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ABSTRACT

This guideline was developed under the auspices of the Pediatric Neurosurgery Group of the Neurosurgery
Branch of the Chinese Medical Association, the Neuro-oncology Expert Committee of the Chinese Society of
Clinical Oncology, and the Neuro-oncology Professional Committee of the China Anti-Cancer Association. Cra-
niopharyngioma is the most common tumor in the sellar turcica region among children, with the majority being
adamantinomatous craniopharyngioma (ACP) and a smaller proportion being papillary craniopharyngioma
(PCP). Management of craniopharyngioma involves not only tumor control but also the treatment of tumor-
related hypothalamic dysfunction and pituitary endocrine disorders. To standardize the diagnosis and man-
agement of pediatric craniopharyngioma, this guideline incorporates evidence from 398 literature references. It
provides recommendations on diagnostic evaluation, surgical strategies, radiotherapy principles, prognostic
assessment, follow-up and long-term management, and targeted therapy. This guideline is intended to serve as a
reference for healthcare professionals engaged in pediatric neuro-oncology. Recommendations were developed
using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology, taking
into account the quality of evidence, clinical applicability, and expert consensus. Key recommendations are
supported by explanatory rationale. The guideline were reviewed and approved by 35 multidisciplinary experts
and 6 external reviewers, followed by formal voting on each recommendation. For areas lacking high-quality
evidences, future well-designed clinical trials are recommended to validate and update these recommendations.

This guideline is sponsored by the Pediatric Neurosurgery Group,
Neurosurgery Branch of the Chinese Medical Association, the Neuro-
oncology Expert Committee of the Chinese Society of Clinical
Oncology, and the Neuro-oncology Professional Committee of the
China Anti-Cancer Association.

Craniopharyngioma is a rare intracranial tumor in children, ac-
counting for 1.2% to 4.6% of all pediatric intracranial tumors [1-3].
Childhood-onset craniopharyngiomas represent a distinct and clinically
significant subgroup [4,5] Incidence, treatment and survival of patients
with craniopharyngioma in the surveillance, epidemiology and end re-
sults program. Histologically, they are traditionally classified into ada-
mantinomatous craniopharyngioma (ACP) and  papillary
craniopharyngioma (PCP) subtypes [6]. The 2021 WHO Classification of
Tumors of the Central System (5th version) further defines ACP and PCP
as distinct entities, highlighting their differences in molecular profiles
and clinical behavior [7]. Epidemiological studies indicate that ACP is
more common in children, whereas PCP occurs almost exclusively in
adults, accounting for only about 25% of adult craniopharyngiomas [8].
To standardize the management of pediatric craniopharyngioma, this
guideline provides evidence-based recommendations for healthcare
professionals involved in patient care. It covers the following key areas:
diagnostic evaluation, surgical approaches, radiotherapy principles,
prognostic assessment, follow-up, long-term management, and targeted
therapy. The recommendations were developed using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE)
methodology (see Table 1), incorporating available evidence, clinical
applicability, and expert consensus. Key recommendations include
explanatory notes. The guidelines were reviewed and validated by 35
multidisciplinary experts and 6 external reviewers. Areas with limited
evidence are suggested for refinement through future clinical trials.
Compared with existing international reviews and guidelines—most of
which address adult or mixed-age populations—this guideline is
restricted to childhood-onset disease, integrates the China-derived,
origin-based QST classification, proposes for the first time an inte-
grated clinical-pathological-therapeutic prognostic risk-scoring model,
and synthesizes the large-volume experience of multiple Chinese
high-volume centers (e.g., Sanbo Brain Hospital, Xinhua Hospital,

Nanfang Hospital). We regard the origin-based surgical algorithm and
the prognostic scoring model as the principal novel contributions.

1. Methodology of guideline development

This guideline was developed through a systematic review of do-
mestic and international literature and consensus statements on pedi-
atric craniopharyngioma, supplemented by an expert discussion. A
multidisciplinary writing group, including experts in neurosurgery,
neuropathology, neuroimaging, radiotherapy, endocrinology, and pe-
diatric oncology, drafted and revised the content in three stages.

Stage 1: The Pediatric Neurosurgery Group of the Neurosurgery
Section of the Chinese Medical Association, the Neurological Tumor
Expert Committee of the Chinese Society of Clinical Oncology, and
the Neuro-Oncology Committee of the Chinese Anti-Cancer Associ-
ation defined the scope, objective, and topics of the guideline. The
writing group was established, and responsibilities were assigned.

A systematic literature search was conducted in PubMed, Embase,
and other databases for articles published between January 1, 2014, and
December 31, 2024. Key search terms included “craniopharyngioma”,

T

“pediatric”, “endoscopic endonasal approach”, “radiation therapy”, and

Table 1
GRADE system: Levels of evidence and strength of recommendations.

Category Description

Level of evidence

High Further research is very unlikely to change confidence in the effect
estimate

Moderate  Further research may have an important impact and may change the
estimate

Low Further research is very likely to have an important impact and change

the estimate
Very low Any estimate of effect is very uncertain
Strength of recommendation
Strong Benefits clearly outweigh risks and burdens
Weak Benefits and risks are closely balanced or uncertain
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specific targeted therapies (e.g., BRAF inhibitors) (Fig. 1. Literature re-
view process). The search strategy is detailed in Supplementary material
1.

Stage 2: The core working group of the guidelines drafted the initial
version, which was revised to address the needs of clinical practi-
tioners at different levels and to ensure applicability in primary
healthcare settings.

Stage 3: An external review panel evaluated the content through a
structured review and voting process (Table 2). The external review
panel comprised specialists in neurosurgery, endocrinology, pediat-
rics, radiology, rehabilitation medicine, psychology, and represen-
tatives from the Chinese Craniopharyngioma Patients' Support
Group. The member list is provided in the“External Review Panel
Roster.” Consensus was defined as an agreement of >80% among
the panel members. The strength of recommendation (Strong vs.
Weak) was determined based on the sum of “Highly recommended”,
“Recommend”, and “Agree” votes exceeding 80% for a strong
recommendation.

In this guideline, recommendations are derived from evidence
quality and expert consensus to establish ‘best practice recommenda-
tions' (gold standard). Where applicable—such as for certain diagnostic
evaluations and follow-up schedules—we also define ‘minimum
acceptable standards' based on local resources and clinical feasibility.
For instance, the sections on imaging, endocrine function, and neuro-
psychological testing differentiate between ideal and minimum required
assessments..

2. Overview
2.1. Definition and epidemiology

The peak incidence of craniopharyngioma in children occurs
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between 5 and 14 years of age, with no significant gender predilection
[4,9]. We defined the age range for children in this guideline as 0 to 18
years. This range includes the peak age of incidence for childhood cra-
niopharyngioma (5-14 years), while taking into account the epidemio-
logical characteristics of craniopharyngioma, as well as Chinese laws,
ethics, and cultural context. It should be noted that the age threshold
defining “children” varies across countries and regions; the 0-18-year
range adopted here reflects the Chinese context and may not be directly
comparable to definitions used elsewhere. These tumors arise from
remnants of the craniopharyngeal duct epithelium or Rathke's cleft,
often exhibiting mixed solid and cystic components with frequent
calcification. Despite its benign histology, craniopharyngioma often
exhibits locally aggressive behavior akin to malignancy [10].

Pediatric craniopharyngiomas are categorized into two types: (1)
ACP, the most common subtype in children, characterized by the
coexistence of solid and cystic components, as well as high incidence of
calcification (~90%). The histological features of ACP typically show
epithelial tumor cells arranged in nests and trabeculae with stellate re-
ticulum and “wet keratin” formation [11]. ACP is associated with mu-
tations in the CTNNBI gene, which encodes B-catenin [12]. (2)PCP, rare
in children [13-17], accounts for less than 2% of cases in children, is
mostly solid with minimal cystic change or calcification. Histologically,
it exhibits well-differentiated squamous epithelium in a papillary or
perivascular arrangement. PCP is associated with BRAF V60OE muta-
tions [18].

Although PCP is classically regarded as an adult-predominant sub-
type, molecularly confirmed pediatric PCP is exceedingly rare, ac-
counting for less than 2% of childhood craniopharyngiomas in
molecular diagnostic series. Because pediatric PCP has been only
sparsely addressed in international guidelines, recent pediatric and
multicenter Chinese studies provide important complementary evi-
dence. These studies indicate that pediatric PCP retains the defining
BRAF V600E-driven molecular identity of adult PCP, while pediatric
cases may differ in clinical presentation, age-related treatment

Identification of studies via datab and registers ]
a 6 Specialized Domain Searches
S Primary Search Strategy 1. Molecular pathology: n=92
§ PubMed: n=436 2. Surgical treatment strategies: n=335
= Embase: n=578 3. Endoscopic endonasal approach: =105
'd:'; Web of Science: n=1029 4. Radiation therapy modalities: n=153
-] Search period: Jan 2014-Dec2024 5. Targeted therapy (BRAF/MEK inhibitors): n=38
6. Systematic reviews/Meta-analyses/Guidelines: n=22
: I
)
Total Records Identified
n=2788
(Primary+ Specialized)
Reports sought for retrieval ) Records Removed (before screening)
2 n =669 Duplicate records: n=2119
=
3
2
O
(2]
Reports excluded n=271
Non-pediatric population: n =86
Reports assessed for eligibility n =398 —> Conference abstracts: n = 34
Language restrictions: n = 3
Case reports/series: n=56
Insufficient data: n= 92
— |
—
-l
3 Studies included in review
% n =398
E

Fig. 1. Literature review process.
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Table 2
Level of recommendation (%).
Recommendation ~ Contents Highly Recommend Agree Disagree
recommended (%) (%) (%) (%)
1 Children presenting with headaches, visual impairment, or endocrine abnormalities (e.g. 94% 6% 0% 0%

growth failure, diabetes insipidus) should undergo prompt neuroimaging (CT/MRI) to
facilitate early diagnosis and intervention.

2 Prognostic evaluation should include age, presence of hydrocephalus, and postoperative 71% 29% 0% 0%
diabetes insipidus.
3 Preoperative CT should be considered for evaluating calcification and bony anatomy, 89% 3% 9% 0%

particularly for ACP or when evaluating transsphenoidal surgical approaches. Non-contrast
CT is the first-line modality in emergencies (e.g., acute hydrocephalus or herniation) for
rapid assessment. Contrast-enhanced CT is indicated for tumor characterization if MRI is
contraindicated. However, if MRI has clearly defined the tumor characteristics and none of
the above indications (calcification assessment, surgical planning for transsphenoidal
approach, or emergency setting) are present, CT is not mandatory.

4 MRI is the preferred imaging modality for pediatric craniopharyngioma due to superior soft ~ 83% 14% 3% 0%
tissue resolution, which is critical for surgical planning.
5 Systematic pre- and postoperative assessment of hypothalamic-pituitary function is 86% 11% 3% 0%

recommended and should be conducted by an experienced pediatric/pituitary
endocrinologist in a dedicated pituitary center or MDT setting. Dynamic testing should be
used as clinically indicated.
6 Neuropsychological and cognitive assessments should be performed before and after 26% 49% 26% 0%
surgery, as well as during long-term follow-up, using culturally appropriate tools. These
should be integrated into long-term follow-up.

