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1. Abbreviations

ACP adamantinomatous craniopharyngioma
ACTH  adrenocorticotropic hormone

ADI adipsic diabetes insipidus

AMH antimullerian hormone

APC adenomatous polyposis

ASL arterial spin labelling

AVP-D arginine-vasopressin deficiency

BMD bone mineral density

BMI body mass index

CcP craniopharyngioma

CSF cerebrospinal fluid

CT computerised tomography
CTV clinical target volume

DNA deoxyribonucleic acid

dPCR digital polymerase chain reaction
EGFR epidermal growth factor receptor
FAP familial adenomatous polyposis
FSH follicle stimulating hormone

FT4 free thyroxine
GDG Guideline Development Group
GLP1 glucagon-like peptide-1 receptor

GH growth hormone

GTV gross target volume

HE hematoxylin-eosin

HES hematoxylin-eosin-safran

HOb hypothalamic obesity

HRT hormone replacement therapy

ICD interface control document

IH intracranial hypertension

IL6 interleukin 6

IL6R interleukin 6 receptor

IMRT intensity-modulated conformal radiotherapy
IFNa interferon-a

1Q intellectual quotient

iSGLT2 inhibitor sodium glucose transporter type 2
LH luteinizing hormone

MAFLD metabolic dysfunction-associated fatty liver disease
MAPK  mitogen-activated protein kinase

MRI magnetic resonance imaging

OCT optical coherence tomography

PCP papillary craniopharyngioma

PDGF  platelet-derived growth factor

PD1 programmed cell death protein 1
PDL1 programmed death ligand 1

PT planning target volume

PTCOE pituitary tumor centre of excellence
PTV planning target volume

rhCG recombinant choriogonadotropin alfa
RNFL retinal nerve fiberlayer

SCN suprachiasmatic nuclei

SE spin echo

SIAD syndrome of inappropriate antidiuresis
SMR standardized mortality ratio

VEGFR vascular endothelial growth factor receptor
V3 third ventricle

WHO  World Health Organization

2. Introduction

Craniopharyngiomas (CPs) are rare brain tumors developing
from malformations of embryonic remnants along the original
pathway of the craniopharyngeal duct. Despite belonging to the
group of benign epithelial tumors, defined by the World Health
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Organization (WHO), CPs are highly problematic in the clinical field
because of the hormonal and hypothalamic disorders that they
cause. CP can be divided into two distinct subtypes, adamantino-
matous CP (ACP) and papillary CP (PCP), which differ both in their
histological features and genetic alterations they carry, the latter
being the source of new avenues for therapy. Currently, the mana-
gement of CP remains complex, due to their invasive behavior,
and propensity to recur, requiring sequential, a measured thera-
peutic approach and follow-up in expert centers. Aside from the
tumour itself, the occurrence of endocrine deficiencies and hypo-
thalamic syndrome represent major issues. The most important
of these is intractable weight gain leading to severe hypothala-
mic obesity. Invisible disabilities include, among others, cognitive
impairment, issues with emotional control, and altered quality of
life or even social discrimination. These constitute underestimated
consequences that require significant attention and dedicated care.

Even today, the prognosis for patients with CP is an important
issue, as a 3-fold higher overall mortality rate has been reported in
CP patients compared to the general population.

Having recognized these challenges, a Guideline Development
Group (GDG) was formed to develop a consensus on diagnostic and
management recommendations for children and adults with CP.
The GDG made 71 recommendations that are intended to provide
an evidence-based and eminence-based document for clinicians in
several disciplines involved in the care of patients with CP, to opti-
mize the management of these rare tumors, improve the quality of
clinical care, and thus improve health outcomes.

3. Methodology

This consensus document has been drafted under the shared
responsibilities of the French Endocrine Society and the French
Society for Pediatric Endocrinology & Diabetes. Guideline co-chairs
(T.C., RR,, P.B. and B.G-C.) identified topics related to CP diagno-
sis and management to be addressed. Twelve leading experts in
endocrinology or neurosurgery (G.R, P.C,, S.E., AV., P.R, HD.,, EJ.,
C.C,,B.G-C,T.C, AB-P.,, F.A.) supervised 10 working groups encom-
passing epidemiology, diagnosis, histopathology and molecular
features, biochemical and imaging procedures, therapeutic strate-
gies, hypothalamic syndrome and pituitary deficiencies, disability
care, long-term follow-up including the transition from child and
adolescent to young adult (see Fig. 1). Members of the group were
selected by the co-chairs according to their expertise in the specific
topic, based on their clinical involvement and expertise as well as
their recognized standing in the field. The task of each group was
to carry out a bibliographic update of the main PubMed-indexed
articles published since 2000. Only English-language and full-text
articles were selected for analysis. The aim was to provide a docu-
ment that incorporates recent advances and answers practitioners’
practical questions. A first meeting was held on October 14th, 2022
with all participants, followed by a total of 4 virtual meetings every
two months. During these meetings, published data were discus-
sed between group members, then graded based on principles for
grading of evidence for guidelines. Consensus recommendations
were graded as weak or strong based on the quality of the evidence
(Box 1). Once approved by coordinators the main document was
sent for review to an independent group of reviewers (the list is
provided at the end of the main document) on July 31st, 2023 for
their criticism, comments and suggestions. Their reccommendations
were detailed by each session chair during a final virtual meeting on
September 29th, 2023. Consensus was deemed to be obtained only
if > 70% agreement was achieved. In the case of disputes or close
votes, recommendations were reformulated then proposed again
for voting and consensus. After this meeting, presentations summa-
rizing the consensus recommendations, summaries and discussion
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Fig. 1. Summary of the working groups set up to draft the guidelines.

Box 1 : Grading of evidence and recommendations
Based on principles for grading of evidence for guidelines

[262,263] as well as on previously published consensus state-

ments from the French Endocrine Society and French Society

for Pediatric Endocrinology & Diabetes Consensus Statement
Evidence

® Very low quality: expert opinion supported by one or a few
small uncontrolled studies.

® Low quality: supported by large series of small uncontrolled
studies.

® Moderate quality: supported by one or a few large uncontrol-
led studies or meta-analyses.

e High quality: supported by controlled studies or large series
of large uncontrolled studies with sufficiently long follow-up.

Recommendations

® \Weak: based on very low quality or low quality evidence.
® Strong: based on moderate quality or high quality evidence.

were produced for official presentation on October 6th, 2023 at the
French Endocrine Society congress in Marseille, France. In parallel,
a draft manuscript was prepared by the lead authors (T.C.,R.R,, P.B.,
B.G-C.).

4. Background

4.1. Epidemiology

e Craniopharyngioma is a rare disease that requires multidisci-
plinary management in a Pituitary Tumor Center of Excellence
(PTCOE) (strong).

e There is no clear environmental risk factor identified to date
(strong).

The incidence of CP is 0.5 to 2.5 new cases per million
inhabitants per year worldwide [1]. Recent studies of natio-
nal registries showed a similar incidence in the USA, with 1.7
cases/million inhabitants [2] and in Europe (with respectively 1.7
and 1.86 cases/million inhabitants in Sweden and Denmark) [3,4].
Only Japan appears to have a higher incidence in children (3.8
cases/million children) [5].

The annual incidence is similar to that described in the 1980s,
and does not appear to have increased significantly over the last
twenty years [6]. However, there has been an improvement in the
recording of this pathology in registries [7]. The estimated preva-
lence is nearly 1 case/50,000 inhabitants [2]. The age distribution
of CP is bimodal, with a first peak in incidence observed in chil-
dren (between the ages of 5 and 10), and a second peak in adults
(between the ages of 55 and 69) [2]. No significant difference was
observed in incidence rates between men and women [2-4,8]. CP
accounts for approximately 1-3% of all brain tumours [6] and up
to 5-10% of brain tumours in children [9]. ACP represents the most
widespread subtype, and its frequency follows the bimodal distri-
bution described above, while PCP is found almost exclusively in
adults between the ages of 40 and 55 [1].

4.2. Environmental risk factors

Although no environmental risk factors for the development of
CP have been clearly identified, some studies have shown geogra-
phical variations in the incidence of these tumours (e.g. in Japan)
[10]. Although there are no studies analysing the direct relation-
ship between environment and CP incidence, numerous studies
have assessed the impact of environment on the occurrence of
benign brain tumors, particularly in children. Among them, the
recent study by Chang et al. demonstrated a link between benign
brain tumours and air pollution [11]. However, the term “CP” is not
included in any of these publications (even though it is one of the
search terms in the ICD table).

4.3. Mortality

Although CPs are defined as benign tumors, excess mortality is
still observed in patients diagnosed with CP. The standardized mor-
tality ratios (SMRs) reported vary from 2.2 to 12.2, with the highest
figures seen in patients diagnosed after age 65 [12]. Wijnen et al.
described an improvement in SMR over time, being respectively
6.2 and 2.9 for patients diagnosed before or after 2010 [13]. CPs
diagnosed in childhood are associated with higher excess mortality
than those diagnosed in adulthood [3,14]. Five- and 10-year survi-
val has been estimated at 81-94% and 70-93%, respectively [3,15].
Pediatric series have reported survival rates of 83-96% at 5 years,
65-100% at 10 years, and 62% at 20 years, with an SMR ranging from
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2.88 t0 9.28 [16,17]. Postoperative mortality (within 30 to 90 days
following neurosurgery) ranged from 1.6 to 13% [15,18,19].

4.3.1. Mortality risk factors

The majority of studies show higher mortality in cases with
anterior and/or posterior pituitary involvement [3,12-14]. In older
studies, high doses of hydrocortisone may have contributed to
increased cardiovascular risk. Furthermore, somatotropic insuffi-
ciency was rarely substituted [20]. Patients with CP have a higher
mortality risk than patients with pituitary insufficiency related to
other causes [21]. This is probably related to local aggressiveness of
the CP, the frequency of recurrence and hypothalamic involvement.
Studies of GH-substituted patients have reported lower mortality
rates, inversely proportional to IGF1 levels [22]. Most studies have
reported no difference in mortality according to the surgical tech-
nique used, in either adults or children [12,15,18,23]. Conversely,
some studies have found excess mortality in the case of radiothe-
rapy [3] but these results are controversial [12,13,15]. One study,
including pediatric cases, reported excess mortality, which corre-
lated with the residual tumor volume post-surgery, the irradiated
volume and the need for a ventricular shunt [24]. Excess morta-
lity was observed in female patients in all studies, without a clear
explanation [3,12-14].

4.3.2. Causes of death

Few studies have described the causes of mortality. The
most frequently reported causes were cardiovascular (24 to 56%)
[3,13,20,22] (especially stroke) or respiratory system [13]. Cardio-
vascular disease is a result of the metabolic profile of these patients,
induced by pituitary hormone insufficiencies and hypothalamic
damage [25]. In addition, deleterious consequences of radiothe-
rapy on blood vessels have been reported [22]. Once again, women
appear to be at a greater risk of cardiovascular disease than men
[26]. It is therefore essential in patients with CP, whose risk of
developing cardiovascular disease is 3 to 19 times greater than
that of the general population [20], to manage cardiovascular risk
factors.

Corticotropic insufficiency and hydrocortisone supplementa-
tion have been cited as factors that increase the risk of infection and
death[13,27]. Some of these infectious events are likely the cause of
corticotropic decompensation. However, infections in CP patients
appear to be less frequent in the most recently published studies
(30% before 2010 and 15% after 2010) [14]. In an adult population
over 65 years of age, a mortality rate of around 40% was observed,
with a negative role for arginine-vasopressin deficiency (AVP-D)
[12], the new term for diabetes insipidus [28].

During childhood, causes of excess mortality include: tumor
progression, treatment side effects, hypothalamic syndrome and
its consequences, endocrine deficiencies, epilepsy, cardiovascular
disease, nonalcoholic steatohepatitis, occurrence of other tumors,
severe infections, and stroke [16,17]. These factors are pro-
bably due to more aggressive tumours, responsible for more
frequent hydrocephalus and pituitary damage, as well as a
higher frequency of recurrence and hence multiple treatments
[29].

5. Clinical presentation
5.1. Clinical manifestations in children
e Symptoms related to intracranial hypertension, headaches and

visual disturbances are the main symptoms of craniopharyn-
gioma in children (strong).
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e The association of stunted growth with weight gain in children
should systematically suggest a hypothalamic-pituitary disorder,
in particular craniopharyngioma (strong).

The most frequent symptoms at diagnosis are headaches
(43-77%), with a heterogeneous presentation [30-35]. Because of
the delay in diagnosis, clinical manifestations in children reflect
more advanced forms of intracranial hypertension (IH), and visual
impairment, with consequent sequelae of varying severity [36].
Signs of hydrocephalus and/or IH, including headaches and vomi-
ting, have not been noted in all cohorts and are present in 40-77% of
cases [31,32,37]. The presence of visual disorders is highly variable,
occurring in 36% to 83% of children [30,32-35], but these are
usually more severe at diagnosis than in adults [38]. In a series
of 172 patients, Gautier et al. reported visual acuity of less than
1/10 in 9% of adults, compared with 25% of all children and 42%
of children <10years old [38]. These visual disorders may also
result in visual field defects due to compression or damage of
the optic chiasm, or secondary to disorders associated with IH
(diplopia due to damage of the oculomotor nerve VI). Neurologi-
cal deficits or signs have been rarely reported in cohorts, probably
because they are not commonly investigated at diagnosis and/or
due to their heterogeneous reported prevalence (between 3% and
46%) [31-33,37]. Pituitary endocrine deficiencies are frequent at
diagnosis, even if they are not systematically the mode of dis-
covery. GH deficiency is one of the most frequent deficiencies,
such that a slowed growth rate is present in nearly 30% of chil-
dren [31-33,35]. A polyuria-polydipsia syndrome, revealing an
arginine-vasopressin deficiency (AVP-D) (formerly termed central
diabetes insipidus), may be present at diagnosis (2 to 15% of cases)
[30,32,34-37]. Obesity or overweight is found in around one third
of patients [32,35,37,39] but these are rarely the signs that lead
to the diagnosis. The association of stunted growth with weight
gain should systematically suggest a hypothalamic-pituitary disor-
der, in particular CP. Lastly, it should be emphasized that cognitive
disorders, with recent and/or unusual difficulties at school, may be
indicative of CP in children [40]. The circumstances of diagnosis
during adolescence are the same as those in childhood (growth
delay, visual signs, IH), with the addition of delayed puberty
[32,41].

5.2. Clinical manifestations in adults

e Headaches, usually retro-orbital, visual disturbances and/or
endocrine deficiencies are the main clinical signs of craniopha-
ryngioma in adults (strong).

The modes of discovery are variable, and may associate visual
symptoms, endocrine disorders, signs of IH and focal neurological
signs [36,42-45]. It is likely that CP are progressive tumors, the-
refore the time between first symptoms and diagnosis can vary
widely from a few weeks to several years [36]. Headaches and visual
disturbances are the two most frequent symptoms. Headaches
(present in half of all adults with CP) are most often retro-orbital,
sometimes involving the vertex, and slowly worsen. More rarely,
these may become more intense, with the usual analgesics being
ineffective, and associated with nausea and vomiting (present in
around a quarter of adults), constituting signs of an established
or developing IH. The latter is most often associated with large
cystic forms of CP or obstructive hydrocephalus, generally due to
compression of the third ventricle (V3) and obstruction of the fora-
men of Monro. IH can be life-threatening in the short and longer
term or cause optic atrophy that may compromise visual prog-
nosis. Both visual acuity and visual field are affected. Damage to
the visual field is often asymmetrical and depends on the loca-
tion of compression, where compression of an optic nerve will
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result in monocular amputation of the visual field, a chiasmatic
mass effect will be responsible for bitemporal hemianopia, while
compression of the optic bands will be responsible for homo-
nymous lateral hemianopia. The more severe and long-standing
the compression is, the more severe the visual impairment, and
the more unpredictable is the recovery. Involvement of the other
cranial nerve pairs is less common in adults. Hypothalamic neu-
rological signs are more rarely in the foreground but can include
drowsiness, psychomotor slowing, mood alteration, attention and
concentration disorders, eating disorders with weight gain that
may eventually lead to obesity, and anterograde memory disor-
ders [45]. Cognitive dysfunction presenting as the initial symptom
of a CP is likely the manifestation of an obstructive hydroce-
phalus [46]. Seizures, or even more severe neurological disorders
such as hemiparesis, or balance disorders may also be observed in
exceptional cases. Over 80% of CP patients have an endocrine defi-
cit at the time of diagnosis [47]. In adults, hypogonadism is the
most prominent feature, presenting as amenorrhea in women and
sexual dysfunction in men. Polyuria-polydipsia syndrome, indi-
cating AVP-D, is also a possible mode of discovery of the lesion
(20% of cases) [36]. Finally, a small (but growing) proportion of
CPs, ranging from 1 to 3%, are discovered as pituitary incidenta-
lomas [48,49]. In the latter case, these tumors are characterized
by the absence of endocrine deficiencies, normal patient height
and body mass index, the absence of hydrocephalus and a smaller
tumor volume at diagnosis, compared to CPs diagnosed on clinical
symptoms.

6. Investigations at diagnosis
6.1. Biochemical and hormonal analysis

¢ In children and adults, endocrine and biochemical evaluations
should include the following assays: cortisol and ACTH (8 am),
TSH and fT4, FSH/LH and peripheral hormones (estradiol in
women of childbearing age, total testosterone in men), IGF-1,
prolactin and natremia (strong).

¢ Assessment of the gonadotropic axis should only be carried out
from the pubertal period onwards (strong).

e Dynamic assessment of the corticotroph axis may be considered
if cortisol levels are between 138 to 500 nmol/L! (strong).

¢ The existence of a polyuria-polydipsia syndrome associated with
a hypothalamic-pituitary lesion suggestive of a craniopharyn-
gioma is a contraindication for water deprivation test (strong).

Hormonal investigations to be carried out in the presence of a
lesion resembling craniopharyngioma are designed to assess the
lesional impact of the tumor, prior to its therapeutic management.
They include the assessment of:

e corticotroph axis by measuring cortisol and corticotropin (ACTH)
levels, ideally at 8 am (but at any time of day if acute corticotro-
pic deficiency is suspected). In this case, substitution should be
started in emergency after sampling, without waiting for the hor-
monal results. In line with previous recommendations [50], the
diagnosis of corticotropic insufficiency can be made when plasma
cortisol level at 8 am is below 138 nmol/L, and can be excluded if
cortisol level is above 500 nmol/L.! Dynamic assessment may be
considered if the cortisol level is between 138 and 500 nmol/L;
thyrotroph axis by measuring free thyroxine (fT4) and thyroid-
stimulating hormone (TSH);

1 Cortisol values may vary depending on the assay kit used.
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e gonadotroph axis by measuring pituitary gonadotropins (LH and
FSH) and peripheral hormones (estradiol in women of child-
bearing age and total testosterone in men). Assessment of the
gonadotropic axis should only be carried out from the pubertal
period. Inhibin B may also be measured in male adolescents;
somatotroph axis. No dynamic test must be performed before
surgery. Only a low preoperative IGF-1 value is indicative of
GH deficiency. Exploration of this axis is most often carried out,
mainly in the postoperative period, by dynamic testing given that
IGF-1 is an insufficient marker for the diagnosis of GH insuffi-
ciency [51]. However, dynamic explorations are also less relevant
in the context of obesity;

hyperprolactinemia can be observed by compression of the pitui-
tary stem (disconnection hyperprolactinemia).

With the exception of corticotroph insufficiency, which requires
urgent and systematic treatment (including the introduction of a
perioperative substitution protocol if necessary) [50], the existence
of a deficiency does not necessarily indicate preoperative substi-
tution. Nonetheless, it does allow documentation of the functional
consequences of the lesion prior to hypothalamic-pituitary surgery.
In children, however, thyrotropin deficiency should be replaced as
soon as it is diagnosed. In adults, preoperative replacement of a
thyrotroph deficit depends on the estimated time of onset, depth,
and clinical impact:

arginine-vasopressin deficiency (AVP-D) is suspected preoperati-
vely in the presence of a polyuria-polydipsia syndrome, whether
or not it is associated with hypernatremia. AVP assay is not
recommended due to problems with the performance of assay
kits. The existence of a polyuria-polydipsia syndrome associated
with a hypothalamic-pituitary lesion likely suggestive of a CP is
a contraindication for the potentially harmful water deprivation
test. Note that polyuria may be masked in the case of corticotropic
insufficiency.

Overall, at diagnosis, over 50% of children and 40% of adults have
at least one pituitary deficiency (Table 1).

6.2. Imaging

e Imaging of craniopharyngioma relies on pituitary MRI, possi-
bly combined with a cerebral computed tomography (CT) scan
(strong).

e The aim is to specify the diagnosis, determine the topography
of the lesion and its relationship with the visual pathways, and
assess the risk of adhesions to the hypothalamus as part of the
pre-surgical work-up (strong).

e Visualization of the third ventricle (V3) and its proximity to the
tumor is of the utmost importance before surgery (strong).

Imaging in children and adults is performed using magnetic
resonance imaging (MRI), according to the usual modalities. Whe-
never possible, 3 Tesla image acquisition is preferred. Cerebral CT
can sometimes be performed (for assessing calcification) but is not
mandatory. The examination protocol, which focuses on the sellar
region, differs from conventional pituitary MRI. The recommended
sequences are as follows:

e T1 spin echo (SE) with and without gadolinium injection in 3D, if
the MRI permits it. Otherwise, thin sections (2 to 2.5 mm) in the
sagittal and coronal planes are recommended,;

e coronal T2 thin sections (2 mm) centered on the pituitary gland
and lesion;
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Table 1
Prevalence of endocrine deficits in patients with craniopharyngioma.
Children Adult
Before surgery® After surgery” Before surgery* After surgery”
> 1 endocrine deficit 54-100% 100% 41-73% 93-99%
ACTH 8-68% 78-97% 35-68% 74-90%
TSH 15-32% 86-98% 35-56% 81-92%
GH 41-100% 77-93% 18-86% 52-68%
LH/FSH 20-56% 59-95% 29-74% 70-94%
AVP-D 7-22% 60-91% 6-21% 43-70%
Panhypopituitarism 3-48% 5-66% 6-18 34-60%

2 From references [36,52-54].
b From references [35,45,52-55].

¢ 3D T2 (such as FIESTA, CISS, HyperCUBE) centered on the lesion
and the floor of the third ventricle (V3), or alternatively sagittal
T2 acquisition;

e 3D-FLAIR.

Diffusion and perfusion imaging (ideally by arterial spin label-
ling [ASL]) may be of interest in differential diagnosis. Although
there are no pathognomonic signs of CP, some aspects are highly
suggestive, which make a preoperative biopsy sometimes required
for etiological diagnosis. On the other hand, it can be discussed,
when surgery is avoidable, for the purpose of identifying and
clarifying a somatic genetic alteration that could indicate targe-
ted therapies (see molecular biology). As differential diagnosis
from other lesions observed in the same region is sometimes
difficult (germ cell tumor, glial or glioneuronal tumor, heman-
gioblastoma, pituicytoma, Langerhans histiocytosis), it is worth
including sequences that are useful for differential diagnosis in the
initial work-up (diffusion, perfusion, 3D FLAIR). MRI therefore seeks
to identify the following different features.

6.2.1. Arguments in favor of a craniopharyngioma
Arguments in favor of a craniopharyngioma are:

e ACP are frequently voluminous, multiloculated or solid-cystic,
predominantly cystic, with walls that are raised and contain cal-
cifications [44]. They typically develop at the junction of the stem
and pituitary gland, and often remain within the cisterns (Fig. 2);

e papillary craniopharyngioma are usually tissue-based or unilo-
culated, non-calcified and develop more proximally, within the
infundibulum or V3 (Fig. 3).

Several recent studies have shown interesting results for diffe-
rentiating the two subtypes of CP, according to radiological [56]
or radiomics criteria, without, however, providing a guarantee of
precise differentiation [57,58]. Better pre-surgical discrimination
of the two subtypes could, in time, change practices in view of the
targeted therapies now available.

6.2.2. Indications of severity on imaging

Elements of severity are mainly represented by the hydrocepha-
lus and potential damage (compression, edema) to visual pathways
(optic nerves, chiasma, optic bands).

6.2.3. Aspects of the surgical procedure

The topography of the lesion is important in determining the
surgical approach and the risk of adhesions to the hypothalamus.
It should be assessed in the sagittal plane on 3D T2 acquisition
(Fig. 4), but also in the coronal plane, by observing the position of
the hypothalamus in relation to the tumor. Various classifications
have been proposed, including Prieto’s classification [59]. CP can
be sellar-suprasellar, pseudo-V3 (within the cisterns pushing back
the floor of the V3), secondary V3 (suprasellar and within the V3

crossing the floor), infundibulo-tuberian (centered on the infundi-
bulum and hypothalamus), and strictly within the V3. The elements
that separate these 5 topographies are:

e the floor of the V3, which is clearly at a distance from the lesion
for suprasellar locations;

mamillary bodies to distinguish lesions originating in the cisterns
from intraventricular lesions: a high position favors alesion in the
cisterns (pseudo-V3 or secondary V3). A low position favors an
intra-V3 lesion (Fig. 3) [60];

sagittal view of the pituitary stalk: an intact stalk below the lesion
favors a purely intra-V3 lesion. Conversely, amputation of the
proximal part of the stalk suggests infundibulo-tuberian locali-
zation;

the position of the hypothalamus in the coronal section: the hypo-
thalamus being in the upper third of the lesion suggests a lesion
of the cisterns, either suprasellar or pseudo-V3. The hypothala-
mus in the lower third of the lesion is in favor of a purely intra-V3
lesion. The hypothalamus in the middle third of the tumor is in
favor of an infundibulo-tuberian or secondary intra-V3 localiza-
tion, which are the two topographies most at risk of adhesion to
the hypothalamus;

finally, attention should be paid to the lesion’s relationship with
nearby vascular structures and cranial nerves, such as the oculo-
motor nerves (III).

6.3. Visual explorations

e A complete neuro-ophthalmological examination, including
visual acuity, optical coherence tomography (OCT) and visual
field, is recommended for any diagnosis of craniopharyngioma
(strong).

