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Abstract
Purpose  Germ cell tumors (GCT) in the central nervous system (CNS) are rare tumors that occur with highest frequency in 
males, Asian populations, and children less than age 20 years. Due to the rarity of these tumors, their patterns of incidence 
are not well-described. The aim of this study is to provide the most up-to-date data on incidence and survival patterns for 
CNS GCT by sex, race, and age at diagnosis.
Methods  The Central Brain Tumor Registry of the United States (CBTRUS) is the largest aggregation of population-based 
incidence data on primary brain and other CNS tumors in the United States, containing incidence data from 51 central cancer 
registries and representing 100% of the US population. The current study used the CBTRUS analytic file to examine inci-
dence (IR) of CNS GCT from 2006 to 2015, as well as registry data from the Surveillance, Epidemiology, and End Results 
(SEER) program to examine survival.
Results  Males had greater IR than females in all CNS GCT histologies examined. Asian and Pacific Islanders had a signifi-
cantly greater IR of CNS GCT than the other race categories. We confirmed that CNS GCT IR was greatest for those age 
10–14 years and male. Overall survival rates were high for malignant CNS GCT, germinoma, mixed GCT, and malignant 
teratoma.
Conclusions  There is significant variation in CNS GCT incidence by sex, race, and age at diagnosis. Ascertaining accurate 
incidence and survival rates of CNS GCT provides vital information usable in real time for clinicians, public health plan-
ners, patients, and their families.
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Introduction

Germ cell tumors (GCT) in the central nervous system 
(CNS) are rare, presenting at an overall incidence rate (IR) 
of 0.10 per 100,000 person-years in the United States (US) 
[1–5]. Additionally, CNS GCT represent less than 5% of all 
CNS tumors and 3–11% of all pediatric brain tumors [1–4, 
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6, 7]. Common sites for CNS GCT include the pineal and 
suprasellar regions [6–10]. These tumors can cause a wide 
range of symptoms, including increased intracranial pres-
sure, visual tract involvement, and endocrine abnormalities 
[1, 8]. Males are more than twice as likely to be diagnosed 
with CNS GCT compared to females (IR for males = 0.13 
per 100,000, IR for females = 0.06 per 100,000), and it has 
been reported that males have a 15-fold increased incidence 
of GCT in the pineal region compared to females [1, 2, 5, 
11, 12]. Approximately two-thirds of CNS GCT are germi-
nomas (synonymous with dysgerminoma and seminoma), 
while the remaining one-third are classified as non-germino-
matous germ cell tumors (NGGCT), which include teratoma 
(mature—benign or immature—malignant), embryonal car-
cinoma, yolk sac tumor, or choriocarcinoma, either occur-
ring singly or, more commonly, admixed with or without a 
germinoma component (mixed malignant germ cell tumors) 
[1–4, 6, 8–11]. Germinomas are extremely sensitive to radia-
tion therapy, with 5-year survival rates reported to exceed 
90% with radiation therapy alone [3, 8, 9, 11, 13]. Patients 
with NGGCT, on the other hand, have very poor outcomes 
when treated with radiation therapy alone (5-year survival 
rates less than 15–20%), with improvements now reported 
as high as 76% 5-year survival after treatment with radia-
tion therapy and chemotherapy in adults, and as high as 93% 
after treatment with combined neoadjuvant chemotherapy 
and radiation in children [3, 8, 10, 11, 13, 14]. Due to the 
rarity of these tumors, their patterns of incidence are not 
well-described. The objective of this report is to provide 
the most up-to-date data on incidence and survival patterns 
for CNS GCT by sex, race, and age at diagnosis for the US.

