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Outcomes of intracranial germinoma—A retrospective 
multinational Asian study on effect of clinical 
presentation and differential treatment strategies
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Abstract
Background. This multinational study was conducted to report clinical presentations and treatment strategies in 
patients with intracranial germinomas across selected Asian centers, including failure patterns, risk factors, and 
outcomes.
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Methods. A retrospective data collection and analysis of these patients, treated between 1995 and 2015 
from eight healthcare institutions across four countries was undertaken.
Results. From the results, 418 patients were analyzed, with a median follow-up of 8.9 years; 79.9% of the 
patients were M0, and 87.6% had β-human chorionic gonadotropin values <50 mIU/mL. The 5/10-year overall 
survival (OS) and recurrence-free survival (RFS) rates were 97.2%/96.2% and 89.9%/86.9%, respectively. RFS 
was predicted by the radiotherapy (RT) field, with focal RT having the worst outcome, whereas chemo-
therapy usage had no impact on survival. Among patients who received chemotherapy, response to che-
motherapy did not predict survival outcomes. In M0 patients, primary basal ganglia tumors predicted a 
worse RFS. In patients with bifocal tumors, an extended field RT was associated with better outcomes. In 
multivariable analysis, only RT fields were associated with RFS. In relapsed patients, salvage rates were 
high at 85.7%. Additionally, patients who received salvage RT had a better outcome (91.6% vs. 66.7%).
Conclusions. Survival outcomes of patients with germinoma were excellent. Thus, the focus of treatment 
for intracranial germinoma should be on survivorship. Further studies are warranted to find the optimal 
intensity and volume of radiation, including the role of chemotherapy in the survival of patients with intra-
cranial germinomas, considering age, primary tumor location, and extent of disease.

Key Points

• While treatment strategies varied across Asian countries, survival outcomes were 
similarly excellent.

• Tumor location and radiation field predicted recurrence.

• Treatment for intracranial germinoma should be focused on survivorship.

Intracranial germ cell tumors (ICGCTs) present with a varied 
epidemiological distribution. In Western countries, ICGCT 
represents 0.5–3% of pediatric CNS tumors but represents 
10% in Asia.1 It typically occurs as midline lesions around 
the third ventricle, most commonly involving the pineal 
gland and the suprasellar region of the brain. Less com-
monly, tumors occur in the basal ganglia or thalamic nuclei. 
There are reports of ethnic differences in the location of pri-
mary tumors, prognosis, and epidemiology.2

ICGCT is divided into germinomas and 
nongerminomatous germ cell tumors. Germinomas are 
more prevalent with a much better prognosis. Additionally, 
the treatment paradigm has less emphasis on chemo-
therapy, the usage of which is institution-dependent.3 As 
germinomas are chemo- and radio-sensitive and have 

good treatment outcomes, the focus is more on reducing 
long-term side effects. A series of chronologically spaced 
publications from one large Korean institute showed 
that the best treatment results were obtained through 
craniospinal irradiation (CSI).4,5 It is also well recognized 
that CSI dose can be safely reduced to 19.5–24 Gy in 1.5–1.8 
Gy per fraction 4,6–9. However, subsequent studies have 
been continuously undertaken as well to reduce radio-
therapy fields, with results showing that replacing CSI with 
the whole brain (WB) or whole ventricular irradiation (WVI) 
in patients with localized germinomas resulted in a spinal 
failure rate of less than 10%.10–14

International Society of Pediatric Oncology (SIOP) CNS 
GCT 96 compared chemotherapy followed by 40 Gy focal 
radiotherapy (RT) vs 24 Gy CSI with an additional boost 

Importance of the Study

Although intracranial germinomas are chemo- and 
radio-sensitive and have good outcomes, it remains 
unclear whether the use of chemotherapy to reduce 
radiation doses improve disease control and quality of 
life. In addition, treatment strategies for basal ganglia 
or bifocal disease have not yet been established. As 
intracranial germinoma has an Asian prevalence, we 
conducted an Asian multicenter retrospective study 
and reported the data of 418 patients from eight insti-
tutions in four Asian countries. We confirmed that the 
overall survival of germinomas was excellent with a 

5-year overall survival of 97.2%, although a spectrum of 
practice among the different institutions varied. Tumor 
location and radiation field predicted recurrence with 
focal radiotherapy giving the worst outcome, whereas 
chemotherapy use had no impact on survival. Primary 
basal ganglia tumors predicted a worse outcome. In pa-
tients with bifocal tumors, extended field radiotherapy 
was associated with better outcomes. Considering ex-
cellent tumor control, we recommend that future trials 
need to focus on survivorship through optimization of 
treatment intensity without overtreatment.