7 A comprehensive ophthalmologic evaluation is recommended for all patients at diagnosis 66% 26% 9% 0%
and during follow-up.
8 A standardized preoperative protocol including imaging, endocrine, visual, and cognitive 60% 31% 6% 3%

assessments is recommended. A multidisciplinary team (MDT) discussion is encouraged for
diagnostic accuracy and treatment planning. It is recommended that pediatric
craniopharyngioma patients be referred to and managed within a Pituitary Tumor Center of
Excellence (PTCOE)—a designated high-volume center providing a fixed multidisciplinary
team, standardized care pathways, and 24-h endocrine and intensive-care support. This
PTCOE model of centralized management extends beyond ad hoc MDT discussion and has
been associated with higher rates of safe resection and better endocrine and functional

outcomes.
9 Surgical resection with histopathological confirmation is recommended for symptomatic 71% 29% 0% 0%
patients or those with clear radiological evidence of craniopharyngioma.
10 Reoperation should be considered for recurrent or progressive tumors after risk assessment. ~ 54% 40% 6% 0%
11 Gross total resection is not recommended for tumors with extensive hypothalamic 49% 29% 17% 6%

involvement (Puget grade 2). Subtotal resection with radiotherapy is preferred to reduce
severe complications.

12 Surgery is not recommended for patients with severe medical comorbidities. Non-surgical ~ 46% 31% 20% 3%
options should be considered.

13 Preoperative adjuvant therapies (e.g., intracystic therapy) may be considered for high-risk ~ 17% 31% 26% 26%
or complex tumors to facilitate safer resection.

14 Treatment decisions should be made by an MDT. 46% 43% 11% 0%

15 Surgery is recommended as the first-line treatment for craniopharyngioma in children, 80% 20% 0% 0%

aiming at total tumor resection while preserving vital functional structures to improve
overall and progression-free survival. The extent of resection should be individualized
according to the degree of hypothalamic involvement, and gross total resection should not
be pursued when it would compromise hypothalamic function (see Recommendation 11).
16 The choice between EEA and TCA should be based on tumor anatomy, hypothalamic 63% 31% 6% 0%
involvement, third-ventricle extension, surgeon experience, and MDT assessment, with the
primary goal of maximizing surgical safety and functional preservation rather than
maximizing the rate of total resection.
17 Preserve the pituitary stalk whenever possible. If the tumor is densely adherent, prioritize =~ 49% 34% 17% 0%
stalk function with subtotal resection and radiotherapy over stalk sacrifice, which should
only be a last resort due to increased long-term complications.
18 For tumors with definite involvement of the hypothalamus and demonstration of thalamic ~ 38% 35% 21% 6%
injury, if the surgeon assesses that total resection will result in further functional
impairment, a strategy of subtotal resection combined with radiotherapy is recommended
to ensure local control while reducing serious postoperative complications.

19 Comprehensive preoperative assessment of the functional status of the hypothalamus is 54% 29% 17% 0%
recommended as a key decision-making basis for developing an individualized resection
strategy.

20 It is recommended that for cystic predominant lesions or those with acute manifestationsof ~ 17% 37% 26% 20%

intracranial hypertension, prior treatment with drainage of cystic fluid and reduction of
intracranial pressure by drugs should be considered to alleviate acute symptoms and
optimize the conditions for subsequent treatment.

21 It is strongly recommended that surgery for craniopharyngioma in children be performed  85% 9% 6% 0%
by highly qualified and experienced neurosurgeons with the support of a multidisciplinary
team.

22 Dexamethasone may be used perioperatively for cerebral edema. 18% 33% 45% 3%

23 Vasopressin receptor antagonists are not routinely recommended for hyponatremia due to ~ 26% 47% 24% 3%
risk of triphasic response.

24 Hyponatremia should be evaluated and managed based on etiology. 50% 29% 18% 3%

(continued on next page)
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Table 2 (continued)

Recommendation  Contents Highly Recommend Agree Disagree
recommended (%) (%) (%) (%)
25 Polyuria should be evaluated for central diabetes insipidus and other causes. 59% 29% 9% 3%
26 Preoperative correction of adrenal insufficiency and hypothyroidism is recommended. 58% 33% 9% 0%
27 Postoperative endocrine function should be assessed and managed long-term. 65% 29% 6% 0%
28 Histopathological and molecular testing should be performed to guide diagnosis and 74% 20% 6% 0%
treatment.
29 Histopathological diagnosis should be complemented by characterization of the defining 57% 31% 9% 3%

driver alterations—CTNNB1 (ACP) and BRAF V600E (PCP). In routine practice, mutation-
specific immunohistochemistry (nuclear p-catenin for ACP; VE1/BRAF V600E for PCP) is
the minimum acceptable standard and is usually sufficient for diagnosis. Because
immunohistochemistry detects the downstream protein change as a surrogate, definitive
confirmation of the underlying mutation requires a molecular technique (Sanger
sequencing or next-generation sequencing); this should be reserved for cases with equivocal
immunohistochemistry, atypical histology, or when mutation confirmation is required for
targeted-therapy eligibility or clinical-trial enrollment.
30 For recurrent tumors, reoperation is an important option, but the risks and benefits should  44% 29% 24% 3%
be carefully evaluated. If surgery is not suitable, radiotherapy or other adjuvant therapies
may be considered. For residual tumors after subtotal resection, especially those at risk of
progression, postoperative adjuvant radiotherapy (under appropriate age and resource
conditions) is an effective means of tumor control.
31 Radiotherapy modality and timing should be individualized. 47% 32% 18% 3%
32 Proton therapy may be considered to reduce radiation exposure to normal tissues. Proton ~ 21% 32% 44% 3%
beam therapy should be considered/prioritized for pediatric patients when available, to
reduce integral dose to the developing brain.

33 A CTV margin of 5mm is recommended. 10% 65% 26% 0%

34 Conventional radiotherapy doses of 50.4-54.0 Gy in 28-30 fractions are standard. SRS 16% 56% 28% 0%
doses of 12-14 Gy may be used for small lesions.

35 Targeted therapies may be considered within clinical trials or with full informed consent 24% 38% 38% 0%
after MDT discussion. For recurrent or refractory ACP.

36 BRAF/MEK inhibitors should be considered for BRAF-mutated PCP. 29% 43% 29% 0%

37 Current evidence does not indicate that GH therapy increases the risk of 45% 33% 21% 0%

craniopharyngioma recurrence. However, in the presence of active disease (radiologically
evident progression), GH therapy should be withheld. Reinitiation may be considered after
MDT discussion once the disease is stable (confirmed by two consecutive MRI scans
showing no progression at 3- to 6-month intervals).
38 In patients with gonadotropin-deficient pediatric craniopharyngiomas, it is recommended  50% 32% 18% 0%
that puberty induction therapy be initiated at the age of physiological puberty, usually 11-
13 years for girls and 12-14 years for boys. During induction, the development of secondary
sexual characteristics, progression of bone age, and rate of height growth should be closely
monitored, and psychosocial adjustment should be regularly assessed. Follow-up visits
every 3-6 months are recommended.
39 Acute intracranial pressure increase caused by hydrocephalus should be treated with 66% 17% 17% 0%
emergency extraventricular drainage and active management of the primary tumor.
Ventricular changes should be closely monitored after tumor resection.
40 It is recommended that all children with craniopharyngiomas complete a baseline vision 56% 35% 9% 0%
assessment within 4 weeks of diagnosis. If visual deficits are identified, testing should be
repeated 4-6 weeks after the initial surgical intervention. Comprehensive preoperative
ophthalmic evaluation, intraoperative preservation of visual function, and regular
postoperative monitoring of visual acuity changes are recommended.

41 Preoperative assessment, meticulous surgical techniques, and long-term rehabilitation 71% 26% 3% 0%
management to mitigate the impact of craniopharyngioma on children's cognitive function.

42 Staged, individualized nutritional management of children with craniopharyngioma. 63% 29% 9% 0%

43 Management of hypothalamic obesity in children after craniopharyngioma surgery requires ~ 56% 32% 12% 0%

a multimodal, integrated intervention strategy that focuses on abnormal appetite
regulation and impaired energy metabolism due to hypothalamic injury.
44 It is recommended that all pediatric craniopharyngioma cases, especially complex cases (e. ~ 71% 23% 6% 0%
g., large tumors, severe hypothalamic involvement, recurrence, or with significant
complications) should be managed throughout the process by a multidisciplinary team
(MDT). The multidisciplinary team should include specialists in neurosurgery, pediatric
oncology, endocrinology, radiation oncology, ophthalmology, neuroimaging,
neuropathology, nutrition, psychology, and rehabilitation to ensure comprehensive, multi-
stage and individualized treatment.
45 The treatment strategy needs to be individualized according to the characteristics of the 43% 43% 14% 0%
lesion, and intracapsular drug injection, craniotomy, endonasal endoscopic approach, and
pharmacological treatment may be considered.
46 Participation in clinical trials is recommended for relapsed refractory cases. 26% 20% 51% 3%
47 Based on the principle of protecting hypothalamic function, surgery, radiotherapy and drug ~ 51% 34% 14% 0%
therapy are selected according to the specific situation. Severe hypothalamic complications
require systematic and individualized management measures.
48 Postoperative follow-up should include: (1) imaging of the sellar and hypothalamic regions; ~ 49% 37% 14% 0%
(2) endocrine assessment throughout growth and development; (3) comprehensive
neuropsychological testing (intelligence, memory, executive function) at 1 year; and (4)
visual acuity, visual field, and fundus examination. All follow-up should be guided by a
multidisciplinary team.
49 High-risk features such as age of onset <5 years, tumor diameter >4 cm, hypothalamic 40% 37% 23% 0%
invasion/tight adhesions, multicompartmental growth, or associated hydrocephalus/

(continued on next page)
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Table 2 (continued)
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Recommendation

Contents

Highly
recommended (%)

Recommend
(%)

Agree
(%)

Disagree
(%)

50

51

52

53

54

intracranial hypertension are recommended as core indicators for assessing the risk of
recurrence and surgical complexity.

It is recommended that the Ki-67 proliferation index be routinely recorded in the pathology
report and used in conjunction with tumor volume and extent of resection as a reference for
recurrence risk assessment.

Routine postoperative assessment of whether total resection has been achieved is
recommended, and the next step of treatment should be assigned as early as possible in
cases of incomplete resection, in order to reduce the rate of tumor recurrence and to
improve the patient's prognosis.

If the cystic component of the tumor is predominant, intracapsular therapy (e.g., interferon)
may be combined, but close monitoring for recurrence is required.

In children (<5 years of age) who are younger and whose tumor has not been completely
resected, radiotherapy may be delayed until the tumor has progressed or until age >5 years
if the residual lesion is stable, in order to reduce the risk of cognitive impairment.

