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Abstract 
Background.  Childhood craniopharyngioma (cCP) has excellent survival, but quality of life may be severely ham-
pered by hypothalamic dysfunction. We aimed to evaluate treatment and hypothalamic outcomes of a Dutch cCP 
cohort, and evaluate the effect of centralization of care.
Methods.  A retrospective cohort study was performed, including cCP patients diagnosed between 2004 and 2021. 
Treatment characteristics and hypothalamic outcomes were evaluated and compared before and since centraliza-
tion of care in May 2018.
Results.  We included 87 cCP patients. Cyst drainage/fenestration was performed in 29.9%, limited resection in 
27.6%, near-total resection in 16.1%, and gross total resection (GTR) in 25.4%. Radiotherapy was given in 46.0%. 
After a median follow-up of 6.5 years, hypothalamic obesity (HO) was present in 24.7% and panhypopituitarism 
with diabetes insipidus in 71.3%. Higher body mass index (BMI) SDS at diagnosis and Muller grade II at last mag-
netic resonance imaging of follow-up were associated with overweight/obesity. No association was found between 
extensiveness of resection and overweight/obesity at last follow-up. When comparing before and after centraliza-
tion of care, rates of GTR remained similar, but BMI outcomes changed; mean ΔBMI SDS 1 year after diagnosis 
from 1.12 (SD 1.15) to 0.81 (SD 1.24), and HO after 1 year decreased from 33.3% to 12.0% (P = .067), and after 2 years 
from 28.6% to 6.7% (P = NS).
Conclusions.  In our nationwide cohort, GTR was performed in a relatively low percentage of patients and exten-
siveness of resection was no longer associated with HO at follow-up. A trend toward improvement of BMI is ob-
served since centralization of care, which needs further exploration.

Key Points

• Extensiveness of resection was no longer associated with overweight/obesity in 
childhood craniopharyngioma (cCP).

• Significant BMI increase was most prominent in the first year after cCP diagnosis.

• After centralization of care, BMI outcomes seem to improve in cCP.

Childhood craniopharyngioma (cCP) is a rare low-grade 
tumor, originating in the (supra)sellar region of the brain.1 
Children with cCP commonly present with visual impairment, 
hypothalamic-pituitary deficiencies, and/or signs of increased 

intracranial pressure.2–4 Treatment for cCP is multidisciplinary 
and, in most cases, consists of neurosurgery, radiotherapy 
(RT), or a combination of both.5 Survival of cCP is excellent, 
with rates up to 92%. Morbidity after treatment, however, can 
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be severe, mainly determined by the degree of hypotha-
lamic dysfunction (HD).6,7 Currently, there is no effective 
treatment for HD, except in restoring the hormone levels 
in panhypopituitarism and to some degree guidance for 
hypothalamic obesity (HO). HD may result in survivors 
with morbid obesity and severe behavioral problems.5,7 
Comparable to alimentary obesity, the cornerstone of 
HO management is dietary and exercise. Diet may be 
challenging due to the presence of hyperphagia and for 
many cCP survivors exercise may be difficult due to the 
presence of visual acuity or visual field disturbances. For 
these reason, prevention of hypothalamic damage is one 
of the most important aims in cCP treatment, including 
hypothalamus-saving therapeutic approaches that aim to 
preserve the integrity of nuclei located in posterior hypo-
thalamic areas.8

In many studies, gross total resection (GTR) has been 
shown to be one of the most important risk factors for hy-
pothalamic adverse outcome.9–11 Subsequently, rates of 
GTR have gone down, from 8012–14 to 25%,11,15–18 and lim-
ited resection (LR) is advocated. LR results in more fre-
quent progressive residual disease, for which adjuvant 
radiotherapy (RT) may be necessary.13 LR followed by RT 
has been shown to have similar tumor control as GTR.10 
However, RT can increase the risk for adverse late events, 
such as endocrine, vascular, or neurocognitive conse-
quences.19 The choice for GTR or LR remains a matter of 
debate and the intended extensiveness of tumor resec-
tion may depend on tumor location and pre-operative hy-
pothalamic involvement, for which a grading system has 
been developed.11 For small cCP with Muller grading 0 or 
I, a GTR may still be the optimal treatment strategy as-
suming that the hypothalamic integrity can be preserved. 
In patients with hypothalamic involvement already present 
at diagnosis, LR is advocated to decrease tumor mass, 
merely to release mass effect on the visual pathway, the 
brain or brain stem, and/or to guarantee CSF flow, while re-
specting the hypothalamus.20 The complexity in balancing 
all aspects of this rare disease with risks of serious diverse 
sequelae requires optimal care by an experienced multi-
disciplinary team.21 Due to the rareness of the disease, 
from May 2018 onwards, care for cCP in the Netherlands 
has been largely centralized in the Princess Máxima center 
for pediatric oncology. In this study, we aimed to eval-
uate treatment, visual and hypothalamic outcomes in the 
Dutch cohort of cCP diagnosed between 2004 and 2021. 
In addition, we aimed to evaluate the effect of centraliza-
tion of care since May 2018 on treatment and hypothalamic 
outcomes.

