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Abstract

Background Rapid and abnormal weight gain resulting in severe persistent obesity due to physical, tumor- and/or treatment-
related damage to the hypothalamus, is called acquired hypothalamic obesity (aHO), and is often linked to craniopharyn-
gioma and/or sellar/suprasellar tumors. Here, we examine the healthcare resource use (HCRU) and costs of aHO following
treatment of these tumors.

Methods We used a retrospective matched cohort design with German statutory health insurance data on 5.42 million people
from 2010 to 2021. We applied a novel three-step approach using diagnostic and prescription data to identify patients with
treatment- or tumor-related (TTR)-aHO. We measured HCRU and costs across hospitalizations, outpatient visits, visits per
specialist group, and outpatient prescription medications.

Results Compared to non-HO obesity, TTR-aHO is associated with increased hospitalizations, increased outpatient physi-
cian visits, and increased prescription use in the two years after incident tumor surgery/radiotherapy. Excess costs of TTR-
aHO are €19,900 per patient in the first year and €10,700 in the second, driven by inpatient costs. Cost-intensive hormone
replacement therapies like somatropin lead to a sharp increase in prescription costs in the second year.

Conclusions This study provides the first real-world analysis of TTR-aHO economics, emphasizing the importance of HCRU
and costs for decision-making. Previously, economic evaluations have been missing due to the lack of a standard method to
identify patients with aHO in retrospective studies. Using a new identification approach, the study reveals that TTR-aHO
poses a significant burden in extensive treatment requirements for patients and high related costs for the healthcare system.

Keywords Hypothalamic obesity - Tumor/treatment related aHO - Rare sellar/suprasellar tumors - Craniopharyngioma -
Endocrinology
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Background

Obesity is associated with higher risk for several seri-
ous health conditions, such as hypertension, type 2 diabe-
tes, hypercholesterolemia, coronary heart disease (CHD),
stroke, asthma, and arthritis [1, 2]. Several studies offer ret-
rospective or prospective estimates of the degree of disease
incidence that can be linked to obesity, and of the magnitude
of associated direct medical costs [3, 4]. However, these
studies often overlook obesity types that are uncommon and
not tied to lifestyle [5, 6].

Acquired tumor/treatment-related hypothalamic obesity
(TTR-aHO), often resulting from hyperphagia and from
low energy expenditure, is abnormal weight gain commonly
described in the context of craniopharyngioma and its treat-
ment, but can also occur due to sellar/suprasellar tumors
of different histology, irradiation, trauma, inflammation
or surgical insult to the hypothalamus [5, 6]. Survivors of
hypothalamic and sellar/suparasellar tumors are at risk for
clinically relevant hypothalamic syndrome impacting health
and health-related quality of life by increased morbidity [9,
10]. The most common causes of acquired hypothalamic
damage are space-occupying lesions, such as craniopharyn-
giomas and pituitary macroadenomas, with sellar/suprasel-
lar extension and invasion of the hypothalamic nuclei [8].
Hypothalamic damage can be caused by the tumor or sub-
sequent surgical and/or radiooncological treatment [11, 12].

TTR-aHO is a rare disease with limited available data on
its epidemiology. Most published estimates are based on the
most common associated diagnosis, craniopharyngioma,
which accounts for over 50% of all TTR-aHO cases [6, 13].
Recently published research using a cohort identical to this
one estimated an annual incidence of TTR-aHO in Germany
of between 0.7 and 1.7 cases per 1,000,000 persons [14].
Clinical management poses challenges despite available
treatment options like medication and lifestyle modifica-
tions [15, 16]. Understanding the patient’s individual bur-
den and articulating the systemic impact of the disease are
critical steps in developing treatment guidelines and assess-
ing new therapies.

Although cost estimates for non-hypothalamic-related
obesity (non-HO) are available in Germany [17], they are
not applicable to patients with TTR-aHO. Until now, analy-
sis of healthcare service use and the associated costs specific
to TTR-aHO was impeded by the lack of reliable data on the
condition. Developing a clear and reproducible algorithm to
identify patients with TTR-aHO and related tumors allows
us to assess the healthcare resource usage and costs and to
compare them with those of patients with non-HO-related
obesity. In doing so, we provide insight into the economic
burden of this rare endocrine disease on the healthcare
system.

@ Springer

Methods
Study design and database

Our study uses a retrospective matched cohort design and
has been conducted following applicable subject privacy
requirements and the guiding principles of the Declaration
of Helsinki of 1964. Analyses were based on anonymized
routinely collected claims data from German Statutory
Health Insurance (SHI), a system which insures 88% of
the German population [18]. GWQ ServicePlus AG, a joint
venture of medium-sized SHI funds in Germany, provided
the data. The dataset comprises information on 5.42 million
people insured at 19 SHI funds, representing 6.3% of the
total German SHI population. Based on a comparison with
official statistics published by the German Health Ministry
on SHI (“KM6”), the data set is representative of the Ger-
man SHI population in terms of age and gender distribu-
tion [19]. Analyses were based on data covering the period
2010-2021. We used the years 2011-2019 for patient iden-
tification, allowing for a 1-year wash-in and 2-year post-
observational period. Diagnostic data include all diagnoses
documented during physician outpatient contacts and patient
hospital stays. Laboratory or clinical parameters were not
included. A general description of the claims database in the
German setting is available from Swart et al. [20].

