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Abstract
Purpose  Population-based cancer statistics, including histology-specific incidence, prevalence, and survival are essential to 
evaluating the total burden due to disease in a population. The National Cancer Institute’s (NCI) Comprehensive Oncology 
Network Evaluating Rare CNS Tumors (NCI-CONNECT) was developed to better understand tumor biology and patient 
outcomes for 12 selected brain and other central nervous system (CNS) tumor histologies that are rare in adults to improve 
approaches to care and treatment. The aim of this study was to determine the incidence, prevalence, and survival of these 
selected rare histologies.
Methods  Data from the Central Brain Tumor Registry of the United States (CBTRUS) from 2000 to 2014 were used to calcu-
late average annual age-adjusted incidence rates (AAIR) per 100,000 population overall and by sex, race, ethnicity, and age. 
NCI’s Surveillance, Epidemiology and End Results (SEER) data were used to calculate relative survival (RS) estimates. Point 
prevalence for 2014 was estimated using annual age-specific incidence and survival from CBTRUS and SEER, respectively.
Results  Overall AAIR was 1.47 per 100,000 for all 12 rare histologies combined, with the highest histology-specific incidence 
in oligodendrogliomas (AAIR = 0.40/100,000). Overall, most histologies were more common in males, adults (age 40 + ), 
Whites, and non-Hispanics. Ependymomas were the most prevalent histology at 4.11 per 100,000; followed by oligoden-
drogliomas at 3.68 per 100,000. Relative survival at 1-, 5-, and 10-years was 82.3%, 64.0%, and 55.4%, respectively for all 
12 selected brain and other CNS tumor types combined. Ependymomas had the highest RS (1-year = 94.2%, 5-year = 83.9%, 
10-year = 78.6%) and gliosarcomas had the lowest relative survival rate (1-year = 42.5%, 5-year = 5.6%, 10-year = 2.9%) at 
all three time points.
Conclusions  Incidence and prevalence of these rare brain and other CNS tumor histologies have not been previously reported. 
Along with survival, these data provide a statistical foundation to understand the impact of these cancers and provide impor-
tant disease-specific data for the design of prospective clinical trials.
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Introduction

Primary brain and other central nervous system (CNS) 
tumors are relatively rare, with an average annual age-
adjusted incidence rate (AAIR) of 23.03 per 100,000 for 
all malignant and non-malignant histologies [1, 2]. Atypi-
cal teratoid/rhabdoid tumor (AT/RT), brain stem and mid-
line glioma, choroid plexus tumors, ependymoma, high 
grade meningioma, gliomatosis cerebri, medulloblastoma, 
oligodendroglioma/anaplastic oligodendroglioma, pineal 
region tumors, pleomorphic xanthoastrocytoma/anaplastic 
pleomorphic xanthoastrocytoma, supratentorial embryo-
nal tumors/primitive neuroectodermal tumors (PNET), and 
primary CNS sarcoma, are rarer than other malignant CNS 
histologies [1].

Measuring tumor-specific incidence, prevalence, and 
survival are essential when evaluating the contribution 
of specific tumor-types to overall cancer burden in the 
United States population. The mission of the newly con-
vened National Cancer Institute’s (NCI) Comprehensive 
Oncology Network Evaluating Rare CNS Tumors (NCI-
CONNECT) is to advance understanding of CNS can-
cers that are rare in adults by establishing and fostering 
patient–advocacy–provider partnerships and networks to 
improve approaches to care and treatment. Understanding 
the incidence patterns and prevalence of these tumors is 
critical information that is necessary for planning clinical 
trials.

The Central Brain Tumor Registry of the United States 
(CBTRUS) and NCI-CONNECT together aimed to deter-
mine the incidence, prevalence, and survival of 12 selected 
rare brain and other CNS tumor histologies by age, race, 
ethnicity, and sex. These data will serve as the founda-
tion for clinical studies exploring education, community 
outreach, and clinical and treatment associated outcomes.

Materials and methods

Data collection

Incidence and frequency data were obtained from the 
CBTRUS analytic file from 2000 to 2014 containing inci-
dence data representing 100% of the US population. Data 
were derived from 51 central cancer registries, including 
the Centers for Disease Control and Prevention’s (CDC), 
46 National Program of Cancer Registries (NPCR) and 
five NCI Surveillance, Epidemiology, and End Results 
(SEER) registries. CBTRUS represents the most in depth 
source of cancer registry data for brain and CNS tumors in 
the US [1]. All tumors included in this analysis were newly 

diagnosed primary malignant tumors, and do not include 
recurrent tumors or metastases.

