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Daytime sleepiness and
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patients with childhood-onset
craniopharyngioma
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Overall survival rates after craniopharyngioma (CP) are high (92%), but frequently quality of life (QoL)
is impaired in patients with CP involving hypothalamic structures. Tumour- and/or treatment-related
hypothalamic lesions may result in disturbances of circadian rhythms including increased daytime
sleepiness. We investigated the relationship between health-related QoL and daytime sleepiness
in patients with childhood-onset CP. After a median follow-up of 10 years (range: 1-39), 119 CP
patients (63 female), who were recruited 2000-2022 in the KRANIOPHARYNGEOM 2000/2007 and
KRANIOPHARYNGEOM Registry 2019 trials, were assessed for daytime sleepiness using the Epworth
Sleepiness Scale (ESS) and for QoL by EORTC QLQ-C30 questionnaire. CP patients with increased
daytime sleepiness (ESS score > 10, n = 34) had worse self-assessment of QoL (p = 0.003), when
compared to CP patients with normal ESS scores (n = 85). Increased daytime sleepiness was negatively
correlated with QoL (r=-0.395; p < 0.001). Surgical hypothalamic lesions, detectable after surgical
intervention in 92.9% of the reference-assessed patients, were associated with significantly higher
ESS scores, whereas such impact could not be observed for presurgical hypothalamic involvement
of the CP (72.4% of the reference-assessed patients). Compared to patients with an ESS score in the
normal range, patients with increased daytime sleepiness suffered from impaired QoL in all functional
scales and the global QoL scale of the EORTC QLQ-C30. As increased daytime sleepiness plays an
important role for QoL in survivors of CP, hypothalamus-sparing surgical treatment strategies should
be considered as state of the art in patients with CP for prevention of increased daytime sleepiness.
Clinical trial registration NCT01272622; NCT04158284, NCT00258453.
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Craniopharyngioma (CP) is a rare, histologically benign tumour that shows no morphological signs of
malignancy and originates from embryonic, ectodermal remnants of Rathke’s pouch'. The incidence of CP is 0.5
to 2.0 cases per million people per year — 30 to 50% of these are children and adolescents. Accordingly, 1.2-4.6%
of all intracranial tumours in this age group can be attributed to CP>*.

The anatomical location of the tumour requires individual treatment approaches. There is currently no
standardised treatment for CP>. Several treatment methods such as surgical removal (complete resection vs.
incomplete resection and radiotherapy)®, various access routes, radiotherapy, adjuvant or targeted therapies
are available’. Ideally, each therapy represents an individualised case-by-case decision by an experienced
multidisciplinary team”.

The question of health-related quality of life (QoL) is becoming increasingly important when making treatment
decisions. CP patients with hypothalamic involvement frequently experience severe weight gain®1°, fatigue!!,
daytime sleepiness and secondary narcolepsy'>~1%, vascular complications?*-22, dyspnoea, diarrhoea, reduced
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motivation and reduced/impaired physical activity?® and psychosocial development?*?>. Neuroendocrine
complications such as circadian rhythm disturbances can occur as part of a hypothalamic syndrome?*-2%. As a
result, there is a massive reduction in QoL, which depends not only on the disease itself, but also on the type of
therapy?. Eveslage et al.*® showed that QoL was reduced after a complete resection compared to an incomplete
resection. After further treatment, such as radiotherapy, QoL of CP patients can also be impaired®~**. Excessive
daytime sleepiness is a common symptom of hypothalamic syndrome that affects QoL and activities of daily
living!>3,

This study aimed to analyse a possible association between the daytime sleepiness and QoL after CP therapy.
In addition, we aimed to identify risk factors for increased daytime sleepiness and potential strategies for
prevention.

Patients and methods

Patients

After assessment of the eligibility criteria, 119 CP patients (63 female and 56 male) were analysed as part of a cross-
sectional study within the KRANIOPHARYNGEOM 2000 (NCT00258453), KRANIOPHARYNGEOM 2007
(NCT01272622) and KRANIOPHARYNGEOM Registry 2019 (NCT04158284) studies. Inclusion criteria were
as follows: age at diagnosis < 18 years, age at study participation > 14 years, a reference-confirmed histological
diagnosis of adamantinomatous CP, availability of at least one completed EORTC QLQ-C30 questionnaire and
one completed ESS questionnaire, written informed consent of the patient or his/her legal representative(s) to
participate in the KRANIOPHARYNGEOM 2000/2007/2019 Registry as well as in outpatient follow-up care
(Fig. 1). The data collection period was between January 01st, 2000 and December 31st, 2022.

Instruments

Within the multicentre studies KRANIOPHARYNGEOM 2000, KRANIOPHARYNGEOM 2007 and the
KRANIOPHARYNGEOM Registry 2019, the German versions of the EORTC QLQ-C30 (European Organisation
for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30, Version 3), and the Epworth
Sleepiness Scale (ESS) were completed by the study participants at least at one time point during follow-up. In
those cases, where the questionnaires were not completed at the same time, care was taken to ensure that no
more than three months elapsed between completion of both questionnaires. All questionnaires were completed
by the patients themselves or in assistance of the patients’ legal guardians.