Study population

The initial data set represents all persons in the database
aged between 0 and 100 years in the years 2010-2021. We
only considered patients with at least 36 consecutive months
of observational period (1 year before index hospitalization
for incidence validation, 2 year after index hospitalization
for aHO wvalidation) in the data set. Individual information
on birth year was aggregated to 5-year intervals in the ano-
nymization process. We identified patients with TTR-aHO
using a three-step approach. First, we selected all patients
hospitalized with an incident primary- or secondary-dis-
charge tumor diagnosis known to potentially lead to TTR-
aHO (“index hospitalization”) and incident inpatient brain
surgery/radiotherapy. Incidence was validated based on the
preceding 12 months without respective tumor diagnosis
and brain surgery/radiotherapy. Second, we applied incident
obesity diagnosis (International Classification of Diseases,
10th Revision, German Modification [ICD-10-GM] E66.x,
E67.x, E68, R63.2) within 12 months of index hospitaliza-
tion as a mandatory criterion for TTR-aHO-patient defini-
tion. Third, we applied arginine vasopressin deficiency
(AVP-D; ICD-10-GM E23.0, E23.2, E23.3, E23.6, E23.7,
P80.x, P81.x) and a desmopressin prescription (Ana-
tomical Therapeutic Chemical-Classification [ATC]-code
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HO1BAO02) within the post-observational period as TTR-
aHO-validation criteria. The criteria for defining TTR-aHO
and validation may involve different medical consultations
or hospital admissions.

We chose AVP-D as a validation criterion for TTR-aHO
due to a higher likelihood of post-surgical weight gain and
more significant damage to the hypothalamus, especially in
the posterior region, as seen on magnetic resonance imaging
(MRI) scans. While AVP-D does not directly cause TTR-
aHO, it can act as a marker of endocrine damage to the
hypothalamus. Diagnosing AVP-D can be complex. Since
all patients with AVP-D require treatment, the use of des-
mopressin is set as a further validation criterion to indicate
hormone replacement therapy.

Definition of TTR-aHO and other relevant patient iden-
tification criteria were made based on literature following
review of medical records of patients with TTR-aHO treated
in a large German pediatric clinic with >100 cases of TTR-
aHO per year. However, as this study relies on anonymized
claims data from a specific data source, we were not able to
manually review individual cases nor were we able to test
our algorithm on another database.

To distinguish between acquired and genetic risks for
HO, individuals with a history of Prader-Willi Syndrome
(ICD-10-GM Q87.1) were excluded from the study. A more
detailed description of the epidemiological estimates fol-
lowing this TTR-aHO patient identification strategy can be
found elsewhere [21].

Healthcare resource utilization and cost estimates

We evaluated healthcare resource utilization (HCRU) and
associated costs at an individual patient level and then aggre-
gated across all TTR-aHO observations. Resources included
hospitalizations, total outpatient physician visits (including
lab visits and visits within structured care programs), visits
per specialist group, and outpatient prescription medica-
tions. Notably, we were not able to assess inpatient medica-
tion dispensing separately, because these are bundled in a
lump sum in German claims data. Exceptions are made for
expensive medications, where an additional fee is paid if
they are dispensed in a hospital setting. However, for this
analysis, such high-priced drugs were excluded.

We tracked HCRU for each interaction or prescription,
and unadjusted costs were also provided at this granularity
in the dataset. These utilization and cost metrics are avail-
able on a daily basis. For this analysis, we aggregated them
at the quarterly and annual levels following index hospi-
talization. Specifically focusing on medication courses, we
examined the utilization and costs associated with hormone
replacement therapies, as these are among the most com-
mon therapies for patients with TTR-aHO. The drugs under

consideration were desmopressin (ATC HO1BAO2), hydro-
cortisone (ATC H02ABO09), testosterone (ATC GO3BAO03),
somatropin (ATC HO1ACO1), levothyroxine-sodium (ATC
HO3AAO01) as well as the female sex steroids including
estrogens (ATC GO03C), progestogens (ATC G03D), and
their combinations (ATC GO3F).

Matching, outcomes and statistical analyses

Based on identified patients with incident TTR-aHO, we
descriptively evaluated HCRU and costs within two years
after index hospitalization. We reported means and stan-
dard deviations (SD). Based on exact 1:10 matching, we
compared HCRU and costs of patients with TTR-aHO to
matched patients with non-HO-obesity. Matching criteria
comprised five-year age groups, sex, and—as a proxy for
morbidity—Rx prescription costs in the year preceding the
aHO-related index hospitalization. We compared HCRU
and cost parameters with those of the TTR-aHO cohort to
the exact date. Patients with non-HO-related obesity were
identified based on one observed prevalent obesity diagno-
sis (ICD-10 E66) within the observational period. Patients
with tumor diagnosis (ICD-10 C or D) could not be included
as an obesity patient. Comparisons from the general popula-
tion met the inclusion criteria for matching when their his-
tory did not include cancer or obesity.

We evaluated matching quality using the standardized
mean difference (SMD) across all matching criteria. A
SMD>10% was considered to indicate relevant covariate
imbalance. Excess HCRU and costs were calculated for
eight quarters following index hospitalization. We followed
STROBE criteria in reporting study results. We performed
analyses with R (Version 4.1.3), a standard and open-access
statistical-computing programming language. We used the
Matchlt package for matching.

Results
Study population

Based on the database of 5.42 million persons from 2011 to
2019, between 3.93 and 4.41 million persons met the inclu-
sion criteria annually. Over the time period, we identified a
total of 3,976 patients with index hospitalization for treat-
ment of tumors potentially leading to TTR-aHO. Of these,
a total of 37 patients (3—7 patients annually, see Table 1)
experienced an index hospitalization for tumor treatment
and could be validated with TTR-aHO (Fig. 1). Patients
were more often female (59.5%), with a mean age of 38
years at index hospitalization (standard deviation [SD]: 18.0
years).