A multifactorial clinical prognostic scoring model may be developed and prospectively

59%

71%

12%

31%

34%

26%

26%

26%

40%

43%

12%

3%

50%

23%

20%

3%

0%

12%

6%

3%

validated to support recurrence-risk assessment and follow-up planning in pediatric
craniopharyngioma. Such a model should be used only as an adjunct to MDT-based
individualized decision-making, not as a standalone basis for treatment selection.
55 Validation of the validity and applicability of this scoring model in a multicenter 43% 34% 23% 0%
prospective cohort and exploration of the potential for individualized treatment guided by

other molecular markers is encouraged.

constraints, and tumor immune microenvironment features. Accord-
ingly, suspected PCP in children should prompt confirmation of BRAF
V600E status by immunohistochemistry or sequencing, and manage-
ment should be discussed by an experienced MDT with attention to the
balance between surgery, radiotherapy, and targeted therapy [17,19].

2.2. Pathogenesis

The hallmark molecular alteration in ACP is a missense mutation in
exon 3 of the CTNNBI gene, leading to p-catenin stabilization, nuclear
translocation, and constitutive activation of the Wnt/f-catenin pathway
[20]. Despite sharing a scommon driver mutation, ACP shows consid-
erable clinical and morphological heterogeneity [20,21]. This discrep-
ancy between ‘“relatively homogeneous molecular alterations” and
“complex and variable clinical behaviors” has prompted an in-depth
study of the molecular heterogeneity of ACP. In recent years, the
research approach has shifted from focusing on single gene mutations to
integrated multi-omics analyses in an attempt to establish a more precise
molecular typing system. Multiple molecular subtypes of potential
clinical significance have been proposed, laying the foundation for un-
derstanding the complex biology of ACP and exploring individualized
therapeutic strategies [22]. In contrast, PCP exhibits a relatively
well-defined and stable molecular profile, with the BRAF V600E muta-
tion present in almost all cases [3,18,23]. This mutation leads to a
conformational change in BRAF kinase, causing continuous activation of
the downstream RAS-RAF-MEK-ERK (MAPK/ERK) signaling pathway,
promotes cell proliferation and survival, and inhibits apoptosis.
Continuous activation of this signaling axis may also affect the tumor
immune microenvironment and therapeutic sensitivity, making it an
important targets for molecular targeted therapy [24].

2.3. Course of the disease

More than 95% of craniopharyngiomas have a suprasellar compo-
nent. Pure suprasellar tumors account for 20-41% of cases, combined
supra- and intrasellar tumors for 53-75%, and purely intrasellar tumors
for only 5-6%. In children, suprasellar craniopharyngiomas may extend
into the anterior (9%), middle (8%) or posterior (12%) cranial fossa.
Craniopharyngiomas typically grow slowly, with insidious onset of
symptoms often lasting over a year before diagnosis [9,25-27]. Un-
treated, tumor progression can lead to increased intracranial pressure,
visual field abnormalities, endocrine abnormalities (e.g. growth retar-
dation, diabetes insipidus), neuropsychological changes, cognitive

decline and seizures [9].

Pediatric craniopharyngioma is, in essence, a chronic disease with
long-term, progressive health consequences, rather than a purely acute
surgical tumor. Therefore, treatment goals should extend beyond short-
term tumor control and focus on improving long-term quality of life and
functional outcomes.

Tumors at diagnosis are often larger in children than in adults [21].
Larger tumor size is associated with higher rate of postoperative residue,
shorter progression-free survival, and increased risk of recurrence [27].
Younger age at diagnosis (<5 years) and concomitant hydrocephalus are
also associated with higher recurrence risk [28]. Postoperative diabetes
insipidus as a negative prognostic factor for both recurrence and mor-
tality [9]. While diabetes insipidus has prognostic value, postoperative
epilepsy and electrolyte  disturbances—particularly  hyper-
natremia—carry greater prognostic significance.

Recommendation 1. Children presenting with headaches, visual
impairment, or endocrine abnormalities (e.g. growth failure, diabetes
insipidus) should undergo prompt neuroimaging (CT/MRI) to facilitate
early diagnosis and intervention (Level of evidence: Moderate; Strength
of recommendation: Strong).

[Basis and description]: This recommendation is based on
numerous observational clinical studies and expert consensus. The
causal relationship between symptoms and tumor is clear, and early
imaging is the gold standard for diagnosing sellar region masses. Though
lack of evidence from randomized controlled trials (RCTs) (ethical
constraints), the clinical necessity and benefit are significant, so the
strength of recommendation is“Strong”.

Recommendation 2. Prognostic evaluation should include age,
presence of hydrocephalus, and postoperative diabetes insipidus. (Level
of evidence: High; Strength of recommendation: Strong).

[Rationale and description]: Several large-sample retrospective
cohort studies have confirmed®?’ that young age (<5 years) and the
presence of hydrocephalus at the time of initial diagnosis are high-risk
factors for recurrence. Permanent postoperative diabetes insipidus is
associated with hypothalamic injury and intraoperative pituitary stalk
disruption and is a significant predictor of long-term mortality and
reduced quality of life. The evidence is from high-quality observational
studies and is therefore graded as “High”.
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2.4. Clinical manifestations

Clinical symptoms of craniopharyngioma in children are mainly
related to the location, size and shape of the tumor. Common manifes-
tations include signs of elevated intracranial pressure (headaches,
nausea, vomiting), often present as the initial symptoms [29]. Infants
may present with macrocephaly [30]. Visual disturbances occur in over
half of patients, including bitemporal hemianopsia from chiasmal
compression [31]. Hypothalamic-pituitary defects are present in
80-90% at diagnosis, though only 15% initially present with endocrine
symptoms, leading to diagnostic delay. Common deficiencies include
growth hormone (>75%), gonadotropins (85%), thyrotropin (2-25%),
and ACTH (25-70%). Diabetes insipidus is present in 9-38% of cranio-
pharyngioma patients [32,33]. Hypothalamic obesity, behavioral
changes, and cognitive dysfunction are also frequent [32].

3. Diagnostic workup

Diagnosis relies on clinical, imaging, and postoperative histopatho-
logical findings (see Fig. 2).

3.1. Radiographic examination

3.1.1. Indications for CT examination and assessment points (Fig. 3)

CT examination has an irreplaceable role in the diagnosis of pediatric
craniopharyngioma:

Main indications:

Calcification detection: CT scanning (including bone window) can
accurately identify tumor calcification (detection rate 45%-57%),
especially the characteristic ‘eggshell-like calcification’ of ACP [34,35].

Bone assessment: clearly shows changes such as enlargement of the
pterygoid saddle and bone erosion [36].

Emergency Situation: Pediatric patients are prone to hydrocephalus;
CT provides rapid assessment.

MRI Contraindications: Such as implanted cardiac pacemakers.

Image Characteristics:
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Density characteristics: the density of the cystic part is higher than
that of the cerebrospinal fluid and lower than that of the normal brain
tissue; the density of the cystic part shows different densities depending
on the composition and content of the cystic fluid proteins, which are
mostly low-density and may also show isodensity and hyperdensity.

Calcification manifestations: typical calcifications are seen in about
half of the cases.

Bone window assessment: a key basis for surgical access selection.

Tumor enhancement: Enhancement of the parenchymal part of the
tumor is usually closely related to the pituitary stalk, and enhancement
of the tumor capsule wall may occur.

3.1.2. MRI examination techniques and assessment points

MRI is the modality of choice for delineating tumor extent, cystic
components, and relationships with neurovascular structures [10]. The
FLAIR sequence can effectively suppress cerebrospinal fluid signals,
thereby enhancing the visualization of lesion boundaries adjacent to the
ventricles or subarachnoid space, as well as peritumoral edema (such as
hypothalamic hyperintensity), which is not achievable with T2WIL.

Recommended sequences include T1WI, T2WI, FLAIR, DWI, and
contrast-enhanced T1.

High-resolution 3D sequences (e.g., MPRAGE) can improve visuali-
zation of the pituitary stalk and hypothalamus.

MRI evaluation points(Fig. 3):

Tumor characteristics: Evaluate the tumor volume, morphology,
cystic/solid ratio, and relationship with normal structures such as the
peripheral optic chiasm and the third ventricle. The cystic component of
the tumor has various imaging manifestations depending on the protein
content and composition of the cystic fluid. Keratin-rich cystic fluid has
a low signal on T2WI, while high-protein cystic fluid has a high signal on
T1WI, and both cystic fluid signals suggest the diagnosis.

Calcification detection: Calcified foci tend to appear as areas of
signal loss on MRI, but are less sensitive than on CT.

Tumor enhancement: Enhancement of the parenchymal part of the
tumor is usually closely related to the pituitary stalk, and enhancement
of the tumor capsule may occur.

=P Strength of Recommendation: Strong
[ Level of Evidence: High
(] Level of Evidence: Moderate
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Fig. 2. Diagnostic and evaluation process for craniopharyngioma in children.
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Fig. 3. Imaging of craniopharyngioma in children (A-F/ACP; G-L/PCP).
: CT shows eggshell-like calcification of ACP (yellow arrow).
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A
B: CT shows a large cystic lesion of ACP with nodular calcification (yellow arrow) and hypointense cystic component (blue arrow).
C: Sagittal T1 enhancement shows an ACP cystic lesion protruding into the third ventricle (blue arrow), with cyst wall enhancement (black arrow).

D: Sagittal T1 enhancement shows an ACP cystic-solid lesion (cystic component: blue arrow; solid portion: yellow arrow).
E: Axial T1 enhancement showing mixed cystic and solid lesion of ACP (cystic wall: black arrow; cystic component: blue arrow; solid portion: yellow arrow).
F: Coronal T1 enhancement of ACP mixed cystic and solid lesion with cystic wall enhancement (black arrow).

G: CT shows solid lesion of PCP (yellow arrow).
H: Axial T1 shows a solid lesion of PCP (yellow arrow).

I-J: Sagittal T1 enhancement of PCP mixed cystic and solid lesion with cystic wall enhancement (black arrow).
K: Axial T1 enhancement of PCP mixed cystic and solid lesion (cystic component: blue arrow; solid part: yellow arrow).
L: Coronal T1 enhancement showing PCP mixed cystic and solid lesion (cystic component: blue arrow; cystic wall: black arrow).

DWI, the parenchymal part of the tumor usually has no diffusion
restriction and is low signal on DWI.

Vascular assessment: If the tumor extends parasellarly or laterally, or
if it is adjacent to major blood vessels of the Circle of Willis (e.g. internal
carotid artery, anterior/middle cerebral arteries), it is recommended
that magnetic resonance angiography (MRA) be added to clarify the
spatial relationship between the tumor and the blood vessels, and to
assist in surgical planning.

Key Observation Indicators:

Relationship of the tumor to surrounding structures: focus on
assessing whether the tumor involves the hypothalamic-pituitary axis,
the optic crossings, and whether it extends into the third ventricle or the
chiasmatic cistern.