of 16 Gy alone in 190 patients with localized germinoma. 
The 5-year event-free survival for patients receiving 
chemotherapy and focal RT was less than for those re-
ceiving RT to a larger field without chemotherapy (88% 
vs. 94%). Additionally, the pattern of relapse suggests that 
the ventricles should be included in the radiation field. 
Furthermore, for patients with metastatic germinoma, CSI 
alone was enough to cure the disease and did not dem-
onstrate additional benefit of chemotherapy. Given the 
aforementioned studies, the latest international consensus 
publication agreed that at least WVI was necessary to con-
trol localized germinoma.14,15 Recently, early results from 
the SIOP CNS GCT II trial also suggested that 24 Gy WVI 
without boost was sufficient in localized germinomas after 
a complete radiological response from chemotherapy.16

Areas of controversies and literature gaps still exist. 
It remains unproven with empirical data if using chemo-
therapy to reduce radiation doses leads to better disease 
control and quality of life. Some studies have highlighted 
possible worse outcomes with basal ganglia primaries.17 
The staging of bifocal disease and the cut-off thresholds 
for human chorionic gonadotropin (HCG) are still being de-
bated as well. Data has also suggested that larger tumors 
were risk factors.18,19 Therefore, as ICGCT has an Asian 
prevalence, this study was undertaken to report treatment 
policies and outcomes in Asia.

We conducted an Asian multi-institutional retrospective 
study, comparing the patterns of care and reporting clinical 
outcomes from the various treatment strategies. We also 
analyzed failure patterns and risk factors in intracranial 
germinoma cases. This study is the first report of ICGCT 
from different countries and institutions in Asia–Korea, 
Taiwan, Singapore, and Japan.

Materials and Methods

Methods

A retrospective analysis of patients’ medical records 
from eight institutions in Korea, Taiwan, Singapore, and 
Japan was performed. The institutions were Asan Medical 
Center, CHA Bundang Medical Center, Yonsei University 
Severance Hospital, National Cancer Center Singapore/KK 
Women’s and Children’s Hospital, National Center for Child 
Health and Development Japan, Seoul National University 
Hospital, Taipei Veterans General Hospital, and National 
Cancer Center Korea. Patients were treated from January 1, 
1995 to December 31, 2015. Data was collected retrospec-
tively by each study member from the existing registries 
of participating hospitals, using a standardized data col-
lection form. The anonymized dataset was sent to National 
Cancer Center Korea for analysis. The study was approved 
by the Institutional Review Board from each institution.

The inclusion criteria were as follows: (1) clinically or 
pathologically diagnosed with pure germinoma with or 
without teratoma; (2) aged 0–40  years; (3) treated with 
curative intent; and (4) available for the analysis of radi-
otherapy and chemotherapy. Patients with missing key 
information such as tumor location, data on surgery, 
chemotherapy, and radiotherapy, and post-treatment 
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of 16 Gy alone in 190 patients with localized germinoma. 
The 5-year event-free survival for patients receiving 
chemotherapy and focal RT was less than for those re-
ceiving RT to a larger field without chemotherapy (88% 
vs. 94%). Additionally, the pattern of relapse suggests that 
the ventricles should be included in the radiation field. 
Furthermore, for patients with metastatic germinoma, CSI 
alone was enough to cure the disease and did not dem-
onstrate additional benefit of chemotherapy. Given the 
aforementioned studies, the latest international consensus 
publication agreed that at least WVI was necessary to con-
trol localized germinoma.14,15 Recently, early results from 
the SIOP CNS GCT II trial also suggested that 24 Gy WVI 
without boost was sufficient in localized germinomas after 
a complete radiological response from chemotherapy.16

Areas of controversies and literature gaps still exist. 
It remains unproven with empirical data if using chemo-
therapy to reduce radiation doses leads to better disease 
control and quality of life. Some studies have highlighted 
possible worse outcomes with basal ganglia primaries.17 
The staging of bifocal disease and the cut-off thresholds 
for human chorionic gonadotropin (HCG) are still being de-
bated as well. Data has also suggested that larger tumors 
were risk factors.18,19 Therefore, as ICGCT has an Asian 
prevalence, this study was undertaken to report treatment 
policies and outcomes in Asia.

We conducted an Asian multi-institutional retrospective 
study, comparing the patterns of care and reporting clinical 
outcomes from the various treatment strategies. We also 
analyzed failure patterns and risk factors in intracranial 
germinoma cases. This study is the first report of ICGCT 
from different countries and institutions in Asia–Korea, 
Taiwan, Singapore, and Japan.

Materials and Methods

Methods

A retrospective analysis of patients’ medical records 
from eight institutions in Korea, Taiwan, Singapore, and 
Japan was performed. The institutions were Asan Medical 
Center, CHA Bundang Medical Center, Yonsei University 
Severance Hospital, National Cancer Center Singapore/KK 
Women’s and Children’s Hospital, National Center for Child 
Health and Development Japan, Seoul National University 
Hospital, Taipei Veterans General Hospital, and National 
Cancer Center Korea. Patients were treated from January 1, 
1995 to December 31, 2015. Data was collected retrospec-
tively by each study member from the existing registries 
of participating hospitals, using a standardized data col-
lection form. The anonymized dataset was sent to National 
Cancer Center Korea for analysis. The study was approved 
by the Institutional Review Board from each institution.