@ Springer
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Table 1 Study population, validated aHO population, estimated aHO incidence rate and aHO patient characteristics
2011 2012 2013 2014 2015 2016 2017 2018 2019 2011-19
Number of patients (N) in database, Million 3.93 4.02 4.06 4.11 4.18 4.27 4.34 4.37 4.41 5.42
Number of patients with index hospitalization 422 431 448 415 415 479 436 464 466 3,976
(n) in database
Incident aHO cases (n) 5 5 3 7 3 3 3 3 5 37
aHO incidence rate (/1,000,000) 1.3 1.2 0.7 1.7 0.7 0.7 0.7 0.7 1.1 6.8
Mean age (SD) 40.0 44.0 44.3 38.4 26.3 473 31.7 22.7 40.0 38.0
(11.4) (18.5) (10.5) (25.5) (153) (20.2) (25.7) (20.2) (104) (18.0)
Age groups (%), <20 years 0 20 0 14 33 0 33 67 0 16.2
Age groups (%), 20—64 years 100 40 100 57 67 100 33 33 100 70.3
Age groups (%), 65 +years 0 40 0 29 0 0 33 0 0 13.5
Share females (%) 40 60 33 86 100 33 33 67 60 59.5
Inclusion criteria N = 5.42 million
At least 24 months of consecutive observational period between 2010 and 2020 e
Wash-in period
12 months without tumor-related brain surgery or
radiotheraphy
Wash-in period
12 months without obesity AND diabetes insipidus N = 3,976
diagnosis (inpatient or outpatient)
Index event
Hospitalization with HO-related tumor diagnosis
AND tumor-related brain surgey or radiotheraphy
HO-definition period (follow-up)
At index hospitalization or within 12 months incident
obesity (inpatient or outpatient)
HO-validation period (follow-up)
At index hospitalization or within 12 months incident N =37
diabetes insipidus diagnosis (inpatient or outpatient)
HO-validation period (follow-up)
At index hospitalization or within 12 months with
desmopressin prescription (outpatient)

Fig. 1 Flow chart of patient inclusion and follow up

Healthcare resource utilization

Following the index event, patients with TTR-aHO in the
study had an average of 5.1 hospitalizations in the first year,
decreasing to 3.3 average hospitalizations in the second
year (Table 2). Most common primary diagnoses in follow-
up hospitalizations were tumor-specific diagnoses. Also
common were diagnoses of other pituitary disorders (ICD-
10-GM E23.6) and AVP-D (ICD-10-GM E23.2). A total of
18% of all patients with TTR-aHO had an emergency room
readmission associated with the underlying tumor diagnosis
within 90 days of the index event (see supplementary mate-
rial). In terms of excess resource use, in the first year, patients
with TTR-aHO had an average of 4.6 hospitalizations more

@ Springer

than patients with non-HO-obesity (+2.8 hospitalizations in
the second year).

Average total outpatient visits declined over time, with
an average of 28.9 visits in the first year and 24.1 visits in
the second year. Mean number of general practitioner con-
tacts were 6.6 in the first year after index hospitalization and
6.7 in the second year. The mean utilization of endocrinolo-
gists/diabetologists was 1.4 contacts (year 1 post index hos-
pitalization) and 1.1 (year 2), respectively. Within the first
year, ophthalmologists were also frequently consulted (on
average 1.4 contacts per TTR-aHO-patient in year 1, 0.9 in
year 2). Contacts with neurosurgeons, neurologists, radiolo-
gists, and gynecologists were also common in both follow-
up years (see Supplemental Material Table S1). General
practitioners were particularly involved in the outpatient
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Table 2 Average number of healthcare utilizations per patient with TTR-aHO and statistically matched non-HO obesity controls and related excess

utilization based on a rolling 9-year cohort

Group Index Post observational period

QO Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Y1 Y2
Average number of hospitalizations
aHO 2.4 1.6 1.4 1.1 1.0 0.8 0.9 0.6 1.1 5.1 33
Non-HO-obesity 0.2 0.2 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.5 0.5
Excess +2.2 +1.5 +1.2 +1.0 +0.9 +0.6 +0.8 +0.5 +0.9 +4.6 +2.8
Average number of outpatient physician contacts
aHO 7.5 7.8 7.7 6.9 6.6 6.4 5.7 5.8 6.1 28.9 24.1
Non-HO-obesity 43 3.9 3.7 3.8 3.8 3.6 3.8 3.7 3.6 15.2 14.8
Excess +3.2 +3.9 +3.9 +3.1 +2.9 +2.8 +2.0 +2.1 +2.5 +13.7 +9.3
Average number of prescribed pharmaceuticals
aHO 4.0 5.8 5.5 5.7 5.5 5.5 5.3 5.4 5.8 22.5 22.1
Non-HO-obesity 2.4 24 24 23 2.3 23 2.3 2.2 22 9.3 9.0
Excess +1.6 +3.4 +3.1 +3.5 +3.2 +33 +3.0 +3.2 +3.6 +13.1 +13.1

Q: Quarter, Y: Year

Table 3 Costs and excess costs [€] of patients with TTR-aHO compared to matched non-HO-obesity controls within two years after index hospi-

talization
Group Index Post observational period

QO Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Y1 Y2
Mean inpatient costs
aHO 25,071 4,793 5,798 4,302 2,997 3,744 1,844 623 962 17,890 7,173
Non-HO-obesity 420 294 233 230 248 306 341 150 233 1,004 1,030
Mean outpatient physician costs
aHO 426 581 688 625 526 465 373 423 503 2,420 1,764
Non-HO-obesity 233 192 206 222 207 173 176 203 191 827 744
Mean prescription costs
aHO 221 430 475 813 559 988 1,001 1,074 1,241 2,276 4,303
Non-HO-obesity 205 267 180 141 170 215 170 172 212 758 768
Excess costs between patients with TTR-aHO and with Non-HO-obesity
Inpatient 24,566 4,534 5,237 4,115 2,739 3,495 1,469 493 777 16,624 6,154
Outpatient 193 389 482 402 319 292 198 220 311 1,592 1,020
Rx 16 163 294 672 389 773 831 902 1,029 1,518 3,535
Overall 24,832 5,194 6,078 5,200 3,463 4,563 2,498 1,615 2,099 19,935 10,745

Q: Quarter, Y: Year

[Note: Detailed cost information for patients with TTR-aHO and with non-HO-obesity, mean/median/SD, are provided in the Supplemental

Material Tables S2-S4]

follow-up of patients with TTR-aHO. Compared to patients
with non-HO-obesity, patients with TTR-aHO had an aver-
age of +4 more outpatient physician visits per quarter in
the two quarters after the index event. In subsequent quar-
ters, excess utilization gradually declined to +2 contacts per
quarter but remained significantly higher.