Methods

Study Population

A retrospective cohort study was performed. With the 
use of PALGA (Pathology databanking and biobanking in 
The Netherlands) the Dutch cohort of children (≤ 18 years) 
diagnosed with cCP during the period 2004–2021 was re-
trieved.22 All children (age ≤18 years) diagnosed with 
cCP between January 2004 and December 2021 with at 
least 1-year follow-up, known at the Princess Máxima 
Center, were included. Informed consent was obtained 
from parents in children <12 years old, from parents and 
children 12–16 years of age and from children if >16 years 
of age. Given the retrospective character of the data anal-
ysis, the local institutional review board decided that the 
Act on Medical Research Involving Human Subjects did not 
apply and provided a waiver (20-640/C).

Data Collection

Patient Characteristics
Tumor and treatment-related characteristics, available 
follow-up data of anthropometric measurements, visual 
and endocrine parameters were retrospectively collected 
through chart evaluation until December 2022. Weight (un-
derweight, overweight, or obesity) was classified using the 
BMI cutoff points per age as defined by Cole et al. 2000.23,24

The upfront surgical procedure (within the first 3 months 
after cCP diagnosis) was classified into endoscopic cyst 
drainage/fenestration (eCD/F), LR, near-total resection 
(NTR), and GTR. Type of resection was based on the report 
of the neurosurgeon in combination with the report of the 
radiologist, or if not available, based on the documentation 
of the treating oncologist. If more than one surgery was 
performed within the first 3 months with different types of 
resection, the most invasive type of resection was classi-
fied. An endoscopic cyst drainage or fenestration without 
further resection of tumor tissue reported by the neurosur-
geon and/or radiologist, was scored as eCD/F. LR was de-
fined as less than 95% of the tumor resected or a partial 
resection (with obvious residual tumor mass present) re-
ported by the neurosurgeon and/or radiologist. NTR was 
defined as more than 95% of the tumor resected, but not 
all tumor tissue removed. If exact percentages were not 
reported, NTR was based on neurosurgical and/or radiolo-
gist reporting: NTR or reports stating that almost all tumor 

Importance of the Study

Within this national childhood craniopharyngioma co-
hort, the frequency of gross total resection was per-
formed in a relatively low percentage of the patients 
(25.4% of all patients), which is in line with other liter-
ature. In addition, extensiveness of resection, with the 
use of pre-operative radiological assessment of hypo-
thalamic involvement, appeared not to be associated 

anymore with hypothalamic obesity (HO). After centrali-
zation of care, a trend towards improving BMI outcomes 
was observed. At last, we found that the increase in 
BMI SDS was most significant in the first year following 
surgery with no statistical further increase in the years 
thereafter, highlighting the need to start HO interven-
tions more early. D
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was removed and little, minimal, or minor tumor tissue 
had been left (residual small enhancement lesion but no 
apparent tumor mass). GTR was defined as having re-
moved all tumor tissue, stated both by the neurosurgeon 
and radiologist.

Visual Parameters
Data of ophthalmological examination at primary diag-
nosis and last follow-up were collected. Parameters in-
cluded best-corrected visual acuity (BCVA), and visual 
field examination. The BCVA was evaluated monocu-
larly using age-appropriate testing methods. The BCVA 
measurements were converted into logMAR (Snellen 
fraction [SF]) values and categorized according to the 
definitions of visual impairment and blindness based 
on the International Statistical Classification of Diseases 
and Related Health Problems, 10th Revision: No or mild 
visual impairment (BCVA ≤0.5 logMAR [SF ≥20/70]), 
moderate visual impairment (BCVA >0.5 to 1.0 logMAR 
[SF <20/70 to ≥20/200]), severe visual impairment (BCVA 
>1.0 to 1.3 logMAR [SF <20/200 to ≥20/400]), and blind-
ness (BCVA >1.3 logMAR [SF <20/400]).25 Visual field 
examination was performed using age-adapted testing 
and was scored as impaired if abnormalities (eg, ab-
solute or relative visual field defects) were reported by 
the ophthalmologist.26 Hemianopsia was present if any 
type of hemianopsia (homonymous, heteronymous, or 
quadrantic) was reported.

Score for Clinical Hypothalamic Dysfunction
Presence of clinical HD was scored with data retrieved by 
retrospective chart review. Severe HD (also referred to as 
the hypothalamic syndrome), was defined as present or 
absent, based on the diagnostic criteria of van Santen et 
al.27 For calculation of this score, the separate domains of 
HD were scored (hyperphagia, hypophagia, body mass 
index [BMI], behavioral problems, sleep disorders, temper-
ature regulation disorders, pituitary dysfunction, and radi-
ological Muller grading).

Pituitary Dysfunction
Pituitary dysfunction was defined as present in case of 
growth hormone deficiency, thyroid-stimulating hor-
mone deficiency, adrenocorticotropic hormone deficiency 
(ACTHD), gonadotrophin deficiency (LH/FSHD), central dia-
betes insipidus (DI), and/or central precocious puberty.