Signs of hypothalamic involvement: Hypothalamic high signal on
T2/FLAIR sequences may suggest edema or tumor infiltration; other
common manifestations include mammillary body involvement, pitui-
tary stalk deviation and optic chiasm displacement.

The value of enhancement scanning: it helps to identify areas of
mass-like enhancement in the cystic wall or tumor parenchyma and
determine the interface relationship between the tumor and the arach-
noid cisterns in conjunction with vascular filling, which provides a basis
for surgical access selection and risk assessment.

Recommendation 3. Preoperative CT should be considered for eval-
uating calcification and bony anatomy, particularly for ACP or when
evaluating transsphenoidal surgical approaches. Non-contrast CT is the
first-line modality in emergencies (e.g., acute hydrocephalus or herni-
ation) for rapid assessment. Contrast-enhanced CT is indicated for tumor
characterization if MRI is contraindicated. However, if MRI has clearly
defined the tumor characteristics and none of the above indications
(calcification assessment, surgical planning for transsphenoidal
approach, or emergency setting) are present, CT is not mandatory.
(Level of evidence: High; Strength of recommendation: Strong)

Recommendation 4. MRI is the preferred imaging modality for pe-
diatric craniopharyngioma due to superior soft tissue resolution, which
is critical for surgical planning (Level of evidence: High; Strength of
recommendation: Strong).

[Rationale and description]: CT is superior to MRI in showing
calcification (a common feature of ACP) and bone structure, and is
essential for the planning of transsphenoidal surgical access. This
recommendation is based on the characteristics of imaging technology
and a large amount of clinical practice experiences. Although there is no
RCT comparison, the clinical value is widely recognized, so the level of
evidence is “High” and the strength of recommendation is “Strong”.

3.2. Endocrine evaluation

A comprehensive evaluation of hypothalamic-pituitary function is
essential. Baseline tests should include serum electrolytes, blood and
urine osmolality (to screen for diabetes insipidus), thyroid function
(TSH, free T4), adrenocorticotropic hormone (ACTH) and cortisol
(morning/evening), gonadotropins (LH, FSH) and sex hormones, growth

hormone, and IGF-1 and prolactin [37]. Record blood sodium and urine
specific gravity to assess water and electrolyte balance. For developing
children, height and weight standard deviation scores and bone age
should also be measured and growth rate analyzed; refer to endocri-
nology promptly if abnormality is found.

If the basic tests suggests hormonal abnormalities, further dynamic
provocation or suppression tests may be needed. Commonly used tests
include: insulin tolerance test or ACTH stimulation test to assess adrenal
function; arginine, glucagon, clonidine and other stimulation tests to
assess growth hormone secretion; GnRH stimulation test to assess
gonadal axis function; TRH stimulation test for thyroid axis function.
These tests help to detect occult hormone deficiency and guide post-
operative hormone replacement and growth management.

Based on the study by van Santen et al. comprehensive assessment of
hypothalamic function should include the following domains: body
weight/BMI, appetite changes, thirst/fluid intake rhythm, thermoregu-
lation, sleep-wake cycle, and mood and behavior.

For endocrine evaluation, baseline hormone levels represent the
minimum acceptable standard, whereas dynamic provocation tests
represent the ideal (gold standard) assessment.

Recommendation 5. Systematic pre- and postoperative assessment of
hypothalamic-pituitary function is recommended and should be con-
ducted by an experienced pediatric/pituitary endocrinologist in a
dedicated pituitary center or MDT setting. Dynamic testing should be
used as clinically indicated. (Level of evidence: High; Strength of
recommendation: Strong).

3.3. Cognitive, behavioral and quality of life assessment

Cognitive evaluation should include executive function, memory,
attention, and intellectual ability [38]. Focus on executive functioning
(BRIEF scale or DKEFS test recommended), memory functioning
(CVLT-C or WMS scale), and attention (Conners Continuous Perfor-
mance Test). Intelligence tests (WISC-V/WPPSI-IV) can be secondary
reference indicator. Visual/verbal memory and attention tests may be
supplemented as necessary. Incorporating neurocognitive monitoring
into routine follow-up helps assess outcomes and guide individualized
rehabilitation.

Behavioral and emotional assessment: Monitor for behavioral and
emotional changes pre- and post-operatively. Scales such as the Child
Behavior Checklist (CBCL) can evaluate attention deficit, hyperactivity,
mood disorders and social adjustment. This aids early identification of
ADHD, anxiety, or depression for timely intervention.

Assessment of quality of life: Quality of life is an important endpoint
in follow-up management. Questionnaires such as the Pediatric Quality
of Life Scale (PedsQL) are recommended to assess physical, psycholog-
ical and social functioning [39]. Studies using PedsQL and neuropsy-
chological assessment has been studied and found that cognition and
social adjustment may be affected. Regular assessment of quality of life
and psychological status may provide a basis for the multidisciplinary
team to develop supportive therapeutic and educational interventions.

For cognitive assessment, brief screening represents the minimum
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acceptable standard, whereas comprehensive neuropsychological
testing represents the ideal (gold standard) assessment.

Recommendation 6. Neuropsychological and cognitive assessments
should be performed before and after surgery, as well as during long-
term follow-up, using culturally appropriate tools. These should be in-
tegrated into long-term follow-up. (Level of evidence: Moderate;
Strength of recommendation: Strong)

[Rationale and description] : Hypothalamic involvement and the
treatment itself (surgery/radiotherapy) can lead to cognitive deficits
[38]. Standardized assessment quantifies impairment and guides reha-
bilitation. The evidence is mainly from observational studies and cohort
follow-up, so the level of evidence is “Moderate”. The strength of
recommendation is “Strong”, given the significant impact on quality of
life.

3.4. Ophthalmologic evaluation

Visual acuity: All patients should have a detailed visual acuity ex-
amination, including uncorrected and corrected vision. School-age
children can be evaluated with Snellen's attempt charts, and younger
children can be evaluated with Lea's symbols or a pointing visual acuity
chart. Record eye alignment and refractive error; refer for corrective
lenses if needed. Abnormal vision (e.g., blurriness, insensitivity to light)
suggests optic nerve involvement and requires careful monitoring.

Visual field examination: tumors in the sellar region often cause vi-
sual field defects, such as bitemporal hemianopsia. Formal perimetry
should be performed: automated static visual fields (Humphrey,
Octopus, etc.) or Goldmann's kinetic perimetry for school-age children,
and confrontation, tangent screen, or visual evoked potentials for pre-
school children to assess the extent of visual field defects. Visual field
examination quantifies the extent of damage and provides an objective
index for preoperative localization and postoperative outcome
assessment.

Fundoscopy should be performed preoperatively and at each follow-
up visit to look for edema or atrophy of the optic disc. Disc edema
suggests increased intracranial pressure, and pallor or blurred margins
suggests chronic optic nerve compression. Retinal and optic nerve le-
sions may also reflect the effects of tumors or surgical complications on
visual pathways.

For ophthalmologic evaluation, visual acuity and fundoscopy
represent the minimum acceptable standard, whereas formal perimetry
represents the ideal (gold standard) assessment.

Recommendation 7. A comprehensive ophthalmologic evaluation is
recommended for all patients at diagnosis and during follow-up. (Level
of evidence: High; Strength of recommendation: Strong)

3.5. Differential diagnosis

The differential diagnosis of craniopharyngioma in children needs to
be based on a thorough clinical assessment and multimodal imaging,
which is recommended to be determined through a multidisciplinary
team (MDT) discussion. MDT discussion: A fixed team consisting of
specialists from neurosurgery, pediatric endocrinology, radiation
oncology, neuroimaging, ophthalmology, pathology, nutrition, psy-
chology, and rehabilitation, which regularly conducts joint case dis-
cussions and collaboratively develops individualized treatment plans.
Sellar region lesions that need to be differentiated can be classified into
the following three categories.

(1) Other sellar region tumors
1) Optic nerve/optic cross glioma
Imaging features: T2 high signal lesion with uneven
enhancement along the optic nerve pathway.

10

2)

3)

4)
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Typical presentation: enlargement or distortion of the optic
nerve

Clinical features: progressive vision loss

Germ cell tumors

Prevalent population: children and adolescents

Typical presentation: enhancing solid nodule with restricted
DWI diffusion, elevated serum AFP/B-HCG (diagnostic value);
teratoma can be seen as a mixed component of fat and calci-
fication; imaging features: inhomogeneous signals on MRI,
fat-suppressed sequences are of discriminatory value.
Hypothalamic hamartoma

Preferred age: infants and young children.

Clinical manifestations: precocious puberty, gelastic epilepsy,
and other seizures.

Imaging features: located between mammillary bodies and
infundibulum; signal similar to grey matter; no enhancement;
no signs of tumor growth.

Chordoma

Origin: notochord remnant tissue

Imaging manifestations: CT suggests bone destruction and
speckled calcification; MRI shows T2 high signal and signifi-
cant enhancement; origin from bony structures.
Differential points: location and imaging
craniopharyngioma

Other rarer tumors of the sellar region, such as pituitary ad-
enomas, meningiomas, metastases and lymphomas, are
extremely rare in children and are generally not used as a
routine differential diagnosis, although vigilance is still
required in atypical cases.

similar to

(2) Non-neoplastic sellar region lesions

1

2)

3)

4

—

Rathke's cyst: originated from the remnants of Rathke's cyst;
imaging features: unilocular cystic lesion, thin-walled and
smooth without enhancement, cystic fluid signal performance
is variable depending on the protein content; clinical presen-
tation: mostly asymptomatic, or accompanied by headache
and hypopituitarism.

Hypothyroidism-associated pituitary hyperplasia: pituitary
basophilic hyperplasia due to elevated TSH levels. Imaging
shows symmetrical soft tissue thickening in the sellar with
homogeneous enhancement; diagnosis based on: low T4, high
TSH levels.

Arachnoid cyst: congenital cystic lesion, CT hypodense, MRI
shows T1 low signal, T2 high signal (isosignal with cerebro-
spinal fluid), clear borders without enhancement.
Dermoid/epidermoid cysts: dermoid cysts show high signal in
T1WIL, mixed signal in T2, high signal in DWI due to lipid
content, and may contain fat and calcification; epidermoid
cysts show low/equal signal in T1, high signal in T2, high
signal in DWI in MRI, and there is no enhancement of der-
moid/epidermoid cysts in contrast scan.

(3) Inflammatory and infiltrative lesions

1

2)

3)

Langerhans cell histiocytosis: most common in children, may
invade the saddle region and pituitary stalk, manifested as
thickening and enhancement of the pituitary stalk, often
combined with central diabetes insipidus, DWI is helpful in
differentiating from tumors.

Nodular disease: multi-systemic involvement, with thickening
of the pituitary stalk and nodular enhancement in the sellar
region; the diagnosis is based on multiaxial pituitary hypo-
plasia, which needs to be combined with systemic manifes-
tations and ACE levels.

