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Abstract. Background/Aim: Few data are available on the
utility of definitive radiation therapy (RT) for pediatric
craniopharyngioma. This study sought to evaluate practice
patterns and patient outcomes using the Surveillance
Epidemiology and End Results database from 2004-2014.
Materials and Methods: Overall survival (OS) was compared
between five treatment groups, definitive radiation therapy
(RT), gross total resection (GTR), subtotal resection (STR),
STR+RT, and observation/biopsy only, using Kaplan–Meier
analysis and log-rank tests. Multivariate Cox proportional
hazards modeling determined variables independently
associated with OS. Results: A total of 373 patients met the
study criteria. GTR and definitive RT conferred superior OS
than observation/biopsy (p=0.008 and 0.029), but were
equivalent to STR+RT (p=0.350 and 0.200). GTR was
associated with a higher OS than STR (p=0.027). On
multivariate analysis, STR+RT, GTR, and definitive RT were
associated with statistically equivalent OS (p=0.990).
Conclusion: Definitive RT for pediatric craniopharyngioma
affords similar outcomes to established modalities of therapy
such as GTR and STR+RT.

Originating from remnants of Rathke’s pouch, craniopharyngiomas are rare tumors that have both solid and cystic
components; this neoplasm comprises 5-10% of pediatric brain
tumors (1-3). There are two main approaches to treatment,
including surgery in efforts to achieve GTR, versus a more
conservative STR followed by adjuvant RT to combat residual
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disease. Although aggressive surgical approaches may more
likely achieve GTR, there may be substantial iatrogenic
morbidity and mortality, including effects on the visual,
endocrine, and neurocognitive systems (4, 5).
To this extent, administration of definitive RT may prevent
some surgery-related complications, but this is a nonstandard therapy on account of few available data. Smallvolume retrospective studies (6-9) and a population-based
analysis (10) have shown comparable outcomes between
definitive RT, STR+RT, and GTR. Corresponding data in
pediatric patients are much scarcer (11-13), likely because
surgery-based therapy remains much more studied and there
is reluctance to irradiate children. Nevertheless, lack of
surgery does indeed occur for various reasons (e.g. refusal
by patients and/or parents), and large studies of definitive RT
(without attempted surgery) in the pediatric population are
currently lacking.
Hence, this question was evaluated using the Surveillance,
Epidemiology, and End Results (SEER) population-based
dataset. Specifically, the practice patterns and outcomes
between STR+RT, GTR, and definitive RT were evaluated.

Materials and Methods

Using the SEER database. ICD-O-3 codes for craniopharyngioma
(9350-9352) were used to identify all craniopharyngioma cases from
2004 to 2014, after the SEER program started to collect nonmalignant
CNS tumors. Age adjustment was based on the 2000 US standard
population. The surgical technique was categorized into four groups:
no surgical intervention (observation), biopsy only, STR, and GTR,
as referenced in previous publications (10, 14). For brain sites (C71.0C71.9, C72.0-C72.9), observation/biopsy referred to surgical codes
of 00 and 20. STR was defined as codes 21, 40, and 90. GTR
included codes 30 and 55. For other sites (C75.1, C75.2 and C75.3),
the observation/biopsy group referred to code 00 and 27. The STR
group was defined as codes 30 and 50. The GTR group included
codes 40 and 60. The definitive RT (observation/biopsy+RT) group
was defined as patients receiving only RT (observation+RT) or biopsy
followed by RT (biopsy+RT).
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Following calculation of age-adjusted disease incidences, age
was divided into three groups: 0-5, 6-12, and 13-20. The age ranges
were chosen based on disease incidence and in order to maintain
uniformity between groups when the sample size is very low.
Statistics were performed with SAS software (Cary, NC); p<0.05
was considered statistically significant. Estimates of overall survival
(OS) were determined based on the Kaplan–Meier method; survival
time referred to the interval between the date of diagnosis until
death or censored at date of last follow-up. Although the SEER
database categorizes cause-specific survival, the comparison of this
parameter between groups was not indicated in a low sample size
pediatric population with few cause-specific events. The log-rank
test was used to compare survival between patient groups. Cox
proportional hazards regression modeling was used for multivariate
analysis.

Results

A total of 373 cases were identified from the SEER database.
Of these, 97 (26%) were aged 0-5, 150 (40%) aged 6-12, and
126 (34%) aged 13-20. Table I displays selected clinical
characteristics of the patient population. Most patients were
Caucasian. Patients were relatively similar in terms of gender
and, of the cases with available size, most had tumors <3 cm.
Table II shows patterns of care by age group based on five
primary categories: definitive RT, GTR, observation/biopsy
only, STR, and STR+RT. The most common treatment
methods overall were STR (27%), observation/biopsy only
(25%), and GTR (25%). Definitive RT was administered in
7% of patients 0-5 years old, 9% in those aged 6-12, and
14% in the 13-20 cohort.
Median follow-up was 49 months (range=0-119 months).
Figure 1 illustrates OS between the five treatment categories,
with a statistically significant difference (p=0.020). When
performing a direct comparison between subsets, there were
significant differences in OS between GTR and STR
(p=0.027), GTR and observation/biopsy only (p=0.008), and
definitive RT and observation/biopsy only (p=0.029). Figure
2 shows no statistical differences between definitive RT,
GTR, and STR+RT (p=0.330).
Cox multivariate analysis for overall survival revealed that
treatment (definitive RT vs. others), tumor size, sex, and age
did not show statistically significant correlation with OS.
However, hazard for definitive RT is reported as zero, which
might not have a meaningful interpretation as no death is
recorded for definitive RT category.