Survival data were obtained from the SEER analytic data-
base files for malignant brain and CNS tumors from 2000 to 
2014 [3], derived from 18 registries, representing approxi-
mately 28% of the US population, and are a subset of cases 
included in the CBTRUS dataset. All survival times were 
calculated based on the date of primary diagnosis.

Statistical analyses

This analysis included 12 primary malignant brain and other 
CNS tumor histology groups: AT/RT, brain stem and mid-
line gliomas, choroid plexus tumors, ependymoma, high 
grade meningioma, gliomatosis cerebri (as determined by 
imaging features), medulloblastoma, oligodendroglioma/
anaplastic oligodendroglioma, pineal region tumors, pleo-
morphic xanthoastrocytoma/anaplastic pleomorphic xan-
thoastrocytoma, PNET, and primary CNS sarcoma. The 
International Classification of Disease for Oncology, Third 
Edition (ICD-O-3) morphology codes for these histologies 
are in Supplemental Table 1. Ependymoma was assessed in 
more detail by site and histology (Supplemental Table 8).

Cases were stratified by race [White, Black, Other 
(Asians or Pacific Islanders and American Indians/Alaska 
Natives), ethnicity (Hispanic, non-Hispanic)], age (chil-
dren ages 0–14 years, adolescents and young adults (AYA) 
ages 15–39 years, adults ages 40–64 years, and older adults 
ages 65 + years), and sex. Cases where race was classified 
as unknown or unspecified were excluded from the data 
stratified by race but included in all other analyses. All rates 
were adjusted to the 2000 US standard population. AAIR, 
age-adjusted prevalence rates (AAPR), and their corre-
sponding 95% confidence intervals (95% CI) were calcu-
lated using newly diagnosed cases in SEER*Stat and are 
reported per 100,000 population. Incidence rate ratios (IRR) 
and corresponding 95% CIs and p-values were calculated in 
SEER*Stat using methods described by Fay [4, 5].

Relative survival (RS), which is a measure adjusting 
observed survival for expected rate of death due to other 
causes, was calculated using the SEER 18 registries in 
SEER*Stat 8.3.5 statistical software [6]. All survival esti-
mates presented are calculated based on the date of initial 
diagnosis, and only for individuals where the brain or other 
CNS tumor was their first diagnosed malignancy. RS rates 
were estimated at 1-, 5-, and 10-year intervals.

Point prevalence counts and AAPR in 2014 were calcu-
lated using age-specific CBTRUS incidence data and SEER 
observed survival data as described by Zhang et al. to esti-
mate the total number of surviving individuals who were 
diagnosed with a primary CNS tumor between 2000 and 
2014 [7]. When observed survival was not able to be calcu-
lated for an age stratum due to small sample size, the overall 
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observed survival was used. AAPR and their correspond-
ing 95% CI are reported per 100,000 population. Statistics 
were suppressed when fewer than 16 cases were reported, 
per CDC’s NPCR agreement with CBTRUS. However, these 
cases were included in overall counts. Figures were gener-
ated using R statistical software, version 3.5.1 [8].

Results

The overall total incidence of these 12 selected rare CNS 
histologies was 1.47 per 100,000 (95% CI 1.46–1.48) (Sup-
plemental Table 2). Oligodendroglioma and anaplastic oligo-
dendroglioma (AAIR = 0.40 per 100,000, 95% CI 0.40–0.41 
(Fig. 1a) had the highest incidence and represented 27% of 
cases across all selected histologies (Fig. 1b). Gliomatosis 
cerebri (AAIR = 0.01 per 100,000, 95% CI 0.01–0.01) had 
the lowest AAIR. Ependymoma had the highest estimated 
prevalence in 2014 (13,294 cases, AAPR = 4.11 per 100,000, 

95% CI 4.03–4.18), while prevalence of gliomatosis cerebri 
was lowest (247 cases, AAPR = 0.08 per 100,000, 95% CI 
0.07–0.09) (Fig. 1c; Supplemental Table 2).

The overall race-specific incidence of the 12 selected 
histologies was highest among the White population 
(AAIR = 1.56 per 100,000, 95% CI 1.55–1.57) and lowest 
among the Black population (AAIR = 1.05 per 100,000, 
95% CI 1.03–1.08, IRR = 0.68. p < 0.0001) (Supplemental 
Table 3). The largest difference was observed in oligoden-
drogliomas (White AAIR = 0.45, 95% CI 0.44–0.45, Black 
AAIR = 0.18, 95% CI 0.17–0.19, IRR = 0.40, p < 0.0001). 
The only histology to occur with a higher incidence among 
Black individuals was high-grade meningioma, where inci-
dence was 58% higher as compared to Whites (p < 0.0001) 
(Fig. 2).

