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Craniopharyngioma is a tumor that arises from 
Rathke’s pouch and is typically located in the sel-
lar, suprasellar, or parasellar region.1,2 Although 

craniopharyngiomas are histologically benign tumors 
and account for only 2%–5% of all pediatric intracranial 

tumors,3 these tumors are considered aggressive due to 
frequent recurrences and significant treatment morbid-
ity.1,2 The proximity of craniopharyngioma to the pituitary 
stalk, hypothalamus, third ventricle, optic chiasm, optic 
nerves, and cerebral vasculature makes safe resection 
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OBJECTIVE  The optimal management of pediatric craniopharyngioma patients remains controversial, shifting from 
radical resection (gross-total resection [GTR]) to a more conservative approach with partial resection/biopsy followed by 
radiotherapy (PR+RT). To the authors’ knowledge, no previous studies have compared neurocognitive and quality-of-life 
(QOL) outcomes between the two main treatments. In this study, the authors compared changes in intellectual, adaptive, 
and QOL scores in children treated for craniopharyngioma with GTR and those treated with PR+RT.
METHODS  Patients underwent annual neurocognitive and QOL evaluations for up to 10 years posttreatment, including 
the Full-Scale IQ, Verbal Comprehension Index (VCI), Perceptual Reasoning Index (PRI), Working Memory Index (WMI), 
and Processing Speed Index (PSI). Child- and parent-reported QOL scores and adaptive behavior in different domains 
were assessed. General linear mixed models were used to examine change in scores over time by treatment group with 
adjustment for significant covariates.
RESULTS  Scores from 43 patients treated between 2009 and 2019 (21 GTR, 22 PR+RT) were examined. Within the 
PR+RT group, 9 patients had intensity-modulated RT and 13 had proton beam therapy. The treatment groups were simi-
lar in sex (44% male) and age (median 7.3 years). There were no significant differences in the trajectory of intellectual 
functioning or QOL scale scores between the two groups. However, patients who underwent GTR exhibited significant 
improvement over time in overall adaptive behavior (p = 0.04) and conceptual skills (p = 0.01), which was not observed in 
patients treated with PR+RT.
CONCLUSIONS  Long-term pediatric craniopharyngioma survivors treated with GTR and PR+RT have similar intellectual 
function and QOL. Larger studies are needed to explore small but clinically significant differences between the two groups.
https://thejns.org/doi/abs/10.3171/2022.12.PEDS22367
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challenging. The optimal management of craniopharyngi-
omas remains controversial, shifting between gross-total 
resection (GTR) and a more conservative approach of par-
tial resection followed by radiotherapy (PR+RT), with the 
rationale that similar tumor control rates can be achieved 
with lower morbidity.4–7

The acute side effects and long-term complications as-
sociated with each treatment option are well documented. 
Specifically, research has demonstrated changes in pitu-
itary-hypothalamic axis function, visual outcomes, obe-
sity risk, vasculopathy, and risk of second malignancies 
due to radiation.8–11

Neurobehavioral, social, and emotional impairments, 
with subsequent impact on quality of life (QOL), have 
been found in survivors of childhood craniopharyngio-
ma.12,13 Numerous factors have been associated with these 
poor psychosocial and functional outcomes, such as hypo-
thalamic involvement, diabetes insipidus (DI), hydroceph-
alus, number of recurrences, and socioeconomic status.14,15 
Adult survivors of craniopharyngioma may have QOL 
scores similar to those of the general population, whereas 
up to 50% of childhood craniopharyngioma survivors 
have reported below-average QOL.15

Although numerous studies have addressed cognitive, 
behavioral, and QOL outcomes in children with cra-
niopharyngioma,16–25 to our knowledge no studies have 
compared these outcomes by treatment type or intensity. 
Therefore, the aim of this study was to compare the intel-
lectual, adaptive, and QOL outcomes in children treated 
for craniopharyngioma with GTR versus PR+RT.

