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Descriptive epidemiology of craniopharyngiomas in the United States
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Abstract

Purpose Craniopharyngiomas are rare benign brain tumors originating from errors in differentiation during embryogenesis.
Given current interest in treatments that target genetic and molecular signatures of specific craniopharyngioma subtypes,
updated and comprehensive epidemiologic data of these subtypes are necessary to inform and direct resources.

Methods We utilized data from the Central Brain Tumor Registry of the United States (CBTRUS), which represents 100% of
the US population. Incidence by demographics was calculated only for histologically-confirmed cases. Age-adjusted annual
incidence was calculated and is reported per 100,000 persons. Annual percent change (APC) in incidence rates from 2004
to 2016 was calculated to assess trends.

Results From 2004 to 2016, 7441 craniopharyngiomas were diagnosed in the United States, representing approximately 620
new cases each year. The incidence for histologically-confirmed cases was 0.16 per 100,000 persons. The age distribution was
bimodal, with one peak in 5- to 9-year-olds and another in 55- to 69-year-olds. Compared with adamantinomatous tumors,
papillary craniopharyngiomas only represented 5.5% of the histologically diagnosed craniopharyngiomas in 0- to 29-year-
olds, 30.6% in 30- to 59-year-olds, and 30.4% in 60 + year-olds. Incidence was highest amongst Blacks (0.22), followed by
Whites (0.15), Asians or Pacific Islanders (0.14), and American Indians/Alaska Natives (0.10). No significant difference was
discovered in incidence rates between males and females or Hispanic and non-Hispanic ethnicities.

Conclusions Craniopharyngiomas are rare tumors with a bimodal age distribution and an equal male-to-female incidence.
Black patients had the highest incidence, and adamantinomatous craniopharyngiomas were significantly more common than
papillary tumors in adolescent, adult, and elderly populations.

Keywords Craniopharyngiomas - Epidemiology - Adamantinomatous - Papillary - CBTRUS

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s1110
2-021-01127-6.

4 Varun R. Kshettry 3 Cleveland Center for Health Outcomes Research (CCHOR),
kshettv@ccf.org Cleveland, OH, USA

Central Brain Tumor Registry of the United States, Hinsdale,

Cleveland Clinic Lerner College of Medicine of Case IL. USA

Western Reserve University, Cleveland, OH, USA
University Hospitals Research and Education Institute,

Department of Neurological Surgery, Neurological Institute, Cleveland, OH, USA

Cleveland Clinic, Cleveland, OH, USA

Rose Ella Burkhardt Brain Tumor & Neuro-Oncology Case Comprehensive Cancer Center, Cleveland, OH, USA

Center, Neurological Institute, Cleveland Clinic, Cleveland,
OH, USA

Department of Population and Quantitative Health Sciences,
Case Western Reserve University School of Medicine,
Cleveland, OH, USA

Published online: 28 January 2021 @ Springer


http://orcid.org/0000-0003-3217-8279
http://crossmark.crossref.org/dialog/?doi=10.1007/s11102-021-01127-6&domain=pdf
https://doi.org/10.1007/s11102-021-01127-6
https://doi.org/10.1007/s11102-021-01127-6

Pituitary

Introduction

Craniopharyngiomas are rare benign brain tumors that
arise from remnants of the craniopharyngeal duct epi-
thelium (i.e., Rathke’s pouch) or odontogenic tissue and
account for approximately 1.1% of all non-malignant pri-
mary brain tumors [1, 2]. They are histologically benign
but can be locally aggressive within the sellar/suprasellar
region, with a 5-year relative survival rate of 86.1% [2].
Management of these tumors is challenging and can be
controversial; however, a recent systematic review has for-
mulated evidence-based recommendations and addressed
the more controversial points of the management that exist
in current neurosurgical practice [3].