Materials and methods

Data collection

This study was approved as an exempt study by the Univer-
sity Hospitals Cleveland Medical Center Institutional Review 
Board. The Central Brain Tumor Registry of the United States 
(CBTRUS) data were provided through an agreement with the 
Centers for Disease Control and Prevention (CDC), National 
Program of Cancer Registries (NPCR) and from the research 
data file of the National Cancer Institute’s (NCI) Survival, Epi-
demiology, and Ends Results (SEER) program. The CBTRUS 
is the largest aggregation of population-based incidence data 
on primary brain and other central nervous system tumors 
in the US, containing incidence data from 51 central cancer 
registries (CCR) (46 NPCR and 5 SEER) and representing 
100% of the US population [15]. The current study used the 
CBTRUS analytic file to examine incidence (IR) of primary 
CNS GCT from 2006 to 2015, as well as registry data from the 
NCI SEER program for 18 registries. Unless noted, incidence 

analyses are from the CBTRUS dataset, while the SEER 
data were used for survival analyses. All IR were adjusted 
to the 2000 US standard population. Population estimates for 
2006–2015 were provided by the US Census American Com-
munity Survey (ACS) Demographic and Housing Estimates to 
determine IR of specified Asian subpopulations. Our analysis 
included histologically or radiologically confirmed newly diag-
nosed primary malignant and non-malignant germ cell tumors 
with the following International Classification of Diseases for 
Oncology, Third Edition (ICD-O-3) histology codes: 9060/3, 
9061/3, 9064/3 (germinoma), 9065/3, 9085/3 (mixed germ cell 
tumor), 9080/0 (teratoma, benign), 9080/3, 9081/3, 9082/3, 
9084/3 (teratoma, malignant), 9080/1 (teratoma, NOS), 9071/3 
(yolk sac tumor), 9070/3 (embryonal carcinoma, NOS), and 
9100/3 (choriocarcinoma). The following ICD-O-3 site codes 
were included: C70.0–C70.9, C71.0–C71.9, C72.0–C72.5, 
C72.8–C72.9, C75.1–C75.3, and C30.0 (ICD-O-3 histology 
codes 9522–9523 only).

Statistical analyses

SEER*Stat statistical software was used to calculate the age-
adjusted IR per 100,000 population with corresponding 95% 
confidence intervals (95% CIs) for CNS GCT overall and 
by histology; these IRs were also examined by sex and race 
[16]. IR were considered to be significantly different between 
groups if the 95% CIs had no overlap. Proportions of Asian 
subpopulations by age interval for 2006–2015 were obtained 
from the American Community Survey (ACS) [17, 18]. These 
were used to create age-adjusted IR per 100,000 for specified 
Asian subpopulations using the dsrTest R package and the US 
2000 Standard Populations [19]. Asian subpopulations were 
defined as: East Asia (Chinese, Japanese, Koreans), Southeast 
Asia (Filipinos, Vietnamese), Polynesia (Hawaiians, Samoans, 
Pacific Islanders NOS), South Asia (Indians), and Other Asian. 
In addition, the distribution of primary site for the most com-
mon CNS GCT histology, germinoma, was determined. Sur-
vival was assessed by Kaplan–Meier and multivariable Cox 
proportional hazards regression and included age at diagnosis, 
sex, race, and radiation status for selected malignant histolo-
gies. Survival analyses were conducted using R version 3.1.5. 
Statistics were suppressed when counts were fewer than 16 
within a cell but included in totals except when data were sup-
pressed from only one cell within a category to prevent identi-
fication of the number in the suppressed cell.

Results

Patient demographics

For the years of diagnosis 2006–2015, there were 2240 
patients diagnosed in the United States with a CNS germ 
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cell tumor (GCT) (Table 1). The majority of CNS GCT 
were germinomas (67.3%). The majority of cases occurred 
in males (75.4%) and White persons (78.7%). The aver-
age age at diagnosis was 18 years, while the median age at 
diagnosis was 16 years. Almost one-fourth (24.6%) of the 
patients were diagnosed in the 10–14 years age group (551 
patients), with another 23.3% diagnosed in the 15–19 years 
age group (521 patients). Most GCT occurred in the pineal 
gland (949 patients; 42.4%). There were 1369 histologically 
confirmed (i.e. diagnosis confirmed at minimum by biopsy) 
germinomas (90.8%) and 637 NGGCT (86.9%), with the 
remaining cases having been diagnosed by radiography. In 
the subset from the SEER data, there were 695 patients diag-
nosed in the US with a CNS GCT, of whom 66.6% were 
diagnosed with germinoma in the decade 2006–2015. The 
SEER patient characteristics were similar to those of patients 
in the CBTRUS set. Over half of the patients in the SEER 
dataset (55.4%) underwent surgery (385 patients), while in 
another 42.3% of the patients (294 patients), did not receive 
surgery as it was not recommended. See Table 1 for a com-
plete listing of patient demographics.