Methods
Participants

With institutional review board approval, records were 
examined for pediatric brain tumor patients who met the 
following criteria: 1) treated for a craniopharyngioma 
brain tumor at Texas Children’s Hospital between 2001 
and 2019, 2) ≤ 18 years of age at the time of treatment, 3) 
received either GTR alone or partial resection followed 
by focal radiotherapy (PR+RT), and 4) spoke English or 
Spanish. Partial resection was defined as any resection 
that did not result in complete removal of the tumor, from 
a subtotal resection to a biopsy. Patients who received RT 
received either intensity-modulated RT (IMRT) or proton 
RT (PRT). IMRT was used for patients until proton beam 
therapy (PBT) became available in 2006. The decision to 
transition from IMRT to PBT was largely made as an at-
tempt to minimize the dose to normal surrounding brain 
tissue and preserve cognitive function in young children. 
The RT dose ranged from 50.4 to 54 Gy in 1.8-Gy frac-
tions to the tumor, with a 0.5- to 1-cm margin (clinical 
target volume).

The data collection method has been previously de-
scribed in detail in our prior publications.11 Clinical data 
collected included date of diagnosis, age, and sex. Recur-
rence was defined as any tumor progression on MRI de-
termined by a neuroradiologist that necessitated further 
treatment. MRI findings that did not change or influence 
patient management were not classified as recurrence. 
Anterior pituitary dysfunction or just pituitary dysfunc-

tion was defined as the need for steroid, thyroid hormone, 
growth hormone, or gonadotropic hormone replacement. 
DI was determined by the need for regular replacement of 
antidiuretic hormone with desmopressin.

Measures
Intellectual, adaptive, and QOL scores were abstracted 

from performance-based, parent-reported, and child-re-
ported measures administered as part of the clinical and 
research neurocognitive evaluation process. Serial neuro-
cognitive surveillance is a standard clinical protocol for 
pediatric craniopharyngioma patients at our institution. 
Additionally, most patients treated after 2007 are enrolled 
in a larger prospective, longitudinal research study exam-
ining long-term neurocognitive and behavioral outcomes 
in survivors of pediatric brain tumor.

Intellectual Functioning
IQ scores were derived from the age-appropriate version 

of the Wechsler Scales of Intelligence26–30 (92.9%) or the 
Leiter International Performance Scale (7.1%).31 IQ score 
correlations across these tests range from 0.71 to 0.86. IQ 
scores provide a measure of global intellectual function-
ing. The Wechsler Scales of Intelligence also yield index 
scores. The Verbal Comprehension Index (VCI) measures 
verbal reasoning ability, the Perceptual Reasoning Index 
(PRI) measures nonverbal and fluid reasoning ability, the 
Working Memory Index (WMI) measures the ability to 
store and manipulate information in short-term memory, 
and the Processing Speed Index (PSI) measures the speed, 
efficiency, and accuracy of information processing. Age-
normalized standard scores have a mean ± SD of 15, with 
lower scores indicating worse functioning. The Wechsler 
Intelligence Scale for Children, Fifth Edition (WISC-V), 
does not generate a PRI score. At our request, NCS Pear-
son Inc. (publisher of the WISC-V) generated the norms 
for calculating PRI scores from WISC-V subtests to enable 
comparison of scores across versions. WISC-V PRI reli-
abilities ranged from 0.93 to 0.95 across ages 6–16 years.32

Adaptive Functioning
Adaptive functioning scores were derived from the 

Adaptive Behavior Assessment System, Second Edition 
(ABAS-II) or Third Edition (ABAS-3), Parent Form.33,34 
The ABAS generates a General Adaptive Composite 
(GAC) score, which is a broad measure of overall adaptive 
functioning. Additionally, the measure provides scores 
that represent functioning in specific adaptive domains: 
conceptual (communication, functional academics, self-
direction), social (social/leisure skills), and practical (self-
care, home/school living, community use, health/safety). 
High correlations have been reported between ABAS-II 
and ABAS-3 GAC and domain scores (0.83–0.88). Age-
normalized standard scores have a mean ± SD of 100 ± 15, 
with lower scores indicating worse functioning.

