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Background: Primary intracranial germ cell tumors (ICGCT) are often diagnosed with tumor markers and
imaging, which may avoid the need for a biopsy. An intracranial germ cell tumor with mild elevation of
markers is seldom stratified as a distinct entity. Methods: Fifty-nine patients were stratified into three
groups: pure germinoma (PG), secreting germinoma (SG) and non-germinomatous germ cell tumors
(NGGCTs). Results: At 5 years, progression-free survival and overall survival of the three groups (PG vs SG vs
NGGCT) were 91% versus 81% versus 59%, and 100% versus 82% versus 68%, respectively. There was no
statistically significant difference in outcome among histologically and clinically diagnosed germinomas.
Conclusion: A criterion for clinical diagnosis when a biopsy is not feasible is elucidated, and comparable
outcomes were demonstrated with histologically diagnosed germinomas.

Lay abstract: Intracranial germ cell tumors (ICGCTs) are rare brain tumors, which often require markers
in blood or cerebrospinal fluid, imaging and a tissue biopsy to establish a diagnosis. However, when
tissue sampling is not possible, tumor markers can sometimes be used to diagnose ICGCTs. The authors
propose guidelines for a diagnosis and a novel subtype of ICGCT called secreting germinoma, which is
also described. Fifty-nine patients were separated into three groups: pure germinoma (PG), secreting
germinoma (SG) and non-germinomatous germ cell tumors (NGGCTs). At 5 years, progression-free survival
and overall survival of the three groups (PG vs SG vs NGGCT) were 91% versus 81% versus 59%, and
100% versus 82% versus 68%, respectively. There was no significant difference in outcome among tumors
diagnosed with markers in blood or cerebrospinal fluid and those diagnosed with a biopsy. The proposed
guidelines for diagnosis need to be evaluated in future studies. SGs may not warrant aggressive treatment
protocols as used in NGGCT, and their outcome as a distinct group needs to be explored in future studies.

Tweetable abstract: Central nervous system germinomas can often be diagnosed with tumor markers and
imaging, and they may not always need a biopsy. A criterion for clinical diagnosis is elucidated in this retro
study. Is secreting germinoma a new entity? #germinoma #cnsoncology #btsm.
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Germ cell tumors (GCTs) comprise a heterogeneous group of tumors that are theorized to arise from totipotent
primordial germ cells. They commonly occur in the gonads, followed by extragonadal sites such as the mediastinum
and central nervous system (CNS). The incidence of intracranial germ cell tumors (ICGCTs) varies widely across

CNS Oncol. (2021) CNS79 eISSN 2045-091510.2217/cns-2021-0012 C© 2021 Selvamani Backianathan

https://orcid.org/0000-0001-6146-1861
https://orcid.org/0000-0001-8387-9716
https://orcid.org/0000-0002-8640-6938
https://orcid.org/0000-0001-9347-1802
https://orcid.org/0000-0001-5547-5829
https://orcid.org/0000-0002-4321-7221
https://orcid.org/0000-0002-2644-7201
https://orcid.org/0000-0002-4702-3790
https://orcid.org/0000-0003-1386-6316
https://orcid.org/0000-0002-9394-7249


Research Article Venkatasai, Balakrishnan, Rajkrishna et al.

continents, ranging from 2 to 4% of pediatric brain tumors in North America to as high as 11 to 15% of brain
tumors in children and adolescents in far eastern countries such as Japan and Korea [1–3]. Although two institutional-
based Indian studies have reported that ICGCTs comprise 0.43 to 0.54% of all CNS tumors and 3.5% of pediatric
brain tumors [4,5], the incidence of ICGCTs in India is difficult to ascertain, as robust population-based data are
unavailable. Similar to their extracranial counterparts, ICGCTs are histologically classified as pure germinomatous
(PG) and non-germinomatous germ cell tumors (NGGCTs).

