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Craniopharyngioma is a rare primary central nervous
system neoplasm. Our objective was to determine
factors associated with incidence, treatment, and sur-
vival of craniopharyngiomas in the United States. We
used the surveillance, epidemiology and end results
program (SEER) database to identify patients who re-
ceived a diagnosis of craniopharyngioma during
2004-2008. We analyzed clinical and demographic in-
formation, including age, race, sex, tumor histology,
and treatment. Age-adjusted incidence rates and age,
sex, and race-adjusted expected survival rates were calcu-
lated. We used Cox proportional hazards models to
determine the association between covariates and
overall survival. We identified 644 patients with a diag-
nosis of craniopharyngioma. Black race was associated
with an age-adjusted relative risk for craniopharyngioma
of 1.26 (95% confidence interval [CI], 0.98-1.59), com-
pared with white race. One- and 3-year survival rates of
91.5% (95% CI, 88.9%-93.5%), and 86.2% (95% CI,
82.7%—-89.0%) were observed for the cohort; relative
survival rates were 92.1% (95% CI, 89.5%-94.0%)
and 87.6% (95% CI, 84.1%-90.4%) for 1- and
3-years, respectively. In the multivariable model, factors
associated with prolonged survival included younger
age, smaller tumor size, subtotal resection, and radiation
therapy. Black race, on the other hand, was associated
with worse overall survival in the final model. We demon-
strated that >85% of patients survived 3 years after diag-
nosis and that subtotal resection and radiation therapy
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were associated with prolonged survival. We also noted
a higher incidence rate and worse 1- and 3-year survival
rates in the black population. Future investigations
should examine these racial disparities and focus on
evaluating the efficacy of emerging treatment paradigms.
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central nervous system (CNS) that are thought to

arise from remnants of Rathke’s pouch, near the
pituitary gland. They represent <1% of all primary
CNS tumors, but are the most common intracranial non-
glial tumor in children."*

Craniopharyngiomas often present a significant chal-
lenge to neurosurgeons, because their location and
degree of invasion into surrounding neural structures,
namely the hypothalamus, pituitary gland, and optic ap-
paratus, make gross total resection (GTR) difficult,
leading to a high rate of recurrence.’ Even after complete
resection, these lesions have a propensity to recur, but
the rate of recurrence increases dramatically when resec-
tion is subtotal.*~® Significant controversy exists in the
literature regarding optimal treatment strategies, with
some groups pursuing conservative subtotal resection
(STR) with either upfront or salvage fractionated radio-
therapy or, more recently, radiosurgery to mitigate the
risks of aggressive surgical resection.”'°

Most descriptive studies of craniopharyngioma are
based on single-center experiences™ " or represent re-
ported incidence rates as part of comprehensive CNS
tumor analyses.''? Although a few international
studies have examined the incidence and treatment pat-
terns on a population level, only one such study has
been conducted in the United States.'®'*~'? In this

( :raniopharyngiomas are rare benign tumors of the
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1998 study, Bunin et al. surveyed a variety of cancer reg-
istries and reported an overall craniopharyngioma inci-
dence rate of 1.3 per 1000000 person-years. The
incidence in this study did not vary by sex or race, and
a bimodal age distribution was noted, with peaks in chil-
dren aged 5—14 years and in adults aged 5074 years. In
the National Cancer Database, craniopharyngioma
5-year survival was noted to be 80%, and decreased
with increased age.'”

In the current study, we used a large population-
based database to estimate incidence, treatment, and
prognostic factors for patients with craniopharyngiomas
in the United States.

Materials and Methods

Patient Identification

We identified patients with a diagnosis of craniophar-
yngioma who were registered in the Surveillance,
Epidemiology and End Results (SEER) Program of the
NCI. SEER is a population-based tumor registry con-
taining data on approximately 26% of the United
States population. In 2004, the SEER Program added
nonmalignant CNS tumors to case definitions and
began collecting information concerning primary
tumor type, patient demographic characteristics, initial
cancer treatments, and survival into a database. We
used data from the most recent SEER data set (2004 -
2008) to identify patients with International
Classification of Diseases for Oncology (ICD-O-3)
codes for craniopharyngioma (9350/0, 9350/1, 9350/
3, 9351/0, 9352/1, 9351/3, 9352/1). Individuals with
>1 primary tumor were excluded from analysis.
Likewise, patients who received a diagnosis at death
(with a reporting source of autopsy only or death certif-
icate only) were not included in this analysis. Lastly, 2
individuals had malignant histology coded and were ex-
cluded from analysis.

