum

HCG, provided it is still within normal limits, is not a sign

of a CNS GCT [15].

CSF examination

Germ-cell tumors may disseminate through the CSF and,

rarely, extracranially. It is essential to stage patients com-

pletely before starting treatment. If possible, CSF should be

sampled before neurosurgical intervention for pathologic

examination and evaluation of tumor markers.

Tissue sampling

Pathological diagnosis should be obtained in all patients

except those with typical MRI findings and elevated serum

and/or CSF AFP ([25 lg/l) (diagnosis NGGCT) [4, 13, 16].

In children with typical bifocal disease (pineal and supra-

sellar only) with normal AFP some authors also accept the

diagnosis of germinoma without biopsy, but it is question-

able whether this is also acceptable in adults [17].
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Systemic evaluation

Presentation of a systemic GCT with an intracranial metas-

tasis is exceedingly rare. Nevertheless, given the clinical

consequences of concurrent systemic disease, CT evaluation

of chest and abdomen and, in men, testicular ultrasonogra-

phy is advisable.

Treatment

Neurosurgery

Given the radio- and chemo-sensitivity of most GCTs the

value of extensive resection up-front is under debate. In

patients with germinoma, resection carries the risk of

neurological or endocrinological deterioration and has not

led to survival benefit [18]. In NGGCT surgical resection

does appear to improve outcome but especially after

delayed, second look surgery rather than up-front resection

[4, 16, 19, 20]. In our opinion, therefore, the role of initial

neurosurgery in patients with a suspected GCT consists of

a biopsy in order to confirm the diagnosis and treatment of

hydrocephalus if present.

Tumor biopsy

Biopsy can be performed either with neuronavigation guided

techniques, stereotactic procedures or via an endoscopic

approach [21]. A disadvantage of biopsy is the risk of sam-

pling error, especially in patients with a mixed GCT, but this

risk is considered to be low [16, 22].

Treatment of hydrocephalus

In case of hydrocephalus, CSF shunting may be necessary.

An option is to place a ventriculoperitoneal shunt, although

if technically possible, an endoscopic third ventriculostomy

is preferable. An additional benefit of neuro-endoscopy is

the possibility to simultaneously perform tumor biopsy

[21, 23]. CSF can be sampled for assessment of tumor

markers and cytology during a neuroendoscopic procedure

or ventriculoperitoneal shunt placement. Whenever possi-

ble CSF should be collected before biopsy or surgery of the

tumor.

Extensive resection

In the following cases an extensive resection is indicated:

1) Patients who suffer acute obstructive visual deterori-

ation from a suprasellar mass.

2) Proven mature teratomas (after a previous biopsy) with

normal tumor markers. In these patients gross total

resection is curative and no further interventions are

required.

3) Patients with a NGGCT and a single residual mass after

chemotherapy. The tumor recurrence rate is higher and

the outcome is worse when compared with patients

who do not have a residue [19]. Some NGGCTs are

relatively resistant to conventional chemotherapy and

radiotherapy; in these cases total resection by second

look operation improves disease control [4]. Further-

more, in mixed tumors the residual tumor may be a

mature teratoma, for which resection may be curative

even if the residual lesion progresses [16, 24, 25].

4) Patients with localized NGGCT who do not respond to

chemoradiotherapy.

Radiotherapy

Germinoma

Only one study on radiotherapy for germinoma in adults

has been published; it reports on 10 patients with a median

age of 24 years and results were similar to those in children

[26]. In general, over 90 % of patients with a germinoma

can be cured with radiotherapy alone in the form of cra-

niospinal irradiation (CSI) [27–29], whole brain irradiation

[30], or whole-ventricle irradiation [31, 32]. Irradiation of

the entire craniospinal axis has been abandoned for reasons

of significant endocrine and neurocognitive toxicities and

based on equivalent control rates with the use of limited

Table 2 Association of pathology with clinical behaviour, tumor markers and response to treatment

Histology Clinical behaviour Tumor markers Sensitivity to

AFP Total HCG Chemo Irradiation

Germinoma Malignant - (?) ??? ???

Embyronal carcinoma Malignant - - ??? ??

Yolk sac tumor Malignant ? - ??? ??

Choriocarcinoma Malignant - ??? ??? ??

Teratoma Benign (potentially malignant) - - -/? ±

J Neurooncol (2013) 113:175–183 179
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irradiation to the intracranial ventricular system in patients

with localised disease [27, 28, 33, 34]. The choice of

whole-ventricle irradiation is based on the natural spread of

germinoma, which is believed to be along the wall of the

ventricles, and the fact that after focal irradiation the

majority of relapses occur in the periventricular area [35].

For germinoma in the basal ganglia, previously thought

to require whole brain irradiation, irradiation of tumor and

ventricles seems also to be sufficient, as is the case for

bifocal germinoma provided no other dissemination is

present [6, 10, 17].

Although various radiation doses have been utilized, a

dose of 24 Gy to the ventricular system with a 16 Gy boost to

the tumor seems to be sufficient in patients with localized

germinoma [33, 36]. In patients with spinal metastases or

positive CSF suggested treatment is CSI at the same dose with

the boost given both to the primary tumor and the metastases

[37–39]. Incompletely staged germinoma should also receive

CSI. If a component of immature teratoma exists, either

incompletely or not resected, an increase of tumorbed dose

boost up to 54.4 Gy has been advocated [16, 39].

Non-germinomatous germ-cell tumors

For NGGCTs, radiation therapy alone is rarely curative;

5 year survival is reported between 35 and 60 % [5, 40].