For patients with TTR-aHO, average number of pre-
scribed pharmaceuticals remained relatively stable over
time. However, in terms of excess utilization, patients with
TTR-aHO had an average of over +3 additional prescrip-
tions per quarter compared to patients with non-HO-obesity.

TTR-aHO related costs

Mean overall costs during the index quarter of tumor sur-
gery/radiotherapy (€25,717; SD: 33,995; Table 3) were
higher in patients with TTR-aHO compared to patients with
non-HO-obesity (€886; SD: 1,853), corresponding to total
excess cost of +€24,800. Total excess costs remained high
in the first year (+€19,900) and decreased in the second year
(+€10,700) following the index quarter.

In the TTR-aHO population, overall costs were largely
driven by inpatient costs, i.e. follow-up hospitalizations
after the tumor-related index hospitalization (Fig. 2). Mean
excess inpatient costs per quarter decreased from the first
year (+€4,100) to the second year (+€1,500) but remained
higher than patients with non-HO-obesity.

@ Springer
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Fig. 2 Treatment costs in patients with TTR-aHO compared to matched non-HO-obesity controls within two years after index hospitalization

Mean excess outpatient costs decreased slightly from
the first year (+€1,592) to the second year (+€1,020) but
remained elevated compared to patients with non-HO-obe-
sity. On average, excess outpatient costs were +€398 per
quarter in the first year and +€255 per quarter in the second
year.

@ Springer

Average drug costs for patients with TTR-aHO were
€2,276 in the first year after index hospitalization and almost
90% higher at €4,303 in the second year after index hos-
pitalization (Table 3), corresponding to mean excess drug
costs of +€1,518 in the first year and +€3,535 in the second
year. On average, the quarterly drug expenditure of patients
with TTR-aHO increased by 30% after index hospitalization



Economics of hypothalamic obesity in patients with craniopharyngioma and other rare sellar/suprasellar...

1563

Table 4 Average cost [€] per prescription [multiple prescriptions might apply] in aHO and matched patients with non-HO-obesity based on a roll-

ing 9-year cohort

Group Index  Post observational period

QO Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Y1 Y2
aHO 58.0 652 92.3 160.6 101.5 2232 199.1 368.3 288.0 107.4 246.6
Non-HO-obesity 458 709 45.6 40.1 41.1 69.0 433 38.9 43.4 53.2 50.0
Difference per prescription ~ +12.3 -57  +46.7 +1205 +604 +1542  +1558 +3294 +2446 +541 +196.5

Table 5 Utilization and costs [€] of hormonal replacement therapy in patients with TTR-aHO within two years after index hospitalization

Hormone replacement therapy Index Quarter after index hospitalization

Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 SUM2Y
Hydrocortisone 64 84 77 88 76 83 137 111 157 605
Desmopressin 140 278 278 339 352 311 328 329 297 1.771
Levothyroxine 19 20 21 21 20 18 20 17 19 123
Somatropin NA NA NA NA 1.232 1.261 3.201 NA 3.368 6.811
Testosterone NA 55 18 136 128 146 155 176 115 687
Dydrogesterone and estrogen NA NA NA 34 NA 34 NA NA NA 212
Progesterone NA NA NA NA 50 NA NA 29 NA 196
Estradiol NA NA NA NA NA NA 29 NA 58 128
Estriol NA NA NA NA NA NA NA NA 15 21

NA: Not applicable as no cases were observed. SUM2Y: Total share / mean costs within two years after index hospitalization

within the two-year follow-up period. In contrast, there was
no comparable cost trajectory for patients with non-HO-
obesity (Fig. 2).

TTR-aHO related prescription costs

A closer look at the costs of drug prescriptions shows that the
costs per prescription for patients with TTR-aHO increased
sharply over time, meaning that the observed cost trajectory
was less about an increase in the number of prescriptions
and more about an increase in cost-intensive prescriptions
(Table 4).

The observed increase in the cost of pharmaceuticals was
due to rising prescription shares and the associated costs of
hormone substitutes (Table 5). All patients with TTR-aHO
were administered desmopressin within two years of their
initial hospital stay, as per our inclusion criteria. Among
all patients with TTR-aHO, 97% were given hydrocorti-
sone, 27% received testosterone, and the same percentage
received somatropin. The costs for somatropin were notably
high.

Discussion

The resource utilization and costs of hypothalamic obesity
are poorly understood because incidence and prevalence
are related to several very rare underlying diseases. Our
analyses indicate that TTR-aHO is associated with mark-
edly higher HCRU than non-HO-obesity: TTR-aHO is asso-
ciated with increased hospitalizations, increased outpatient

physician visits, and increased, cost-intensive medication
use. In terms of excess costs, inpatient costs comprised the
largest share of overall excess costs in both years, primar-
ily driven by follow-up hospitalizations, which may include
costly neurosurgical interventions. However, prescription
costs appear to represent a significant economic burden
that grows over time. Average prescription costs increased
substantially over the follow-up period, more than doubling
the contribution of prescriptions to overall excess costs in
the second year. This increase was due to cost-intensive
hormone replacement therapies. As hormone replacement
therapies are continuous, it is likely that prescription costs
are an important driver of the long-term excess cost of TTR-
aHO. In comparison to non-HO obesity, TTR-aHO repre-
sents a highly resource- and cost-intensive disease at the
outset and over the long-term.

It is important to note that the analysis does not attempt
to differentiate to what extent hormone replacement therapy
is due to the tumor itself or to the development of hypo-
thalamic obesity. In a clinical setting, patients with sellar/
parasellar tumors are under close medical care and their
symptoms and complications are treated wholistically. In
practice, hormone replacement treatment is based on each
patient’s individual profile, and physicians do not distin-
guish between tumor-related and obesity-related need for
hormone replacement therapy.

