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Central nervous system (CNS) germ cell tumors (GCT)
have not been epidemiologically well described. Our
study describes 2 population-based series of nonpineal
CNS GCT. Data on all primary (malignant and nonma-
lignant) CNS (ICD-O-3 sites: C70.0-C72.9, C75.1-
C75.3) GCT diagnosed between 2000 and 2004 from
the Central Brain Tumor Registry of the United States
(CBTRUS) and on all malignant GCT diagnosed
between 1992 and 2005 from the Surveillance,
Epidemiology, and End Results (SEER) were analyzed.
Of 234 nonpineal GCT in CBTRUS, the most
common site was brain, NOS (31.6%). Males had a
greater frequency (59.7%) than females (40.3%).
However, by age group, the male-to-female incidence
rate ratio (IRR) differed: children (0—14 years) had an
IRR of 1.1, young adults (15-29 years) an IRR of 2.3,
and adults (aged 30+) an IRR of 1.0. For children
and young adults, most tumors were malignant
(86.8% and 89.0%, respectively), whereas for adults,
more than half were nonmalignant (56.8%).
Germinoma was the most frequent diagnosis (61.5%).
In SEER, the frequency of malignant GCT in the CNS
(2.5%) was greater than that in the mediastinum
(2.1%). Of 408 malignant CNS GCT, 216 (52.9%)
were nonpineal. The male-to-female IRR was 1.5.
Overall relative survival for nonpineal CNS malignant
GCT was 85.3% at 2 years, 77.3% at 5 years, and
67.6% at 10 years. Previous studies of GCT that have
not stratified by site have suggested greater gender dis-
parity. Nonpineal CNS GCT show no significant
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gender preference, yet have outcomes similar to pineal
GCT.
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ost germ cell cancers are gonadal in origin.

| \ / I Other primary sites are commonly in midline

structures, including mediastinal, retroperito-

neal, sacral areas, or the pineal gland. Germ cell

tumors (GCT) in these extra-gonadal sites share histo-

pathologic features with gonadal GCT, and clinically,

the treatment goal of no residual tumor (ie, cure)
remains the same regardless of the site.!?

Intracranial GCT can be divided pathologically into
two histologic patterns: germinoma (GGCT) and non-
germinoma GCT (NGGCT).? GGCT are histologically
identical to the gonadal counterparts of seminoma
(testes) and dysgerminoma (ovary) and are highly sensi-
tive to radiotherapy and chemotherapy with high cure
rates. NGGCT, however, have a poorer prognosis.
GGCT account for 55%-65% of intracranial GCT
and NGGCT account for the remaining 35%-45%.
NGGCT comprises a heterogeneous group of tumors
that include pure or mixed (more common) populations
of germ cell elements including embryonal carcinoma,
endodermal sinus tumor, choriocarcinoma, malignant
teratoma, and/or mature or immature teratoma.

The descriptive epidemiology of malignant GCT in
the pineal gland has been previously published by our
group.® Data on 1467 cases of malignant pineal GCT
were obtained using 3 different databases: the
Surveillance, Epidemiology, and End Results (SEER)
database; the Central Brain Tumor Registry of the
United States (CBTRUS); and the National Cancer
Data Base (NCDB). This included a vastly greater
number of cases than previously published literature,
which was mostly case reviews from single institutions
or larger series that did not separate pineal germ
cell cancers within central nervous system (CNS)
germ cell cancers.”” Notable in our study was an
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unexpectedly high male-to-female ratio of 15:1 com-
pared with the literature of 4:1.°~® This increased
male-to-female ratio led us to our current epidemiologi-
cal investigation of nonpineal CNS germ cell cancers,
whose incidence is nearly the same as pineal region
germ cell cancers.”