The EORTC QLQ-C30 version 3.0 is a 30-item questionnaire for which the first 28 items are scored on a
4-point Likert scale. This part includes five functional scales (emotional, cognitive, physical, social, and role
functioning), three symptom scales (fatigue, nausea/vomiting, and pain), single items assessing symptoms
commonly associated with cancer (dyspnea, insomnia, constipation and diarrhea, loss of appetite), and one item
to assess perceived disease and treatment-related financial impact. The last two items (items 29 and 30) form the
global health/QoL scale and are scored on a 7-point Likert scale®>. The questionnaire was analysed according to
the official scoring manual®®. Higher scores in functioning scales indicate better functioning, higher symptom
scores indicate higher symptom burden. The higher the QoL-overall score, the better the QoL. In a paediatric
cohort, the use of the EORTC QLQ-C30 questionnaire is recommended for patients with an age > 14 years. For
younger children, other, more appropriate QoL instruments are recommended.

The Epworth Sleepiness Scale (ESS) measures self-perceived daytime sleepiness by using eight items related to
falling asleep in typical daytime situations®. For each of these situations, participants indicate how likely they
are to fall asleep on a four-point scale (0 = I would never fall asleep, 1 = low, 2 = medium or 3 = high probability
of nodding off). For the child version, the wording has been slightly changed and one item is adapted to better
reflect their daily life (how likely are you to falling asleep at school during lessons instead of falling asleep in a
car, while stopped for a few minutes in the traffic). For analyses, we used the widely recommended cut-off score

of > 10, indicating abnormal daytime sleepiness®.

Neuroradiological assessment

In accordance with the KRANIOPHARYNGEOM 2007 and KRANIOPHARYNGEOM Registry 2019 protocols,
cranial magnetic resonance imaging (MRI) was performed at the time of CP diagnosis and prospectively at
3-months intervals during the first year of follow-up after CP diagnosis. Pre- and post-operative sagittal, coronal
and axial MRI images were evaluated by a neuroradiologist, blinded for clinical details, who classified the tumour
according to the degree of hypothalamic involvement/surgical lesions: grade 0, no hypothalamic involvement/
lesion; grade 1, hypothalamic involvement/lesion of the anterior hypothalamus not involving the mammillary
bodies and the hypothalamic area beyond mammillary bodies; and grade 2, hypothalamic involvement/lesion
of the anterior and posterior hypothalamic area, i.e. involving the mammillary bodies and the area beyond
mammillary bodies**.

Clinical assessment

The following data was collected from the registry data: age at diagnosis, age at study, follow-up interval,
gender, body height, body mass index (BMI), grade of presurgical hypothalamic involvement, grade of surgical
hypothalamic lesions, endocrine deficiencies (central diabetes insipidus/arginine-vasopressin deficiency,
hypothyroidism, hypocortisolism, hypogonadism), degree of surgical resection, surgical approach, irradiation,
radiation dose and radiotherapeutic technique. The body mass index (BMI = w/h2; w = weight in kilograms, h
= height in metres) was calculated as a standard deviation score (SDS) according to the age-related references of
Rolland-Cachera et al.*!. Height was calculated as a standard deviation score (SDS) according to the age-related
references published by Prader et al.%2.
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Fig. 1. Flowchart of the study cohort of patients with childhood-onset, adamantinomatous
craniopharyngioma recruited in the trials KRANIOPHARYNGEOM 2000, KRANIOPHARYNGEOM 2007
and KRANIOPHARYNGEOM Registry 2019. Abbreviations: QoL, quality of life.

Statistical methods

Statistical analyses were performed using the SPSS programme from IBM (version 29) and R version 4.2.3.
Descriptive statistics such as absolute and relative frequencies or median and interquartile range were used to
characterise the study population. As the data was not normally distributed, non-parametric tests such as the
Mann-Whitney U test and Spearman correlation were used. Fisher’s exact test and Pearson chi-square test were
used for group comparisons of categorical variables.

As this was an observational study, multivariable linear regression models were used in addition to univariable
analyses to determine adjusted estimators. A step-wise backwards approach was used for variable selection, with
global QOL as dependent variable and age, gender and ESS as independent variables.

A two-sided p-value of < 0.05 was considered as statistically significant. No adjustments were applied for
multiple testing. Therefore, the statistics are intended to be exploratory (hypothesis-generating) rather than
confirmatory and were interpreted accordingly. In the case of missing values, an imputation procedure was used
for QoL variables in accordance with the specifications of the EORTC QLQ-C30 Scoring Manual. If at least half
of the items assigned to the respective score were present, the average of these was calculated in order to enable
an equivalent calculation of the scores.

Results
The patient cohort consisted of 119 CP patients, of whom 63 (52.9%) were female and 56 (47.1%) male.
Demographic and clinical data are shown in Table 1.

Scientific Reports |

(2025) 15:9407

| https://doi.org/10.1038/s41598-025-94384-5 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Patient characteristics CP patients ESS 11-24 ESS 0-10 P
Number of patients, n (%) 119 (100) 34 (29) 85 (71)

Gender (female/male), n (%) 63/56 (53/47) 23/11 (68/32) 40/45 (47/53) 0.033
Age (years) at diagnosis, median (range) 12 (2-17) 13 (7-16) 11 (2-17) 0.042
Age (years) at study, median (range) 22 (14-42) 23 (16-42) 21 (21-37) 0.213
Follow-up interval (years), median (range) 10 (1-39) 11 (2-34) 10 (1-39) 0.883
BMI (SDS) at study, Median (range)*! +0.82 (-3.23 to + 10.72) | +0.53 (-3.23to +9.90) | + 0.91 (-3.09 to + 10.72) 0.887
Missing, n (%) 1(2) 0(0) 1(1)

Body height (SDS) at study, median (range)**> | -0.90 (-4.57 to + 3.41) -0.94 (-3.34 to + 2.90) -0.88 (-4.57 to + 3.41) 0.902
Missing, n (%) 2(2) 0(0) 2(6)