Furthermore, for the analysis of excess costs, we also note
that there was no use of relatively expensive GLP1R agonist
therapies in the cohort; this is because therapies were not
yet reimbursed by the statutory health system. However, in
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theory, a patient could have self-paid for a GLP1R prescrip-
tion, but this would be unobservable in the data.

The identification approach in this study relies on three
steps: incident inpatient surgery or radiotherapy (index
event) following incident diagnosis of a tumor potentially
leading to TTR-aHO; incident obesity diagnosis in the 12
months following the index event; and incident AVP-D and
a desmopressin prescription within the 12 months following
the index event. This approach may exclude patients with
non-typical TTR-aHO trajectories, such as those who did
not develop AVP-D or did not receive an obesity diagno-
sis within the 12 months following index event. However,
although such a non-typical trajectory is possible, we believe
the likelihood is low, as hypothalamic obesity is character-
ized by rapid weight gain and endocrine damage, which can
be identified via AVP-D. Moreover, other research indicates
that even patients with low basal weight can develop morbid
obesity in a short period of time [22]. Therefore, we believe
that the identification approach is conservative but reason-
able. In addition, although the approach does not require the
diagnosis of obesity to persist long-term, additional analysis
indicates that the diagnosis remains for identified patients.
However, given the claims data setting, is possible that obe-
sity diagnosis is simply carried forward rather than thought-
fully re-coded at each visit.

In general, the goal of this identification approach was
to provide a conservative estimate with a low risk of false
positives [14]; therefore, although 37 patients is a relatively
small number of patients, we believe that it represents an
important lower bound of the TTR-aHO population. How-
ever, we note that the resulting estimates of economic bur-
den should be interpreted with caution commensurate to the
small sample size. Future research should critically test this
identification approach in other databases and settings; this
will be important in generating consensus around a standard
definition for TTR-aHO. A standard definition will mitigate
uncertainty in future epidemiological estimates and other
analyses.

This study analyzes a cohort of patients who developed
incident obesity following incident inpatient tumor diag-
nosis and inpatient brain surgery/radiotherapy against a
cohort of patients with general obesity. Another possible
comparison group could be patients who received an inci-
dent inpatient tumor diagnosis and incident brain surgery/
radiotherapy, but did not develop incident obesity. Although
this comparison would theoretically provide insight on the
excess costs of obesity itself, this approach is associated
with great uncertainty in a claims data setting, as it is diffi-
cult to build a robust comparison cohort based on the lack of
a diagnosis code. Relying solely on claims data, we cannot
exclude the possibility that obesity is not documented as a
diagnosis or documented with a significant delay. Therefore,
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future research in other data settings should compare excess
costs between tumor patients who do and do not develop
TTR-aHO.

Comparative data from other analyses on the care and
costs of patients with TTR-aHO are still lacking. Economic
analyses of patients with one of the most common causes
of TTR-aHO, craniopharyngioma, can therefore provide a
comparative orientation. But even these studies are rare.
Current data from the US addresses the initial treatment
and surgery for craniopharyngioma yet lacks information
on the subsequent follow-up expenses. Long-term follow-
up has not been extensively reported for adult or pediatric
populations with regard to HCRU payments and readmis-
sions. Considering the frequent endocrine sequelae and
complications following this procedure that may affect
quality of life, reports of health care metrics are critical to
inform procedural cost analysis, bundled payment consider-
ations, and patient population health care burden. Dietz et
al. reported emergency room readmissions after craniopha-
ryngioma resection within 30 days of discharge in between
8% and 58% of cases, depending on the extent of endocrine
and nonendocrine complications [23]. We observed a total
of 18% of all patients with TTR-aHO with an TTR-aHO-
attributable emergency room readmission within 90 days.
Furthermore, at 24 months postoperatively, Dietz et al.
observed higher rates of hospital readmissions and a higher
number of medication refills for patients with endocrine
and nonendocrine complications compared to those with-
out complications [23]. These results are in line with our
findings, which also imply that neuroendocrine complica-
tions, such as the development of hypothalamic obesity, are
associated with higher resource use and higher costs. Dietz
and colleagues use an exclusively adult cohort, and iden-
tify patients based on diagnosis of craniopharyngioma and
skull base surgery procedure codes. This contrasts with our
identification approach, which attempts to identify hypotha-
lamic obesity in a cohort of all ages. Dietz and colleagues
provide cost data for the US; however, comparing these
findings is limited by variations in cost structures in the US
and Germany.

Recent analyses of the costs of non-HO obesity in Ger-
many estimate a substantial excess burden on social wel-
fare systems and a significant amount of pain and suffering
for affected individuals [24]. As we find that TTR-aHO is
associated with significantly higher excess resource use and
costs than non-HO-related obesity, it is likely that TTR-
aHO represents an outsized cost burden on healthcare and
social welfare systems. Due to the rapid course of TTR-
aHO-related weight gain, patients likely experience a great
deal of mental and physical suffering. The consistently high
number of outpatient contacts and increasing share of hor-
mone replacement therapies point to an ongoing, onerous,
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and expensive treatment journey long after the initial tumor-
related hospitalization.

