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Abstract: Introduction: Primary intracranial germ cell tumors (ICGCTs) are rare, histologically diverse, and diagnostically 

challenging tumors that are usually localized in the pineal and suprasellar regions of the brain. Advanced neurosurgical 

techniques such as neuroendoscopy and frameless stereotactic biopsy have made diagnosis of newly discovered cases of 

ICGCTs easier and safer. Material and methods: Seventeen patients with intracranial germ cell tumors operated upon between 

2008 to 2012 at the Children's Cancer Hospital Egypt, were retrospectively reviewed and analyzed regarding the surgical 

decision, clinical outcome and surgical complications. Results: There were 9 cases of germinoma (53%), and 8 cases of non-

germinomatous germ cell tumors (47%). Nine cases were in the pineal region, six in the suprasellar, and two in the thalamic 

region. Ten cases were operated upon initially by open surgery and frozen section with subtotal resection and seven cases were 

biopsied either endoscopically (3 cases) or by frameless guided stereotaxic (4 cases). Accurate pathology was achieved in all 

biopsied cases without major complications. In the germinoma group, the 4-year overall survival and progression free survival 

rate were 75% for both at a median follow up period of 26 (range 1 -50) months. For the non-germinomatous germ cell tumors 

group, the 4-year OS and PFS rates were 36.5% and 31.2% at a median follow up period of 11 (range 2-54) months, 

respectively. Conclusion: In cases of intracranial germ cell tumors with negative tumor markers the role of surgery is important 

in the establishment of proper histopathological diagnosis. However, in Non Germinomatous Germ Cell Tumors, further 

investigations should be done regarding the extent of resection owing to the poor long-term outcome. 
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1. Introduction 

The central nervous system (CNS) is a common site for 

extragonadal germ cell tumors (GCTs). Primary intracranial 

germ cell tumors are rare malignancies and diagnostically 

challenging with wide pathological diversity [1]. Intracranial 

Germ cell tumors (ICGCTs) account approximately for 3-5% 

of brain tumors with a peak incidence from 10 to 19 years old. 

They are usually localized in midline structures and nearly 

half of ICGCTs are located in the pineal and suprasellar 

region of the brain [2-3]. Other CNS sites are less frequently 

involved. There is an obvious male predominance; however, 

this finding is more associated with pineal region tumors [4]. 

ICGCTs are classified into two histological categories: 

germinomatous and nongerminomatous germ cell (NGGCT). 

The NGGCTs are subclassified histologically into yolk sac 

tumor (YST), embryonal carcinoma (EC), choriocarcinoma 

(CC), teratoma and more commonly mixed germ cell tumor [5]. 

The histopathology of GCTs has prognostic significance 

and are subclassified into good prognosis (pure germinoma 

and mature teratoma), intermediate prognosis group 

(germinoma with elevated levels of ß-HCG, immature 

teratoma, teratoma with malignant transformation, and mixed 

tumors mainly consisting of germinoma or teratomas) and 

poor prognosis group (yolk sac tumor, embryonal carcinoma, 

choriocarcinoma, and mixed tumors consisting mainly of 

these histological subtypes) [6]. 
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Neurosurgical intervention is indicated for diagnosis in the 

absence of elevated tumor markers, CSF diversion for 

relieving associated hydrocephalus, and tumor debulking or 

second look surgery for cases without adequate response 

after neoadjuvant therapy. Advanced neurosurgical 

techniques such as neuroendoscopy and frameless 

stereotactic biopsy have made the diagnosis of ICGCTs 

easier and safer. Microsurgical techniques and navigation 

system even made conventional surgery easier with less 

associated morbidities [7]. 

Pure germinomas are highly radiosensitive tumors with 

more than 80% five-year survival rates with radiotherapy 

alone [8-9]. Combined chemotherapy and reduced radiation 

volume and dose have increasingly been utilized especially in 

children prior to puberty. Same survival rates have been 

observed with such combination therapies. Clinical trials 

changing from involved field radiation (IFR) to whole 

ventricular irradiation (WVI) following chemotherapy for 

non-metastatic CNS germinoma resulted in a local control 

rate over 90% [3, 10]. Trials for chemotherapy alone and 

omitting radiotherapy resulted in inferior survival rates of 68% 

[11]. 