Of the two prior epidemiologic studies of craniopharyn-
giomas in the United States (US), one includes data prior
to the enactment of the Benign Brain Tumor Cancer Reg-
istries Amendment Act in 2004 and the other includes data
on only 26% of the US population [4, 5]. In 1992, the Can-
cer Registries Amendment Act mandated the collection
of central cancer registry data and was expanded with the
Benign Brain Tumor Cancer Registries Amendment Act
in 2004, mandating the registration of all non-malignant
brain tumors in the US. More recently, histologic subtype
has become increasingly important for molecular targeting
as there are ongoing studies on the use of BRAF-inhibitors
in papillary craniopharyngiomas [6—8]. An updated and
more comprehensive study measuring the incidence of the
entire US population and detailed epidemiologic data on
histologic subtypes is needed to provide precise epide-
miological information on craniopharyngiomas and inform
resource allocation.

The Central Brain Tumor Registry of the United States
(CBTRUS) - which includes incidence data from 51
central cancer registries (47 Centers for Disease Control
and Prevention’s National Program of Cancer Registries
[NPCR] and 4 National Cancer Institute’s Surveillance
Epidemiology and End Results Program [SEER]) — is the
largest primary brain tumor registry in the US, encompass-
ing 100% of the US population. In this study, we used the
CBTRUS to present the most comprehensive epidemio-
logic study of craniopharyngioma in the current literature.

Methods
Data collection
In this study, we queried the CBTRUS for all craniophar-

yngiomas diagnosed between 2004 and 2016. The follow-
ing International Classification of Diseases for Oncology,
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3rd edition (ICD-0-3) histology codes were used: crani-
opharyngioma, not otherwise specified (NOS) (9350/0,
9350/1); craniopharyngioma, adamantinomatous sub-
type (9351/0, 9351/1); and craniopharyngioma, papillary
subtype (9352/0, 9352/1). There was no age at diagnosis
exclusion in this study. Histologically-confirmed cases
and radiographically-confirmed cases were analyzed sep-
arately. Examination of incidence by demographics was
only conducted on histologically-confirmed cases. Patients
with stated race of other, unspecified, or unknown were
excluded from race-specific statistics. Counts and rates
are not presented per CBTRUS policy when fewer than
16 cases were reported for the specific category, or where
the inclusion of the count and rate would allow for back-
calculation of suppressed values.

Statistical analysis

All incidences are reported per 100,000 persons per year.
Age-adjusted incidence rates, adjusted to the 2000 US stand-
ard population, were calculated using Surveillance Research
Program, National Cancer Institute SEER*Stat software
(www.seer.cancer.gov/seerstat) version 8.3.8. Annual per-
cent change (APC) in incidence rates between 2004 and
2016 was calculated using Joinpoint Regression Program
4.8.0.1 (National Cancer Institute, Bethesda, MD, USA).
All figures were generated using RStudio software (RStu-
dio Team, Boston, MA). A 95% confidence interval (CI) is
provided with each statistic.

Results
Overall incidence

Between 2004 and 2016, a total of 7441 craniopharyngio-
mas were diagnosed in the US, of which 6430 (86.4%) were
histologically-confirmed and 1011 (13.6%) were radio-
graphically diagnosed. Overall incidence rate of combined
histologically and radiographically diagnosed craniopharyn-
giomas was 0.18 (95% CI: 0.180-0.188) per 100,000.

The age-adjusted incidence rate of histologically-con-
firmed craniopharyngiomas was 0.16 (95% CI: 0.15-0.16).
The incidence decreased from 0.16 (95% CI: 0.15-0.18) in
2004 to 0.14 (95% CI: 0.13-0.15) in 2016, representing a
non-significant APC of -0.73% (95% CI: -1.53% to 0.07%)
during the study period (Fig. 1).

Compared to the histologically diagnosed cases, radio-
graphically diagnosed cases only represented 8.8% of the
total cases in 0- to 19-year-olds, 12.7% in 20- to 39-year-
olds, 12.7% in 40- to 59-year-olds, 18.5% in 60- to 79-year-
olds, and 50.9% in 80 + year-olds (Fig. 2).