Impaired visual function(s), common in CP, may be the mode
of discovery of the disease or can be discovered during diagnostic
evaluation, particularly in the pediatric population where visual
symptoms are rarely expressed subjectively. Exploration of the
visual pathways is always necessary in the diagnostic work-up
of patients with CP. All the following visual functions should be
assessed where CP is confirmed:

e visual acuity must be assessed with and without correction,
monocularly on the right and left eye, respectively, and bino-
cularly. Normal visual acuity does not guarantee normal visual
function. In fact, a patient presenting with an altered visual field
that spares the central visual zone may still have intact visual
acuity. A decline in visual acuity is common. In the study by Kara-
vitaki et al. [36], which included 121 patients, 39% of children and
40% of adults had decreased visual acuity at diagnosis. In the study
by Chen et al., 36% of patients showed a reduction in visual acuity
at diagnosis [61];
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Fig. 2. Examples of different appearances of adamantinomatous craniopharyngiomas. A. Uniloculated cystic suprasellar lesion with spontaneous T1 hyperintensity. B. Uni-
loculated cystic suprasellar lesion with enhancing wall. C. Multiloculated suprasellar solid and cystic lesion. D. Calcifications on CT scan.

Fig. 3. Papillary craniopharyngioma. Solid and cystic suprasellar mass lesion (A) Post-contrast coronal T1-weighted image demonstrates the solid enhancing predominant
component while (B) Coronal T2-weighted image shows a lateral cyst together with peripheral edema.

Fig. 4. Assessment of the accurate topography of two different craniopharyngiomas, based on 3D T2 in the sagittal plane. A. Mammillary body (arrow) and floor of the third
ventricle are depicted under the lesion (intra-V3). B. Mammillary body (arrow) and floor of the third ventricle are lifted up by the lesion (pseudo-V3).

¢ macular and optic nerve optical coherence tomography (OCT) or predictive value in visual recovery after surgery [62]. OCT-A or
retinal nerve fiber layer (RNFL) is an examination that objectively OCT angiography can reveal alterations in perifoveolar and per-
measures the various retinal layers, in particular the ganglion cell ipapillary vascular density [62];
layer and optic nerve fibers. It is a rapid, reliable, and reprodu- e the 24-2 automated static visual field or the Goldman kinetic
cible examination that has become indispensable for monitoring visual field can be used to identify visual field impairment and
all neuro-ophthalmological pathologies. It is thought to have a characterize the deficit. It should be noted that a reliable visual
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field measurement can be obtained as early as age 6. In all other
cases, reliability indices exist to attest to a correctly performed
examination. In most cases, the impairment will be quadranopsia
or bitemporal hemianopia. The visual field is a subjective, patient-
dependent examination that can be difficult to perform (children,
asthenia, lack of concentration). In a series of 121 patients, 46% of
children and 60% of adults had an altered visual field at diagnosis
of the disease [36]. In the study by Chen et al., 44% of patients had
bitemporal hemianopsia [61].

The rest of the ophthalmological examination must be systema-
tic. The fundus may reveal bilateral optic atrophy (52%) or, more
rarely, papilledema (16%) [61].

7. Histology, pathology and molecular biology

¢ Anti-beta-catenin immunostaining is recommended to confirm
the adamantinomatous subtype of craniopharyngioma (nuclear
staining) (strong).

Given its focal distribution within the tumor, nuclear positivity
for beta-catenin may be absent on very small samples of adaman-
tinomatous craniopharyngioma (weak).

e The use of anti-BRAF V600E (clone VE1) immunostaining is not
recommended for the diagnosis of papillary craniopharyngioma
and should not be used as a surrogate for molecular biology tes-
ting (strong).

Molecular analysis for somatic mutations in the CTNNB1 gene
is not routinely recommended, as histological examination with
immunophenotyping is usually sufficient for the diagnosis of ACP
(strong).

Molecular analysis for the BRAF p.V600OE mutation is recom-
mended for the diagnosis of papillary craniopharyngioma, and
systematically recommended if treatment with BRAF/MEK inhi-
bitors is considered (strong).

The diagnosis of CP by histopathology is based on light micro-
scopy of tumoral tissue fixed in buffered formalin and stained by
Hematoxylin-Eosin-Saffron (HES) or Hematoxylin and Eosin (H&E).
The 2021 WHO classification distinguishes two types of CP: ada-
mantinomatous CP (ACP) and papillary CP (PCP) [63].

In nearly 95% of cases, PCP carries the V60OE activating mutation
of the BRAF gene (B-Raf proto-oncogene) [64]. The V60OE altera-
tion of BRAF is a somatic driver mutation accepted to be involved
in the development of numerous tumor types, including mela-
noma, thyroid carcinoma and low-grade glioma in children [65].
This mutation has not been described at the constitutional level,
and thus no association between the occurrence of PCP and any
of the above-mentioned tumors has been described to date. This
alteration induces constitutive activation of the mitogen-activated
protein kinase (MAPK) signalling pathway. In ACP, a mutation has
been identified in exon 3 of the CTNNB1 gene in 70 to 95% of
cases, depending on the sensitivity of the technique used [64,66].
The CTNNB1 gene codes for beta-catenin, a cytoplasmic protein
involved in intracellular signalling of the Wnt pathway. Apart
from these driver mutations, craniopharyngioma, as a whole, have
a relatively low non-synonymous mutation rate per megabase
(0.9/Mb), similar to that found in a number of pediatric tumors,
as well as in low-grade tumors in adults, such as WHO grade |
meningioma [67,68]. In view of this, CPs therefore appear to be
good candidates for targeted therapy, particularly in the case of
PCP.

Histologically, the two types of CP are easily identified [69].
ACP is characterized by epithelial nests associated with aggre-
gates of ghostly “wet” keratin [69]. These aggregates are highly
suggestive of ACP and are not seen in PCP. The epithelium of
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ACP is typically bordered by a basal layer of palisading baso-
philic columnar cells covered by a network of star-shaped cells
known as the “stellate reticulum”. It also contains distinct roun-
ded, “whorl”-like epithelial clusters. ACP frequently show chronic
lymphocytic inflammatory infiltrates, fibrosis, areas of necrosis
rich in cholesterol crystals, areas of macrophagic resorption with
giant multinucleated cells and calcifications. ACPs may also show
signs of ancient haemorrhage with deposition of hemosiderin pig-
ment. The surrounding nervous tissue typically shows piloid gliosis,
which should not be confused with pilocytic astrocytoma. The pre-
sence of these pronounced changes is unique to ACP and rarely
observed in PCP. Although the characteristic appearance of ACPs
makes positive diagnosis simple in most cases, anti-beta-catenin
immunohistochemistry is recommended to confirm the diagno-
sis [66,70-72]. ACP is characterized by heterozygous activating
mutations in the CTNNB1 gene, encoding the beta-catenin protein.
These mutations lead to nuclear translocation of beta-catenin in
a restricted proportion of tumor cells. This nuclear translocation
is detectable by immunohistochemistry and is mainly confined to
the “whorl”-like clusters. Only nuclear immunopositivity is speci-
fic for ACP. Membranous immunostaining is non-specific. Because
of its focal distribution within the tumor, nuclear positivity for
beta-catenin may be absent in very small samples (biopsies). The
morphology and biology of ACP recapitulates odontogenesis [73].
The presence in the sellar region of a tumour with odontogenic
differentiation may be linked to the development of the ade-
nohypophysis [74]. The latter is derived from Rathke’s pouch,
which forms by invagination of the roof of the stomodeum, the
embryonic primitive mouth. ACP thus derives from remnants of
Rathke’s pouch, which therefore retains an “oral” differentiation
program.

PCPs are characterized by a “budding” architecture with the for-
mation of large, coarse, often agglomerated papillae [69]. These
papillae present a fibro-vascular core covered by “standard” non-
keratinizing conventional squamous epithelium, with no atypia.
There is no “stellate reticulum” or clusters of “wet” keratin. PCPs
are generally devoid of the complex inflammatory changes seen
in ACP. Molecular analysis to look for V60OE mutation of BRAF is
recommended to confirm the diagnosis, and recommended to be
performed systematically if treatment with BRAF and MEK inhi-
bitors are envisaged. The use of anti-BRAF V600E immunostaining
(clone VE1)is not recommended for positive diagnosis and must be
avoided for theranostic purposes. In PCPs, beta-catenin labelling is
membranous while nuclear positivity is always absent. Compared
with ACPs, the origin of PCPs is less clear. An origin from squamous
metaplastic cells (cell clusters of the pars tuberalis of the adeno-
hypophysis or epithelial lining of a Rathke’s pouch cyst) has been
suggested [75,76].

Nevertheless, if the CP presents (i) a non-specific morphology
on histology, possibly due to a small specimen (biopsy); (ii) an ACP
morphology without nuclear beta-catenin positivity; or (iii) a PCP
morphology without BRAF V60OE mutation, it is necessary to look
for mutations in BRAF (V600E) and CTNNB1 (exon 3) and, if negative
to look for mutations in the adenomatous polyposis coli (APC) gene
(Fig.5). Molecular techniques must be adapted to the specific muta-
tion, be as sensitive as possible, and be at acceptable cost. Current
practice favors techniques that allow detection of low-frequency
mutations, such as high-throughput sequencing or, for identifying
V600E BRAF mutations, digital polymerase chain reaction (dPCR).
The presence of a BRAF V600E mutation points to PCP. The presence
of a CTNNB1 mutation (and exceptionally of APC mutation [77])
points to ACP. If the molecular work-up is negative, the histological
diagnosis of CP should be reconsidered, and the case reviewed by
an expert center. It is then recommended to determine the methy-
lation profile of the tumor on formalin-fixed, paraffin-embedded
material [71]. For example, a score above 0.9 in the Heildelberg clas-
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Fig. 5. Histo-molecular workflow for craniopharyngioma diagnosis. ACP: adamantinomatous craniopharyngioma; PCP: papillary craniopharyngioma IHC: immunohistoche-

mistry; WT: wild-type. *To be discussed after review by an expert center.

sifier (https://molecularneuropathology.org/) for the methylation
class “Adamantinomatous CP” or “Papillary CP” supports the diag-
noses of ACP and PCP, respectively. Negative molecular results must
always be considered in the light of the percentage of tumour cells.
Indeed, a small, paucicellular sample gives a risk of false negatives.

As previously mentioned, almost all CPs are sporadic tumors
caused by somatic mutations known as “driver” mutations, with no
hereditary genetic predisposition. In familial adenomatous poly-
posis (FAP), an inherited autosomal dominant disease, the Wnt
pathway is activated following biallelic inactivation of the APC gene,
anegative regulator of this pathway. This results in nuclear translo-
cation of beta-catenin in the absence of CTNNB1 mutation. Although
the tumorigenesis pathway is identical, ACP is not a lesion classi-
cally associated with FAP. Only a few observations describing the
occurrence of ACP in patients with FAP have been reported [78-82].
Interestingly, loss of the second APC allele at the somatic level has
been observed in 3 out of 4 patients with an APC germline muta-
tion, which is in favor of the involvement of APC in the CP found
in these patients [83,84]. Moreover, a case of ACP associated with
somatic biallelic inactivation of the APC gene, but without muta-
tion of the CTNNBI1 gene, has been described in the literature [77].
In 6/9 patients with FAP and ACP, there is an ectopic, cerebellopon-
tine localization of the CP. Consequently, in the presence of an ACP
without somatic CTNNB1 mutation and with at least one of the fol-
lowing conditions: ectopic localization, personal or family history
of CP, or tumors in the FAP spectrum (colon cancer, osteomas, epi-
dermoid cysts, desmoid tumors), or somatic APC mutation, looking
for a germline APC mutation should be considered.

8. Therapeutic management

See Box 2.

Box 2 : General recommendations for the treatment of
craniopharyngiomas

® Any lesion found to be compatible with a craniopharyngioma
should be referred to a Pituitary Tumor Centre of Excellence
(PTCOE) (strong).

® In the case of preoperative hypothalamic syndrome, a

conservative approach, as far as possible, is recommended

since any dissection at the limits of the tumor entails a very
high risk of aggravation (strong).

In children and adults, the endonasal approach is recom-

mended as the first-line approach for resection of cranio-

pharyngiomas with median, suprasellar and retro-chiasmatic
extension (strong).

® |n children and adults, the use of transcranial approaches
for the resection of craniopharyngioma with non-cystic late-
ral extension in relation to the carotid axis is recommended
(weak).

e Alternative medical treatments (targeted therapies) and/or
radiotherapy, after tumor biopsy, should be discussed in
cases of craniopharyngioma involving the hypothalamus in
the absence of visual dysfunction (strong).

8.1. Surgery

8.1.1. Approaches in children with craniopharyngiomas

e In the case of intracranial hypertension due to obstructive
hydrocephalus associated with a craniopharyngioma, ventricu-
loperitoneal shunting or cyst treatment (endoscopic emptying or
placement of an Omaya drain) is recommended (strong).

e In the case of symptomatic optic tract compression, priority
should be given to treatment of hydrocephalus and/or surgi-
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cal decompression of the chiasma via a pterional trans-sylvian
approach or endoscopic cystostomy (strong).

Intrasellar craniopharyngioma that does not extend beyond the
diaphragm should be treated endonasally by endoscopy or micro-
scopy. Alternatively, treatment may be withheld under periodic
radio-clinical supervision (weak).

In children, suprasellar craniopharyngiomas require limited sur-
gery to simply decompress the visual pathways and marsupialize
the cysts, without attempting to pull towards the cisterns or
cleave the ventricular wall, using an endoscopic transventricular
or trans-sylvian approach (weak).

The surgical management of CP in children has evolved consi-
derably since the early 2000’s. Awareness of the possible adverse
effects of surgery on academic performance, personality develop-
ment, eating disorders and morbid obesity have been highlighted in
various pediatric series [85,86]. Hypothalamic syndrome has been
identified as being responsible for these complications, with grea-
ter impact seen in the growing child than in the adult who has
already acquired a certain level of sociability, academic achieve-
ment and growth. This observation prompted neurosurgeons to
move away from radiological classifications of CPs based on their
relationship to the visual pathways, and to implement surgical
strategies based on preoperative radiological involvement of the
hypothalamus [87,88]. The three-grade radiological classification
of hypothalamic involvement proposed by Puget et al., in parti-
cular hypothalamic involvement [89], was intended to assess the
risk of developing hypothalamic syndrome postoperatively [85].
It was concluded that complete resection should be performed
for grades 0 and 1, and only incomplete resection for grade 2,
preserving the hypothalamus as much as possible. However, this
classification has its limits, with the rate of hypothalamic syndrome
remaining high postoperatively, including in grade 1. This suggests
that the surgical procedure, and in particular traction manoeuvres
on the ACP, known to be adhesive and invasive, should not be
underestimated, and are likely responsible for these poor results.
Very limited and cautious surgery; to open cysts and decompress
visual pathways without traction on the tumour, is probably the
most appropriate procedure, if followed by radiotherapy, without
compromising prognosis [85,90-93]. This can be achieved via an
endoscopic transventricular or trans-sylvian approach, by simply
opening the cystic lesions and resecting the portion compressing
the visual pathways, without attempting to resect any part of the
tumor that is close to the floor and without any traction. It is
important to take into account, in this decision, the efficacy of radio-
therapy, which has been accepted since the publication of Kramer
etal. in 1960. Overall survival and progression-free survival did not
differ between children who underwent large or moderate incom-
plete resection [90,94,95]. In conclusion, the optimal approach is
most often towards the midline, either by endoscopic trans-nasal
or ventricular endoscopy or the interhemispheric approach. Com-
plete excision of suprasellar lesions is no longer recommended (see
the surgery section).

8.1.2. Approaches in adults with craniopharyngioma
Five main categories of approach for resection of craniopharyn-
giomas are described (Fig. 6):

¢ standard endonasal transsphenoidal approach [96,97];

e extended endonasal transsphenoidal approach, known as
“transsphenoidal-transtubercular” approach;

e supratentorial or infratentorial transcranial approach adapted
to the exact location of the craniopharyngioma, usually derived
from the pterional approach;
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e transventricular transcranial approach (transcortical - transfron-
tal or interhemispheric - transcallosal);

e decompression procedures - cyst drainage - CSF bypass:
ventriculoperitoneal bypass, intracystic drain placement, cysto-
ventriculostomy.

Identifying the relationship of the craniopharyngioma to the sel-
lar diaphragm, optic chiasm, pituitary stalk, and floor of V3 is the
first major step in determining the choice of approach.

8.1.2.1. Endonasal approaches.

e [n adults, for intrasellar or suprasellar craniopharyngiomas
without supra-diaphragmatic extension, the simple “standard”
transsphenoidal approach is recommended (weak).

e In adults, for craniopharyngiomas with suprasellar transdia-
phragmatic extension, and supra-diaphragmatic craniopharyn-
giomas without lateral extension, the “extended” transsphe-
noidal approach through the tuberculum sellae turcica is
recommended (weak).

The extended endoscopic approach with resection of the tuber-
culum sellae and the sulcus opticus offers direct access to the
supra-diaphragmatic, sub- and retro-chiasmatic spaces [98-102].
When CPs are located in this space, this approach allows resection
without crossing the optic tracts with good control of the floor of
the V3, optimizing preservation of these highly functional anato-
mical structures. The extended approach is associated with a high
rate of radical resection and a limited rate of vascular and neuro-
logical complications [103-111]. In referral teams specialized in
the management of these tumors, 80% of adult CP are operated
on using the extended transsphenoidal approach. Cases of “trans-
ventricular” CP, also known as trans-infundibular CP, which have
perforated the floor of the V3, may also benefit from resection using
a “trans-tumoral” approach, i.e. following the corridor provided by
the tumorresection [111]. This corridor provides access to the intra-
ventricular portion of the CP, enabling resection via an extended
transsphenoidal approach of extensive CP in the V3 via invasion
of the pituitary stem and/or infundibulum, or direct perforation of
the hypothalamic floor. These procedures are associated with a high
proportion of subtotal resections, with no increase in hypothalamic
risk, since penetration of the V3 follows the perforation created by
the tumor [101,105,111,112].

8.1.2.2. Closure step for extended transsphenoidal approach. The
closure step after extensive endonasal resection of CP must be per-
formed with the utmost rigor. CSF leakage is inherent to endoscopic
endonasal surgery when the supra-diaphragmatic space is approa-
ched. Intraoperative leakage is systematically observed. The closure
stage is complex, as it involves managing a high-flow leak. If an
extended transsphenoidal approach is required, we recommend
specific prior treatment of hydrocephalus (most often by ventri-
cular bypass), which, if left untreated, will constitute an obstacle
to achieving tightness. A “multi-layer” skull base closure strategy
is required. Reconstruction of the sellar floor with fascial plasty
(fascia lata or synthetic) combined with vascularized nasoseptal
mucosal flaps maintained with a transient Foley catheter has pro-
ven effective [113-116] as well as intra-extrasellar “champagne
cork” fat plasty combined with fat packing of the sphenoidal sinus
[117]. External lumbar drainage, associated with a significant risk
of specific complications [118,119], is now less frequently used, as
it carries its own morbidity in addition to that associated with CP
resection. It is therefore not recommended.
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Fig. 6. Schematic representation of a craniopharyngioma and possible surgical approaches.

8.1.3. Craniotomy approach (subfrontal, frontopterional,

frontolateral, interhemispheric)

¢ In children and adults, the use of a transcranial approach is also
recommended for the resection of craniopharyngioma developed
strictly in the V3, not extending to the pituitary stem, located
above the hypothalamic floor without perforating it (weak).

e An intraventricular approach through a healthy V3 floor will
inevitably result in postoperative hypothalamic syndrome and
is not recommended (strong).

The transsphenoidal endoscopic approach does not allow opti-
mal control of tumour extension lateral to the axis of the
supra-cavernous carotid arteries. Moreover, this approach exposes
the surgeon to an increased risk of vascular complications through
injury to the supra-clinoid carotid artery or one of its branches.
Thus, apart from purely cystic lateral extensions, which can some-
times be resected by pulling on invaginations in the tissue using
microtractions, suprasellar CPs with non-cystic lateral extension
must be resected using a transcranial approach [96,120]. The exact
location of the CP is not the only factor influencing the decision.
The morphology of the sphenoidal sinus and the shape of the skull
base, which must be opened to gain access to the tumor, must also
be taken into account [121]. Apart from a perforation of the floor
of V3, identifiable on MRI, an intraventricular approach through a
healthy floor of the V3 runs a major risk of postoperative hypo-
thalamic syndrome [122] and is not recommended. Thus, the rare
cases of CP that develop strictly in the V3 must be operated via a
superior transcranial approach (transcallosal or transcortical trans-
ventricular approach, or terminal lamina approach), although the
risk of postoperative complications may be higher [96,122]. Thus,
in cases of CP that involve the hypothalamus with no perforation
through the floor of the third ventricle, the possibility of an alterna-
tive treatment to surgery (e.g., targeted radiotherapy or therapies)
should be discussed.

8.1.3.1. How to proceed to tumor resection?. In practical terms, the
strategy is to “stay within the tumor”, without overstepping its
boundaries, highlighting the concept of “trans-tumoral resection”.
As CPs can lead to hypothalamic syndrome when they invade the
floor of V3 [123,124], surgery, when it results in damage to the
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floor of the V3, can induce postoperative hypothalamic syndrome
with dramatic neurological and psychiatric consequences. In the
event of infiltration of the hypothalamus, subtotal resection should
be preferred, leaving one or more remnants in contact with the
hypothalamus. The literature has amply demonstrated the need
for pituitary surgery to be performed by experienced neurosur-
geons [125-128]. Given the relatively low incidence of CPs, the
additional technical difficulty and the risk of damaging highly func-
tional eloquent areas with serious consequences (hypothalamic
syndrome), recourse to expert neurosurgical centers is necessary
[129]. It should be emphasized that resection of CPs often requires
dissection of the pituitary stalk, tumor excision within the invaded
pituitary stalk, or even the sacrifice of the pituitary stalk. Moreo-
ver, anatomical respect for the pituitary stem does not guarantee
preservation of pituitary function. The rise of endoscopic endo-
nasal surgery [130], advances in radiotherapy in all its forms, a
better understanding of the natural history of these tumors, and the
neurosurgical community’s awareness of the crucial need for hypo-
thalamic sparing through pediatric studies, have all contributed to
reducing current operative mortality to less than 5% [20].

8.1.4. Imaging in the immediate postoperative period
A postoperative check-up can be performed by MRI on day 0 or
1 with the following protocol:

¢ 3D T1 spin echo (SE) without and with gadolinium injection, or
sagittal and coronal;

e 3D T2 or, failing that, coronal T2 thin sections (2 mm) centered
on the pituitary gland and lesion;

¢ 3D FLAIR;

e diffusion.

This imaging is used to check for possible complications, to
assess visual pathways and the presence of tumor remnants. It
should therefore only be proposed when necessary, by the medico-
surgical team caring for the patient in the immediate postoperative
period, based on clinical findings. Depending on the topography,
and in view of the functional risks associated with adhesion to the
hypothalamus, a remnant in the hypothalamic region may be the
expected postoperative outcome.
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8.2. Radiotherapy

Normofractionated conformal radiotherapy (with recommen-
ded intensity modulation using photons or proton beams) is the
gold standard for the treatment of CP in children and adults.
However, until recently, recommendations for radiotherapy mana-
gement have been hampered by the low level of evidence in
published studies. Recent studies involving a large number of adults
[131] and children [132] provide a new database.

The literature on the use of radiosurgery and stereotactic radio-
therapy in single-dose or hypofractionation is less robust than that
reporting normofractionated conformal radiotherapy, due both to
the scarcity of studies and to less-documented follow-up. This type
of radiotherapy is aimed at smaller lesions, and at a distance from
critical structures.

8.2.1. Indications for radiotherapy in the absence of prior
irradiation
8.2.1.1. Normofractionated conformal radiotherapy.

e Combination of subtotal resection of the craniopharyngioma fol-
lowed by complementary normofractionated radiotherapy can
achieve similar local control, while reducing the surgical morbi-
dity of maximalist surgery (strong).

¢ Normofractionated conformal radiotherapy may be proposed in
cases of recurrence of craniopharyngioma, in the absence of pre-
vious radiotherapy (strong).

e Systematic postoperative radiotherapy is notindicated after com-
plete gross total resection (strong).

¢ Proton therapy is an effective radiotherapy irradiation technique
for the treatment of craniopharyngioma, optimizing the protec-
tion of healthy tissue compared with photons. It is proposed as
an alternative to photon radiotherapy in pediatrics (weak).

The consensus in the literature is that conservative surgery
(subtotal or debulking/biopsy), combined, if necessary, with cyst
emptying followed by complementary normofractionated radio-
therapy should be the first-line of treatment, resulting in improved
local control (as opposed to exclusive surgery) and reduced sur-
gical morbidity (as opposed to maximalist surgery) [90,133,134].
Radiotherapy may be deferred in certain cases, with close MRI
monitoring, such as for patients of very young age (< 5 years) and/or
slow tumor kinetics. In that situation, radiotherapy would be pro-
posed at the time of re-evolution [135]. In terms of efficacy, the
risk of recurrence is comparable between patients (adults or chil-
dren) who have undergone extensive surgery or those who have
undergone partial surgery followed by radiotherapy [136,137].
The combination of partial surgery and postoperative radiothe-
rapy ensures a median progression-free survival of 60 months
[90]. In another systematic review, 5-year PFS for patients trea-
ted with partial surgery and postoperative radiotherapy was 73%,
and this rate did not differ statistically from that observed in
patients with gross total resection [137]. Postoperative radiothe-
rapy is not recommended after macroscopically complete surgery
[138]. Although three-dimensional conformal photon therapy has
been widely used, the most widely used technique currently is
intensity-modulated conformal radiotherapy (IMRT). Proton the-
rapy may be proposed for its ballistic advantages, but there is
no formal evidence that it reduces the incidence of side effects,
compared currently with IMRT. In a recent study, proton therapy
prevented local recurrence in 92% of irradiated adult patients [131].
The use of proton beams in children is a priority for proton the-
rapy departments in Europe and North America. Indeed, for this
benign midline tumor, the dose to the target volume is similar to
that delivered by photons, the dose upstream of the target volume
is reduced, and with a complete absence of exposure of healthy
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tissue downstream of the target volume. The dose gradient bet-
ween target and healthy tissue is thus greatly optimized. Savings
are therefore mainly achieved in the brain parenchyma. A prospec-
tive study by Merchant et al. showed an improvement in cognitive
outcomes after proton therapy, compared with photon therapy, in
a cohort of 94 patients with a median age of approximately 9 years
[132].