Age‑adjusted incidence rates by sex in CBTRUS

Males had greater IR than females in all CNS GCT his-
tologies examined (Fig. 1). Overall, males had an IR of 
0.111 per 100,000 population (95% CI 0.105, 0.116), while 
females had an IR of 0.038 per 100,000 population (95% CI 
0.035, 0.041), which is statistically significant. The largest 
difference in IR was observed in mixed germ cell tumors, 
with males having an IR of 0.012 per 100,000 population 
(95% CI 0.011, 0.014) and females having an IR of 0.003 per 
100,000 population (95% CI 0.002, 0.004). For germinoma, 
males had an IR of 0.078 per 100,000 population (95% CI 
0.074, 0.083) compared to females who had an IR of 0.022 
per 100,000 population (95% CI 0.019, 0.024). For malig-
nant teratoma, males had an IR of 0.006 per 100,000 popula-
tion (95% CI 0.005, 0.008) compared to females who had an 
IR of 0.003 per 100,000 population (95% CI 0.002, 0.004). 
However, the difference margin became narrower for benign 
teratoma, with males having an IR of 0.008 per 100,000 
population (95% CI 0.007, 0.010) and females having an 
IR of 0.007 per 100,000 population (95% CI 0.006, 0.008).

Age‑adjusted incidence rates by race in CBTRUS

Asian and Pacific Islanders (API) had a significantly greater 
incidence of CNS GCT than the other race categories, with 
an IR of 0.136 per 100,000 population (95% CI 0.119, 
0.155) (Fig. 2a–d). API IR was followed by Whites, with 
an IR of 0.078 per 100,000 population (95% CI 0.074, 
0.081), Blacks, with an IR of 0.049 per 100,000 popula-
tion (95% CI 0.041, 0.054), and American Indians/Alaska 

Natives (AIAN), with an IR of 0.026 per 100,000 popula-
tion (95% CI 0.014, 0.047). API had a greater incidence 
of germinoma (IR = 0.093 per 100,000 population; 95% CI 
0.079, 0.109) compared to Whites (IR = 0.052 per 100,000 
population; 95% CI 0.059, 0.055), which in turn had a sig-
nificantly greater IR than Blacks (IR = 0.032 per 100,000 
population; 95% CI 0.027, 0.038) and AIAN (IR = 0.016 
per 100,000 population; 95% CI 0.007, 0.034). Blacks had 
a significantly lower incidence of mixed germ cell tumors 
(IR = 0.004 per 100,000 population; 95% CI 0.003, 0.007) 
than Whites (IR = 0.008 per 100,000 population; 95% CI 
0.007, 0.010) and API (IR = 0.016 per 100,000 population; 
95% CI 0.010, 0.023). Incidence of benign teratoma did not 
vary significantly by race.

Age‑adjusted incidence rates by Asian 
subpopulation in SEER

Using the SEER dataset for the decade 2006–2015, the API 
race category was further broken down by region in Asia. 
These included East Asia, Southeast Asia, Polynesia, South 
Asia, and Other Asian. Some Asian subpopulations were 
excluded due to having a count of zero for the time period 
analyzed. Asian subpopulations included in SEER but not 
in by the ACS were also excluded. The excluded races are 
as follows: Laotian, Hmong, Kampuchean, Thai, and Paki-
stani. Polynesians had the highest incidence (IR = 2.246 per 
100,000;95% CI 1.120, 3.758), followed by Other Asian cat-
egory (IR = 1.478 per 100,000, 95% CI 0.996–2.053), South-
east Asians (IR = 0. 837 per 100,000, 95% CI 0.580, 1.142), 
East Asians (IR = 0.702 per 100,000, 95% CI 0.499, 0.939), 
and South Asians (IR = 0.111 per 100,000, 95% CI 0.023, 
0.268) (Fig. 2e). However, some of the counts were small, 
so caution should be used while interpreting these results.