The inclusion criteria were as follows: (1) clinically or 
pathologically diagnosed with pure germinoma with or 
without teratoma; (2) aged 0–40  years; (3) treated with 
curative intent; and (4) available for the analysis of radi-
otherapy and chemotherapy. Patients with missing key 
information such as tumor location, data on surgery, 
chemotherapy, and radiotherapy, and post-treatment 

evaluation were excluded. If histology was available and 
showed elements other than germinoma or teratoma, pa-
tients were ineligible. Furthermore, patients with elevated 
βHCG levels were allowed only if the biopsy showed pure 
germinoma. Patients with a clinical diagnosis based on 
neuroimaging characteristics and response to RT were al-
lowed to be included.

The data collected included demographic and clinical 
characteristics (pathology, serum and CSF tumor markers, 
CSF cyctology, brain and spine MRI), treatment (chemo-
therapy, RT, surgery, response to chemotherapy), and out-
come (recurrence, survival, and secondary malignancy). 
M stage was determined by abnormal CSF cytology or im-
aging evidence of tumor in the brain or spine. Response 
to chemotherapy was retrospectively graded uniformly ac-
cording to the standard criteria as completer response (dis-
appearance of tumor on MRI), very good partial response 
(suprasellar tumor decreased to <4 mm and pineal tumor 
decreased to <10 mm), partial response (>50% reduction in 
tumor size, as measured by the sum of the products of the 
maximum diameters), stable disease (<50% reduction in 
tumor size), and progressive disease (>25% increase in the 
tumor size or appearance of a new lesion). The recurrence 
of tumor was determined by MRI findings.

Statistical Analysis

Overall survival (OS) was calculated from the treatment 
start date (either chemotherapy or radiotherapy) to death 
date or censored at the last follow-up. Recurrence-free sur-
vival (RFS) was also calculated from the treatment start to 
recurrence date and censored at the last follow-up. Kaplan–
Meier’s method was used to estimate survival probabil-
ities, while, univariate and multivariate analyses were 
performed using Cox proportional hazard models. Mann–
Whitney’s U test was conducted to compare dose param-
eters. Pearson’s Chi-square or Fisher`s exact tests were 
used to compare categorical characteristics. SAS v9.4 (SAS 
Institute Inc., Cary, NC, USA) and R v3.6.2 (R Foundation for 
Statistical Computing, Vienna, Austria) was used as well 
for statistical analysis.

Results

Baseline Demographics and Disease 
Characteristics

Four hundred and eighteen patients were eligible and ana-
lyzed, with a median age of 14.4 years (range 3.8–39.1), of 
which 320 were males (76.6%). The most common primary 
location of tumors was suprasellar (34.0%), followed by the 
pineal (31.1%), bifocal (16.5%), basal ganglia (12.7%), and 
others (5.7%). Most tumors were localized (M0) at pres-
entation (79.9%). Furthermore, serum βHCG levels were 
cut off at two levels; 10 mIU/mL and 50 mIU/mL for anal-
ysis. Most patients had serum βHCG values of <10 mIU/mL 
(77.3%) and <50 mIU/mL (87.6%) (range 0.0–712; interquar-
tile range, 0.8–3.0) (Table 1).

Grouped according to age at diagnosis, male predom-
inance was not observed under 10  years of age (male: 
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female = 44: 34), whereas significant male predominance 
was observed above 10 years of age (male: female = 276: 
64)  (P < .001). Additionally, while suprasellar tumor was 
more common in patients younger than 10  years (36/78, 
46.2% vs. 106/340, 31.2%), pineal and bifocal tumors were 
more common in patients older than 10 years old (18/78, 
23.1% vs. 112/340, 32.9% for the pineal tumor, and 6/78, 
7.7% vs. 63/340, 18.5% for bifocal tumor) (P = .014). Results 
also showed that more patients over 10  years had M+ 

disease, compared with patients under 10 years old (7.7% 
in patients under 10 years old vs. 22.9% in patients over 
10 years old, P = .002). However, more patients had tera-
toma components in the younger patient group compared 
with the older patient group (4/74, 5.1% vs. 2/338, 0.6%, 
P = .013) (Supplementary Table S1).