The diagnosis of an ICGCT is often clinico-radiological along with serum and cerebrospinal fluid (CSF) tumor
markers, such as alpha-fetoprotein (αFP) and beta-human chorionic gonadotropin (β-HCG) and imaging findings,
which may obviate the need for tissue diagnosis [6,7]. Pre-treatment levels of β-HCG and αFP [8] in serum and
CSF have not only been useful in distinguishing PG from NGGCT, but also for predicting the aggressiveness and
prognosis of the disease. In PG, tumor markers are usually undetectable or within normal limits. β-HCG may be
mildly elevated in the presence of syncytiotrophoblastic giant cells or immature teratoma/teratomas with malignant
transformation [9] (Supplementary Table 1). These are often labeled as secreting germinoma (SG) or mixed germ cell
tumors [10]. PGs are sensitive to chemotherapy and radiotherapy (RT) and have an excellent prognosis. NGGCTs
demonstrate a relatively poor response to chemotherapy and RT, ultimately resulting in inferior local control rates.
However, SGs are seldom stratified as a distinct entity, often grouped with NGGCTs [11]; hence, their disease
outcomes and prognosis have not been investigated independently.

Various disparities in diagnostic approach, risk stratification and management protocols of ICGCTs have been
observed globally in the literature. This retrospective study conducted on ICGCT patients treated in our tertiary
care hospital in South India aims to evaluate the clinical characteristics, impact of histological diagnosis, analyze
the outcome of SG as a discrete group and propose a diagnostic stratification based on tumor markers.

Material & methods
General considerations
Data of 59 patients diagnosed to have primary ICGCT and treated at the authors’ institution from January
2006 to March 2018 were retrospectively collected after obtaining institutional review board approval (IRB Min
No. 13013 [Retro]) and a waiver for informed consent. Data were collected from electronic medical records,
including imaging and laboratory reports. Clinical information such as age, sex, tumor location, diagnosis, tumor
marker levels in blood and CSF, treatment and follow-up data were retrieved.

Diagnosis & staging
A diagnosis of ICGCT was made based on clinico-radiological, serum and/or CSF tumor marker levels and
histological findings whenever available. Histology was reported according to the WHO classification, 2016 [12].
Immunohistochemistry markers such as placental-like alkaline phosphatase (PLAP), αFP, cytokeratin, octamer-
binding transcription factor (OCT 3/4), glypican 3 and β-HCG were performed as required to confirm the
diagnosis. If the serum and/or CSF tumor markers (αFP and β-HCG) were significantly elevated, substantiated
by radiological features and/or histology suggestive of NGGCT subtype, a diagnosis of NGGCT was made. If the
biopsy was either inconclusive or deferred, response to focal radiation therapy after 2 weeks of therapy was used to
establish the diagnosis, especially if the markers were normal [13,14]. Staging investigations were done as listed in
Table 1.

Stratification
Patients were stratified into three groups per the authors’ proposed diagnostic criteria for the final analysis (Group
A: PG; Group B: SG; Group C: NGGCTs; Table 1). The biochemical levels were pragmatically incorporated from
various published studies [15,16].

Treatment
The treatment sequence and protocols (surgery, chemotherapy and RT) of ICGCTs have varied over the past
two decades based on evolving evidence. The trends of the treatment protocol in this group of patients mirrored
the timeline of evidence in the published literature. The overall diagnostic and treatment protocol is described
in Figure 1. All patients who presented with features of diabetes insipidus were evaluated by an endocrinologist
preceding any definitive intervention.
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Table 1. Proposed diagnostic criteria.
Criteria Group A

Pure germinoma (PG)
(All the parameters and histologically
proven germinoma, when available)

Group B
Secreting germ cell tumors (SGCTs)
(Any parameter, not satisfying criteria
for groups A and C)

Group C
Non-germinomatous germ cell tumors
(NGGCTs)
(Any parameter and/or histologically
proven NGGCT)

Serum �-HCG (mIU/ml) ≤20 21–100 �100

Serum �FP (IU/ml) ≤5 6–25 �25

CSF �-HCG (mIU/ml) ≤20 21–100 �100

CSF �FP (IU/ml) ≤5 6–25 �25

Histopathology + (preferred) +/- +/-

Additional tests for staging

MRI brain and spine with contrast

CSF cytology

Metastatic workup (imaging of thorax and abdomen)

CSF: Cerebrospinal fluid.

Patients aged ≤15 years were treated according to the pediatric protocol wherein they received two cycles of
carboplatin and etoposide alternating with two cycles of ifosfamide and etoposide (CarboPIE), per the SIOP GCT
96/SFOP 1999 protocol [16,17]. Patients aged >15 years were treated according to the adult protocol and received
four cycles of chemotherapy with etoposide and cisplatin (EP) with or without bleomycin (BEP). Six patients
(10%) did not receive or defaulted chemotherapy. All patients underwent serum tumor marker testing and imaging
after chemotherapy to assess their response. Chemotherapy was preferred as the initial treatment in patients who
had good performance status and did not have severe dyselectrolytemia secondary to diabetes insipidus.

