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ORIGINAL ARTICLE

Efficacy and safety of bariatric surgery for
craniopharyngioma-related hypothalamic obesity: a matched
case—control study with 2 years of follow-up

M Wijnen'?7, DS Olsson®**?, MM van den Heuvel-Eibrink'*, V Wallenius®, JAMIL Janssen?, PJD Delhanty? AJ van der Lely?,
G Johannsson®**’ and SJICMM Neggers'’

BACKGROUND: Hypothalamic obesity is a devastating consequence of craniopharyngioma. Bariatric surgery could be a promising
therapeutic option. However, its efficacy and safety in patients with craniopharyngioma-related hypothalamic obesity remain
largely unknown.

OBJECTIVES: We investigated the efficacy of bariatric surgery for inducing weight loss in patients with craniopharyngioma-related
hypothalamic obesity. In addition, we studied the safety of bariatric surgery regarding its effects on hormone replacement therapy
for pituitary insufficiency.

METHODS: In this retrospective matched case-control study, we compared weight loss after bariatric surgery (that is, Roux-en-Y
gastric bypass and sleeve gastrectomy) between eight patients with craniopharyngioma-related hypothalamic obesity and 75
controls with ‘common’ obesity during 2 years of follow-up. We validated our results at 1 year of follow-up in a meta-analysis. In
addition, we studied alterations in hormone replacement therapy after bariatric surgery in patients with craniopharyngioma.
RESULTS: Mean weight loss after bariatric surgery was 19% vs 25% (difference — 6%, 95% confidence of interval (Cl) — 14.1 to 4.6;
P=0.091) at 2 years of follow-up in patients with craniopharyngioma-related hypothalamic obesity compared with control subjects
with ‘common’ obesity. Mean weight loss was 25% vs 29% (difference — 4%, 95% Cl —11.6 to 8.1; P=0.419) after Roux-en-Y gastric
bypass and 10% vs 20% (difference —10%, 95% Cl —14.1 to —6.2; P=0.003) after sleeve gastrectomy at 2 years of follow-up in
patients with craniopharyngioma-related hypothalamic obesity vs control subjects with ‘common’ obesity. Our meta-analysis
demonstrated significant weight loss 1 year after Roux-en-Y gastric bypass, but not after sleeve gastrectomy. Seven patients with
craniopharyngioma suffered from pituitary insufficiency; three of them required minor adjustments in hormone replacement
therapy after bariatric surgery.

CONCLUSIONS: Weight loss after Roux-en-Y gastric bypass, but not sleeve gastrectomy, was comparable between patients with
craniopharyngioma-related hypothalamic obesity and control subjects with ‘common’ obesity at 2 years of follow-up. Bariatric
surgery seems safe regarding its effects on hormone replacement therapy.
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INTRODUCTION

Craniopharyngiomas are benign epithelial neoplasms located
in the sellar and/or suprasellar region of the skull that occur in
both children and adults. Their treatment generally consists
of neurosurgical excision with or without postoperative
radiotherapy.' Long-term tumour- and/or treatment-related mor-
bidities, including pituitary hormone deficiencies and morbid
obesity related to hypothalamic dysfunction, occur frequently and

leptin and insulin resistance, which altogether adversely affect
food intake and food satisfaction, metabolism, as well as energy
expenditure.” Therefore, it seems to be a distinct entity separated
from ‘exogenous’ or ‘common’ obesity, in which excessive caloric
intake promotes weight gain.° Hypothalamic dysfunction is a
major contributor to the morbid obesity commonly observed in
patients with craniopharyngioma. However, other factors like
familial predisposition for obesity and reduced physical activity,

may result in premature mortality.? Hypothalamic obesity and its
comorbidities are among the most devastating consequences of
craniopharyngioma,® and affect ~55% of the patients.*
Hypothalamic obesity is considered to be an ‘endogenous’ type
of obesity, in which hypothalamic damage is postulated to result
in autonomic nervous system dysfunction, as well as acquired

which may be related to neurological and visual dysfunction,
increased daytime sleepiness and psychological difficulties may
also contribute to excessive weight gain./™® Patients with
craniopharyngioma-related hypothalamic obesity experience con-
tinuous weight gain that evolves predominantly during the
first year after craniopharyngioma treatment.'®"" Hypothalamic
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obesity is, similar to ‘common’ obesity,® largely resistant to lifestyle
modification.'? In addition, pharmacological treatment strategies
show only modest results coupled with significant side effects.” As
bariatric surgery has proven to be highly effective in the ‘common’
obese population,'® it has been proposed as a therapeutic option
for hypothalamic obesity as well."* However, studies on the
efficacy and safety of bariatric surgery for craniopharyngioma-
related hypothalamic obesity remain scarce, and do not compare
achieved weight loss with matched control subjects.