8.2.1.2. Single-dose or hypofractionated stereotactic radiotherapy.

e Stereotactic radiotherapy is not a first-line radiotherapy moda-
lity for the treatment of craniopharyngioma. Its indication should
be discussed in a case-by-case basis by a dedicated tumor board
(weak).

When considering single-dose stereotactic radiotherapy (radio-
surgery) or hypofractionated radiotherapy for 1st-line manage-
ment of adult CP, data in the literature report tumor control
rates lower than those reported with normofractionated stereo-
tactic radiotherapy (control rate of 70% over a median follow-up of
45 months) [134,139]. Given the limited data available to date, this
technique cannot be recommended.

8.2.2. Radiotherapy application
8.2.2.1. Normofractionated conformal radiotherapy.

e Gross target volume and clinical target volume contours must be
discussed in cooperation with the neurosurgical team (strong).
¢ In the case of a cystic component, several control images (CT or
MRI) are required during radiotherapy to be able to adapt the
target volume and dosimetry contours as the cystic component

grows (strong).

The target volumes reported for this type of radiotherapy are:

gross target volume (GTV, macroscopic volume taking up contrast
medium on dosimetric MRI) including all three components:
solid, cystic and calcified;

clinical target volume (CTV) (3D expansion of 5 mm modified at
uninvaded anatomical barriers [133,140]). The CTV is justified by
the infiltrative nature of CP [141];

planning target volume (PTV) (3D expansion, the value of which
is left to the discretion of each center depending on the par-
ticle, technique, restraint method and imaging control procedure
employed - typically 3-7 mm).

GTV and CTV contours must be reviewed with the neurosur-
gical team. Doses delivered to the PTV range from 50.4 to 54 Gy
with conventional fractionation [133]. In the case of CP with a cys-
tic component, it is recommended to perform several follow-up
images (CT or MRI) during radiotherapy, in order to propose adjust-
ments to target volume contours and dosimetry in the event of
cyst growth [142]. The organs at risk that must be delineated are
the chiasma, optic nerves, brainstem, hippocampi, temporal lobes
and cochleae [143]. Dose constraints are those reported in the lite-
rature by Lambrecht et al. [144] and by Noél and Antoni [145]. A
mean dose <30 Gy to the left hippocampus is suggested to reduce
cognitive impairment [ 146].

8.2.2.2. Single-dose or hypofractionated stereotactic radiotherapy.

e The target volumes to be reported for single-dose or hypofrac-
tionated stereotactic radiotherapy are the GTV and PTV. GTV
contours should be discussed in cooperation with the neurosur-
gical team (strong).
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The unique target volume is:

e GTV (macroscopic volume taking up contrast on dosimetric MRI);

e the CTV is equal to the GTV;

¢ PTV (3D expansion, the value of which is left to the discretion of
each center depending on the technique, restraint method and
imaging control procedure employed - typically 0-3 mm).

Doses delivered to the PTV are 12-15 Gy as a single dose [147]
and 18-21 Gy in 3 fractions or 25 Gy in 5 fractions.

The essential organs at risk to be delineated are the optic path-
ways and the brain stem [143]. Dose constraints are those reported
in the literature by Milano et al. [ 148] and by Noél and Antoni [145].

8.2.3. Re-irradiation

Inthe event of re-irradiation, it is necessary to consider the doses
previously received by organs at risk, particularly the visual path-
ways. The choice of radiotherapy technique should be discussed on
a case-by-case basis during the tumor board review.

8.3. Targeted therapies

e If standard treatment fails, targeted therapies (MEK or VEGF inhi-
bitors, biotherapies) for adamantinomatous craniopharyngiomas
should be discussed by a dedicated tumor multidisciplinary board
(weak).

e For papillary craniopharyngiomas, combination of BRAF/MEK
inhibiting therapies is a therapeutic option to be discussed by
a dedicated tumor board (strong).

Knowledge of the molecular biology underlying CP tumorige-
nesis has paved the way for an unsuspected field of application
in these tumors. Somatic mutations of the CTNNB1 gene are found
in 70-95% of ACP [67]. These mutations lead to hyperactivation
of the WNT pathway and also of the MAPK/ERK pathway, parti-
cularly at the invasive margins of the tumor [44]. There is also
hypersecretion of growth factors (EGFR, PDGF, VEGF/VEGFR) and
cytokines (IL6/IL6R, notably in the solid tumor component, but also
in the cystic component), which contributes to tumor development.
Hyperactivation of the PD1/PDL1 immune system has also been
described [149] with two subtypes described: immunoresistant
and immunogenic [ 150].

8.3.1. Adamantinomatous craniopharyngiomas

In the case of CTNNB1 mutations, there is no specific targe-
ted therapy. Recently, an encouraging clinical trial conducted in
patients with desmoid tumors, in which pathogenic signaling path-
ways involve beta catenin, could pave the way for therapies such
as nirogacestat in ACP [151].

The results discussed below are based on isolated clinical obser-
vations.

8.3.1.1. MEK inhibitors. Trametinib has shown promising results
[73,152,153]. Binimetinib, 45 mg b.i.d. resulted in initial tumor
shrinkage over 8 months and prolonged stabilization in a young
woman with multi-recurrent ACP [ 153]. Clinical tolerance was pro-
blematic, with a need for dose reduction (30 mg morning and 15 mg
evening) and a therapeutic pause due to skin toxicity, hyponatre-
mia, venous stasis, asthenia and weight gain. One clinical trial is
currently recruiting for this treatment (NCT05286788).

8.3.1.2. IL-6 and VEGF inhibitors. Tocilizumab (anti-IL6 receptor)
has recently been used in two young patients with recurrent
cystic ACP in compassionate use, after failure of local cystic treat-
ment either as monotherapy (n=1, aged 7 years) or in combination
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with bevacizumab (n=1, aged 3years) [154]. Both patients sho-
wed anincrease in cystic IL6 concentration. Treatment (tocilizumab
12mg/kg iv every 2weeks) was clinically and morphologically
effective, particularly in the cystic portion, and generally well-
tolerated, apart from an asymptomatic grade 3 neutropenia in the
child treated with dual therapy. In this child, bevacizumab was
added in 2nd intention after 6 months’ stabilization on monothe-
rapy due to signs of recurrence on MRI. He was treated for 14 of the
28 months of follow-up, with breaks in treatment. The 2nd child
treated with tocilizumab alone was treated for 7 months with a
partial response and no toxicity. The duration of follow-up after
cessation of treatment is not known, although this information
is essential to assess the risk of rebound after cessation of treat-
ment, as described in gliomas. There are currently two clinical
trials recruiting patients to test tocilizumab in ACP (NCT03970226
and NCT05233397). Blocking the VEGF pathway has been tested in
adults with ACP with efficacy observed only for the cystic com-
ponent [155]. Side effects described have been moderate, these
being infections, neutropenia, thrombocytopenia, and hepatic cyto-
lysis.

8.3.1.3. Anti-PD1/anti-PD-L1 drug treatments. Multicenter studies
with analysis of clinical, radiological, histological, and molecular
data are needed to define the place of these drugs in the therapeutic
strategy for ACP. A case of CP in a 17-year-old patient has been
reported in the literature (nivolumab monotherapy) showing no
efficacy [156]. To date, there are no data on the potential efficacy
of immunotherapies targeting PD1 or PD-L1, however one clinical
trial in its recruitment phase is testing nivolumab and tovorafenib
in combination (NCT05465174).

8.3.2. Papillary craniopharyngiomas

Published studies on the efficacy of targeted therapies in PCP
are encouraging.

Mutation of the BRAF gene (V600E) is present in 95% of cases
of PCP [67]. As in other cancers with BRAF hotspot mutations, the
combination of BRAF and MEK inhibitors (trametinib or cobime-
tinib) is recommended to improve tolerability, reduce the risk of
secondary skin cancers, reduce the risk of resistance, and increase
anti-tumoral efficacy. These treatments have been tried mainly in
recurrent tumors, and very rarely in the neoadjuvant setting for
tumor reduction. A recent phase 2 study evaluated the efficacy of
vemurafenib-cobimetinib in combination (administered in 28-day
cycles) in patients with ACP, with an objective response observed in
15 out of 16 patients [157]. Although no progression was observed
under treatment, 3 patients experienced recurrence after treatment
was stopped. Other MEK/BRAK inhibitors in combination have been
tested [158]. Side effects described in this study included skin
rashes, hyperglycemia and increased CPK enzymes, necessitating
discontinuation of treatment (19%). Minor side effects were also
described including frequent mild-to-moderate fever; frequent
arthralgias; 1 patient with cytolysis, and photosensitivity. Another
Phase II study is currently underway with dabrafenib/trametinib
in combination (NCT05525273). These data have changed the
paradigm of the therapeutic strategy for PCP considerably [159].
Whenever possible, patients should be included in clinical trials
for these treatments.

8.3.3. Intracystic treatment of craniopharyngiomas

e Treatments with intracystic chemo-/radiotherapy cannot be
recommended outside of study protocols, particularly in view of
the irreversible neurotoxicity that may result (strong).

In cystic ACPs, local treatments have been proposed, particu-
larly in children, to delay radiotherapy. The therapies used have
been either interferon-a (IFN ), local radiotherapy (Yttrium®® or
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Phosphorus32), or chemotherapy molecules (bleomycin) [1]. Treat-
ment with intracystic IFN « is effective on cystic but not solid
portions of the tumor [160,161]. Intracystic chemotherapy with
bleomycin has also shown some efficacy in small series [162,163].
However, amore recent study failed to confirm this efficacy, and the
treatment has been associated with neurotoxicity [164]. Published
data almost exclusively concern children: in the review by Mrowc-
zynski et al., only 12 adult cases had been treated with bleomycin,
compared with over a hundred cases in children [160]. In the same
review, no adults were treated with IFN a. Thus, studies of intra-
cystic treatments for CP are of low power, mainly concern children,
and do not permit a reliable assessment of the risk-benefit balance.
These treatments cannot therefore be recommended outside study
protocols, particularly in view of the irreversible neurotoxicity that
may occur.

9. Craniopharyngioma-associated comorbidities
9.1. Endocrine deficiencies in the immediate postoperative period

¢ Endocrine deficits observed after surgical resection of a cranio-
pharyngioma should be considered as endocrine consequences
of surgery, rather than postoperative complications (strong).
Concerted postoperative follow-up with an endocrinology team
with expertise in pituitary pathology is recommended, regardless
of the type of surgery (strong).

Besides clinical assessment (quantification of fluid intake, weight,
and diuresis), the following assays are recommended: plasma
cortisol (8 am if the context allows it), natremia/natriuresis,
plasma and urine osmolality (strong).

Prevention of both corticotropic insufficiency (administration of
hydrocortisone) and dehydration (access to water) are of para-
mount importance (strong).

In children and adults, early hormonal assessment is required,
with plasma cortisol levels measured as a priority (preferably at 8
am).

The seven-day plasma half-life of fT4 suggests that the imme-
diate postoperative thyroid work-up should be analyzed with
caution, as there is a risk of underestimating the existence and
depth of a thyrotroph deficiency of recent onset. Nevertheless, fT4
measurement remains of interest to establish the existence of a
preoperative thyrotroph deficit that may have worsened.

The search for AVP-D (formerly central diabetes insipidus)
should be carried out immediately in the postoperative period,
based on clinical assessment (weight and quantification of fluid
intake and diuresis). It is important to stress that water deprivation
test is contraindicated in this case:

in children, hydro-electrolyte balancing in the postoperative per-
iod is sometimes tricky and requires knowledge of the child’s
previous weight and current weight, total oral and intravenous
water intake, diuresis, natremia, plasma and urine osmolality in
the immediate postoperative period, and then initially every 4 to
8 hours;

conscious patients must have free access to water during this cri-
tical period. Paraclinical monitoring is based on measurement of
natremia, natriuresis, plasma and urine osmolalities and urine
specific gravity [165]. There are no data in the literature showing
a difference in the drug treatment (desmopressin) of AVP-D in
adults between CP and other etiologies (apart from adipsic dia-
betes insipidus, see Box 3).

A triphasic evolution of natremia disorders may occur, with a
phase of early postoperative AVP-D (DO to D3/D5), followed by a
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Box 3 : The specific case of adipsic diabetes insipidus

e Adipsic diabetes insipidus (ADI) is defined as a reduced or
absent sensation of thirst, as assessed by a visual analog
thirst scale [166].

The natremia threshold proposed in the literature is
150 mmol/L (in practice, ADI is suspected where natraemia
is > 145 mmol/L).

Management of ADI requires knowledge of the patient
weight in the normo-natremic period, which corresponds to
the target weight [167,168].

It relies on daily monitoring of weight, fluid intake, 24-hour
diuresis and natremia.

In adults, the aim of desmopressin titration is to achieve a
diuresis of 1.5 to 2 liters per day with constant water intake,
the water intake being adapted to maintain the target weight
(—0.5kg of weight in normo-natremia =+500 mL of water).
In children, the aim of desmopressin titration is to achieve
a diuresis of 20-100 mL/kg/d in infants, 20-50 mL/kg/d in
children over 2 years of age, with constant per os intakes cor-
responding to physiological water requirements for weight
and age.

phase of syndrome of inappropriate antidiuresis (SIAD), then per-
manent AVP-D [169-171]. Management of SIAD is based on rapid
discontinuation of desmopressin (which may have been introdu-
ced in the immediate postoperative period), combined with fluid
restriction or, more rarely, infusion of 3% hypertonic saline in the
event of severe symptomatic hyponatremia. Rare reports of salt
loss syndrome (exceptional in adults [172]) have been reported
postoperatively in children, combining dehydration, hyponatremia
with normal or slightly increased diuresis and inadequate natriure-
sis (cerebral salt wasting). Treatment is based on intravenous saline
infusion in cases of severe or symptomatic hyponatremia, carried
out in an intensive care unit. Finally, perioperative management
of AVP-D often requires close collaboration between endocrinolo-
gists and anaesthetists. The management of endocrine deficiencies
in the follow-up period is summarized in the dedicated section.

9.2. Metabolic complications

9.2.1. Hypothalamic obesity

e Patients and their families must be warned of the risk of post-
operative weight gain, and directed towards expert centres that
offer conditions for preventing the development or worsening of
hypothalamic obesity and eating disorders (strong).

Eating behaviour in patients with craniopharyngioma should be
systematically evaluated with adequate tools (weak).

Early therapeutic intervention combining dietary advice and
support for eating disorders is recommended as early as the
immediate postoperative period (strong).

e The occurrence of digestive disorders (particularly vomiting) in
patients receiving pharmacological treatment for hypothalamic
obesity should result in adaptation of hydrocortisone dose to
avoid corticotropic insufficiency (strong).

Bariatric surgery may be an alternative option in the management
of obesity secondary to craniopharyngioma in children or adoles-
cents. It must be discussed by a multidisciplinary committee and
supervised by a multidisciplinary team including endocrinolo-
gists (strong).

One of the most important long-term side effects of CP and its
treatment is weight gain and the development of obesity, known
as hypothalamic obesity (HOb). HOb has a major negative impact
on health, quality of life and self-esteem [173]. This stigmatization
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contributes to the worsening of obesity in childhood, to difficulties
in social integration and to the worsening of obesity-related comor-
bidities [174]. At the time of CP diagnosis, the prevalence of HOb
varies between 4% and 15%. After treatment, HOb becomes more
frequent, especially in children, with a prevalence that can exceed
50% [173]. Weight gain occurs mainly in the first year or even the
first 6 months after treatment, usually followed by a plateau phase
[175]. However, continuous weight gain is also possible.

Risk factors for HOb include the degree of hypothalamic invol-
vement at diagnosis, preoperative body mass index (BMI), young
age at diagnosis, dosimetry received in radiotherapy and extent
of surgery/degree of hypothalamic involvement postoperatively
[1,175,176]. When CP occurs at a pediatric age, overweight or obe-
sity is present in 25% of cases [87]. The largest registry of children
with CP in Germany reported that the mean BMI gain at diagno-
sis was 0.8+2 SD score compared with a reference population,
the mean BMI gain was 3 +2 SD score within 3 years in cases of
hypothalamic involvement, and there was an additional BMI gain
of 1.5+ 2 SD score over the following 7 years [23,177].

The pathophysiology of HOb is complex. Hypothalamic damage
alters the homeostatic regulation of energy intake, leading to
hyperphagia, while the imbalance in the sympatho-vagal balance
leads to hyperinsulinism. Hyperphagia, decreased resting energy
expenditure and reduced physical activity leading to HOb are
worsened by the coexistence of altered sleep-wake rhythms,
sleep disorders and neuropsychological disorders. Inadequate
replacement of pituitary deficiencies may worsen the condition
[173,178-181]. Notably, an oxytocin deficit may be involved in
the pathophysiology of obesity and dysautonomia and, possibly,
in metabolic issues [182].

There is no specific treatment for CP-related HOb, however GLP1
analogs used in common obesity have been the subject of randomi-
zed controlled trials in HOb [183,184]. Hypothalamic involvement
does not appear to be a brake on the efficacy of these molecules
[185]. Setmelanotide, a melanocortin type 4 receptor agonist, also
showed promising results in HOb [ 186]. Side effects are the same as
those encountered in populations suffering from common obesity
treated with GLP1 analogs, or genetic obesity treated with setme-
lanotide. In this latter group, hyperpigmentation is a common side
effect[186]. Particular attention should be paid to patients suffering
from endocrine deficiencies (particularly corticotropic deficiency)
who experience digestive side effects with either GLP1 analogs or
setmelanotide.

Bariatric surgery has been reported to be less efficient than in
common obesity [187,188]. Although no adverse events specific
to CP have been reported, particularly concerning postoperative
hormone replacement therapy, its indication must be discussed in
a case-by-case approach.

9.2.2. Obesity-related metabolic comorbidities

e Systematic screening for metabolic dysfunction-associated fatty
liver disease (MAFLD), and hepatic fibrosis, is recommended in
all adults with craniopharyngioma (strong).

e Dyslipidemia and diabetes should be screened for in any
patient > 15 years old with a craniopharyngioma (strong).

e Dyslipidemia, diabetes and MAFLD should be screened for in
all obese children and adolescents with craniopharyngioma
(strong).

9.2.2.1. Metabolic dysfunction-associated fatty liver disease (MAFLD).
Few studies have looked at the prevalence of MAFLD in patients
with craniopharyngioma, even though they may have risk factors
such as obesity, metabolic syndrome and type 2 diabetes.

The prevalence of MAFLD appears to be greater in cases of
growth hormone deficiency [189,190]. It has also been shown
that the severity of MAFLD correlates negatively with GH levels
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after adjustment for BMI, and that severe GH deficiency is associa-
ted with more advanced MAFLD [191]. One study, of 19 adult CP
patients with hypothalamic involvement since childhood, showed
a prevalence of MAFLD on CT scan of 50% [192].

9.2.2.2. Dyslipidemia. Studies comparing subjects with CP to an
age-, sex- and BMI-matched control group showed significantly
lower HDL-c levels [25,193,194] and significantly higher triglyce-
ride (TG) levels [194] a fortiori when diagnosed during adulthood
[55]. As such, current recommendations for the management of
dyslipidemia can be applied to patients with CP [195].

9.2.2.3. Diabetes. The prevalence of diabetes appears to be much
higher than would be expected in relation to obesity levels, such
that it affects 10-20% of adults undergoing CP surgery. The stan-
dardized incidence ratio is between 4 and 6 [196].

When diabetes is 3 to 6 times more common in adults diagnosed
with CP in childhood [3,13]. Diabetes should be managed in accor-
dance with guidelines of the American Diabetes Association, with
objectives as strict as for any other patient, with an annual check-
up of diabetic complications in adults [197]. Preference should be
given to weight-loss boosting therapies (biguanides, iSGLT2, and
especially GLP-1 agonists) on the basis of specialist advice. It is
essential that patients should have a regular adapted physical acti-
vity and resistance exercise program.

9.3. Hypothalamic syndrome (excluding hypothalamic obesity)

Hypothalamic syndrome encompasses all manifestations lin-
ked to hypothalamic destruction by the tumor itself and/or by its
treatment(s) (surgery, radiotherapy). These manifestations include
obesity, endocrine deficits, dysautonomic disorders (regulation of
temperature, thirst, sweating), neuropsychological disorders and
sleep disorders. Van Santen et al. have recently proposed diagnos-
tic criteria for hypothalamic syndrome in children, with a score
enabling early detection of these manifestations and hence rapid
management [198]. Overall, around 50% of CP patients present
with hypothalamic syndrome [198]. Symptoms of hypothalamic
syndrome should be sought during clinical follow-up of patients,
and objective assessment (study of cardiac variability, temperature
measurement, calorimetric evaluation of resting energy expendi-
ture, physical activity questionnaires) should be carried out during
long-term follow-up of patients.

9.3.1. Sleep disorders

e Screening for sleep disorders should be systematic in patients
with craniopharyngioma after therapeutic management (sur-
gery, radiotherapy) with appropriate tools (strong).

e Signs suggestive of narcolepsy or secondary hypersomnia should
be referred to expert sleep centers (weak).

As many as 25 to 100% of patients with CP complain about
hypersomnolence, 14 to 35% complain of secondary narcolepsy,
and 4 to 46% of sleep apnea. Sleep disorders in patients with CP are
multifactorial, with possible alteration of the hypocretin (= orexin)
system, abnormal secretion of orexin leading to secondary nar-
colepsy, obesity favoring upper airway obstruction during sleep,
and thus sleep apnea syndrome (with related complaints of non-
recuperative sleep and hypersomnolence). Alteration in circadian
rhythms, with reduced melatonin production (further increased in
the case of visual disorders), also contribute to changes in sleep-
wake rhythms and complaints of hypersomnolence and insomnia.

The management of sleep disorders is crucial, since they are
closely linked to cardiovascular, metabolic and psychiatric health
(anxiety and depression), as well as to immune and cognitive sys-
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tem function [199-201]. In the event of pathological scores on
questionnaires, or signs suggestive of sleep apnea syndrome (com-
plaints of hypersomnolence, non-recuperative sleep, intense and
frequent snoring, sensations of nocturnal suffocation, respiratory
pauses observed by family and friends), ventilatory polygraphy or
even nocturnal polysomnography should be performed.

9.3.2. Abnormal circadian rhythms

¢ In patients with craniopharyngioma, it is recommended to main-
tain regular exposure to daylight during the day and avoid
excessive exposure to artificial light (including blue light at
night), avoid nocturnal food intake, which desynchronizes per-
ipheral clocks and could favor metabolic disorders (weak).

Circadian rhythms are endogenous rhythms that enable us to
anticipate recurrent changes linked to the alternation of day and
night. A central clock is located in the suprachiasmatic nuclei (SCN)
of the hypothalamus, directly above the optic chiasm [202]. The
rhythms of this clock, spontaneously of ~24h, are synchronized
to the local schedule by light perception through photoreceptors
(retinal ganglion cells containing a specific pigment, melanopsin)
that project to the SCN [203]. The latter communicates with other
hypothalamic nuclei and the epiphysis to modulate body tem-
perature and the production of hormones such as cortisol and
melatonin, themselves enabling 24-hour physiological adaptations.
Pre-clinical models have demonstrated the importance of the cen-
tral clock, for example that anatomical damage of the SCN abolishes
physiological and behavioral circadian rhythms [204].

Pre-clinical data thus suggest that craniopharyngioma or its
treatments (resection and radiotherapy) may have clinical conse-
quences linked to the alteration or loss of central circadian rhythms
[205]. These may include daytime hypersomnolence that persists
despite hormone replacement and treatment of obstructive sleep
apnea.

9.3.3. Neuropsychological disorders

¢ In children and adults, a thorough neuropsychological evaluation
is recommended firstly at the time of diagnosis of craniopharyn-
gioma, and then at a later stage, depending on the patient’s age at
the time of diagnosis, the treatments received and the patient’s
clinical complaints (strong).

Patients with CP can develop neuropsychological disorders,
which are mainly observed after treatment, and can occur at any
age at diagnosis of CP. These disorders can be classified into six
categories and are listed below in order of frequency [123]:

e memory disorders (working memory, long-term memory, wor-
king speed);

¢ behavioral changes/personality shifts or even emotional indiffe-
rence;

¢ emotional disorders including apathy and irritability/agitation;

e cognitive impairment, generally mild to moderate;

e altered mood, including hypomania and depression;

e delirium/hallucinations.

It should be stressed that there is currently no evidence that
intelligence quotient is worsened in case of craniopharyngioma
[206]. As such, IQ must be considered normal in patients with CP.

Neuropsychological disorders are of multifactorial origin: hypo-
thalamic invasion with extension to V3 may be associated with
a reduction in the volume of white and grey matter within the
limbic system involved in higher functions (cognitive, mnesic and
executive functions), pituitary hormonal deficiencies, extensive
hypothalamic surgery (particularly in the case of multiple recur-
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rences), and radiotherapy (particularly high dose and/or applied to
the temporal lobes and hippocampi in children).

In adults, the functions to be assessed in the neuropsychologi-
cal work-up should include: (i) attention, including psychomotor
speed and selective attention, (ii) episodic memory, (iii) working
memory, (iv) executive functions (flexibility, inhibition, planning),
and (v) thymia (anxiety, depression).

In children and adolescents, the functions to be assessed in
the neuropsychological work-up should include, as a priority: (i)
intellectual efficiency, including processing speed (WPPSI/WISC,
depending on age), (ii) executive functions: flexibility, inhibition,
planning, working memory (from age 6), (iii) attentional functions:
selective, divided, sustained (from age 6), (iv) psycho-pathological
aspects (anxiety, depression) (questionnaires from age 6 + clinical
signs), (v) depending on complaints and clinical observations, psy-
chosocial skills (from age 6), visual gnosias (from age 6) may also
be assessed.