The standard treatment of NGGCT is neoadjuvant 

chemotherapy followed by craniospinal irradiation (CSI) 

given at a dose of 30–36 Gy with a boost to the primary 

tumor site for a total of 54–60 Gy which resulted in a 

survival rate of 60-70%. Salvage and a second look surgery 

for residual disease after chemo-radiotherapy is highly 

encouraged in cases without complete remission [11-13]. 

Herein, we describe the surgical results using different 

techniques to diagnose pediatric ICGCTs treated at 

Children’s Cancer Hospital Egypt. 

2. Patients and Methods 

Retrospective data analysis was done for seventeen 

patients with intracranial germ cell tumors operated upon 

between 2008 - 2012 at the Children's Cancer Hospital Egypt. 

Data was partially presented in the 15
th

 world conference of 

neurosurgery (WFNS). 

All patients were new cases and below 18 years of age at 

presentation. Initial disease characteristics were collected and 

included; age, histopathology, primary tumor location, 

magnetic resonance imaging (MRI) of brain and spine, alpha-

fetoprotein (AFP) and beta human chorionic gonadotropin 

(beta-HCG) in both serum and cerebrospinal fluid (CSF), 

description of surgical procedures and its complications, and 

the survival outcome. 

2.1. Surgical Strategy (Differs According to the Site of the 

GCT and the Presence of Hydrocephalus) 

2.1.1. Pineal Region GCT 

Serum tumor markers is obtained at time of presentation 

and CSF tumor markers is taken from all cases either at the 

time of CSF diversion and endoscopic biopsy, if the patient is 

hydrocephalic, or through lumbar puncture. 

Simultaneous endoscopic third ventriculostomy (ETV) and 

endoscopic biopsy (EB) were performed for pineal region 

tumors extending to the posterior part of the third ventricle 

with obstructive hydrocephalus; both procedures were done 

through the same burr hole, 2 cm in front of the coronal 

suture 3 cm from the midline. Zero angle diagnostic rigid 

endoscope was introduced at first to check the anatomy of the 

third ventricle and to exclude any dissemination of the tumor 

and the tumor surface. Then the working channel was entered 

to perform a third ventriculostomy. Three biopsies should be 

taken from different sites using endoscopic biopsy forceps. It 

is important to keep on continuous irrigation to control 

bleeding. Monopolar cauterization was rarely needed at the 

site of the biopsies. 

Frameless stereotactic biopsy was performed for pineal 

region tumors in absence of ventriculomegaly. Frameless 

Stereotactic Navigation system Vario Guide was used. Pre-

operative MRI was uploaded to the brain lab followed by 

marking the target and choosing the trajectory. Patient 

registration is performed using Z-touch technique. Then we 

targeted Pre-planned trajectory with vario guide. Biopsy 

needle 1.8 mm is used to take the biopsy. 

Open resection was usually done for all cases, before 

changing the protocol to endoscopic or stereotactic biopsy. 

Now open resection is only reserved for cases that can 

benefit from second look surgery in cases of NGGCT with no 

remission after adjuvant therapy. Many approaches were 

described but infratentorial supracerebellar approach in a 

sitting position was our preference. 

2.1.2. Thalamic Region GCT 

Open resection was used to be done for all thalamic region 

tumors but replaced by frameless stereotactic biopsy. If there 

is a hydrocephalus, ventriculoperitoneal (VP) shunt was 

introduced and CSF sample for tumor markers was 

withdrawn. In case of positive tumor markers, no further 

surgical interference was done but if proven to be negative a 

stereotactic biopsy was performed. Open surgery was 

reserved only for cases who will benefit from a second look 

surgery in cases of NGGCT with progression or incomplete 

response after chemotherapy. 

2.1.3. Sellar and Suprasellar Region GCT 

If there is hydrocephalus, we perform (VP) shunt and take 

a CSF sample for tumor markers, if positive no further 

surgical interference will be needed, but if negative we shift 

to an open resection with intraoperative frozen section 

pathology if proven to be GCT, trails for a gross total 

resection is not mandatory. 

2.2. Treatment Plan 

2.2.1. Germinoma 

Initial evaluation with MRI brain/spine to diagnose and 

assess the disease extent. AFP and beta-HCG in both serum 

and cerebrospinal fluid (CSF) were done in all patients. 