Tuberculous granuloma: imaging features are nodular
enhancement, which may be accompanied by periampullary
thickening or hydrocephalus; clinical signs of infection are
often present, and CSF examination has auxiliary diagnostic
value.
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Recommendation 8. A standardized preoperative protocol including
imaging, endocrine, visual, and cognitive assessments is recommended.
A multidisciplinary team (MDT) discussion is encouraged for diagnostic
accuracy and treatment planning. It is recommended that pediatric
craniopharyngioma patients be referred to and managed within a Pitu-
itary Tumor Center of Excellence (PTCOE)—a designated high-volume
center providing a fixed multidisciplinary team, standardized care
pathways, and 24-h endocrine and intensive-care support. This PTCOE
model of centralized management extends beyond ad hoc MDT discus-
sion and has been associated with higher rates of safe resection and
better endocrine and functional outcomes. (Level of evidence: High;
Strength of recommendation: Strong).

4. Treatment strategies

The treatment strategy includes surgical options, perioperative
management, postoperative assessment and adjuvant therapy for re-
siduals, management of recurrence, endocrine replacement, strategies
for special cases, and follow-up/long-term management, as illustrated in
the flowchart in Fig. 4.

4.1. Surgical treatment

Surgery is the first-line choice to alleviate symptoms and obtain
histopathology. T Surgery is an important first-line treatment for pedi-
atric craniopharyngioma to relieve mass effect, obtain histopathological
diagnosis, and achieve tumor control. However, the goal of surgery
should be maximal safe resection rather than mandatory gross total
resection. In patients with clear hypothalamic involvement, particularly
Puget grade 2 tumors, attempted gross total resection should be avoided
when it is expected to cause additional hypothalamic, endocrine, visual,
or neurocognitive morbidity. When radiotherapy is available and
appropriate, planned subtotal resection followed by observation or
adjuvant radiotherapy should be considered through MDT discussion.
This is central to surgical treatment and crucial for long-term survival
[40-42]. If total resection is difficult to achieve, subtotal resection

A. Initial treatment strategy

Suspected or confirmed
ppediatric craniopharyngioma

v

Baseline multidisciplinary assessment
MRU/CT when indicated; endocrine, visual
hypothalamic, neurocognitive and QoL evaluation

v

Preoperative MDT conference
Define the aim of surgery before first intervention
GTR only when functionally safe; otherwise planned STR,
decompression, cyst drainage, biopsy, staged/adjuvant treatment

v

High hypothalamic risk?
Puget grade 2, dense adherence,
third-ventricle involvement, or expected
endocrine/visualineurocognitive morbidity

No ¥V

Maximal safe resection
Histopathological confirmation
GTR only if morbidity is acceptable

V Yes

Function-preserving strategy
Planned STR/decompression/biopsy

Avoid over-zealous radical resection

A4

Early postoperative reassessment
MRI extent of resection plus endocrine, hypothalamic,

visual and neurocognitive status
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combined with radiotherapy can be considered [43].

Surgical decision-making should be based on a comprehensive
assessment of tumor anatomy, relationship to vital structures, child's
overall health, and potential risks, including both short- and long-term
risks.

4.1.1. Indications and contraindications for surgery

Indications: Cases with definitive imaging diagnosis (even if
asymptomatic) or those presenting with tumor-induced deficits: Hy-
drocephalus from CSF pathway obstruction; Endocrine dysfunction (e.
g., growth hormone deficiency, diabetes insipidus, precocious puberty);
Hypothalamic dysfunction (e.g., abnormal weight gain, impaired ther-
moregulation). Also consider for recurrent or progressive lesions.

Contraindications: Children with severe systemic conditions (e.g.,
cardiopulmonary failure, coagulation disorders, active infection) unable
to tolerate anesthesia/surgery; patients with very short life expectancy
or advanced/terminal disease where surgery is unlikely to improve
quality of life. For high-risk patients, consider aggressive adjuvant
therapies (e.g., cyst drainage for large cystic tumors, stereotactic
radiotherapy, or experimental drug therapy) to control tumor burden
and potentially enable later resection.

Surgical decision-making should be based on a comprehensive
assessment of tumor anatomy, relationship to vital structures, child's
overall health, and potential risks. Staged surgery or individualized
strategies may be used. An MDT (neurosurgery, pediatric endocrinology,
neuroimaging, radiotherapy) is recommended to evaluate and plan
surgery.

Recommendation 9. Surgical resection with histopathological
confirmation is recommended for symptomatic patients or those with
clear radiological evidence of craniopharyngioma. (Level of evidence:
Moderate; Strength of recommendation: Strong)

Recommendation 10. Reoperation should be considered for recur-
rent or progressive tumors after risk assessment. (Level of evidence:
Moderate; Strength of recommendation: Strong)

Recommendation 11. Gross total resection is not recommended for
tumors with extensive hypothalamic involvement (Puget grade 2).

B. Long-term follow-up and recurrence management

After initial treatment
or early postoperative reassessment

v

Long-term MDT follow-up plan
Risk-adapted surveillance through growth and development

Frequency adjusted by age, residual tumor and treatment

v

Scheduled imaging follow-up
MRI-based of residual,

or progression

v

Residual progression
or recurrence?

Assess symptoms and functional status,

NoVy V Yes

MDT re-evaluation
Reoperation, radiotherapy/proton, SRS,
intracystic therapy, targeted therapy,

or clinical trial as appropriate

Continue scheduled follow-up

Escalate frequency if residual tumor
or risk changes

v

Parallel survivorship modules
End visual,
metabolic, rehabiltation and quality-of-life care

Yes P
Cause investigation

New functional >
and early intervention

impairment?

Fig. 4. Flowchart of treatment strategy and long-term follow-up management of craniopharyngioma in children.
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Subtotal resection with radiotherapy is preferred to reduce severe
complications. (Level of evidence: High; Strength of recommendation:
Strong)

Recommendation 12. Surgery is not recommended for patients with
severe medical comorbidities. Non-surgical options should be consid-
ered. (Level of evidence: Moderate; Strength of recommendation:
Strong)

Recommendation 13. Preoperative adjuvant therapies (e.g., intra-
cystic therapy) may be considered for high-risk or complex tumors to
facilitate safer resection. (Level of evidence: Low; Strength of recom-
mendation: Weak)

Recommendation 14. Treatment decisions should be made by an
MDT. (Level of evidence: High; Strength of recommendation: Strong)

4.1.2. Surgical approaches

Depending on the anatomical location of the tumor, the two main
surgical approaches currently used in clinical practice include the
endoscopic endonasal approach (EEA) and the transcranial approach
(TCA) [44]. Several grading systems guide approach selection.

(1) Puget grading [45]: Tumors are graded 0-2. Grade O tumor is
confined to the sub-sellar diaphragm space and does not involve
the hypothalamus, EEA is preferred; grade 1 tumor compresses
but does not invade the hypothalamus, either EEA or open sur-
gery can be considered; grade 2 tumor is poorly delineated from
the hypothalamus and there is definite invasion, EEA needs to be
chosen with caution [46-48], however, for surgeons with
extensive experience in transnasal endoscopic surgery, the rate of
total resection and quality of the surgery may be significantly
better than TCA [44]. It is emphasized that for Puget grade 2
lesions, the surgical indications and extent of resection should be
determined based on a combination of factors, including the
extent of hypothalamic T2/FLAIR hyperintensity and the depth of
tumor invasion into the third ventricle (e.g., whether the epen-
dyma is breached), rather than considering surgery as an absolute
contraindication.
Kassam staging [49]: Type I tumors are classified as anterior
funnel type, pushing the optic chiasm cross upwards and back-
wards, and can usually be approached by conventional EEA or a
further extended trans-sellar node approach; Type II is a trans-
funnel tumor, which extends into the third ventricle, and simi-
larly to Type I can be approached by EEA; Type III is a posterior
funnel type, which invades the third ventricle upwards extends
down toward pons; Type IV The tumor is mainly located in the
third ventricle. All types except type IV can be operated with an
extended EEA. Isolated third ventricle tumors are more amenable
to craniotomy combined with transcallosal, transcortical or
transventricular approaches.

(3) QST classification system: On the basis of the above typing,
Professor Qi's team in China proposed the QST typing system
based on the site of origin and growth pattern of the tumor [50].
This typing classifies craniopharyngiomas into Q, S and T types,
revealing more precisely the primitive anatomical relationship
between the tumor and the hypothalamic-pituitary axis, and
providing an important “Chinese solution” for the individual se-
lection of transnasal or craniotomy approaches. It should be
emphasized that QST  differs  conceptually  from
displacement-based systems. Puget grading stratifies tumors by
the degree of hypothalamic involvement/displacement [45], and
the Kassam classification categorizes the already-grown tumor by
its position relative to the infundibulum [49]; both characterize
the tumor's secondary relationship to adjacent structures. In
contrast, QST is defined by the anatomical site of origin along the
hypothalamic—pituitary axis and the membranous barriers

(2)
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encountered there—Q (infradiaphragmatic/intrasellar origin), S
(subarachnoid pituitary-stalk  origin), and T (tuber-
al/third-ventricle-floor origin) [50]. Because the site of origin
determines the tumor-hypothalamus and tumor-stalk dissection
interface, QST may help predicts the achievable resection plane,
the optimal corridor (EEA vs. TCA), and the likelihood of pre-
serving hypothalamic-pituitary function in a way not fully
captured by displacement-based systems [51]. Accordingly, in
this guideline surgical strategy is individualized according to the
combination of tumor origin/topography (QST), patient age,
histological-molecular subtype (ACP vs. PCP/BRAF V600E sta-
tus), and anticipated impact on quality of life, rather than tumor
location alone. It should be emphasized that the Pascual-Prieto
classification and the QST classification differ in their primary
focus points and are therefore complementary rather than
mutually exclusive. The Pascual-Prieto classification mainly fo-
cuses on the relationship between the tumor and the third
ventricle floor, hypothalamic adherence, and hypothalamic
involvement, which is useful for anatomical understanding and
risk stratification. By contrast, the QST classification focuses on
the presumed site of tumor origin, growth pattern, and the
membranous barriers around the pituitary stalk, with the prac-
tical aim of guiding the choice between EEA and TCA. In China,
the QST classification has been increasingly used in high-volume
craniopharyngioma centers as a practical framework for indi-
vidualized surgical planning.

Q-Type craniopharyngiomas originate under the saddle diaphragm
and are tightly adherent to residual pituitary tissue, but their suprasellar
portion is easier to peel off due to a multilayered membranous barrier.
EEA allows direct management of the intrasellar-origin disease, pre-
serving the residual glands and increasing the rate of total resection,
which is significantly superior to TCA unless extreme bilateral supra-
sellar extension exists.

S-Type craniopharyngioma originates from the middle and lower
pituitary stalk and is often confined to a single cerebral pool, which can
well visualized by both EEA and TCA, but EEA can avoid operating in the
neurovascular gap, which reduces the strain on the neurovascular ves-
sels and is more advantageous in terms of visual preservation; when the
tumor involves multiple cisterns or encases the important blood vessels,
then TCA is safer.