Frequencies by age at diagnosis in CBTRUS

Overall, CNS GCT frequency was greatest for those age 
10–14 years (24.6%) (Table 1, Fig. 3), which was followed 
closely by those age 15–19 years (23.3%). There was a con-
tinuous drop in frequency following 19 years of age. For 
germinoma, the frequency also peaked at 10–14 (28.9%) 
and 15–19 years of age (28.7%), with a continuous drop in 
frequency after 19 years of age. For mixed germ cell tumors, 
the frequency peaked at 10–14 years of age (35.2%), with 
the vast majority of patients being diagnosed between 5 
and 19 years of age (73.5%). For benign teratoma, the fre-
quencies were fairly consistent between the ages of 0 and 
24 years, with a sharp drop in frequency following 24 years 
of age. Over half of the patients with benign teratoma were 
diagnosed prior to age 25 years (55.3%).
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Table 1   CNS germ cell tumor 
patient characteristics by data 
source, CBTRUS [46 NPCR 
CCR and 5 SEER CCR] and 
SEER [all geographic regions], 
2006–2015

CBTRUS
(N = 2240)

SEER
(N = 695)

Frequency (%) Frequency (%)

Histology
 Germinoma (9060/3, 9061/3, 9064/3) 1507 (67.3%) 463 (66.6%)
 Mixed germ cell tumor (9065/3, 9085/3) 230 (10.3%) 73 (10.5%)
 Teratoma, benign (9080/0) 219 (9.8%) 57 (8.2%)

Teratoma, malignant (9080/3, 9081/3, 9082/3, 9084/3) 132 (5.9%) 49 (7.1%)
Teratoma, NOS (9080/1) 80 (3.6%) 30 (4.3%)
Yolk sac tumor (9071/3) 29 (1.3%) Suppressed
Embryonal carcinoma, NOS (9070/3) 24 (1.1%) Suppressed
Choriocarcinoma (9100/3) 19 (0.8%) Suppressed
Sex
 Male 1689 (75.4%) 537 (77.3%)
 Female 551 (24.6%) 158 (22.7%)

Race
 White 1763 (78.7%) 504 (72.5%)
 Black 223 (10%) 64 (9.2%)
 Asian or Pacific Islander 228 (10.2%) 119 (17.1%)
 Other or unknown Suppressed Suppressed

Age at diagnosis
 0 years 108 (4.8%) 27 (3.9%)
 1–4 years 59 (2.6%) 17 (2.4%)
 5–9 years 248 (11.1%) 87 (12.5%)
 10–14 years 551 (24.6%) 164 (23.6%)
 15–19 years 521 (23.3%) 173 (24.9%)
 20–24 years 297 (13.3%) 90 (12.9%)
 25–29 years 159 (7.1%) 45 (6.5%)
 30–34 years 98 (4.4%) 31 (4.5%)
 35–39 years 54 (2.4%) Suppressed
 40–44 years 38 (1.7%) Suppressed
 45–49 years 33 (1.5%) Suppressed
 50–54 years 19 (0.8%) Suppressed
 55–59 years Suppressed Suppressed
 60+ years 43 (1.9%) Suppressed