http://www.seer.cancer.gov/seerstat
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Fig. 1 Age-adjusted incidence
of microscopically-confirmed
craniopharyngiomas over the
study period. APC annual
percent change (expressed as
percent with 95% confidence
interval), CBTRUS 2004-2016
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Fig.2 Percentage of microscopically diagnosed cases vs radiographi-
cally diagnosed cases of craniopharyngiomas by age, CBTRUS
2004-2016
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Table 1 shows demographic and histological characteris-
tics of all histologically-confirmed craniopharyngiomas
diagnosed between 2004 and 2016. For craniopharyngio-
mas, a bimodal age distribution was observed, with a peak
incidence first seen in children at 5 to 9 years (0.27; 95%
CI: 0.25-0.29) and second in adults at 55 to 69 years (0.21;
95% CI: 0.19-0.23). Incidence reached a nadir at 80 years
and older (0.06; 95% CI: 0.05-0.07) (Fig. 3a). There were
2,901 cases in which the subtype of craniopharyngiomas
was specified, 605 were papillary and 2,296 were adaman-
tinomatous craniopharyngiomas. Compared with adaman-
tinomatous tumors, papillary craniopharyngiomas only
represented 5.5% of the histologically diagnosed crani-
opharyngiomas in 0-29-year-olds, 30.6% in 30-59-year-
olds, and 30.4% in 60 + year-olds.

Overall, there was no significant difference in incidence
between male and females (male-to-female incidence rate
ratio [IRR]: 0.96; 95% CI: 0.91-1.01) even when strati-
fying by age (Fig. 3b). The incidence rate was highest
in Blacks (0.22; 95% CI: 0.21-0.23), followed by Whites
(0.15; 95% CI: 0.14-0.15), Asian or Pacific Islanders
(0.14; 95% CI: 0.12-0.16), and American Indian/Alaska
Natives (0.1; 95% CI: 0.07-0.14). Incidence was not sig-
nificantly different between Spanish-Hispanic-Latino and
Non-Spanish-Hispanic-Latino ethnicity (0.15 vs 0.16;
p=0.16) (Fig. 4).
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Table 1 Age-adjusted incidence rate (per 100,000 population) of
craniopharyngiomas by demographic and histological variables,
CBTRUS 2004-2016

Count (%) Rate (95% CI)*

Total
Age at Diagnosis, Years

6430 0.16 (0.15—0.16)

0-9 1038 (16.1%) 0.20 (0.19-0.21)
10-19 910 (14.2%)  0.17 (0.16-0.18)
20-29 548 (8.5%) 0.10 (0.09-0.11)
30-39 639 (9.9%) 0.12 (0.11-0.13)
40-49 952 (14.8%)  0.17 (0.16-0.18)
50-59 1081 (16.8%) 0.20 (0.19-0.21)
60-69 787 (12.3%)  0.21 (0.19-0.22)
70-79 391 (6.1%) 0.17 (0.16-0.19)
80+ 84 (1.3%) 0.06 (0.05-0.07)
Sex
Male 3234 (50.3%) 0.16 (0.16-0.17)
Female 3196 (49.7%) 0.16 (0.15-0.16)
Ethnicity

Non-Spanish-Hispanic-Latino 5441 (84.6%) 0.16 (0.16-0.16)

Spanish-Hispanic-Latino 989 (15.4%)  0.15(0.14-0.16)
Race®

White 4795 (74.6%) 0.15 (0.14-0.15)

Black 1184 (18.4%) 0.22 (0.21-0.23)

American Indian/Alaska Native 48 (0.7%) 0.10 (0.07-0.14)

Asian or Pacific Islander 309 (4.8%) 0.14 (0.12-0.16)

*Incidence rates are age-adjusted to the 2000 US standard population

"Patients with a stated race of other, unspecified, or unknown were
excluded from race-specific analyses

Discussion

In this study, we report the overall incidence and incidence
by demographics for craniopharyngiomas diagnosed in the
entire US population. We found that the overall age-adjusted
incidence rate in the US between 2004 and 2016 was 0.16
cases per 100,000 person-years. Our results are consistent
with a study by Zacharia et al., which reported an overall
incidence rate of 0.17 cases per 100,000 person-years, but
show a slightly higher rate than was reported by Bunin et al.
—0.13 cases per 100,000 person-years [4, 5]. Discrepancies
in incidence rates between studies are likely due to differ-
ences in study period and data derived from less than the
entire US population. Bunin et al. included patients before
the Benign Brain Tumor Cancer Registries Amendment Act
in 2004, likely underestimating the true incidence of crani-
opharyngiomas because collection of data on non-malignant
brain tumors was not yet mandatory [4]. Zacharia et al. used
data from SEER, representing approximately 26% of the US
population [5].