Irradiation (XRT), n (%) 53 (45) 15 (44) 38 (45) 0256
Missing, n (%) 5(4) 2 (6) 3(4)

Irradiation mode

Proton beam therapy, n (%) 15 (13) 4(12) 11(13)

Photon-based XRT, n (%) 32 (27) 9 (27) 23 (27) 0.689
Other XRT, n (%) 6(5) 2 (6) 4 (5)

Unknown, n (%) 5(4) 309 2 (6)

Dosis (Gray), median (range) 54 (10-200) 54 (24-54) 54 (10-200) 0477
Missing, n (%) 5(4) 2 (6) 3(4)

Degree of surgical resection

Complete, n (%) 34 (29) 11(32) 23 (27) 0.358
Incomplete, n (%) 85 (71) 23 (67) 62 (73)

Surgical access

Transcranial, n (%) 93 (78) 27 (79) 66 (78) 0.164
Transsphenoidal, n (%) 15 (13) 2 (6) 13 (15)

Other, n (%) 11(9) 5(15) 6(7)

Table 1. Characteristics of patients with childhood-onset, adamantinomatous craniopharyngioma recruited
in KRANIOPHARYNGEOM 2000, KRANIOPHARYNGEOM 2007 and KRANIOPHARYNGEOM Registry
2019. The p values given refer to the comparison between patients with increased daytime sleepiness (ESS
11-24) and patients with normal scores (ESS 0-10). ESS, Epworth Sleepiness Scale; XRT, Irradiation.

The median age at the time of initial CP diagnosis was 12 years (range: 2-17 years). At the time of study,
the median age of the patients was 22 years (range: 14-42 years). The median follow-up interval between CP
diagnosis and conduct of the study was 10 years (range: 1-39 years). The median BMI SDS at the last consultation
was + 0.98 SDS for male patients (BMI range: -3.09 to + 8.13 SDS) and + 0.22 SDS for female patients (BMI
range: -3.23 to + 10.72 SDS). One patient was excluded from QoL analyses due to missing data in the completed
questionnaire, but he was included in the analyses of daytime sleepiness.

Data on presurgical hypothalamic involvement were available for 87 of 119 (73.1%) CP patients. There was
no hypothalamic involvement observed in 24 (27.6%) patients (grade 0), while 35 (40.2%) patients presented
with grade 1 hypothalamic involvement and 28 (32.2%) patients with grade 2 hypothalamic involvement. Thus,
72.4% of the CP patients, for whom data on presurgical hypothalamic involvement was available presented with
grade 1 or 2 hypothalamic involvement.

Data on surgical hypothalamic lesions were available in 84 of 119 (70.6%) CP patients. No postoperative
hypothalamic lesions (grade 0) were observed in 6 patients (7.1%). Grade 1 hypothalamic lesions were present in
23 (27.4%) and grade 2 hypothalamic lesions in 55 (65.5%) patients. Accordingly, 92.9% of all patients, for whom
reference assessed data on surgical hypothalamic lesions were available, presented with surgical hypothalamic
lesions.

For the ESS, we observed 85 patients with a score in the normal range (ESS < 10) and 34 participants with
an ESS score > 10, indicating increased daytime sleepiness. Patients with increased daytime sleepiness were not
different in terms of BMI SDS when compared to patients with normal scores.

In the EORTC QLQ-C30, patients with increased daytime sleepiness achieved significantly lower scores in all
functional scales [physical function (p < 0.001), role function (p < 0.001), emotional (p = 0.0095) and cognitive
function (p < 0.001) and social function (p = 0.0018)], and significantly lower scores for global QoL (p = 0.0025)
(Fig. 2).

They also revealed significantly higher values for the EORTC QLQ-C30 symptom scales [nausea (p = 0.030),
fatigue (p < 0.001), pain (p = 0.002) dyspnoea (p = 0.022) and loss of appetite (p = 0.006)], except for insomnia
and obstipation (Fig. 2).

In univariable linear regression analysis, the presence of daytime sleepiness was associated with a decrease in
overall QoL by 13.294 (95% CI: -21.91 to -4.68; p = 0.003) points when compared to patients without daytime
sleepiness (Table 2).
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Fig. 2. Global quality of life (QoL) and function scales (A) and symptoms scales (B) of the EORTC QLQ - C30
in relation to the Epworth Sleepiness Scale (ESS). Higher values within the functional scales of the EORTC
QLQ-C30 indicate better function and QoL. Global QoL, physical function, role function, emotional and
cognitive function and social function were analysed. The boxes represent the interquartile range. The whiskers
represent the interquartile range multiplied by 1.5. If the data has already reached its minimum or maximum,
the whiskers are only drawn up to this point. However, if there is data behind the antenna, these are displayed
as individual points. These data points represent potential outliers. Differences were estimated by Mann-

Whitney U test.
Unadjusted coefficient | 95% confidence interval | p Adjusted coefficient | 95% confidence interval | p
ESS binary -13.294 -21.905 to -4.682 0.003 | -11.675 -20.182 to -3.167 0.008
Age at study (years) | -1.092 -1.837 t0 -0.348 0.004 | -0.944 -1.677 to -0.211 0.012

Table 2. Multivariable linear regression analysis of quality of life depending on daytime sleepiness
(Epworth Score — ESS) and age at study participation in patients with childhood-onset, adamantinomatous
craniopharyngioma recruited in the trials KRANIOPHARYNGEOM 2000, KRANIOPHARYNGEOM 2007
and KRANIOPHARYNGEOM registry 2019.