RT was delivered at 1.5–1.8 Gy per fraction in the study population. Emergency RT was administered to
1 patient with symptomatic hydrocephalus not amenable to surgical intervention. Patients diagnosed with non-
metastatic PG received whole-ventricular radiation (24–30 Gy equivalent) followed by focal boost (up to 40–50 Gy
equivalent). Patients with germinomas with craniospinal dissemination were treated with craniospinal irradiation
(30 Gy equivalent) followed by focal boost (up to 45–50 Gy equivalent) to the primary lesion in the brain
and metastatic deposits along the craniospinal axis. All patients diagnosed with NGGCTs received craniospinal
irradiation (30–36 Gy equivalent) followed by focal boost (up to 54 Gy equivalent) to the primary lesion in the
brain and metastatic deposits (up to 45–50 Gy equivalent) along the craniospinal axis.

Follow-up
The patients were followed up with serum tumor markers and MRI at the first follow-up (3 months from completion
of RT/chemotherapy), and then yearly biochemical and imaging surveillance was performed. An endocrinology
assessment was also performed at follow-up. Patients with less than 24 months of follow-up or not contactable at
the time of the study were considered lost to follow-up and were censored in the survival analysis. Patients who
developed disease progression/recurrence were stratified into local recurrence (at the primary site), locoregional
recurrence (intracranial), spinal metastases and distant metastases. Interventions performed at recurrence and overall
survival were recorded and reported.

Statistical analysis
Descriptive data are presented as mean or median values with ranges or absolute numbers with percentages and
proportions, as appropriate. Kaplan–Meier methods were used to calculate the progression-free survival (PFS) and
overall survival (OS) rates. Univariate analysis of prognostic variables was performed using a log-rank test, and Cox
proportional hazards regression models were used to assess the predictors of PFS and OS on multivariate analysis.
A two-sided p-value of less than 0.05 with 95% CI was considered statistically significant. All statistical analyses
were performed using IBM SPSS Statistics R© (version 25, NY, USA).

Results
Patient characteristics
The 59 patients included in the study accounted for 2% of all primary malignant brain tumors and 0.56% of
all primary brain tumors diagnosed in the same period at the authors’ institution. This was comprised of 41
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Biopsy is warranted whenever
feasible

MRl brain shows suprasellar and/or pineal mass +/- hydrocephalus suspicious of germ cell tumor

Serum/CSF tumor markers – �-HCG, �FP
CSF cytology for tumor cells

MRl spine with contrast to rule out any drop lesions

Tumor markers elevated Tumor markers not elevated

Biopsy can be avoided, if not feasible and
if markers in the NGGCT diagnostic range

Hydrocephalus, if present, requiring intervention?

Yes No

Shunt procedures – endoscopic third
ventriculostomy/ventriculo-peritoneal shunt/
external ventricular drain

Open biopsy vs STB vs endoscopic biopsy
whenever feasible

Open biopsy vs STB vs endoscopic biopsy
whenever feasible

lf biopsy is not feasible, consider
clinicoradiological diagnosis and response
evaluation after each modality of treatment

Chemotherapy

Radiotherapy – CSl + focal boost

Second look surgery

NGGCT or PG/SG with

craniospinal dissemination

Localized PG/SG

Chemotherapy

Radiotherapy – WVRT + boost

Other histology

Treat appropriately

Figure 1. Algorithm for diagnosis and treatment of intracranial germ cell tumors.
CSF: Cerebrospinal fluid; CSI: Craniospinal radiotherapy; NGGCT: Non-germinomatous germ cell tumor; PG: Pure
germinoma; SG: Secreting germinoma; STB: Stereotactic biopsy; WVRT: Whole-ventricular radiotherapy.