Fractionated stereotactic radiotherapy and proton therapy are
thought to present a lesser risk to deterioration of these neuro-
cognitive functions. Thymic disorders appear to be more frequent
in patients diagnosed with CP in adulthood [207-211]. A reduc-
tion in the volume of grey matter of the anterior and posterior
limbic systems and in the white matter of the pathways connec-
ting with other areas of the limbic system have been described on
MRI. Similarly, different recruitment of fronto-limbic brain regions
has been observed on functional MRI during face recognition [212].
This suggests that hypothalamic damage has an impact on neural
memory retrieval systems in the medial prefrontal cortex, indi-
cating less efficient use of an area involved in control processes.
Correlations have been established between cognitive disorders
and abnormalities of the fronto-limbic system on MRI, the latter
being involved in the “default mode” network [213,214]. The tests
and scales used may vary according to age, socio-cultural level
and any visual or hearing impairments. Screening and treatment
of these neuropsychological disorders (psychotherapy, speech the-
rapy, psychomotricity, adapted orientation/life project) is essential
to limit their impact on quality of life (physical, social and fatigue
domains) and to avoid a self-perpetuating cycle (thymic disorders
leading to cognitive disorders and vice versa).

10. Medical and social care

e Quality of life should be systematically assessed using validated

scales and questionnaires in all patients with craniopharyngioma.

The surgical decision is decisive in limiting the consequences of

surgery on quality of life (strong).

For children, multi-professional care involves a neuropedia-

trician and, if possible, a pediatrician specialized in physical

medicine and rehabilitation at the hospital and/or within
medical-educational structures (strong).

e The need for a person to accompany a disabled pupil
(school/student life assistant) must be systematically assessed
(strong).

e We recommend patients who have undergone extensive surgery
to be referred to a physical medicine and rehabilitation unit dedi-
cated to cerebral palsy patients, particularly in the case of severe
cognitive sequelae (strong).

e A comprehensive approach, involving government departments
and their regional/federal delegates, is recommended to facili-
tate the medical and social care of craniopharyngioma patients
(strong).

The medico-social dimension for child and adult CP patients is of
fundamental importance, as it conditions the patient’s and family’s
long-term experience of the pathology and its mostly irreversible
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consequences [215]. In children, as in adults, the psycho-medico-
social consequences of CP have mainly been studied longitudinally,
after surgery and/or radiotherapy. Two international registries
have shed light on the medico-social consequences of CP: the Ger-
man KRANIOPHARYNGEOM [216] and data from the KIMS [217].
For children, medical and social care must ensure the best pos-
sible conditions for integration into school and society, access to
education and personal fulfilment, taking into account physical
(endocrinological, visual) and behavioral disabilities.

10.1. Impact on quality of life and functional capacity

The impact of CP treatment on quality of life is undeniable,
regardless of the age at diagnosis (child, adolescent, adult). A
prospective comparative study carried out in 2004, using ques-
tionnaires, quality of life scales and specific measures (Youth Self
Report, Child Behavior Checklist, PedQOL) for children and their
parents, highlighted a clear deterioration in the quality of life of
children with CP compared with their controls [218]. Functional
abilities, on its various dimensions (i.e., physical ability, degrees
of autonomy, emotional functioning, cognitive ability, friendly and
family sociability, body image) are severely impaired in CP patients
compared with the general population, and directly correlated with
worsening BMI [216]. Similar studies have emphasized the impor-
tance of hypothalamic invasion and a retro-chiasmatic localization
of CP as predictive factors of the extent of postoperative impair-
ment of quality of life [219,220]. Likewise, extensive surgery was
associated with anincreased risk of psychosocial deterioration [31].
A recent study, carried out on a large series of 709 patients, sho-
wed that quality of life scores and body image were significantly
better in patients diagnosed before the age of 6 than in those diag-
nosed after this age [221]. Functional skills measured at 5 years
were, however, more impaired in younger patients. These results
suggest that a diagnosis of CP in early childhood encourages the
patient to adapt early to the resulting handicaps, or to have a lower
perception of body image deterioration than children diagnosed at
an older age. In adults, the study by Patel et al. shows that quality of
life after CP surgery deteriorates markedly if visual disorders and/or
endocrine deficits are present postoperatively [222]. Growth hor-
mone replacement in adult patients with endocrine deficiencies
has shown conflicting results in terms of improved quality of life
[223,224]. In a study comparing 29 CP adult patients in remis-
sion with 142 controls, all aspects of quality of life continued to
show a negative impact (general fatigue, physical fatigue, energy,
physical condition and physical mobility)[225]. Independent pre-
dictive factors for impaired quality of life were the existence of
visual disorders, female gender, repeated CP surgery and recourse
to radiotherapy.

10.2. Impact on emotions and cognitive functions

Craniopharyngioma, and its treatment, has a persistent nega-
tive impact on various cognitive, thymic, and executive spheres
in patients. In children, behavioral difficulties have been noted
in the aftermath (mean follow-up of 6.8 years) of surgery for CP
[220]. These were characterized by attention difficulties, social dif-
ficulties, and a tendency to internalize, especially in the school
environment. However, no significant impairment in IQ has been
reported [206]. The emotional impact is perceived to be greater for
adolescents and parents. These negative impacts are also related to
the altered sleep quality described in patients with CP [226].

In adults, 75% of patients will show areduction in neurocognitive
capacity following surgery, with, in particular, the onset of atten-
tion disorders, a deterioration in immediate task performance and
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short-term memory, or a more marked tendency towards apathy
[227,228].

10.3. Impact on social integration, emotional and marital life

Adult CP patients have a lower standard of living than the gene-
ral population. A recent study comparing 59 CP patients (mean age
25years) with 306 matched patients with type 1 diabetes found
a significantly higher proportion of CP patients living with their
parents (43% vs. 14%) [229]. Similarly, adult CP patients were less
likely to have adriver’s license [23]. Occupational health physicians,
in consultation with other professionals, play a central role in gui-
ding and advising patients in their applications for employment,
reclassification or their job retention.

Finally, various studies suggest a higher proportion of unmar-
ried subjects and increased incidence of sexual disorders in adult
patients with CP [23,229,230]. A recent French survey of a sample
of 107 patients and their relatives reported an impact of CP on the
family or marital sphere in 85% of cases (personal data of TC and
B.G-C).

10.4. Unmet needs and medico-social actions

Several measures are needed to support CP patients over the
long-term, with the aim of optimizing their medical treatment and
social integration.

The assistance of a social worker may be required for certain
procedures, carried out by the patient’s attending physician and
specialist. Social workers may be required in every facet of com-
munity life (schools, hospitals, mental health clinic).

In children, the following social measures may be required:

e the pediatrician or the attending physician should be responsible
for ensuring access to care, regardless of the patient’s resources.
Depending on the country, several measures are in place to enable
an allowance or full coverage of medical expenses, for example
Disability Benefits provided by Social Security in USA, “Affection
Longue Durée” in France, and UK Disability Allowance in the UK;
there is a need for implementation of a personalized school
enrolment program. In many schools (secondary and higher
education), there are disability coordinators to facilitate the
orientation of children and teenagers concerned.

In adults, the social aspects may include:

e health cover for long-term illness by the attending physician, to
guarantee access to care regardless of resources;

care provided by mobile physical and rehabilitation medicine
teams, socio-professional assessment with the help of a social
worker and occupational physicians;

social support services for disabled adults (assistance to help disa-
bled people to achieve their life goals);

for patients with persistent visual problems, follow-up in a dedi-
cated low vision outpatient clinic;

the possibility to refer the patient to Acquired Brain Disorders
Services that offer a wide range of support and services to the
patient within their own communities;

the support provided by the Patients’ association.

11. Transition from children-adult and pregnancy
11.1. Transition

e Continuity of care between childhood and adulthood, through a
multidisciplinary transition, is essential (strong).
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¢ Induction of puberty is based on estrogen therapy in girls, and
androgen therapy in boys. Pubertal induction with rhCG and
rhFSH may be proposed in boys to enable testicular development,
induction of spermatogenesis and sperm preservation could even
be suggested (strong).

¢ Anassessment of cognitive and memory functions should be offe-
red at transition, to enable the best socio-professional orientation
(strong).

e At the time of transition, young patients need to be able to
understand and explain their illness, their treatment, and the
importance of long-term follow-up. Therapeutic education plays
a fundamental role in this period (strong).

Comprehensive, personalized care for young patients must
be based on discussion, taking their emotions into account, and
adapting to their priorities and lifestyle, with the establish-
ment of specialized input involving adolescent, pediatric and
adult endocrinologists. Continuity of care between childhood and
adulthood, through a multidisciplinary transition, is essential.
Follow-up goals during the transition include monitoring of the
tumor, visual impairment, hypothalamic and pituitary endocrine
impairment, cardiometabolic comorbidities and neuropsychologi-
cal disorders/behavior [16]. Management at the time of transition
should include:

tumor treatment: monitoring after the first neurosurgery is
essential. In the presence of tumor residue, “neurosurgical
transition” is essential. In the case of radiotherapy, prolonged
monitoring of potential long-term sequelae will be necessary
[132];

the existence of visual and neurological sequelae: Visual conse-
quences also require ongoing neuro-ophthalmological care. Their
evolution after initial treatment is unpredictable, especially in the
case of multiple repeat surgeries [218];

pituitary deficiencies: supplementation with somatotropin, levo-
thyroxine, hydrocortisone, and desmopressin follows the same
principles in adolescents as in adults;

comorbidities: management of overweight/obesity, in particular.

The adult height achieved with growth hormone treatment is
generally in line with the genetic target height, with standard doses
of growth hormone (often less than 30 pg/kg/day).

Once adult height has been reached, growth hormone has a pro-
ven safety profile, and remains useful for acquiring peak bone mass
and optimizing body composition in young adults [231,232].

Puberty should be induced at normal physiological age
[233-235]. In girls, estrogen should be prescribed in progressively
increasing doses, preferably using transdermal 17 beta-estradiol
to avoid first-pass hepatic effects. A progestin (preferably natu-
ral progesterone) should be added after around 2 years of estrogen
therapy, or as soon as the first menstruation occurs.

In boys, pubertal induction should be based on delayed-release
testosterone, administered intramuscularly or subcutaneously
(testosterone enanthate) in gradually increasing doses over 2 to
3years, enabling development of the penis and secondary sexual
characteristics. However, this treatment cannot increase testicular
volume or induce spermatogenesis. To achieve this goal, pubertal
induction with recombinant choriogonadotropin alfa (rhCG) and
recombinant FSH (rhFSH) delivered by subcutaneous injections
(i.e., 3-4 injections per week) may be preferable, as it stimulates
spermatogenesis while enabling preservation of sperm. This option
should be discussed in the light of the adolescent’s maturity and the
constraints of multiple injections.

Recombinant FSH is approved in men for the stimulation of sper-
matogenesis. As a rule, fertility induction is not problematic, as the
gonadotropic deficiency is acquired (and therefore the phases of
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physiological gonadotropic activation in the ante-natal period and
during mini-puberty have indeed taken place, associated with the
multiplication of Sertoli cells, and without any alteration of germ
cells).

Transition is a key period for preventing or treating over-
weight/obesity associated with hypothalamic syndrome. Multidis-
ciplinary management, particularly of nutrition, and promotion
of physical activity, is essential. Neurocognitive outcomes, qua-
lity of life and psychosocial outcomes should also be part of the
patient’s care during the transition. Assessment of cognitive, exe-
cutive and memory functions should be carried out to propose
targeted rehabilitation, and, for young adults, help with integration
into socio-professional life. Increased anxiety and reduced self-
esteem should also be investigated during this period, and may
warrant specialized follow-up and psychological care [93,228,236].

At the time of transition, young patients need to be able to
understand and explain their disease, their treatment, and the
importance of long-term follow-up: these elements are important
to ensure compliance with follow-up and treatment in adulthood,
and to avoid breaks in follow-up and the medical or tumor-related
consequences these could entail. Therapeutic education structures
play a crucial role in empowering young patients.

11.2. Pregnancy in women with craniopharyngioma

Gonadotroph deficiency affects up to 29-74% of adult patients
at diagnosis, and 57% to 94% after craniopharyngioma treatment
[44].

In women, replacement therapy should consider the presence
of overweight or obesity, as well as arterial and venous vascular
risk factors, when choosing treatments. The transdermal route is
preferred for estrogen intake. Observations of spontaneous pre-
gnancies in patients who have had CP are rare, due to the frequency
of hypogonadism and the lower proportion of sexually active indi-
viduals compared to the general population [237]. Observations of
tumour growth during pregnancy have been reported. Before any
pregnancy, a metabolic, hormonal and tumor evaluation is essen-
tial, and the case should be discussed, where the clinical situation
is complex, by a multidisciplinary board attached to a Pituitary
Tumor Centre of Excellence. Induction of ovulation aims to achieve
mono-ovulation, and is achieved by concomitant administration of
FSH and LH during the follicular phase, adapted to the individual
response, particularly in cases of obesity [238]. Pulsatile adminis-
tration of GnRH by pump is ineffective in cases with destruction of
pituitary gonadotropic cells (as in intrasellar CP). After ovulation,
luteal phase supportis required, through repeated injections of hCG
or administration of progesterone.

There is currently insufficient data to suggest a preferred mode
of delivery. Breastfeeding, when possible, has no effect on the
disease. A pre-conception consultation with an obstetrician is advi-
sed in cases of severe obesity or other comorbidities.

In women older than the physiological age of menopause
(around age 50), estrogen and progesterone, if the uterus is still
present, should be considered for hormonal menopause therapy.
Its continuation should be discussed with the patient in the light of
the risk-benefit balance, particularly in terms of bone health. This
would rarely be continued after 60 years of age.

12. Follow-up and long-term management
12.1. Endocrine deficiencies during the follow-up
12.1.1. Prevalence

The prevalence of at least one anterior-pituitary deficit after
surgery for a CP varies between 60% and 100% of cases, depen-
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ding on the study. An English study, which included children and
adults, with a 10-year follow-up, showed that the percentage of
GH, LH/FSH, ACTH and TSH deficiencies was 80-90%, 90%, 85-90%
and 80% respectively, and AVP-D was present in 65 to 75% of
patients [35,239,240]. Predictive factors for the occurrence of pitui-
tary deficits postoperatively, such as extent of surgery, adjuvant
radiotherapy, or tumor size, are controversial in the literature
[17,38,241]. To date, the majority of studies agree that the onset and
persistence of long-term endocrine deficiencies are more frequent
when the CP is diagnosed during childhood.

12.1.2. When and how to assess hormonal axes during the

follow-up

¢ In children and adults, basal hormonal evaluations rely on the

assessment of morning cortisol, TSH/fT4 and IGF-1. Assessment

of the gonadotropic axis (FSH/LH, estradiol in women, testoste-

rone in men) should only be carried out from the pubertal period

onwards (strong).

In children and adults, tumor progression and/or new therapeutic

interventions (surgery, radiotherapy) should lead to reassess-

ment of previously intact pituitary function (strong).

Endocrine deficits persist in the long-term follow-up of patients

with craniopharyngioma. If the deficit is confirmed, it is not

necessary to repeat the dynamic testing of that axis (strong).

¢ To avoid under-/overtreatment, assessment of peripheral hor-
mones is recommended in the follow-up of patients treated with
hormonal substitution (fT4 for levothyroxine, testosterone in the
case of testosterone injection and IGF-1 for GH substitution)
(strong).

In children and adults, in addition to clinical examina-
tion, biochemical monitoring is based on an electrolyte panel
and exploration of all pituitary hormones, 1 to 3 months
after therapeutic intervention (surgery alone, radiotherapy or
surgery +radiotherapy). Monitoring includes morning cortisol,
TSH/T4L and IGF-1. In the case of new therapeutic intervention,
pituitary deficits not previously present should be looked for.
Assessment of the gonadotropic axis (FSH/LH, estradiol in women,
testosterone in men) should only be carried out from the pubertal
period onwards. LHRH testing is not necessary to confirm gona-
dotropic deficiency. Before pubertal induction, it may be useful
to perform inhibin B assays to assess Sertoli cell function, and
anti-miillerian hormone (AMH) assays to assess ovarian reserve.
It is unclear if a growth hormone stimulation test is necessary to
confirm or rule out GH deficiency. In the case of CP, since the proba-
bility of GH deficiency is high, a normal IGF1 level does not rule out
GH deficiency, and it may be advisable to follow-up with a GH sti-
mulation test [242]. Radiation therapy, particularly in the pediatric
age group, can expose patients to a late risk of endocrine deficits
(with the exception of AVP-D, which is never generated by radia-
tion therapy), radiation-induced tumours, cognitive disorders and
vascular thrombosis [243]. A pre- and post-radiotherapy endocrine
assessment is essential, especially if there is no hypothalamic-
pituitary deficit prior to irradiation. We recommend a reassessment
of intact pituitary hormone functions annually in the long-term
after radiotherapy.

There is no systematic indication to look for secondary recovery
in patient follow-up, a fortiori in cases of complete pituitary insuffi-
ciency (panhypopituitarism). As such, this aspect can be left to the
discretion of the medical team, depending on the context (age of
the pituitary deficit, extent of the deficit, single therapy or multiple
sequences). However, to avoid under-/overtreatment, assessment
of peripheral hormones is recommended in the follow-up of
patients treated with hormonal substitution (fT4 for levothyroxine,
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testosterone the day before the next injection of testosterone enan-
thate, and IGF-1 for GH substitution, respectively).

12.1.3. Hormonal substitution in the long-term

¢ In the case of gonadotropic replacement therapy, hormone repla-
cement therapy should be continued in women at least up to the
physiological age of menopause. Beyond this age, the risk-benefit
balance should be considered when deciding whether to continue
treatment. In men, gonadotropic substitution (androgen therapy)
can be offered throughout their lives in the absence of contrain-
dications (strong).

In both children and adults, GH treatment should be discontinued
in the event of recurrence or progression of craniopharyngioma.
Reintroduction of GH treatment, if necessary, should be discussed
by a dedicated tumor board (strong).

There are no major differences in the long-term treatment of
corticotroph, thyrotroph and gonadotroph deficiencies in patients
with CP compared to treatment in other causes of pituitary deficien-
cies. Hydrocortisone substitution should be monitored clinically,
looking for signs of over- or under-dosing. In craniopharyngioma
patients, monitoring is more delicate, due to the asthenia or
hypothalamic obesity sometimes associated with hydrocortisone
supplementation. For thyrotroph deficiency, the goal is to obtain
an fT4 level in the upper third or half of the upper limit of nor-
mal. In cases of associated corticotropic deficiency, corticotropic
substitution should precede thyrotropic substitution. It should be
kept in mind that fT4 levels may fall after replacement of associa-
ted somatotropic and/or gonadotropic deficiency(s), necessitating
an increase in levothyroxine dosage.

Long-term hormone replacement therapy is important, as it not
only improves quality of life and fertility, but also reduces the risk
of bone loss and significantly reduces cardiovascular risk [1].

In children, GH treatment may be started as early as 6 months
after completion of CP treatment, after verification of disease stabi-
lity on two successive MRIs spaced 3 months apart, or even as early
as the 3rd month in certain children whose growth and BMI have
been severely affected.

In adults, the beneficial effects of GH replacement therapy for
patients with a history of CP have been debated. Replacement
should be introduced after discussion with the patient, considera-
tion of the impact of the deficit and the risk factors inherent to the
patient’s overall state of health. In general, GH therapy is introduced
1 to 2 years after the last surgery. These data are based on observa-
tional, retrospective, non-randomized studies. However, the most
recent studies are reassuring. A study from the UK, with a follow-up
0of 10.8 + 9.2 years (range: 1.9-40years), showed that GH treatment
did not increase the recurrence rate of CP [244]. Olsson et al. com-
pared two groups of CP patients treated or not treated with GH
(15-year follow-up). They showed that the recurrence rate was
identical in both groups. However, the frequency of residual tumor
was lower in the GH-treated group (29 vs. 45%), suggesting that the
population in this group had been carefully selected [245]. More
recently, an Italian study showed no correlation between GH treat-
ment and CP recurrence, in a population including 89 patients with
a mean age at inclusion of 35 &+ 1.6 years, after a median follow-up
of 7 years since the last surgery [246,247]. In the KIMS study publi-
shed in 2022, 15,809 patients with GH deficiency were treated and
followed for a mean of 5 years and a maximum of 18.3 years [248].
Of these patients, 10.6% had a history of CP. The data suggest that GH
treatment is safe in terms of recurrence rate and metabolic profile.
Inboth children and adults, GH treatment should be discontinued in
the event of recurrence or progression of CP. Reintroduction of GH
treatment, if necessary, should be discussed by a dedicated tumor
board.
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Long-term compliance with hormone therapy is an important
issue. In the study by Cheng et al., only 20% of patients took their
prescribed estrogen-progestin or GH therapy over the long-term
[239]. Long-term hormone replacement therapy is important, as
it not only improves quality of life and fertility, but also reduces
the risk of bone loss and significantly reduces cardiovascular risk
[1]. Patients who have had CP are recommended to undergo life-
long multidisciplinary follow-up at an expert center, especially for
assessment of bone fragility. Several studies have found decreased
BMD in CP patients [249,250] despite estrogen-progestin hormone
replacement therapy and/or GH treatment, and in the absence of
excess hydrocortisone substitution. The female population is par-
ticularly at risk. Specialized care may therefore be required to
consider anti-osteoporotic treatments in addition to HRT, or when
HRT is contraindicated.

It should be noted that, to date, there is no evidence that bariatric
surgery has a significant impact on the absorption of endocrine
replacement therapies [251].

12.2. Imaging during follow-up

¢ In children, imaging surveillance should be performed every
3 months during the first year, then every 3 to 6 months over
the following years. It should become annual only after 5years
of stability, and can be performed every 2 years after 10 years of
stability (strong).

e In adults, craniopharyngioma patients should be monitored at
3 months and, at the latest, at 12 months postoperatively. For
the first 5 years, monitoring should be annual, then every 2 years
between 5 and 10 years, and every 3 to 5 years thereafter (strong).

¢ The frequency of monitoring and the expectation of new imaging
can be anticipated depending on the context (existing tumor resi-
due, evolution, appearance/recurrence of clinical signs) (strong).

¢ Bone mineral density should be assessed by two-photon bone
densitometry, particularly in women, every 3 to 5 years (weak).

12.2.1. Modalities

Imaging follow-up is based on the measurement of solid and
cystic tumor components and their relationship with the visual
pathways and hypothalamus [252]. 3D T2 and 3D FLAIR sequences
enable better reproducibility of measurements and identification
of small remnant images that may go unnoticed on T2 and T1 slice
acquisitions.

In the event of radiotherapy, a transient increase in cysts may
occur [131] and requires close MRI monitoring during treatment
[142].

The recommended acquisition protocol is identical to the post-
operative protocol, apart from diffusion:

¢ T1 spin echo (SE) without and with gadolinium injection;

e coronal T2 thin sections (2 mm), 3D T2 and 3D FLAIR;

¢ in children and young adults, some teams recommend monito-
ring without injection, to limit the relative risk of gadolinium
accumulation.

12.2.2. Frequency of MRI

In adults, a “standardized” MRI monitoring protocol could be
to perform an MRI between 2 and 4 months postoperatively, then
at 12months postoperatively (Fig. 7). Imaging monitoring may
be annual for 5years, then every 2years from 5years onwards.
However, the frequency should be adapted on a case-by-case basis,
depending on the presence of any residual tumor, its progressive
nature, and the appearance or re-emergence of clinical signs.

MRI should be performed as a matter of emergency in the event
of new symptoms that suggest progression (unusual headaches,
vomiting, visual impairment, deterioration of general condition).
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Failing this (contraindication to MRI, for example), a brain CT should
be performed.

In children, the situation is somewhat different, prompting clo-
ser monitoring: as the risk of recurrence is higher in pediatric CP,
monitoring is therefore based on MRI scans every 3 months during
the first year, then every 3 to 6 months over the following years,
depending on the neurosurgeon’s assessment. It should become
annual only after 5 years of stability (Fig. 7).

12.2.3. Bone mineral density

Patients with CP are recommended to undergo lifelong multi-
disciplinary follow-up at an expert center especially for assessing
bone fragility. Several studies have found decreased BMD in CP
patients [249,250] despite estrogen-progestin hormone replace-
ment therapy and/or GH treatment, and in the absence of excess
hydrocortisone substitution. The female population is particularly
at risk. Specialized care may therefore be required to consider
anti-osteoporotic treatments in addition to hormone replacement
therapy, or when HRT is contraindicated. We thus recommend a
bone mineral density assessment by two-photon bone densitome-
try, particularly in women, every 3 to 5 years.

12.3. Visual explorations during the follow-up

Neuro-ophthalmological follow-up should be organized accor-
ding to initial findings. It should include at least one new early
assessment (< 3 months) after treatment (surgery and/or radiothe-
rapy) and one more at 12 months. The remaining follow-up should
be discussed on a case-by-case basis based on the patient’s com-
plaints, tumor growth and/or therapeutic intervention that may
affect visual functions.

12.4. Education program

e An education program must be offered to children and adult
patients with craniopharyngioma and their families (weak).

One of the aims of an education program is to help patients
acquire or maintain the self-care and coping skills they need to
manage their lives with a chronic disease, improve their quality
of life and achieve their life goals (World Health Organization.
Copenhagen: Regional Office for Europe, 1998. Therapeutic patient
education).

In pituitary diseases, education programs have recently been
developed [253-255]. A recent study focusing on patients with a
confirmed diagnosis of pituitary adenoma underlines the impor-
tance for patients of being able to obtain appropriate information
from a specialist, thereby reducing the anxiety associated with the
diagnosis and improving patient satisfaction [255]. In 53 patients,
including 4 with CP, a dedicated education program was associa-
ted with an improvement in some parameters of their quality of
life (physical and psychological limitations), better management
coupled with reassurance regarding their pituitary pathology, and
overall satisfaction at the end of the program [254]. To date, no
program has been developed specifically for CP patients (neither
in adult nor in paediatric patients), even though they represent
a patient population that could benefit most from such a pro-
gram in terms of safety (management of panhypopituitarism and
its complications), quality of life and social and professional inte-
gration. Education programs are also beneficial in breaking patient
isolation, by giving them the opportunity to meet other patients
suffering from the same rare disease. In the case of adolescents,
an education program is a necessary accompaniment to help them
adhere to the therapeutic project and take responsibility for their
disease.
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Fig. 7. Schematic diagram of the follow-up as recommended by the current guidelines, for the management of children and adult patients with craniopharyngiomas.

Patients’ relatives also benefit from such programs, with impro-
vements in vitality, anxiety and depressive symptoms. It is also
desirable that such education programs should, where possible,
involve the relevant patient associations, as well as expert patients.