Neuro-Imaging
On the brain magnetic resonance imaging (MRI) was per-
formed at initial diagnosis and at last follow-up, radiolog-
ical hypothalamic damage was scored using the Muller 
grading defining grade 0 as no hypothalamic involvement/
lesion, grade I as hypothalamic involvement/lesion of the 
anterior hypothalamus not involving the hypothalamic 
area beyond mammillary bodies, and grade II as hypotha-
lamic involvement/lesion of the posterior hypothalamic 
area (with or without involvement/lesion of the anterior 
hypothalamic area) i.e., involving the area beyond mam-
millary bodies.11 Hydrocephalus was scored as present if 

mentioned in radiology or neurosurgeon report. All items 
were scored by a trained clinical researcher. If there was 
uncertainty among the clinical researcher, the scoring 
was evaluated with the neuro-radiologist and consensus  
was reached by discussion.28

Tumor Progression
Occurrence of tumor progression or recurrence was de-
fined as present when tumor progression or recurrence 
was stated on the radiology report or medical chart and 
treatment for tumor progression/recurrence was given.

Statistical Analysis

Data are presented as mean and standard deviation 
score (SD) or median [interquartile range] for continuous 
data, depending on the distribution. Data are presented 
as percentages for categorical variables. Patients diag-
nosed < May 2018 were compared to those diagnosed 
≥ May 2018 (after centralization of care). Between-group 
differences were evaluated by Student’s t-test for con-
tinuous data with a normal distribution, Mann–Whitney 
U test for continuous data with a skewed distribution, 
and by χ2 test or Fisher’s exact test for categorical data. 
To assess violation of normality distribution, QQ plot of 
the residuals and Shapiro–Wilk’s test were employed. 
Between-group differences were evaluated by one-way 
analysis of variance (ANOVA) for continuous data with 
a normal distribution, Kruskal–Wallis test for continuous 
data with a skewed distribution (skew variables were 
not further transformed), and by χ2 test or Fisher’s exact 
test for categorical data. Post hoc testing with Dunnett t 
(2-sided), with the last category as reference was used. 
BMI SDS measurements were assessed with linear 
mixed models, using least significant different post hoc 
testing with correction for multiplicity of testing. To study 
the effect of possible risk factors on the outcome, uni-
variate and multivariable logistic regression analyses 
were estimated. Independent variables to be included 
in the multivariable logistic regression were selected by 
estimating first the univariate model and by considering 
the clinical relevance of each variable. P < .05 was con-
sidered statistically significant. Analyses were performed 
by using SPSS version 27.0.

Results

In total, 166 children (aged <18 years) had been diagnosed 
with cCP in the Netherlands in the period 2004–2021.22 
Of these, 105 (63%) were known in the Princess Máxima 
Center and could be asked for informed consent. In total, 
87/105 patients (83%) informed consent was obtained for 
use of data for this study. Reasons for exclusion were: re-
fusal to participate (10%) and not being able to retrieve for 
obtaining informed consent/ moved abroad (7%). Of pa-
tients diagnosed before May 2018, 48% of the Dutch cohort 
were included, of patients diagnosed since May 2018, 69% 
of the cohort were included.
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Patient Characteristics at Diagnosis (Table 1)

Table 1 Of all patients included (n = 87), 57.5% were female, 
mean age at diagnosis was 7.39 years (SD 3.67), and me-
dian follow-up time was 6.54 years [IQR 3.11 – 10.69]. Most 
presenting symptoms were headache (50%) and visual 
acuity/visual field impairments (38%). Of all patients, 47.4% 
had hydrocephalus at time of diagnosis (of which 27.8% 

received cerebrospinal fluid shunting), while 33.3% pre-
sented with papil-edema. Pituitary deficiencies at diag-
nosis were present in 44.7% and 27% had overweight or 
obesity. In 23.8%, moderate or severe loss of visual acuity 
or blindness of both eyes was present. Visual field impair-
ments (either absolute or relative visual field defects) were 
present at diagnosis in 42.2% of the patients, of which 
52.6% of defects consisted of a type of hemianopsia.

Table 1. Patient Characteristics 

Total group (n = 87, 100%) At diagnosis At follow-up 

Mean age at diagnosis/at FU (years) 7.39 ± 3.67 14.19 ± 4.98

Mean BMI SDS at diagnosis (n = 62)/at FU (n = 85) 0.76 ± 1.52 1.94 ± 1.65

Weight classification at diagnosis(n = 63a)/at FU (n = 85)

Underweight 1 (1.6) 1 (1.2)

Normal weight 45 (71.4) 37 (43.5)

Overweight 10 (15.9) 26 (30.6)

Obesity 7 (11.1) 21 (24.7)

Muller gradingb pre-operative (n = 67)/at FU (n = 75)c 

Muller 0 2 (3.0) 16 (21.3)

Muller 1 25 (37.3) 20 (26.7)

Muller 2 40 (59.7) 39 (52.0)

Pituitary deficiencies at diagnosis (n = 76)/at FU (n = 87)d

Growth hormone deficiency 26 (34.2) 76 (87.4)

Central hypothyroidism 21 (27.6) 76 (87.4)

Central hypocortisolism 14 (18.4) 66 (75.9)

Hypogonadotropic hypogonadism 1 (1.3) 43 (49.4)

Diabetes insipidus 5 (6.6) 64 (73.6)

Central precocious puberty 0 (0.0) 7 (18.0)

Panhypopituitarism with diabetes insipidus 4 (5.3) 62 (71.3)

No pituitary deficiency 41 (53.9) 8 (9.2)

Visual capacities at diagnosis (n = 42)/at FU (n = 74)e

Normal or mildly decreased visual acuity

  Unilateral per eye 59 (70.2) 112 (75.7)