Whole ventricular irradiation (WVI) were given at a dose of 

25 to 30 Gy with 15 Gy boost to the primary site reaching a 

total dose of 40 to 45 Gy (with 1.5- to 2 cm margin). In case 
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of leptomeningeal dissemination, craniospinal irradiation was 

given at a dose of 30 to 35 Gy with boost a to the primary 

site to reach 40 to 45 Gy. 

2.2.2. Nongerminomatous GCT Treatment Protocol 

Our center follows the Children’s Oncology Group (COG) 

ACNS0122 trial for NGGCT patients, which uses 

neoadjuvant combination of carboplatin/etoposide (Cycles 1, 

3, and 5) alternating with ifosfamide/etoposide (Cycles 2, 4, 

and 6) for a total of 6 induction cycles. The duration of the 

induction period is approximately 18 weeks unless delay 

occurs due to myelosuppression or other toxicities. Response 

is evaluated by MRI brain/spine and tumor markers after 

each 3 cycles. After end of induction patient is evaluated for 

either the start or radiotherapy or a second look surgery and 

irradiation thereafter (Figure 1). The protocol details and 

doses are mentioned elsewhere under ClinicalTrials.gov 

Identifier NCT00047320. 

Patients in complete remission (CR) after induction will 

receive craniospinal irradiation CSI at 36 Gy with tumor bed 

involved field boost to reach 54 Gy in 1.8 Gy daily fractions. 

Other patients with less than CR, a second- look surgery is 

strongly recommended. Patients who achieve CR/PR via 

second-look surgery will then proceed to radiation therapy as 

previously described. In patients whom a second-look 

surgery is not possible, will proceed to radiotherapy hoping 

for further tumor regression. 

2.3. Statistical Methods 

Progression-free and overall survival rates were defined as 

months to tumor progression or death from any cause, and 

months to death from any cause or last follow-up, 

respectively. The Kaplan-Meier method was used to estimate 

the survival probabilities of PFS and OS. 

 

RT: radiotherapy, * at the beginning of each cycle, absolute neutrophilic count > 750 and platelets > 75,  MRI scan 

Figure 1. Treatment protocol for non germinomatous germ cell tumor (modified and adopted from COG ACS0122: NCT00047320). 

3. Results 

Patient and disease characteristics are summarized in table 

1. Median age at diagnosis was 9 years (range: 2-18 years). 

Male predominance was observed (64.7%), as well as pineal 

region GCTs (53.0%). The suprasellar and thalamic regions 

were observed in six patients (35.3%) and two cases (11.7%), 

respectively. 

Table 1. Patient demographic data and disease characteristics. 

Variable Number of patients Percentage (%) 

Total number of patients 17 100% 

Age in years (median; range) 9 years (2-18)  

Gender   

Male 11 64.7% 

Female 6 35.2% 

Tumor pathology   

Germinoma 9 53.0% 

NGGCT   

Variable Number of patients Percentage (%) 

Malignant mixed GCT 5 29.4% 

Immature teratoma 2 11.7% 

Yolk Sac tumor 1 5.88% 

Tumor Location   

Pineal 9 53.0% 

Suprasellar 6 35.3% 

Thalamic 2 11.7% 

Type of surgical procedure   

Open resection 10 58.8% 

Endoscopic biopsy 3 17.6% 

Stereotactic biopsy 4 23.5% 

Histopathology: Almost half of patients were pure 

germinoma (n=9); all of them had normal serum and CSF 

tumor markers. Eight patients were NGGCT and according to 

Matsutani et al classification [6], were categorized as follows: 

poor prognosis group in 6 patients (mixed germ cell tumors; 

29.4%, and yolk sac tumor; 5.9%) and intermediate risk 

group in 2 patients with immature teratoma (11.7%). Tumor 
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markers in NGGCT were high only in 3 patients; two with 

elevated AFP and one with high beta HCG (embryonal 

carcinoma component in the mixed GCT), while other 

patients were diagnosed only after surgical intervention and 

pathological confirmation. 