T-type craniopharyngiomas originate from the distal part of the node
and have a close relationship with the hypothalamus, so surgery needs to
priorities the protection of the hypothalamus function. EEA reduces the
risk of visual impairment and provides a direct, retraction-free ventral
view of the tumor-hypothalamus interface; the choice between EEA and
TCA for T-type tumors should therefore be guided by tumor geometry
rather than by an inherent superiority of either route at the interface. In
particular, when the main body of a T-type tumor grows upward and the
posterior chiasmatic space is narrow, transnasal working space becomes
limited and the optic chiasm is placed under greater strain. Therefore,
for those with a wide posterior chiasmatic space and medium dilatation
and elevation of the floor of the third ventricle, EEA is a suitable choice;
while for those with a narrow posterior optic cross gap and extreme
elevation and dilatation of the floor of the third ventricle, TCA via the
trans-lamina terminalis approach is recommended to obtain a larger
operating space and a better prognosis of hypothalamic function. At
present, the QST staging system has been gradually recognized and
applied by domestic and international colleagues. Conceptually, the QST
and Pascual-Prieto systems are closely related, since both are origin-
and topography-based and both center on the tumor-hypothalamus
relationship. They differ mainly in their anchoring landmark and
intended output: the Pascual-Prieto scheme is anchored on the third
ventricle floor and the pattern of hypothalamic adherence and is used
primarily for anatomical understanding and surgical-risk stratification,
whereas QST is anchored on the membranous barriers encountered
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along the pituitary stalk. Presenting the two frameworks together allows
the origin-based logic of QST to be appreciated within the topographical
context already familiar to international readers.

(4) In addition, in China, there is also Professor Hong, who specifically
put forward the ‘two types and three categories’ for endoscopic
operation [46,52].

4.1.3. Comparison of the two surgical procedures, EEA and TCA

Data from studies in adult patients showed that TCA and EEA were
comparable in terms of the extent of tumor resection, while the inci-
dence of cerebrospinal fluid leakage was higher in the EEA group [53,
54]. However, it is worth noting that studies in pediatric patients suggest
that EEA may have a higher rate of total resection and a lower rate of
recurrence [55]. A Meta-analysis that included 22 studies further
confirmed the superiority of EEA in improving visual prognosis and
reducing recurrence rates, a finding that holds true in both adult and
pediatric patients [56]. Despite the potential advantages of EEA, extra
caution is needed in selecting the EEA surgical pathway for pediatric
craniopharyngioma patients, especially for younger children under 5
years of age [57]. The characteristics of children in this age group are: 1)
the development of the sphenoid sinus is often poor, with unclear
anatomical landmarks and a high degree of dependence on the opera-
tor's experience and neuronavigation; 2) young children have a narrow
nasal cavity and restricted intraoperative operative space, which re-
quires the operator to have extremely proficient transnasal surgical
skills; and 3) young children have poor postoperative compliance, and
are susceptible to crying and restlessness, which requires solid skills in
skull base reconstruction. Therefore, the applicability of EEA in children
under 5 years of age should be carefully evaluated in clinical practice on
the basis of fully weighing the risks and benefits to avoid irreversible
adverse outcomes due to the inappropriate choice of operative modality.

4.1.4. Details and key points of surgical techniques

Craniopharyngioma resection requires special attention to the rela-
tionship between the tumor and the pituitary gland, pituitary stalk and
hypothalamic tissue. Intraoperative injury to the posterior hypothala-
mus should be avoided as much as possible to avoid postoperative
complications, such as hypothalamic obesity and neuropsychological
disorders. In addition, the essential in surgical decision-making lies in
the management of the pituitary stalk and hypothalamic protection
strategies. Evidence suggests that sacrificing the pituitary stalk in pur-
suit of total resection will significantly increase the risk of hypopitu-
itarism, but may not significantly affect on tumor recurrence rates [58].
Notably, the pituitary stalk often cannot be clearly visualized on pre-
operative imaging; in many cases its exact location and its relationship
to the tumor only become apparent intraoperatively, typically after
tumor debulking. Identification and preservation of the stalk should
therefore rely on careful intraoperative exploration rather than on pre-
operative imaging alone. Accordingly, the pituitary stalk should be
preserved whenever feasible, and sacrifice should be undertaken only
when oncologically unavoidable and after weighing the substantial
endocrine and quality-of-life consequences.

In the hands of experienced surgeons, for tumors of moderate size
with relatively clear boundaries, en bloc or piecemeal resection may be
attempted with adequate exposure and protection of critical structures
(e.g., perforating arteries, pituitary stalk) to achieve gross total resec-
tion. For large tumors or those with tight adhesion to the hypothalamus,
an intracapsular decompression and piecemeal resection strategy should
be prioritized to maximize neurofunctional protection [59].

In determining the extent of surgical resection of craniophar-
yngiomas in children, total resection and the hypothalamus damage in
cases with invasion of hypothalamus by preoperative image studies.
Several large-sample retrospective studies and Meta-analyses have
confirmed that total resection is superior to subtotal resection in
improving overall and progression-free survival, and that subtotal
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resection may be associated with a risk of inadequate local control and
deterioration of vision [60-64], In cases of hypothalamic involvement,
subtotal resection combined with radiotherapy resulted in similar out-
comes to total resection (5-year progression-free survival of 73% and
77%, respectively), while avoiding serious endocrine complications
[61-63,65-67]. Among them, endocrine dysfunctions such as central
diabetes insipidus and ACTH deficiency have been shown to be signifi-
cantly associated with long-term mortality in patients with cranio-
pharyngiomas [9,68]. However, it is worth mentioning that a number of
high-level neurosurgical centers in China, on the basis of a profound
understanding of the tumor-brain tissue interface (e.g., gliotic bands),
are actively pursuing the “maximum safe resection with functional
protection”. Shi et al. show that [59], for experienced operators, even
tumors involving the hypothalamus may still be completely resected by
delicate microsurgical techniques with an acceptable functional prog-
nosis. However, this strategy is highly dependent on the experience and
skill of the operator and should only be implemented after a thorough
evaluation by a multidisciplinary team in an experienced medical center
[69]. Therefore, a comprehensive preoperative assessment of pituitary
hypothalamic function is decisive for the development of an individu-
alized surgical plan.

For tumors with a predominantly cystic component, for unilocular
intraventricular cysts endoscopic marsupialization into the ventricle is
prioritized to avoid Ommaya reservoir-related complications, while
multilocular or complex cysts require individualized management
(shunt vs. direct resection) [70,71]. Intermittent cystic fluid drainage
with Ommaya reservoir implantation is an option in selected cases [62,
63,65]. For complications, we recommend an individualized manage-
ment strategy: for hydrocephalus due to craniopharyngioma cysts, pri-
ority should be given to cystic fluid drainage as an alternative to
ventriculi-peritoneal shunt or external drainage; for large cystic-solid
craniopharyngiomas with/without hydrocephalus, a two-stage proced-
ure is recommended, with minimally invasive surgery to relieve
increased intracranial pressure and intracranial pressure first, and sup-
plemental neuroimaging assessment and multidisciplinary discussion to
implement a definitive surgery. For surgeons with extensive surgical
experience, a single tumor resection procedure can resolve the afore-
mentioned issues.

Existing studies show significant differences in treatment outcomes
and patient mortality rates for craniopharyngioma surgery performed by
physicians with different levels of experience [72]. In view of the dif-
ficulty of surgery and the complexity of perioperative management of
craniopharyngiomas, it is recommended that such patients should be
centrally referred to medical centers with extensive experience in
treating them. Ideally, the treatment of craniopharyngioma should
involve an experienced multidisciplinary team with specialists in
neurosurgery, endocrinology, radiotherapy, oncology, ophthalmology,
imaging and pathology. This centralized, multidisciplinary and collab-
orative model of care is essential to ensure the best possible outcome for
patients.

To assist clinical decision-making, the prognostic risk scoring model
proposed in this guideline (see Table 4) can also be applied to surgical
strategy formulation. For example, for patients in the low-risk group
(total score 0-2), if the tumor location is favorable, a more aggressive
attempt at GTR may be considered. Conversely, for patients in the high-
risk group (total score > 5) (who typically present with risk factors
such as age <5 years, Puget grade 2 hypothalamic involvement, and
large tumor size), given the very high risks of both recurrence and sur-
gical morbidity, the decision should favor function-preserving STR with
proactive planning for postoperative adjuvant radiotherapy, rather than
pursuing GTR at all costs.

Overall, pediatric craniopharyngioma should be treated in a
specialized pituitary center with high case volume and a multidisci-
plinary team. For experienced surgeons, gross total resection should
only be pursued when it is reasonable and safe. If intraoperative findings
confirm tight adhesion between the tumor and the hypothalamic-



Z. Lin et al.

pituitary region, a subtotal resection strategy should be prioritized.
Postoperatively, based on factors such as the child's age and residual
tumor status, early adjuvant radiotherapy or deferred radiotherapy
should be determined in discussion with radiation oncologists.

Recommendation 15. Surgery is recommended as the first-line
treatment for craniopharyngioma in children, aiming at total tumor
resection while preserving vital functional structures to improve overall
and progression-free survival. The extent of resection should be indi-
vidualized according to the degree of hypothalamic involvement, and
gross total resection should not be pursued when it would compromise
hypothalamic function (see Recommendation 11). (Level of evidence:
High; Strength of recommendation: Strong).

Recommendation 16. The choice between EEA and TCA should be
based on tumor anatomy, hypothalamic involvement, third-ventricle
extension, surgeon experience, and MDT assessment, with the primary
goal of maximizing surgical safety and functional preservation rather
than maximizing the rate of total resection. (Level of evidence: Moder-
ate; Strength of recommendation: Strong).

[Rationale and description]: These staging systems provide an
objective basis for surgical access selection. Several retrospective studies
have shown that individualized access based on typing improves
resection rates and prognosis [50,73]. The evidence comes from
non-randomized comparative studies and is therefore graded
“Moderate”.

Recommendation 17. Preserve the pituitary stalk whenever possible.
If the tumor is densely adherent, prioritize stalk function with subtotal
resection and radiotherapy over stalk sacrifice, which should only be a
last resort due to increased long-term complications. (Level of evidence:
Moderate; Strength of recommendation: Strong).

Recommendation 18. For tumors with definite involvement of the
hypothalamus and demonstration of thalamic injury, if the surgeon as-
sesses that total resection will result in further functional impairment, a
strategy of subtotal resection combined with radiotherapy is recom-
mended to ensure local control while reducing serious postoperative
complications. (Level of evidence: Moderate; Strength of recommenda-
tion: Strong).

[Rationale and description]: Several retrospective studies have
shown that subtotal resection + radiotherapy has a comparable long-
term progression-free survival rate to total resection, but with fewer
serious endocrine and neuropsychological complications [61-63,
65-67]. Due to the controversial nature of treatment choices and the
trade-offs between different strategies, a strength of recommendation of
‘moderate’ is more appropriate, emphasizing individualized
decision-making.