Variable Selection

Patients were divided into the following age-related cat-
egories: <20, 20-39, 40-59, 60-79, and >80 years.
Race was coded as white, black, and other. Histology
was obtained from the ICD-O-3 code and collapsed
into 3 categorical variables: craniopharyngioma not oth-
erwise specified (NOS), adamantinomatous, and papil-
lary. Lesion size was treated as a dichotomous variable
with a cutoff at the median value: <28 mm and
>28 mm. Lesion size was recorded from either patho-
logic reports or radiologic imaging. Initial surgical
therapy, treated as a categorical variable, consisted of
the following categories: observation or biopsy, subtotal
resection, and gross total resection. Radiation treatment
was dichotomized into treated versus untreated groups.
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Outcomes

Age-adjusted incidence rates and expected survival rates
adjusted for age, sex, and race, were obtained using
SEER*Stat (Surveillance Research Program, National
Cancer Institute SEER*Stat software [seer.cancer.gov/
seerstat], version 7.0.5). Age adjustment was based on
the 2000 US standard population. Expected survival
was computed relative to the US 1970-2006 standard
population by individual year. Patients with death certif-
icate only and those alive without survival times record-
ed were excluded from survival analysis. Relative
survival is defined as the observed survival rate as a per-
centage of expected survival. The date of death or cen-
soring was also obtained from the SEER data set. The
initial analysis included descriptive statistics of clinical
and demographic information using means, propor-
tions, and standard deviations. Univariate analysis of
differences between surgical treatment groups was
achieved using Pearson’s x* test or Fisher’s exact test.
One- and 3-year estimates of survival and 95% confi-
dence intervals (Cls) were calculated using the
Kaplan-Meier method. Cox proportional hazards
models were used to determine univariate and multivar-
iable effects of covariates on survival times. A P value
<.05 was considered to be statistically significant.
Analyses were performed using R environment for stat-
istical computing (R Development Core Team).

Results

We identified 644 patients with a diagnosis of cranio-
pharyngioma. The overall age-adjusted incidence rate
was 1.7 cases per 1000000 person-years and was
stable over the 5-year period of the study. A bimodal
age distribution was observed, with a first peak seen in
children aged 0-19 years (1.9 cases per 1000000
person-years) and a second peak in adults aged 40-79
(2.1 cases per 1000000 person-years). Although the
majority of patients were white (76.6%), the
population-adjusted incidence rates suggest that black
patients may have a higher incidence rate than white pa-
tients (2.1 cases per 1 000 000 person-years vs 1.7 cases
per 1000000 person-years; relative risk [RR] = 1.26;
95% CI, 0.98-1.59). This difference in rate was driven
by a difference in the incidence between black and
white adults aged 40-79 years (3.1 cases per
1000000 person-years vs 2.0 cases per 1000000
person-years; RR =1.54; 95% CI, 1.1-2.13; P=
.0129). There was no statistically significant difference
in population-adjusted incidence rates between white
and other races. There was an equal distribution
between male and female patients (50.3% and 49.7%,
respectively), and incidence rates were nearly identical
between the sexes (1.8 cases per 1 000 000 person-years
for male patients and 1.7 cases per 1000 000 person-
years for female patients).

Approximately one-third of patients had tumors with
adamantinomatous histology, whereas only 8.2% were
papillary in nature. More than half of the patients had
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Table 1. Demographic and clinical characteristics for 644 patients
who received a diagnosis of craniopharyngioma during 2004—
2008

Variable n (%)
Age
0-19 years 201 (31.2)
20-39 years 107 (16.6)
40-59 years 206 (32.0)
60-79 years 115 (17.9)
80+ years 15 (2.3)
Sex
Male 324 (50.3)
Female 320 (49.7)
Race
White 493 (76.6)
Black 86 (13.4)
Other 65 (10.1)
Tumor Size
<28 mm 198 (30.7)
>28 mm 235 (36.5)
Unknown 211 (32.8)
Histology
Papillary 53 (8.2)
Adamantinomitous 191 (29.7)
Craniopharyngioma NOS 400 (62.1)
Surgical treatment
Observation or biopsy 176 (27.3)
Subtotal resection 246 (38.2)
Gross total resection 216 (33.5)
Unknown 6 (0.9)
Radiation treatment
No radiation 490 (76.1)
Radiation 142 (22.0)
Unknown 12 (1.9)