12.5. Recurrence during follow-up

Local recurrences of CP are frequent, ranging from 0 to 57%. They
may be symptomatic (headaches, visual disturbances) or diagnosed
on imaging as part of surveillance [256].

12.5.1. Risk factors for recurrence

The risk of recurrence depends on the treatment strategy. In a
study of adult patients with a 3-year follow-up, recurrence was
observed in 17% of patients with total resection, 27% with sub-
total resection plus radiotherapy and 45% with subtotal resection
alone, with no significant difference in the risk of recurrence bet-
ween total resection and partial resection plus radiotherapy [136].
Recurrence is therefore a common occurrence, even after resection
described as complete, and after postoperative imaging showing no
residual tumor. The absence of postoperative radiotherapy and the
presence of postoperative residue after initial tumor surgery are
the most frequently-found predictive markers of recurrence, whe-
ther for early recurrence [257] or late recurrence [35]. Pituitary
stem conservation appears to reduce the risk of pituitary insuf-
ficiency without increasing the risk of recurrence, according to a
2015 meta-analysis [258].

Signs of aggressiveness of the initial tumor, i.e. initial size,
invasion of the third ventricle, adhesion to adjacent structures,
expression of p53, are also associated with an increased risk of
recurrence [257].

The risk of recurrence seems to increase with anatomopatholo-
gical type, according to a recent meta-analysis of 976 patients, with
26% recurrence for ACP and 14% for PCP [259].

Recurrences most often occur within the first 5 years after sur-
gery, but late recurrences are also possible. The average time to
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recurrence varies from 26 to 96 months, with recurrences some-
times occurring much later, up to 27 years [256]. These times vary
according to treatment, with averages of 29.1, 81.3 and 23 months
for patients treated by total resection, subtotal resection and radio-
therapy, or subtotal resection alone, respectively [136].

Rare cases of ectopic recurrence have been described along the
neural axis extending from the subcortical space to the S1 root. A
recent review of the literature describes 67 cases of ectopic recur-
rence, with a disease-free interval of up to 26 years [260]. These
recurrences developed either along the surgical pathway or via
the CSF. No cases of ectopic recurrence have been described after
transsphenoidal surgery.

13. Summarizing conclusions

Overall, the management of craniopharyngiomas, either in chil-
dren or in adults, remains complex and requires input from several
fields of the healthcare system. Recent guidelines about craniopha-
ryngiomas have been published but they only focused on childhood
[261]. The aim of this reference document, endorsed by the French
Endocrine Society/French Society for Paediatric Endocrinology &
Diabetes, is to provide concise, detailed, up-to-date guidelines,
from diagnosis to long-term follow-up, for clinicians dealing with
patients with craniopharyngiomas.

Disclosure of interest

Pr Nicolas André has an advisory role for Bayer and Partners
Therapeutics and receives grants (institution) from Bristol Myers
Squibb and drugs for a trial from Bristol Myers Squibb, Pierre
Fabre, Merck, Pfizer, travel support from Roche & Novartis; Spea-
ker’s Honoraria for Alection, he further has IDMC roles for Accord
Healthcare.

Pr Karine Clement is a clinical investigator for Rhythm Pharma-
ceutics.

Pr Pascal Barat has an advisory role for Rhythm Pharmaceutics.



T. Cuny, R. Reynaud, G. Raverotet al.

Pr Blandine Gatta-Cherifi is clinical investigator and has an advi-
sory role for Rhythm Pharmaceutics.

The others co-authors declare that they have no competing
interest.

Références
[1] Miller HL, Merchant TE, Warmuth-Metz M, Martinez-Barbera
J-P, Puget S. Craniopharyngioma. Nat Rev Dis Prim 2019;5:75,

http://dx.doi.org/10.1038/s41572-019-0125-9.

[2] Momin AA, Recinos MA, Cioffi G, Patil N, Soni P, Almeida ]JP, et al. Des-

criptive epidemiology of craniopharyngiomas in the United States. Pituitary

2021;24:517-22, http://dx.doi.org/10.1007/s11102-021-01127-6.

Olsson DS, Andersson E, Bryngelsson I-L, Nilsson AG, Johannsson G.

Excess mortality and morbidity in patients with craniopharyngioma,

especially in patients with childhood onset: a population-based

study in Sweden. ] Clin Endocrinol Metab 2015;100:467-74,
http://dx.doi.org/10.1210/jc.2014-3525.

Nielsen EH, Feldt-Rasmussen U, Poulsgaard L, Kristensen LO,

Astrup ], Jergensen JO, et al. Incidence of craniopharyngioma in

Denmark (n = 189) and estimated world incidence of craniopha-

ryngioma in children and adults. J Neurooncol 2011;104:755-63,

http://dx.doi.org/10.1007/s11060-011-0540-6.

Makino K, Nakamura H, Yano S, Kuratsu J-I, Kumamoto Brain Tumor

Group. Population-based epidemiological study of primary intra-

cranial tumors in childhood. Childs Nerv Syst 2010;26:1029-34,

http://dx.doi.org/10.1007/s00381-010-1126-x.

Bunin GR, Surawicz TS, Witman PA, Preston-Martin S, Davis F, Bru-

ner JM. The descriptive epidemiology of craniopharyngioma. ] Neurosurg

1998;89:547-51, http://dx.doi.org/10.3171/jns.1998.89.4.0547.

Gittleman H, Ostrom QT, Farah PD, Ondracek A, Chen Y, Wolinsky Y, et al. Des-

criptive epidemiology of pituitary tumors in the United States, 2004-2009. ]

Neurosurg 2014;121:527-35, http://dx.doi.org/10.3171/2014.5JNS131819.

Zacharia BE, Bruce SS, Goldstein H, Malone HR, Neugut Al, Bruce ]N.

Incidence, treatment and survival of patients with craniopharyngioma in

the surveillance, epidemiology and end results program. Neuro Oncol

2012;14:1070-8, http://dx.doi.org/10.1093/neuonc/nos142.

Asirvatham JR, Deepti AN, Chyne R, Prasad MSN, Chacko AG, Rajshekhar V,

et al. Pediatric tumors of the central nervous system: a retrospective study

of 1043 cases from a tertiary care center in South India. Childs Nerv Syst
2011;27:1257-63, http://dx.doi.org/10.1007/s00381-011-1407-z.

Stiller CA, Nectoux ]. International incidence of childhood

brain and spinal tumours. Int ] Epidemiol 1994;23:458-64,

http://dx.doi.org/10.1093/ije/23.3.458.

Chang K-H, Teng C-LJ, Hsu Y-C, Tsai SC-S, Lin H-J, Hsieh T-L, et al. Long-

term exposure to air pollution associates the risk of benign brain tumor: a

nationwide, population-based, cohort study in Taiwan. Toxics 2022;10:176,

http://dx.doi.org/10.3390/toxics10040176.

Iglesias P, Nocete I, Moure Rodriguez MD, Venegas-Moreno E, Ares

J, Biagetti B, et al. Craniopharyngioma in the elderly: a multicenter

and nationwide study in Spain. Neuroendocrinology 2021;111:925-36,

http://dx.doi.org/10.1159/000512161.

Wijnen M, Olsson DS, van den Heuvel-Eibrink MM, Hammarstrand C, Jans-

sen JAMJL, van der Lely AJ, et al. Excess morbidity and mortality in patients

with craniopharyngioma: a hospital-based retrospective cohort study. Eur J

Endocrinol 2018;178:93-102, http://dx.doi.org/10.1530/EJE-17-0707.

[14] Qiao N.  Excess mortality  after  craniopharyngioma  treat-
ment: are we making progress? Endocrine 2019;64:31-7,
http://dx.doi.org/10.1007/s12020-018-1830-y.

[15] Lehrich BM, Goshtasbi K, Hsu FPK, Kuan EC. Characteristics and
overall survival in pediatric versus adult craniopharyngioma:
a population-based study. Childs Nerv Syst 2021;37:1535-45,
http://dx.doi.org/10.1007/s00381-021-05094-y.

[16] Otte A, Miiller HL. Childhood-onset craniopharyngioma. ] Clin Endocrinol
Metab 2021;106:e3820-36, http://dx.doi.org/10.1210/clinem/dgab397.

[17] Merchant TE, Edmonston DY, Wu S, Li Y, Boop FA, Lustig RH. Endocrine
outcomes after limited surgery and conformal photon radiation therapy for
pediatric craniopharyngioma: long-term results from the RT1 protocol. Neuro
Oncol 2022;24:2210-20, http://dx.doi.org/10.1093/neuonc/noac115.

[18] Cheng ], Shao Q, Pan Z, You ]. Analysis and long-term follow-up of the
surgical treatment of children with craniopharyngioma. J Craniofac Surg
2016;27:e763-6, http://dx.doi.org/10.1097/SCS.0000000000003176.

[19] Khalid MU, Shah MM, Bajwa MH, Mirza FA, Laghari AA, Raghib MF, et al. Cra-
niopharyngioma: a lower-middle-income-country epidemiology. ] Pak Med
Assoc 2022;72:561-7, http://dx.doi.org/10.47391/JPMA.11-S4-AKUB10.

[20] Erfurth EM, Holmer H, Fjalldal SB. Mortality and morbi-
dity in  adult craniopharyngioma. Pituitary = 2013;16:46-55,
http://dx.doi.org/10.1007/s11102-012-0428-2.

[21] Jasim S, Alahdab F, Ahmed AT, Tamhane S, Prokop LJ, Nippoldt TB, et al. Mor-
tality in adults with hypopituitarism: a systematic review and meta-analysis.
Endocrine 2017;56:33-42, http://dx.doi.org/10.1007/s12020-016-1159-3.

[22] Yuen K(J, Mattsson AF, Burman P, Erfurth E-M, Camacho-Hubner C, Fox ]JL,
etal. Relative risks of contributing factors to morbidity and mortality in adults

3

[4

[5

(6

[7

[8

[9

[10]

[11]

[12]

[13]

23

Annales d’Endocrinologie 86 (2025) 1631

with craniopharyngioma on growth hormone replacement. J Clin Endocrinol
Metab 2018;103:768-77, http://dx.doi.org/10.1210/jc.2017-01542.
Sterkenburg AS, Hoffmann A, Gebhardt U, Warmuth-Metz M, Daubenbii-
chel AMM, Miiller HL. Survival, hypothalamic obesity, and neuropsy-
chological/psychosocial status after childhood-onset craniopharyngioma:
newly reported long-term outcomes. Neuro Oncol 2015;7:1029-38,
http://dx.doi.org/10.1093/neuonc/nov044.
Edmonston DY, Wu S, Li Y, Khan RB, Boop FA, Merchant TE. Limited surgery
and conformal photon radiation therapy for pediatric craniopharyngioma:
long-term results from the RT1 protocol. Neuro Oncol 2022;24:2200-9,
http://dx.doi.org/10.1093/neuonc/noac124.
Scarano E, Solari D, Riccio E, Arianna R, Somma T, Cavallo LM,
et al. Craniopharyngioma and metabolic syndrome: a 5-year
follow-up single-center experience. Front Neurol 2022;13:783737,
http://dx.doi.org/10.3389/fneur.2022.783737.
Holmer H, Ekman B, Bjork ], Nordstom C-H, Popovic V, Siversson A, et al.
Hypothalamic involvement predicts cardiovascular risk in adults with child-
hood onset craniopharyngioma on long-term GH therapy. Eur ] Endocrinol
2009;161:671-9, http://dx.doi.org/10.1530/EJE-09-0449.
Mukherjee A, Helbert M, Davis J, Shalet S. Immune function in hypo-
pituitarism: time to reconsider? Clin Endocrinol (Oxf) 2010;73:425-31,
http://dx.doi.org/10.1111/j.1365-2265.2009.03751.x.
Arima H, Cheetham T, Christ-Crain M, Cooper D, Drummond ], Gurnell M,
et al. Changing the name of diabetes insipidus: a position statement of the
Working Group for Renaming Diabetes Insipidus. ] Clin Endocrinol Metab
2022;108:1-3, http://dx.doi.org/10.1210/clinem/dgac547.
Serbis A, Tsinopoulou VR, Papadopoulou A, Kolanis S, Sakellari EI,
Margaritis K, et al. Predictive factors for pediatric craniopharyn-
gioma recurrence: an extensive narrative review. Diagnostics 2023;13,
http://dx.doi.org/10.3390/diagnostics13091588.
Fouda MA, Riordan CP, Zurakowski D, Goumnerova LC. Analysis of 2141
pediatric craniopharyngioma admissions in the USA utilizing the Kids’ Inpa-
tient Database (KID): predictors of discharge disposition. Childs Nerv Syst
2020;36:3007-12, http://dx.doi.org/10.1007/s00381-020-04640-4.
Fouda MA, Scott RM, Marcus K], Ullrich N, Manley PE, Kieran MW, et al.
Sixty years single institutional experience with pediatric craniopharyn-
gioma: between the past and the future. Childs Nerv Syst 2020;36:291-6,
http://dx.doi.org/10.1007/s00381-019-04294-x.
Hoffmann A, Boekhoff S, Gebhardt U, Sterkenburg AS, Daubenbiichel AMM,
Eveslage M, et al. History before diagnosis in childhood craniopharyngioma:
associations with initial presentation and long-term prognosis. Eur ] Endocri-
nol 2015;173:853-62, http://dx.doi.org/10.1530/EJE-15-0709.
Huang C-C, Lin K-L, Wu C-T, Jung S-M, Wang C-], Chen Y-C, et al. Clinical
and endocrinological manifestations of childhood-onset craniopharyngioma
before surgical removal: a report from one medical center in Taiwan. Pediatr
Neonatol 2021;62:181-6, http://dx.doi.org/10.1016/j.pedneo.2020.08.014.
Liu AP-Y, Tung JY-L, Ku DT-L, Luk C-W, Ling AS-C, Kwong DL-
W, et al. Outcome of Chinese children with craniopharyngioma: a
20-year population-based study by the Hong Kong Pediatric Hema-
tology/Oncology Study Group. Childs Nerv Syst 2020;36:497-505,
http://dx.doi.org/10.1007/s00381-019-04480-x.
Zucchini S, Di lorgi N, Pozzobon G, Pedicelli S, Parpagnoli M, Driul D,
et al. Management of childhood-onset craniopharyngioma in Italy: a mul-
ticenter, 7-year follow-up study of 145 patients. J Clin Endocrinol Metab
2022;107:e1020-31, http://dx.doi.org/10.1210/clinem/dgab784.
Karavitaki N, Brufani C, Warner JT, Adams CBT, Richards P, Ansorge
O, et al. Craniopharyngiomas in children and adults: systematic analy-
sis of 121 cases with long-term follow-up. Clin Endocrinol (Oxf) 2005,
http://dx.doi.org/10.1111/j.1365-2265.2005.02231.x.
Rosenfeld A, Arrington D, Miller ], Olson M, Gieseking A, Etzl M, et al.
A review of childhood and adolescent craniopharyngiomas with parti-
cular attention to hypothalamic obesity. Pediatr Neurol 2014;50:4-10,
http://dx.doi.org/10.1016/j.pediatrneurol.2013.09.003.
Gautier A, Godbout A, Grosheny C, Tejedor I, Coudert M, Courtillot C, et al.
Markers of recurrence and long-term morbidity in craniopharyngioma: a sys-
tematic analysis of 171 patients. ] Clin Endocrinol Metab 2012;97:1258-67,
http://dx.doi.org/10.1210/jc.2011-2817.
Lena G, Paz Paredes A, Scavarda D, Giusiano B. Craniopharyngioma
in children: Marseille experience. Childs Nerv Syst 2005;21:778-84,
http://dx.doi.org/10.1007/s00381-005-1207-4.
Fjalldal S, Holmer H, Rylander L, Elfving M, Ekman B, Osterberg K, et al.
Hypothalamic involvement predicts cognitive performance and psychosocial
health in long-term survivors of childhood craniopharyngioma. J Clin Endo-
crinol Metab 2013;98:3253-62, http://dx.doi.org/10.1210/jc.2013-2000.
Miiller HL, Emser A, Faldum A, Bruhnken G, Etavard-Gorris N, Gebhardt U,
et al. Longitudinal study on growth and body mass index before and after
diagnosis of childhood craniopharyngioma. J Clin Endocrinol Metab 2004;89,
http://dx.doi.org/10.1210/JC.2003-031751.
Fernandez-Miranda JC, Gardner PA, Snyderman CH, Devaney KO, Strojan P,
Suarez C, et al. Craniopharyngioma: a pathologic, clinical, and surgical review.
Head Neck 2012;34:1036-44, http://dx.doi.org/10.1002/hed.21771.
[43] Jane JA, Laws ER. Craniopharyngioma. Pituitary 2006;9:323-6,
http://dx.doi.org/10.1007/s11102-006-0413-8.
[44] Apps JR, Muller HL, Hankinson TC, Yock TI, Martinez-Barbera JP. Contem-
porary biological insights and clinical management of craniopharyngioma.
Endocr Rev 2023;44:518-38, http://dx.doi.org/10.1210/endrev/bnac035.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]


dx.doi.org/10.1038/s41572-019-0125-9
dx.doi.org/10.1007/s11102-021-01127-6
dx.doi.org/10.1210/jc.2014-3525
dx.doi.org/10.1007/s11060-011-0540-6
dx.doi.org/10.1007/s00381-010-1126-x
dx.doi.org/10.3171/jns.1998.89.4.0547
dx.doi.org/10.3171/2014.5.JNS131819
dx.doi.org/10.1093/neuonc/nos142
dx.doi.org/10.1007/s00381-011-1407-z
dx.doi.org/10.1093/ije/23.3.458
dx.doi.org/10.3390/toxics10040176
dx.doi.org/10.1159/000512161
dx.doi.org/10.1530/EJE-17-0707
dx.doi.org/10.1007/s12020-018-1830-y
dx.doi.org/10.1007/s00381-021-05094-y
dx.doi.org/10.1210/clinem/dgab397
dx.doi.org/10.1093/neuonc/noac115
dx.doi.org/10.1097/SCS.0000000000003176
dx.doi.org/10.47391/JPMA.11-S4-AKUB10
dx.doi.org/10.1007/s11102-012-0428-2
dx.doi.org/10.1007/s12020-016-1159-3
dx.doi.org/10.1210/jc.2017-01542
dx.doi.org/10.1093/neuonc/nov044
dx.doi.org/10.1093/neuonc/noac124
dx.doi.org/10.3389/fneur.2022.783737
dx.doi.org/10.1530/EJE-09-0449
dx.doi.org/10.1111/j.1365-2265.2009.03751.x
dx.doi.org/10.1210/clinem/dgac547
dx.doi.org/10.3390/diagnostics13091588
dx.doi.org/10.1007/s00381-020-04640-4
dx.doi.org/10.1007/s00381-019-04294-x
dx.doi.org/10.1530/EJE-15-0709
dx.doi.org/10.1016/j.pedneo.2020.08.014
dx.doi.org/10.1007/s00381-019-04480-x
dx.doi.org/10.1210/clinem/dgab784
dx.doi.org/10.1111/j.1365-2265.2005.02231.x
dx.doi.org/10.1016/j.pediatrneurol.2013.09.003
dx.doi.org/10.1210/jc.2011-2817
dx.doi.org/10.1007/s00381-005-1207-4
dx.doi.org/10.1210/jc.2013-2000
dx.doi.org/10.1210/JC.2003-031751
dx.doi.org/10.1002/hed.21771
dx.doi.org/10.1007/s11102-006-0413-8
dx.doi.org/10.1210/endrev/bnac035

T. Cuny, R. Reynaud, G. Raverotetal.

[45] Mende KC, Kellner T, Petersenn S, Honegger ], Evangelista-Zamora R, Droste
M, et al. Clinical situation, therapy, and follow-up of adult craniopharyngioma.
J Clin Endocrinol Metab 2020;105, http://dx.doi.org/10.1210/clinem/dgz043.

[46] Schroeder LE, Kritselis M, Lala N, Boxerman J, Alhusaini S. Pearls
& oysters: adult-onset craniopharyngioma presenting with cognitive
dysfunction and obstructive hydrocephalus. Neurology 2023;101:974-8,
http://dx.doi.org/10.1212/WNL.0000000000207857.

[47] Van Effenterre R, Boch A-L. Craniopharyngioma in adults and chil-
dren: a study of 122 surgical cases. ] Neurosurg 2002;97:3-11,
http://dx.doi.org/10.3171/jns.2002.97.1.0003.

[48] Souteiro P, Maia R, Santos-Silva R, Figueiredo R, Costa C, Belo
S, et al. Pituitary incidentalomas in paediatric age are different
from those described in adulthood. Pituitary 2019;22:124-8,

http://dx.doi.org/10.1007/s11102-019-00940-4.

Boekhoff S, Bison B, Eveslage M, Sowithayasakul P, Miiller HL. Craniopha-

ryngiomas presenting as incidentalomas: results of KRANIOPHARYNGEOM

2007. Pituitary 2019;22:532-41, http://dx.doi.org/10.1007/s11102-019-

00983-7.

Reznik Y, Barat P, Bertherat ], Bouvattier C, Castinetti F, Chabre O, et al.

SFE/SFEDP adrenal insufficiency French consensus: introduction and hand-

book. Ann Endocrinol (Paris) 2018;79:1-22.

Boguszewski MCS, Boguszewski CL, Chemaitilly W, Cohen LE, Gebauer ],

Higham C, et al. Safety of growth hormone replacement in survivors of cancer

and intracranial and pituitary tumours: a consensus statement. Eur ] Endo-

crinol 2022;186:P35-52, http://dx.doi.org/10.1530/EJE-21-1186.

[52] JazbinSek S, Kolenc D, Bo$njak R, Faganel Kotnik B, Zadravec Zaletel L, Jenko

Bizjan B, et al. Prevalence of endocrine and metabolic comorbidities in a

national cohort of patients with craniopharyngioma. Horm Res Paediatr

2020;93:46-57, http://dx.doi.org/10.1159/000507702.

Tan TSE, Patel L, Gopal-Kothandapani JS, Ehtisham S, Ikazoboh EC, Hayward

R, et al. The neuroendocrine sequelae of paediatric craniopharyngioma: a 40-

year meta-data analysis of 185 cases from three UK centres. Eur ] Endocrinol

2017;176:359-69, http://dx.doi.org/10.1530/EJE-16-0812.

Wijnen M, van den Heuvel-Eibrink MM, Janssen JAMJL, Catsman-Berrevoets

CE, Michiels EMC, van Veelen-Vincent M-LC, et al. Very long-term

sequelae of craniopharyngioma. Eur ] Endocrinol 2017;176:755-67,

http://dx.doi.org/10.1530/EJE-17-0044.

Kendall-Taylor P, Jonsson PJ], Abs R, Erfurth EM, Koltowska-Hdggstrom M,

Price DA, et al. The clinical, metabolic and endocrine features and the qua-

lity of life in adults with childhood-onset craniopharyngioma compared

with adult-onset craniopharyngioma. Eur J Endocrinol 2005;152:557-67,
http://dx.doi.org/10.1530/eje.1.01877.

Yue Q, Yu 'Y, Shi Z, Wang Y, Zhu W, Du Z, et al. Prediction of BRAF mutation

status of craniopharyngioma using magnetic resonance imaging features. |

Neurosurg 2018;129:27-34, http://dx.doi.org/10.3171/2017.4JNS163113.

[57] Chen X, Tong Y, Shi Z, Chen H, Yang Z, Wang Y, et al. Noninvasive molecular

diagnosis of craniopharyngioma with MRI-based radiomics approach. BMC

Neurol 2019;19:6, http://dx.doi.org/10.1186/s12883-018-1216-z.

Huang Z-S, Xiao X, Li X-D, Mo H-Z, He W-L, Deng Y-H, et al. Machine learning-

based multiparametric magnetic resonance imaging radiomic model for

discrimination of pathological subtypes of craniopharyngioma. ] Magn Reson

Imaging 2021;54:1541-50, http://dx.doi.org/10.1002/jmri.27761.

Prieto R, Pascual JM, Rosdolsky M, Castro-Dufourny I, Carrasco R, Strauss

S, et al. Craniopharyngioma adherence: a comprehensive topographical

categorization and outcome-related risk stratification model based on the

methodical examination of 500 tumors. Neurosurg Focus 2016;41:E13,
http://dx.doi.org/10.3171/2016.9.FOCUS16304.

Pascual JM, Prieto R, Carrasco R, Barrios L. Displacement of mammillary bodies

by craniopharyngiomas involving the third ventricle: surgical-MRI corre-

lation and use in topographical diagnosis. ] Neurosurg 2013;119:381-405,
http://dx.doi.org/10.3171/2013.1JNS111722.

[61] Chen C, Okera S, Davies PE, Selva D, Crompton JL. Craniopharyngioma:
a review of long-term visual outcome. Clin Experiment Ophthalmol
2003;31:220-38, http://dx.doi.org/10.1046/j.1442-9071.2003.00648.x.

[62] Lee G-I, Kim Y, Park K-A, Oh SY, Kong D-S, Hong SD. Parafoveal and peripapil-
lary vessel density in pediatric and juvenile craniopharyngioma patients. Sci
Rep 2022;12:5355, http://dx.doi.org/10.1038/s41598-022-09391-7.

[63] Louis DN, Perry A, Wesseling P, Brat D], Cree IA, Figarella-Branger D, et al. The

2021 WHO classification of tumors of the central nervous system: a summary.

Neuro Oncol 2021;23:1231-51, http://dx.doi.org/10.1093/neuonc/noab106.

Martinez-Gutierrez JC, D’Andrea MR, Cahill DP, Santagata S, Barker FG,

Brastianos PK. Diagnosis and management of craniopharyngiomas in the

era of genomics and targeted therapy. Neurosurg Focus 2016;41:E2,

http://dx.doi.org/10.3171/2016.9.FOCUS16325.

Yao Z, Yaeger R, Rodrik-Outmezguine VS, Tao A, Torres NM, Chang MT, et al.

Tumours with class 3 BRAF mutants are sensitive to the inhibition of activated

RAS. Nature 2017;548:234-8, http://dx.doi.org/10.1038/nature23291.

Sekine S, Shibata T, Kokubu A, Morishita Y, Noguchi M, Nakani-

shi Y, et al. Craniopharyngiomas of adamantinomatous type har-

bor beta-catenin gene mutations. Am ] Pathol 2002;161:1997-2001,
http://dx.doi.org/10.1016/s0002-9440(10)64477-x.