Treatment Characteristics

Most patients had a biopsy (59.6%), 16.5% had a resection, 
while 23.9% had neither. Most patients had chemotherapy 
(56.9% pre-RT, 5.3% post-RT, 37.8% no chemotherapy). 
Various chemotherapy regimens were used, which differed 
by the institution. The most common chemotherapy reg-
imen was platinum-based and a few received additional 
bleomycin. Specifically, 145 patients received an alter-
nating regimen of carboplatin/etoposide and cyclophos-
phamide/etoposide, 21 patients received an alternating 
regimen of cisplatin/etoposide and cyclophosphamide/
vincristine, 20 patients received an alternating regimen of 
carboplatin/etoposide and ifosfamide/etoposide, 20 other 
patients received a combination of carboplatin/etoposide, 
20 patients received a combination of cisplatin/etoposide, 
13 patients received a combination of cisplatin/etoposide/
bleomycin, and 16 patients received other regimens. The 
detailed regimen was unknown in four patients.

In pre-RT chemotherapy patients, radiological treat-
ment response to chemotherapy was documented in 
238 patients, with 100 complete responses (42.0%) being 
reported. Furthermore, 11.3% had very good partial re-
sponses, 31.9% partial responses, 7.6% stable disease, 
whereas, 2.1% experienced progression.

Among the different countries, varied approaches were 
used (Supplementary Table S2). The usage of chemotherapy 
was most prevalent in Japan (100%), followed by Singapore 
(85.7% of M+ and 76.7% of M0), Korea (78.9% of M+, 61.7% 
of M0), and Taiwan (50% of M+, 10.8% of M0). Furthermore, 
in M+ patients, CSI was most prevalent in Korea (82.5%), 
followed by Singapore (71.4%), and Taiwan (40.0%). In M0 
patients, WVI was most prevalent in Taiwan (83.8%), then 
Japan (63.6%), Singapore (53.3%), and Korea (35.2%).

In M0 patients, the median dose of radiation was 21.0 
Gy (CSI) and 23.4 Gy (WVI), whereas, in M + patients, the 
median dose was 23.4 Gy (CSI) and 24.0 Gy (WVI), respec-
tively. The median total tumor dose was 36.0 Gy.

In the combined chemotherapy and radiotherapy group 
(n = 260), 43 patients (16.5%) received focal RT, 99 patients 
(38.1%) received WVI, 114 patients (43.8%) received CSI, 
and 4 patients (1.5%) received WB radiotherapy. However, 
in the RT-only group (n = 158), the distribution of the ra-
diation field was significantly different (P = .036), with 15 
patients (9.5%) receiving focal RT, 81 (51.3%) patients re-
ceiving WVI, 59 patients (37.3%) receiving CSI, and 3 pa-
tients (1.9%) receiving WB RT.

Furthermore, among patients who received WVI, the me-
dian dose of radiation for patients who received combined 
chemotherapy and radiotherapy was 19.8 Gy. This value 
was significantly lower than that (24 Gy) of patients re-
ceiving radiotherapy only (P < .001). Also, among patients 
who received CSI, the median dose of radiation for the 
combined chemotherapy and radiotherapy group was 19.8 

  
Table 1 Baseline Characteristics and Outcomes of Germinoma 
Patients (n = 418)

Variables Number %

Sex Male 320 76.6

 Female 98 23.4

Age at  
diagnosis 
(years)

Median (min–max) 14.4 (3.8–39.1)

Location Suprasellar 142 34

 Pineal 130 31.1

 Bifocal 69 16.5

 Basal ganglia 53 12.7

 Other (thalamus, 
etc.)

24 5.7

M stage M0 334 79.9

 M+ 84 20.1

Operation type No surgery 100 23.9

Biopsy 249 59.6

 Tumor removal  
(+biopsy)

69 16.5

Chemotherapy Yes 260 62.2

No 158 37.8

Second  
malignancy

No 414 99

Yes 4 1

Serum βHCG 
(mIU/mL)

Median (min–max) 1.2 (0.0–712.0)

<10 336 87.6

 ≥10 50 12.0

 <50 366 87.6

 ≥50 20 4.8

 Missing 32 7.7

Serum AFP 
(ng/mL)

Median (min–max) 1.5 (0.0–1090.0)

Missing 28 6.7

F/U time 
(years)

Median (min–max) 8.9 (0.5–25.1)

Recurrence No 368 88

Yes 50 12

Survival Alive 400 95.7

Death 18 4.3

Abbreviations: M, metastasis; HCG, human chorionic gonadotropin; 
AFP, alpha-fetoprotein; F/u, follow-up.
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Gy, which was not significantly different from that (21 Gy) 
of the RT-only group. (p = .129). Additionally, tumor dose in 
the combined chemotherapy and radiotherapy group was 
higher than that in the RT-only group. (39.3 Gy vs. 35.5. Gy, 
P < .001). This phenomenon was due to patients with less 
than complete response post-chemotherapy receiving a 
higher dose of radiotherapy boost (Table 2).