Abbreviations: NOS, not otherwise specified.

no specified histologic subtype. Overall, 134 patients
(20.8%) did not undergo surgical resection or radiation
therapy. Of the 462 patients who underwent surgical re-
section (71.7%), 216 (33.5%) received GTR and 246
(38.2%) received STR. Patients who received radiation
therapy totaled 142 (22.0%). While 101 patients
(21.9%) who underwent surgical resection received
adjuvant radiation therapy, only 41 patients (6.4%) un-
derwent radiation therapy as the primary and only initial
treatment modality (Table 1).

Univariate analyses of characteristics associated with
the surgical treatment arm are presented in Table 2.
Younger patients and those with larger lesions
(=28 mm) were more likely to undergo resection,
whereas older patients and patients with smaller
lesions (<28 mm) were more likely to be observed or
have a biopsy without further surgical intervention
(P=.007 and P =.019 for age and tumor size, respec-
tively). Neither race nor sex affected a patient’s likeli-
hood of having GTR/STR versus observation/biopsy.
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Histologic subtype was found to be significantly associ-
ated with resection, as patients with a papillary or ada-
mantinomatous subtype were more likely to undergo
GTR/STR versus observation/biopsy than were those
with unspecified histology (P =.004) (Table 2). When
we examined the characteristics of patients with either
adamantinomatous or papillary histology, we noted
that the adamantinomatous histology was found more
frequently in younger patients, and these patients were
less likely to undergo radiation therapy (Table 3).

Observed overall survival rates at 1 and 3 years were
91.5% (95% CI, 88.9%-93.5%) and 86.2% (95% CI,
82.7%-89.0%), respectively. Relative overall survival
rates were 92.1% (95% CI, 89.5%-94.0%) and
87.6% (95% CI, 84.1%-90.4%) at 1 and 3 years, re-
spectively. Table 4 provides the results of univariate (un-
adjusted) and multivariate (adjusted) Cox proportional
hazards models based on overall survival. Kaplan-
Meier survival curves showing differences in survival
rates by age, race, and tumor size can be seen in
Figure la—c. Survival curves examining the effects of
surgical resection and radiation therapy can be seen in
Figure 2a—c. Factors associated with increased survival
in both the univariate and multivariable models
include younger age, smaller tumor size, subtotal resec-
tion, and radiation therapy. Alternatively, black race
was associated with worse survival relative to both
white and other races.

An increase in age is associated with a worse outcome
in both the univariate and multivariate models. Risk of
worse survival time increased incrementally as age in-
creased, from the youngest age group to the oldest age
groups. Blacks had worse survival than did whites in
both proportional hazards models, with hazard ratios
(HRs) of 2.37 (95% CI, 1.44—3.91; P < .001) in the uni-
variate model and 1.84 (95% CI, 1.08-3.15; P = .026)
in the multivariable model (Table 4). White patients also
had better relative survival, with 1- and 3-year relative
survival rates of 92.2% (95% CI, 89.2%-94.4%) and
89.9% (95% CI, 86.1%-92.7%), compared with 1-
and 3-year relative survival rates of 87.4% (95% CI,
77.5%-93.1%) and 74.8% (95% CI, 61.8%-83.9%)
among black patients (Table 5). Men and women had
similar survival rates. Larger tumors were associated
with worse survival in both the univariate and multivar-
iable models (HR, 1.86 [95% CI, 1.06-3.25; P = .031]
and HR, 2.64 [95% CI, 1.47-4.75; P =.001] in pa-
tients with tumors >28 mm, compared with those
with tumors <28 mm, in the univariate and multivariate
models, respectively) (Table 4). Histologic subtype was
not significantly associated with survival in the final ad-
justed model.