Brastianos PK, Taylor-Weiner A, Manley PE, Jones RT, Dias-Santagata

D, Thorner AR, et al. Exome sequencing identifies BRAF muta-

tions in papillary craniopharyngiomas. Nat Genet 2014;46:161-5,

http://dx.doi.org/10.1038/ng.2868.

[49]

[50]

[51]

[53]

[54]

[55]

[56]

[58]

[59]

[60]

[64]

[65]

[66]

[67]

24

Annales d’Endocrinologie 86 (2025) 1631

[68] Lawrence MS, Stojanov P, Polak P, Kryukov GV, Cibulskis K, Sivachenko A, et al.
Mutational heterogeneity in cancer and the search for new cancer-associated
genes. Nature 2013;499:214-8, http://dx.doi.org/10.1038/nature12213.

[69] Larkin SJ, Ansorge O. Pathology and pathogenesis of craniopharyngiomas.
Pituitary 2013;16:9-17, http://dx.doi.org/10.1007/s11102-012-0418-4.

[70] Buslei R, Nolde M, Hofmann B, Meissner S, Eyupoglu 1Y, Siebzehnriibl F, et al.

Common mutations of 3-catenin in adamantinomatous craniopharyngiomas

but not in other tumours originating from the sellar region. Acta Neuropathol

2005, http://dx.doi.org/10.1007/s00401-005-1004-x.

Holsken A, Sill M, Merkle ], Schweizer L, Buchfelder M, Flitsch ], et al. Adaman-

tinomatous and papillary craniopharyngiomas are characterized by distinct

epigenomic as well as mutational and transcriptomic profiles. Acta Neuropa-
thol Commun 2016;4:20, http://dx.doi.org/10.1186/s40478-016-0287-6.

Goschzik T, Gessi M, Dreschmann V, Gebhardt U, Wang L, Yama-

guchi S, et al. Genomic alterations of adamantinomatous and papil-

lary craniopharyngioma. ] Neuropathol Exp Neurol 2017;76:126-34,
http://dx.doi.org/10.1093/jnen/nlw116.

Apps JR, Carreno G, Gonzalez-Meljem ]M, Haston S, Guiho R, Cooper

JE, et al. Tumour compartment transcriptomics demonstrates the

activation of inflammatory and odontogenic programmes in human

adamantinomatous craniopharyngioma and identifies the MAPK/ERK

pathway as a novel therapeutic target. Acta Neuropathol 2018,

http://dx.doi.org/10.1007/s00401-018-1830-2.

Pascual JM, Rosdolsky M, Prieto R, Strauf S, Winter E, Ulrich

W. Jakob Erdheim (1874-1937): father of hypophyseal-duct

tumors  (craniopharyngiomas). Virchows Arch 2015;467:459-69,

http://dx.doi.org/10.1007/s00428-015-1798-4.

Schlaffer S-M, Buchfelder M, Stoehr R, Buslei R, Holsken A. Rathke’s cleft cyst

as origin of a pediatric papillary craniopharyngioma. Front Genet 2018;9:49,

http://dx.doi.org/10.3389/fgene.2018.00049.

Miller HL. Craniopharyngioma. Endocr

http://dx.doi.org/10.1210/er.2013-1115.

Hong CS, Omuro A, An Y, Inzucchi SE, Kohli AA, McGuone D, et al.

Sporadic adamantinomatous craniopharyngioma with double-hit

somatic APC mutations. Neuro-Oncology Adv 2021;3:vdab124,

http://dx.doi.org/10.1093/noajnl/vdab124.

Dahl NA, Pratt D, Camelo-Piragua S, Kumar-Sinha C, Mody R]J,

Septer S, et al. Pediatric craniopharyngioma in association with

familial adenomatous polyposis. Fam Cancer 2019;18:327-30,

http://dx.doi.org/10.1007/s10689-019-00126-8.

Link M], Driscoll CLW, Giannini C. Isolated,

bellopontine  angle  craniopharyngioma in a  patient with

Gardner syndrome: case report. Neurosurgery 2002;51:221-5,

http://dx.doi.org/10.1097/00006123-200207000-00033 [discussion 225-6].

Kim MS, Kim YS, Lee HK, Lee GJ, Choi CY, Lee CH. Primary intracranial ectopic

craniopharyngioma in a patient with probable Gardner’s syndrome. ] Neuro-

surg 2014;120:337-41, http://dx.doi.org/10.3171/2013.10.JNS131401.

[81] Pena AH, Chaudhry A, Seidman RJ, Peyster R, Bangiyev L. Ectopic craniopha-

ryngioma of the fourth ventricle in a patient with Gardner syndrome. Clin

Imaging 2016;40:232-6, http://dx.doi.org/10.1016/j.clinimag.2015.11.005.

Gabel BC, Cleary DR, Martin JR, Khan U, Snyder V, Sang UH. Unu-

sual and rare locations for craniopharyngiomas: clinical significance

and review of the literature. World Neurosurg 2017;98:381-7,
http://dx.doi.org/10.1016/j.wneu.2016.10.134.

Passos ], Quidet M, Brahimi A, Flament C, Gibier J-B, Caron S, et al. Fami-

lial adenomatous polyposis associated craniopharyngioma secondary to

both germline and somatic mutations in the APC gene. Acta Neuropathol
2020;140:967-9, http://dx.doi.org/10.1007/s00401-020-02232-9.

Gorelyshev A, Mazerkina N, Medvedeva O, Vasilyev E, Petrov V,

Ryzhova M, et al. Second-hit APC mutation in a familial ada-

mantinomatous craniopharyngioma. Neuro Oncol 2020;22:889-91,

http://dx.doi.org/10.1093/neuonc/noaa060.

Sainte-Rose C, Puget S, Wray A, Zerah M, Grill ], Brauner R, et al. Cra-

niopharyngioma: the pendulum of surgical management. Childs Nerv Syst

2005;21:691-5, http://dx.doi.org/10.1007/s00381-005-1209-2.

[86] Hayward R. The present and future management of child-

hood craniopharyngioma.  Childs Nerv  Syst 1999;15:764-9,

http://dx.doi.org/10.1007/s003810050468.

Elowe-Gruau E, Beltrand ], Brauner R, Pinto G, Samara-Boustani D, Thalassi-

nos C, et al. Childhood craniopharyngioma: hypothalamus-sparing surgery

decreases the risk of obesity. ] Clin Endocrinol Metab 2013;98:2376-82,
http://dx.doi.org/10.1210/jc.2012-3928.

Miiller HL, Tauber M, Lawson EA, Ozyurt ], Bison B, Martinez-Barbera

J-P, et al. Hypothalamic syndrome. Nat Rev Dis Prim 2022;8:24,

http://dx.doi.org/10.1038/s41572-022-00351-z.

Miiller HL. Hypothalamic involvement in craniopharyngioma - Implications

for surgical, radiooncological, and molecularly targeted treatment strategies.

Pediatr Blood Cancer 2018;65:e26936, http://dx.doi.org/10.1002/pbc.26936.

Schoenfeld A, Pekmezci M, Barnes M], Tihan T, Gupta N, Lamborn

KR, et al. The superiority of conservative resection and adjuvant

radiation for craniopharyngiomas. ] Neurooncol 2012;108:133-9,

http://dx.doi.org/10.1007/s11060-012-0806-7.

Bogusz A, Boekhoff S, Warmuth-Metz M, Calaminus G, Eveslage M,

Miiller HL. Posterior hypothalamus-sparing surgery improves outcome

after childhood craniopharyngioma. Endocr Connect 2019;8:481-92,

http://dx.doi.org/10.1530/EC-19-0074.

[71]

[72]

[73]

[74]

[75]

[76] Rev  2014;35:513-43,

[77]

[78]

[79]

giant  cere-

[80]

[82]

[83]

[84]

[85]

[87]

[88]

[89]

[90]

[91]


dx.doi.org/10.1210/clinem/dgz043
dx.doi.org/10.1212/WNL.0000000000207857
dx.doi.org/10.3171/jns.2002.97.1.0003
dx.doi.org/10.1007/s11102-019-00940-4
dx.doi.org/10.1007/s11102-019-00983-7
dx.doi.org/10.1007/s11102-019-00983-7
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0250
dx.doi.org/10.1530/EJE-21-1186
dx.doi.org/10.1159/000507702
dx.doi.org/10.1530/EJE-16-0812
dx.doi.org/10.1530/EJE-17-0044
dx.doi.org/10.1530/eje.1.01877
dx.doi.org/10.3171/2017.4.JNS163113
dx.doi.org/10.1186/s12883-018-1216-z
dx.doi.org/10.1002/jmri.27761
dx.doi.org/10.3171/2016.9.FOCUS16304
dx.doi.org/10.3171/2013.1.JNS111722
dx.doi.org/10.1046/j.1442-9071.2003.00648.x
dx.doi.org/10.1038/s41598-022-09391-7
dx.doi.org/10.1093/neuonc/noab106
dx.doi.org/10.3171/2016.9.FOCUS16325
dx.doi.org/10.1038/nature23291
dx.doi.org/10.1016/s0002-9440(10)64477-x
dx.doi.org/10.1038/ng.2868
dx.doi.org/10.1038/nature12213
dx.doi.org/10.1007/s11102-012-0418-4
dx.doi.org/10.1007/s00401-005-1004-x
dx.doi.org/10.1186/s40478-016-0287-6
dx.doi.org/10.1093/jnen/nlw116
dx.doi.org/10.1007/s00401-018-1830-2
dx.doi.org/10.1007/s00428-015-1798-4
dx.doi.org/10.3389/fgene.2018.00049
dx.doi.org/10.1210/er.2013-1115
dx.doi.org/10.1093/noajnl/vdab124
dx.doi.org/10.1007/s10689-019-00126-8
dx.doi.org/10.1097/00006123-200207000-00033
dx.doi.org/10.3171/2013.10.JNS131401
dx.doi.org/10.1016/j.clinimag.2015.11.005
dx.doi.org/10.1016/j.wneu.2016.10.134
dx.doi.org/10.1007/s00401-020-02232-9
dx.doi.org/10.1093/neuonc/noaa060
dx.doi.org/10.1007/s00381-005-1209-2
dx.doi.org/10.1007/s003810050468
dx.doi.org/10.1210/jc.2012-3928
dx.doi.org/10.1038/s41572-022-00351-z
dx.doi.org/10.1002/pbc.26936
dx.doi.org/10.1007/s11060-012-0806-7
dx.doi.org/10.1530/EC-19-0074

T. Cuny, R. Reynaud, G. Raverotet al.

[92] Knosp E, Kitz K, Steiner E, Matula C. Pituitary adenomas with
parasellar invasion. Acta Neurochir Suppl (Wien) 1991;53:65-71,
http://dx.doi.org/10.1007/978-3-7091-9183-5_12.

[93] Laffond C, Dellatolas G, Alapetite C, Puget S, Grill ], Habrand J-L, et al. Quality-
of-life, mood and executive functioning after childhood craniopharyngioma
treated with surgery and proton beam therapy. Brain Inj 2012;26:270-81,
http://dx.doi.org/10.3109/02699052.2011.648709.

[94] Jensterle M, Jazbinsek S, Bosnjak R, Popovic M, Zaletel LZ, Vesnaver TV, et al.

Advances in the management of craniopharyngioma in children and adults.

Radiol Oncol 2019;53:388-96, http://dx.doi.org/10.2478/raon-2019-0036.

Coury JR, Davis BN, Koumas CP, Manzano GS, Dehdashti AR. Histopatho-

logical and molecular predictors of growth patterns and recurrence in

craniopharyngiomas: a systematic review. Neurosurg Rev 2020;43:41-8,
http://dx.doi.org/10.1007/s10143-018-0978-5.

Cossu G, Jouanneau E, Cavallo LM, Elbabaa SK, Giammattei L, Star-

noni D, et al. Surgical management of craniopharyngiomas in adult

patients: a systematic review and consensus statement on behalf of
the EANS skull base section. Acta Neurochir (Wien) 2020;162:1159-77,
http://dx.doi.org/10.1007/s00701-020-04265-1.

Solari D, d'Avella E, Agresta G, Catapano D, D’Ecclesia A, Locatelli D,

et al. Endoscopic endonasal approach for infradiaphragmatic craniopha-

ryngiomas: a multicentric Italian study. ] Neurosurg 2023;138:522-32,
http://dx.doi.org/10.3171/2022.5.J]NS212974.

Kassam AB, Gardner PA, Snyderman CH, Carrau RL, Mintz AH, Preve-

dello DM. Expanded endonasal approach, a fully endoscopic transnasal

approach for the resection of midline suprasellar craniopharyngiomas: a

new classification based on the infundibulum. ] Neurosurg 2008;108:715-28,

http://dx.doi.org/10.3171/JNS/2008/108/4/0715.

Fong RP, Babu CS, Schwartz TH. Endoscopic endonasal approach

for craniopharyngiomas. ] Neurosurg Sci 2021;65:133-9,

http://dx.doi.org/10.23736/50390-5616.21.05097-9.

[100] Almeida JP, Workewych A, Takami H, Velasquez C, Oswari S, Asha M,
et al. Surgical anatomy applied to the resection of craniopharyngio-
mas: anatomic compartments and surgical classifications. World Neurosurg
2020;142:611-25, http://dx.doi.org/10.1016/j.wneu.2020.05.171.

[101] Apra C, Enachescu C, Lapras V, Raverot G, Jouanneau E. Is gross

total resection reasonable in adults with craniopharyngiomas with

hypothalamic involvement? World Neurosurg 2019;129:e803-11,
http://dx.doi.org/10.1016/j.wneu.2019.06.037.

Laurent C, Gaillard S, Baussart B. Expanded endoscopic endona-

sal approach for the resection of midline craniopharyngiomas with

hypothalamic involvement. Acta Neurochir (Wien) 2022;164:3291-6,
http://dx.doi.org/10.1007/s00701-022-05387-4.

[103] Jeswani S, Nufio M, Wu A, Bonert V, Carmichael ]D, Black KL, et al

Comparative analysis of outcomes following craniotomy and expanded

endoscopic endonasal transsphenoidal resection of craniopharyngioma and

related tumors: a single-institution study. ] Neurosurg 2016;124:627-38,
http://dx.doi.org/10.3171/2015.3.J]NS142254.

Moussazadeh N, Prabhu V, Bander ED, Cusic RC, Tsiouris AJ, Anand VK,

et al. Endoscopic endonasal versus open transcranial resection of cranio-

pharyngiomas: a case-matched single-institution analysis. Neurosurg Focus
2016;41:E7, http://dx.doi.org/10.3171/2016.9.FOCUS16299.

Cavallo LM, Prevedello DM, Solari D, Gardner PA, Esposito F, Snyderman

CH, et al. Extended endoscopic endonasal transsphenoidal approach for

residual or recurrent craniopharyngiomas. ] Neurosurg 2009;111:578-89,

http://dx.doi.org/10.3171/2009.2. JNS081026.

Cappabianca P, Cavallo LM. The evolving role of the transsphenoidal route in

the management of craniopharyngiomas. World Neurosurg 2012;77:273-4,

http://dx.doi.org/10.1016/j.wneu.2011.08.040.

[107] Fahlbusch R, Honegger ], Paulus W, Huk W, Buchfelder M. Surgical treat-
ment of craniopharyngiomas: experience with 168 patients. ] Neurosurg
1999;90:237-50, http://dx.doi.org/10.3171/jns.1999.90.2.0237.

[108] Jane JA, Kiehna E, Payne SC, Early SV, Laws ER. Early outcomes of endosco-

pic transsphenoidal surgery for adult craniopharyngiomas. Neurosurg Focus

2010;28:E9, http://dx.doi.org/10.3171/2010.1.FOCUS09319.

Komotar RJ, Starke RM, Raper DMS, Anand VK, Schwartz TH. Endoscopic

endonasal compared with microscopic transsphenoidal and open transcra-

nial resection of craniopharyngiomas. World Neurosurg 2012;77:329-41,
http://dx.doi.org/10.1016/j.wneu.2011.07.011.

Yano S, Hide T, Shinojima N. Surgical outcomes of endoscopic endona-

sal skull base surgery of craniopharyngiomas evaluated according to the

degree of hypothalamic extension. World Neurosurg 2017;100:288-96,
http://dx.doi.org/10.1016/j.wneu.2017.01.005.

Gaillard S, Benichi S, Villa C, Jouinot A, Vatier C, Christin-Maitre S,

et al. Prognostic impact of hypothalamic perforation in adult patients

with craniopharyngioma: a cohort study. J Clin Endocrinol Metab 2024,

http://dx.doi.org/10.1210/clinem/dgae049.

Henderson F, Schwartz TH. Update

of craniopharyngiomas. Neurooncol

http://dx.doi.org/10.1007/s11060-021-03906-4.

Baussart B, Racy E, Gaillard S. Double pedicled nasoseptal flap for skull base

repair after endoscopic expanded endonasal approach. Acta Neurochir (Wien)

2022;164:1111-4, http://dx.doi.org/10.1007/s00701-021-05094-6.

[114] LiuJK, Schmidt RF, Choudhry O, Shukla PA, Eloy JA. Surgical nuances for naso-
septal flap reconstruction of cranial base defects with high-flow cerebrospinal

[95]

[96]

[97]

[98]

[99]

[102]

[104]

[105]

[106]

[109]

[110]

[111]

[112] on management

2022;156:97-108,

[113]

25

Annales d’Endocrinologie 86 (2025) 1631

fluid leaks after endoscopic skull base surgery. Neurosurg Focus 2012;32:E7,
http://dx.doi.org/10.3171/2012.5.FOCUS1255.
Hadad G, Rivera-Serrano CM, Bassagaisteguy LH, Carrau RL, Fernandez-
Miranda]J, Prevedello DM, et al. Anterior pedicle lateral nasal wall flap: a novel
technique for the reconstruction of anterior skull base defects. Laryngoscope
2011;121:1606-10, http://dx.doi.org/10.1002/lary.21889.
Boetto ], Labidi M, Watanabe K, Hanakita S, Bouazza S, Passeri T,
et al. Combined nasoseptal and inferior turbinate flap for reconstruc-
tion of large skull base defect after expanded endonasal approach:
operative technique. Oper Neurosurg (Hagerstown, Md) 2019;16:45-52,
http://dx.doi.org/10.1093/ons/opy046.
di Russo P, Fava A, Giammattei L, Passeri T, Okano A, Abbritti R, et al. The
Rostral Mucosa: the door to open and close for targeted endoscopic endonasal
approaches to the clivus. Oper Neurosurg (Hagerstown, Md) 2021;21:150-9,
http://dx.doi.org/10.1093/ons/opab141.
Ha C-M, Hong SD, Choi JW, Seol HJ, Nam D-H, Lee J-I, et al. Graded recons-
truction strategy using a multilayer technique without lumbar drainage
after endoscopic endonasal surgery. World Neurosurg 2022;158:e451-8,
http://dx.doi.org/10.1016/j.wneu.2021.11.003.
D’Anza B, Tien D, Stokken JK, Recinos PF, Woodard TR, Sindwani R.
Role of lumbar drains in contemporary endonasal skull base surgery:
meta-analysis and systematic review. Am ] Rhinol Allergy 2016;30:430-5,
http://dx.doi.org/10.2500/ajra.2016.30.4377.
Schwartz TH, Morgenstern PF, Anand VK. Lessons learned in the evo-
lution of endoscopic skull base surgery. ] Neurosurg 2019;130:337-46,
http://dx.doi.org/10.3171/2018.10,JNS182154.
de Notaris M, Solari D, Cavallo LM, D’Enza Al, Ensefiat ], Berenguer J, et al. The
‘suprasellar notch’ or the tuberculum sellae as seen from below: definition,
features, and clinical implications from an endoscopic endonasal perspective.
J Neurosurg 2012;116:622-9, http://dx.doi.org/10.3171/2011.11.JNS111162.
[122] YuT, Sun X, Ren X, Cui X, WangJ, Lin S. Intraventricular craniopharyngiomas:
surgical management and outcome analyses in 24 cases. World Neurosurg
2014;82:1209-15, http://dx.doi.org/10.1016/j.wneu.2014.06.015.
Pascual JM, Prieto R, Castro-Dufourny I, Mongardi L, Rosdolsky M,
Strauss S, et al. Craniopharyngiomas primarily involving the hypothala-
mus: a model of neurosurgical lesions to elucidate the neurobiological
basis of psychiatric disorders. World Neurosurg 2018;120:e1245-78,
http://dx.doi.org/10.1016/j.wneu.2018.09.053.
Prieto R, Pascual JM, Rosdolsky M, Barrios L. Preoperative assessment of cra-
niopharyngioma adherence: magnetic resonance imaging findings correlated
with the severity of tumor attachment to the hypothalamus. World Neurosurg
2018;110:e404-26, http://dx.doi.org/10.1016/j.wneu.2017.11.012.
Barker FG, Klibanski A, Swearingen B. Transsphenoidal surgery for pituitary
tumors in the United States, 1996-2000: mortality, morbidity, and the effects
of hospital and surgeon volume. J Clin Endocrinol Metab 2003;88:4709-19,
http://dx.doi.org/10.1210/jc.2003-030461.
Ciric I, Ragin A, Baumgartner C, Pierce D. Complications of transs-
phenoidal surgery: results of a national survey, review of the
literature, and personal experience. Neurosurgery 1997;40:225-36,
http://dx.doi.org/10.1097/00006123-199702000-00001 [discussion 236-7].
Mortini P, Nocera G, Roncelli F, Losa M, Formenti AM, Giustina A. The
optimal numerosity of the referral population of pituitary tumors centers
of excellence (PTCOE): a surgical perspective. Rev Endocr Metab Disord
2020;21:527-36, http://dx.doi.org/10.1007/s11154-020-09564-7.
Frara S, Rodriguez-Carnero G, Formenti AM, Martinez-Olmos MA, Gius-
tina A, Casanueva FF. Pituitary tumors centers of excellence. Endocrinol
Metab Clin North Am 2020;49:553-64, http://dx.doi.org/10.1016/j.ecl.2020.
05.010.
[129] Miiller HL. The diagnosis and treatment of craniopharyngioma. Neuroendo-
crinology 2020;110:753-66, http://dx.doi.org/10.1159/000504512.
[130] Cavallo LM, Frank G, Cappabianca P, Solari D, Mazzatenta D, Villa A,
et al. The endoscopic endonasal approach for the management of cra-
niopharyngiomas: a series of 103 patients. ] Neurosurg 2014;121:100-13,
http://dx.doi.org/10.3171/2014.3 JNS131521.
Beddok A, Scher N, Alapetite C, Baussart B, Bentahila G, Bielle F,
et al. Proton therapy for adult craniopharyngioma: experience of a
single institution in 91 consecutive patients. Neuro Oncol 2023;25:710-9,
http://dx.doi.org/10.1093/neuonc/noac210.
Merchant TE, Hoehn ME, Khan RB, Sabin ND, Klimo P, Boop FA, et al.
Proton therapy and limited surgery for paediatric and adolescent patients
with craniopharyngioma (RT2CR): a single-arm, phase 2 study. Lancet Oncol
2023;24:523-34, http://dx.doi.org/10.1016/S1470-2045(23)00146-8.
Rutenberg MS, Holtzman AL, Indelicato DJ, Huh S, Rao D, Fiester PJ, et al.
Disease control after radiotherapy for adult craniopharyngioma: clinical out-
comes from a large single-institution series. ] Neurooncol 2022;157:425-33,
http://dx.doi.org/10.1007/s11060-022-03983-z.
Lee C-C, Yang H-C, Chen C-J, Hung Y-C, Wu H-M, Shiau C-Y, et al. Gamma Knife
surgery for craniopharyngioma: report on a 20-year experience. ] Neurosurg
2014;121:167-78, http://dx.doi.org/10.3171/2014.8.GKS141411.
Rao Y], Hassanzadeh C, Fischer-Valuck B, Chicoine MR, Kim AH, Perkins SM,
et al. Patterns of care and treatment outcomes of patients with craniopha-
ryngioma in the national cancer database. ] Neurooncol 2017;132:109-17,
http://dx.doi.org/10.1007/s11060-016-2342-3.
Dandurand C, Sepehry AA, Asadi Lari MH, Akagami R, Gooderham P. Adult
craniopharyngioma: case series, systematic review, and meta-analysis. Neu-
rosurgery 2018;83:631-41, http://dx.doi.org/10.1093/neuros/nyx570.

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[123]

[124]

[125]

[126]

[127]

[128]

[131]

[132]

[133]

[134]

[135]

[136]


dx.doi.org/10.1007/978-3-7091-9183-5_12
dx.doi.org/10.3109/02699052.2011.648709
dx.doi.org/10.2478/raon-2019-0036
dx.doi.org/10.1007/s10143-018-0978-5
dx.doi.org/10.1007/s00701-020-04265-1
dx.doi.org/10.3171/2022.5.JNS212974
dx.doi.org/10.3171/JNS/2008/108/4/0715
dx.doi.org/10.23736/S0390-5616.21.05097-9
dx.doi.org/10.1016/j.wneu.2020.05.171
dx.doi.org/10.1016/j.wneu.2019.06.037
dx.doi.org/10.1007/s00701-022-05387-4
dx.doi.org/10.3171/2015.3.JNS142254
dx.doi.org/10.3171/2016.9.FOCUS16299
dx.doi.org/10.3171/2009.2.JNS081026
dx.doi.org/10.1016/j.wneu.2011.08.040
dx.doi.org/10.3171/jns.1999.90.2.0237
dx.doi.org/10.3171/2010.1.FOCUS09319
dx.doi.org/10.1016/j.wneu.2011.07.011
dx.doi.org/10.1016/j.wneu.2017.01.005
dx.doi.org/10.1210/clinem/dgae049
dx.doi.org/10.1007/s11060-021-03906-4
dx.doi.org/10.1007/s00701-021-05094-6
dx.doi.org/10.3171/2012.5.FOCUS1255
dx.doi.org/10.1002/lary.21889
dx.doi.org/10.1093/ons/opy046
dx.doi.org/10.1093/ons/opab141
dx.doi.org/10.1016/j.wneu.2021.11.003
dx.doi.org/10.2500/ajra.2016.30.4377
dx.doi.org/10.3171/2018.10.JNS182154
dx.doi.org/10.3171/2011.11.JNS111162
dx.doi.org/10.1016/j.wneu.2014.06.015
dx.doi.org/10.1016/j.wneu.2018.09.053
dx.doi.org/10.1016/j.wneu.2017.11.012
dx.doi.org/10.1210/jc.2003-030461
dx.doi.org/10.1097/00006123-199702000-00001
dx.doi.org/10.1007/s11154-020-09564-7
dx.doi.org/10.1016/j.ecl.2020.05.010
dx.doi.org/10.1016/j.ecl.2020.05.010
dx.doi.org/10.1159/000504512
dx.doi.org/10.3171/2014.3.JNS131521
dx.doi.org/10.1093/neuonc/noac210
dx.doi.org/10.1016/S1470-2045(23)00146-8
dx.doi.org/10.1007/s11060-022-03983-z
dx.doi.org/10.3171/2014.8.GKS141411
dx.doi.org/10.1007/s11060-016-2342-3
dx.doi.org/10.1093/neuros/nyx570

T. Cuny, R. Reynaud, G. Raverotetal.

[137] Clark AJ, Cage TA, Aranda D, Parsa AT, Sun PP, Auguste KI, et al. A
systematic review of the results of surgery and radiotherapy on tumor
control for pediatric craniopharyngioma. Childs Nerv Syst 2013;29:231-8,
http://dx.doi.org/10.1007/s00381-012-1926-2.