After adjustment for age at study, the influence of daytime sleepiness on QoL remained statistically significant
(B=-11.675, 95% CI: -20.182 to -3.167; p = 0.008). Based on univariable regression, age at study participation
had a significant influence on QoL (B = -1.837, 95% CI: -1.837 to -0.348; p = 0.004), showing that an increase in
age was associated with lower global QoL (Table 2). In the final model with daytime sleepiness, the reduction
of QoL associated with higher age at study was smaller compared to the unadjusted model (B=-0.944, 95% CI:
-1.837 to -0.348; p = 0.004) (Table 2).

Our data did not show a statistically significant association between the grade of presurgical hypothalamic
involvement and daytime sleepiness (Table 3).

For surgical hypothalamic lesions in relation to the ESS, Fisher’s exact test yielded a two-sided p-value of
0.042, showing a statistically significant association between the degree of hypothalamic lesions and daytime

Scientific Reports | (2025) 15:9407 | https://doi.org/10.1038/s41598-025-94384-5 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Presurgical hypothalamic involvement (HI)*** | ESS 11-24 | ESS0-10 | Total | p*
HI grade 0, n (%) 5(18) 19 (32) 24 (28)

HI grade 1, n (%) 10 (37) 25 (42) 35 (40) 0.238
HI grade 2, n (%) 12 (45) 16(26) | 28(32)

Total, n (%) 27 (100) 60 (100) | 87 (100)
Surgical hypothalamic lesions (HL)*%

HL grade 0, n (%) 0(0) 6 (10) 6(7)

HL grade 1, n (%) 4 (16) 19 (32) 23(27) 0.042
HL grade 2, n (%) 21 (84) 34 (58) 55 (66)

Total, n (%) 25 (100) 59 (100) | 84 (100)

Table 3. Grade of presurgical hypothalamic involvement (HI) and grade of surgical hypothalamic lesions

(HL) in relation to the Epworth sleepiness scale (ESS) in patients with childhood-onset, adamantinomatous
craniopharyngioma recruited in the trials KRANIOPHARYNGEOM 2000, KRANIOPHARYNGEOM 2007
and KRANIOPHARYNGEOM registry 2019. The p values given refer to the comparison between patients with
increased daytime sleepiness (ESS 11-24) and patients with normal scores (ESS 0-10). *Differences assessed by
Fisher’s exact test.

Medication CP patients | ESS 11-24 | ESS0-10 | p
Central stimulating medication n (%) | 9 (8) 9 (26) 0
Dexamphetamine, n (%) 3(3) 3(9) 0
Methylphenidate, n (%) 6(5) 6(18) 0

Endocrine deficiencies n (%)

Hypogonadism 86 (72) 24 (71) 62 (73) 0.937
Arginine vasopressin deficiency 93 (78) 27 (79) 66 (78) 1.000
Growth hormone deficiency 103 (92) 29 (85) 74 (87) 0.351
Hypothyroidism 110 (85) 32(94) 78 (92) 1.000
Hypocortisolism 101 (85) 32 (94) 69 (81) 0.249

Table 4. Medication with central stimulating agents and endocrine substitution in relation to the Epworth
sleepiness scale (ESS) in patients with childhood-onset, adamantinomatous craniopharyngioma recruited in
the trials KRANIOPHARYNGEOM 2000, KRANIOPHARYNGEOM 2007 and KRANIOPHARYNGEOM
registry 2019. The p values given refer to the comparison between patients with increased daytime
sleepiness (ESS 11-24) and patients with normal scores (ESS 0-10). ESS, Epworth Sleepiness Scale; CP,
craniopharyngioma.

sleepiness (Table 3). Thus, in contrast to preoperative hypothalamic involvement, the degree of surgical
hypothalamic lesions appears to be associated with higher daytime sleepiness.

Nine of 119 patients (8%) were treated with central stimulating agents (3 dexamphetamine and 6
methylphenidate) at the time of study. All patients under medication with central stimulating agents presented
with increased daytime sleepiness (ESS > 10). Most patients received endocrine substitution of sex steroids (72%),
arginine vasopressin (78%), growth hormone (92%), thyroxine (85%), and hydrocortisone (85%). Differences in
terms of endocrine substitution were not observed between the patient subgroups with (ESS 11-24) and without
(ESS 0-10) daytime sleepiness (Table 4).

Discussion
It is well known that children with brain tumours are at risk of developing sleep problems because of direct
and indirect effects of the tumour and its treatment, in addition to psychosocial and environmental factors®.
However, these results are in part discussed controversially due to problems of statistical analyses Our study
investigated the relationship between daytime sleepiness and health-related QoL in patients with childhood-
onset, adamantinomatous CP (> 14 years old at study time). Using standardised and validated questionnaires
(EORTC QLQ-C30and ESS), both QoL and daytime sleepiness could be quantified. Regression analyses (Table 2)
showed that both, increased daytime sleepiness and older age at study participation were significantly associated
with a lower self-assessed QoL. Surgical hypothalamic lesions were associated with increased daytime sleepiness.
The percentage of patients with increased daytime sleepiness in our patient group (29%), was comparable
with rates reported in previous studies. Two studies by Miiller et al. each investigating a mixed-age group of
children, adolescents and adults with childhood-onset CP, observed rates of increased daytime sleepiness of 30%
and 35% respectively'>!. In a more recent study, Crabtree et al.**. found increased daytime sleepiness in 29%
of their children and adolescents with CP. The proportion of patients affected by increased daytime sleepiness
in these as well as in our study is much higher than found in healthy populations. Studies that were carried out
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to obtain normative values for the ESS (Sauter et al.*%, n = 239 and more recently, with an even larger sample

Sander et al.3, n =9711), found that 15.0% and 15.8% of their healthy samples presented with increased daytime
sleepiness (see Table 2 in Sander et al.>®).