Both STR and radiation therapy were independently
associated with increased survival. With use of observa-
tion or biopsy as the reference value, there was no sur-
vival advantage associated with GTR. Conversely,
subtotal resection decreased the risk of worse survival
time, compared with observation/biopsy by nearly two-
thirds, with an HR of 0.39 (95% CI, 0.21-0.73; P =
.003) in the univariate model and 0.45 (95% CI,
0.23-0.85; P=.014) in the multivariable model. In
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Table 2. Univariate associations of demographic and clinical variables with surgical treatment (measured by Pearson's x*-test or Fisher's

exact test)

Variable Observation or biopsy (n = 176) Subtotal resection (n = 246)  Gross total resection (n = 216) P

Age 0.007

0-19 years 56 (31.8) 78 (31.7) 64 (29.6)
20-39 years 17 (9.7) 44 (17.9) 45 (20.8)
40-59 years 55 (31.2) 76 (30.9) 74 (34.3)
60-79 years 39 (22.2) 45 (18.3) 31 (14.4)
80+ years 9 (5.1) 3(11.2) 2 (0.9)

Sex 0.651
Male 85 (48.3) 129 (52.4) 106 (49.1)

Female 91 (51.7) 117 (47.6) 110 (50.9)

Race 0.772
White 131 (74.4) 188 (76.4) 172 (79.6)

Black 27 (15.3) 32 (13.0) 25 (11.6)
Other 18 (10.2) 26 (10.6) 19 (8.8)

Tumor Size 0.019
<28 mm 65 (36.9) 63 (25.6) 69 (31.9)
>28 mm 62 (35.2) 86 (35.0) 87 (40.3)

Unknown 49 (27.8) 97 (39.4) 60 (27.8)

Histology 0.004
Papillary 11 (6.2) 19 (7.7) 23 (10.6)
Adamantinomitous 37 (21.0) 76 (30.9) 77 (35.6)
Craniopharyngioma NOS 128 (72.7) 151 (61.4) 116 (53.7)

Radiation treatment 0.620
No radiation 134 (76.1) 194 (78.9) 160 (74.1)

Radiation 41 (23.3) 49 (19.9) 52 (24.1)
Unknown 1 (0.6) 3(1.2) 4 (1.9)

Abbreviations: NOS, not otherwise specified.

addition, patients who received radiation treatment were
half as likely to experience worse survival time, com-
pared with those not receiving radiation treatment,
with an HR of 0.50 (95% CI, 0.26—0.94; P = .032) in
the univariate model and 0.45 (95% CI, 0.23-0.86;
P =.016) in the multivariable model, when adjusted
for surgical intervention (Table 4).

Discussion

We demonstrated that >85% of patients with cranio-
pharyngioma survived 3 years after diagnosis and that
STR and radiation therapy were associated with pro-
longed survival. We also noted a higher incidence rate
and worse 1- and 3-year survival rates in the black
population.

Craniopharyngioma is a histologically benign but
locally aggressive sellar/suprasellar tumor characterized
by a propensity to involve vital surrounding neurologic
structures. Although GTR remains the therapeutic main-
stay for select patients, a growing body of literature sug-
gests that conservative surgical strategies, followed by
adjuvant fractionated or targeted radiotherapy, may
achieve similar levels of tumor control while minimizing
visual, neurologic, and endocrine complications.?’~>*
Although a number of small case series have evaluated

various treatment paradigms, few studies have compre-
hensively assessed the epidemiology of craniopharyng-
ioma at the population level.

The overall incidence rate of 1.7 cases per 1 000 000
person-years is slightly higher than the 1.3 cases per
1000000 person-years noted by Bunin et al. in their
1998 study. Although statistical comparison between
these 2 studies is not possible, we can surmise that the
variation may be a result of superior case ascertainment
in SEER or perhaps may reflect an increased rate of diag-
nosis because of the significant advances in neuroimag-
ing over the past decade. Of note, the incidence rate
did not vary over the 5-year span of our study.

Consistent with previous studies, a bimodal age dis-
tribution was noted for patients in the SEER database
with a diagnosis of craniopharyngioma.'? The incidence
among children aged 0—19 years and among adults aged
40-79 years was significantly higher than among young
adults and the older population. In addition, tumors of
the adamantinomatous subtype occurred with a higher
frequency in children, whereas tumors of the papillary
subtype occurred with a higher frequency in the adult
population. This breakdown has been previously noted
and is likely a result of the variable origin of these cra-
niopharyngioma subtypes. Adamantinomatous tumors
are thought to originate from aberrant odontogenic
tissue from the primitive oral cavity, whereas papillary
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Table 3. Univariate associations of demographic and clinical
variables with histology in 244 patients with adamantinomitous or
papillary craniopharyngioma (measured by Pearson's x>-test)