(69%) male and 18 (31%) female patients, with a median age of 16 years (range: 3–38 years). Headache and
vomiting were the most common presentations, followed by visual and neurological symptoms. The most common
location of the tumor was in the pineal region in 31 (53%) patients, and these pineal lesions were commonly
observed in male patients (Table 2). Twenty-one patients (34%), including all suprasellar ICGCTs, presented with
endocrine abnormalities, and diabetes insipidus was the most common endocrine abnormality. Precocious puberty
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Table 2. Patient characteristics.
Characteristics Total n = 59

Frequency %

Age (years) ≤15 29 49

�15 30 51

Range (in years) 3–38

Sex Male 41 69

Female 18 31

Endocrine abnormality at presentation 21 35

Hydrocephalus at presentation 43 73

Location of primary tumor Pineal 31 53

Suprasellar 13 22

Thalamus/basal ganglia/internal capsule 7 12

Bifocal (pineal and suprasellar) 5 8

Multifocal 3 5

Meningeal/ependymal deposit 8 14

Spinal drop metastasis at diagnosis (CSF analysis or MRI spine) 4 6

Final diagnosis Pure germinomas 26 45

Secreting germ cell tumors 15 25

NGGCTs 18 30

CSF: Cerebrospinal fluid; NGGCT: Non-germinomatous germ cell tumor.

was diagnosed in three patients with elevated β-HCG levels at presentation. Three patients with a primary lesion
in the pineal region who had diabetes insipidus at presentation but no definitive lesions or tumor deposits in the
sellar region on imaging were considered to have occult bifocal tumors.

Histopathology & staging
Of the 59 patients, the diagnosis was established by histopathological confirmation and biochemical correlation in
25 patients (42%). In 34 patients (58%), the diagnosis was based on the clinico-radiological features and correlation
of tumor markers (Table 3). Fifteen patients were stratified into the SG group; of these, three patients had biopsies
suggestive of germinoma, but tumor markers were elevated within the range described in Table 1, and 12 patients
without histopathological confirmation were stratified into this group based only on tumor markers and radiological
features. Out of the five patients with NGGCT who were diagnosed with a biopsy, two were yolk sac tumor, one
malignant teratoma, one mixed germ cell tumor with yolk sac and teratoma components and one germinoma with
markers were elevated in the NGGCT range, likely a mixed germ cell tumor. The craniospinal axis was evaluated
for dissemination with MRI spine in 45 patients (76%), CSF cytology in 43 patients (73%), or both in 36 patients
(59%). Five patients (8%) had neither a CSF cytology study or MRI spine imaging.

Sequencing of treatment
Various treatment sequences were observed wherein 40 (68%) patients underwent surgery (shunt/biopsy/excision)
followed by chemotherapy and then RT, six (10%) underwent surgery followed by RT alone (no chemotherapy)
and nine (16%) underwent surgery followed by RT and then chemotherapy. Among the patients who did not
undergo any surgical intervention, two (3%) patients received radiation therapy followed by chemotherapy, and
two (3%) patients received chemotherapy followed by RT.

Surgical intervention
Hydrocephalus and increased intracranial pressure were found in 43 patients (73%) at presentation, and they
required shunt surgery in the form of either endoscopic third ventriculostomy (16 patients), ventriculo-peritoneal
(VP) shunt (22 patients), or external ventricular drainage (five patients). Excision surgery or biopsy alone was
performed in 12 patients. None of the patients underwent a second-look surgery.

future science group 10.2217/cns-2021-0012
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Table 3. Groupwise treatment and outcome details.
Factor Group A

PG (n = 26)
Group B
SG (n = 15)

Group C
NGGCTs (n = 18)

Diagnosis HPE 17 3 5

CR 9 12 13

Chemotherapy Yes 21 15 17

No 5 0 1

Sequencing of chemo Before RT 16 11 12

After RT 5 4 5

RT portals WVRT + boost 23 10 9

CSI + boost 3 4 9

RT dose ≤50.4 Gy 22 10 7

�50.4 Gy 4 4 11

RT technique Conventional Co 60 7 2 4

Conventional LINAC 10 6 5

Conformal (3DCRT/IMRT) 9 6 9

Survival 2-year PFS 91% 92% 79%

5-year PFS 91% 81% 59%

2-year OS 100% 93% 86%

5-year OS 100% 82% 68%

Recurrence Number in each group 3 2 5

Primary location Pineal – 3 Pineal – 1, bifocal – 1 Pineal – 4, suprasellar – 1

Recurrence location 1 – EC
1 – L and SP
1 – IC (LMC)

1 – IC
1 – IC and SP

3 – L
1 – EC
1 – IC and SP

3DCRT: 3D conformal radiotherapy; Co 60: Cobalt 60; CR: Clinico-radiological; CSI: Craniospinal irradiation; EC: Extracranial metastases; HPE: Histopathological evidence; IC: Intracranial
metastases; IMRT: Intensity Modulated Radiotherapy; L: Local recurrence; LINAC: Linear accelerator; LMC: Leptomeningeal carcinomatosis; NGGCT: Non-germinomatous germ cell tumor;
OS: Overall survival; PFS: Progression-free survival; PG: Pure germinoma; RT: Radiotherapy; SG: Secreting germinoma; SP: Spinal; WVRT: Whole-ventricular radiotherapy.

