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Abstract
Purpose All treatments for childhood craniopharyngioma are associated with complications that potentially affect quality of life.
This study was designed to investigate the impact of gross total resection on long-term quality of life and sexual functioning in
adulthood.
Methods Adults treated with primary gross total resection for childhood craniopharyngioma and ≥ 10 years of follow-up were
included in this retrospective cohort study. The Short Form 36 Health Survey Questionnaire Version 2 (SF-36v2), Medical
Outcomes Study (MOS) sexual functioning survey, and a sociodemographic/health questionnaire were administered.
Results Twenty-two subjects with a median length of follow-up of 19 years (range 12–30) completed the questionnaires. Fiftyfive percent reported excellent or very good general health. There was no significant difference of the mean SF-36v2 score
between the patient cohort and the normal population. Twenty-two percent of females and 54% of males reported at least “a little
of a problem” in one or more areas of sexual functioning, similar to the normal population. The proportion of sexually active
individuals was decreased in this cohort. The median BMI of the participants was 29.5 (range 22.1–50.0 kg/m2). Preoperative
hypothalamic involvement correlated with a significantly higher BMI, although the proportion of participants with class 3 obesity
(BMI ≥ 40) did not differ significantly from that of the general population (9% and 7%, respectively).
Conclusions Young adults with gross total resection of childhood craniopharyngioma report similar quality of life and sexual
functioning compared to the general population, but appear to be less sexually active. Hypothalamic involvement on preoperative
imaging was associated with a higher BMI in long-term follow-up.
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Craniopharyngioma is a non-glial brain tumor of childhood
thought to arise from remnants of Rathke’s pouch, comprising
2–7% of all pediatric brain tumors. Over the past 20 years, the
treatment of childhood craniopharyngioma has evolved into
two major therapeutic paradigms with similar long-term disease control [4, 5, 16, 28]: (1) gross total, curative resection
(GTR) and (2) subtotal resection (STR) combined with adjuvant irradiation. Outcomes following craniopharyngioma
treatment in childhood have been reported [4–6, 23, 25], but
there has been limited evaluation of the effect that the surgical
approach has on long-term clinical outcomes, particularly as
children have grown into adulthood. Most studies have relied
on mixed data samples that did not select for treatment strategy (isolated surgery, surgery with adjuvant therapy, and
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radiotherapy) or surgical goal (GTR and STR) [6, 16, 18, 19].
The aim of the study was to explore how survivors of childhood craniopharyngioma treated with GTR are influenced by
their disease and the effects of their treatment in young
adulthood.

Sociodemographic and health questionnaire
This instrument featured self-reported items which garnered
information on age, gender, BMI, comorbidities, medications,
education, employment status, marital status, housing, visual
status, disability, and possession of a driver’s license
(Supplemental Material 1).

Methods

Health-related quality of life

Participants and procedures

Self-reported health status was measured using the Short Form
36 Health Survey Questionnaire Version 2 (SF-36v2) (RAND,
Santa Monica, California), a well-validated 36-item questionnaire that provides a comprehensive measure of physical,
emotional, and social well-being [31]. Two scores were calculated to summarize the physical and mental health components of the SF-36: the Physical Component Summary score
(PCS) and the Mental Component Summary score (MCS).

This retrospective study, approved by the Institutional Review
Board, consists of consecutive subjects who underwent resection of childhood craniopharyngioma by the senior author
between 1986 and 2004. The initial clinical course and
short-term follow-up of this cohort was previously reported
[4]. The subjects were identified via the surgeon’s database,
and a chart review was performed recording the variables:
patient demographics, pre-operative course, operative course,
post-operative course, and follow-up information.
Inclusion criteria for the subjects were (1) underwent
GTR for primary craniopharyngioma < 18 years without
planned adjuvant therapy [4]; (2) > 18 years or older at
the time of this study; (3) > 10 years post-operative follow-up; (4) and were alive at the time of the study.
Subjects with primary craniopharyngiomas were defined
as those who had received no treatment for their
craniopharyngioma before surgery.
Individuals who met the inclusion criteria were mailed a
packet with a recruitment letter, informed consent form, survey questionnaires, and an “intention to not participate” card.
All individuals identified as “non-deliverable” by the US postal service were considered lost to follow-up. Individuals who
did not return the survey were considered non-responders.
Individuals who failed to return survey responses and/or “intention to not participate” cards were mailed a reminder letter.
A second survey packet was mailed out to non-responders as a
final reminder.