Overall, incidence of the selected histologies was highest 
among non-Hispanics (AAIR = 1.15, 95% CI 1.50–1.52) as 
compared to Hispanics (AAIR = 1.27, 95% CI 1.24–1.30) 
(Supplemental Table 3). Most histologies occurred more 

Fig. 1   a Annual average age-adjusted incidence rates, brain and 
other central nervous system (CNS) tumors by selected histology, 
CBTRUS, 2000–2014; b Tumor distribution, brain and other CNS 
tumors by selected histology, CBTRUS, 2000–2014; c age-adjusted 

point prevalence rates, brain and other CNS tumors by selected his-
tology, CBTRUS and SEER, 2014; d 1-, 5-, and 10-year relative 
survival rates for brain and other CNS tumors by selected histology, 
SEER 18 Registries, 2000–2014
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frequently in non-Hispanics, with the largest difference in 
gliomatosis cerebri (IRR = 0.59, p = 0.0024). The exception 
to this pattern was medulloblastoma, where incidence was 
14% higher among Hispanics (IRR = 1.14, p = 0.0002).

Overall, AAIR was highest in adults age 65 + years 
(AAIR = 1.75 per 100,000, 95% CI 1.72–1.78) and low-
est in AYA (AAIR = 1.17 per 100,000, 95% CI 1.15–1.17) 
(Supplemental Table 4). While most of the 12 selected his-
tologies rarely occurred in children ages 0–14 years, it is 
interesting to note that the highest incidence among individ-
uals ages 0–14 years was in brainstem and midline gliomas 
(AAIR = 0.57 per 100,000, 95% CI 0.55–0.59) and medul-
loblastoma (AAIR = 0.36 per 100,000, 95% CI 0.35–0.37) 
(Fig.  3). Among AYA, the most commonly occurring 
histologies were oligodendrogliomas (AAIR = 0.43, 95% 
CI 0.42–0.44) and ependymoma (AAIR = 0.30, 95% CI 
0.29–0.31).

Among adults age 40–64 years, the highest incidence 
for oligodendrogliomas (AAIR = 0.64 per 100,000, 95% 
CI 0.63–0.65), and for ependymomas (AAIR = 0.48 per 
100,000, 95% CI 0.46–0.49) was found (Fig.  3). The 

Fig. 2   Annual average age-adjusted incidence rates for selected histologies by race and ethnicity, CBTRUS, 2000–2014

Fig. 3   Annual average age-adjusted incidence rates for selected his-
tologies by age group, CBTRUS, 2000–2014
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most frequently occurring histology in older adults (age 
65 + years) was high-grade meningioma. Multiple his-
tologies occurred at high frequency in this same age 
group, including high-grade meningioma (AAIR = 0.50 
per 100,000, 95% CI 0.48–0.52), gliomatosis cerebri 
(AAIR = 0.05 per 100,000, 95% CI 0.04–0.05), and primary 
CNS sarcoma (AAIR = 0.24 per 100,000, 95% CI 0.23–0.26) 
(Fig. 3).

The overall incidence of these 12 selected rare CNS 
tumors was higher among males (AAIR = 1.61 per 100,000, 
95% CI 1.60–1.63) compared with females (AAIR = 1.34 per 
100,000, 95% CI 1.33–1.36, IRR = 0.83, p < 0.0001) (Sup-
plemental Table 5). Oligodendrogliomas were the most com-
monly observed brain tumors in both males (AAIR = 0.46, 
95% CI 0.45–0.47) and females (AAIR = 0.35, 95% CI 
0.35–0.36). Most histologies occurred significantly more 
frequently in males, with the exception of AT/RT, cho-
roid plexus tumors, and pleomorphic xanthoastrocytoma 
in which there was no significant difference. Only two of 
the tumors studied were seen more commonly in females: 
high-grade meningioma (female AAIR = 0.13 per 100,000, 

95% CI 0.13–0.14, male AAIR = 0.10 per 100,000, 95% CI 
0.10–0.11, IRR = 1.29, p < 0.0001) and pineal region tumors 
(female AAIR = 0.04, 95% CI 0.04–0.04, male AAIR = 0.03, 
95% CI 0.03–0.03, IRR = 1.36, p < 0.0001) (Fig. 4).