The EORTC QLQ-C30 results indicated that patients with increased daytime sleepiness, compared to those
with inconspicuous values, suffer from a severe loss of QoL in all functional domains and in global QoL. They
also revealed significantly higher scores for most of the EORTC C30 symptoms and symptom scales. It is not
yet known and needs to be investigated in further studies, whether and to what extent daytime sleepiness itself
contributes to the lower quality of life.

Van Schaik et al. emphasised that sleep disorders are not exclusively associated with a reduced QoL, but also
associated with obesity’®. This association is relevant for patients with hypothalamic obesity. The severity of
daytime sleepiness has been shown to be high particularly in CP patients with a BMI > 4 SDS'2. No differences
in BMI SDS between CP patients with increased and those with normal daytime sleepiness were observed in
our study.

Older age at the time of participation in our study was significantly associated with lower self-assessed global
QoL. In many cases, older age at the time of study participation could be associated with longer follow-up. Our
observation on the association between QoL and age of patients with CP, confirms previous findings reported by
Beckhaus et al.?’. The authors discuss that reductions of QoL due to CP diagnosis, might be age-dependent. Older
patients could be more aware of their Qol before the CP became symptomatic and thus realize the consequences
of impairments leading to a deep and significant decline of Qol measured.

Using EORTC QLQ-C30, Sterkenburg et al. observed reduced physical functioning in patients with
hypothalamic involvement of CP. In addition, patients with hypothalamic involvement of CP reached increased
scores on the Multidimensional Fatigue Inventory (MFI-20) with regard to physical exhaustion and reduced
motivation?®. Hypothalamic involvement as reported by Sterkenburg et al. was assessed by MRI and/or
microscopic inspection during surgery. Hypothalamic involvement was defined as involvement of hypothalamic
structures either by tumor growth into the hypothalamus or displacement of hypothalamic structures by the
tumour. Due to lower diagnostic quality of imaging in the 1990s, the authors were not able to assess specific
grading for hypothalamic presurgical involvement and surgical hypothalamic lesions in their cohort of patients
diagnosed with CP before 2001. In our study, we found that surgical hypothalamic lesions and not presurgical
hypothalamic involvement were significantly associated with higher ESS and increased daytime sleepiness,
showing the influence of surgical hypothalamic lesions on hypothalamic function in terms of circadian rhythms.

Our study has certain strengths and limitations. We assessed whether patients were treated for daytime
sleepiness with central stimulating medication. Very few CP patients (8%) took central-stimulating medication
at the time of study, which might increase alertness, attention and motor activity. Such pharmaceutical agents
could change the results of the ESS questionnaires. However, in spite of such central medication all patients under
central stimulation medication presented with still increased ESS > 10 indicating increased daytime sleepiness.
Furthermore, it could be speculated that those patients who are particularly affected by daytime sleepiness may
be less capable to attend the CP consultations. Given these challenges, those CP patients severely affected by
daytime sleepiness may not be adequately represented in this study. Another important aspect is the reliability of
self-disclosures about one’s own condition and may particularly affect some neurological patients®’. In the study
by Crabtree et al.** increased daytime sleepiness as indicated by an objective measure (Multiple Sleep Latency
Test) was approximately threefold higher than indicated by their modified ESS. Some patients may not recognize
or validly report their condition based on self-assessment. Strengths of our study are the use of standardized and
validated instruments as EORTC QLQ-C30 questionnaire version 3.0 and ESS and the considerable study size
given the rareness of the disease.

Overall, our study provides important insights into the relationship between daytime sleepiness and QoL in
patients with CP. For future studies, other factors such as comorbidities, medication use® or lifestyle habits*®
should be included in the analyses to provide an even more complete picture. Longitudinal studies could be
informative in order to determine possible causal relationships. The treatment of daytime sleepiness could thus
represent an important strategy for improving QoL, especially in patients who suffer from surgical hypothalamic
lesions. Hypothalamus-sparing treatment strategies are recommended for prevention of hypothalamic lesions
resulting in increased daytime sleepiness and reduced QoL. Further prospective cohort studies are needed to
understand the exact relationships between daytime sleepiness, age, hypothalamic lesions and QoL and to clarify
the question of causal relationships?®.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.

Received: 24 November 2024; Accepted: 13 March 2025
Published online: 19 March 2025

References

1. Santagata, S., Komori, T., Miiller, H. L. & Pietsch, T. Adamantinomatous craniopharyngioma. In WHO Classification of Tumours
Editorial Board. Central Nervous System Tumours. WHO Classification of Tumours Series Vol. 6 (eds Brat, D. J. & Wesseling, P.)
(Tumours of the sellar region) 393-396 (International Agency for Research on Cancer, 2021).

2. Wijnen, M. et al. Excess morbidity and mortality in patients with craniopharyngioma: A hospital-based retrospective cohort study.
Eur. J. Endocrinol. 178(1), 93-102. https://doi.org/10.1530/eje-17-0707 (2018).

3. Bunin, G. R. et al. The descriptive epidemiology of craniopharyngioma. J. Neurosurg. 89(4), 547-551. https://doi.org/10.3171/jns.
1998.89.4.0547 (1998).