Chemotherapy
Among the 53 patients who received chemotherapy, the EP regimen was used most often in adults (28 patients,
52%), followed by BEP (three patients, 6%), and CarboPIE was used frequently in children (22 patients, 42%).
Febrile neutropenia (n = 18) was the most common adverse effect of chemotherapy, followed by dyselectrolytemia
(n = 11), thrombocytopenia (n = 4), peripheral neuropathy (n = 3) and pulmonary toxicity (n = 2). One patient
developed abdominal visceral perforation and sepsis and subsequently died (grade 5 toxicity).

Radiation therapy
The mean total dose of RT was 50.4 Gy (range: 30.6–55.8 Gy). One patient did not receive RT due to death from a
post-chemotherapy complication. Among the remaining 58 patients, whole-ventricular radiation therapy (median
dose: 30.6 Gy) followed by focal boost (median: 19.8 Gy) was delivered to 42 patients (72%) and craniospinal
irradiation (median dose: 36 Gy) followed by focal boost (median dose: 18 Gy) to 16 patients (26%). Two patients
with localized drop metastases detected on MRI received a focal boost dose of nine Gy following craniospinal
irradiation. One patient defaulted RT after 30.6 Gy and one patient received RT alone, defaulted chemotherapy
and was lost to follow-up.

All patients tolerated RT well, and no grade 3 or 4 acute toxicities were reported. The most common acute toxicity
during RT was dermatitis. Neutropenia (more than grade 2) was seen among six patients undergoing craniospinal
irradiation. The median overall treatment time of RT was 41 days (mean: 40.3 days; range: 21–70 days). Treatment
and outcome details are described in Table 3.

Survival
The median follow-up period was 48 months (range: 3–161 months). The OS and PFS of all patients are depicted
in the Kaplan–Meier curves. Median PFS and OS were not reached in the study population. Eleven patients (18%)
were lost to follow-up and were censored at their last date of follow-up on the survival analysis. The PFS of all
patients at 2 years and 5 years was 88% and 83%, respectively. The OS of all patients at 2 years and 5 years was
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Figure 2. Kaplan–Meier survival curves of three groups. (A) Progression-free survival. (B) Overall survival.
GCT: Germ cell tumor.

90% and 85%, respectively. The 2-year PFS and OS in the three groups (PG vs SG vs NGGCT) were reported
as 91% versus 92% versus 79%, and 100% versus 93% versus 86%, respectively (Figure 2A & B). At 5 years, the
estimated PFS and OS of the three groups (PG vs SG vs NGGCT) were 91% versus 81% versus 59% (p = 0.232),
and 100% versus 82% versus 68% (p = 0.113), respectively. Ten patients (17%) were diagnosed to have disease
progression at follow-up, and eight patients died at the time of this study. Of the eight patients who died, six
patients had disease-related death, one patient died due to post-chemotherapy complications, and one patient died
in a road traffic accident.

Among all groups, based on age at diagnosis, there was no significant difference in survival among younger
patients (age ≤15 years) as compared with older patients (age >15 years). Patients with tumors in the pineal region
had significantly worse PFS as compared with the non-pineal location of the tumor (p = 0.043), although this
difference was not observed with OS. The authors observed a trend toward better 5-year PFS (91% vs 77%) and
OS (95% vs 74%) in patients with histological verification as opposed to those diagnosed with clinico-radiological
features alone; however, these observations were not statistically significant (p = 0.140 and 0.109, respectively).
Among the PG subgroup, histological verification did not have an impact on PFS (94% vs 88%; p = 0.68) or OS
(100% vs 100%) (Figure 3A–D). Outcome of PG and SG together was analyzed against NGGCT, which showed
a numerically better 5-year PFS (87% vs 59%; p = 0.089) and OS (89% vs 68%; p = 0.15) but was statistically
insignificant (Figure 4). Patients who received chemotherapy before RT had better OS than those who received
chemotherapy after RT, with near statistical significance (p = 0.051) but no significant difference in PFS. There was
no difference in survival outcomes between the different techniques or doses of radiation (Supplementary Table 2).