Methods

Data on all primary (malignant and nonmalignant) GCT
located in a brain or CNS site (ICD-O-3 site codes:
C70.0-C72.9 and C75.1-C75.3)° from the Central
Brain Tumor Registry of the United States'® for cases
diagnosed between 2000 and 2004 and data from all
malignant GCT located in a brain or CNS site from
the SEER (13 registries limited-use data set, April
2008)"! for cases diagnosed between 1992 and 2005
were analyzed. CBTRUS compiled population-based
incidence data on all primary brain and CNS tumors,
regardless of biologic behavior, representing approxi-
mately 30% of the US population. Data were provided
to CBTRUS from 16 state cancer registries (AZ, CO,
CT, DE, ID, ME, MA, MN, MT, NM, NY, NG, Rl
TX, UT, and VA). The SEER program is sponsored by
the National Cancer Institute and collected population-
based incidence and survival data on all primary malig-
nant cancers prior to 2004 and on all primary brain
tumors, regardless of behavior, beginning in 2004. Five
states (CT, HI, TIA, NM, and UT) and 8 population-
based areas/groups (Atlanta, Detroit, San Francisco—
Oakland, Seattle-Puget Sound, San Jose—Monterey,
rural Georgia, Alaska Natives, and Los Angeles) were
included, representing approximately 14% of the US
population. These two databases are not mutually exclu-
sive (17 cases were included in both data sets); however,
data analysis and interpretation were conducted separ-
ately for each database. Cases diagnosed at autopsy
were excluded from both data sets.

Germ cell tumors were selected by using ICD-O-3 his-
tology codes 9060-9091 and 9100. The identified cases
were then grouped into the following histologic subcate-
gories: germinoma (9060, 9061, 9064, and 9065), tera-
toma (9080, 9082, and 9084), and mixed germ cell
tumor (9081 and 9085). The “other” histologic subcate-
gory (9062, 9063, 9070-9073, 9083, 9090-9100) had
too few cases to report as a group. CNS tumors were
defined by ICD-O-3 site codes C70.0-C72.9 and
C75.1-C75.3. Pineal were identified by site code
C75.3, whereas nonpineal brain were identified by
C70.0-C72.9, C75.1, and C75.2. Mediastinum
tumors were identified by site codes C38.1-C38.3, and
sacrococcygeal region tumors were identified by site
codes C44.5, C47.5, C49.5, and C76.3. The suprasellar
region was defined as any tumor occurring in the follow-
ing site codes: C71.5 (ventricle), C71.9 (brain, NOS),
C72.9 (other CNS, NOS), and C75.1 (pituitary).
Age groups were defined in the following way: children
(0-14 years), young adults (15-29 years), and adults
(30+ years).
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Frequencies and incidence rates were estimated for
both data sets using the SEER*Stat 6.4.4 software.'?
Incidence rates were age adjusted to the 2000 US stan-
dard population. Survival rates were estimated from
the SEER data set for those with malignant nonpineal
CNS GCT. Relative survival was defined as the observed
probability of survival adjusted for the expected survival
rate of the US population for that age, sex, and race.
Survival time was calculated from the date of diagnosis
to the date of death or last contact. Patients who were
alive were censored at the date of last contact. Survival
rates were not estimated for categories with fewer than
10 cases. SEER*Stat version 6.4.4 was utilized to
obtain relative survival rates in 1-year intervals for a
period of up to 10 years using the life-table method to
properly account for right censoring. The Kaplan-
Meier product-limit method was used to estimate
observed survival in 1-year intervals for a period of up
to 10 years, and comparisons were made using the
log-rank test.

Evaluation of first course of treatment was limited to
cases identified from SEER (surgery and radiation
therapy). Chemotherapy, hormonal, and immunother-
apy treatment variables were not available for analyses.
The variable for radiation therapy was categorized as
“yes” (those patients who received any form of radiation
therapy) or “no” (patients who received no radiation
therapy). The variable for surgery was defined as “yes”
(patients receiving any type of definitive or cancer-
directed surgery) or “no” (patients who did not
undergo definitive or cancer-directed surgery or who
received exploratory or biopsy surgery only).