Outcomes

After a median follow-up of 8.9 years, 368 patients did not 
experience any recurrence, and 399 patients were alive. 
Five and 10-year OS were 97.2% (95% confidence interval 
[CI], 95.6%–98.9%) and 96.2% (95% CI, 94.2%–98.4%), with 
a corresponding RFS of 89.9% (95% CI, 87.0%–93.0%) and 
86.9% (95% CI, 83.4%–90.5%). There were no differences in 
5-year OS (97.1% vs. 97.8%) and RFS (89.5% vs. 91.2%) be-
tween patients with a histologically confirmed diagnosis 
(n = 318) and those with a clinical diagnosis (n = 100). No 
difference in the 5-year RFS by M stage was observed, 
however, the 5-year OS was lower for M+ patients (90.2% 
vs. 99.0%, P < .001) (Figure 1). Excessive deaths unrelated 
to tumor progression in M+ patients explained the reason 
why no differences in RFS were reported, but significant 
differences were observed in OS. Nine of 334 M0 patients 
had died, of which 5 were not related to tumor progres-
sion, whereas 7 out of 10 deaths were not related to tumor 
progression among the 84 M+ patients.

In M0 patients, 5-year RFS and OS did not differ with che-
motherapy usage. On the other hand, OS did not differ by 
the RT field, but RFS was predicted by the RT field, with 
focal RT having the worst outcome (75.6%; 95% CI, 64.7%–
88.0%), followed by WB RT (80.0%; 95% CI, 51.6%–100.0%) 
and WVI (92.6%; 95% CI, 88.5%–96.9%) and CSI (94.6%; 
95% CI, 90.4%–98.9%) (P < .001) (Figure 2A and B).

Similarly, in M+ patients, survival did not differ by che-
motherapy usage but differed by RT volume. Four M+ pa-
tients received only focal RT, with a corresponding lowest 
RFS of 33.3% (95% CI, 6.7%–100.0%), followed by WVI 
(82.6%; 95% CI, 66.6%–100.0%), then CSI (94.4%; 95% CI, 

88.4%–100.0%), and WB RT (100.0%) (P < .001) (Figure 2C 
and D).

When M stage and RT fields were considered in 
multivariable analysis, M+ (hazard ratio [HR] 7.5, P < .001) 
and CSI (HR 0.3, P= .043) were predictive of OS, while only 
RT fields were associated with RFS (Table 3).

Of the 229 patients who had data on their response to 
chemotherapy, patients who had complete response 
(n = 101), very good partial response (n = 27), partial re-
sponse (n = 78), and stable disease (n = 18) following che-
motherapy did not differ in the 5-year RFS (87.7%, 92.1%, 
84.5%, and 77.7%, respectively). In contrast, patients with 
progressive disease (n = 5) after chemotherapy exhibited a 
trend of inferior RFS (40.0%), but without statistical signif-
icance (P = .099). The 5-year OS did not differ according to 
the response to chemotherapy.

When analyzing the relapse patterns, of 173 patients 
that had CSI, 12 recurred, of which all were intracranial 
with one simultaneous intracranial and spinal recurrence. 
Furthermore, of the other patients without CSI (n = 245), 40 
recurred, of which 13 were spinal only and 3 were both in-
tracranial and spinal recurrences.

Furthermore, of 52 recurrences, most patients were sal-
vaged with a 5-year OS of 85.7%. Nine died subsequently; 7 
from disease progression, 1 from treatment-related, and 1 
unknown cause of death 18 years after relapse. Regarding 
treatment after relapse, detailed information was available 
for 34 of 52 relapsed patients. Among them, 21 patients re-
ceived salvage chemotherapy and radiotherapy (including 
8 patients who received high-dose chemotherapy and au-
tologous stem cell transplantation (HDCT/ASCT)), 9 patients 
received chemotherapy only (including 5 patients who re-
ceived HSCT/ASCT), and 4 patients received radiotherapy 
only. As a result, 2 of 25 patients who received radiotherapy 
as part of their salvage treatment died, whereas 4 of the 9 
patients who received salvage chemotherapy without ra-
diotherapy died. Four of five patients who survived the re-
lapse without radiotherapy received HDCT/ASCT. Therefore, 
the 5-year OS was significantly better for those who re-
ceived radiotherapy as a component of salvage treatment 
than those who did not (91.6% vs. 66.7%, P = .026).