While ependymoma had the second highest incidence 
(after oligodendrogliomas), in 2014, these tumors were the 
most prevalent of all selected histologies. The most com-
mon ependymoma subtype was ependymoma, not otherwise 
specified [NOS, most likely grade II by WHO classification 
(56%)], followed by myxopapillary ependymoma (18%), 
subependymoma (13%), anaplastic ependymoma (11%), 
and papillary ependymoma, NOS (1%) (Fig. 5). For epend-
ymoma, NOS 52% of cases were located in the spinal cord, 
15% in the brain stem, and 10% in the ventricles and non-
specified brain (Supplemental Table 6). In contrast, 99% 
of myxopapillary ependymomas were located in the spinal 
cord, with only 1% found in the brain. Subependymomas 
were found in the ventricles 47% of the time and 29% in the 
brain stem. Anaplastic ependymomas were the most widely 
distributed ependymomas by site, however these were most 
commonly located in the brain stem (17%). The rarest type 

Fig. 4   Annual average age-adjusted incidence rates for selected histologies by sex, CBTRUS, 2000–2014
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of ependymoma, papillary ependymoma, was most com-
monly located in the spinal cord (60%) (Fig. 5).

Overall 1-, 5-, and 10-year RS for all CNS tumor types 
studied were 82.3%, 64.0%, and 55.4%, respectively (Sup-
plemental Table  7). Ependymoma had the highest RS 
(1-year = 94.2%, 5-year = 83.9%, 10-year = 78.6%). Pri-
mary CNS sarcoma had the lowest RS (1-year = 42.5%, 
5-year = 5.6%, 10-year = 2.9%) (Fig. 1d). RS varied sub-
stantially by age at diagnosis (Supplemental Table 8). In 
all histologies where survival was able to be calculated for 
older adults (ages 65 + years), survival in this group was 
substantially lower as compared to adults ages 40–64 years.

Discussion

Atypical teratoid/rhabdoid tumors (AT/RT)

AT/RT are a highly malignant and predominantly pediatric 
form of brain cancer and represent only 3% of all pediatric 
(age 0–19 years) brain and other CNS tumors. It was esti-
mated that there were 596 prevalent cases of these tumors 
in 2014 (AAPR = 0.20, 95% CI 0.18–0.22) (Supplemental 

Table 2). Results here show similar findings with an AAIR 
of 0.02 per 100,000 (95% CI 0.02–0.02). Previous survival 
rates for AT/RT ranged from a 1-year survival rate of 46.8% 
(data from 2001 to 2010), a 3-year survival rate of 22% (data 
from 1988 to 2004), a 5-year survival rate of 39.5% (data 
from 1996–2006), and a 5-year survival rate of 28.3% (data 
from 2001 to 2010) [9–11], however, these studies used data 
from significantly different timeframes when calculating 
average survival. These results are similar to those found 
in this analysis, where 1-year RS was 51.7%, 5-year RS was 
32.2%, and 10-year RS was 28.8%.

Brain stem and midline gliomas

The little research conducted on brain stem and midline 
glioma incidence, prevalence, and survival showed that 
these tumors are most common in children [12–15]. It was 
estimated that for all age groups there were 6033 preva-
lent cases of these tumors in 2014 (AAPR = 1.98, 95% CI 
1.93–2.03). We found an overall AAIR of 0.27 per 100,000 
(95% CI 0.26–0.27) and an average of 791 newly diagnosed 
cases occurring annually, including 344 in children, 190 in 
AYA, 184 in adults age 40–64 years, and 73 in older adults 

Fig. 5   Ependymoma frequency by histological type and site, CBTRUS, 2000–2014
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age 65 + years. Our results support previous work which 
found that brain stem and midline gliomas were more com-
mon in males than females (IRR = 0.87, p < 0.0001) and in 
Whites than Blacks (IRR = 0.83, p < 0.0001) and all other 
races (IRR = 0.74, p < 0.0001) [13]. A 2016 study focusing 
on adults with brainstem gliomas showed a 5-year survival 
of 81.5% [15]. which is higher than reported in our study 
(5-year RS = 48.9%), however, our lower results include 
both adults and children. The recent discovery of specific 
mutations in histone genes, such as H3K27, in the majority 
of midline and brainstem tumors will likely impact future 
incidence and outcomes reports. These histone-mutated 
tumors have an overall worse outcome than other brain stem 
gliomas, particularly those with isocitrate dehydrogenase 
1/2 (IDH1/2) genes which have been reported to result in a 
favorable outcome.