To capture the maximum number of article citations, we
conducted a MEDLINE and PubMed search using key-
words “CNS and Germ Cell Tumors”. This resulted in
2111 references. Relevant abstracts were identified for
further review. Only 18 studies contained division of GCT
by gender and location. Information was extracted regard-
ing patient’s gender, histology, and location of tumor.

Results

Three hundred and sixty-three malignant and nonmalig-
nant GCT were identified in the CBTRUS data. Of these,
129 (35.5%) were located in the pineal region. Of the
remaining nonpineal GCT (17 = 234; Table 1), the most
common site was the brain, NOS (31.6%), followed by
the ventricles (17.1%), the pituitary (14.1%), and the cer-
ebrum (9.8%). Sites comprising the suprasellar region
accounted for 64.5% of the nonpineal GCT. The
majority of nonpineal CNS GCT were found in those
aged 0—14 years (45.3%), followed by those aged 15—
29 years (38.9%), with adults over age 30 having the
lowest frequency (15.8%). For both children and young
adults, the majority of their tumors were malignant
(86.8% and 89.0%, respectively), whereas for adults,
more than half of the GCT were nonmalignant
(56.8%). Germinoma (61.5%) was the most frequent
diagnosis, followed by teratoma (27.8%) and mixed
GCT (8.5%). The overall incidence rate for nonpineal
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Table 1. Frequencies and incidence rates for nonpineal CNS germ cell tumors from CBTRUS (2000-2004) and SEER (1992-2005; 13

registries) data

Characteristics

CBTRUS (malignant and nonmalignant)

SEER (malignant only)

n(%) Incidence (95% CI) n (%) Incidence (95% CI)
Male 139 (59.4) 0.059 (0.050, 0.070) 134 (62.0) 0.048 (0.040, 0.057)
Female 95 (40.6) 0.042 (0.034, 0.052) 82 (38.0) 0.031 (0.024, 0.038)
0-14 years 106 (45.3) 0.109 (0.089, 0.132) 120 (55.5) 0.103 (0.085, 0.123)
15-29 years 91 (38.9) 0.096 (0.077, 0.117) 74 (34.3) 0.067 (0.052, 0.084)
30+ years 37 (15.8) 0.014 (0.010, 0.019) 22 (10.2) 0.007 (0.004, 0.010)
White 188 (80.3) 0.051 (0.044, 0.059) 153 (70.8) 0.037 (0.032, 0.044)
Black N/A N/A 18 (8.3) 0.026 (0.016, 0.042)
Other 31(13.3) 0.124 (0.084, 0.179) 45 (20.8) 0.066 (0.048, 0.089)
Malignant 189 (80.8) 0.041 (0.035, 0.047) 216 (100) 0.039 (0.034, 0.045)
Nonmalignant 45 (19.2) 0.010 (0.007, 0.013) — —
Selected primary sites
Suprasellar region® 151 (64.5) 0.033 (0.028, 0.039) 130 (60.2) 0.024 (0.020, 0.028)
Ventricle 40 (17.1) 0.009 (0.006, 0.012) 24 (11.1) 0.004 (0.003, 0.006)
Brain (NOS) 74 (31.6) 0.016 (0.013, 0.020) 68 (31.5) 0.013 (0.010, 0.016)
Pituitary gland 33 (14.1) 0.007 (0.005, 0.010) 38 (17.6) 0.007 (0.005, 0.010)
Cerebrum 23 (9.8) 0.005 (0.003, 0.007) 34 (15.7) 0.006 (0.004, 0.009)
Selected histologies
Germinoma 144 (61.5) 0.031 (0.026, 0.037) 154 (71.6) 0.028 (0.024, 0.033)
Teratoma 65 (27.8) 0.014 (0.011, 0.018) 31 (14.4) 0.006 (0.004, 0.008)
Mixed germ cell tumor 20 (8.5) 0.004 (0.003, 0.007) 22 (10.2) 0.004 (0.003, 0.006)

N/A, Numbers too small to report.
“Includes all tumors in site codes C71.5, C71.9, C72.9, and C75.1.