As many patients with craniopharyngioma require hormone
replacement therapy for pituitary hormone deficiencies,’
and bariatric surgery might affect drug absorption and
bioavailability,'” it is important to consider the effects of bariatric
procedures on endocrine substitution regimens. This is enforced
by differences in pharmacokinetics and pharmacodynamics
between obese and lean subjects,'® which may reasonably
change after significant weight loss. Nonetheless, the effects of
bariatric surgery on hormone replacement therapy have not been
addressed extensively in prior studies. Up until now, only one
small study specifically investigated the absorption of hormone
replacement therapy in patients with craniopharyngioma after
bariatric surgery.'”

The primary aim of our study was to investigate the efficacy
of bariatric surgery for inducing weight loss in patients with
craniopharyngioma-related hypothalamic obesity. As secondary aims,
we studied the effects of bariatric surgery on hormone replacement
therapy and presence of treatment for diabetes mellitus, hyperten-
sion and dyslipidaemia. Accordingly, we performed the first matched
case—control study that compared bariatric surgery-induced weight
loss between patients with craniopharyngioma-related hypothalamic
obesity and control subjects with ‘common’ obesity. We validated
our results on bariatric surgery-induced weight loss in patients with
craniopharyngioma-related hypothalamic obesity in a meta-analysis.
In addition, we investigated the safety of bariatric surgery regarding
its effects on hormone replacement therapy for pituitary insuffi-
ciency. As a result, we conducted the first study addressing both
the efficacy and safety of bariatric surgery in patients with
craniopharyngioma-related hypothalamic obesity.

MATERIALS AND METHODS

Study participants

In this retrospective matched case—control study, we compared bariatric
surgery-induced weight loss between patients with craniopharyngioma-
related hypothalamic obesity and control subjects with ‘common’ obesity.
Patients with craniopharyngioma who underwent bariatric surgery were
identified by a computer-based search in the electronic patient files of the
Erasmus University Medical Centre (Rotterdam, the Netherlands) and the
Sahlgrenska University Hospital (Gothenburg, Sweden). Eight of such
patients were identified (four Dutch and four Swedish patients). In the
Dutch cases, all bariatric procedures had been performed at dedicated
regional centres experienced in weight-loss surgery. In the Swedish
patients, all but one bariatric procedure had been performed at the
Sahlgrenska University Hospital. In all eight patients, diagnoses of
craniopharyngioma were pathology-proven and craniopharyngioma-
related hypothalamic and/or third ventricle damage was demonstrated
by neuroimaging. Pituitary hormone deficiencies were diagnosed on the
basis of pituitary function testing or complete neurosurgical removal of the
pituitary stalk and/or gland.

Patients with craniopharyngioma were individually matched to 6-10
control subjects with ‘common’ obesity, which yielded a total of 75 control
participants. Control subjects were derived from the Scandinavian Obesity
Surgery Registry (SOReg), which is a Swedish nationwide registry that
includes more than 40 000 individuals treated with bariatric surgery from
all over the country.”® Matching was based on the type and date of
bariatric procedure, age, gender, preoperative body mass index and
preoperative morbidity (that is, presence of diabetes mellitus and/or
hypertension). Ethical approval was obtained from the local institutional
review board of the Erasmus University Medical Centre and the regional
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ethical review board in Gothenburg, Sweden. All patients gave their
informed consent.

Outcomes of interest

We compared weight loss between patients with craniopharyngioma-
related hypothalamic obesity and control subjects with ‘common’ obesity
at 6 weeks, 1 year and 2 years of follow-up after bariatric procedure. We
validated our results on weight loss at 1 year of follow-up in patients with
craniopharyngioma-related hypothalamic obesity in a meta-analysis. In
addition, we studied bariatric surgery-induced alterations in hormone
replacement therapy for pituitary insufficiency in patients with craniophar-
yngioma. Furthermore, we compared presence of treatment for diabetes
mellitus, hypertension and dyslipidaemia between patients with cranio-
pharyngioma and control subjects before, as well as 1 year after bariatric
procedure.