Choroid plexus tumors

Choroid plexus tumors are rare epithelial brain tumors, with 
an estimated 1423 prevalent cases in 2014 (AAPR = 0.47, 
95% CI 0.45–0.50). Studies have shown incidence as low as 
0.03 cases per 100,000 within a patient population consisting 
primarily of children age 0–14 years, aligning closely with 
a previous study by Wolff et al. (AAIR = 0.04 per 100,000, 
95% CI 0.04–0.04) [16]. Our results are also consistent with 
previous research showing choroid plexus tumors are more 
common in children than in other age groups [17, 18]. How-
ever, our results (male:female IRR = 1.03, p = 0.4925), did 
not align with previous studies that have shown a slightly 
higher incidence in males than females. The 5-year RS of 
63.9% (95% CI 52.8–73.0) found in our study is similar to 
other studies showing survival rates between 50 and 72% 
[17].

High grade meningioma

Meningiomas are the most frequently diagnosed type of pri-
mary brain and other CNS tumors. However, only ~ 1.2% 
of all meningiomas are high grade, also known as WHO 
grade III or anaplastic meningioma [1, 19]. Since most 
meningiomas are benign (WHO grade I/II), prior studies 
addressing the epidemiology of high-grade meningiomas 
are often based on small sample sizes. It was estimated that 
there were 2692 prevalent cases of these tumors in 2014 
(AAPR = 0.77, 95% CI 0.74–0.80) for all age groups. Previ-
ous studies showed grade III meningiomas as slightly more 
common in females than males, more common in Blacks 
than any other race, and as having a higher incidence 
in non-Hispanics than Hispanics. A previous CBTRUS 
publication showed high-grade meningioma was more 
common in adults age 65 + years than any other age group 
[19–21]. The results from this current study agreed with all 

previously published results: increased incidence in females 
(IRR = 1.29, p < 0.0001), increased incidence in Blacks 
(IRR = 1.58, p < 0.0001), and a slightly higher increased 
incidence in non-Hispanics (IRR = 0.90, p = 0.0449). The 
overall incidence of these tumors increased with age and 
was highest in older adults age 65 + years. In 2015, CBTRUS 
showed a decrease in high-grade meningioma incidence of 
0.13 per 100,000 in 2000 to 0.06 per 100,000 in 2010 [19], 
which may reflect changes in classification over time. Five-
year survival (RS = 63.8%, 95% CI 60.2–67.3) has remained 
similar to the 2015 results showing 5-year survival of 66% 
for malignant meningiomas [22].

Gliomatosis cerebri

Gliomatosis cerebri is a rare type of diffuse glioma with 
considerable infiltration of a widespread region of the CNS 
and involves at least three cerebellar lobes [23]. Due to its 
rarity, aggressive nature, and typically fatal outcomes, very 
little research has been conducted on these tumors. It was 
estimated that there were 247 prevalent cases of gliomato-
sis cerebri in 2014 (AAPR = 0.08, 95% CI 0.07–0.09) over 
all age groups. Supporting prior studies [24], we found a 
slightly increased incidence in males (0.02 per 100,000 
as compared to 0.01 per 100,000 in females), though this 
difference was not statistically significant. Incidence was 
highest in older adults age 65 + years (0.05 per 100,000). A 
study involving a pediatric population found these tumors 
to be highly fatal with only 3 of the 13 individuals in the 
study alive after 7, 16, and 22 months, and with no one 
surviving more than 6 years [25]. We also found that the 
outcomes for patients with gliomatosis cerebri were poor 
across all races, ethnicities, ages, and sexes with a 1-year 
RS of 44.9% (95% CI 36.7–52.7), a 5-year RS of 18.8% 
(95% CI 11.8–27.2), and a 10-year RS of 10.8% (95% CI 
5.1–19.0). To our knowledge, this study may be the most 
comprehensive data published on gliomatosis cerebri, a his-
tology that, as of 2016, has been removed from the WHO 
classification of CNS tumors [2]. Instead, these tumors have 
been included in a group of tumors with a widespread and 
very invasive growth pattern rarely identified in gliomas that 
provide unique challenges in management [2, 23].

Medulloblastoma

Medulloblastoma and supratentorial embryonal tumors 
previously existed as one tumor category (Medulloblas-
toma/PNET) instead of being separated into different enti-
ties [26]. Beginning with the WHO 2007 classification of 
CNS tumors, these tumors were differentiated into separate 
histologies under the broad category of embryonal tumors, 
a category that also includes AT/RT. It was estimated that 
there were 3840 prevalent cases of these tumors in 2014 
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(AAPR = 1.31, 95% CI 1.27–1.35). This study found 
that medulloblastoma was more common in males than 
females (IRR = 0.61, p < 0.0001) and in children than any 
other age group (IRR = 12.72 as compared to adults age 
40–64 years, p < 0.001), similar to previous studies [26–31]. 
Nonetheless, the average annual age-adjusted incidence of 
these rare tumors in those 15 years and older in our study 
was 639 cases with 156 cases in adults age 65 + years as 
compared to children (844 cases) (Fig. 3). Our study also 
showed a slightly higher incidence in Whites (White:Blacks 
IRR = 0.64 and White:Other IRR = 0.73, p < 0.0001). Addi-
tionally, we found a higher 5-year RS of 72.1% (2000–2014) 
compared to a 2007 study that reported a 5-year survival 
rate of 51.5% between the years 1997 and 2005 [26]. This 
is likely due to improved screening measures and targeted 
treatment resulting from the development of a molecular 
classification for four distinct subgroups of medulloblastoma 
[32]. Cancer registration in the United States prior to 2018 
did not include collection of the molecular histology sub-
group information for medulloblastoma.