GCT based on the CBTRUS data was 0.051/100 000
(95% CI: 0.045-0.058), which is significantly higher
than the incidence of pineal GCT (0.028, 95% CI:
0.023-0.033). Overall, males had a greater frequency
and a significantly higher incidence of nonpineal GCT
than females (incidence rate ratio [IRR]=1.40, P =
.01; Table 1). However, the male-to-female IRR differed
by age group, with children (0-14 years) having an
IRR = 1.1 (P > .05), young adults (15-29 years) an
IRR = 2.3 (P <.005), and adults (30+ years) an IRR =
1.0 (P > .05; Fig. 1). Male-to-female IRRs also differed
by behavior, with males having a significantly higher inci-
dence of malignant nonpineal GCT (IRR =1.64; P =
.001), but a lower incidence of nonmalignant tumors,
all of which were teratomas (IRR = 0.73; P > .05).
Four hundred and eight malignant GCT were ident-
ified in CNS site codes in the SEER data. As a compari-
son, the number of cases identified in the mediastinum
(n=349) and the sacrococcygeal region (7= 99) are
presented in Table 2. Of the CNS malignant GCT, 216
(52.9%) were nonpineal (Table 1), with the most
common site being brain, NOS (31.5%), followed by
pituitary (17.6%), cerebrum (15.7%), and ventricles
(11.1%). Over a half of nonpineal CNS GCT were
found in those aged 0-14 years (55.5%), and the inci-
dence progressively decreased in the young adult and
adult groups. Stratified by race, the highest incidence
rates were found in the “Other” race category, followed
by Whites and Blacks. As in the CBTRUS data, germi-
noma was the most frequently diagnosed histology.

Sixty-two percent of nonpineal malignant CNS GCT
occurred in males, with a male:female IRR of 1.6. A
pattern similar to that found in the CBTRUS data was
seen for male:female IRRs with the IRR in young
adults statistically significantly higher than the IRR in
children, and higher than the IRR in adults, although
the difference was not statistically significant (Fig. 1).

A literature review was performed to assess if a lower
male:female frequency ratio had been present in the lit-
erature for nonpineal CNS GCT, but unidentified due
to the limited number of cases in each study. Eighteen
studies provided location of tumor, gender, and his-
tology. A total of 123 cases were identified that did
not involve the pineal region and resulted in a male:fe-
male frequency ratio of 1.0 (Table 3).

Survival data were available from the SEER (1992—
2005) database for 207 malignant nonpineal CNS
GCT. Opverall relative survival was 87.9% at 1 year,
85.3% at 2 years, 77.3% at 5 years, and 67.6% at 10
years. At 5 years postdiagnosis, relative survival rates
did not differ significantly from each other by site
(location), gender, or race (data not shown). Survival
rates did differ by histology, however, with germinomas
having the highest 5-year survival (86.4%) and terato-
mas having the lowest 5-year survival (50.2%; Fig. 2).

Information on radiation therapy as a first course of
treatment was available for 203 malignant nonpineal
CNS GCT. Of these, 156 (76.8%) received some form
of radiation treatment, whereas 47 received no radiation
treatment. Five-year relative survival was significantly
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Fig. 1. Male-to-female IRRs by age at diagnosis for CBTRUS (2000—-2004) and SEER (1992-2005) data.