Adjustments in the daily recombinant human growth hormone dose,
necessary to maintain serum insulin-like growth factor | (IGF-1) levels within
the age- and sex-adjusted reference range, represented the influence of
bariatric surgery on growth hormone replacement therapy. Adjustments in
the daily levothyroxine dose, necessary to maintain serum free thyroxine
(fT4) levels within the reference range, were used to express bariatric
surgery-induced alterations in thyroid hormone substitution. Hospital
admissions for adrenal crises post- vs pre-bariatric surgery, as well as
adjustments in the daily hydrocortisone dose, were used as indicators for
bariatric surgery-induced alterations in hydrocortisone therapy. Switches in
the oestrogen-progestin replacement therapy preparation due to signs
and symptoms of oestrogen deficiency represented the influence of
bariatric surgery on oestrogen-progestin replacement therapy. The
influence of bariatric surgery on testosterone replacement therapy was
assessed by adjustments in the testosterone dose, necessary to keep
serum testosterone levels within the reference range. Adjustments in the
daily desmopressin dose, required to reach an acceptable amount of fluid
intake and diuresis throughout the day, were used as an indicator for
bariatric surgery-induced alterations in desmopressin treatment. In
addition, changes in hormone replacement therapy formulation type
due to signs and symptoms of ineffective endocrine substitution were
studied.

Data collection

Relevant clinical data on patient characteristics, medical status, cranio-
pharyngioma treatment, bariatric surgery, anthropometry, use of hormone
replacement therapy, antidiabetic agents, antihypertensive medication
and antihyperlipidemic drugs were retrieved from the medical records of
the patients with craniopharyngioma. The Scandinavian Obesity Surgery
Registry provided the relevant information regarding the control subjects.

Statistics

Statistical analyses were performed using the Statistical Package for Social
Sciences (SPSS 24, Chicago, IL, USA) and Review Manager (RevMan version
5.3, The Cochrane Collaboration, 2014). Continuous data were represented
as mean = standard deviation (s.d.), or median and range. Categorical data
were represented as observed frequencies and percentages. Baseline
characteristics were compared between patients with craniopharyngioma-
related hypothalamic obesity and control subjects with ‘common’ obesity
by Mann-Whitney U-tests and Fisher's exact tests for numerical and
categorical data, respectively. Because of the matched case-control design
of our study, weight loss was compared between cases and controls using
a one-factor generalised randomised block design. Two-way analyses of
variances were performed, in which the matched case-control units were
included as blocks. Percentage weight loss at 6 weeks, 1 year and 2 years
were considered dependent variables, and either being a patient with
craniopharyngioma or a control subject as the independent variable.
Bootstrapping with 1000 replicates was performed as assumptions of two-
way analysis of variance were not met initially. Presence of treatment for
diabetes mellitus, hypertension and dyslipidaemia at 1 year after bariatric
procedure was compared between cases and controls using conditional
logistic regression. To validate our results on bariatric surgery-induced
weight loss in patients with craniopharyngioma-related hypothalamic
obesity, we performed a meta-analysis in which we compared body mass
index at 1 year of follow-up after bariatric surgery with body mass index at
bariatric procedure. We included all patients who received a Roux-en-Y
gastric bypass or sleeve gastrectomy for craniopharyngioma-related
hypothalamic obesity with sufficient follow-up data at 1 year after bariatric
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Figure 1. Mean percentage weight loss (+ bootstrapped standard

error) after bariatric surgery in patients with craniopharyngioma-
related hypothalamic obesity compared with control subjects with
‘common’ obesity. (a) Both bariatric procedures combined. (b) Roux-
en-Y gastric bypass. (c) Sleeve gastrectomy. %, percentage; Cranio,
patients with craniopharyngioma; RYGB, Roux-en-Y gastric bypass.
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with craniopharyngioma-related hypothalamic obesity vs control
subjects with ‘common’ obesity. Mean percentage weight loss
after sleeve gastrectomy was 12% vs 8% (difference 4%, 95% Cl
—-13 t0 6.9; P=0.117) at 6 weeks, 12% vs 17% (difference —5%,
95% Cl —15.5 to 3.2; P=0.334) at 1 year and 10% vs 20%
(difference —10%, 95% Cl —14.1 to —6.2; P=0.003) at 2 years of
follow-up in patients with craniopharyngioma-related hypothala-
mic obesity vs control subjects with ‘common’ obesity. All but one
patient with craniopharyngioma lost weight markedly after
bariatric surgery. We have no clear explanation for the weight-
loss failure in this particular patient who underwent a sleeve
gastrectomy.