  
Table 2. Radiation Doses and Volumes According to Chemotherapy Responses in Patients who Received Chemotherapy

Response

  CR VGPR PR SD PD P value

RT volume Focal 16(16.0) 7(25.9) 9(11.8) 6(33.3) 1(20) 0.700

 Whole ventricle 44(44.0) 10(37.0) 29(38.2) 4(22.2) 2(40)  

 Craniospinal 39(39.0) 10(37.0) 37(48.7) 8(44.4) 2(40)  

 Whole brain 1(1.0) 0(0) 1(1.3) 0(0) 0(0)  

Tumor 
dose

Median (min–max) 30.6 (19.8–54.0) 39.6 (25.15–54.0) 39.6 (3.2–59.15) 39.6 (23.4–55.8) 39.6 (90.6–45.0) 0.002

CSI dose Median (min–max) 23.4 (19.8–39.0) 23.4 (19.8–30.0) 20.25 (16.2–36.0) 21.9 (19.5–36.0) 19.65 (19.5–19.8) 0.614

WVI dose Median (min–max) 19.8 (16.2–39.3) 24.0 (19.8–30.0) 19.8 (19.8–45.0) 21.9(19.8–24.0) 19.8 (18.0–24.9) 0.038

Abbreviations: RT, radiotherapy; CR, complete response; VGPR, very good partial response; PR, partial response; SD, stable disease; PD, progres-
sive disease; CSI, craniospinal irradiation; WVI, whole ventriclar irradiation.
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Of 418 patients, 399 were alive at the time of this study. 
Of the 19 deaths, 7 were due to tumor progression after 
relapse, and 12 were not directly related to tumor progres-
sion (5 from treatment toxicities, 1 from electrolyte imbal-
ance, 1 from secondary malignancy, 1 from intracerebral 
bleeding, 1 from accident, 1 from sudden cardiac arrest, 
and 2 from an unknown cause). No patient died of primary 
refractory disease. Four patients also developed secondary 
malignancies after treatment (4.7, 9.5, 10.9, and unknown 
years after). Three were intracranial malignancies (2 
meningiomas, 1 glioma), and 1 developed diffuse large 
B-cell lymphoma at the thigh.

Risk Factors

In M0 patients, OS did not differ by primary site, whereas, 
the 5-year RFS differed by primary site with basal ganglia 
primary having the worst outcome (84.1%; 95% CI 76.9%–
96.2%) (P = .02) (Figure 3A and B).

Analyzing outcomes of the 53 patients diagnosed with 
a primary tumor at the basal ganglia, 11 patients relapsed 
and 7 of them relapsed out of radiation field. Notably, 5 of 
12 patients in the focal RT group and 4 of 30 patients in 
the WVI group relapsed, whereas 2 of 9 patients in the CSI 
group and none of 2 in the WB group relapsed. Patients 
who received WB RT or CSI showed a better RFS than those 
who received focal RT or WVI (P = .006) (Supplementary 
Table S3).

Of the 69 patients with bifocal primaries, relapse pat-
terns differed by RT types. Specifically, no CSI patient re-
lapsed (n = 42), compared to a higher recurrence rate in 
reduced field RT (3 of 4 in focal RT, 4 of 20 in WVI, none 

of 42 in CSI, and 1 of 3 in WB RT) (P < .001) (Figure 3C  
and D). Furthermore, recurrence sites included 2 intracra-
nial infields and 1 cerebrospinal fluid (CSF) seeding in the 
focal RT group, 1 intracranial infield, and 3 CSF seeding in 
the WVI group, and 1 comprising simultaneous intracra-
nial and CSF seedings in the WB RT group (Supplementary 
Table S4).

βHCG cut-off levels of 10 mIU/mL were associated with 
both OS and RFS (5-year OS, 97.8% vs. 93.9%, P = .028; 
5-year RFS, 91.0% vs. 84.5%, P = .006). In contrast, βHCG 
cut-off levels of 50 mIU/mL were not associated with RFS 
but OS (5-year OS 97.7 vs. 90.0%, P = .009; 5-year RFS, 
90.3% vs. 88.5%, P = .491) (Supplementary Figure S1).

Other risk factors like age (<10  years) and tumor size 
(>4 cm) were explored. Larger tumors did not have worse 
outcomes. Compared by age groups, no significant differ-
ences in the 5-year OS (5-year 98.6% vs. 96.9% for younger 
and older than 10  years, P = .786) and RFS (89.0% vs. 
90.1% for younger and older than 10 years, P = .100) was 
observed according to age at diagnosis (Supplementary 
Figure S2). Notably, among relapsed patients, younger pa-
tients tended to relapse more than 5 years after diagnosis, 
with a marginal statistical significance (P = .052). That is, 
6 out of the 14 relapsed patients (42.9%) younger than 
10 years had late relapses, whereas, 6 out of 36 patients 
(16.7%) in the older patient group had a late relapse.

Discussion

The overall survival of germinomas was high in our study, 
with a 5- and 10-year OS of 97.2% and 96.2%, consistent 
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with other international reports. A  spectrum of practice 
among the different institutions was also observed with re-
gard to RT treatment fields, use of chemotherapy, biopsy 
requirements, and βHCG cut-offs.