Recommendation 19. Comprehensive preoperative assessment of the
functional status of the hypothalamus is recommended as a key decision-
making basis for developing an individualized resection strategy. (Level
of evidence: High; strength of recommendation: Strong).

Recommendation 20. It is recommended that for cystic predominant
lesions or those with acute manifestations of intracranial hypertension,
prior treatment with drainage of cystic fluid and reduction of intracra-
nial pressure by drugs should be considered to alleviate acute symptoms
and optimize the conditions for subsequent treatment. (Level of evi-
dence: Moderate; Strength of recommendation: Strong).

Recommendation 21. It is strongly recommended that surgery for
craniopharyngioma in children be performed by highly qualified and
experienced neurosurgeons with the support of a multidisciplinary
team. (Level of Evidence: High; Strength of recommendation: Strong).
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4.1.5. Key points in perioperative management

(1) Perioperative use of dexamethasone to reduce peritumoral edema
reduces postoperative neurosurgical mortality and is recom-
mended for individualized assessment and rational use [74]. For
those with pre-existing adrenal insufficiency, a stress dose of
hydrocortisone may be more appropriate than dexamethasone.
Postoperatively, the dose should be gradually reduced to a
maintenance dose according to the condition of the patient until
the functional integrity of the hypothalamic-pituitary-adrenal
axis (HPA axis) is clarified [75].

Management of electrolyte disturbances: perioperative water
electrolyte management requires special attention to differentiate
Central Diabetes Insipidus (CDI) from hyponatraemia. The
typical triphasic response consists of CDI presenting 24-48 h
postoperatively, followed by progression to the syndrome of
abnormal secretion of antidiuretic hormone (SIADH) over the
next 1-2 weeks, which may ultimately evolve into permanent
diuresis. This reaction is particularly common in pediatric pa-
tients [76].

2

Cerebral salt-wasting syndrome (CSWS) can also occur at any stage
of the perioperative period and may be associated with abnormal
secretion of atrial natriuretic peptide (ANP) and brain natriuretic pep-
tide (BNP) [77-79]. Its treatment is based on sodium supplementation
and, if necessary, mineralocorticoid (e.g., fludrocortisone). Routine use
of vasopressin receptor antagonists (e.g., tolvaptan) is not recommended
to mask changes or exacerbate triphasic fluctuations.

For hyponatremia, potential causes such as CDI, SIADH, CSWS,
central adrenal insufficiency and medical water load should be assessed
together. Ambulatory monitoring of blood sodium, osmolality, and
copeptin levels can help determine etiology and response to therapy.
Particular attention should be paid to the fact that SIADH may occur as
part of a triphasic response, while CSWS may occur in combination,
which needs to be differentiated from clinical signs and laboratory pa-
rameters to prevent further neurological damage [43]. When managing
hyponatremia or hypernatremia, fluctuating blood sodium levels may
pose a greater risk than stable hyponatremia.

(3) Perioperative endocrine management: Children with cranio-
pharyngiomas often have a combination of multiple pituitary
hormone deficiencies in the perioperative period, and high pri-
ority needs to be given to the assessment and intervention of
endocrine function. In children with preoperative hormone de-
ficiencies, especially secondary adrenal insufficiency and hypo-
thyroidism, hormone replacement therapy should be initiated
preoperatively to reduce the risk of perioperative complications
[35]. Hydrocortisone or prednisone is preferred for glucocorti-
coid replacement, and the dose should be individualized, with a
physiological dose usually recommended for maintenance ther-
apy preoperatively, and adjusted to a stress dose intraoperatively
and postoperatively according to stress status. For thyroid hor-
mone replacement, levothyroxine should be used, but it is
important to assess and ensure adequate adrenal function prior to
initiation to avoid adrenal crisis induced by thyroid hormone
supplementation alone. Thyroid dysfunction is also a common
postoperative complication, and studies have shown that up to
approximately 85% of pediatric patients may require post-
operative levothyroxine replacement therapy [80]. In addition,
adrenocortical insufficiency occurs in more than 50 per cent of
postoperative children, and the glucocorticoid dose should be
adjusted according to body surface area, with a recommended
dose of 6 to 9mg/m2 [81]. Systematic assessment of endocrine
function should be carried out in the early postoperative period,
and it is recommended to review thyroid function (FT4, TSH) and
adrenal axis (ACTH, cortisol) related indexes in the first 1-2
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weeks after the operation, in order to detect potential hormone
deficiencies in a timely manner. Replacement therapy for anterior
pituitary hormones should be individualized in accordance with
the specific type of deficiency and clinical manifestations to
ensure neurological recovery, growth and development, and
quality of life of the child.

(4) Other issues: cases of acute onset combined with hydrocephalus
may require external ventricular drainage, but caution should be
exercised in the application of preoperative shunts, which may
lead to narrowing of the ventricles of the brain and thus increase
the operative difficulty of transventricular surgical access. Sym-
pathetic storm is also an early and aggressive complication that
should be given special attention in the postoperative period
[82], and should be aggressively controlled with malignant hy-
pertensive reactions, severe diabetes insipidus, and maintenance
of circulatory and hydroelectrolyte stability to get through the
critical phase under analgesic sedation and anesthetic intubation,
if necessary.

Additionally, among the complications of surgery for craniophar-
yngiomas, the potential development of an internal carotid artery
aneurysm exists. This primarily results from surgical instrument friction
causing damage and thinning of the artery wall, leading to gradual
protrusion. Regardless of the surgical approach, postoperative attention
should be paid to cerebrovascular status, and for complex or repeat
surgeries, cerebrovascular imaging is recommended to assess the
patency of major arteries and anastomotic branches.

Given the high risk of perioperative water-electrolyte disturbances
and endocrine crises in pediatric craniopharyngioma, surgery should be
performed in a medical center capable of providing 24-h endocrinology
specialist consultation and intensive care/high-dependency unit
support.

Recommendation 22. Dexamethasone may be used perioperatively
for cerebral edema. (Level of evidence: Moderate; Strength of recom-
mendation: Strong)

Recommendation 23. Vasopressin receptor antagonists are not
routinely recommended for hyponatremia due to risk of triphasic
response. (Level of evidence: Moderate; Strength of recommendation:
Strong)

Recommendation 24. Hyponatremia should be evaluated and
managed based on etiology. (Level of evidence: Moderate; Strength of
recommendation: Strong)

Recommendation 25. Polyuria should be evaluated for central dia-
betes insipidus and other causes. (Level of evidence: High; Strength of
recommendation: Strong)

Recommendation 26. Preoperative correction of adrenal insuffi-
ciency and hypothyroidism is recommended. (Level of evidence: Mod-
erate; Strength of recommendation: Strong)

Recommendation 27. Postoperative endocrine function should be
assessed and managed long-term. (Level of evidence: High; Strength of
recommendation: Strong)

4.2. Pathological diagnosis

Postoperative histological and molecular pathological diag-
nosis is the ultimate basis for confirming the diagnosis of cranio-
pharyngioma. Minimum standard: For ACP, immunohistochemistry for
nuclear accumulation of p-catenin; for PCP, immunohistochemistry for
BRAF V600E mutation antibody. Gold standard: Molecular sequencing
(e.g., Sanger sequencing or NGS) for detection of CTNNB1 and BRAF
gene mutations.

ACP tends to be a mixed cystic-solid structure. The cystic fluid is dark
green to brown in color and resembles motor oil in appearance [83]. It is
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often associated with secondary pathological changes such as calcifi-
cation, fibrosis and cholesterol deposits [84]. The tumor is lobulated
with an irregular surface and tightly adherent to surrounding structures.
Histologically, well-differentiated epithelial tumor cells formed strands,
lobules, bands, nodular swirls and irregular trabecular structures. The
epithelial peripheral cells were densely arranged in a fenestrated
pattern. Common degenerative changes include fibrosis, calcification,
and anucleated squamous cell remnants forming nodular or swirling
structures known as “wet keratin” [85]. Sparse microcystic areas of the
stellate reticular layer were often intermingled with areas of dense wet
keratin and tumor epithelium (Fig. 5C). The tumor protruded finger-like
into the surrounding gliomatous brain tissue, and a large number of
Rosenthal fibers were visible [86]. Another secondary degenerative
change is a yellow granulomatous reaction of the contents of the
ruptured capsule, which is characterized by cholesterol crystals, ferrous
haemoflavin deposits, xanthomatous cells, multinucleated giant cells
and lymphoplasmacytic infiltration [87]. Histological malignant pro-
gression of ACP is extremely rare and usually occurs only after multiple
recurrences and radiotherapy, often decades after the initial diagnosis.
The histological features of malignant progression may manifest as
squamous cell carcinoma, enamel cell carcinoma or odontogenic carci-
noma, but most cases lack specific histological features [88,89]. In terms
of immunophenotype, tumor cells expressed p63 and cytokeratins such
as 34BE12, CK5/6, CK7 and CK19. Unlike Rathke's cyst, ACP, PCP lacked
CK20 expression [90]. PDL1 is expressed in cyst-lined tumor cells of
ACP. SOX2 is expressed in only a small proportion of cells, whereas
SOX9 is widely expressed [91]. An activating mutation in the CTNNBI
gene is present in ACP. The mutation is clonal and present throughout
the tumor epithelium; however, nuclear accumulation of p-catenin is
spatially restricted to a small fraction of cells and is most pronounced in
epithelial whorls (Fig. 5D). Ki-67 is usually found in fenestrated areas
and is very poorly expressed in epithelial vortices [92].

PCP is largely characterized by solid or cystic-solid structures, and in
a few cases it may also appear predominantly cystic; cystic structures are
usually accompanied by cauliflower-like solid nodules [19]. The con-
tents of the capsule often appear as a viscous yellow fluid. The tumor is
usually non-calcified, well demarcated, spherical, with no obvious
adhesion to the surrounding brain tissue, and papillary structures can be
seen on the surface [17]. Histologically, PCP consisted of
non-keratinised mature squamous epithelium overlying a fibrovascular
axis, with no stellate reticular layer structure or wet keratin, and calci-
fication was rare (Fig. 5A). Densely arranged cells were seen in the basal
cell layer, but there was no significant fenestrated structure. The tumor
was well demarcated from the brain parenchyma without infiltrative
protrusions. Neutrophil infiltration was common within the tumor, and
T cells and macrophages were also seen in the fibrovascular axis and
tumor epithelium [11,93]. In up to 1/3 of cases, single or small clusters
of PAS-positive cup cells are seen within the tumor cells, and in a few
cases, ciliated epithelium is seen [13]. These histological features
overlap with Rathke's cleft cysts with extensive squamous metaplasia.
Histological malignant progression of craniopharyngiomas is extremely
rare, but none of the currently reported cases of malignant progression
have been tested for the BRAF p. V60OE mutation. Immunophenotypi-
cally, p63 and cytokeratin 34pE12, CK5/6, CK17 and CK19 were posi-
tively expressed, but CK7 was expressed only in the superficial
epithelium [94,95]. PDL1 is expressed in multilayered tumor cells
around the fibrovascular axis. SOX9 is differentially expressed. Almost
all PCPs have the BRAF V600E mutation, which can be detected in the
tumor epithelium by mutation-specific antibodies (Fig. 5B), thus
differentiating them from ACP and Rathke's cysts [3,18]. Ki-67 is usually
expressed only in the basal layer of PCP.