Wang G, Zhang X, Feng M, Guo F. Comparing survival outcomes of
gross total resection and subtotal resection with radiotherapy for
craniopharyngioma: a meta-analysis. ] Surg Res 2018;226:131-9,
http://dx.doi.org/10.1016/j.jss.2018.01.029.

[139] Jeon C, Kim S, Shin HJ, Nam D-H, Lee ]-I, Park K, et al. The the-
rapeutic efficacy of fractionated radiotherapy and gamma-knife
radiosurgery for craniopharyngiomas. ] Clin Neurosci 2011;18:1621-5,
http://dx.doi.org/10.1016/j.jocn.2011.03.028.

Combs SE, Baumert BG, Bendszus M, Bozzao A, Brada M, Fariselli L, et al. ESTRO
ACROP guideline for target volume delineation of skull base tumors. Radiother
Oncol 2021;156:80-94, http://dx.doi.org/10.1016/j.radonc.2020.11.014.
[141] Crotty TB, Scheithauer BW, Young WF, Davis DH, Shaw EG, Miller GM, et al.
Papillary craniopharyngioma: a clinicopathological study of 48 cases. ] Neu-
rosurg 1995;83:206-14, http://dx.doi.org/10.3171/jns.1995.83.2.0206.
Lamiman K, Wong KK, Tamrazi B, Nosrati JD, Olch A, Chang EL, et al. A
quantitative analysis of craniopharyngioma cyst expansion during and after
radiation therapy and surgical implications. Neurosurg Focus 2016;41:E15,
http://dx.doi.org/10.3171/2016.9.FOCUS16298.

Eekers DBP, Di Perri D, Roelofs E, Postma A, Dijkstra ], Ajithku-
mar T, et al. Update of the EPTN atlas for CT- and MR-based
contouring in neuro-oncology. Radiother Oncol 2021;160:259-65,
http://dx.doi.org/10.1016/j.radonc.2021.05.013.

Lambrecht M, Clementel E, Sonke J-]J, Nestle U, Adebahr S, Guckenber-
ger M, et al. Radiotherapy quality assurance of SBRT for patients with
centrally located lung tumours within the multicentre phase II EORTC
Lungtech trial: benchmark case results. Radiother Oncol 2019;132:63-9,
http://dx.doi.org/10.1016/j.radonc.2018.10.025.

Noél G, Antoni D. Organs at risk radiation dose constraints. Cancer Radiother
2022;26:59-75, http://dx.doi.org/10.1016/j.canrad.2021.11.001.

Goda ]S, Dutta D, Krishna U, Goswami S, Kothavade V, Kannan S,
et al. Hippocampal radiotherapy dose constraints for predicting long-
term neurocognitive outcomes: mature data from a prospective trial
in young patients with brain tumors. Neuro Oncol 2020;22:1677-85,
http://dx.doi.org/10.1093/neuonc/noaa076.

Kamogawa M, Shuto T, Matsunaga S. Effects of two different radiotherapies for
craniopharyngiomas using stereotactic radiosurgery/stereotactic radiothe-
rapy or fractionated stereotactic radiotherapy. Surg Neurol Int 2022;13:563,
http://dx.doi.org/10.25259/SNI_802.2022.

Milano MT, Usuki KY, Walter KA, Clark D, Schell MC. Stereotactic radio-
surgery and hypofractionated stereotactic radiotherapy: normal tissue dose
constraints of the central nervous system. Cancer Treat Rev 2011;37:567-78,
http://dx.doi.org/10.1016/j.ctrv.2011.04.004.

Coy S, Rashid R, Lin J-R, Du Z, Donson AM, Hankinson TC, et al.
Multiplexed immunofluorescence reveals potential PD-1/PD-L1 pathway
vulnerabilities in craniopharyngioma. Neuro Oncol 2018;20:1101-12,
http://dx.doi.org/10.1093/neuonc/noy035.

Yuan F, Cai X, Zhu ], Yuan L, Wang Y, Tang C, et al. A novel immune
classification for predicting immunotherapy responsiveness in patients
with adamantinomatous craniopharyngioma. Front Neurol 2021;12:704130,
http://dx.doi.org/10.3389/fneur.2021.704130.

Gounder M, Ratan R, Alcindor T, Schoffski P, van der Graaf WT, Wilky BA,
et al. Nirogacestat, a 'y-secretase inhibitor for desmoid tumors. N Engl ] Med
2023;388:898-912, http://dx.doi.org/10.1056/NE]JMoa2210140.

[152] Hengartner AC, Prince E, Vijmasi T, Hankinson TC. Adamantinomatous
craniopharyngioma: moving toward targeted therapies. Neurosurg Focus
2020;48:E7, http://dx.doi.org/10.3171/2019.10.FOCUS19705.

Patel K, Allen ], Zagzag D, Wisoff ], Radmanesh A, Gindin T, et al
Radiologic response to MEK inhibition in a patient with a WNT-
activated craniopharyngioma. Pediatr Blood Cancer 2021;68:e28753,
http://dx.doi.org/10.1002/pbc.28753.

Grob S, Mirsky DM, Donson AM, Dahl N, Foreman NK, Hoffman LM, et al.
Targeting IL-6 is a potential treatment for primary cystic craniopharyngioma.
Front Oncol 2019;9:791, http://dx.doi.org/10.3389/fonc.2019.00791.

De Rosa A, Calvanese F, Ducray F, Vasiljevic A, Manet R, Raverot G, et al. First
evidence of anti-VEGF efficacy in an adult case of adamantinomatous cra-
niopharyngioma: case report and illustrative review. Ann Endocrinol (Paris)
2023;84:727-33, http://dx.doi.org/10.1016/J.AND0.2023.10.003.

Cacciotti C, Choi ], Alexandrescu S, Zimmerman MA, Cooney TM, Chordas
C, et al. Immune checkpoint inhibition for pediatric patients with recur-
rent/refractory CNS tumors: a single institution experience. ] Neurooncol
2020;149:113-22, http://dx.doi.org/10.1007/s11060-020-03578-6.
Brastianos PK, Twohy E, Geyer S, Gerstner ER, Kaufmann TJ, Tabrizi S, et al.
BRAF-MEK inhibition in newly diagnosed papillary craniopharyngiomas. N
Engl ] Med 2023;389:118-26, http://dx.doi.org/10.1056/NE]Moa2213329.
Calvanese F, Jacquesson T, Manet R, Vasiljevic A, Lasolle H, Ducray F, et al.
Neoadjuvant B-RAF and MEK inhibitor targeted therapy for adult papillary
craniopharyngiomas: a new treatment paradigm. Front Endocrinol (Lau-
sanne) 2022;13:882381, http://dx.doi.org/10.3389/fend0.2022.882381.
Cuny T, Buchfelder M, Dufour H, Grossman A, Gatta-Cherifi B,
Jouanneau E, et al. The challenging management of craniopharyn-
giomas in adults: time for a reappraisal? Cancers (Basel) 2022;14,
http://dx.doi.org/10.3390/cancers14153831.

[138]

[140]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

26

Annales d’Endocrinologie 86 (2025) 1631

[160] Mrowczynski OD, Langan ST, Rizk EB. Craniopharyngiomas: a
systematic review and evaluation of the current intratumoral
treatment landscape. Clin Neurol Neurosurg 2018;166:124-30,

http://dx.doi.org/10.1016/j.clineuro.2018.01.039.

[161] Kilday J-P, Caldarelli M, Massimi L, Chen RH-H, Lee YY, Liang M-L, et al.
Intracystic interferon-alpha in pediatric craniopharyngioma patients: an
international multicenter assessment on behalf of SIOPE and ISPN. Neuro
Oncol 2017;19:1398-407, http://dx.doi.org/10.1093/neuonc/nox056.

[162] Mottolese C, Szathmari A, Berlier P, Hermier M. Craniopharyn-
giomas: our experience in Lyon. Childs Nerv Syst 2005;21:790-8,
http://dx.doi.org/10.1007/s00381-005-1242-1.

[163] Hukin ], Steinbok P, Lafay-Cousin L, Hendson G, Strother D, Mer-
cier C, et al. Intracystic bleomycin therapy for craniopharyngioma
in children: the Canadian experience. Cancer 2007;109:2124-31,
http://dx.doi.org/10.1002/cncr.22633.

[164] Zhang S, Fang Y, Cai BW, Xu ]G, You C. Intracystic bleomycin for cystic cra-
niopharyngiomas in children. Cochrane Database Syst Rev 2016;7:CD008890,
http://dx.doi.org/10.1002/14651858.CD008890.pub4.

[165] Christ-Crain M, Hoorn EJ, Sherlock M, Thompson CJ, Wass J. Endocri-
nology in the time of COVID-19 - 2021 updates: the management of
diabetes insipidus and hyponatraemia. Eur J Endocrinol 2021;185:G35-42,
http://dx.doi.org/10.1530/EJE-21-0596.

[166] Smith D, Finucane F, Phillips J, Baylis PH, Finucane ], Tormey W,
et al. Abnormal regulation of thirst and vasopressin secretion follo-
wing surgery for craniopharyngioma. Clin Endocrinol (Oxf) 2004;61:273-9,
http://dx.doi.org/10.1111/j.1365-2265.2004.02086.x.

[167] Cuesta M, Hannon M], Thompson (J.
insipidus in adult patients. Pituitary
http://dx.doi.org/10.1007/s11102-016-0784-4.

[168] Fleseriu M, Hashim IA, Karavitaki N, Melmed S, Murad MH, Salvatori R, et al.
Hormonal replacement in hypopituitarism in adults: an endocrine society
clinical practice guideline. ]J Clin Endocrinol Metab 2016;101:3888-921,
http://dx.doi.org/10.1210/jc.2016-2118.

[169] Lopez DC, Almeida JP, Momin AA, Andrade EJ de, Soni P, Yogi-Morren D, et al.
Triphasic response after endoscopic craniopharyngioma resection and its
dependency on infundibular preservation or sacrifice. ] Neurosurg 2023:1-8,
http://dx.doi.org/10.3171/2022.12.JNS221137.

[170] Pratheesh R, Swallow DMA, Rajaratnam S, Jacob KS, Chacko G, Joseph M, et al.
Incidence, predictors and early post-operative course of diabetes insipidus
in paediatric craniopharygioma: a comparison with adults. Childs Nerv Syst
2013;29:941-9, http://dx.doi.org/10.1007/s00381-013-2041-8.

[171] DuC, Leng Y, Zhou Q, Xiao J-X, Yuan X-R, Yuan ]. Relationship between post-
operative hypothalamic injury and water and sodium disturbance in patients
with craniopharyngioma: a retrospective study of 178 cases. Front Endocrinol
(Lausanne) 2022;13:958295, http://dx.doi.org/10.3389/fend0.2022.958295.

[172] Santra S, Chakraborty J, Das B. Cerebral salt wasting syn-
drome in craniopharyngioma. Indian ] Anaesth 2013;57:404-5,
http://dx.doi.org/10.4103/0019-5049.118533.

[173] van lersel L, Brokke KE, Adan RAH, Bulthuis LCM, van den Akker ELT,
van Santen HM. Pathophysiology and individualized treatment of
hypothalamic obesity following craniopharyngioma and other supra-
sellar tumors: a systematic review. Endocr Rev 2019;40:193-235,
http://dx.doi.org/10.1210/er.2018-00017.

[174] Haqq AM, Kebbe M, Tan Q, Manco M, Salas
and stigma of pediatric obesity. Child Obes
http://dx.doi.org/10.1089/chi.2021.0003.

[175] Wu ], Fu ], Huang ZJ, Xie SH, Tang B, Wu X, et al. Postoperative hypo-
thalamic damage predicts postoperative weight gain in patients with
adult-onset craniopharyngioma. Obesity (Silver Spring) 2022;30:1357-69,
http://dx.doi.org/10.1002/oby.23447.

[176] vanlersel L, Meijneke RWH, Schouten-van Meeteren AYN, Reneman L, de Win
MM, van Trotsenburg ASP, et al. The development of hypothalamic obesity in
craniopharyngioma patients: a risk factor analysis in a well-defined cohort.
Pediatr Blood Cancer 2018;65:e26911, http://dx.doi.org/10.1002/pbc.26911.

[177] Miller HL, Gebhardt U, Teske C, Faldum A, Zwiener I, Warmuth-Metz
M, et al. Post-operative hypothalamic lesions and obesity in child-
hood craniopharyngioma: results of the multinational prospective trial
KRANIOPHARYNGEOM 2000 after 3-year follow-up. Eur ] Endocrinol
2011;165:17-24, http://dx.doi.org/10.1530/EJE-11-0158.

[178] Goldstone AP, Patterson M, Kalingag N, Ghatei MA, Brynes AE, Bloom
SR, et al. Fasting and postprandial hyperghrelinemia in Prader-Willi
syndrome is partially explained by hypoinsulinemia, and is not due
to peptide YY3-36 deficiency or seen in hypothalamic obesity due
to craniopharyngioma. ] Clin Endocrinol Metab 2005;90:2681-90,
http://dx.doi.org/10.1210/jc.2003-032209.

[179] Bomer I, Saure C, Caminiti C, Ramos ]G, Zuccaro G, Brea M, et al. Compa-
rison of energy expenditure, body composition, metabolic disorders, and
energy intake between obese children with a history of craniopharyn-
gioma and children with multifactorial obesity. ] Pediatr Endocrinol Metab
2015;28:1305-12, http://dx.doi.org/10.1515/jpem-2015-0167.

[180] Piguel X, Abraham P, Bouhours-Nouet N, Gatelais F, Dufresne S, Rouleau S,
et al. Impaired aerobic exercise adaptation in children and adolescents with
craniopharyngiomais associated with hypothalamic involvement. Eur ] Endo-
crinol 2012;166:215-22.

[181] Coutant R, Maurey H, Rouleau S, Mathieu E, Mercier P, Limal JM, et al.
Defect in epinephrine production in children with craniopharyngioma:

Adipsic  diabetes
2017;20:372-80,

XR. Complexity
2021;17:229-40,


dx.doi.org/10.1007/s00381-012-1926-2
dx.doi.org/10.1016/j.jss.2018.01.029
dx.doi.org/10.1016/j.jocn.2011.03.028
dx.doi.org/10.1016/j.radonc.2020.11.014
dx.doi.org/10.3171/jns.1995.83.2.0206
dx.doi.org/10.3171/2016.9.FOCUS16298
dx.doi.org/10.1016/j.radonc.2021.05.013
dx.doi.org/10.1016/j.radonc.2018.10.025
dx.doi.org/10.1016/j.canrad.2021.11.001
dx.doi.org/10.1093/neuonc/noaa076
dx.doi.org/10.25259/SNI_802_2022
dx.doi.org/10.1016/j.ctrv.2011.04.004
dx.doi.org/10.1093/neuonc/noy035
dx.doi.org/10.3389/fneur.2021.704130
dx.doi.org/10.1056/NEJMoa2210140
dx.doi.org/10.3171/2019.10.FOCUS19705
dx.doi.org/10.1002/pbc.28753
dx.doi.org/10.3389/fonc.2019.00791
dx.doi.org/10.1016/J.ANDO.2023.10.003
dx.doi.org/10.1007/s11060-020-03578-6
dx.doi.org/10.1056/NEJMoa2213329
dx.doi.org/10.3389/fendo.2022.882381
dx.doi.org/10.3390/cancers14153831
dx.doi.org/10.1016/j.clineuro.2018.01.039
dx.doi.org/10.1093/neuonc/nox056
dx.doi.org/10.1007/s00381-005-1242-1
dx.doi.org/10.1002/cncr.22633
dx.doi.org/10.1002/14651858.CD008890.pub4
dx.doi.org/10.1530/EJE-21-0596
dx.doi.org/10.1111/j.1365-2265.2004.02086.x
dx.doi.org/10.1007/s11102-016-0784-4
dx.doi.org/10.1210/jc.2016-2118
dx.doi.org/10.3171/2022.12.JNS221137
dx.doi.org/10.1007/s00381-013-2041-8
dx.doi.org/10.3389/fendo.2022.958295
dx.doi.org/10.4103/0019-5049.118533
dx.doi.org/10.1210/er.2018-00017
dx.doi.org/10.1089/chi.2021.0003
dx.doi.org/10.1002/oby.23447
dx.doi.org/10.1002/pbc.26911
dx.doi.org/10.1530/EJE-11-0158
dx.doi.org/10.1210/jc.2003-032209
dx.doi.org/10.1515/jpem-2015-0167
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900
http://refhub.elsevier.com/S0003-4266(24)00108-2/sbref0900

T. Cuny, R. Reynaud, G. Raverotet al.

functional or organic origin? J Clin Endocrinol Metab 2003;88:5969-75,

http://dx.doi.org/10.1210/jc.2003-030552.

Tauber M, Hoybye C. Endocrine disorders in Prader-Willi syndrome: a model

to understand and treat hypothalamic dysfunction. Lancet Diabetes Endocri-

nol 2021;9:235-46, http://dx.doi.org/10.1016/S2213-8587(21)00002-4.

Roth CL, Perez FA, Whitlock KB, Elfers C, Yanovski JA, Shoemaker

AH, et al. A phase 3 randomized clinical trial using a once-weekly

glucagon-like peptide-1 receptor agonist in adolescents and young

adults with hypothalamic obesity. Diabetes Obes Metab 2021;23:363-73,
http://dx.doi.org/10.1111/dom.14224.

Gatta-Cherifi B, Mohammedi K, Cariou T, Poitou C, Touraine P,

Raverot G, et al. Impact of exenatide on weight loss and eating

behavior in adults with craniopharyngioma-related obesity: the CRA-

NIOEXE randomized placebo-controlled trial. Eur ] Endocrinol 2024,

http://dx.doi.org/10.1093/ejendo/lvae024.

Perez FA, Elfers C, Yanovski JA, Shoemaker AH, Abuzzahab M],

Roth CL. MRI measures of hypothalamic injury are associated with

glucagon-like peptide-1 receptor agonist treatment response in people

with hypothalamic obesity. Diabetes Obes Metab 2021;23:1532-41,
http://dx.doi.org/10.1111/dom.14366.

Haqq AM, Chung WK, Dollfus H, Haws RM, Martos-Moreno GA, Poitou

C, et al. Efficacy and safety of setmelanotide, a melanocortin-4 receptor

agonist, in patients with Bardet-Biedl syndrome and Alstrom syndrome:

a multicentre, randomised, double-blind, placebo-controlled, phase 3 trial

with an open-label period. Lancet Diabetes Endocrinol 2022;10:859-68,

http://dx.doi.org/10.1016/S2213-8587(22)00277-7.

van Santen SS, Wolf P, Kremenevski N, Boguszewski CL, Beiglb6ck H, Fiocco

M, et al. Bariatric surgery for hypothalamic obesity in craniopharyngioma

patients: aretrospective, matched case-control study. ] Clin Endocrinol Metab

2021;106:e4734-45, http://dx.doi.org/10.1210/clinem/dgab518.

Faucher P, Carette C, Jannot A-S, Gatta-Cherifi B, Van Straaten A,

Piquet M-A, et al. Five-year changes in weight and diabetes status

after bariatric surgery for craniopharyngioma-related hypothala-

mic obesity: a case-control study. Obes Surg 2022;32:2321-31,
http://dx.doi.org/10.1007/s11695-022-06079-9.

Ichikawa T, Hamasaki K, Ishikawa H, Ejima E, Eguchi K, Nakao K. Non-alcoholic

steatohepatitis and hepatic steatosis in patients with adult onset growth hor-

mone deficiency. Gut 2003;52:914, http://dx.doi.org/10.1136/gut.52.6.914.

Yuan X-X, Zhu H-J, Pan H, Chen S, Liu Z-Y, Li Y, et al. Clinical cha-

racteristics of non-alcoholic fatty liver disease in Chinese adult

hypopituitary  patients. World ] Gastroenterol 2019;25:1741-52,
http://dx.doi.org/10.3748/wjg.v25.i14.1741.

Hong JW, Kim JY, Kim Y-E, Lee EJ. Metabolic parameters and nonalcoholic

fatty liver disease in hypopituitary men. Horm Metab Res 2011;43:48-54,

http://dx.doi.org/10.1055/s-0030-1265217.

Hoffmann A, Bootsveld K, Gebhardt U, Daubenbiichel AMM, Sterkenburg AS,

Miiller HL. Nonalcoholic fatty liver disease and fatigue in long-term survivors

of childhood-onset craniopharyngioma. Eur J Endocrinol 2015;173:389-97,

http://dx.doi.org/10.1530/EJE-15-0422.

Nogueira MC, Berbel Jtanior AS, Koenigkam-Santos M, Moreira AC,

Nonino CB, de Castro M. Nutritional and endocrinologic evaluation

of patients with craniopharyngioma. Clin Nutr ESPEN 2015;10:e213-8,

http://dx.doi.org/10.1016/j.clnesp.2015.06.001.

Di Somma C, Scarano E, Barrea L, Solari D, Riccio E, Arianna R, et al. Cra-

niopharyngioma, chronotypes and metabolic risk profile. Nutrients 2021;13,

http://dx.doi.org/10.3390/nu13103444.

Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn

EJ, et al. 2019 ACC/AHA guideline on the primary prevention of car-

diovascular disease: executive summary. ] Am Coll Cardiol 2019;74,

http://dx.doi.org/10.1016/j.jacc.2019.03.009.

Wijnen M, Olsson DS, van den Heuvel-Eibrink MM, Hammarstrand C, Janssen

JAM]L, van der Lely A-], et al. The metabolic syndrome and its compo-

nents in 178 patients treated for craniopharyngioma after 16 years of

follow-up. Eur ] Endocrinol 2018;178:11-22, http://dx.doi.org/10.1530/EJE-

17-0387.

Elsayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al. 2.

Classification and diagnosis of diabetes: standards of care in diabetes—2023.

Diabetes Care 2023;46, http://dx.doi.org/10.2337/dc23-S002.

[198] vanSanten HM, van Schaik ], van Roessel IMAA, Beckhaus J, Boekhoff S, Miiller
HL. Diagnostic criteria for the hypothalamic syndrome in childhood. Eur ]
Endocrinol 2023;188, http://dx.doi.org/10.1093/ejendo/lvad009.

[199] Tobaldini E, Fiorelli EM, Solbiati M, Costantino G, Nobili L, Montano
N. Short sleep duration and cardiometabolic risk: from patho-
physiology to clinical evidence. Nat Rev Cardiol 2019;16:213-24,
http://dx.doi.org/10.1038/s41569-018-0109-6.

[200] Krause AJ, Simon E Ben, Mander BA, Greer SM, Saletin JM, Goldstein-Piekarski
AN, et al. The sleep-deprived human brain. Nat Rev Neurosci 2017;18:404-18,
http://dx.doi.org/10.1038/nrn.2017.55.

[201] Besedovsky L, Lange T, Haack M. The
talk in health and disease. Physiol
http://dx.doi.org/10.1152/physrev.00010.2018.

[202] Inouye ST, Kawamura H. Persistence of circadian rhythmicity in a mammalian
hypothalamic ‘island’ containing the suprachiasmatic nucleus. Proc Natl Acad
Sci U S A1979;76:5962-6, http://dx.doi.org/10.1073/pnas.76.11.5962.

[203] Panda S, Sato TK, Castrucci AM, Rollag MD, DeGrip W], Hoge-
nesch JB, et al. Melanopsin (Opn4) requirement for normal

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

sleep-immune  cross-
Rev  2019;99:1325-80,

27

Annales d’Endocrinologie 86 (2025) 1631

light-induced circadian phase shifting. Science
http://dx.doi.org/10.1126/science.1076848.

Stephan FK, Nunez AA. Elimination of circadian rhythms in drinking, activity,
sleep, and temperature by isolation of the suprachiasmatic nuclei. Behav Biol
1977;20:1-61, http://dx.doi.org/10.1016/s0091-6773(77)90397-2.

Romigi A, Feola T, Cappellano S, De Angelis M, Pio G, Caccamo M,
et al. Sleep disorders in patients with craniopharyngioma: a phy-
siopathological and practical update. Front Neurol 2022;12:817257,
http://dx.doi.org/10.3389/fneur.2021.817257.

2002;298:2213-6,

[204]

[205]

[206] Waber DP, Pomeroy SL, Chiverton AM, Kieran MW, Scott RM,
Goumnerova LC, et al. Everyday cognitive function after cra-
niopharyngioma in childhood. Pediatr Neurol 2006;34:13-9,

http://dx.doi.org/10.1016/j.pediatrneurol.2005.06.002.

Ozyurt J, Miiller HL, Warmuth-Metz M, Thiel CM. Hypothalamic tumors
impact gray and white matter volumes in fronto-limbic brain areas. Cortex
2017;89:98-110, http://dx.doi.org/10.1016/j.cortex.2017.01.017.
Fournier-Goodnight AS, Ashford JM, Merchant TE, Boop FA, Indelicato
DJ, Wang L, et al. Neurocognitive functioning in pediatric craniopharyn-
gioma: performance before treatment with proton therapy. ] Neurooncol
2017;134:97-105, http://dx.doi.org/10.1007/s11060-017-2492-y.