  Bilateral 27 (64.3) 50 (67.6)

Decreased visual acuity (moderate/severe)

  Unilateral per eye 16 (19.0) 20 (13.5)

  Bilateral 8 (19.0) 10 (13.5)

Blindness

  Unilateral per eye 9 (10.7) 16 (10.8)

  Bilateral 2 (4.8) 2 (2.7)

Visual field impairments (n = 45)/at FU (n = 72) 19 (42.2) 41 (56.9)

FU: Last moment of follow-up.
aOne patient presented at moment of diagnosis with severe obesity (chart review); however, specific body mass index SDS values were not reported.
bMuller grading consisting of: grade 0: No hypothalamic involvement/lesion, grade I: Hypothalamic involvement/lesion of the anterior hypothalamus 
not involving the hypothalamic area beyond mammillary bodies, grade II: Hypothalamic involvement/lesion of the anterior and/or solely posterior 
hypothalamic area, ie, involving the area beyond mammillary bodies.11

cNot for all patients magnetic resonance imaging at diagnosis was available.
dMultiple pituitary deficiencies could be present in one patient. At moment of diagnosis, not for all patients endocrine status was available.
eNot for all patients visual capacities were available, visual field impairments are lacking in case of young age.
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cCP Treatment Over the Years

The upfront surgical procedure (within the first 3 months 
after cCP diagnosis) consisted of eCD/F in 29.9%, LR in 
27.6%, NTR in 16.1%, and GTR in 25.3%. Median follow-up 
time was 6.54 years [IQR 3.11–10.69]. At last follow-up, 
the most extensive resection given was eCD/F at 12.6%, 
LR at 29.9%, NTR at 21.8%, and GTR at 34.5%. The median 
number of surgeries was 2 [range 0–6]. In one patient, a 
wait-and-see policy was chosen and no surgical treat-
ment has been necessary. Interferon alpha for cystic cCP 
was given in 11.5% as initial therapy, and in 6.9% during 
follow-up at time of cyst growth. In 8.0% of local (conven-
tional or proton) RT immediately after first surgery was 
given, and 37.9% received RT at time of progression/re-
currence after a median follow-up time of 2.07 years [IQR 
1.00–3.79] after cCP diagnosis. When compared to children 
diagnosed before May 2018 (n = 62), children diagnosed 
since May 2018 (n = 25) had similar rates of eCD/F and GTR, 
but LR decreased from 34.3% to 12.0% and NTR increased 
from 9.8% to 32.0%, P = .034 (Figure 1).

Muller grading for hypothalamic involvement/lesion on 
MRI.
Overall, pre-operative Muller grade at time of diagnosis 
was grade 0 in 2.3%, grade I in 28.7%, grade II in 46.0%, 
and in 23.0% this was unknown. Post-operatively, at last 
MRI, Muller's grading was scored as: 18.4% grade 0, 23.0% 
grade I, and 44.8% as grade II, and 13.8% unknown. In total, 
62.7% of children had a stable pre- and post-operative (at 
last follow-up) Muller grading score, 29.9% had a decrease 

in Muller grading, and in 4.5%, the grading increased, of 
whom all had tumor progression/recurrence requiring 
multiple treatments (Figure 2).

In children with pre-operative Muller grade II versus 
grade 0/I, the rate of NTR/GTR resection was statistically 
lower (OR 0.16 95% CI 0.05–0.47). Overweight or obesity at 
last follow-up in children with pre-operative Muller grade II 
was not associated with extensiveness of resection (eCD/F 
or LR vs. NTR or GTR).

There was no difference in prevalence of grade II pre-
operative or post-operative (at last follow-up) Muller 
grading between patients diagnosed before May 2018 or 
since May 2018 (pre-operative grade II: 64.3% vs. 52.0% 
or post-operative grade II: 56.0% vs. 44.0%). When exten-
siveness of resection (corrected for pre-operative Muller 
grading) was compared between those diagnosed be-
fore or since May 2018, no difference was found (NTR or 
GTR in Muller grade 0/1: 60.0% vs. 83.3%, respectively 
and NTR or GTR in Muller grade II: 22.2% vs. 38.5%, 
respectively).

Tumor progression/recurrence.
In total, 53/87 (60.9%) patients had one or more tumor pro-
gression or recurrence events, after a median period of 0.90 
years [IQR 0.35–1.61] for the first event. The percentage of 
patients with tumor progression or recurrence decreased 
with the extensiveness of the intervention: 20/26 (76.9%) 
children treated with eCD/F as initial treatment developed 
tumor progression, 20/24 (83.3%) after LR, 8/14 (57.1%) 
after NTR, and 5/22 (22.7%) after GTR.

After exclusion of children who received GTR (n = 22), 
children who received RT had significantly lower tumor 
progression rates (OR 0.24 95% CI 0.07–0.81), adjusted for 
follow-up time. Thirteen patients who had been undergone 
limited surgery (eg, eCD/F, LR, or NTR), resulting in tumor 
residue, had no events of tumor progression without 
any adjuvant RT (median follow-up time 3.24 years [IQR 
1.11–6.24]).