Primary site
 Pineal gland (C75.3) 949 (42.4%) 300 (43.2%)
 Other brain (C71.8–C71.9) 523 (23.3%) 127 (18.3%)
 Pituitary and craniopharyngeal duct (C75.1–C75.2) 167 (7.5%) 57 (8.2%)
 Ventricle (C71.5) 153 (6.8%) 51 (7.3%)
 Cerebrum (C71.0) 132 (5.9%) 53 (7.6%)
 Spinal cord and cauda equina (C72.0–C72.1) 75 (3.3%) 19 (2.7%)
 Frontal lobe (C71.1) 66 (2.9%) 22 (3.2%)
 Brain stem (C71.7) 58 (2.6%) 16 (2.3%)
 Temporal lobe (C71.2) 26 (1.2%) Suppressed
 Other nervous system (C72.8–C72.9) 23 (1%) Suppressed
 Cerebellum (C71.6) 22 (1%) Suppressed
 Cranial nerves (C72.2–C72.5) 20 (0.9%) Suppressed
 Meninges (C70.0–C70.9) 17 (0.8%) Suppressed
 Parietal lobe (C71.3) Suppressed Suppressed
 Occipital lobe (C71.4) Suppressed Suppressed
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Primary site distribution for germinoma in CBTRUS

Because germinomas comprised the largest proportion of 
CNS GCT, the primary site distribution was assessed for 
these tumors (Supplemental Figure 1). The most common 
site was the pineal gland (C75.3; 42.4%), followed by other 
brain (C71.8–C71.9; 23.3%), the pituitary and craniopharyn-
geal duct (C75.1–C75.2; 7.5%), ventricles (C71.5; 6.8%)., 
and cerebrum (C71.0; 5.9%).

Survival using SEER

Adjusting for age at diagnosis, sex (p = 0.848) and race 
(p > 0.418) were not found to be significant predictors of 
survival of malignant GCT. However, radiation therapy sta-
tus was shown to be a significant predictor of death, even 
after adjusting for age at diagnosis, with radiation therapy 
decreasing the hazard of death by 54.9% (HR = 0.451, 95% 
CI 0.283–0.718, p = 0.001), when compared to those with 
no radiation or unknown radiation status. Chemotherapy was 
also found to be statistically significant among all histologi-
cal types. Adjusting for age at diagnosis, those who received 
chemotherapy were 43.1% less likely to die at any given 
point in time (HR = 0.569, 95% CI 0.346–0.934, p = 0.026) 
when compared to those with no chemotherapy or unknown 
chemotherapy status. There were also significant differences 
by histology, when controlling for age at diagnosis. Within 
germinoma, receiving radiation therapy decreased the haz-
ard of death by 60.2% (HR = 0.398, 95% CI 0.173–0.913, 

p = 0.030), while sex and race were not significant predictors 
of death, controlling for age at diagnosis. However, radiation 
therapy was not a significant predictor of death within mixed 
germ cell tumors (p = 0.246) or within malignant teratoma 
(p = 0.777). Overall survival rates were high for malignant 
CNS GCT, germinoma, mixed germ cell tumors, and malig-
nant teratoma. Median survival rates could not be obtained 
for these histologies since survival did not drop below the 
50% rate. However, when stratifying by sex, median sur-
vival for females with malignant teratoma was found to be 
52 months (95% CI 8, N/A), though this sample was fairly 
small (malignant teratoma n = 48; female n = 16) which may 
account for the survival rate this specific subgroup dropping 
beneath 50%. See Table 2 for all survival results.

Discussion

Our analysis presents up-to-date data on incidence and sur-
vival rates by sex, race, and age at diagnosis on CNS GCT. 
Because CBTRUS data include NPCR and SEER CCR 
data, it represents an up-to-date approximation of 100% of 
all CNS tumors diagnosed in the US by histology, sex, race 
and age at diagnosis. Therefore, the data analyzed in this 
study are population-based, specific, and current. CBTRUS, 
its major contributor NPCR, and SEER provide essential 
central data resources for monitoring population-level pat-
terns of cancer. The NPCR central registries which provide 
data to CBTRUS, go to great lengths to only report cases 

Fig. 1   Age-adjusted incidence rates and 95% confidence intervals by sex for CNS germ cell tumors (CBTRUS, 2006–2015)
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for residents of their specific state, thereby eliminating the 
possibility of duplicate data for patients who may have trave-
led between states for their treatment [7]. SEER contains 
accurate data for survival analyses since it has been funded 
to collect follow-up on the cases in its dataset [7].