Variable Adamantinomatous Papillary P
(n=191) (n=53)
Age <0.001
0-19 years 61 (31.9) 3(.7)
20-39 years 33(17.3) 5(9.4)
40-59 years 64 (33.5) 29 (54.7)
60-79 years 32 (16.8) 13 (24.5)
80+ years 1 (0.5) 3(.7)
Sex 0.290
Male 101 (52.9) 33 (62.3)
Female 90 (47.1) 20 (37.7)
Race 0.088
White 139 (72.8) 45 (84.9)
Black 28 (14.7) 2 (3.8)
Other 24 (12.6) 6 (11.3)
Surgical 0.906
treatment
Observation 37 (19.4) 11 (20.8)
or biopsy
Subtotal 77 (40.3) 23 (43.4)
resection
Gross total 76 (39.8) 19 (35.8)
resection
Unknown 1 (0.5) 0 (0)
Radiation 0.071
treatment
No radiation 145 (75.9) 33(62.3)
Radiation 42 (22.0) 20 (37.7)
Unknown 42.1) 0 (0)

tumors develop from anterior pituitary cells, suprasellar
epidermoid cysts, or Rathke cleft cysts associated with
remnants of the craniopharyngeal duct and squamous
metaplasia.”® As a generalization, adamantinomatous
craniopharyngiomas contain both solid and cystic ele-
ments, whereas papillary craniopharyngiomas tend to
be solid.**

Of interest, black race was associated with a trend
towards increased relative risk for craniopharyngioma
of 1.26 (95% CI, 0.98-1.59; P = .07) when compared
with white patients. The difference reached statistical
significance when stratified by age among adults aged
40-79 years in which black race was associated with
an incidence rate of 3.0 cases per 1000000 person-
years, compared with 2.0 cases per 1000 000 person-
years among white patients (RR =1.54; P =.0129).
The vast majority of previous studies have noted virtual-
ly identical incidence rates among black persons.!”*7*8
Many of these studies, however, are limited by underre-
porting of benign brain tumors.*® In a subset of the data
analyzed by Bunin et al., the rate among African-
American children was approximately twice that
among white children, a statistically significant diffe-
rence.'” The remainder of their analysis found similar
rates, and the discrepant incidence rates were written
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off as chance because of the small number of
African-American cases. Our study provides additional
information in support of their finding that there may
be an increase in the relative risk for craniopharyngioma
among black patients. This was driven by a statistically
significant difference in the incidence rates between
black and white adults aged 40—79 years. The incidence
rates among black and white patients did not differ on
the basis of sex or histologic subtype. Although prior
reports have not included craniopharyngioma, most in-
vestigation indicate that white persons are at signifi-
cantly elevated risk for malignant brain tumor
development with relative risks of 1.86-2.5.%° %! Two
older studies, one from Los Angeles and one from
Washington DC, disclosed higher proportions of menin-
giomas in black patients than in white patients.>***
More recent, large-scale studies have not replicated
these results and most often observe no difference in
the incidence rates for meningiomas between white
and black individuals. These results are unlikely to be
related to a detection bias, because craniopharyngioma
rarely evade clinical detection given their propensity to
cause deficits related to vision, endocrinologic abnor-
malities, and/or hydrocephalus.

Craniopharyngiomas are notoriously difficult to
treat. These histologically benign tumors are located in
and around the sella turcica, a region with intimate con-
nection to the pituitary gland, hypothalamus, and optic
apparatus. As such, patients frequently present with en-
docrine abnormalities, visual dysfunction, or symptoms
of hydrocephalus because of extension into the nearby
third ventricle. Despite refinement of microsurgical and
endoscopic resection of these lesions, GTR may still be
associated with a significant risk of endocrinopathy
and neurologic morbidity.”> To avoid irreversible
surgery-related morbidities, conservative surgical strate-
gies, including planned STR followed by adjuvant radi-
ation therapy, are increasingly being pursued.'®*!
Nevertheless, consistent with the prevailing treatment
paradigm, the vast majority of patients with a diagnosis
of craniopharyngioma are initially treated surgically,
often with the aim of GTR.