In our study, chemotherapy did not affect survival, and 
its usage differed among the different countries, with the 
Taiwanese using chemotherapy the least. In addition, a 
proportion of the patients were successfully treated with a 
reduced-volume RT without chemotherapy. However, it was 
difficult to measure the actual impact of additional chemo-
therapy because this study was a retrospective study, and 
the radiation field and doses were varied between the two 

groups. Previously, Lee et al., reported that 18 Gy of WVI 
was followed by 12.6 Gy of boost RT to the primary tumor 
after four cycles of induction chemotherapy. The study 
showed an excellent 5-year PFS of 96.7% and OS of 96.2% 
outcome in patients with localized germinoma.20 A  SIOP 
CNS GCT II trial was conducted to omit WB and spinal irra-
diation using combined treatments with standard chemo-
therapy and ventricular irradiation. Preliminary reports of 
the trial suggested that patients with localized germinoma 
and complete responses after initial chemotherapy had an 
excellent outcome, with results supporting a reduced dose 
of WVRT of 24 Gy without boost.16 In our study, the median 
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dose of extended RT was 19.8 Gy when combined with 
chemotherapy. These results suggested that future trials 
of combining chemotherapy and radiation should adopt 
a similar dose to 19.8 Gy of WVI for germinoma. In addi-
tion, the potential harm of chemotherapy and radiotherapy 
and the expected benefit from omitting chemotherapy or 
reducing radiotherapy doses should be carefully weighed 
based on the adverse effects of both modalities. To prove 
the definite benefit of neoadjuvant chemotherapy, long-
term data, especially from well-executed randomized con-
trolled trials, are needed to show an increment in quality 
of life, considering cognition, endocrinopathies, secondary 
malignancies, etc.

Also, in this study, tumor dose in the combined chemo-
therapy and radiotherapy group was higher than that in 
the RT-only group, as patients with less than a complete 
response following chemotherapy received a higher dose 
of radiotherapy boost. However, our results showed that 
patients with partial response or stable disease after che-
motherapy did not show different RFS from patients with 
complete responses, and only patients with progressive 
disease had poor RFS than the rest of the group. Therefore, 
based on the finding that chemotherapy was not associ-
ated with better outcomes and the response after che-
motherapy did not influence the outcome, we do not 
recommend RT dose escalation based on interim chemo-
therapy responses.

Regarding radiotherapy fields in localized diseases, RT 
with WVI and CSI resulted in RFS in excess of 90%, with 
focal RT showing the worst outcome. Furthermore, in M+ 
diseases, CSI was associated with the best control com-
pared to WVI and focal RT. As a whole, spinal metastasis 
developed in only 1 of 173 CSI patients, compared to 16 of 
245 patients who received less than CSI.

Various salvage regimens were used following a relapse, 
and most patients were salvaged successfully. This result 
was shared by other reports on salvage outcomes.21 Our data 
suggested that radiotherapy should be a component of sal-
vage therapy whenever reirradiation was possible. HDCT/
ASCT may be considered for patients who are ineligible for 
reirradiation. However, the benefits of HDCT/ASCT for re-
lapsed patients who were eligible for re-irradiation were un-
clear. Thus, its use in recurrent intracranial germinoma should 
be carefully determined given its toxicity and the overall fa-
vorable outcomes of recurrent intracranial germinoma.

To investigate the findings of prior studies showing that 
some primary sites were associated with worse outcomes, 
we analyzed outcomes and patterns of failure by tumor 
location. In M0 patients, the basal ganglia location was 
associated with the lowest RFS. Notably, patients who re-
ceived wider field RT showed a better RFS, consistent with 
previous reports.5,22 This result suggests that at least WB 
RT should be considered for patients with tumors in the 
basal ganglia. In bifocal patients, relapse rates were lowest 
in patients who received CSI. Controversy exists over the 
classification of bifocal diseases, with most international 
groups considering it as M0, although some found that CSI 
was associated with better outcomes.23,24 It thus remains 
unclear whether the bifocal presentation truly represents 
a metastatic stage and hence requires CSI, or whether the 
worse outcome is due to an under-investigation, as up to 
50% of bifocal germinomas could be metastatic, and might 
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sometimes be missed without careful imaging or cytology 
investigation.25

Internationally, βHCG thresholds vary, e.g., <50 mIU/
mL in SIOP and <100 mIU/mL in the Children’s Oncology 
Group. Also, in some patients with presumed germinomas, 
a high βHCG also served as hints for elements of chorio-
carcinoma or immature teratoma, thereby necessitating 
surgical samples to avoid under or over-treatment. In our 
study, we found that βHCG cut-off levels of 50 mIU/mL did 
not influence RFS, which is consistent with the findings of 

other reports.26,27 However, lowering the cut-off levels to 
10 mIU/mL, patients with βHCG >/=10 mIU/mL had inferior 
OS and RFS compared to patients with βHCG <10 mIU/mL. 
Therefore, the prognostic significance of a minimal eleva-
tion in βHCG should be further investigated. In our study as 
well, we did not find large tumors with worse outcomes, 
unlike other studies.19