Quality of Life
Health-related QOL was assessed with the Pediatric 

Quality of Life Inventory (PedsQL) Generic Core Scale.35 
A parent proxy report was obtained from all patients, and 
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a child report was obtained from patients ≥ 5 years of 
age. The Total Scale Score measures global QOL. Sub-
scale scores measure QOL in specific domains: physical 
functioning, emotional functioning, social functioning, 
and school functioning. Average intraclass correlations 
between parent proxy and child reports across all ages 
ranged from 0.49 to 0.64.35 Scale scores ranged from 0 to 
100, with lower scores indicating worse QOL.

Statistical Analyses
Summary statistics were stratified by treatment group 

(GTR vs PR+RT) and compared using Wilcoxon rank-
sum or Fisher’s exact tests. A general linear mixed model 
was used to compare changes in intellectual, adaptive, 
and QOL scores between treatment groups over time. The 
model included fixed effects for the treatment group, time, 
and group-by-time interaction terms, as well as a random 
intercept and slope. The model was used to estimate the 
mean change per year (95% CI) by treatment group. Re-
gression coefficients were assessed at the 0.05 level of sig-
nificance (two-sided). In this pilot study, p values were not 
adjusted for multiple hypothesis testing, and the values for 
the comparison between both treatment modalities (GTR 
vs PR+RT) are for the time interaction in each group.

Results
We identified 63 eligible patients. Neurocognitive eval-

uation records were available for 43 patients (21 GTR, 22 
PR+RT), resulting in an overall inclusion rate of 71.7%. 
Scores were unavailable for patients who were deceased 
(n = 1), refused the parent study (n = 3), or did not re-
ceive neurocognitive testing for reasons not specified in 
the medical chart (n = 13). There were no significant dif-
ferences in treatment group, age at treatment, or sex be-
tween patients without scores and patients included in 
analyses. Most patients (95.3%) received the same IQ test 

across serial evaluations. There were no statistically sig-
nificant differences between treatment groups for years 
of follow-up (GTR 3.9 ± 3.0, PR+RT 6.3 ± 5.6 years) or 
number of evaluations per patient (GTR: median 2, range 
[minimum–maximum] 1–8; PR+RT: median 2, range 1–7) 
(both p > 0.05). Individual patients had between 1 and 8 
evaluations contributing scores to this study (median 2).

Within the PR+RT group, 9 patients underwent IMRT 
and 13 PBT. The GTR and PR+RT treatment groups were 
similar for sex (44% male), age at first evaluation (median 
7.3 years), and length of follow-up from first evaluation 
(median 3.6 years). Among the baseline clinical features, 
the shunted hydrocephalus rate was found to be signifi-
cantly higher in the PR+RT group (GTR 9.5%, PR+RT 
59.1%, p < 0.001). The recurrence rate, time from treat-
ment to evaluation, and tumor volume did not significantly 
differ between the treatment groups (Table 1). In addition, 
tumor volume did not have an effect for any of the do-
mains within the cognitive and QOL outcomes.

Regarding intellectual functioning, neither treatment 
group demonstrated a significant change over time on 
any index score (Fig. 1, Supplementary Table 1). Regard-
ing adaptive behavior, the GTR group exhibited signifi-
cant improvement over time in the general (p = 0.04) and 
conceptual (p = 0.01) domains compared with the PR+RT 
group (Fig. 2, Table 2). Social and practical domains were 
found to have no significant differences between the two 
groups. Finally, there were no significant differences in 
change of QOL scores over time, in both the global and 
specific domains, for parent or child reports (Figs. 3 and 
4, Supplementary Table 2). Regarding the mean baseline 
scores for each domain, there were no significant differ-
ences in the mean baseline scores for any of the domains 
except for the PRI, for which the baseline score in the sur-
gery group was significantly higher than the score in the 
radiation group (p = 0.02).