Scientific Reports |

(2025) 15:9407 | https://doi.org/10.1038/s41598-025-94384-5 nature portfolio


https://doi.org/10.1530/eje-17-0707
https://doi.org/10.3171/jns.1998.89.4.0547
https://doi.org/10.3171/jns.1998.89.4.0547
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

. Momin, A. A. et al. Descriptive epidemiology of craniopharyngiomas in the united States. Pituitary 24(4), 517-522. https://doi.or

¢/10.1007/s11102-021-01127-6 (2021).

. Sateia, M. . International classification of sleep disorders. Chest 146(5), 1387-1394 (2014).
. Miiller, H. L., Merchant, T. E., Puget, S. & Martinez-Barbera, J. P. New outlook on the diagnosis, treatment and follow-up of

childhood-onset craniopharyngioma. Nat. Rev. Endocrinol. 13(5), 299-312. https://doi.org/10.1038/nrendo.2016.217 (2017).

. Apps, J. R, Muller, H. L., Hankinson, T. C., Yock, T. I. & Martinez-Barbera, J. P. Contemporary biological insights and clinical

management of craniopharyngioma. Endocr. Rev. 44(3), 518-538. https://doi.org/10.1210/endrev/bnac035 (2023).

. Miiller, H. L. et al. Obesity after childhood craniopharyngioma-German multicenter study on pre-operative risk factors and

quality of life. Klin. Padiatr. 213(4), 244-249. https://doi.org/10.1055/s-2001-16855 (2001).

. Muller, H. L. et al. Longitudinal study on growth and body mass index before and after diagnosis of childhood craniopharyngioma.

J. Clin. Endocrinol. Metab. 89(7), 3298-3305. https://doi.org/10.1210/jc.2003-031751 (2004).

van lersel, L. et al. Pathophysiology and individualized treatment of hypothalamic obesity following craniopharyngioma and other
suprasellar tumors: A systematic review. Endocr. Rev. 40(1), 193-235. https://doi.org/10.1210/er.2018-00017 (2019).

Beckhaus, J., Ozyurt, J., Mehren, A., Friedrich, C. & Miiller, H. L. Fatigue in patients with hypothalamic syndrome—A cross-
sectional analysis of the German childhood-onset craniopharyngioma cohort. EJC Pediatr. Oncol. https://doi.org/10.1016/j.ejcped
.2024.100174 (2024).

Muller, H. L. et al. Melatonin treatment in obese patients with childhood craniopharyngioma and increased daytime sleepiness.
Cancer Causes Control 17(4), 583-589. https://doi.org/10.1007/s10552-005-9012-7 (2006).

Miiller, H. L. Increased daytime sleepiness in patients with childhood craniopharyngioma and hypothalamic tumor involvement:
Review of the literature and perspectives. Int. J. Endocrinol. https://doi.org/10.1155/2010/519607 (2010).

Muller, H. L. et al. Secondary narcolepsy May be a causative factor of increased daytime sleepiness in obese childhood
craniopharyngioma patients. J. Pediatr. Endocrinol. Metab. 19(Suppl 1), 423-429. https://doi.org/10.1055/s-2006-974095 (2006).
Klages, K. L. et al. Health-related quality of life, obesity, fragmented sleep, fatigue, and psychosocial problems among youth with
craniopharyngioma. Psychooncology 31(5), 779-787. https://doi.org/10.1002/pon.5862 (2022).

Semko, J., Al Ghriwati, N., Winter, M., Merchant, T. E. & Crabtree, V. M. Sleep-related challenges and family functioning in
children and adolescents previously treated for craniopharyngioma. J. Psychosoc. Oncol. 42(1), 32-47. https://doi.org/10.1080/073
47332.2023.2197433 (2024).

Dodet, P. et al. Hypersomnia and narcolepsy in 42 adult patients with craniopharyngioma. Sleep. https://doi.org/10.1093/sleep/zs
ad032 (2023).

Manley, P. E. et al. Sleep dysfunction in long term survivors of craniopharyngioma. J. Neurooncol. 108(3), 543-549. https://doi.org
/10.1007/s11060-012-0859-7 (2012).

Mandrell, B. N. et al. Predictors of narcolepsy and hypersomnia due to medical disorder in pediatric craniopharyngioma. J.
Neurooncol. 148(2), 307-316. https://doi.org/10.1007/s11060-020-03519-3 (2020).

Boekhoff, S. et al. Cerebral infarction in Childhood-Onset craniopharyngioma patients: Results of KRANIOPHARYNGEOM
2007. Front. Oncol. 11, 698150. https://doi.org/10.3389/fonc.2021.698150 (2021).

Beckhaus, J., Friedrich, C. & Miiller, H. L. Vascular morbidity and mortality in craniopharyngioma Patients—A. Scoping Rev.
Cancers 16(6), 1099 (2024).

Sowithayasakul, P., Buschmann, L. K., Boekhoff, S. & Miiller, H. L. Cardiac remodeling in patients with childhood-onset
craniopharyngioma-results of HIT-Endo and KRANIOPHARYNGEOM 2000/2007. Eur. J. Pediatr. 180(5), 1593-1602. https://do
i.0rg/10.1007/s00431-020-03915-x (2021).

Harz, K. J., Muller, H. L., Waldeck, E., Pudel, V. & Roth, C. Obesity in patients with craniopharyngioma: Assessment of food intake
and movement counts indicating physical activity. J. Clin. Endocrinol. Metab. 88(11), 5227-5231. https://doi.org/10.1210/jc.2002-0
21797 (2003).

Sterkenburg, A. S. et al. Survival, hypothalamic obesity, and neuropsychological/psychosocial status after childhood-onset
craniopharyngioma: Newly reported long-term outcomes. Neuro Oncol. 17(7), 1029-1038. https://doi.org/10.1093/neuonc/nov04
4(2015).