Primitive neuroectodermal tumors (PNET)

All previous studies have consistently found that that PNET 
was more common in children than adults, as was the case 
in this analysis (Adults:Children IRR = 6.11, p < 0.0001; 
and Adults:AYA IRR = 1.53, p < 0.0001). It was estimated 
that there were 950 prevalent cases of these tumors in 2014 
(AAPR = 0.32, 95% CI 0.30–0.34). A study published in 
2012 found an overall incidence of 0.06 per 100,000 for 
PNET within the United States [28], which is similar but 
slightly higher than the results of this analysis (AAIR = 0.04, 
95% CI 0.04–0.05). Differences in incidence by sex, race, 
and ethnicity have not been previously reported, but were 
shown in our analysis as slightly higher incidence in Whites 
(White:Black IRR = 0.70, p < 0.0001 and White:Other 
IRR = 0.63, p < 0.0001), and in males (IRR = 0.81, 
p < 0.0001) [28]. Furthermore, the results from our study 
showed PNET had a low survival rate with 47.0% of individ-
uals alive after 5 years and only 40.7% of individuals alive 
after 10 years, which is similar to what has been reported in 
prior studies [33].

Oligodendrogliomas

Oligodendrogliomas are a relatively rare type of glioma that 
predominantly affect adults [34–36]. It was estimated that 
there were 11,757 prevalent cases in 2014 (AAPR = 3.68, 
95% CI 3.61–3.75). A study published in 2017 included 
7001 participants of which 93.5% were adults and only 
6.5% were children under the age of 19 years [36]. The 
results from our study agreed with an AAIR of 0.05 per 
100,000 (95% CI 0.05–0.06, Adults:Children IRR = 0.08, 

p < 0.0001, Adults:AYA IRR = 0.67, p < 0.0001) in children 
under the age 15 years, an AAIR of 0.43 per 100,000 (95% 
CI 0.42–0.44) in AYA, an AAIR of 0.64 per 100,000 (95% 
CI 0.63–0.65) in adults age 40–64 years, and an AAIR of 
0.36 per 100,000 (95% CI 0.35–0.38, Adults:Older adults 
IRR = 0.57, p < 0.0001) in older adults over the age of 
65 years. The AAIR for adults (age 40–64 years) was higher 
than the AAIR of 0.20 per 100,000 found in Europe in 2008 
for this same age group [34]. This difference in incidence 
could be attributed to geographic variation in cancer regis-
tration patterns or potential differences in diagnosis, how-
ever, more research is needed to determine this. The afore-
mentioned European study also showed a 1-year survival of 
80% and a 5-year survival of 51% [34]. An American study, 
on the other hand, showed a 5-year survival of 85% and a 
10-year survival of 81% [37]. The results of this current 
study showed an RS of 91.3% (95% CI 90.5–92.2) after one 
year, 74.1% (95% CI 72.6–75.5) after 5 years, and 59.0% 
(95% CI 57.0–60.9) after 10 years. The difference in survival 
may be due to geographic location in the European study, the 
timeframe of diagnosis in the European study (1990–1994), 
or the fact that the American study predominantly focused 
on a pediatric patient population. However, all studies veri-
fied the rarity of oligodendrogliomas and the incurability 
of these tumors. Going forward, the WHO criteria for diag-
nosis with the 2016 guidelines, no longer relies solely on 
histologic observations [25]. The new criteria include the 
presence of a mutation in IDH1/2 and the loss of the short 
arm of chromosome 1 and the long arm of chromosome 19 
(1p/19q co-deletion). This refined definition will likely alter 
the incidence, prevalence, and outcomes data used in future 
analyses.