TABLE 1. Demographic and clinical characteristics by treatment group (n = 43)

GTR (n = 21) PR+RT (n = 22) p Value

Sex 0.364
  Male 11 (52.4) 8 (36.4)
  Female 10 (47.6) 14 (63.6)
Shunted hydrocephalus 0.001
  No 19 (90.5) 9 (40.9)
  Yes 2 (9.5) 13 (59.1)
Recurrence >0.999
  No 14 (66.7) 15 (68.2)
  Yes 7 (33.3) 7 (31.8)
Pituitary dysfunction 20 (95.2) 15 (68.2) 0.046
DI 19 (90.5) 12 (54.5) 0.016
Hypothalamic obesity 14 (66.7) 14 (63.6) >0.999
Age at 1st posttreatment evaluation, yrs 6.4 (2.2 to 16.8) 8.5 (3.8 to 16.4) 0.177
Time from treatment to 1st posttreatment evaluation, yrs 0.5 (−0.6 to 4.0) 0.3 (−0.6 to 4.2) 0.448
Tumor vol, ml 39.0 (0.7 to 164.5) 22.2 (0.3 to 119.7) 0.209

Values are presented as number (%) of patients or median (range) unless otherwise indicated.

https://thejns.org/doi/suppl/10.3171/2022.12.PEDS22367
https://thejns.org/doi/suppl/10.3171/2022.12.PEDS22367
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FIG. 1. Neurocognitive scores over time after treatment, by treatment group: GTR versus PR+RT, in different domains: VCI (A), 
PRI (B), WMI (C), PSI (D), and Full-Scale IQ (FSIQ) (E). Lines indicate means and shaded areas 95% confidence intervals. Figure 
is available in color online only.
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Discussion
It is well known that children with craniopharyngio-

ma are at risk for cognitive decline and poor QOL.16–25,36 
In fact, one of the primary arguments used to support a 
conservative surgical approach with radiation (vs radi-
cal resection) is the intended preservation of cognitive 
and functional outcomes for these patients, especially by 
reducing the risk of hypothalamic injury. Currently, it is 
accepted that GTR offers the same event-free survival as 
radiation at 5 and even 10 years posttreatment, but with 
higher incidences of hypopituitarism and DI.7,9–11,37,38 Al-
ternatively, radiation for craniopharyngioma also imparts 
risk, including moyamoya syndrome and second malig-
nancies.11 To the best of our knowledge, this is the first 
study that presents a direct comparison of neurocognitive 
functioning, adaptive behavior, and QOL outcomes be-
tween children treated for craniopharyngioma with GTR 
and those treated with PR+RT.

In the present study, patients in the GTR and PR+RT 
groups presented similar outcomes in neurocognitive 
functioning. There were no statistically significant differ-
ences in any of the domains, even in those known to be 

particularly radiosensitive or that have been previously de-
scribed as impaired in children with craniopharyngioma, 
such as VCI or PSI. In addition, cognitive functioning re-
mained grossly stable over time with both modalities.17,22,36 
Of note, examination of VCI slopes in our sample showed 
that the GTR and PR+RT group scores diverged over time, 
with an increasing trend in the GTR group and a declining 
trend in the PR+RT group. However, this divergence did 
not reach statistical significance. Overall, our findings are 
consistent with those of a previously reported study show-
ing comparable neurocognitive outcomes among children 
with brain tumors treated with focal proton therapy or sur-
gery without RT.39

Similarly, no statistically significant change over time 
was identified for QOL assessments in either treatment 
group. Even so, parent-reported QOL trended lower for 
overall QOL in the GTR group, a trend that appeared to 
be driven mostly by worsening social and school function-
ing. In fact, patients in both the GTR and PR+RT groups 
appeared to decline over time in parent-reported social 
functioning even though this trend did not reach statistical 
significance. This same pattern was not observed on child-

FIG. 2. Adaptative behavior scores over time after treatment, by treatment group: GTR versus PR+RT, in different domains: con-
ceptual (A), social (B), practical (C), and GAC (D). Lines indicate means and shaded areas 95% confidence intervals. *p < 0.05. 
Figure is available in color online only.
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reported QOL assessments. However, even though no sta-
tistically significant changes in functioning were identified 
over time for child-reported QOL scores, patients in the 
GTR group appeared to remain stable or improve in all 
domains, while patients in the PR+RT group declined in 
all domains except social functioning.