Weight categories
Data on weight and height from 2006 and 2015 were obtained
from charts and the survey. At those times, subjects < 20 years
old had z-scores calculated for their age, sex, and heightappropriate weight. Body mass index (BMI) was calculated
for participants who were ≥ 20 years old. Subjects were classified into the following categories: underweight (z-score < −
1, BMI < 18.5 kg/m2), normal weight (− 1 ≤ z-score < 1,
18.5 ≤ BMI < 25 kg/m2), overweight (1 ≤ z-score < 2, 25 ≤
BMI < 30 kg/m2), obese (2 ≤ z-score < 3, 30 ≤ BMI < 40 kg/
m2), or class 3/morbidly obese (z-score ≥ 3, BMI ≥ 40 kg/m2).

Sexual functioning
The Medical Outcome Study (MOS) Sexual Functioning
Survey is a validated instrument for the identification of sexual impairment and/or dysfunction that is associated with serious health conditions or with side effects of treatment [24].
The scale limits its definition of sexual dysfunction to include
any impairment in the capacity of an adult woman or man to
achieve sexual arousal and orgasm. It features four items each
for women and men, which are administered on an ordinal
scale ranging from 0 (“not a problem”) to 4 (“very much a
problem”). A fifth category allows respondents to indicate that
the parameter is “not applicable,” a selection which implies
that the respondent is not sexually active. The algorithm for
determining sexual dysfunction is defined by Sherbourne
[24], in which any response other than “not at all” suggests
some level of dysfunction.

Radiological classification of the tumors
Preoperative sagittal MRI images for each patient were
reviewed. Location of the tumor was defined by both the
Puget classification [20] and by the tumor’s location relative
to the optic chiasm. The Puget classification defines the tumors as grade 0—no hypothalamic involvement; grade 1—
tumor displacing the hypothalamus; or grade 2—
hypothalamic involvement of the tumor. With respect to the
optic chiasm, tumors were classified as prechiasmatic,
retrochiasmatic, or complex/combined localization.

Statistical analysis
Statistical analysis was performed using GraphPad Prism 7
(GraphPad, La Jolla, California) for Mac OS X. We compared
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data using t tests and one- and two-way ANOVA. A probability value ≤ 0.05 was considered to be statistically significant.

Results
Eighty-one pediatric consecutive patients had surgery for
craniopharyngioma in 1986–2004. Forty-one patients met
the inclusion criteria for the study, 33 patients were successfully contacted, and 22 (67%) sent back completed questionnaires and consent forms and, thus, were considered participants in the study (Fig. 1).

Demographics
Of the 41 patients who met the inclusion criteria, there was no
significant difference in the demographics between the 22
participants and the 19 non-responders (Table 1). In the participant group, there was a trend towards more recurrences
(23% vs 16%) and shorter length of follow-up. In the nonresponder group, there were three patients married with children. Two subjects in the non-responder group suffered from
psychiatric illnesses (one with habit and impulse disorder/
obsessive-compulsive disorder and the other with depression).

Health questionnaire
Twenty participants reported hormonal deficiencies at the time
of the survey (Table 2). Ten participants reported having additional medical problems (3 with seizures, 3 with depression,
1 with hypertension, and 3 with other medical problems including psoriasis, vitiligo, hypercholesterolemia, stomach
pains, and joint pains).
Twenty-one of 22 participants were prescribed medications
at the time of the survey (Table 2). Two participants with
subsequent tumor recurrence were not taking any hormone
replacement at the time of the study; they both initially had
panhypopituitarism and were able to discontinue all hormonal
replacement years after surgery. Nine (41%) participants reported visual impairment; however, five of these participants
reported having a driver’s license. No participants received
irradiation as part of their initial treatment; two participants
received irradiation as part of their treatment at recurrence.

BMI
The median BMI in 2015 at a median follow-up time of 18 years
was 29.5 kg/m2 (range 22.1–50.0 kg/m2). Figure 2 shows the
BMI distribution of the study participants in 2015 in comparison with the BMI distribution of young adults (20–34 years old)
from 2011 to 2014 in the USA according to the CDC [1]. In the
study cohort, there was a significantly decreased proportion of
participants with a normal BMI (p = 0.025), and a significantly
increased proportion of participants classified as overweight
and obese; however, the percentage of class 3 obesity did not
differ between these two groups (9% versus 7%). The percentage of subjects who were considered overweight or obese rose
from 71% in 2006, with a median of 9 years of follow-up, to
86% in 2015 (p = 0.18) (Supplemental Fig. 1).