Discussion

Population-based analyses are excellent ways to study rare
instances of an uncommon neoplasm. The National Cancer
Institute’s SEER program includes approximately 28% of the
population of the United States, and the updated SEER
database allowed for evaluation of the largest cohort of
pediatric craniopharyngioma patients ever available for the
804

Table I. Demographic and clinicopathologic characteristics of the
patient population.
N (%)

Total
Gender
Male
Female
Age (y)
0-5
6-12
13-30
Race
White
Black
Other/unspecified
Histology
Adamantinomatous
Median age (range) (y)
Mean tumor size (range) (mm)
Papillary
Median age (range) (y)
Mean tumor size (range) (mm)
Unknown
Size of tumor (cm)
<3
3-5
≥5
Unknown

N=483 (100.0)
246 (50.9)
237 (49.1)

127 (26.3)
194 (40.2)
162 (33.5)

359 (74.3)
66 (13.7)
58 (12.0)

169 (35.0)
9 (0-20)
37 (1-330)
6 (1.2)
17 (3-19)
38 (28-40)
308 (63.8)
127
160
82
114

Table II. Treatment stratified by age group.
Treatment

Observation/Biopsy
GTR
STR only
STR+RT
Definitive RT
Total

Age 0-5

29 (29.9)
23 (23.7)
31 (32.0)
7 (7.2)
7 (7.2)
97

N (%)

Age 6-12

35 (23.3)
44 (29.3)
34 (22.7)
23 (15.3)
17 (9.3)
150

Age 13-20
29 (23.0)
25 (19.8)
35 (27.8)
19 (15.1)
18 (14.3)
126

assessment of pattern of care and treatment outcomes. We
showed that the most common treatment paradigms are nonRT-based: STR, observation/biopsy only, and GTR. We also
illustrated for the first time that in this population, definitive
RT was associated with excellent outcomes that are not
inferior to established treatment paradigms.
Definitive radiation therapy in pediatric craniopharyngioma
is very rare and has only been reported in a few small
retrospective studies (11-13). A comprehensive review of
several small-volume (n≤10) series are presented by Kiehna
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Figure 1. Overall survival among patients undergoing definitive RT, GTR, STR, STR+RT, and observation/biopsy. RT: Radiotherapy; GTR: gross
total resection; STR: subtotal resection.

Figure 2. Overall survival among patients undergoing definitive RT, GTR, and STR+RT. RT: Radiotherapy; GTR: gross total resection; STR: subtotal
resection.

and Merchant, displaying numerically similar outcomes as
either GTR or STR+RT patients, although most patients
therein were treated 3-4 decades ago (11). A series of studies

from Children’s Hospital in Boston reported treatment of nine
children (age ≤21) with no recurrences at time of last followup (12-13).
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It is acknowledged that for a benign tumor, observing
significantly improved survival with a given intervention is
relatively uncommon. Although the SEER database does not
record other relevant endpoints such as local control or
toxicities, this information is necessary to make a valid
conclusion of definitive RT in the pediatric population.
However, the display of equivalent survival between
definitive RT and STR+RT and GTR signals some degree of
equivalence, since the definitive RT population could have
been “higher-risk” if surgery could not be performed owing
to various reasons (e.g. prior morbidity or serious concurrent
medical illness). While there were too few events to glean
statistical significance from these data, it is implied that
definitive RT does not produce inferior outcomes to surgicalbased approaches.
From these data, it is clear that, numerically, the utilization
of definitive RT increases with age group, after which figures
may appear similar to its utilization in adult patients (10).
However, there is reason to believe that definitive RT could
increase in the future, thus making the results of this
investigation important to consider. The emerging utility of
proton RT (PRT) has been especially pronounced in children,
for which delivery of a lower integral dose may lead to fewer
secondary neoplasms and treatment-related adverse events
(15); PRT is also quite cost-effective in these neoplasms, as
a result (16, 17). For pediatric craniopharyngioma, delivery
of PRT affords similar natural history during and after
therapy, with acceptable toxicities (18). What remains to be
more completely addressed are cognitive outcomes following
PRT for these patients (19-20).
There are several caveats to this work. Retrospective
selection biases are present in any study, including a lack
of precise reasons for delivering any type of therapy (or
lack thereof). Though progression-free survival is typically
used to compare different modalities at risk for local
recurrence, it is not available from the SEER database.
Additionally, quantification of treatment-related morbidities
is also not given in the SEER dataset, which is necessary
to evaluate the true utility of definitive RT in this
population. The observation/biopsy group was found to
have relatively high survival, which may have been due to
missing documentation of delayed RT data, or good salvage
options.
In summary, this population-based analysis, the largest of
this population to date, did not observe any survival
differences in craniopharyngiomas treated with definitive RT
and surgical-based approaches. This has implications on
patient counseling if surgery is not an option for patients
and/or parents, for various reasons. It is unlikely that
prospective trials will be conducted on this circumstance
owing to the rarity of these neoplasms in this patient
population. Therefore, these hypothesis-generating data must
be corroborated by multi-institutional experiences.
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