One of this study’s primary strengths is the large data set,
including many patients with TTR-aHO, providing a com-
prehensive database for the validation of TTR-aHO through
incident obesity, central AVP-D diagnosis, and desmopres-
sin prescription. The dataset is generally representative with
respect to age and gender. However, insured persons in the
dataset are, on average, slightly younger than the overall
German population and males are slightly overrepresented
in the data. In terms of regionality, western and southwest-
ern Germany are slightly overrepresented compared to east-
ern Germany. Assessment of the representativeness of the
aHO population or the underlying tumor population is not
possible due to lack of comparative data. Besides, the study
design and methods face limitations. First, we are limited by
the lack of information on the history of TTR-aHO-applied
definition and validation criteria to define the incident study
population prior to the observational period. If longer treat-
ment intervals between hospitalizations with TTR-aHO
occur, a 1-year wash-in period could be too short, which
could lead to misclassified TTR-aHO incident patients.
However, in the absence of a standardized definition of
TTR-aHO, the chosen approach represents the best possible
approximation of a TTR-aHO cohort for the evaluation of
care and cohort characteristics. Future research should criti-
cally test this definition of TTR-aHO in other databases and
settings. Second, as no clinical parameters such as BMI,
laboratory test results, or information on health behavior
are available in claims data, the analyses of weight gains
are limited by the available diagnosis codes. Poor sensitiv-
ity of ICD-10 diagnosis data for administrative diagnosis of
overweight/obesity has been reported in the literature [25].
However, it can be assumed that documentation might be
more accurate because of the high patient relevance of rapid
weight gain in TTR-aHO. Third, the potential for upcod-
ing must be considered for some validation criteria [26].
This effect should, however, be small due to our strict case
definition (i.e., in the primary analysis, all validation criteria
need to be documented within 4 quarters after index hospi-
talization). Fourth, self-selection of patients is possible. For
example, patients with severe weight gain might be more
likely to seek treatment (and be documented in claims data)
than patients with fewer health problems after TTR-aHO.
However, this effect is probably small for the validation cri-
teria applied in this study, as symptoms are typically severe
and diagnosed by the physician, which makes the classifica-
tion less likely to be influenced by self-selection. Finally,
we apply a payer perspective on TTR-aHO resource utiliza-
tion and costs and do not estimate the economic burden on
patients and caregivers. One more limitation emerges from
our exclusion of some cost components. Our assessment

only includes direct disease-related to TTR-aHO or associ-
ated excess costs. We do not factor in indirect costs like lost
earnings or informal caregiver burdens. A survey of eighty-
two caregivers of craniopharyngioma survivors illustrates
the unmet needs of craniopharyngioma survivors and their
caregivers, associated with the survivor’s symptomatology
impacting HRQOL [27].

Novel treatments in development for acquired HO such
as setmelanotide are likely to further increase pharmaco-
logical costs and overall costs of care. This will need to be
justified by reduction in disease burden to patients and care-
givers, improvement in long-term outcomes and improve-
ments in patient QoL.

Conclusion

This is the first real-world database analysis of the eco-
nomics of TTR-aHO. Analysis of HCRU and costs of rare
diseases like TTR-aHO is highly important—not only to
understand the disease, but also to inform regulatory and
health-economic decision making. Due to lack of defini-
tional standards for clinical documentation, identification
of patients with aHO in previous retrospective studies has
been associated with an uncertainty which also extends to
the associated economic evaluations. In this study, we use a
newly refined definition from Witte et al. [ 14] which enables
a reliable estimation of the economic impact of the disease.
Our findings indicate a significant strain on the healthcare
system for patients with TTR-aHO. Patients with TTR-aHO
have significantly elevated healthcare use in all sectors
compared to patients with non-HO-obesity. The economic
burden of TTR-aHO is characterized by high excess inpa-
tient costs due to follow-up hospitalizations, consistently
elevated excess outpatient costs, and a dramatic increase in
excess prescription costs in the second year after the index
event. Prescription costs are driven by the need for ongoing
hormone replacement therapies, which lead to a continuous
rise in medication costs and additional drug safety manage-
ment for patients with TTR-aHO within two years of tumor
surgery or radiotherapy. Future research should focus on the
development of new treatments and cost reduction strate-
gies for TTR-aHO.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s10198-0
25-01786-3.

Author contributions All authors designed the study. J.W., and B.S.
had access to the database and performed the analyses. Medical valida-
tion of the inclusion criteria was performed by H.L.M., J.B., and C.F.
The statistical methodology was determined after discussion among all
researchers. All authors interpreted the results, provided critical feed-
back, and contributed to and approved the final manuscript version.

@ Springer


https://doi.org/10.1007/s10198-025-01786-3
https://doi.org/10.1007/s10198-025-01786-3

1566

J. Witte et al.

Funding Rhythm Pharmaceuticals funded this study and was involved
in the development of the data analysis strategy but neither had access
to the database nor conducted the data analysis. Rhythm Pharmaceu-
ticals also took in charge all costs associated with the development of
this manuscript.

Data availability Project-specific access to an anonymized, selected
study data set for the analyses was provided by the GWQ ServicePlus
AG. The data analyzed in this study are not publicly available due
to data protection regulations and national legislation. All data-related
processes of Vandage are under the data protection supervision of an
external data protection officer.

Declarations

Ethical approval As the study did not gather patient or individual indi-
vidual-level data or involve any interventions, formal ethical approval
was not sought, and informed consent was not applicable.

Medical writing, editorial, and other assistance J.W., K.B., B.S.,
H.L.M, J.B., and N.T. prepared the manuscript. All other co-authors
reviewed and approved the manuscript. Medical writing/editing sup-
port was provided by Excerpta Medica, funded by Rhythm Pharma-
ceuticals.

Disclosures J.W. and M.B. own shares in Vandage GmbH. B.S. and
K.B. are employed by Vandage. Vandage received funding from
Rhythm pharmaceutical to perform the study related to this manu-
script. Vandage received payments from Rhythm, Alexion, AstraZen-
eca, BMS, GSK, Janssen, Moderna, MSD, Pfizer, PTC Therapeutics,
Sanofi Pasteur, Seqirus, Viatris and consulting fees and grants from
AOK Rheinland/Hamburg, BARMER, DAK-Gesundheit, German
G-BA, and Techniker Krankenkasse. H.L.M. has received reimburse-
ment of participation fees for scientific meetings and continuing medi-
cal education events from the following companies: Ferring, Lilly,
Pfizer, Sandoz/Hexal, Novo Nordisk, IPSEN, Rhythm, and Merck Se-
rono; he has received reimbursement of travel expenses from IPSEN
and lecture honoraria from Pfizer. N.T. is employed by Rhythm Phar-
maceuticals. J.B. and C.F. have nothing to disclose.