Sexual functioning
Twenty-one out of 22 participants completed the questionnaire on sexual functioning. Forty-three percent (22% of females and 54% of males) reported at least “a little of a problem” in one or more areas of sexual functioning (Fig. 3).
Forty-one percent of females and 4% of males responded
“not applicable” to at least one sexual functioning question,
compared with 12% of the general population (Supplemental
Fig. 2). Evaluating the data according to Sherbourne [24], the
proportion of participants with some degree of sexual dysfunction was higher (female 75%, male 54%) than that of
the general population (female 43%, male 32%) [9].

SF-36
Fig. 1 Flowchart shows how patients were chosen for inclusion in the
study and which patients were determined to be participants, nonresponders, or lost to follow-up

We calculated the physical component summary (PCS) score
and mental component summary (MCS) score according to
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Table 1 Comparison between
responders and non-responders

Responders (N = 22)

Non-responders (N = 19)

Median age at surgery (years)

8 (2–16)

6.5 (0–21)

Female

9 (41%)

6 (32%)

Recurrence after surgery
Radiation therapy

5 (23%)
2 (9%)

3 (16%)
1 (5%)

Shunted hydrocephalus

4 (18%)

1/17 (6%)

Median length of follow-up

19 (12–30)

24 (19–27)

Median age at follow-up
College degree

27 (18–42)
6/22 (27%)

30.5 (23–48)
6/10 (60%)

Employed for wages or self-employed
Disability

13/22 (59%)
3/22 (14%)

7/10 (70%)
3/10 (30%)

Living independently

11/22 (50%)

5/10 (50%)

Children

1/22 (5%)

3/10 (30%)

the SF-36v2 guidelines for each participant. The mean score
was 51.63 for PCS and 49.26 for MCS. No significant difference was found upon comparing the scores of the participants
with those of the US population aged 25–34 years (Fig. 4). Of
the 22 participants, 55% reported having very good or excellent health in general.
There was no correlation between PCS or MCS scores and
BMI (p = 0.07 for PCS and p = 0.2 for MCS, Fig. 5) or visual
impairment as reported on the health questionnaire (p = 0.2 for
PCS and p = 0.9 for MCS), and there was no correlation between hypothalamic involvement by Puget classification [20]
and the PCS (p = 0.5) or MCS (p > 0.9) (Supplemental Fig. 3).

Anatomic location, radiologic classification of tumor,
and correlation to BMI
According to the Puget classification, seven tumors were
grade 0, five tumors were grade 1, and ten tumors were grade
2. Puget grade 2 was correlated with a significantly higher
BMI at follow-up when compared with Puget grade 0 (p =
0.003) and Puget grade 1 (p = 0.01) (Fig. 6).
There were 12 participants with prechiasmatic tumors, 7
with retrochiasmactic tumors, and 3 with complex localization. Location of the tumor in relation to the chiasm did not
correlate with BMI (p = 0.35) (Supplemental Fig. 4).

Complications, morbidity, and mortality
Perioperative and early mortality have been reported in a previous publication [4]. The last perioperative mortality was
from familial dysautonomia in 2002. Late mortality, defined
as mortality 5 years or more after treatment, occurred in 7
patients of the 81 patients who had surgery. This includes
two patients who died of Addisonian crisis, one from liver
failure secondary to nonalcoholic fatty liver disease, and one
from pulmonary embolus.

Discussion
The significant finding of this study is that quality of life (QoL) as
measured by the SF-36v2 survey does not differ substantially in
our participants when compared to the general population and
that the most feared long-term complication—morbid or class 3
obesity—is not increased. The findings are strengthened by the
consistent treatment offered over 2 decades in a high-volume
[21] pediatric craniopharyngioma center, in which all children
presenting with primary craniopharyngiomas underwent a radical surgery with the intent of cure. The long-term disease-free
and overall survival in our cohort is similar to that reported in
other contemporary studies comparing the efficacy of GTR with
that of partial resection with adjuvant irradiation; both demonstrate similar durable disease control or cure [4, 5, 16, 28].
Considering the similar clinical outcomes when comparing
GTR and partial resection with irradiation, QoL should be considered as a benchmark for long-term success of treatment.
Irradiation has been shown to have long-term cognitive
effects [12, 17]. As such, there may be a QoL benefit in pursuing
GTR as the goal of treatment at high-volume centers with experienced teams. The largest series of reports concerning functional
capability and QoL in adult survivors of craniopharyngioma
have come from the German Kraniopharyngeom study [7] with
patients from nearly 50 centers followed prospectively over 3
decades. However, 72% of the patients are from centers treating
less than 1 patient per year, with 19% seeing only 1 patient in
6 years. In addition, the likelihood of a patient receiving radical
surgery for cure was inversely proportional to the center’s experience. The long-term quality of life in these studies represents a
“community standard” and not necessarily the outcomes expected from a high-volume academic center.
The QoL of our participants as adults 10–30 years after surgery did not differ from that of the general population. The reported QoL did not correlate with weight or hypothalamic involvement, nor with mental or physical QoL. In the literature,