BMI SDS
 Overall, mean BMI SDS significantly increased from: 0.75 
(SD 1.51) (diagnosis) to 1.81 (SD 1.55) (1 year post diag-
nosis), 2.02 (SD 1.37) (2 years post diagnosis), to 2.02 (SD 
1.59) (last follow-up), P < .001. The change in BMI SDS in 
the first year after diagnosis was the greatest; BMI SDS did 
not statistically increase after 2 years or at last follow-up. 
Overall, 11.1% of cCP were obese at diagnosis, which in-
creased to 24.7% at follow-up. Specific interventions for 
HO (eg, dextro-amphetamines or GLP-1 agonist) have been 
given to 20.7% of the patients during follow-up, of which 
4.6% of n = 87 within the first 2 years after cCP diagnosis.

Mean ΔBMI SDS at 1 year was 1.12 (SD 1.15) in patients 
diagnosed before May 2018 compared to 0.81 (SD 1.23) in 
patients diagnosed since May 2018, P = .329 (Figure 3A). 
Percentage of patients with obesity after 1 year was 33.3% 
in patients diagnosed before May 2018 versus12.0% of the 
patients diagnosed since May 2018 (OR 0.27 95% CI 0.07–
1.10, P = .067) (Supplementary Table 1) and at 2 years after 
diagnosis, obesity rates were 28.6% vs. 6.7%, respectively, 
P = NS.

100%

80%

90%

70%

30.2

16.3

27.9

30.2

60%

50%

40%

30%

20%

10%

0%
2004 – 2021*

(D)

Cyst drainage/fenestration Limited resection Near total resection Gross total resection

(FU) (D) (FU) (D) (FU)

34.9

22.1

29.1

14.0
2004 – 2021*

24.6

9.8

34.4

31.1
2004 – 2018**

34.4

16.4

36.1

13.1
2004 – 2018**

28.0

32.0

12.0
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36.0
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12.0

16.0
2018 – 2021***

Figure 1. Type of neurosurgical intervention as initial treatment 
for childhood craniopharyngioma over the years. D: Initial treat-
ment within 3 months of diagnosis, FU: Last follow-up, most inva-
sive resection performed at diagnosis or in case of progression/
recurrence throughout follow-up Type of resection was based on 
the report of the neurosurgeon in combination with the report of 
the radiologist, or, if not available, based on the documentation of 
the treating oncologist. If more than one surgery had been per-
formed in the first 3 months with different types of resection, the 
most invasive type of resection was chosen.

* Total national cohort, ** Diverse hospitals, *** National center
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Overall, mean BMI SDS at last follow-up was positively 
associated with higher post-operative Muller grade (at last 
follow-up): Muller grade 0: BMI SDS 0.81 (SD 0.72) (n = 16), 
Muller grade 1: 1.40 (SD 0.85) (n = 20), and Muller grade II: 
2.42 (SD 1.98) (n = 39), P = .001 (Figure 3B). Muller grade II 
both pre-operatively as well as at last follow-up was asso-
ciated with presence of overweight or obesity at follow-up 
(pre-op: OR 8.17 95% CI 2.63–25.32, last follow-up: OR 6.62 
95% CI 2.41–18.16). In children whose Muller grade im-
proved (decreased) post-surgically, mean BMI SDS was 
1.12 (0.86), which was significantly better than in those 
whose Muller grading remained stable: mean BMI SDS 
2.19 (SD 1.60) P = .001, independent of extensiveness of 
resection.

Extensiveness of resection (eCD/F or LR vs. NTR or GTR) 
did not significantly influence mean BMI SDS at 1 year, 2 
years, or at last follow-up (Figure 3C). Multivariate logistic 
regression analysis identified BMI SDS at diagnosis and 
Muller grade II at last MRI of follow-up to be significantly 
associated with the presence of overweight or obesity at 
last follow-up (Table 2).

Of the patients with less than GTR (n = 63), 52 (82.5%) 
received growth hormone replacement and 11 patients 
(17.5%) did not. There was no difference in obesity rates be-
tween these 2 groups: 25.0% versus 18.2%, or mean BMI 
SDS (1.97 vs. 2.10) (P = NS).

Hypothalamic dysfunction.
In 43.7% severe HD (also referred to as having hypotha-
lamic syndrome, a score based on different domains of 
hypothalamic dysfunction (hyperphagia, hypophagia, 
BMI, behavioral problems, sleep disorders, temperature 
regulation disorders, pituitary dysfunction, and radio-
logical Muller grading) was present. Among the children 
with hypothalamic syndrome, 72.5% had Muller grade II 
at diagnosis and 79.5% had Muller grade II at last MRI of 
follow-up. Presence of hypothalamic syndrome at last fol-
low-up, compared between patients diagnosed before May 
2018 to those diagnosed since May 2018, (50.8% versus 
32.0%) was not statistically different. Presence of hypotha-
lamic syndrome at last follow-up was also not associated 
with degree of resection (NTR or GTR vs. eCD/F or LR: OR 
1.43 95% 0.59–3.47).