The selection of surgical approach and degree of re-
section are tailored based on anatomic location and neu-
rologic, visual, and endocrinologic symptoms. Tumors
that are adherent to the pituitary stalk, hypothalamus,
and cerebral vessels or those that appear to have
invaded into the surrounding parenchyma may be best
served by an incomplete tumor resection followed by
upfront or salvage irradiation.”® Of surprise, only 49 pa-
tients (19.9%) who underwent STR received adjuvant
radiotherapy. A limitation of our study is the incomplete
information on treatment at the time of recurrence,
which is not available in SEER. It is possible that a
number of patients received radiotherapy as part of a
salvage protocol, which may influence outcome. There
were also a small proportion of patients who received
upfront radiation without surgical resection. These pa-
tients were less likely to have had adamantinomatous
histology and were older, which speaks to their fitness
to undergo a major intracranial operation.
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Table 4. Results of univariate and multivariate Cox proportional hazards models for demographic and clinical variables

Variable Unadjusted HR P Adjusted HR P
Age
0-19 years 0.05 (0.02-0.13) <0.001 0.04 (0.01-0.12) <0.001
20-39 years 0.09 (0.03-0.24) <0.001 0.09 (0.03-0.27) <0.001
40-59 years 0.16 (0.07-0.37) <0.001 0.16 (0.06-0.40) <0.001
60-79 years 0.35 (0.15-0.81) 0.014 0.46 (0.19-1.12) 0.088
80+ years Reference Reference
Sex
Male Reference Reference
Female 1.14 (0.73-1.77) 0.569 1.17 (0.74-1.86) 0.500
Race
White Reference Reference
Black 2.37 (1.44-3.91) <0.001 1.84 (1.08-3.15) 0.026
Other 0.82 (0.35-1.91) 0.645 0.96 (0.41-2.27) 0.928
Tumor Size
<28 mm Reference Reference
>28 mm 1.86 (1.06-3.25) 0.031 2.64 (1.47-4.75) 0.001
Unknown 1.11 (0.60-2.06) 0.743 1.13 (0.60-2.14) 0.710
Histology
Papillary 1.49 (0.73-3.04) 0.276 1.31 (0.61-2.81) 0.483
Adamantinomatous 1.13 (0.69-1.86) 0.619 1.39 (0.83-2.34) 0.207
Craniopharyngioma NOS Reference Reference
Surgical treatment
Observation or biopsy Reference Reference
Subtotal resection 0.39 (0.21-0.73) 0.003 0.45 (0.23-0.85) 0.014
Gross total resection 0.96 (0.58-1.59) 0.877 1.22 (0.71-2.08) 0.475
Unknown 1.01 (0.137-7.45) 0.991 2.06 (0.25-17.17) 0.505
Radiation treatment
No radiation Reference Reference
Radiation 0.50 (0.26-0.94) 0.032 0.45 (0.23-0.86) 0.016
Unknown 0.55 (0.08-3.99) 0.557 0.57 (0.08-4.28) 0.588
Abbreviations: NOS, not otherwise specified.
(a) Survival by Age (b) Survival by Race (c) Survival by Tumor Size
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Fig. 1. (a) Kaplan-Meier survival curve (months) by age, (b) race, and (c) tumor size.
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Accordingly, age was the only demographic factor as-
sociated with the likelihood of undergoing tumor resec-
tion. Although the SEER database does not include
comorbidity data, which are likely to affect the decision
of whether or not to operate, one can assume that, on
average, as age increases, patients are increasingly poor

surgical candidates. Large tumor size was also found
to be a positive predictor of surgical intervention.
Because of the precarious anatomic location of cranio-
pharyngiomas, tumor expansion will almost certainly
compress vital structures, a factor which would favor
surgical decompression/resection.
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Fig. 2. (a) Kaplan-Meier survival curve (months) by radiation treatment, (b) surgical treatment, and (c) combined radiation and surgical

treatment.

Table 5. Race, sex, age, and date of coding adjusted overall survival estimates at 1- and 3- years. Relative survival the percentage of
observed survival relative to expected survival. Expected survival is calculated from standard US population estimates

Variable Observed overall 1-year Relative overall 1-year Observed overall 3-year Relative overall 3-year
survival (%) survival (%) survival (%) survival (%)

Age

0-19 years 98.0 (94.7-99.2) 98.0 (94.7-99.2) 94.4 (88.8-97.3) 94.5 (88.8-97.3)

20-39 years 95.8 (89.1-98.4) 95.9 (89.1-98.5) 93.0 (84.9-96.8) 93.3 (85.0-97.0)

40-59 years 92.5 (87.7-95.5) 92.9 (88.0-95.9) 85.4 (78.6-90.2) 86.5 (79.5-91.3)