Surgical results: 

Pineal region GCT 

Endoscopic biopsy at time of ventriculostomy was 

performed in three patients, histopathology was informative 

in all cases and was proved to be germinoma in two patients 

and NGGCT in 1 patient (Figure 2). No major complications 

occurred from the procedure, however one patient developed 

transient left sided weakness post-operative and improved 

within 2 weeks. 

Frameless Stereotactic navigated biopsy was performed in 

three patients, all of them were germinoma by histopathology 

with no complications occurred from the procedure. 

Open resection was performed in three patients through 

supracerebellar infratentorial approach with total resection in 

one case and subtotal resection in the other two patients. 

Frozen section pathology was performed intraoperatively and 

proved to be germ cell tumors in the three patients. The final 

histopathology was germinoma in two patients and NGCST 

in another one. No post-operative morbidity or mortality 

occurred in any of these cases. 

 

Figure 2. Endoscopic biopsy for eight years old male child diagnosed with 

pure germinoma. Pre-operative images, and follow up after 6- and 24-

months post radiation therapy that shows a complete remission in follow up 

period. 

Suprasellar GCT 

Six cases with suprasellar Germ cell tumors were operated 

by open resection through pterional transsylvian approach 

with microsurgical techniques; intraoperative frozen section 

was done and once germ cell tumor was suspected, the aim of 

the surgery was changed to safe debulking. Final pathology 

was germinoma in two cases and NGGCT in the other four 

cases. No surgical complications were reported from the open 

resection procedure. 

Thalamic GCT 

Open resection with microsurgical techniques was done in 

one case, and another case was operated by frameless 

stereotactic biopsy. The pathology was NGGCT in both cases. 

Second look surgery was done for one of the NGGCT after 

inadequate response to neoadjuvant therapy. 

Disease Outcome: In the germinoma group, the 4-year 

overall survival (OS) and progression free survival rate (PFS) 

were 75% for both at a median follow up period of 26 (range 

10-50) months. For the nongerminomatous germ cell tumors 

group, the 4-year overall and progression free survival rates 

were 36.5% and 31.2%, respectively at a median follow up 

period of 11 (range 2-54) months (Figure 3 and 4). There was 

a significant difference in the PFS (p<0.05) between 

germinoma and NGGCT groups. However, the difference in 

the OS between the two groups was not significant (p>0.05). 

 

Figure 3. The four-year overall survival rates for GCTs cases. 

 
Figure 4. The four-year progression free survival rates for GCTs cases. 

4. Discussion 

Intracranial GCTs are morphologically diverse group of 

neoplasms. They are relatively rare with a peak incidence at 

11 years of age and approximately 90% of GCTs occur in 

patients under 20 years old [14]. Male predominance is 

described in literature, especially for pineal region lesions 

[15], that was in consistence with our results, in which 8 out 
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of 9 pineal region GCTs tumors were males. Five 

histologically diverse subtypes are described; germinomas 

and NGGCTs that include (ECs, YST, teratoma and CC) [5]. 

Approximately 25% of intracranial GCTs are mixed subtypes 

with the outcome related to the treatment of the most 

malignant component [16]. Treatment options include, open 

surgery for resection of the tumor, radio- and chemo- therapy, 

and CSF diversion which include the use of VP shunts, 

external ventricular drains (EVD) or ETVs. Most of the time 

emergency situations dictates the rapid intervention for life-

threatening hydrocephalus [17]. 

Surgical biopsy is needed for the diagnosis of ICGCTs and 

histological interpretation, except in those cases with 

characteristic elevations of tumor markers. In case of 

borderline elevation above the normal range, a surgical 

biopsy is strongly mandated. Biopsies have some limitations 

related to the tumor location and the associated morbidities, 

as well as sampling errors in case of small tissue samples 

[18]. In the current study, histological samples interpretation 

was done in 100% of cases with no major complications 

compared to others who reported a variable success rate from 

69% to 100% [19-21]. 

The extent of surgical resection in ICGCT is a matter of 

debate; still the role for partial or gross total resection in 

germinomas is not indicated being a highly radiosensitive 

tumors, and radical resection in NGGCTs is still unclear, 

except in cases that do not achieve complete response after 

chemotherapy, a second-look surgery should be considered, 

especially in cases that have normalization of tumor markers 

[4, 22]. In this study, seventeen cases of ICGCTs were 

operated including 9 cases of pure germinoma with negative 

tumor markers including seven cases located in the pineal 

region and the other 8 cases were NGGCTs. Studies 

described similarly that, germinomas account for 

approximately 50%–70% of cases and the remaining third 

comprises the NGGCTs [16, 23]. 