Hofmann BM, Hollig A, Strauss C, Buslei R, Buchfelder M, Fahl-
busch R. Results after treatment of craniopharyngiomas: further expe-
riences with 73 patients since 1997. ] Neurosurg 2012;116:373-84,
http://dx.doi.org/10.3171/2011.6JNS081451.

Rutenberg MS, Rotondo RL, Rao D, Holtzman AL, Indelicato D], Huh S,
et al. Clinical outcomes following proton therapy for adult craniopharyn-
gioma: a single-institution cohort study. ] Neurooncol 2020;147:387-95,
http://dx.doi.org/10.1007/s11060-020-03432-9.

[207]

[208]

[209]

[210]

[211] Zhao R, Lu P, Fan Y, Li C, Liu C, Zhao P, et al. Clinical analysis
of risk factors of postoperative psychiatric disorders in patients
with  adult craniopharyngioma. Front Neurol 2021;12:754349,

http://dx.doi.org/10.3389/fneur.2021.754349.

Satterthwaite TD, Wolf DH, Gur RC, Ruparel K, Valdez N, Gur
RE, et al. Frontolimbic responses to emotional face memory: the
neural correlates of first impressions. Hum Brain Mapp 2009:30,
http://dx.doi.org/10.1002/hbm.20803.

Fjalldal S, Follin C, Svird D, Rylander L, Gabery S, Petersén A, et al. Microstruc-
tural white matter alterations and hippocampal volumes are associated with
cognitive deficits in craniopharyngioma. Eur ] Endocrinol 2018;178:577-87,
http://dx.doi.org/10.1530/EJE-18-0081.

Uh J, Merchant TE, Conklin HM, Ismael Y, Li Y, Han Y, et al. Diffusion tensor
imaging-based analysis of baseline neurocognitive function and posttreat-
ment white matter changes in pediatric patients with craniopharyngioma
treated with surgery and proton therapy. Int J Radiat Oncol Biol Phys
2021;109:515-26, http://dx.doi.org/10.1016/].ijrobp.2020.08.060.

Cuny T, Reynaud R, Barat P, Gatta-Cherifi B. Craniopharyngioma: medico-
social support for optimised care. Lancet Diabetes Endocrinol 2023;11:717-8,
http://dx.doi.org/10.1016/S2213-8587(23)00260-7.

Miiller HL, Bueb K, Bartels U, Roth C, Harz K, Graf N, et al. Obesity
after childhood craniopharyngioma - German multicenter study on pre-
operative risk factors and quality of life. Klin Padiatr 2001;213:244-9,
http://dx.doi.org/10.1055/s-2001-16855.

Dowie ]. What decision analysis can offer the clinical decision maker? Why
outcome databases such as KIGS and KIMS are vital sources for decision ana-
lysis? Horm Res 1999;51:73-82, http://dx.doi.org/10.1159/000053139.
Poretti A, Grotzer MA, Ribi K, Schoénle E, Boltshauser E. Out-
come of craniopharyngioma in children: long-term complications
and quality of life. Dev Med Child Neurol 2004;46:220-9,
http://dx.doi.org/10.1017/s0012162204000374.

Pedreira CC, Stargatt R, Maroulis H, Rosenfeld ], Maixner W, Warne GL, et al.
Health related quality of life and psychological outcome in patients treated for
craniopharyngioma in childhood. ] Pediatr Endocrinol Metab 2006;19:15-24,
http://dx.doi.org/10.1515/jpem.2006.19.1.15.

Sands SA, Milner ]S, Goldberg ], Mukhi V, Moliterno JA, Maxfield
C, et al. Quality of life and behavioral follow-up study of pedia-
tric survivors of craniopharyngioma. ] Neurosurg 2005;103:302-11,
http://dx.doi.org/10.3171/ped.2005.103.4.0302.

Beckhaus ], Friedrich C, Boekhoff S, Calaminus G, Bison B, Eveslage
M, et al. Outcome after pediatric craniopharyngioma: the role of age
at diagnosis and hypothalamic damage. Eur ] Endocrinol 2023;188,
http://dx.doi.org/10.1093/ejendo/Ivad027.

Patel KS, Raza SM, McCoul ED, Patrona A, Greenfield JP, Souwei-
dane MM, et al. Long-term quality of life after endonasal endoscopic
resection of adult craniopharyngiomas. ] Neurosurg 2015;123:571-80,
http://dx.doi.org/10.3171/2014.12JNS141591.

[223] Verhelst ], Kendall-Taylor P, Erfurth EM, Price DA, Geffner M, Koltowska-
Hdggstrom M, et al. Baseline characteristics and response to 2 years of
growth hormone (GH) replacement of hypopituitary patients with GH defi-
ciency due to adult-onset craniopharyngioma in comparison with patients
with nonfunctioning pituitary adenoma: data from KIMS (Pfizer Inter-
national Metabolic Database). ] Clin Endocrinol Metab 2005;90:4636-43,
http://dx.doi.org/10.1210/jc.2005-0185.

Feldt-Rasmussen U, Wilton P, Jonsson P, KIMS Study Group, KIMS Inter-
national Board. Aspects of growth hormone deficiency and replacement
in elderly hypopituitary adults. Growth Horm IGF Res 2004;14:S51-8,
http://dx.doi.org/10.1016/j.ghir.2004.03.013.

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

[222]

[224]


dx.doi.org/10.1210/jc.2003-030552
dx.doi.org/10.1016/S2213-8587(21)00002-4
dx.doi.org/10.1111/dom.14224
dx.doi.org/10.1093/ejendo/lvae024
dx.doi.org/10.1111/dom.14366
dx.doi.org/10.1016/S2213-8587(22)00277-7
dx.doi.org/10.1210/clinem/dgab518
dx.doi.org/10.1007/s11695-022-06079-9
dx.doi.org/10.1136/gut.52.6.914
dx.doi.org/10.3748/wjg.v25.i14.1741
dx.doi.org/10.1055/s-0030-1265217
dx.doi.org/10.1530/EJE-15-0422
dx.doi.org/10.1016/j.clnesp.2015.06.001
dx.doi.org/10.3390/nu13103444
dx.doi.org/10.1016/j.jacc.2019.03.009
dx.doi.org/10.1530/EJE-17-0387
dx.doi.org/10.1530/EJE-17-0387
dx.doi.org/10.2337/dc23-S002
dx.doi.org/10.1093/ejendo/lvad009
dx.doi.org/10.1038/s41569-018-0109-6
dx.doi.org/10.1038/nrn.2017.55
dx.doi.org/10.1152/physrev.00010.2018
dx.doi.org/10.1073/pnas.76.11.5962
dx.doi.org/10.1126/science.1076848
dx.doi.org/10.1016/s0091-6773(77)90397-2
dx.doi.org/10.3389/fneur.2021.817257
dx.doi.org/10.1016/j.pediatrneurol.2005.06.002
dx.doi.org/10.1016/j.cortex.2017.01.017
dx.doi.org/10.1007/s11060-017-2492-y
dx.doi.org/10.3171/2011.6.JNS081451
dx.doi.org/10.1007/s11060-020-03432-9
dx.doi.org/10.3389/fneur.2021.754349
dx.doi.org/10.1002/hbm.20803
dx.doi.org/10.1530/EJE-18-0081
dx.doi.org/10.1016/j.ijrobp.2020.08.060
dx.doi.org/10.1016/S2213-8587(23)00260-7
dx.doi.org/10.1055/s-2001-16855
dx.doi.org/10.1159/000053139
dx.doi.org/10.1017/s0012162204000374
dx.doi.org/10.1515/jpem.2006.19.1.15
dx.doi.org/10.3171/ped.2005.103.4.0302
dx.doi.org/10.1093/ejendo/lvad027
dx.doi.org/10.3171/2014.12.JNS141591
dx.doi.org/10.1210/jc.2005-0185
dx.doi.org/10.1016/j.ghir.2004.03.013

T. Cuny, R. Reynaud, G. Raverotetal.

[225]

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

[236]

[237]

[238]

[239]

[240]

[241]

[242]

[243]

[244]

[245]

Dekkers OM, Biermasz NR, Smit JWA, Groot LE, Roelfsema F, Romijn JA, et al.
Quality of life in treated adult craniopharyngioma patients. Eur ] Endocrinol
2006;154:483-9, http://dx.doi.org/10.1530/eje.1.02114.

Gapstur R, Gross CR, Ness K. Factors associated with sleep-wake disturbances
in child and adult survivors of pediatric brain tumors: a review. Oncol Nurs
Forum 2009;36:723-31, http://dx.doi.org/10.1188/09.0NF.723-731.

Giese H, Haenig B, Haenig A, Unterberg A, Zweckberger K. Neurological and
neuropsychological outcome after resection of craniopharyngiomas. ] Neuro-
surg 2019;132:1425-34, http://dx.doi.org/10.3171/2018.10.JNS181557.

Mehren A, Ozyurt ], Zu Klampen P, Boekhoff S, Thiel CM,
Miiller HL. Self- and informant-rated apathy in patients with
childhood-onset craniopharyngioma. ] Neurooncol 2018;140:27-35,

http://dx.doi.org/10.1007/s11060-018-2936-z.

Memmesheimer RM, Lange K, Dolle M, Heger S, Mueller 1. Psy-
chological well-being and independent living of young adults with
childhood-onset craniopharyngioma. Dev Med Child Neurol 2017;59:829-36,
http://dx.doi.org/10.1111/dmcn.13444.

Hidalgo ET, Orillac C, Kvint S, McQuinn MW, Dastagirzada Y, Phil-
lips S, et al. Quality of life, hypothalamic obesity, and sexual func-
tion in adulthood two decades after primary gross-total resection
for childhood craniopharyngioma. Childs Nerv Syst 2020;36:281-9,
http://dx.doi.org/10.1007/s00381-019-04161-9.

Boekhoff S, Bogusz A, Sterkenburg AS, Eveslage M, Miiller HL. Long-term
effects of growth hormone replacement therapy in childhood-onset cranio-
pharyngioma: results of the German Craniopharyngioma Registry (HIT-Endo).
Eur ] Endocrinol 2018;179:331-41, http://dx.doi.org/10.1530/EJE-18-0505.
Yuen KCJ, Koltowska-Hédggstrom M, Cook DM, Fox JL, Jonsson PJ, Geffner ME,
et al. Clinical characteristics and effects of GH replacement therapy in adults
with childhood-onset craniopharyngioma compared with those in adults
with other causes of childhood-onset hypothalamic-pituitary dysfunction.
Eur ] Endocrinol 2013;169:511-9, http://dx.doi.org/10.1530/EJE-13-0280.
Rastrelli G, Corona G, Mannucci E, Maggi M. Factors affecting spermatogenesis
upon gonadotropin-replacement therapy: a meta-analytic study. Andrology
2014;2:794-808, http://dx.doi.org/10.1111/ANDR.262.

Dwyer AA, Raivio T, Pitteloud N. Gonadotrophin replacement for induc-
tion of fertility in hypogonadal men. Best Pract Res Clin Endocrinol Metab
2015;29:91-103, http://dx.doi.org/10.1016/].BEEM.2014.10.005.

Prior M, Stewart ], McEleny K, Dwyer AA, Quinton R. Fertility induction in
hypogonadotropic hypogonadal men. Clin Endocrinol (Oxf) 2018;89:712-8,
http://dx.doi.org/10.1111/CEN.13850.

Ondruch A, Maryniak A, Kropiwnicki T, Roszkowski M, Daszkiewicz
P. Cognitive and social functioning in children and adolescents after
the removal of craniopharyngioma. Childs Nerv Syst 2011;27:391-7,
http://dx.doi.org/10.1007/s00381-010-1301-0.

Sowithayasakul P, Boekhoff S, Bison B, Miiller HL. Pregnancies after child-
hood craniopharyngioma: results of KRANIOPHARYNGEOM 2000/2007
and review of the literature. Neuroendocrinology 2021;111:16-26,
http://dx.doi.org/10.1159/000506639.

Shoham Z, Smith H, Yeko T, O'Brien F, Hemsey G, O'Dea L. Recombi-
nant LH (lutropin alfa) for the treatment of hypogonadotrophic women
with profound LH deficiency: a randomized, double-blind, placebo-
controlled, proof-of-efficacy study. Clin Endocrinol (Oxf) 2008;69:471-8,
http://dx.doi.org/10.1111/j.1365-2265.2008.03299.x.

Cheng L, Zhu H, Wang ], Wu S, Zhang S, Wang ], et al. Risk
factor and replacement therapy analysis of pre- and postoperative
endocrine deficiencies for craniopharyngioma. Cancers (Basel) 2023;15,
http://dx.doi.org/10.3390/cancers15020340.

Gonzalez Bricefio LG, Kariyawasam D, Samara-Boustani D, Giani E, Beltrand
J, Bolle S, et al. High prevalence of early endocrine disorders after childhood
brain tumors in a large cohort. J Clin Endocrinol Metab 2022;107:e2156-66,
http://dx.doi.org/10.1210/clinem/dgab893.

Akinduro 00, 1zzo A, Lu VM, Ricciardi L, Trifiletti D, Peterson JL, et al. Endocrine
and visual outcomes following gross total resection and subtotal resection of
adult craniopharyngioma: systematic review and meta-analysis. World Neu-
rosurg 2019;127:e656-68, http://dx.doi.org/10.1016/j.wneu.2019.03.239.
Garcia JM, Biller BMK, Korbonits M, Popovic V, Luger A, Strasburger CJ, et al.
Macimorelin as a diagnostic test for adult GH deficiency. ] Clin Endocrinol
Metab 2018;103:3083-93, http://dx.doi.org/10.1210/jc.2018-00665.
Harrabi SB, Adeberg S, Welzel T, Rieken S, Habermehl D, Debus J, et al. Long-
term results after fractionated stereotactic radiotherapy (FSRT) in patients
with craniopharyngioma: maximal tumor control with minimal side effects.
Radiat Oncol 2014;9, http://dx.doi.org/10.1186/1748-717X-9-203.
Karavitaki N, Warner JT, Marland A, Shine B, Ryan F, Arnold ],
et al. GH replacement does not increase the risk of recurrence in
patients with craniopharyngioma. Clin Endocrinol (Oxf) 2006;64:556-60,
http://dx.doi.org/10.1111/j.1365-2265.2006.02508.x.

Olsson DS, Buchfelder M, Wiendieck K, Kremenevskaja N, Bengtsson B-
A, Jakobsson K-E, et al. Tumour recurrence and enlargement in patients
with craniopharyngioma with and without GH replacement therapy during
more than 10 years of follow-up. Eur ] Endocrinol 2012;166:1061-8,
http://dx.doi.org/10.1530/EJE-12-0077.

28

[246]

[247]

[248]

[249]

[250]

[251]

[252]

[253]

[254]

[255]

[256]

[257]

[258]

[259]

[260]

[261]

[262]

[263]

Annales d’Endocrinologie 86 (2025) 1631

Losa M, Castellino L, Pagnano A, Rossini A, Mortini P, Lanzi R. Growth
hormone therapy does not increase the risk of craniopharyngioma and non-
functioning pituitary adenoma recurrence. ] Clin Endocrinol Metab 2020;105,
http://dx.doi.org/10.1210/clinem/dgaa089.

Nguyen Quoc A, Beccaria K, Gonzalez Bricefio L, Pinto G, Samara-Boustani D,
Stoupa A, et al. GH and childhood-onset craniopharyngioma: when to ini-
tiate GH replacement therapy? J Clin Endocrinol Metab 2023;108:1929-36,
http://dx.doi.org/10.1210/clinem/dgad079.

Johannsson G, Touraine P, Feldt-Rasmussen U, Pico A, Vila G, Mattsson AF,
et al. Long-term safety of growth hormone in adults with growth hormone
deficiency: overview of 15,809 GH-treated patients. ] Clin Endocrinol Metab
2022;107:1906-19, http://dx.doi.org/10.1210/clinem/dgac199.

Okinaga H, Matsuno A, Okazaki R. High risk of osteopenia and bone
derangement in postsurgical patients with craniopharyngiomas, pitui-
tary adenomas and other parasellar lesions. Endocr ] 2005;52:751-6,
http://dx.doi.org/10.1507 /endocr;j.52.751.

Holmer H, Popovic V, Ekman B, Follin C, Siversson AB, Erfurth EM.
Hypothalamic involvement and insufficient sex steroid supplementa-
tion are associated with low bone mineral density in women with
childhood onset craniopharyngioma. Eur J Endocrinol 2011;165:25-31,
http://dx.doi.org/10.1530/EJE-11-0229.

Wolf P, Winhofer Y, Smajis S, Kruschitz R, Schindler K, Gessl A, et al.
Hormone substitution after gastric bypass surgery in patients with hypopi-
tuitarism secondary to craniopharyngioma. Endocr Pract 2016;22:595-601,
http://dx.doi.org/10.4158/EP15947.0R.

Hoffman LM, Jaimes C, Mankad K, Mirsky DM, Tamrazi B, Tinkle
CL, et al. Response assessment in pediatric craniopharyngioma:
recommendations from the Response Assessment in Pediatric Neuro-
Oncology (RAPNO) Working Group. Neuro Oncol 2023;25:224-33,
http://dx.doi.org/10.1093/neuonc/noac221.

Andela CD, Repping-Wuts H, Stikkelbroeck NMML, Pronk MC, Tiemensma
J, Hermus AR, et al. Enhanced self-efficacy after a self-management pro-
gramme in pituitary disease: a randomized controlled trial. Eur ] Endocrinol
2017;177:59-72, http://dx.doi.org/10.1530/EJE-16-1015.

Albarel F, Pellegrini I, Rahabi H, Baccou C, Gonin L, Rochette C, et al. Evaluation
of an individualized education program in pituitary diseases: a pilot study.
Eur ] Endocrinol 2020;183:551-9, http://dx.doi.org/10.1530/EJE-20-0652.
Donegan D, Gowan T, Gruber R, Cottingham A, Flanagan M, Erick-
son D, et al. The need for patient-centered education among patients
newly diagnosed with a pituitary tumor. J Endocr Soc 2021;5:bvab061,
http://dx.doi.org/10.1210/jendso/bvab061.
Liubinas SV, Munshey AS, Kaye
rent craniopharyngioma. ] Clin
http://dx.doi.org/10.1016/j.jocn.2010.10.004.

Prieto R, Pascual JM, Subhi-Issa I, Jorquera M, Yus M, Martinez R. Predictive
factors for craniopharyngioma recurrence: a systematic review and illustra-
tive case report of a rapid recurrence. World Neurosurg 2013;79:733-49,
http://dx.doi.org/10.1016/j.wneu.2012.07.033.

Li K, Lu X, Yang N, Zheng ], Huang B, Li L. Association of pituitary
stalk management with endocrine outcomes and recurrence in micro-
surgery of craniopharyngiomas: a meta-analysis. Clin Neurol Neurosurg
2015;136:20-4, http://dx.doi.org/10.1016/j.clineuro.2015.05.019.

Wu Y, Xu B, Hu S, Shao B-B. Risk factors for and predictive nomo-
gram of overall survival in adult patients with craniopharyngiomas:
a SEER population-based study. Medicine (Baltimore) 2022;101:e29777,
http://dx.doi.org/10.1097/MD.0000000000029777.

Selfa A, Arrdez C, Ros A, Linares ], Cerro L, Arrdez MA. Ectopic
recurrence of craniopharyngioma in the posterior fossa: case report
and review of the literature. Neurocir (English Ed) 2023;34:32-9,
http://dx.doi.org/10.1016/j.neucie.2022.11.001.

AH. Management of recur-
Neurosci 2011;18:451-7,

Gan H-W, Morillon P, Albanese A, Aquilina K, Chandler C, Chang
Y-C, et al. National UK guidelines for the management of pae-
diatric ~ craniopharyngioma. Lancet Diabetes Endocrinol 2023,

http://dx.doi.org/10.1016/S2213-8587(23)00162-6.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-
Coello P, et al. GRADE: an emerging consensus on rating quality
of evidence and strength of recommendations. BM] 2008;336,
http://dx.doi.org/10.1136/bmj.39489.470347.ad.

Swiglo BA, Murad MH, Schiinemann H]J, Kunz R, Vigersky RA, Guyatt GH,
et al. A case for clarity, consistency, and helpfulness: state-of-the-art clinical
practice guidelines in endocrinology using the grading of recommendations,
assessment, development, and evaluation system. J Clin Endocrinol Metab
2008;93, http://dx.doi.org/10.1210/jc.2007-1907.


dx.doi.org/10.1530/eje.1.02114
dx.doi.org/10.1188/09.ONF.723-731
dx.doi.org/10.3171/2018.10.JNS181557
dx.doi.org/10.1007/s11060-018-2936-z
dx.doi.org/10.1111/dmcn.13444
dx.doi.org/10.1007/s00381-019-04161-9
dx.doi.org/10.1530/EJE-18-0505
dx.doi.org/10.1530/EJE-13-0280
dx.doi.org/10.1111/ANDR.262
dx.doi.org/10.1016/J.BEEM.2014.10.005
dx.doi.org/10.1111/CEN.13850
dx.doi.org/10.1007/s00381-010-1301-0
dx.doi.org/10.1159/000506639
dx.doi.org/10.1111/j.1365-2265.2008.03299.x
dx.doi.org/10.3390/cancers15020340
dx.doi.org/10.1210/clinem/dgab893
dx.doi.org/10.1016/j.wneu.2019.03.239
dx.doi.org/10.1210/jc.2018-00665
dx.doi.org/10.1186/1748-717X-9-203
dx.doi.org/10.1111/j.1365-2265.2006.02508.x
dx.doi.org/10.1530/EJE-12-0077
dx.doi.org/10.1210/clinem/dgaa089
dx.doi.org/10.1210/clinem/dgad079
dx.doi.org/10.1210/clinem/dgac199
dx.doi.org/10.1507/endocrj.52.751
dx.doi.org/10.1530/EJE-11-0229
dx.doi.org/10.4158/EP15947.OR
dx.doi.org/10.1093/neuonc/noac221
dx.doi.org/10.1530/EJE-16-1015
dx.doi.org/10.1530/EJE-20-0652
dx.doi.org/10.1210/jendso/bvab061
dx.doi.org/10.1016/j.jocn.2010.10.004
dx.doi.org/10.1016/j.wneu.2012.07.033
dx.doi.org/10.1016/j.clineuro.2015.05.019
dx.doi.org/10.1097/MD.0000000000029777
dx.doi.org/10.1016/j.neucie.2022.11.001
dx.doi.org/10.1016/S2213-8587(23)00162-6
dx.doi.org/10.1136/bmj.39489.470347.ad
dx.doi.org/10.1210/jc.2007-1907

	Diagnosis and management of children and adult craniopharyngiomas: A French Endocrine Society/French Society for Paediatri...
	1 Abbreviations
	2 Introduction
	3 Methodology
	4 Background
	4.1 Epidemiology
	4.2 Environmental risk factors
	4.3 Mortality
	4.3.1 Mortality risk factors
	4.3.2 Causes of death


	5 Clinical presentation
	5.1 Clinical manifestations in children
	5.2 Clinical manifestations in adults

	6 Investigations at diagnosis
	6.1 Biochemical and hormonal analysis
	6.2 Imaging
	6.2.1 Arguments in favor of a craniopharyngioma
	6.2.2 Indications of severity on imaging
	6.2.3 Aspects of the surgical procedure

	6.3 Visual explorations

	7 Histology, pathology and molecular biology
	8 Therapeutic management
	8.1 Surgery
	8.1.1 Approaches in children with craniopharyngiomas
	8.1.2 Approaches in adults with craniopharyngioma
	8.1.2.1 Endonasal approaches
	8.1.2.2 Closure step for extended transsphenoidal approach

	8.1.3 Craniotomy approach (subfrontal, frontopterional, frontolateral, interhemispheric)
	8.1.3.1 How to proceed to tumor resection?

	8.1.4 Imaging in the immediate postoperative period

	8.2 Radiotherapy
	8.2.1 Indications for radiotherapy in the absence of prior irradiation
	8.2.1.1 Normofractionated conformal radiotherapy
	8.2.1.2 Single-dose or hypofractionated stereotactic radiotherapy

	8.2.2 Radiotherapy application
	8.2.2.1 Normofractionated conformal radiotherapy
	8.2.2.2 Single-dose or hypofractionated stereotactic radiotherapy

	8.2.3 Re-irradiation

	8.3 Targeted therapies
	8.3.1 Adamantinomatous craniopharyngiomas
	8.3.1.1 MEK inhibitors
	8.3.1.2 IL-6 and VEGF inhibitors
	8.3.1.3 Anti-PD1/anti-PD-L1 drug treatments

	8.3.2 Papillary craniopharyngiomas
	8.3.3 Intracystic treatment of craniopharyngiomas


	9 Craniopharyngioma-associated comorbidities
	9.1 Endocrine deficiencies in the immediate postoperative period
	9.2 Metabolic complications
	9.2.1 Hypothalamic obesity
	9.2.2 Obesity-related metabolic comorbidities
	9.2.2.1 Metabolic dysfunction-associated fatty liver disease (MAFLD)
	9.2.2.2 Dyslipidemia
	9.2.2.3 Diabetes


	9.3 Hypothalamic syndrome (excluding hypothalamic obesity)
	9.3.1 Sleep disorders
	9.3.2 Abnormal circadian rhythms
	9.3.3 Neuropsychological disorders


	10 Medical and social care
	10.1 Impact on quality of life and functional capacity
	10.2 Impact on emotions and cognitive functions
	10.3 Impact on social integration, emotional and marital life
	10.4 Unmet needs and medico-social actions

	11 Transition from children-adult and pregnancy
	11.1 Transition
	11.2 Pregnancy in women with craniopharyngioma

	12 Follow-up and long-term management
	12.1 Endocrine deficiencies during the follow-up
	12.1.1 Prevalence
	12.1.2 When and how to assess hormonal axes during the follow-up
	12.1.3 Hormonal substitution in the long-term

	12.2 Imaging during follow-up
	12.2.1 Modalities
	12.2.2 Frequency of MRI
	12.2.3 Bone mineral density

	12.3 Visual explorations during the follow-up
	12.4 Education program
	12.5 Recurrence during follow-up
	12.5.1 Risk factors for recurrence


	13 Summarizing conclusions
	Disclosure of interest
	References