60-79 years 77.7 (68.5-84.5) 79.4 (69.9-86.3) 70.9 (60.0-79.4) 75.6 (63.4-84.2)

80+ years 60.0 (27.5-81.7) 62.1 (27.6-83.9) 45.0 (13.4-72.8) 50.8 (13.4-79.7)
Sex

Male 91.9 (88.1-94.5) 92.6 (88.7-95.2) 86.3 (81.2-90.1) 88.1 (82.7-91.8)

Female 91.0 (87.2-93.8) 91.5 (87.5-94.2) 86.1 (81.0-89.9) 87.2 (82.0-91.0)
Race

White 91.7 (88.7-93.9) 92.2 (89.2-94.4) 88.4 (84.8-91.3) 89.9 (86.1-92.7)

Black 86.6 (77.0-92.3) 87.4 (77.5-93.1) 73.0 (60.5-82.0) 74.8 (61.8-83.9)

Other 96.7 (87.5-99.2) 97.1 (86.9-99.4) 89.9 (77.2-95.8) 90.6 (77.3-96.3)
Tumor Size

<28 mm 95.2 (91.0-97.5) 95.7 (91.3-97.9) 87.8 (80.7-92.4) 89.5 (81.9-94.0)

>28 mm 87.6 (82.3-91.3) 88.0 (82.7-91.7) 81.8 (75.3-86.8) 82.7 (76.1-87.7)

Unknown 92.4 (87.7-95.4) 93.0 (88.2-95.9) 89.3 (83.5-93.1) 91.1 (84.9-94.8)
Histology

Papillary 89.9 (77.4-95.7) 90.6 (77.5-96.2) 81.2 (65.4-90.3) 82.8 (66.1-91.8)

Adamantinomatous

Craniopharyngioma
NOS

Surgical treatment
Observation or biopsy
Subtotal resection
Gross total resection
Unknown

radiation treatment

91.3 (85.9-94.7)
91.7 (88.4-94.1)

87.8 (81.7-92.0)
94.7 (90.9-97.0)
91.0 (86.0-94.2)
83.3(27.3-97.5)

91.8 (86.3-95.1)
92.3 (89.0-94.7)

88.5 (82.2-92.6)
95.2 (91.2-97.4)
91.4 (86.4-94.7)
83.4 (27.1-97.5)

85.6 (78.3-90.5)
87.1 (82.8-90.4)

82.3 (74.4-87.9)
92.5 (87.6-95.5)
82.6 (75.8-87.6)
83.3 (27.3-97.5)

86.8 (79.3-91.8)
88.6 (84.1-91.9)

83.8 (75.6-89.4)
94.3 (88.8-97.1)
83.6 (76.7-88.6)
83.4 (27.1-97.5)

No radiation 89.6 (86.3-92.1) 90.1 (86.9-92.7) 85.2 (81.1-88.4) 86.6 (82.4-89.8)
Radiation 98.5 (94.0-99.6) 98.9 (92.8-99.8) 90.0 (82.0-94.5) 91.4 (82.8-95.8)
Unknown 84.6 (51.2-95.9) 84.9 (50.9-96.1) 84.6 (51.2-95.9) 84.9 (50.9-96.1)

Abbreviations: NOS, not otherwise specified.

Because of the histologically benign nature of cranio-
pharyngiomas and excellent short-term survival, data on
overall survival is scant in the literature. Because these

lesions often exhibit aggressive local recurrence,
progression-free survival is typically used as the bench-
mark when evaluating various treatment paradigms.
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However, craniopharyngiomas are associated with sub-
stantially decreased overall survival, with mortality rates
3-fold to 6-fold higher than that of the general popula-
tion.>®3% In addition to deaths directly attributable to
the tumor and related interventions, cardiac, cerebrovas-
cular, and respiratory mortality are increased. This is hy-
pothesized to be related to hormonal deficiencies,
particularly of growth hormone and gonadotropins.*
Nevertheless, 10-year survival rates range from 80% to
90% in recent investigations.>>>* At a median of 25.5
months (interquartile range, 10—43 months) follow-up,
we found an observed 1-year survival rate of 91.5% and
3-year survival rate of 86.2%. These rates are consistent
with the unadjusted rate determined by Bunin et al.,
which was 80% at 5 years."”