Pituitary dysfunction at follow-up.
Of all 87 patients, 90.8% had one or more pituitary de-
ficiencies at follow-up. Percentage of patients with 
panhypopituitarism including DI increased from 5.3% at di-
agnosis to 71.3% at follow-up. Prevalence of DI increased 
from 6.6% at diagnosis to 73.6% at last follow-up, of which 
6.3% had adipsia at last follow-up. DI at last follow-up was 
associated with NTR or GTR as initial treatment (OR 6.53 

Pre-op Muller grade 0: 2

FU Muller grade 0: 15
Stable n = 2

n = 11
n = 2

Improved from grade I

Stable n = 11
n = 7Improved from grade II

Stable n = 31
n = 3Deteriorated from grade I

Improved from grade II

FU Muller grade I: 18

FU Muller grade II: 34

Pre-op Muller grade I: 25

Pre-operative Muller grade: 67

Pre-op Muller grade II: 40

Figure 2. Sankey plot of Muller grading pre-operative and at last follow-up of hypothalamic involvement/lesion on magnetic resonance imaging 
(MRI) in childhood craniopharyngioma. Muller grading: Grade 0: No hypothalamic involvement/lesion, grade I: Hypothalamic involvement/lesion 
of the anterior hypothalamus not involving the hypothalamic area beyond mammillary bodies, grade II: Hypothalamic involvement/lesion of the 
anterior and/or solely posterior hypothalamic area, ie, involving the area beyond mammillary bodies.11 Pre-op: Pre-operative Muller grading (at 
diagnosis), FU: Follow-up, scoring was based on last available MRI.
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Figure 3. Body mass index (BMI) SDS in childhood craniopharyngioma in time. (A) BMI SDS in childhood craniopharyngioma in relation to 
year of diagnosis. (B) BMI SDS in relation to Muller grading Muller grading: Grade 0: No hypothalamic involvement/lesion, grade I: Hypothalamic 
involvement/lesion of the anterior hypothalamus not involving the hypothalamic area beyond mammillary bodies, grade II: Hypothalamic involve-
ment/lesion of the anterior and/or solely posterior hypothalamic area, ie, involving the area beyond mammillary bodies.11 (C) BMI SDS in relation 
to extensiveness of resection at last follow-up.
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95%CI 1.76 - 24.23). There was no difference in prevalence 
of DI between patients with or without radiotherapy (76.6% 
vs. 72.5%).

There was no difference in one or more pituitary de-
ficiencies (90.3% vs. 92.0%), DI (69.4% vs. 72.0%), or 
panhypopituitarism with DI (72.6% vs. 68.0%) between pa-
tients diagnosed before or since May 2018. In total 9.2% 
had a normal pituitary function after a mean follow-up 
period of 5.62 years (SD 3.25).

Visual function at follow-up.
In 22.0% of cCP, visual acuity improved and in 14.6% visual 
acuity decreased. In 11.9% visual field impairments im-
proved and in 33.3% visual field deficits (of which 42.9% 
hemianopsia) remained present at last follow-up. In 33.3% 
(of which 50.0% hemianopsia) visual field impairments 
were newly developed after treatment. The percentage of 
patients with moderate or severe loss of visual acuity or 
blindness of both eyes (12.8% vs. 14.8%) and visual field 
impairments at last follow-up (55.3% vs. 60.0%) remained 
similar among those diagnosed before or since May 2018. 
Figure 4 displays all differences in outcomes of cCP before 
and after centralization of care.

Discussion

We aimed to evaluate trends in given treatment and hy-
pothalamic outcomes in a Dutch cohort of cCP diagnosed 
between 2004 and 2021 and to study the possible effect of 
centralization of care. Within this national cohort, in line 
with literature,11,15–18,29–32 the frequency of GTR was per-
formed in a relatively low percentage of the patients (only 
25.4% of all patients). In addition, GTR appeared not to be 
associated with HO. After centralization of care a trend to-
wards lower obesity rates in the first 2 years after diagnosis 
was observed. Lastly, we found that the increase in BMI 
SDS was most significant in the first year following surgery 
with no statistical further increase in the years thereafter.

In the Netherlands, a unique situation has emerged 
since May 2018 when care and follow-up for cCP patients 
have been largely centralized. When comparing groups by 
date of diagnosis (those diagnosed before May 2018 and 
those since), we found that the rates for GTR and eCD/F 
remained unchanged, but the rates for NTR increased 
and LR decreased. However, when adjusting for Muller 
grading, percentages of extensiveness of resection were 

Table 2. Risk Factors for Overweight or Obesity at Last Moment of Follow-up in Childhood Craniopharyngioma

 Univariate Analysis Multivariate Analysis

 95% Confidence 
Interval

  95% Confidence 
Interval

 

Odds ratio Lower   Upper P-value Odds ratio Lower   Upper P-value

Muller grade II
on pre-op MRIa

8.17 2.63 - 25.32 <.001*

BMI SDS at diagnosis 1.67 1.10 - 2.53 .015* 1.78 1.10 - 2.90 .020*

Follow-up time 1.09 0.98 - 1.21 .115 1.05 0.90 - 1.24 .534

GTR or NTR 1.26 0.53 - 3.01 .604 1.34 0.39 - 4.65 .645

Progression or recurrence of the tumor 4.50 1.77 - 11.44 .002*

Radiotherapy 1.95 0.81 - 4.67 .135

Clinical HSb 9.15 3.28 - 25.54 <.001*

Muller grade II at last moment of FUa 6.62 2.41 - 18.16 <.001* 7.00 1.98 - 24.76 .030*