Childs Nerv Syst
Table 2 Responses of the
participants from the
sociodemographic and medical
questionnaire

Number of subjects/percentage
Education and work
Education level

Employment status

High School/General Education Diploma

11 (50%)

College
Advanced

6 (27%)
5 (23%)

Employed for wages

10 (45%)

Student
Self-employed

7 (32%)
3 (14%)

Unemployed

2 (9%)

Disability

Yes
No

3 (14%)
19 (86%)

Driver’s license

Yes
No

14 (64%)
8 (36%)

Marital status

Single
Marriage/domestic partner

18 (82%)
4 (18%)

Housing

Alone
Parents

3 (14%)
11 (50%)

Partner/spouse
Roommate
Yes
No

5 (22%)
3 (14%)
1 (5%)
21 (95%)

Hypopituitarism

20 (91%)

Social environment

Children
Health status
Medical problems
Medications

Visual impairment

QoL of adults with childhood onset craniopharyngioma compared with their healthy counterparts is inconsistent [6, 13].
Survivors of other childhood CNS tumors have been reported
to have lower QoL in cognitive, psychosocial, and social QoL
measures [22]. The reduced QoL was associated with hypothalamic tumor involvement, among other variables [11]. However,
many of these patients received chemotherapy and/or irradiation
in addition to surgical treatment. Additionally, it has been reported that adults with chronic disease or disability experience a
comparable or even higher QOL than their healthy counterparts,
which might be due to a stronger sense of coherence that develops in childhood through the successful application of generalized resistance resources [14].

Other medical problems

10 (45%)

Currently prescribed medication
Levothyroxine
Anti-diuretic hormone
Corticosteroids
Estrogen/progesterone

21 (95%)
19 (86%)
18 (82%)
17 (77%)
7/9 (78%)

Androgens
Growth hormone
Anticonvulsants
Antidepressants

10/13 (77%)
10 (45%)
3 (14%)
3 (14%)

Other
Yes
No

4 (18%)
9 (41%)
13 (59%)

Hypothalamic obesity
The prevalence of class 3 obesity in our cohort (9%) is comparable to that of adults in a similar age group in the USA (7%).
However, as expected, the combined proportion of overweight
and obese participants is higher at around 60% [1]. Up to 22%
of craniopharyngioma patients present with obesity at the time
of diagnosis and are known to be at high risk of developing
obesity following treatment [5, 10, 15]. A meta-analysis of 26
studies demonstrated that combined overweight and obesity
prevalence in pediatric craniopharyngioma patients was 68%
[30]. Rates of obesity and class 3 obesity following GTR of
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Fig. 2 Pie charts showing the weight distribution of a the participants in this study and b the young adult population (20–34 years old) in the USA from
2011 to 2014

childhood craniopharyngioma have been reported to be as high
as 51–78% and 54%, respectively [5, 29].
The Puget classification defines extent of hypothalamic
involvement on pre- and post-operative MRI scans and establishes a relative risk profile for post-operative morbid obesity.
There are possibly factors beyond MRI appearance of hypothalamic involvement that will affect outcome especially with
respect to short- and long-term hypothalamic obesity.
Hypothalamic invasion by the tumor (Puget 2) has been associated with a higher post-operative BMI [5, 20]. Studies promoting hypothalamic-sparing surgery plus irradiation for
Puget 2 tumors demonstrated a class 3 obesity rate of 28%
without increasing the local recurrence rate when compared
with GTR [5]. These findings have led to the recommendation
of GTR if the tumor does not involve the hypothalamus (Puget
0 and 1) and incomplete resection of Puget 2 tumors followed
by adjuvant irradiation [19]. Unexpectedly, after GTR, our
cohort had lower rates of obesity (46%) and class 3 obesity
(8%) at last follow-up when compared with other published
cohorts with hypothalamic-sparing surgery and irradiation.
Nonetheless, we agree that tumors involving the
Fig. 3 Bar graph comparing the
percentage of participants who
responded at least “A Little of a
Problem” to one or more sexual
functioning question to the
general adult population

hypothalamus pose a great challenge in part due to their increased risk of obesity.
Higher BMIs and disturbances in visual function have been
associated with lower long-term QOL in craniopharyngioma
patients as reported by the German group as well as a Japanese
series of 19 patients who received a variety of therapeutic
interventions [13, 23, 33]. We did not observe these findings
in our cohort. In other studies, being overweight or obese has
been associated with poor levels of subjective health status,
particularly with respect to physical well-being in the SF-36
[3]. However, with the increased prevalence of obesity in society worldwide, the subjective impact of increased BMI on
QOL may be reduced due to societal normalization of increased weight.