Consistent with prior studies, we observed a bimodal
age distribution in the incidence of craniopharyngiomas
and a stable incidence rate was seen over the 12-year study
period [4, 5]. Incidence was highest in children 5 to 9 years
of age and in adults 55 to 69 years of age. Adamantinoma-
tous tumors were significantly more common than papil-
lary tumors in adolescent, adult, and elderly populations.
Our study demonstrates robustly that even in patients over
60 years old, adamantinomatous tumors are still signifi-
cantly more common than papillary subtypes. There was no
significant difference in the incidence of craniopharyngio-
mas between males and females, which has been similarly
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Fig.4 Incidence rate ratios of craniopharyngiomas by sex, race, and ethnicity, CBTRUS 2004-2016

reported in previous population-based studies [4, 5, 9]. In
this study, we found a higher incidence of craniopharyngio-
mas in Blacks compared with Whites. Bunin et al. found
no significant difference in the overall incidence of crani-
opharyngiomas between Black and White individuals, but
this was likely due to the small number of Black patients in
their population-based study. In children, however, Bunin
et al., did report a higher incidence of craniopharyngiomas
in Black children compared with White children [4]. Zach-
aria et al. reported a similarly higher incidence of crani-
opharyngiomas in Black individuals compared with White
individuals [5]. Our study is the first to report the incidence
of craniopharyngiomas in Asian or Pacific Islanders, which
is similar to that in Whites, and American Indian/Alaska
Natives, which is significantly lower compared with Whites.
Our study also showed no significant difference in incidence
of craniopharyngiomas between Spanish-Hispanic-Latino
and Non-Spanish-Hispanic-Latino ethnicity, which has not
been previously reported.

The primary analyses in this study excluded radiographi-
cally diagnosed cases and only included cases with histo-
logical confirmation, in order to strengthen the reliability
of recorded histology in this study and limit errors in cases
diagnosed radiographically. Interestingly, when examining
radiographically diagnosed cases, the greatest proportion

were seen in the elderly population; which may suggest
indolent tumor growth in this age group and a greater ten-
dency to manage with observation.

Craniopharyngiomas are rare tumors, with single-center
descriptive studies typically reporting fewer than 100 cases
[10, 11]. In contrast, the data from this study represents the
most accurate and complete estimate of the incidence of
craniopharyngiomas in the US to date. Given the predilec-
tion for adamantimomatous subtype in all age groups, even
in elderly patients, further efforts at molecular targeting of
this specific subtype are necessary.

Limitations

Although this study represents the largest population-based
study examining the incidence of craniopharyngiomas in the
US to date, the results of this study should be interpreted in
the context of its limitations. First, aggregating and analyz-
ing data from multiple sites offers a large sample size and
increases the study’s generalizability; however, inaccuracies
in data collection and lack of central pathology or imaging
review of cases presents limitations associated with US can-
cer registry studies. Second, CBTRUS does not offer clini-
cal information about treatment parameters or tumor recur-
rence. Therefore, inferential statistics on survival outcomes
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cannot be performed, and only descriptive measures can be
reported. Third, due to differences in genetic and environ-
mental factors in other countries, these results may not be
generalizable to countries outside the US. Lastly, race and
ethnicity data provided to the CBTRUS database is reported
from patients’ medical records. If Hispanic ethnicity is not
explicitly indicated in the medical record, then it is assessed
using the North American Association of Central Cancer
Registries (NAACCR) Hispanic/Latino identification algo-
rithm. The algorithm uses a patient’s name and place of birth
to assess ethnicity. Therefore, inaccuracies in assigning race
and ethnicity is a potential limitation in this study.

Conclusion

From 2004 to 2016, the age-adjusted incidence of histo-
logically-confirmed craniopharyngiomas was 0.16 cases
per 100,000 populations. Incidence was highest in children
5-9 years of age and in adults 55-69 years of age. Relative
to papillary craniopharyngiomas, adamantinomatous crani-
opharyngiomas are significantly more common in all age
groups. Black individuals had the highest overall incidence
of craniopharyngiomas, followed by White, Asian or Pacific
Islander, and American Indian/Alaska Native individuals.
This study represents the most comprehensive population-
based study of the incidence of craniopharyngiomas in the
US.