Combining radiotherapy with platinum-based chemother-

apy, however, results in improved survival [15, 16]. A dose

higher than 50 Gy should be given to the local tumor bed

[39, 41, 42]. For non-metastasised tumors focal irradiation

appears to be sufficient when combined with platinum-

based chemotherapy [38]. For patients with metastatic

disease CSI (30 Gy) with a boost to the tumorbed (24 Gy)

is advised as increased recurrences have been reported after

focal irradiation [43, 44].

Chemotherapy

Germinoma

In children, cognitive and endocrine toxicity of radiother-

apy [45], led to investigation of chemotherapy treatment,

either alone or in combination with reduced dose and/or

field radiation [35, 37, 41, 46–48]. However, despite good

response rates to chemotherapy, elimination of radiother-

apy or even limiting the radiation field to the tumor bed led

to higher rates of relapse, with a majority of recurrences in

the ventricles [20, 35, 47]. Cognitive function seems lar-

gely preserved after reduced dose whole-ventricle irradia-

tion [49]. In adults, tolerance of radiotherapy, especially in

limited dose and field as is sufficient in germinoma, is

acceptable, while chemotherapy-related toxicity is greater

than in children. The rationale to replace radiotherapy with

chemotherapy is therefore largely absent and in our opinion

treatment with chemotherapy should be reserved for

patients participating in clinical trials.

Non-germinomatous germ-cell tumors

Analogous to extracranial NGGCTs, primary intracranial

NGGCTs are highly responsive to platinum-based chemo-

therapy, with response rates of 68–78 % in prospective

studies utilizing chemotherapy only [50, 51]. However,

chemotherapy alone is associated with relapse rates of

50–70 % [20, 50]. In non-randomized studies various regi-

mens of chemotherapy in association with radiotherapy have

been tested. Incorporation of cisplatin at a minimum cumu-

lative dose of 400 mg/m2 was prognostically favourable, and

platinum-based chemotherapy followed by radiotherapy has

improved survival rates with overall survival (OS) 65–75 %.

[20, 42, 43]

Recently two large cooperative studies have provided

updated data. In the SIOP-CNS-GCT 96 trial, 197 patients

with intracranial NGGCT were treated with four cycles of

cisplatin, etoposide and ifosfamide (PEI). In non-metastatic

disease, focal irradiation with 54 Gy was then adminis-

tered, while patients with metastatic disease were treated

with 30 Gy CSI and a 24 Gy boost to all sites of visible

tumor on MRI. Five year progression free survival (PFS)

(68 %) and OS (74 %) were similar in patients with

localised and disseminated disease, with only 5 patients

suffering a distant relapse after focal irradiation [38].

A Japanese cooperative study in which 67 patients with

NGGCT were treated with carboplatin and etoposide fol-

lowed by risk adapted radiotherapy and then PEI chemo-

therapy showed similar results although the risk categories

used are not fully comparable to those in the SIOP study

[52].

Thus the combination of radiotherapy with platinum-

based chemotherapy has now become the treatment stan-

dard in intracranial NGGCTs. Whether the use of high-

dose chemotherapy plus autologous haematopoietic stem

cell support given as first-line therapy increases survival is

not known and this is currently regarded as experimental.

In patients with poor risk primary gonadal NGGCTs high-

dose therapy with stem cell support has not resulted in

improved survival in first-line treatment [53, 54].

Salvage therapy

Salvage therapies for relapsed GCTs include surgery,

local or whole neuroaxis irradiation, and myeloablative

chemotherapy with autologous blood stem cell rescue.

Both in primary gonadal and in primary intracranial

NGGCT limited data suggest that survival may improve
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with early intensification of salvage treatment using high-

dose chemotherapy [55, 56]. Further studies are needed to

evaluate this treatment.

Follow-up

Most relapses of CNS GCTs occur within 5 years and at

the primary tumor site. However, in up to 30 % of cases

distant metastases develop, mostly within the nervous

system [4, 57]. Overall median time to relapse is 12 months

(range 7–120), but in germinoma median time to first

recurrence was 50 months after initial treatment [4, 55, 58].

Therefore surveillance should be most intensive in the first

year after treatment and should continue for at least 5 years,

preferably 10 years. Generally, surveillance with both MR

imaging and tumor markers, if initially elevated, is advised.

Prognosis

Prognosis is determined by pathology of the tumor, extent

of disease and presence or absence of elevated tumor

markers. In pure germinoma OS at 5 years is [90 % after

radiotherapy only; (mildly) elevated b-HCG does not seem

to influence this prognosis, although one small study in 12

patients did find a poorer prognosis in patients with ele-

vated b-HCG in CSF [11, 12, 59]. Patients with mature

teratoma achieve survival rates of 100 % at 5 years. In the

other NGGCTs 5-year survival rates of up to 70 % have

been reported after the combination of platinum-based

chemotherapy and radiotherapy [4, 38]. Since elevated

AFP is a marker of the NGGCTs this coincides with a

poorer prognosis, but survival was also worse in NGGCT

patients with initially elevated b-HCG after platinum

chemotherapy-based treatment with a hazard ratio (HR) of

death of 1.9 for patients with raised markers [12].

Conclusions

Adult intracranial GCTs are rare but treatment sensitive tumors.

In the absence of studies in adults, suggestions for diagnostic

evaluations and treatment are made based on extrapolation

from studies in children and from testicular GCT. Given the

rarity of (adult) intracranial GCTs randomized studies are

unlikely to be feasible. Prospective registration of all intracra-

nial GCT patients in national or supranational databases and

treatment according to consensus-based guidelines should

increase the body of knowledge and lead to improved outcomes

in future.
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