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.o
rg/licenses/by/4.0/.

References

1. Malik, V.S., Willett, W.C., Hu, F.B.: Global obesity: Trends,
risk factors and policy implications. Nat. Rev. Endocrinol. 9(1),
13-27 (2013). [https://doi.org/10.1038/nrend0.2012.199] [PMID:
23165161]

@ Springer

11.

12.

13.

14.

17.

Weihrauch-Bliher, S., Wiegand, S.: Risk factors and implications
of childhood obesity. Curr. Obes. Rep. 7(4), 254-259 (2018). http
s://doi.org/10.1007/s13679-018-0320-0] [PMID: 30315490]
Okunogbe A, Nugent R, Spencer G, Ralston J, Wilding J. Eco-
nomic impacts of overweight and obesity: current and future esti-
mates for eight countries. BMJ Glob Health. 6(10), (2021). [https
://doi.org/10.1136/bmjgh-2021-006351] [PMID: 34737167]
Vandenberghe D, Albrecht J. The financial burden of non-com-
municable diseases in the Euro-pean Union: a systematic review.
Eur. J. Public Health. 30(4): 833-9 (2020). [https://doi.org/10.10
93/eurpub/ckz073] [PMID: 31220862]

Hidalgo, E.T., Orillac, C., Kvint, S., et al.:. Quality of life, hypo-
thalamic obesity, and sexual function in adulthood two decades
after primary gross-total resection for childhood craniopharyn-
gioma. Childs Nerv. Syst. 36(2), 281-289 (2020). [https://doi.org
/10.1007/s00381-019-04161-9] [PMID: 31222446]

Miiller, H.L.: Consequences of craniopharyngioma surgery in
children. J Clin Endocrinol Metab. 96, 1981-91 (2011). [https:/
/doi.org/10.1210/j¢.2011-0174] [PMID: 21508127]

Miiller HL. Craniopharyngioma. Handb Clin Neurol. 124, 235—
53 (2014). [https://doi.org/10.1016/B978-0-444-59602-4.00016
-2] [PMID: 25248591]

Abuzzahab M.J., Roth C.L., Shoemaker A.H.: Hypothalamic obe-
sity: Prologue and promise. Horm. Res. Paediatr. 91(2), 128-136
(2019). https://doi.org/10.1159/000496564 PMID: 30884480
Rosenfeld, A., Arrington, D., Miller, J., et al.: A review of child-
hood and adolescent craniopharyngiomas with particular atten-
tion to hypothalamic obesity. Pediatr. Neurol. 50(1), 4-10 (2014).
[https://doi.org/10.1016/j.pediatrneurol.2013.09.003]  [PMID:
24188907]

Craven, M., Crowley, J.H., Chiang, L., et al.: A survey of Patient-
Relevant outcomes in pediatric craniopharyngioma: Focus on
hypothalamic obesity. Front. Endocrinol. (Lausanne). 13, 876770
(2022). [https://doi.org/10.3389/fend0.2022.876770] [PMID:
35615720]

Daousi, C., MacFarlane, 1.A., English, P.J., et al.: Is there a role
for Ghrelin and peptide-YY in the pathogenesis of obesity in
adults with acquired structural hypothalamic damage? J. Clin.
Endocrinol. Metab. 90(9), 5025-5030 (2005). [https://doi.org/10.
1210/jc.2004-1874] [PMID: 15972581]

Miiller, H.L., Tauber, M., Lawson, E.A., et al.: Hypothalamic
syndrome. Nat. Rev. Dis. Primers. 8(1), 24 (2022). [https://doi.or
2/10.1038/s41572-022-00351-z] PMID: 35449162

Roth, C.L., Eslamy, H., Werny, D., et al.:, Semiquantitative analy-
sis of hypothalamic damage on MRI predicts risk for hypotha-
lamic obesity. Obesity (Silver Spring). 23(6), 122633 (2015). [h
ttps://doi.org/10.1002/0by.21067] [PMID: 25884561].

Witte, J., Surmann, B., Batram, M., et al.: Hypothalamic obesity:
Epidemiology in rare Sellar/suprasellar tumors-A German claims
database analysis. J. Neuroendocrinol. €13439 (2024). https://doi
.org/10.1111/jne.13439 PMID: 39191454

Miiller, H.L.: Management of Hypothalamic Obesity. Endocrinol
Metab Clin North Am. 49(3): 533-52 (2020). [https://doi.org/10.
1016/j.ec1.2020.05.009][PMID: 32741487]

Rose, S.R., Horne, V.E., Bingham, N., Jenkins, T., Black, J., Inge,
T.: Hypothalamic Obesity: 4 Years of the International Registry
of Hypothalamic Obesity Disorders. Obesity (Silver Spring).
26(11): 1727-32 [ (2018). [https://doi.org/10.1002/0by.22315]
[PMID: 30296362]

Yates, N., Teuner, C.M., Hunger, M., et al.: The economic bur-
den of obesity in Germany: Results from the Population-Based
KORA studies. Obes. Facts. 9(6), 397-409 (2016). [https://doi.or
2/10.1159/000452248] PMID: 27951530

Busse, R., Blimel, M., Knieps, F., Barnighausen, T.: Statutory
health insurance in Germany: A health system shaped by 135
years of solidarity, self-governance, and competition. Lancet.