Disease progression & intervention at progression
Disease progression/recurrence was diagnosed in ten patients, and their characteristics are described in Supplemen-
tary Table 3. Interestingly, all five patients with NGGCT who had progressed had markedly elevated tumor marker
levels, both at presentation and at progression. About a third of patients (nine out of 31) who had an initial tumor
location in the pineal gland had disease progression.

All but two patients received second-line chemotherapy at progression; the remaining two patients were advised
on best supportive care in view of poor general condition. Furthermore, two patients received reirradiation, and
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Figure 3. Kaplan–Meier curves for progression-free survival and overall survival (OS) of three groups with biopsy (A & B) and without
biopsy (C & D), respectively.
GCT: Germ cell tumor.

one patient underwent surgical excision of the liver metastases following chemotherapy. A substantial improvement
in 2-year OS after disease progression was observed among patients who received local treatment after second-line
chemotherapy (76% vs 60%; p = 0.176); however, it was not statistically significant. No significant difference in
response to salvage therapy was observed among the three groups.

Discussion
Primary ICGCTs are rare CNS neoplasms commonly encountered in children and young adults. The incidence
of ICGCTs reported in this study is similar to other multicentric reports from India [4,5]. Although the incidence
is markedly higher in far east Asian countries than in Western countries, various study groups from both these
populations have contributed to risk stratification and treatment protocols [18–22]. Established treatment protocols
using radiation with or without chemotherapy have demonstrated excellent efficacy, with durable tumor control in
90% of germinomas. In contrast, NGGCTs have proven resistant to a wide array of multimodality treatments with
chemotherapy and radiation protocols, resulting in a generally poor prognosis. However, a wide variation exists
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Figure 4. Kaplan–Meier curves for progression-free survival and overall survival of PG + SG and NGGCT. (A)
Progression-free survival; (B) Overall survival.
NGGCT: Non-germinomatous germ cell tumor; PG: Pure germinoma; SG: Secreting germinoma.

globally in the diagnostic approach, chemotherapy schedules, RT portals, dose and intervention at progression [20].
Despite being a relatively small retrospective cohort, the authors undertook this study to analyze the clinico-
radiological diagnostic criteria and outcomes of various tumor groups.

In this study, ICGCTs were most commonly seen in the pineal location (53%), followed by the suprasellar
location (22%), in concordance with the published literature. A recent retrospective study [21] comparing patient
characteristics in the North American (Mayo Clinic) and Japanese cohorts (NCC) reported significant differences
in the tumor locations; specifically, the frequency of basal ganglia (8.4% vs 0%) and multifocal tumors (14.3% vs
3.8%) was higher in the Japanese database, and the frequency of bifocal location (18.8% vs 5.5%) was higher in
the Mayo Clinic group. In this study, the proportion of multifocal tumors was comparable to that of the North
American cohort, whereas that of the basal ganglia and bifocal tumors was similar to that in the Japanese cohort.
Although the primary tumor site did not have a bearing on the survival of patients in their study, multiple other
studies have shown that ICGCTs located in the pineal region fare better than those in non-pineal locations [4,23–26].
Surprisingly, in this study, patients with tumors in non-pineal locations had significantly better PFS (p = 0.043)
than those with pineal tumors, although no difference was observed in OS. This may be attributed to the frequent
occurrence of the poor prognostic NGGCTs in the pineal location in this study’s cohort, which reflects as an
apparent decline in PFS.

It is essential to consider all available data, including radiological, biochemical and histological information,
to establish the diagnosis. The risks of open biopsy were considered to outweigh the potential benefits due to
the proximity of critical structures in the path of the expected surgical biopsy trajectory [26]. It is pertinent
to histologically differentiate germ cell tumors from other tumors in the pineal region, such as pineocytoma,
pinealoblastoma and midline dermoid, with regard to similar radiological features. Historically, operative risks
associated with surgery for these lesions have led to the use of alternative diagnostic measures, such as therapeutic
trials of irradiation [12,13,27]. In a study by Nakagawa et al., if germinoma was highly suspected, 20 Gy was given with
a local irradiation field and if tumor regression was marked, whole-brain or whole-CNS irradiation was subsequently
performed. Despite being a historical study, it was important to recognize that there was no significant survival
difference noted between the groups diagnosed with biopsy and with the trial of irradiation [12]. Interestingly, three
studies [6,10,27] independently analyzed the outcomes of patients who were diagnosed without histopathological
confirmation and showed no difference in survival. However, in the current endoscopic era, a drastic reduction in
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complication rates has encouraged tissue sampling for an accurate diagnosis, especially in cases where no abnormal
tumor marker elevation is detected. With the increasing use of endoscopic biopsies, intraventricular sampling safely
yields an accurate diagnosis in over 90% of intraventricular tumors [26]. Additionally, biopsy allows for new avenues,
such as genetic profiling, which have prognostic implications [28]. In this study, although there was a trend toward
better survival among the patients who had a histopathological diagnosis, these observations were not statistically
significant. Even in the subgroup of PG, where histopathological confirmation is considered paramount, there was
no survival difference noted between patients diagnosed with or without a biopsy.