Beckhaus, J. et al. Outcome after pediatric craniopharyngioma: The role of age at diagnosis and hypothalamic damage. Eur. J.
Endocrinol.. https://doi.org/10.1093/ejendo/lvad027 (2023).

Muller, H. L. et al. Hypothalamic syndrome. Nat. Rev. Dis. Prim. 8(1), 24. https://doi.org/10.1038/s41572-022-00351-z (2022).

. Miiller, H. L. Craniopharyngioma. Endocr. Rev. 35(3), 513-543. https://doi.org/10.1210/er.2013-1115 (2014).

Romigi, A. et al. Sleep disorders in patients with craniopharyngioma: A physiopathological and practical update. Front. Neurol. 12,
817257. https://doi.org/10.3389/fneur.2021.817257 (2021).

Bogusz, A. et al. Posterior hypothalamus-sparing surgery improves outcome after childhood craniopharyngioma. Endocr. Connect.
8(5), 481-492. https://doi.org/10.1530/EC-19-0074 (2019).

Eveslage, M. et al. The postopera Tive quality of life in children and adolescents with craniopharyngioma. Dtsch. Arztebl. Int.
116(18), 321-328. https://doi.org/10.3238/arztebl.2019.0321 (2019).

Maestri, M. et al. Excessive daytime sleepiness and fatigue in neurological disorders. Sleep Breath. 24(2), 413-424. https://doi.org/
10.1007/s11325-019-01921-4 (2020).

Mandrell, B. N. et al. Internalizing symptoms and their impact on Patient-Reported Health-Related quality of life and fatigue
among patients with craniopharyngioma during proton radiation therapy. Children. https://doi.org/10.3390/children11101159
(2024).

Bischoff, M. et al. Outcome after modern proton beam therapy in childhood craniopharyngioma: Results of the prospective
registry study KiProReg. Int. J. Radiat. Oncol. Biol. Phys. 120(1), 137-148. https://doi.org/10.1016/j.ijrobp.2024.03.015 (2024).
Kayadjanian, N., Hsu, E. A., Wood, A. M. & Carson, D. S. Caregiver burden and its relationship to Health-Related quality of life in
craniopharyngioma survivors. J. Clin. Endocrinol. Metab. 109(1), e76-e87. https://doi.org/10.1210/clinem/dgad488 (2023).
Aaronson, N. K. et al. The European organization for research and treatment of cancer QLQ-C30: A quality-of-life instrument for
use in international clinical trials in oncology. J. Natl. Cancer Inst. 85(5), 365-376. https://doi.org/10.1093/jnci/85.5.365 (1993).
Fayers, P. M. et al. The EORTC QLQ-C30 Scoring Manual (3 Rd Edition) (European Organisation for Research and Treatment of
Cancer, 2001).

Bloch, K. E., Schoch, O. D., Zhang, J. N. & Russi, E. W. German version of the Epworth sleepiness scale. Respiration 66(5), 440-447.
https://doi.org/10.1159/000029408 (1999).

Sander, C. et al. Normative values of the Epworth sleepiness scale (ESS), derived from a large German sample. Sleep Breath. 20(4),
1337-1345. https://doi.org/10.1007/s11325-016-1363-7 (2016).

Miiller, H. L. et al. Post-operative hypothalamic lesions and obesity in childhood craniopharyngioma: Results of the multinational
prospective trial KRANIOPHARYNGEOM 2000 after 3-year follow-up. Eur. J. Endocrinol. 165(1), 17-24. https://doi.org/10.1530
Jeje-11-0158 (2011).

Miiller, H. L. et al. Xanthogranuloma, Rathke’s cyst, and childhood craniopharyngioma: Results of prospective multinational
studies of children and adolescents with rare Sellar malformations. J. Clin. Endocrinol. Metab. 97(11), 3935-3943. https://doi.org/
10.1210/j¢.2012-2069 (2012).

Rolland-Cachera, M. E et al. Body mass index variations: Centiles from birth to 87 years. Eur. J. Clin. Nutr. 45(1), 13-21 (1991).

. Prader, A,, Largo, R. H., Molinari, L. & Issler, C. Physical growth of Swiss children from birth to 20 years of age. First Zurich

longitudinal study of growth and development. Helv. Paediatr. Acta Suppl. 52, 1-125 (1989).