https://doi.org/10.1007/s13679-018-0320-0
https://doi.org/10.1007/s13679-018-0320-0
https://doi.org/10.1136/bmjgh-2021-006351
https://doi.org/10.1136/bmjgh-2021-006351
https://doi.org/10.1093/eurpub/ckz073
https://doi.org/10.1093/eurpub/ckz073
https://doi.org/10.1007/s00381-019-04161-9
https://doi.org/10.1007/s00381-019-04161-9
https://doi.org/10.1210/jc.2011-0174
https://doi.org/10.1210/jc.2011-0174
https://doi.org/10.1016/B978-0-444-59602-4.00016-2
https://doi.org/10.1016/B978-0-444-59602-4.00016-2
https://doi.org/10.1159/000496564
https://doi.org/10.1016/j.pediatrneurol.2013.09.003
https://doi.org/10.3389/fendo.2022.876770
https://doi.org/10.1210/jc.2004-1874
https://doi.org/10.1210/jc.2004-1874
https://doi.org/10.1038/s41572-022-00351-z
https://doi.org/10.1038/s41572-022-00351-z
https://doi.org/10.1002/oby.21067
https://doi.org/10.1002/oby.21067
https://doi.org/10.1111/jne.13439
https://doi.org/10.1111/jne.13439
https://doi.org/10.1016/j.ecl.2020.05
https://doi.org/10.1016/j.ecl.2020.05
https://doi.org/10.1002/oby.22315
https://doi.org/10.1159/000452248
https://doi.org/10.1159/000452248
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/nrendo.2012.199

Economics of hypothalamic obesity in patients with craniopharyngioma and other rare sellar/suprasellar...

1567

19.

20.

21.

22.

23.

390(10097), 882—897 (2017). [https://doi.org/10.1016/S0140-67
36(17)31280-1][PMID: 28684025]

Bundesministerium fiir Gesundheit. Mitglieder und Versicherte
der Gesetzlichen Krankenversicherung (GKV): Statistik uber
Versicherte, gegliedert nach Status, Alter, Wohnort und Kassen-
art: (2020) Available from: URL:. https://www.bundesgesundhe
itsministerium.de/themen/krankenversicherung/zahlen-und-fakte
n-zur-krankenversicherung/mitglieder-und-versicherte

Swart, E., Gothe, H., Geyer, S., et al.: Gute praxis sekundérdaten-
analyse (GPS): Leitlinien und empfehlungen. Gesundheitswesen.
77(2), 120-126 (2015). https://doi.org/10.1055/s-0034-1396815
PMID: 25622207

Witte, J., Surmann, B., Weinert, M., et al.: EPH61 epidemiology
of Tumor-Related hypothalamic obesity in Germany—A repre-
sentative claims data analysis. Value Health. 26(12), S214 (2023).
https://doi.org/10.1016/j.jval.2023.09.1103]

Hoffmann, A., Gebhardt, U., Sterkenburg, A.S., Warmuth-Metz,
M., Miiller, H.L.: Diencephalic syndrome in childhood cranio-
pharyngioma-results of German multicenter studies on 485
long-term survivors of childhood craniopharyngioma. J. Clin.
Endocrinol. Metab. 99(11), 3972-3977 (2014). [https://doi.org/1
0.1210/j¢.2014-1680] [PMID: 25077898]

Dietz, N., Sharma, M., John, K., et al. 90-Day Bundled Payment
Simulation, Health Care Utilization, and Complications following

24.

25.

26.

27.

Craniopharyngioma Resection in Adult Patients. ] Neurol Surg B
Skull Base.; 83(5), 515-25 (2022). [https://doi.org/10.1055/s-004
1-1740395] [PMID: 36097499].

Effertz, T., Engel, S., Verheyen, F., Linder, R.: The costs and
consequences of obesity in Germany: A new approach from A
prevalence and life-cycle perspective. Eur. J. Health Econ. 17(9),
1141-1158 (2016). https://doi.org/10.1007/s10198-015-0751-4][
PMID: 26701837]

Reber, K.C., Angelow, A., Schmidt, C.O., Baumeister, S., Che-
not, J.-F.: Externe Diagnosevalidierung Von Routinedaten Am
Beispiel Ausgewihlter Kardiovaskulirer Risikofaktoren. German
Medical Science GMS Publishing House (2015)

Kreis, K., Neubauer, S., Klora, M., Lange, A., Zeidler, J.: Status
and perspectives of claims data analyses in Germany-A system-
atic review. Health Policy. 120(2), 213-226 (2016). https://doi.or
2/10.1016/j.healthpol.2016.01.007] [PMID: 26826756]
Kayadjanian, N., Hsu, E.A., Wood, A.M., Carson, D.S.: Care-
giver Burden and Its Relationship to Health-Related Quality of
Life in Craniopharyngioma Survivors. J Clin Endocrinol Metab.
109(1): €76-e87 (2023). [https://doi.org/10.1210/clinem/dgad48
8] [PMID: 37597173]

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

@ Springer


https://doi.org/10.1055/s-0041-1740395
https://doi.org/10.1055/s-0041-1740395
https://doi.org/10.1007/s10198-015-0751-4
https://doi.org/10.1016/j.healthpol.2016.01.007
https://doi.org/10.1016/j.healthpol.2016.01.007
https://doi.org/10.1210/clinem/dgad488
https://doi.org/10.1210/clinem/dgad488
https://doi.org/10.1016/S0140-6736(17)31280-1
https://doi.org/10.1016/S0140-6736(17)31280-1
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/mitglieder-und-versicherte
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/mitglieder-und-versicherte
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/mitglieder-und-versicherte
https://doi.org/10.1055/s-0034-1396815
https://doi.org/10.1016/j.jval.2023.09.1103]
https://doi.org/10.1016/j.jval.2023.09.1103]
https://doi.org/10.1210/jc.2014-1680
https://doi.org/10.1210/jc.2014-1680

	﻿Economics of hypothalamic obesity in patients with craniopharyngioma and other rare sellar/suprasellar tumors
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and database
	﻿Study population
	﻿Healthcare resource utilization and cost estimates
	﻿Matching, outcomes and statistical analyses

	﻿Results