Table 2. Number of malignant germ cell tumor cases at select
sites; SEER data (1992-2005; 13 registries)

First or only primary  All primary tumors

(n [%]) (n[%])
All germ cell 15 824 16 377
tumors
CNS 407 (2.6) 408 (2.5)
Pineal 192 (1.2) 192 (1.2)
Nonpineal brain 215 (1.4) 216 (1.3)
Mediastinum 339 (2.1) 349 (2.1)
Sacrococcygeal 99 (0.6) 99 (0.6)
region

better for those who received radiation treatment
(86.5%) than for those who did not (47.2%).
Information on site-specific surgery was only available
for 89 subjects. Of these, 52 (58.4%) received some
form of surgery. Five-year relative survival estimates
did not significantly differ between those who received
some form of surgery and those who did not (71.3%
vs 83.7%, respectively).

Discussion

CNS GCT are highly treatable and an understanding of
the biology gives insight to the disease. Our epidemiol-
ogy findings, with support from the review of the litera-
ture, demonstrate different gender incidence patterns
dependent on site incidence. Why this is so within a
complex structure as the brain is unknown, but with
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the young age of most patients, it may be likely rooted
in CNS development.

There are two prevailing theories on the development
of CNS germ cells. The “germ cell theory” proposes that
primordial germ cells (PGCs) are misplaced in migration
and are the same both intracranially and extracra-
nially.'*> The PGCs appear in the yolk sac of the
embryo during the 3-4th week of gestation and
although their normal destination (via the dorsal mesen-
tery of the hindgut) is the ovaries or testes, they may
aberrantly migrate and rest mainly in midline sites,
such as the mediastinum, sacrococcygeal region, and
the third ventricle (Fig. 3)."*~'® The other theory pro-
poses a widespread distribution of germ cells during
normal embyrogenesis in the brain, thymus, liver, and
bone marrow, and that these cells provide important
regulatory functions at these sites and are biologically
distinct from PGC.'” Intracranial germ cell cancers,
therefore, are part of an endogenous neural progenitor
cell population, and distinct from extracranial PGCs.
To investigate these possibilities, micro-RNA (miRNA)
expression patterns have been utilized to identify
tumor tissue of origin, as miRNA often have a critical
role in cellular regulation.'® Murray et al. analyzed
miRNA data on 48 samples that included 34 pediatric
samples of malignant CNS GCT. When compared with
gonadal germ cell cancers, a distinct miRNA expression
(known as a heat map) for CNS germinomas was found
(P <.001)."” However, previous analyses at the
genomic-level have indicated CNS GCT are similar to
gonadal germ cells,”®*! leaving the debate unresolved.

As to why a large gender difference is present for
malignant germ cell cancer in the pineal gland (15:1),*
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Author Year Nonpineal GCT M:F cases

Allen et al.*® 1987 Suprasellar (6F) 1:06
Fourth ventricle (1M)

Chang et al.?” 1989 Suprasellar (7M/4F) 9:04
Parasellar (1M)
Basal ganglia (2M)

Nakagawa et al.?® 1992 Suprasellar (1M/1F) 1:01

Fuller et al.*® 1994 Third ventricle (1M) 3:02
Suprasellar 2M/2F)

Chang et al.>° 1995 Suprasellar (4F) 0:06
Thalamus (2F)

Robertson et al.3” 1997 Suprasellar (1M/4F) 1:05
Cerebral hemisphere (1F)

Baranzelli et al.>? 1997 Suprasellar (3M/7F) 5:07
Tentorial 2M)

Bamberg et al.*3 1999 Suprasellar (1M) 1:01
Third ventricle (1F)

Tada et al.®* 1999 Suprasellar (2M/2F) 2:02

Ushio et al.* 1999 Suprasellar (4F) 0:04

Merchant et al 3¢ 2000 Suprasellar (3M/2F) 3:02

Sugiyama et al.>” 2001 Fourth ventricle (1M ) 8.08
Neurohypophesis (5M/7F)
Basal ganglia 2M/1F)

Janmohamed et al.3® 2002 Suprasellar (6M/5F) 6:05

Kellie et al.>® 2004 Nonpineal (6M/6F) 1:01

Kellie et al.*® 2004 Suprasellar/frontal lobe (1M) 8:01
Suprasellar (6M/1F)
Other (1M)