Of no surprise, younger patients and those with
smaller tumors experienced improved 1- and 3- year sur-
vival rates (Table 5). Of interest, we noted substantially
reduced overall prognosis in black patients, with 1- and
3-year relative survival rates of 87.4% (95% CI,
77.5%-93.1%) and 74.8% (95% CI, 61.8%—83.9%),
compared with 1- and 3- year relative survival rates of
92.2% (95% ClI, 89.2%-94.4%) and 89.9% (95%
CI, 86.1%-92.7%) for white patients. There is no evi-
dence that this difference in survival rates is the result
of treatment differences, because there was not a signifi-
cant difference between the proportions of white and
black patients who underwent observation/biopsy as
opposed to STR or GTR. Furthermore, relative survival
rates are adjusted by age, sex, and year of diagnosis and
should not represent an artifact of worse all-cause sur-
vival in the black population. Differential survival for
craniopharyngioma based on race has not been noted
in the literature, although previous studies have demon-
strated worse survival and disease severity at presenta-
tion in black patients for other brain tumor subtypes.*

GTR, when it can be completed with minimal risk to
vital neurologic and endocrine structures, is the current
standard of care for craniopharyngioma. This dogma
has recently been challenged by a number of groups
because of the high rates of post-surgical mono-
hormonal and pan-hormonal hypothalamic/pituitary
endocrinopathy that often accompany attempts at
GTR.** Furthermore, advances in radiation therapy, in-
cluding the progression of stereotactic radiosurgery, have
improved radiation conformality in this critical region,
thus providing more targeted treatment with minimiza-
tion of exposure to nearby critical structures.'®*®
These advances and realizations have ushered in a new
paradigm in which subtotal resection, combined with ad-
juvant radiation therapy, is being considered as a viable
alternative. In fact, a recent meta-analysis has shown
that STR with adjuvant irradiation has similar rates of
long-term disease control, compared with GTR.*'
Although we are unable to analyze rates of progression-
free survival in our cohort, these results suggest that such
a paradigm may indeed be associated with equivalent or,
perhaps, improved outcomes. Patients who received
GTR had worse relative 3-year survival (83.6%; 95%

Zacharia et al.: Epidemiology of craniopharyngioma in SEER

ClI, 76.7-88.6%), compared with those who underwent
STR with or without adjuvant therapy (96.0% [95% CI,
71.5-99.5] and 93.6% [95% CI, 87.5%-96.8%], re-
spectively). We cannot ascertain which, if any, patients
underwent salvage radiation therapy. Although some
studies suggest that the timing of initiation of radiation
treatment may be of little consequence with regard to
survival,'” other series have noted that earlier initiation
of radiation therapy may be associated with improved
visual acuity relative to salvage regimens.>® Ultimately,
a randomized controlled trial would be critical in evalu-
ating the relative efficacies of these various modalities
and their effects on progression-free survival, overall sur-
vival, and quality of life metrics.

Although this analysis aims to provide a comprehen-
sive overview of the demographic and clinical character-
istics of patients with a diagnosis of craniopharyngioma,
several limitations of this study must be recognized and
taken into consideration. First, the analysis is limited by
the data available in the SEER database. The database
provides limited clinical information, no data on chemo-
therapy, and only information about the initial course of
treatment, without information about tumor residual or
recurrence. Although benign tumors, such as cranio-
pharyngioma, are unlikely to be treated with chemother-
apy, recurrence and subsequent treatment may play an
important role in determining long-term survival, espe-
cially in those patients undergoing subtotal resection.
Furthermore, performance status and medical comor-
bidities are likely to play an important role in deciding
which patients undergo surgical resection, an interven-
tion associated with increased rates of survival. Finally,
although analyzing data from multiple sites allows for
a larger cohort of patients and results that can be more
reliably generalized to the patient population at large,
there are limitations resulting from the potential for in-
accurate coding, varying treatment patterns, and differ-
ences in clinical decision making at individual centers,
which could not be accounted for in this analysis.

This study represents the first SEER-based analysis of
incidence, treatment, and survival among patients with
craniopharyngioma. We demonstrated that >85% of
patients survived 3 years after diagnosis and that STR
and radiation therapy were associated with prolonged
survival in this population-based cohort. We also noted
a higher incidence rate and worse 1- and 3- year survival
rates in the black population. Future investigations
should examine these racial disparities and focus on eval-
uating the efficacy of emerging treatment paradigms.
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