In addition to the histological classification by WHO [12] into germinoma and NGGCTs, two risk stratifications,
European (SIOP GCT II) and Japanese (Matsutani), have been used widely for prognostication [20]. In the SIOP-
CNS-GCT-96 trial [29], diagnosis of NGGCT was established without the need for biopsy confirmation if αFP
was >25 ng/ml and/or β-HCG >50 IU/l in at least one serum/CSF compartment, and it was recognized by
the trial’s authors that some HCG-secreting germinomas and αFP-secreting teratomas might consequently have
been included. Relatively better 5-year PFS and OS rates of 72% and 82%, respectively, were reported, which
could have been considerably influenced by the secreting germ cell tumor population. Among 153 histologically
verified ICGCTs in an analysis by Matsutani et al. [10], mixed germ cell tumors were categorized into three
subgroups according to the tumor components they contained: mixed germinoma and teratoma, mixed tumors
mainly consisting of predominant germinoma or teratoma combined with a small portion of pure malignant tumors
and mixed tumors mainly consisting of pure malignant elements. Survival outcomes (3-year and 5-year OS) were
significantly better in the first subgroup (94.1% and 84.7%, respectively) as compared with moderate outcomes in
the second (70% and 52.5%, respectively) and extremely poor outcomes in the third (9.3% and 9.3%, respectively),
establishing the ostensible heterogeneity among the group of mixed GCTs.

Secreting or mixed GCTs are rarely defined or stratified in published literature. In a retrospective series from
Singapore, SG and mixed GCTs were defined and classified to prognostic groups but subsequently they were
grouped with NGGCT for final analysis [11]. However, in this study, the authors incorporated pragmatic thresholds
for β-HCG and αFP levels into the authors’ stratification to differentiate SG from PG and NGGCT, as well as to
assess differences in outcomes. The authors observed that with similar treatment patterns, the outcome of the SG
group was similar to that of the PG group. The authors suggest that a similar therapeutic approach as germinoma
is likely to be adequate for SG to achieve comparable outcomes. Use of NGGCT treatment protocols may be
overzealous in SG and should be avoided to reduce treatment-related morbidity and improve treatment outcomes.

The survival outcome of this study population was comparable to published outcomes of various study groups
(Table 4) [4,6,11,15–17,22–25,29–32]. In this study, administration of chemotherapy prior to RT has been shown to
translate into an OS benefit. Local recurrence was the most common pattern of recurrence, followed by intracranial
and spinal dissemination, reiterating the importance of local therapy in ICGCTs. The most common intervention
after recurrence in this group of patients was second-line chemotherapy (eight out of ten patients) followed by
local therapy in three patients (Re-RT in two patients and metastatectomy surgery in one patient). Patients who
received local therapy at progression had a significant prolongation of survival. Following recurrence, a study by
Murray et al. [33] showed that in germinomas, reasonable outcomes can be achieved either with standard-dose
chemotherapy with reirradiation or with high-dose chemotherapy with autologous stem cell rescue, but they
eventually relapse. NGGCTs had significantly poorer outcomes despite salvage therapy. In contrast, no significant
difference in response to salvage therapy was observed among the three groups in this study. This could be due to
the relatively small number of patients who relapsed in the study.

Conclusion
Intracranial GCTs are a rare and heterogeneous group of tumors, with various factors affecting treatment outcomes.
This study elucidates criteria for clinico-radiological diagnosis when histopathological verification is not feasible and
has demonstrated comparable outcomes with germinomas diagnosed with a biopsy; however, this criterion needs
to be prospectively validated. Factors such as germinoma histology, non-pineal location of the tumor, initiation of
chemotherapy prior to RT and local therapy at recurrence have conferred better survival in this cohort. As SGs fare
better than NGGCTs, they may not warrant aggressive treatment protocols as used in NGGCT, and their outcome
as a distinct group needs to be explored in future studies.
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Table 4. Survival across different treatment groups.
Study/group Population 5-year EFS/PFS (%) 5-year OS (%) Ref.