Germinomas comprised the largest proportion of CNS 
GCT in both SEER and CBTRUS data, with frequencies of 
66.6% and 67.3%, respectively. These frequencies support 
findings from other databases reporting that germinomas 
account for 61–77% of all CNS GCT cases [5, 11, 20, 21].

Much like other studies, our analyses demonstrated 
increased incidence rates for CNS GCT in males (IR: 0.111 
per 100,000) compared to females (IR: 0.038 per 100,000). 
A male predominance has been previously published, with 
reported incidence rate ratios ranging from 1.4 to 1.8 per 
100,000 for all CNS GCT, and as high as 3.1 per 100.000 in 
malignant germinomas [1, 5, 11].

Analyses of our data sources revealed that 42.4% 
(CBTRUS) and 43.2% (SEER) of CNS GCT were present 
in the pineal region. These frequencies were similar to past 
data collected from SEER registries (~ 46%) and the Brain 
Tumor Registry of Japan (46.5%) [1, 11], although a report 
using the American College of Surgeons Commission on 
Cancer National Cancer Data Base (NCDB) data found a 
frequency of 78.7% of all CNS GCT being located in the 
pineal gland. Unlike our analysis, this hospital-based report 
found a frequency that was 14.4 times higher in males than 
in females in the pineal region but demonstrated little differ-
ence in the non-pineal regions [1]. One unfortunate aspect of 
the analysis of tumor location from SEER and CBTRUS reg-
istries is the outdated terminology still employed; the sellar 
and suprasellar/hypothalamic regions are the second most 
prevalent location of CNS GCT after the pineal region, but 
most of these, other than those ascribed to the craniopharyn-
geal duct location, are “lost” within the “Other” category. 
It is commonly impossible to separate primary tumor site 
within this region anterior to the third ventricle, and GCT 
arising in this region should be assigned to a single location.

It has been reported that incidence of GCT is highest 
among those with East Asian ancestry, both continentally 
and in the US [1, 20, 21]. Incidence rates, found in both 
CBTRUS and SEER databases, were highest for API fol-
lowed by Whites, with incidence (CBTRUS) for API to 
be 0.136 per 100,000 and 0.078 per 100,000 for Whites. 
While it is known that incidence is highest among this demo-
graphic, there has been no previous systematic analysis done 
on incidence among specific Asian subpopulations within 
the US. Our analyses of specific Asian subpopulations found 

CNS GCT incidence highest among Polynesians (IR = 2.25 
per 100,000, 95% CI 1.12, 3.76), followed by Other Asians, 
Southeast Asians, East Asians and South Asians. These 
specific rates exclude subpopulations not provided by the 
ACS, and use data provided in the SEER data, and therefore 
cannot be directly compared to the overall API incidence 
rate calculated using all of CBTRUS. Also, these excluded 
subpopulations are primarily present in the South and South-
east Asian regions, potentially reducing the generalizability 
of this results.

Analysis of CBTRUS and SEER data found that peak 
ages at diagnosis were age 10–14 years with frequency 
percentages of 24.6% and 23.6% respectively, and age 
15–19 years with frequency percentages of 23.3% and 24.9% 
respectively. These results resembled trends found in past 
reports conducted on CNS GCT, which found that peak age 
at diagnosis occurred between ages 10 and 14 years, and 
then decreased over time [3, 5, 11, 17, 18].

Survival analysis using SEER data concluded that those 
who receive radiation and chemotherapy have better survival 
outcomes. Radiation treatment is highly effective in increas-
ing survival rates for patients with germinomas, though it 
is less effective for those with NGGCT [3, 8, 9, 11, 13]. 
Unfortunately, SEER does not distinguish between receiv-
ing no radiation and missing information, as is the case with 
chemotherapy, so it is possible that individuals who received 
radiation or chemotherapy but were not documented in 
SEER are represented in the No/Unknown category, which 
is a limitation to this study. The abundance of germinomas 
present in the dataset is likely responsible for the signifi-
cant survival advantage in receiving radiation for all GCT 
(HR = 0.451, 95% CI 0.283–0.718), as radiation therapy for 
NGGCT such as mixed germ cell tumor (HR = 0.461, 95% 
CI 0.124–1.707) and malignant teratoma (HR = 1.196, 95% 
CI 0.348–4.115) was not statistically significant.