We operated 3 pineal region lesions by endoscopic 

biopsy and ETV at same time of the procedure. Anatomical 

feature of the ventricle makes it a safe and easy for using 

the rigid endoscope with a single burr hole technique, good 

illumination with continuous irrigation allows us to safely 

choose the target place of the biopsy and also examine the 

ependymal wall for any dissemination. ETV is now 

preferred by many neurosurgeons than VP shunts as an 

initial approach to cases with obstructive hydrocephalus 

with a mean 2 years follow up with 70% success rate [24]. 

Others described either single trajectory approach 

performing both biopsy and ventriculostomy through same 

burr hole usually precoronal about 3 cm from the midline 

[20, 25, 26] or double burr hole technique coronal for ETV 

and frontal for endoscopic biopsy (EB) [20-21]. Another 10 

cases in this study were operated by open resection with 

total or subtotal resection achieved, the tumor location was 

suprasellar, pineal and thalamic region in 6, 3 and one 

patients, respectively. Frozen section is indicated to define 

the pathology and if germ cell tumor is confirmed, the aim 

of surgery is switched to debulking rather than an 

aggressive radical surgery. Frameless stereotactic biopsy is 

a safe procedure with high diagnostic yield about 93.8% to 

99%, with low incidence of morbidities, and hemorrhagic 

complications reported from this procedure ranges from 

zero to 7% [27-29]. In this study stereotactic biopsy was 

performed safely in 4 patients, three with pineal region 

tumors and one with thalamic tumor, with the confirmation 

of histopathology in all of them. 

Since germinoma is highly radiosensitive and completely 

melts with radiation alone [14, 30], so safe surgery is 

mandated only to confirm the diagnosis and the rapid start of 

radiation therapy thereafter. At 4 years, the survival rates of 

this study for germinoma group were 75% for both OS and 

PFS with median follow up period of 26 month. Similarly, 

others studies reported, 5-year OS rate of 80% [8, 9, 12]. 

Better survival rates have been reported using radiation alone 

with a 5-year survival rates >90%; however, the effective 

radiotherapy dose and field remain controversial [6, 31]. The 

role of chemotherapy followed by reduced dose of radiation 

was discussed to avoid late complications especially in 

patients prior to puberty [3, 12]. 

In the NGGCT group of patients in this study, all patients 

received postoperative chemotherapy and CSI. A second look 

surgery was needed in one case which didn’t show adequate 

response to adjuvant therapy. Many international studies have 

now included second look surgery in their treatment 

protocols for ICGCTs [4]. 

In this study, the 4-year OS and PFS rates were 36.5% and 

31.2% at a median follow up period of 11 (range 2-54) months, 

respectively. Others described better survival rates with a 4-year 

EFS and OS rates of 67% and 74%, respectively with 

chemotherapy followed by CSI with or without second look 

surgery [32-34]. An explanation to the modest response 

described in this study could be related to the small number of 

included patients, as well as the poor histological criteria of 

patients included in the NGCCT group (mixed germ cell tumors; 

5 cases, and yolk sac tumor; 1 case). Kanomori et al reported the 

3-year survival rates for 8 patients with poor histological criteria 

as 56% for OS and 29% for PFS [12]. 

5. Conclusion 

The role of surgical biopsy in intracranial germ cell tumors 

with negative tumor markers is important to establish a 

proper histopathological diagnosis; however, small group of 

cases can be diagnosed based on their tumor markers. 

Histological subtyping is important to define the plan of 

treatment which reflects on the chemotherapy used, the field 

and dose of radiotherapy given, as well as the extent of 

surgical resection. Endoscopic third ventriculostomy (ETV) 

and endoscopic biopsy or frameless stereotactic biopsy are 

safe surgical techniques to obtain adequate biopsies 

compared to open resection. More collaborative efforts and 

new treatment modalities are still needed to improve the 

survival outcome especially in the NGGCTs group, which 

show less sensitivity to radiotherapy than germinoma group 

and to reach a reduced radiotherapy dose to avoid late effects 
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and morbidities. 
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