Funding Not applicable.

Compliance with ethical standards

Conflict of interest Pablo F. Recinos (consultant, Stryker); Varun R.
Kshettry (consultant, Stryker, Integra).

References

1. Miiller HL, Merchant TE, Warmuth-Metz M et al (2019) Crani-
opharyngioma. Nat Rev Dis Prim. https://doi.org/10.1038/s4157
2-019-0125-9

@ Springer

10.

11.

Ostrom QT, Cioffi G, Gittleman H et al (2019) CBTRUS statisti-
cal report: primary brain and other central nervous system tumors
diagnosed in the United States in 2012-2016. Neuro Oncol 21:v1-
v100. https://doi.org/10.1093/neuonc/noz150

Cossu G, Jouanneau E, Cavallo LM et al (2020) Surgical man-
agement of craniopharyngiomas in adult patients: a systematic
review and consensus statement on behalf of the EANS skull
base section. Acta Neurochir (Wien) 162:1159-1177. https://doi.
org/10.1007/s00701-020-04265-1

Bunin GR, Surawicz TS, Witman PA et al (1998) The descriptive
epidemiology of craniopharyngioma. J Neurosurg 89:547-551.
https://doi.org/10.3171/jns.1998.89.4.0547

Zacharia BE, Bruce SS, Goldstein H et al (2012) Incidence, treat-
ment and survival of patients with craniopharyngioma in the sur-
veillance, epidemiology and end results program. Neuro Oncol
14:1070-1078. https://doi.org/10.1093/neuonc/nos 142

Gupta S, Bi WL, Giantini Larsen A et al (2018) Craniopharyn-
gioma: a roadmap for scientific translation. Neurosurg Focus
44:E12. https://doi.org/10.3171/2018.3.FOCUS1861

Aylwin SJB, Bodi I, Beaney R (2015) Pronounced response of
papillary craniopharyngioma to treatment with vemurafenib, a
BRAF inhibitor. Pituitary 19:544-546

Brastianos PK, Shankar GM, Gill CM et al (2016) Dramatic
response of BRAF V600OE mutant papillary craniopharyngioma
to targeted therapy. J Natl Cancer Inst. https://doi.org/10.1093/
jnci/djv310

Sorva R, Heiskanen O (1986) Craniopharyngioma in Finland. A
study of 123 cases. Acta Neurochir (Wien) 81:85-89. https://doi.
org/10.1007/BF01401226

Weiner HL, Wisoft JH, Rosenberg ME et al (1994) Craniophar-
yngiomas: a clinicopathological analysis of factors predictive of
recurrence and functional outcome. Neurosurgery 35:1001. https
://doi.org/10.1227/00006123-199412000-00001

Crotty TB, Scheithauer BW, Young WFJ et al (1995) Papil-
lary craniopharyngioma: a clinicopathological study of 48
cases. J Neurosurg 83:206-214. https://doi.org/10.3171/
jns.1995.83.2.0206

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1038/s41572-019-0125-9
https://doi.org/10.1038/s41572-019-0125-9
https://doi.org/10.1093/neuonc/noz150
https://doi.org/10.1007/s00701-020-04265-1
https://doi.org/10.1007/s00701-020-04265-1
https://doi.org/10.3171/jns.1998.89.4.0547
https://doi.org/10.1093/neuonc/nos142
https://doi.org/10.3171/2018.3.FOCUS1861
https://doi.org/10.1093/jnci/djv310
https://doi.org/10.1093/jnci/djv310
https://doi.org/10.1007/BF01401226
https://doi.org/10.1007/BF01401226
https://doi.org/10.1227/00006123-199412000-00001
https://doi.org/10.1227/00006123-199412000-00001
https://doi.org/10.3171/jns.1995.83.2.0206
https://doi.org/10.3171/jns.1995.83.2.0206

	Descriptive epidemiology of craniopharyngiomas in the United States
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Data collection
	Statistical analysis

	Results
	Overall incidence
	Incidence by demographics for histologically-confirmed cases

	Discussion
	Limitations

	Conclusion
	References