Social and family life
The majority of the participants was employed for wages and
had a driver’s license, consistent with independence and a lack
of severe neurocognitive deficits. This may be a result of only
two respondents receiving irradiation—and only at
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Fig. 4 A bar graph comparing the
physical component score (PCS)
and mental component score
(MCS) of the SF-36 for the participants compared to the general
population aged 25–34 years

recurrence. Neurocognitive deficits are a well-known longterm effect of radiation therapy [12, 17], and up to 40–65%
of patients have received irradiation for craniopharyngiomas
in the literature [13, 25, 32].
In our cohort, one participant reported having children,
which differs from that observed in age-matched peers (5%
vs 40%) [27]. Postoperative hypopituitarism requiring hormone replacement may play a role in this decreased fertility.
Furthermore, 50% of the young adults in our series continued
to live with their family compared with 32% of the general
young adult population [27]. Similarly, 43% of young adults
in the Kraniopharyngeom cohort continued to live with their
parents [13]. There may be a psychological component contributing to increased parental dependence in survivors of
childhood cancers [8], which may also decrease the likelihood
of having children.

Sexual functioning
Among our survivors of childhood craniopharyngioma, there
appears to be a lower rate of sexual activity; however, those
reporting answers compatible with being sexually active had a
lower rate of sexual dysfunction compared to the general
population.
Forty-one percent of our participants reported a problem
with sexual functioning, comparable to the rates seen in young
adult cancer survivors (43–47%) and lower than the rate observed in the general adult population (59%) [2, 24, 34].
According to the MOS, 69% of men and 54% of women in
the general adult population report having a problem with at
least one aspect of sexual functioning [24]. In our cohort, only
54% of men and 22% of women reported such problems. The
prevalence of sexual dysfunction increases with age [9],

Fig. 5 Bar graphs comparing a physical component score (PCS) to body mass index (BMI) and b mental component score (MCS) to BMI
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may be suffering from late-term effects of the disease and,
therefore, do not wish to be involved in any disease-related
issues or, conversely may have a busy normal life without
significant sequelae and do not desire to revisit their previous
illness.

Conclusions

Fig. 6 This graph shows correlation of hypothalamic involvement (Puget
classification) with BMI. The Puget classification defines the tumors as
grade 0—no hypothalamic involvement; grade 1—tumor displacing the
hypothalamus; or grade 2—hypothalamic involvement of the tumor. **p
value < 0.01

which might be one of the reasons why our cohort of young
adults has a lower rate of sexual functioning problems. On the
other hand, when we measured sexual dysfunction according
to Sherbourne [24], where any answer besides “not at all”
(including “not applicable”) indicates some sexual dysfunction, our rate of sexual dysfunction was higher than those of
the general population and survivors of childhood cancer [9,
34].
Among our participants, more male participants reported a
problem with sexual functioning, similar to the general population. However, a much larger proportion of women
responded “not applicable” compared with the general adult
population (41% and 12%, respectively), consistent with not
being sexually active per the MOS [24]. This is similar to a
large cohort of childhood cancer survivors in which female
survivors were more likely to respond “not applicable” to the
questions on the survey [34]. A potential explanation for this
may be related to the level of sexual experience of the given
population. It has been observed that survivors of childhood
cancer have significantly less experience with sexual intercourse [26].

Young adults with GTR of childhood craniopharyngioma report similar QoL and sexual functioning as the general population; however, a lower proportion of our participants appear
to be sexually active. Being overweight and obese are more
prevalent in this cohort than in the general population; yet
morbid obesity, the most feared long-term effect of GTR,
was not increased. Hypothalamic involvement on the preoperative imaging correlates with higher BMI on long-term follow-up, but did not have a negative impact on QoL in our
study participants. The choice of treatment must take into
consideration the effects of long-term panhypopituitarism after GTR versus the effects of multiple adjuvant treatments
after subtotal resection. Gross total resection can be one viable
option for children at a high-volume center with an experienced surgeon. The treatment approach has to be evaluated for
every patient individually, taking into consideration factors
like hypothalamic involvement, surgical experience, volume
of the center, and the family’s preferences.
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