Pineal region tumors

Pineal region tumors are rare, overall comprising only 0.2% 
of all primary brain and other CNS tumors occurring in the 
pineal region. It was estimated that there were 1297 preva-
lent cases of these tumors in 2014 (AAPR = 0.42, 95% CI 
0.39–0.44). Previous studies have reported that these tumors 
predominantly affected those under the age of 19 years 
[38, 39]. Our study found incidence to be slightly higher 
in children and AYA (Both AAIR = 0.04) compared to all 
adults age 40–65 years, but this difference was significant 
only in children (Adults:Children IRR = 1.32, p < 0.0001; 
Adults:AYA IRR = 1.11, p = 0.0968). Previous studies had 
also shown pineal region tumors to have a higher incidence 
in Asian populations as opposed to any other race and in 
males as opposed to females [38, 39]. This study, however, 
found that Black individuals (AAIR = 0.05 per 100,000 
95% CI 0.04–0.05, White:Black IRR = 1.34, p < 0.0001) 
are more likely than any other races (Whites AAIR = 0.03; 
Other AAIR = 0.02) and females are more likely than males 
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(Female AAIR = 0.04 per 100,000 95% CI 0.04–0.04; Male 
AAIR = 0.03 per 100,000 95% CI 0.03–0.03, IRR = 1.36, 
p < 0.0001) to be diagnosed with a pineal region tumor. 
A study conducted in 2009 estimated a 5-year survival of 
65.1% in individuals diagnosed between 1973 and 2005 [38, 
39]. Our results found a slightly higher relative five-year sur-
vival rate of 69.5% (62.7–75.3), which may be attributable 
to improved treatments for more recently diagnosed patients.

Pleomorphic xanthoastrocytomas

Pleomorphic xanthoastrocytomas are rare primary brain 
tumors. A study published in 2015 found these tumors 
occurred predominantly in the pediatric population. It was 
estimated that there were 1081 prevalent cases of these 
tumors in 2014 (AAPR = 0.16, 95% CI 0.14–0.17). The 
current study confirmed this finding revealing an AAIR of 
0.03 per 100,000 (95% CI = 0.03–0.04) and 0.04 per 100,000 
(95% CI 0.04–0.04) in children (Adults:children IRR = 1.98, 
p < 0.0001) and AYA (Adults:AYA IRR = 2.33, p < 0.0001), 
respectively. This is in contrast to AAIRs of 0.02 and 0.01 
per 100,000 in all adults over age 40 years [40]. While a 
prior small study of seven individuals conducted in 2016 
was composed predominately of females [41], our analysis 
found no difference in incidence based on sex (Male:Female 
IRR = 0.94, p = 0.3116). The 2015 study also showed a 
5-year survival rate of 80.6%, which is similar to the 5-year 
RS of 76.2% presented in the current analysis [40]. Both 
studies stated that non-anaplastic pleomorphic xanthoastro-
cytomas tended to have more favorable outcomes than ana-
plastic pleomorphic xanthoastrocytoma [40, 41]. The current 
analysis pooled non-anaplastic and anaplastic pleomorphic 
xanthoastrocytomas, which may have led to slightly lower 
survival rates. To our knowledge, this is the only study that 
has analyzed incidence, prevalence, and survival on a popu-
lation level for pleomorphic xanthoastrocytoma.

Primary CNS sarcoma

Primary CNS sarcomas are so rare that, to our knowledge, 
they have not been studied within the past 10 years to deter-
mine incidence, prevalence, and survival on a population 
level (all studies to date have been case studies or cohort 
studies). Prevalence of these tumors was 0.16 per 100,000 
(95% CI 0.14–0.17, estimated to be 557 prevalent cases 
in 2014), and incidence was 0.01 per 100,000 (95% CI 
0.06–0.07). The prognosis for individuals with primary CNS 
sarcomas was very poor with a 5-year survival rate of 5.6% 
and a 10-year survival rate of only 2.9%. White and non-
Hispanic individuals were more likely to be diagnosed with 
a CNS sarcoma than other races (White:Black IRR = 0.67, 
p < 0.0001; White:Other IRR = 0.45, p < 0.0001) or His-
panics (non-Hispanics:Hispanics IRR = 0.78, p = 0.0004). 

Additionally, primary CNS sarcomas were significantly 
more common in adults age 65 + years (Adults:Older 
adults IRR = 2.35, p < 0.0001) and in males (Male:Female 
IRR = 0.58, p < 0.0001).