Adaptive functioning (in the general and conceptual 
domains) improved over time among patients treated with 
GTR, while functioning remained stable among patients 
treated with PR+RT. This finding indicates that patients 
who undergo surgery with GTR experience better global 
adaptive functioning and improved ability to commu-
nicate and direct their own behavior over time from this 
treatment. It seems possible that GTR imparts an initial 
impact on patient functioning, which improves over time 
as the brain recovers and undergoes functional reorganiza-
tion. Although a statistically significant decline in adap-
tive functioning was not detected in the PR+RT group, 
examination of adaptive functioning slopes in this group 
was suggestive of adaptive decline. If, in fact, adaptive 
functioning decline was present in the PR+RT group, it is 
possible that the initial impact of RT on functioning is not 
as substantial as that with GTR, but there is a protracted, 
progressive impact on functioning that is unique to RT.

Importantly, the PR+RT group included patients treated 
with IMRT or with PRT. We have previously reported that 
for brain tumor treatment focal proton therapy may yield 
better cognitive outcomes than focal conventional RT with 
photons;38 however, no statistically significant differences 
in these outcomes were observed between IMRT and PRT 
groups in this study (data not shown). Given the small 
sample size and lack of differences by RT modality, we 

analyzed IMRT and proton patients together in the PR+RT 
group. Future studies with larger samples and longer fol-
low-up are needed to evaluate whether protons are signifi-
cantly superior to photons for the treatment of pediatric 
craniopharyngioma.

Study limitations must be considered, including the 
retrospective study design and small sample size. Ad-
ditionally, pretreatment neurocognitive assessment was 
not available for this sample. Each case was discussed 
in a multidisciplinary conference to determine treatment 
strategy; usually, large tumors and tumors that cause hy-
drocephalus were more likely to be treated with a radi-
cal resection than with RT. Tumor resection addresses 
hydrocephalus in most cases, which was the reason why 
the shunted hydrocephalus rate was higher in the PR+RT 
group. Further, we did not find an effect of the tumor vol-
ume on the outcomes (data not shown), and even though 
the difference between groups for the mean tumor volume 
was not statistically significant, hydrocephalus at presenta-
tion and larger tumor volumes have been associated with 
poorer QOL outcomes15 and may have penalized outcomes 
in the surgery group. Additionally, partial resection is a 
broad category that includes a range of interventions from 
cyst decompression to near-total resection (NTR). Thus, 
the morbidity of NTR is certainly different from that for a 
conservative debulking and may have penalized outcomes 
in the radiation group. These differences could explain 
why the DI and pituitary dysfunction rates in the PR+RT 
group (54.5% and 68%, respectively) were higher than 
those in a previously reported series in which RT was used 
following very conservative surgery or biopsy.11

The main mechanism that has been accepted as the cause 
of the negative impacts on cognitive and QOL outcomes in 
craniopharyngioma is hypothalamic injury.4,20,21,36 Hypo-
thalamic obesity is one of the first and main signs of hypo-
thalamic injury.14,36,40 In the present study, the hypothalam-
ic obesity rate was similar in both groups (GTR 66.6% vs 
PT+RT 63.6%). This result may explain why there were no 
differences in cognitive and QOL outcomes between these 
two groups in the present study. However, between diagno-
sis and late survivorship for children with craniopharyn-
gioma, there are multiple factors that can impact cognitive 
development and QOL (e.g., hydrocephalus and subsequent 
shunt revisions, vision impairment, DI, ischemia second-
ary to moyamoya, radiation-related white matter disrup-
tion, recurrence, and tumor location). Thus, the incidence 
of visual dysfunction or moyamoya, for example, was too 
low for any meaningful analysis regarding their impact on 
cognitive or QOL outcomes in this sample. Additionally, 
information regarding interventions (e.g., speech/occupa-
tional/physical therapy) received by individual patients 
was not available for analysis. Larger prospective studies 
will help to adjust and control for confounding factors. One 
of the most important confounding factors associated with 
meningioma is the tumor location and its relationship with 
the stalk, hypothalamus, or third ventricle, but analysis of 
this variable in our recently published largest series of 63 
patients did not show any significant influence on endo-
crine or visual outcomes. In retrospective studies, when the 
tumor features drive the treatment choice, the outcomes 
among the different treatment options are biased by the tu-