Scientific Reports |

(2025) 15:9407

| https://doi.org/10.1038/s41598-025-94384-5 nature portfolio


https://doi.org/10.1007/s11102-021-01127-6
https://doi.org/10.1007/s11102-021-01127-6
https://doi.org/10.1038/nrendo.2016.217
https://doi.org/10.1210/endrev/bnac035
https://doi.org/10.1055/s-2001-16855
https://doi.org/10.1210/jc.2003-031751
https://doi.org/10.1210/er.2018-00017
https://doi.org/10.1016/j.ejcped.2024.100174
https://doi.org/10.1016/j.ejcped.2024.100174
https://doi.org/10.1007/s10552-005-9012-7
https://doi.org/10.1155/2010/519607
https://doi.org/10.1055/s-2006-974095
https://doi.org/10.1002/pon.5862
https://doi.org/10.1080/07347332.2023.2197433
https://doi.org/10.1080/07347332.2023.2197433
https://doi.org/10.1093/sleep/zsad032
https://doi.org/10.1093/sleep/zsad032
https://doi.org/10.1007/s11060-012-0859-7
https://doi.org/10.1007/s11060-012-0859-7
https://doi.org/10.1007/s11060-020-03519-3
https://doi.org/10.3389/fonc.2021.698150
https://doi.org/10.1007/s00431-020-03915-x
https://doi.org/10.1007/s00431-020-03915-x
https://doi.org/10.1210/jc.2002-021797
https://doi.org/10.1210/jc.2002-021797
https://doi.org/10.1093/neuonc/nov044
https://doi.org/10.1093/neuonc/nov044
https://doi.org/10.1093/ejendo/lvad027
https://doi.org/10.1038/s41572-022-00351-z
https://doi.org/10.1210/er.2013-1115
https://doi.org/10.3389/fneur.2021.817257
https://doi.org/10.1530/EC-19-0074
https://doi.org/10.3238/arztebl.2019.0321
https://doi.org/10.1007/s11325-019-01921-4
https://doi.org/10.1007/s11325-019-01921-4
https://doi.org/10.3390/children11101159
https://doi.org/10.1016/j.ijrobp.2024.03.015
https://doi.org/10.1210/clinem/dgad488
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.1159/000029408
https://doi.org/10.1007/s11325-016-1363-7
https://doi.org/10.1530/eje-11-0158
https://doi.org/10.1530/eje-11-0158
https://doi.org/10.1210/jc.2012-2069
https://doi.org/10.1210/jc.2012-2069
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

43. van Litsenburg, R. et al. Sleep problems during and after paediatric brain tumours. Lancet Child. Adolesc. Health 7(4), 280-287.
https://doi.org/10.1016/S2352-4642(22)00380-7 (2023).

44. Crabtree, V. M. et al. Sensitivity and specificity of the modified Epworth sleepiness scale in children with craniopharyngioma. J.
Clin. Sleep. Med. 15(10), 1487-1493. https://doi.org/10.5664/jcsm.7982 (2019).

45. Sauter, C. et al. Normative values of the German Epworth sleepiness scale. Somnologie Schlafforschung Schlafmed. 11, 272-278
(2007).

46. van Schaik, J. et al. The importance of specialized sleep investigations in children with a suprasellar tumor. Pituitary 23(6), 613-
621. https://doi.org/10.1007/s11102-020-01065-9 (2020).

47. Mehren, A. et al. Self- and informant-rated apathy in patients with childhood-onset craniopharyngioma. J. Neurooncol. 140(1),
27-35. https://doi.org/10.1007/s11060-018-2936-z (2018).

48. van Santen, H. M., Denzer, C. & Miiller, H. L. Could setmelanotide be the game-changer for acquired hypothalamic obesity? Front.
Endocrinol. 14, 1307889. https://doi.org/10.3389/fendo.2023.1307889 (2023).

49. Beckhaus, J., Eveslage, M., Bison, B., Friedrich, C. & Miiller, H. L. Impact of parental body mass index at diagnosis on obesity in
survivors of pediatric craniopharyngioma. Endocr. Connect. https://doi.org/10.1530/ec-24-0126 (2024).

Acknowledgements
The authors would like to thank colleagues, patients, and their families for participating in trials on craniophar-
yngioma.

Author contributions

Material preparation, data collection and analysis were performed by L.V.M.-M., ].B., J.O. and A.M. The first
draft of the manuscript was written by L.V.M.-M., ].B. and J.O. and all authors commented on previous versions
of the manuscript. H.L.M. initiated and conducted the multicenter trials KRANIOPHARYNGEOM 2000/2007,
and KRANIOPHARYNGEOM Registry 2019. All authors contributed to the study conception and design and
reviewed/edited the manuscript. All authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Declarations

Competing interests

H.L.M. has received reimbursement of participation fees for scientific meetings and continuing medical
education events from the following companies: Ferring, Pfizer, Sandoz/Hexal, Novo Nordisk, IPSEN, Merck
Serono, and Rhythm Pharmaceuticals. He has received reimbursement of travel expenses from Merck Serono,
Rhythm Pharmaceuticals and IPSEN and lecture honoraria from Pfizer and Rhythm Pharmaceuticals. The
other authors declared no conflict of interest.

Ethical approval

The study protocol of KRANIOPHARYNGEOM 2000 was proven and accepted by the ethical committee of the
University of Wiirzburg, Germany [140/99]; KRANIOPHARYNGEOM 2007 was proven and accepted by the
ethical committee of the University of Wiirzburg, Germany [96/06]; the protocol of KRANIOPHARYNGEOM
Registry 2019 was proven and accepted by the ethical committee of the Carl von Ossietzky Universitit
Oldenburg, Germany [2019-046]. The study protocol of this project was approved by ethical committee of the
Carl von Ossietzky Universitit Oldenburg, Germany [2023-006] The studies comply with the Declaration of
Helsinki.

Consent to participate
All custodians were informed according to the study protocols and gave written informed consent.

Additional information
Correspondence and requests for materials should be addressed to H.L.M.

Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:9407 | https://doi.org/10.1038/s41598-025-94384-5 nature portfolio


https://doi.org/10.1016/S2352-4642(22)00380-7
https://doi.org/10.5664/jcsm.7982
https://doi.org/10.1007/s11102-020-01065-9
https://doi.org/10.1007/s11060-018-2936-z
https://doi.org/10.3389/fendo.2023.1307889
https://doi.org/10.1530/ec-24-0126
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Daytime sleepiness and health-related quality of life in patients with childhood-onset craniopharyngioma
	﻿Patients and methods
	﻿Patients
	﻿Instruments
	﻿Neuroradiological assessment
	﻿Clinical assessment
	﻿Statistical methods

	﻿Results
	﻿Discussion
	﻿References