Ependymoma

Ependymomas are a relatively rare type of glial CNS tumor 
and constitute approximately 1.7% of all primary brain 
and other CNS tumors [1]. While these tumors affect all 
age groups, they are generally more common in children 
and adolescents than in older adults [42, 43]. These tumors 
had the second highest incidence of the 12 rare CNS his-
tologies included in this analysis (after oligodendroglioma) 
but had the highest prevalence (13,294 estimated preva-
lent cases, AAPR = 4.11, 95% CI 4.03–4.18). The results 
from this study showed ependymomas to be most com-
mon in adults age 40–64 years (AAIR = 0.48 per 100,000 
95% CI 0.46–0.49). While both oligodendroglioma and 
ependymoma have favorable long-term survival, it is likely 
that the predominance of ependymoma in children led to 
the increased prevalence of this histology. The incidence 
in children for this analysis was similar to the incidence 
rate of 0.26 per 100,000 found in a 2016 study of pediat-
ric ependymomas [44]. Additionally, the results from pre-
vious studies reporting ependymomas as more common 
in males than females were confirmed in our study (Male 
AAIR = 0.41, 95% CI 0.40–0.42; Female AAIR = 0.32, 
95% CI 0.31–0.22, IRR = 0.78, p < 0.0001). Our study also 
confirmed that ependymomas are more common in Whites 
(White AAIR = 0.39, 95% CI 0.38–0.40; Blacks AAIR-0.22, 
95% CI 0.21–0.24, White:Black IRR = 0.58, p < 0.0001; 
Other AAIR = 0.26, 95% CI 0.25–0.28, Whites:Others 
IRR = 0.68, p < 0.0001) [43, 44]. A study conducted in 2018 
found 5-year survival ranging from 50 to 77% [43]; how-
ever, this was lower than the 5-year RS of 83.9% (95% CI 
82.2–85.4) found in the current study.

Due to their clinical importance and diversity, epend-
ymomas were further analyzed by histology and site. The 
most predominant histology was ependymoma, NOS which 
includes tumors designated as grade II by WHO criteria 
(56% of all ependymoma), and the most predominant site 
was the spinal cord (49% of all sites). Additionally, epend-
ymoma, NOS was most commonly found in the spinal cord 
(52% of all sites). Anaplastic ependymoma was most com-
monly found in the brain stem (17%), myxopapillary epend-
ymoma and papillary ependymoma were most commonly 
found in the spinal cord (99% and 60% respectively), and 
subependymoma was mostly commonly found in the ven-
tricle, NOS (47%). These findings are significant as recent 
molecular studies have shown that here are distinct subtypes 
of ependymoma based on specific molecular markers and 
therefore, each subgroup likely requires different treatment 
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approaches such as surgical resection, radiation therapy, and 
targeted treatment or chemotherapy [42, 44].

This analysis represents the most complete and up-to-
date reporting of patterns of incidence and survival for 12 
selected rare brain and other CNS tumors in the US. All esti-
mates are population-based. Estimates of incidence include 
100% of the US population, while estimates of survival 
include data from ~ 28% of the population. To our knowl-
edge, there are no prior studies that estimate the prevalence 
of these 12 selected rare CNS histologies. The absence of 
routine estimates of the prevalence of these diseases under-
scores an important knowledge gap that prevents longitu-
dinal population assessments to both determine the impact 
of research efforts such as NCI-CONNECT on outcomes as 
well as the impact of each disease on public health in the US.

Cancer registry data provide the most complete data for 
characterizing patterns of cancer incidence and survival, 
but has several limitations including lack of central pathol-
ogy review. All histologic classifications are assigned by 
treating physicians at the institutions where individuals are 
diagnosed, and as a result, they may vary from what would 
be assigned by a single pathologist. These histologic clas-
sifications, particularly glioma and embryonal histologies 
(including medulloblastoma and PNET), have changed over 
time and are becoming increasingly based on molecular fea-
tures. As described above, the diagnosis of oligodendro-
glioma also now mandates specific molecular findings. This 
could lead to variation in how these histologies are defined 
both between institutions and over time. Cancer registries 
receive patient information from medical reports including 
pathology reports and other clinical records, but these data 
may not be recorded in all patients’ medical records, lead-
ing to missing data. Additionally, reporting laws for benign 
tumors changed in 2004 [21]. All of these factors affect the 
data received by CBTRUS and should be considered when 
reviewing our results.

Conclusion

The 12 groups of tumors reported here are extremely rare 
primary brain and other CNS tumors. It is because of their 
rarity, and for some their poor prognosis, that there is little (or 
even no) up-to-date statistics available to characterize these 
12 tumor types; and there are no studies that compare all 12 
rare tumor types to each other within one analysis. CBTRUS 
and NCI-CONNECT worked in collaboration with the aim 
of determining their incidence, prevalence, and survival by 
histology, age, race, ethnicity, and sex. The results of this 
study are meant to influence the research and clinical practice 
of these 12 specific rare brain tumors.
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