MB damage (mild or severe)c 3.60 1.38 - 9.41 .009*

Panhypopit at FU 1.91 0.74 - 4.91 .179

Visual acuity impairmentsd 1.50 0.39 - 5.83 .558

Visual field impairmentse 1.23 0.43 - 3.54 .704

Univariate and multivariable linear regression for risk factors for overweight or obesity compared to normal weight children at last moment of 
follow-up.
FU, follow-up; GTR, gross total resection; NTR, near total resection; HS, hypothalamic syndrome.
aPosterior hypothalamic damage graded with Muller: Hypothalamic involvement/lesion of the anterior and/or solely posterior hypothalamic area, ie, 
involving the area beyond mammillary bodies.11

bPresence of the hypothalamic syndrome defined by van Santen et al. 2022.25

cSevere mammillary body damage: severe involvement or damage (unrecognizable structures or both sided damaged) of the mammillary bodies.
dModerate, severe or blindness of both eyes (best-corrected visual acuity of >0.5 logMAR for both eyes).
eVisual field impairments: only types of hemianopsia (homonymous, heteronymous, or quadrantic) was classified as present (reported by the 
ophthalmologist).
*statistically significant.
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not significantly different between the 2 groups. Possibly 
surgical strategy has been was more carefully selected as 
a result of the centralized, multidisciplinary environment, 
which allowed for a more extensive operative approach 
to be pursued in the appropriate population of patients. 
The option to choose the optimal type of resection, either 
endoscopical transsphenoidal resection in case of sellar 
craniopharyngiomas or transcranial microscopic resection 
in large suprasellar craniopharyngiomas have been avail-
able in all treating centers both before 2018 and post-2018, 
after centralization.

Interestingly, “despite” this shift toward more extensive 
resection, we found a lower ΔBMI SDS in the first year after 
diagnosis and lower rates of obesity in the first and second 
year after diagnosis. Rates of pituitary dysfunction, visual 
loss, or hemianopsia did not change between the 2 cohorts 
(Figure 4), so research on improvement in outcome in 
these domains is still much needed. The small sample size 
warrants careful interpretation and may have affected sta-
tistical significance of these findings. Future studies with 
longer follow-up times and larger sample sizes are defi-
nitely needed to put these results in perspective.

In the diagnostic phase of a patient suspected of child-
hood cCP, detailed diagnostic imaging, preferably using 
MRI, should be used to define anatomical characteristics of 
the hypothalamic lesion resulting from the tumor. Grading 
hypothalamic involvement by MRI with a previously devel-
oped scoring system (eg, Muller grade), can help to define 
the estimate the severity of hypothalamic damage. The 
advantage of the Muller grade is that this scoring system 
takes pre-operative involvement and post-operative 

lesions into account. Muller grading has previously been 
described to be related to HD.11

In our cohort, a less extensive resection aiming to avoid 
additional hypothalamic damage was indeed performed 
in patients with grade II pre-operative Muller grading on 
MRI (use of NTR or GTR in Muller grade II OR 0.16 95% CI 
0.05–0.47). Interestingly, in those who improved according 
to Muller grading, BMI was significantly better at follow-up, 
but this was independent of extensiveness of resection. 
This may imply, that in these children the hypothalamus 
was displaced but not damaged and that extensive resec-
tion in such children can be reached without hampering 
hypothalamic function after carefully considering the vul-
nerability of this structure. It also illustrates that anatom-
ical and functional outcomes are different aspects that 
should be evaluated separately.28 Unfortunately, we did not 
perform extensive hypothalamic functional scoring pre-
operatively in this cohort, and with the retrospective data, 
this could only partially be accomplished post-operatively. 
For future cohorts, we advise that detailed pre-operative 
hypothalamic screening is done, using the clinical hypo-
thalamus function score27 and radiological assessment to 
better understand which patients are at risk to develop fur-
ther hypothalamic damage. It must be acknowledged that 
the Muller grading for hypothalamic damage is still quite 
robust, and therefore future research should focus on 
improving radiological techniques to provide more detailed 
information on the anatomical relationship of the tumor to 
the different nuclei of the hypothalamus (e.g. arcuate nu-
cleus, paraventricular nucleus, and dorsomedial nucleus), 
which will not only help the surgeon to define its margins, 
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Figure 4. Differences in outcomes of cCP before and after centralization of care. Gross total resection was defined as having removed all tumor 
tissue, stated both by the neurosurgeon and radiologist. Anterior pituitary deficiency was defined as one or more anterior pituitary deficiencies, eg, 
growth hormone deficiency, thyroid-stimulating hormone deficiency, adrenocorticotropic hormone deficiency, or gonadotrophin deficiency. Posterior 
pituitary dysfunction was defined as central diabetes insipidus and/or central precocious puberty. Hypothalamic syndrome was present based on the 
diagnostic criteria of van Santen et al.25 Visual loss was defined as moderate or severe loss of visual acuity or blindness of both eyes (>0.5 logMAR).
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but will also enable more appropriate counseling of the pa-
tient with regards to what may be expected following sur-
gery. In addition, it appears relevant for future research to 
realize that the neurosurgical resection will also be deter-
mined by the tumor tissue characteristics like consistency 
and micro-invasiveness into the environment affecting the 
options to mobilize the tumor by gentle traction. Therefore, 
a pre-operative intention to treat and a post-operative de-
tailed evaluation of operative treatment by the neurosur-
geon could be valuable to address the surgical outcome. 
This aspect requires a prospective study design.