SFOP 1999/2010 Germinoma 84.2 98.2 [15,17]

SIOP-GCT 96 2013 Germinoma (CSI alone) 97 95 [6]

Germinoma (focal RT + chemo) 88 96

SIOP-GCT 96 2017 Localized NGGCT 72 82 [29]

Metastatic NGGCT 68 75

COG ACNS0122 NGGCT 84 93 [31]

Spain All groups 80 NR [24]

Germinoma 85.7 NR

NGGCT 60 NR

Australia Overall 81 85 [26]

Germinoma 93 100

MGT/NGGCT 50 50

Turkey Overall 57.2 72 [32]

Germinoma and immature teratoma 65 80

MGT/NGGCT 39.3 53.9

Singapore All groups 72.7 79.6 [11]

Pure germinoma alone 85.2 89.2

SG/NGGCT 61.4 70.6

SG alone 90 100

India All groups 67.7 77.4 [4]

Germinoma 84.8 84.8

NGGCT 40 56

Canada Germinoma (AYA alone) 86 93 [30]

NGGCT (AYA alone) 70.8 85.9

Japan GCT with histological diagnosis (all groups) 78 93 [6]

GCT without histological diagnosis (all groups) 79 94

China Overall (germinoma/MGT) 91.9 94.5 [25]

GCT without biopsy 90.9 94.1

GCT with biopsy 95.3 95.7

This study All groups 83 85

Germinoma 91 100

Secreting GCT 81 82

NGGCT 59 68

AYA: Adolescents and young adults; COG: Children’s Oncology Group; CSI: Craniospinal irradiation; EFS: Event-free survival; GCT: Germ cell tumor; MGT: Mixed germ cell tumor; NGGCT:
Non-germinomatous germ cell tumor; NR: Not reported; OS: Overall survival; PFS: Progression-free survival; RT: Radiotherapy; SFOP: French Society of Paediatric Oncology; SG: Secreting
germinoma; SIOP: International Society of Paediatric Oncology.

Future perspective
Current research on germinomas has transitioned from achieving superior survival outcomes to the improvement of
quality of life by reducing treatment-related toxicity, endocrine therapy and psychosocial rehabilitation. However,
in NGGCTs, survival rates have plateaued, suggesting that conventional therapy has achieved its full potential.
Unfortunately, novel therapeutic agents such as multiple tyrosine kinase inhibitors have been investigated in relapsed
GCTs, which have yielded disappointing results, affirming the heterogeneity among these tumors [34].

Limitations
This study, being a relatively small, single-institution, retrospective design, has several inherent limitations such as
variations in patient selection, diagnostic methods and treatment schema. The diagnosis, treatment, and sequence
of interventions have varied over the past two decades based on evolving evidence. These factors may have affected
the outcome, making it difficult to interpret the results and draw broader conclusions that may be extrapolated to
a larger group of patients.
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Summary points

• A biopsy is essential in the diagnosis of intracranial germ cell tumors, especially when the tumor markers are not
elevated.

• However, in a scenario where biopsy is not feasible but radiological features are convincing, germ cell tumors can
be diagnosed and stratified reasonably based on tumor marker levels and a criterion that has been proposed.

• Germinomas diagnosed without a biopsy have outcomes comparable with those diagnosed with a biopsy.
• Based on tumor marker levels, germ cell tumors with mild elevation of tumor marker levels can be classified as

secreting germinomas.
• Despite elevated markers, secreting germinomas have distinct behavior and better outcome compared with

non-germinomatous germ cell tumors.
• Hence, aggressive treatment protocols with non-germinomatous germ cell tumors may not be warranted for

secreting germinomas.
• Factors such as germinoma histology, non-pineal location of the tumor, initiation of chemotherapy prior to RT

and local therapy at recurrence conferred better survival in this cohort.
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34. Galvez-Carvajal L, Sanchez-Muñoz A, Ribelles N et al. Targeted treatment approaches in refractory germ cell tumors. Crit. Rev. Oncol.
Hematol. 143, 130–138 (2019).

10.2217/cns-2021-0012 CNS Oncol. (2021) CNS79 future science group



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