We validated our results on bariatric surgery-induced weight
loss in patients with craniopharyngioma-related hypothalamic
obesity by performing a meta-analysis in which we compared
body mass index at 1 year of follow-up after bariatric surgery with
body mass index at bariatric procedure (Figure 2). We observed
significant weight loss after bariatric surgery (mean 8.78, 95% Cl
2.60 to 14.95 kg m~2). Although Roux-en-Y gastric bypass resulted
in significant weight loss (mean 11.10, 95% Cl 232 to
19.88 kg m™3), sleeve gastrectomy was less effective (mean 6.50,
95% Cl —2.18 to 15.18 kg m™).

Effects of bariatric surgery on hormone replacement therapy

Effects of bariatric surgery on hormone replacement therapy are
shown in Table 3. Seven of eight patients with craniopharyngioma
used hormone replacement therapy for pituitary insufficiency. In
the patients using growth hormone replacement, serum IGF-I
levels declined during the first year after bariatric surgery in all but
one patient (data not shown). In two patients, this enforced a
minor increase in the daily recombinant human growth hormone
dose. The daily levothyroxine dose was reduced in three patients
during the first 12 months after bariatric surgery. No patients were
admitted to the hospital for adrenal crisis pre- or post-bariatric
procedure. In addition, no adjustments in the daily hydrocortisone
dose were necessary. One patient switched from oestradiol 2 mg/
dydrogesteron 10 mg oestrogen-progestin replacement to ethi-
nyloestradiol 30 pg/levonorgestrel 150ug ~2 months after
bariatric procedure; 5 months later she switched to ethinyloestra-
diol 50 pg/levonorgestrel 125 pg. No adjustments in the pre-
scribed testosterone replacement therapy were required after
bariatric surgery. In two of six patients using desmopressin, the
daily dose had to be slightly increased after bariatric surgery. No
patient required any change in formulation type of endocrine
substitution therapy.

Diabetes mellitus, hypertension and dyslipidaemia

Presence of treatment for diabetes mellitus, hypertension and
dyslipidaemia before, as well as 1 year after bariatric surgery in
patients with craniopharyngioma-related hypothalamic obesity
compared with control subjects with ‘common’ obesity is shown
in Table 4. At 1 year of follow-up after bariatric surgery, there were
no significant differences in the use of antidiabetic, antihyperten-
sive and antihyperlipidemic agents between cases and controls.
Presence of treatment for diabetes mellitus, hypertension and
dyslipidaemia in patients with craniopharyngioma before and 1

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI

Roux-en-Y gastric bypass 38.8 10.3 11 49.9 10.7 11 49.5% -11.10(-19.88, -2.32] —

Sleeve gastrectomy 39.3 9.4 9 458 9.4 50.5% -6.50 [-15.18, 2.18] — &

Total (95% Cl) 20 20 100.0% -8.78 [-14.95, -2.60] .
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Figure 2.

Forest plot on the mean difference in body mass index at 1 year of follow-up after bariatric surgery compared with body mass index

at bariatric procedure in patients with craniopharyngioma-related hypothalamic obesity. BMI, body mass index; kg m 2, kilograms per

square metre.
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Table 4. Presence of treatment for diabetes mellitus, hypertension and dyslipidaemia before, as well as 1 year after bariatric surgery
Both procedures RYGB NE
Craniopharyngioma Control P-value  Craniopharyngioma Control P-value  Craniopharyngioma  Control ~ P-value

Diabetes mellitus: N (%)

Before BS 1(12.5) 6 (8) NS 1 (20) 6 (13.3) NS 0 0 NS

Tyr. FU 0 2(2.7) NS 0 2 (44) NS 0 0 NS
Hypertension: N (%)

Before BS 4 (50) 13(17.3) NS 2 (40) 11 (244) NS 2 (66.7) 2 (6.7) 0.021

1yr. FU 2 (25) 17 (22.7) NS 1(20) 14 (31.1) NS 1(33.3) 3 (10) NS
Dyslipidaemia: N (%)

Before BS 1 (12.5) 2(2.7) NS 0 1(2.2) NS 1(33.3) 1(3.3) NS

Tyr. FU 1(12.5) 0 NS 0 0 NS 1(33.3) 0 NS
Abbreviations: %, percentage; BS, bariatric surgery; FU, follow-up; N, number; NS, not significant; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy;
yr., years.

hypothalamic function for their beneficial effects.?* However, we
observed a weight loss similar to control subjects with ‘common’
obesity in most of our patients with craniopharyngioma-
related hypothalamic obesity after bariatric surgery. This may be
explained by the observation that brain circuits and gut hormone
receptors thought to be important in exerting beneficial effects of
bariatric procedures are not only found in the hypothalamus, but
in other brain regions probably not affected by the craniophar-
yngioma and/or its treatment as well.>* Consequently, weight-
loss-promoting changes in gut hormone and autonomous
nervous system signalling can probably still exert some of their
beneficial effects in patients with craniopharyngioma-related
hypothalamic obesity.