The metastatic stage did not affect RFS, but it affected 
OS. To explain this contradictory finding, we studied the 
causes of deaths, which were explained by the excess 
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Fig. 3 Survival outcomes of patients diagnosed with intracranial germinoma according to primary tumor sites. A.  Overall survival and 
B. recurrence-free survival of patients without metastasis according to primary tumor sites. C. Overall survival and D. recurrence-free survival 
with an indication of recurrence sites in patients with bifocal tumors according to radiation volume.
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number of deaths from non-cancer-related causes in M+ 
patients. The results suggested that the metastatic stage 
did not add additional risks to tumor-related deaths. In M+ 
patients, survival outcomes did not also differ according to 
chemotherapy use, but differed according to RT volumes, 
with the best being results in the CSI group.

Furthermore, although we found that younger patients had 
a trend toward worse RFS, other studies have been unable to 
produce the same finding.13 Younger patients showed unique 
clinical features in our study, such as no male predominance, 
less metastasis, and a higher rate of teratoma component. 
Additionally, younger patients were prone to late relapse. 
These results suggested the possibility that younger patients 
had unique genomic features or tumor ontogeny.

Four patients developed secondary malignancies, of 
which three were intracranial. No case of chemotherapy-
related myeloid neoplasm in this study was observed. 
Several studies have shown that the incidence of secondary 
malignancies was significant.28,29 A  large, single-center 
study with a longer follow-up showed that of 189 patients 
diagnosed with intracranial germinoma, secondary malig-
nancies developed in ten patients (5.3 %), including 5 pa-
tients with glioblastoma with a latency period of 20 years 
(range, 4–26 years), which caused mortality in 6 of the 10 
patients.7 This result emphasizes that the risk of the second 
malignant neoplasm in the radiation field cannot be over-
looked. However, a recent study showed a lower incidence 
of secondary malignancies due to recent efforts to reduce 
RT doses.9 Comparing with previous findings, the incidence 
of secondary malignancies in this study was lower, which 
may reflect a recent trend to lower RT doses. In addition, 
the incidence may have been underestimated due to the 
multicenter, retrospective nature of this study.

As the prognosis of germinoma is excellent, a greater 
emphasis should be placed on survivorship. In trying to re-
duce radiotherapy fields, adverse effects of chemotherapy 
should be considered. Long-term toxicities of RT are also 
proposed to be mitigated with proton therapy. Thus, dose 
calculation studies of WVI and CSI have shown increased 
normal organ sparing with intensity-modulated proton 
therapy.30,31 Early clinical reports of reduced toxicity with 
proton therapy for CSI have also been published.32–34 
Therefore, in considering future directions of clinical trials, 
it should be questioned whether there are clinical situ-
ations where chemotherapy still plays an essential role in 
CNS germinoma, or to what extent the radiation dose and 
volume can be reduced without chemotherapy.

Several limitations were encountered in our study. 
First, due to its retrospective nature, data collection was 
not comprehensive. Hence, our study did not provide in-
formation on acute toxicities and long-term quality of life. 
Also, a lot of heterogeneity exists in this study, not just in 
management, but also in the ethnicity of patients, espe-
cially in mixed-race societies like Singapore.35 There are 
also variations in diagnosis, staging, and follow-up. Non-
uniformity of CSF sampling can be seen, as some patients 
had lumbar, and some ventricular CSF sampling, while 
some had not done. For this reason, the number of M1 
patients might have been underestimated. Furthermore, 
some patients were not also confirmed with histology. We 
did not perform a central review of neuroimages. However, 
the MRIs were interpreted by radiologists subspecializing 

in neuroradiology or pediatric radiology in tertiary insti-
tutions. As relapse and death events were small, the find-
ings from the multivariable analysis should therefore be 
interpreted with caution. Nevertheless, this study is also 
not without its strengths. It is the first Asian multinational 
study, and patients were managed at tertiary institutes with 
dedicated pediatric neuro-oncology services. Although dif-
ferent institutions had previously reported their outcomes 
separately, this joint effort resulted in more rigor with 
bigger numbers.28,36,37 The follow-up duration was also suf-
ficiently long to capture most subsequent relapses.

In conclusion, survival outcomes of patients with 
germinoma were excellent, with varying outcomes depending 
on primary tumor locations, metastasis, and radiation volume. 
Thus, the focus of treating intracranial germinoma should be 
on survivorship. Additionally, no differences in disease con-
trol with or without chemotherapy were observed, which 
raises questions about additional benefits and the exact role 
of chemotherapy in intracranial germinoma. However, further 
prospective studies with a larger number of patients are war-
ranted to confirm these results and find the exact role and the 
optimal intensity of each treatment modality, considering age, 
primary tumor location, and extent of disease.
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