TABLE 2. Linear mixed models of adaptive behavior change over 
time by treatment group and ABAS-3 composite score

Estimate 95% CI p Value

ABAS-3 conceptual
  Slope: GTR 1.29 −0.07 to 2.64 0.062
  Slope: PR+RT −1.57 −3.30 to 0.16 0.074
  Slope difference: GTR vs PR+RT 2.86 0.66 to 5.05 0.012
ABAS-3 social
  Slope: GTR 0.67 −1.74 to 3.08 0.553
  Slope: PR+RT −1.64 −4.47 to 1.20 0.236
  Slope difference: GTR vs PR+RT 2.31 −1.41 to 6.03 0.203
ABAS-3 practical
  Slope: GTR 2.11 −0.42 to 4.63 0.087
  Slope: PR+RT −0.36 −3.47 to 2.75 0.791
  Slope difference: GTR vs PR+RT 2.47 −1.54 to 6.47 0.185
ABAS-3 GAC
  Slope: GTR 1.72 0.18 to 3.27 0.030
  Slope: PR+RT −0.82 −2.77 to 1.12 0.401
  Slope difference: GTR vs PR+RT 2.55 0.06 to 5.03 0.045

Estimates reported for each slope represent the increase/decrease in points 
per year on each ABAS-3 composite score by treatment group. Slope differ-
ence is the result of comparison of slopes between treatment groups on each 
ABAS-3 composite.
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FIG. 3. QOL scores over time after treatment, according to assessment by the child, by treatment group: GTR versus PR+RT, in 
different domains: physical (A), emotional (B), social (C), school (D), and total (E). Lines indicate means and shaded areas 95% 
confidence intervals. Figure is available in color online only.
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FIG. 4. QOL scores over time after treatment, according to assessment by the parent, by treatment group: GTR versus PR+RT, in 
different domains: physical (A), emotional (B), social (C), school (D), and total (E). Lines indicate means and shaded areas 95% 
confidence intervals. Figure is available in color online only.
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mor location itself. Thus, the cognitive and QOL outcomes 
of an endoscopic endonasal approach for a purely sellar 
craniopharyngioma may be vastly different compared with 
the outcomes for a craniopharyngioma with hypothalamic 
involvement treated with RT. In this context, the relative 
contribution to outcomes of tumor location versus treat-
ment modality remains unknown. This inherent selection 
bias in retrospective series is especially important in cra-
niopharyngioma because it is a tumor with a heterogenous 
presentation. Despite these limitations, many that are in-
herent with studying a rare, heterogeneous disease in chil-
dren, this study is to our knowledge the first to attempt to 
identify the optimal treatment approach for craniopharyn-
gioma based on a comparison of outcomes that matter the 
most to these survivors, their families, and their physicians.

The shifting attitude in the management of craniopha-
ryngiomas in the last few years toward a more conserva-
tive surgical approach should be assessed cautiously. In 
our series, the cognitive and QOL outcomes were similar 
between both groups, with some indication of improving 
adaptive functioning scores among GTR patients. There-
fore, GTR may represent a valid alternative for a subset of 
children with craniopharyngiomas. This tumor represents 
one of the most difficult challenges we face in pediatric 
neurosurgery-neurooncology, and a multidisciplinary ap-
proach and individualized treatment, based on the features 
of the tumor as well as the personal and social circum-
stances of the patient, are key to achieving the best possi-
ble outcome. Additional research with larger samples and 
longer follow-up is needed and ongoing.

Conclusions
GTR and PR+RT treatments for craniopharyngioma 

present comparable cognitive and QOL outcomes in chil-
dren with craniopharyngioma. However, in this study 
treatment with GTR presented a statistically significant 
improvement in aspects of adaptive functioning scores 
over time compared with treatment with radiation. Further 
prospective and larger studies are necessary to confirm 
these results.
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