Phi et al.*! 2005 Foramen of monro (1F) 2:01
Temporal (1M)
T4-T12 (1M)

Crawford et al.*? 2007 Suprasellar (2M/5F) 4:06
Periventricule /mixed (2M/1F)

Wong et al.*® 2008 Thalamus (6M) 6:00

Total 61:62 (ratio 0.98:1)

but not the rest of the CNS is left for speculation. It is poss-
ible that germ cell progenitor cells are present at both sites
(pineal and suprasellar) equally in both genders, but neo-
plastic transformation preferentially occurs in males in
the pineal gland (eg, due to physiological/hormonal
changes in puberty). Alternatively, the pineal region in
males may have a unique developmental attraction for
germ cell progenitor cells, leading to malignant
transformation in a small percentage. Analysis of the
male-to-female IRR for all primary (malignant and
nonmalignant) CNS GCT from the CBTRUS data
was 2.23, whereas the IRR for malignant CNS GCT
from the SEER data was 3.27. These male-to-female
ratios of all primary CNS GCT are more in line with
othejrépgblished accounts of a male-to-female ratio of
4:1.°7

Gender differences are common in germ cell cancers:
the overall male-to-female incidence ratio of malignant
GCT in the SEER data was about 9 to 1. The mediasti-
num, a common extragonadal site for germ cell
disease, also has clear gender differences. Similar to the
higher incidence of malignant and lower incidence of
nonmalignant nonpineal CNS GCT in males presented

here, most (>90%) of malignant GCT in the mediasti-
num occur in males, but benign GCT (mature teratomas)
occur in approximately equal frequency in males and
females.!>**** In the SEER data presented here, the
male-to-female IRR was 16.7 for malignant GCT in
the mediastinum (data not shown). In gonadal GCT,
there are also notable differences. In females, GCT are
slightly more common, however, benign GCT (mature
teratomas or dermoid tumors) predominate.’*
Similarly, in the sacrococcygeal region, the incidence
of malignant GCT predominates in females, with a
male-to-female IRR of 0.63 in the SEER data presented
here. Overall, malignant GCT are more common in
males and are increasing in incidence, whereas in
females the incidence is decreasing.***

Our findings from the SEER data demonstrate a
slightly larger number of primary GCT in the CNS than
in the mediastinum, which was unexpected, as the latter
is considered to have the highest incidence of extragona-
dal GCT."***> However, our SEER analysis excluded
benign GCT, which are mature/immature teratomas.
Although the number of cases is small, the estimates are
consistent with both sites being routinely involved.
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Fig. 2. Survival estimates in those with malignant nonpineal GCT by histology and, separately, for the suprasellar region using SEER

(1992-2005) data.

Fig. 3. Sagittal view of brain, demonstrating common sites for
primary CNS germ cell involvement with the pineal gland in
green and the suprasellar and the third ventricular area in yellow.

The limitations regarding our data include a small
degree of case overlap between registries (17 cases were
included in both datasets). To prevent biasing the
results, data from the two databases were not combined
and each database was analyzed and results were pre-
sented and interpreted separately. We also recognize
that registry information lacks centralized imaging
review, for validation of site location. It is possible that
inherent, although unknown to us, bias within the registry
data has led to our current gender findings; for example,
awareness of the anatomy and association with germ
cell cancers and gender by the clinical team with trans-
lation to the tumor registrars. However, our findings are
corroborated by findings on the literature review.
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In summary, our findings of a smaller than previously
reported gender difference for nonpineal CNS germ cell
may indicate fundamental differences in the develop-
mental biology of intracranial GCT, as the CNS is a
common primary site for extragonadal involvement.
Nonpineal CNS appears to be a site where GCT do
not have large gender differences compared with pineal
and mediastinum GCT.
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