Although the results presented here are valuable, there 
are some limitations. SEER collects information from 28% 
of the US population, thus making it difficult to extrapolate 
survival results to the entirety of the US. Cancer registries 
use multiple sources of information to identify cancer cases, 
including pathology and radiology used in this study. Two-
thirds of CNS GCT are germinomas, which are non-secret-
ing, require a biopsy for diagnosis [1]. Other limitations 
include biases from regional influences, examples of which 
include diagnostic practices, case definitions, or report-
ing patterns. Furthermore, there was no central pathology 
review in place for registry procedures, meaning that each 
case had been classified at the diagnosing institution with 
no central confirmation of histology at the state or national 
levels. The large data resources used in these analyses are 
also restricted by rules and regulations guiding cancer col-
lection, some of which can change over time, and therefore 
can inadvertently influence trends in data.

Fig. 2   Age-adjusted incidence rates and 95% confidence intervals 
by race and Asian subpopulation for CNS germ cell tumors (age-
adjusted for a–d) (CBTRUS 2006–2015 for panels a–d; SEER 2006–
2015 for panel e)

◂
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Fig. 3   CNS germ cell tumor frequencies by age at diagnosis (CBTRUS, 2006–2015)

Table 2   Cox proportional 
hazards survival results for CNS 
germ cell tumors overall and by 
histology (SEER, 2006–2015)

Factor Hazard ratio 95% CI p value

All malignant histologies (age-adjusted)
 Male versus female 1.055 (0.610–1.823) 0.848
 Black versus White 1.363 (0.644–2.884) 0.418
 API versus White 1.106 (0.601–2.035) 0.746
 Radiation versus no radiation/unknown 0.451 (0.283–0.718) 0.001
 Chemotherapy versus no chemotherapy/unknown 0.569 (0.346–0.934) 0.026

Germinoma (age-adjusted)
 Male versus female 1.209 (0.450–3.245) 0.707
 Black versus White 0.507 (0.068–3.802) 0.509
 API versus White 1.248 (0.498–3.130) 0.636
 Radiation versus no radiation/unknown 0.398 (0.173–0.913) 0.030
 Chemotherapy versus no chemotherapy/unknown 0.504 (0.222–1.147) 0.103

Mixed germ cell tumor (age-adjusted)
 Male versus female 1.602 (0.200–12.842) 0.657
 Black versus White 1.974 (0.241–16.163) 0.526
 API versus White 0.544 (0.067–4.394) 0.568
 Radiation versus no radiation/unknown 0.461 (0.124–1.707) 0.246
 Chemotherapy versus no chemotherapy/unknown 0.310 (0.069–1.390) 0.126

Teratoma, malignant (age-adjusted)
 Male versus female 0.350 (0.108–1.137) 0.081
 Black versus White 2.208 (0.477–10.224) 0.311
 API versus White – – –
 Radiation versus no radiation/unknown 1.196 (0.348–4.115) 0.777
 Chemotherapy versus no chemotherapy/unknown 0.785 (0.197–3.138) 0.734
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Conclusion

CNS GCTs are rare tumors that occur with highest frequency 
in males, Asian populations, and children 10–14 years old at 
diagnosis. There is significant variation in incidence by sex, 
race, and age at diagnosis. Further studies will be needed 
to evaluate potential explanations for these differences and 
may lead to clues into the etiology of these rare tumors. 
Nonetheless, ascertaining accurate incidence and survival 
rates of CNS GCT at the granular level of sex, race, and 
age at diagnosis provides vital information usable in real 
time for clinicians, public health planners, patients, and their 
families.
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