Bariatric procedures potentially influence drug absorption and
bioavailability." In addition, pharmacokinetics and pharmacody-
namics, which are different in obese and lean subjects,'® may
reasonably change following weight loss, possibly resulting in
altered drug dose requirements. Therefore, it is important to
consider the effects of bariatric surgery on hormone replacement
therapy for pituitary insufficiency in patients with craniophar-
yngioma. In our study, seven patients with craniopharyngioma
used endocrine substitution regimens. Bariatric surgery did not
seem to affect hormone replacement therapy significantly,
although one might expect lower levothyroxine requirements
due to the bariatric surgery-induced weight loss.> Therefore, it
seems likely that the absorption of some hormones might be
decreased. Other studies addressing bariatric surgery-induced
alterations in hormone replacement therapy are scarce. A recent
study by Wolf et al. reported no significant changes in the
administered daily recombinant human growth hormone,
levothyroxine, hydrocortisone and desmopressin dose in four
patients with craniopharyngioma at 13-65 months of follow-up
after gastric bypass compared with baseline. In addition, no
adrenal crises were observed. An oral thyroid/hydrocortisone
absorption test, which was performed in one patient after bariatric
surgery, revealed adequate drug absorption.'” Given the bariatric
surgery-induced weight loss, the hydrocortisone need is expected
to be reduced. Therefore, using the same hydrocortisone dose
after compared with before bariatric surgery may induce steroid-
related side effects like weight gain, unless the bioavailability of
hydrocortisone is reduced.”® However, this has not been system-
atically studied.

At 1 year of follow-up after bariatric surgery, there were no
significant differences in the use of antidiabetic, antihypertensive and
antihyperlipidemic agents between patients with craniopharyngioma-
related hypothalamic obesity and control subjects with ‘common’
obesity. In patients with craniopharyngioma, the presence of
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treatment for diabetes mellitus and hypertension declined at 1 year
of follow-up after bariatric surgery compared with baseline, whereas
the use of hypolipidemic medication remained equal. In the
aforementioned study by Bretault et al, 31.6% of patients with
craniopharyngioma-related hypothalamic obesity were diabetic at
bariatric procedure. This declined to 8.3% at 1 year of follow-up. One
patient required antihypertensive medication before bariatric surgery.
No data on antihyperlipidemic drugs were available.'

Our study has some limitations. As craniopharyngioma is a rare
disease, and only a minority of patients with craniopharyngioma is
likely to have undergone bariatric surgery, it is hard to obtain a
large sample size, even with international collaboration. In an
attempt to overcome this issue, we performed a meta-analysis to
validate our results on bariatric surgery-induced weight loss in
patients with craniopharyngioma-related hypothalamic obesity.
However, due to the relatively small number of patients, results of
statistical analyses have to be interpreted cautiously. In addition,
we were unable to report perioperative and postoperative
complications of bariatric surgery in all patients with craniophar-
yngioma. Only data from the Swedish patients were available on
this subject, in whom only one patient suffered from post-
operative abdominal pain during the first six weeks after sleeve
gastrectomy. In the study by Weismann et al, the occurrence
of postoperative problems after bariatric surgery (that is,
abdominal pain, vomiting and reflux) was similar in patients with
craniopharyngioma-related hypothalamic obesity and control
subjects with ‘common’ obesity.?’

In conclusion, our observations suggest that bariatric surgery, in
particular with Roux-en-Y gastric bypass, might be an effective
therapeutic option for craniopharyngioma-related hypothalamic
obesity without significant side effects on hormone replacement
therapy for pituitary insufficiency. However, careful drug monitor-
ing is still advised, especially for levothyroxine and hydrocortisone.
Larger, international, well-designed studies are needed to receive
more efficacy and safety data regarding the therapeutic potential
of bariatric surgery for craniopharyngioma-related hypothalamic
obesity. Such studies should have an adequate follow-up duration
and should compare weight loss between patients and matched
control subjects.
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