In our cohort, we found high percentages of patients 
with panhypopituitarism and DI, when compared to liter-
ature.14,30–33 DI is in general considered to be an adverse 
event of surgery, and is never seen as late effect after RT.34 
This was consistent with the results in our cohort, as more 
aggressive surgery (NTR or GTR) was associated to the 
presence of DI, while there was no difference in presence of 
DI in patients with or without radiotherapy. Future cohorts 
should take initial surgical intent into account, as this may 
also have influenced the high percentage of DI in our cohort.

RT is considered one of the pillars in cCP treatment and 
might be expected to increase in use when LR is aimed for. 
In our cohort, 13 patients with tumor residue after initial 
treatment had no events of tumor progression or recur-
rence without any adjuvant RT (median follow-up time 3.24 
years [IQR 1.11–6.24]). This may plead for a wait-and-scan 
policy after LR; however, longer follow-up time is needed 
to confirm this. Delayed RT until disease progression can 
be beneficial and even crucial in young children where 
the intended effect of tumor control must be balanced 
against its possible adverse effects, such as additional 
hypothalamic-pituitary damage, cognitive decline, and 
vascular injuries.29,35 In future studies, it will be of interest 
to compare progression/recurrence rates, hypothalamic-
pituitary outcome, and adverse effects of surgery and RT in 
larger international cohorts.

HO has been described to occur in 17%–74% of cCP pa-
tients.14,31–33 In the Netherlands, 2 previous cCP cohorts 
(n = 84) were described, diagnosed between 1980 and 
2015, with obesity rates between 64.0% and 74.0%.32,33 In 
our current cohort, obesity rates at follow-up seem to be 
lower (24.7%) compared to the other 2 Dutch cohorts pre-
viously reported. From May 2018 onwards, we have had a 
unique situation in the Netherlands, as care and follow-up 
for cCP has been largely centralized in the national pedi-
atric neuro-oncological expert center including a unique 
multidisciplinary hypothalamic expert team, also including 
endocrinology, rehabilitation, dietary, psychology, and 
physiotherapy expertise. Obesity rates 1 and 2-year post-
diagnosis in cohort of May 2018–2021 further decreased 
to 12.0% and 6.7%, respectively, which may point towards 
positive effect of centralization of care and increase in ex-
pertise of the multidisciplinary team. Specific interventions 
for HO (eg, dextro-amphetamines or GLP-1 agonists) have 
been given to 20.7% of the cCP in this cohort, which did not 
differ between patients diagnosed before May 2018 versus 
patients diagnosed since May 2018. Future studies will 
have to further explore the factors that contribute to this 
improvement in BMI outcomes.

In the multivariate analysis, comparable to previous 
studies, BMI SDS at diagnosis was significantly associated 

with overweight or obesity at follow-up.9 The fact that hy-
pothalamic damage is already present at time of diagnosis 
implies perhaps that limiting the extent of neurosurgical 
resection may not be able to reverse this damage, and BMI 
at diagnosis may therefore be more predictive of hypotha-
lamic outcome than Muller grading at diagnosis. In addi-
tion, the fact that BMI SDS increases most significantly in 
the first year after diagnosis, emphasized the importance 
of starting interventions for obesity as soon as possible. 
We recommend monitoring BMI changes closely following 
surgery and to start interventions more quickly to prevent 
occurrence or aggravation of obesity.33,36 In addition, it 
is relevant to create awareness for the consequences of 
neglecting BMI change in the first weeks following surgery, 
as this may quickly develop into obesity. Multidisciplinary 
support must be offered to patients and parents from the 
moment of diagnosis, focusing on limiting the conse-
quences of hypothalamic damage with lifelong lifestyle ad-
justments with medical and psychosocial support. Future 
research should focus on unraveling the factors that con-
tribute to this extreme weight gain in the first year en-
abling the development of new ways for prevention and 
treatment of HO.

Several limitations of our study should be considered, 
such as the retrospective study design, the lack of a control 
group, and missing data of patients with longer follow-up 
time. Due to the fact that the data for this study were col-
lected retrospectively from 8 different university hospitals 
and since May 2018 from the Princess Máxima Center, 
there was variability in availability of data. Also, it may be 
outweighed that our cohort possibly reflects the patients 
with the worse hypothalamic outcome as they attend our 
specialized follow-up clinic.

In conclusion, in this large Dutch cohort of 87 cCP pa-
tients diagnosed in the period 2004–2021 with long fol-
low-up time (maximum of 16 years), we found BMI SDS 
at diagnosis to be the most important risk factor for over-
weight/obesity at follow-up, but no association with extent 
of neurosurgery (after careful selection of patients using 
pre-operative radiological assessment of hypothalamic in-
volvement). Centralization of care seems to be beneficial 
for BMI outcome, although this result must be followed in 
time. With increase of BMI mostly significantly in the first 
year post-surgery, we advocate to start interventions for 
HO in the first year after diagnosis. Future collaborative re-
search with larger international cohorts may help to define 
the optimal treatment strategy for cCP with the aim to limit 
hypothalamic damage.
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