Recommendation 28. Histopathological and molecular testing
should be performed to guide diagnosis and treatment. (Level of evi-
dence: High; Strength of recommendation: Strong)

[Rationale and description]: The 2021 WHO classification has
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Fig. 5. Histopathological and molecular features of pediatric craniopharyngioma. (A) Papillary craniopharyngioma (PCP) showing non-keratinizing stratified
squamous epithelium arranged around fibrovascular cores on hematoxylin and eosin (H&E) staining. (B) Diffuse cytoplasmic immunoreactivity for mutant BRAF
V600E in PCP, detected by VE1 immunohistochemistry. (C) Adamantinomatous craniopharyngioma (ACP) showing peripheral palisading epithelium, stellate re-
ticulum, and wet keratin on H&E staining. (D) Nuclear accumulation of f-catenin in epithelial whorls of ACP on p-catenin immunohistochemistry. Scale bars are

shown in each panel.

classified ACP and PCP as two separate types of tumor with different
molecular driver genes (CTNNB1 vs BRAF V600E) [7,18]. Molecular
typing is not only the basis for accurate diagnosis, but also a prerequisite
for guiding targeted therapies (e.g. BRAF inhibitors for PCP) [24]. In
routine clinical practice, nuclear accumulation of f-catenin by immu-
nohistochemistry is usually sufficient to support the diagnosis of ACP,
whereas BRAF V600E immunohistochemistry is a practical screening
method for PCP. Sequencing of CTNNB1 or BRAF should be considered
when immunohistochemical results are inconclusive, histological fea-
tures are atypical, or targeted therapy/trial enrollment is being
considered, but it is not required as a routine test for every child. (Level
of evidence: High; Strength of recommendation: Strong).

Recommendation 29. Histopathological diagnosis should be com-
plemented by characterization of the defining driver
alterations—CTNNB1 (ACP) and BRAF V600E (PCP). In routine prac-
tice, mutation-specific immunohistochemistry (nuclear p-catenin for
ACP; VE1/BRAF V600E for PCP) is the minimum acceptable standard
and is usually sufficient for diagnosis. Because immunohistochemistry
detects the downstream protein change as a surrogate, definitive
confirmation of the underlying mutation requires a molecular technique
(Sanger sequencing or next-generation sequencing); this should be
reserved for cases with equivocal immunohistochemistry, atypical his-
tology, or when mutation confirmation is required for targeted-therapy
eligibility or clinical-trial enrollment. (Level of evidence: High; Strength
of recommendation: Strong).

4.3. Principles of radiotherapy

Radiotherapy includes a variety of technical options such as con-
ventional radiotherapy and stereotactic radiotherapy (e.g., Gamma
Knife). Radiotherapy segmentation can be by conventional segmented
radiotherapy or stereotactic radiotherapy, and radiotherapy beams can
be photon or proton rays.

Accessibility of radiotherapy resources in China should be taken into
consideration when selecting treatment modalities. Conventional
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radiotherapy is accessible in most provincial cancer centers across the
country. Stereotactic radiosurgery (Gamma Knife/CyberKnife) is avail-
able in major cities. Proton therapy centers are currently concentrated in
a few first-tier cities (e.g., Beijing, Shanghai), with limited accessibility
and high cost. Therefore, the choice of radiotherapy modality should be
made based on a comprehensive assessment of the child's clinical con-
dition, the family's financial situation, and local medical resources.

4.3.1. Indications for radiotherapy

(1) Conventional radiotherapy: adjuvant radiotherapy after subtotal
resection (STR) achieves comparable control to GTR, with similar
5-year PFS (67-77% vs 69-73%) and reduced treatment-related
complications [5,63,96-98]. Conventional radiotherapy after
STR is the standard treatment strategy for adult craniophar-
yngiomas, and there is a lack of direct evidence to support the
benefit of adjuvant radiotherapy after GTR [62,64,99]. In-
dications for radiotherapy of craniopharyngiomas in children
should be strictly limited. It is mainly indicated for 1) post-
operative residual or recurrent cases that are not suitable for
reoperation due to high risk or patient's wishes, etc., and 2) older
children (usually >8-10 years old) with residual tumors after
multiple recurrent surgeries. Routine postoperative adjuvant
radiotherapy is not recommended for craniopharyngiomas in
children. This is mainly due to the potential long-term cognitive,
endocrine, and growth effects of radiotherapy in developing
children. Radiotherapy should also not be used as routine adju-
vant therapy for craniopharyngiomas with predominantly cystic
lesions after cyst drainage, except in patients who do not wish to
undergo surgery or are in no condition to undergo surgery
because of the limited responsiveness of cystic lesions to radio-
therapy [20,100]. Re-irradiation of craniopharyngiomas that
have progressed or recurred after initial radiotherapy may be a
prudent option after a thorough assessment of the benefits and
risks. The optimal timing of radiotherapy delivery (early post-
operative adjuvant therapy or radiotherapy after tumor
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progression) is not yet clear. Low-quality evidence suggests that
radiotherapy after tumor progression may increase the risk of
visual impairment and endocrine dysfunction (including central
diabetes insipidus) in patients, but does not affect overall survival
[101,102], whereas early postoperative radiotherapy may be
beneficial in terms of better quality of survival and tumor control
[102]. However, in pediatric patients, the long-term side effects
of radiotherapy need to be particularly weighed against the
benefits of tumor control. Modern conformal radiotherapy tech-
niques, particularly proton therapy, may reduce radiation expo-
sure to normal developing brain tissue and may be associated
with more favorable neurocognitive outcomes in selected pedi-
atric craniopharyngioma cohorts [103]. However, proton ther-
apy is not uniformly available in China and is currently
concentrated in a limited number of specialized centers, with
additional considerations regarding cost and access. Therefore,
proton therapy should be considered when available and clini-
cally appropriate, but treatment selection should also account for
local radiotherapy expertise, family preference, patient age,
tumor location, residual disease status, and expected long-term
functional outcomes.

Stereotactic radiosurgery: in pediatric patients, Gamma Knife can

also be used only for small residual or recurrent tumors and in

patients who are generally poor surgical candidates [104,105].

There is no high-quality evidence comparing the efficacy of ste-

reotactic radiosurgery with other radiotherapy techniques in the

treatment of childhood craniopharyngiomas [106-108].

(3) Proton therapy: Proton therapy is capable of precisely controlling
the depth of radiation and stops releasing most of the energy once
it reaches the tumor site, thus significantly reducing the radiation
exposure to surrounding healthy, developing tissues [103].
Relatively better dose distribution compared to photon rays, with
dose distribution advantages for younger children and those with
tumors close to key structures. Retrospective studies have shown
no difference in overall or progression-free survival between
proton beam therapy and conventional photon therapy, and a
lower recurrence rate of cystic lesions with proton therapy [101].
In a prospective study of 94 children with a median age of about 9
years, patients treated with proton therapy showed better
post-treatment preservation in cognitive function than those
treated with photon therapy [103]. Comparison of different
radiotherapy modalities is shown in Table 3.

(2

—

Recommendation 30. For recurrent tumors, reoperation is an
important option, but the risks and benefits should be carefully evalu-
ated. If surgery is not suitable, radiotherapy or other adjuvant therapies
may be considered. For residual tumors after subtotal resection, espe-
cially those at risk of (Tables 4 and 5) progression, postoperative adju-
vant radiotherapy (under appropriate age and resource conditions) is an
effective means of tumor control. (Level of evidence: Moderate; Strength
of recommendation: Strong)

Table 3
Comparison of radiotherapy modalities for craniopharyngioma in children.
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Table 4
Prognostic risk scoring factors and scoring.

Risk factor Decision condition Score

Clinical factor

Age <5 years 2
Hypothalamic involvement (Puget level 2) Yes 2
Maximum tumor diameter >4 cm Yes 1
pathological factors

Ki-67 > 10% Yes 1
Treatment-related factors

Extent of excision Incomplete 2

excision
Adjuvant radiotherapy in patients with subtotal Undone 1
resection
Table 5

Prognostic risk stratification and management recommendations.

Risk Total Score
stratification Range

Key Management Strategies

Low risk 0-2 Regular follow-up, no need for routine
postoperative radiotherapy; observation preferred
in total resection patients, endocrine/imaging
monitoring if necessary

Close monitoring; for residual/recurrent lesions,
select reoperation or radiotherapy based on
specific circumstances. If not suitable for surgery
and older, consider adjuvant radiotherapy; regular
MRI follow up; consider synchronous targeted
drug therapy for BRAF mutations

MDT discussions at an experienced center are
recommended to develop an intensive
comprehensive treatment plan. Adjuvant therapy
(e.g. radiotherapy, targeted, intracapsular
therapy, etc.) is actively considered for residuals
that cannot be completely resected, but decisions
about radiotherapy in younger children need to be
made with extreme caution.

Medium risk 3-4

High risk >5

[Rationale and description] : This is a key difference between the
treatment strategies for children and adults with craniopharyngiomas.
Priority is given to surgery and caution to radiotherapy in order to
maximize protection of long-term function in children. This recom-
mendation is based on the experience of a large number of pediatric
cohort studies and an in-depth knowledge of the side effects of radio-
therapy, and therefore the level of evidence is “Moderate” and the
strength of recommendation is “Strong”.

Recommendation 31. Radiotherapy modality and timing should be
individualized (Level of evidence: High; Strength of recommendation:
Strong).

Recommendation 32. Proton therapy may be considered to reduce
radiation exposure to normal tissues. Proton beam therapy should be
considered/prioritized for pediatric patients when available, to reduce
integral dose to the developing brain. (Level of evidence: Moderate;
Strength of recommendation: Strong)

Treatment Typical indications Typical Dosage and Key Benefits Potential complication
Segmentation Scenarios
Conventional Adjuvant therapy after Total dose 50.4-54 Gy, Widely used and experienced Endocrine dysfunction, neurocognitive dysfunction,
radiotherapy STR; residual tumor single 1.8-2.0 Gy visual impairment, delayed stroke and vascular
progression malformations, secondary tumors
Stereotactic Small, well-defined 12 Gy-14 Gy Non-invasive, precise targeting of small ~ New or exacerbated pituitary dysfunction may have
radiosurgery lesions; residual/tumor lesions, minimising damage to lower rates of local control in pediatric patients than in

recurrence

Proton therapy Pediatric patients Total dose 54 Gy (RBE),

single 1.8 Gy

surrounding tissue adults
Significantly reduces radiation
exposure to surrounding healthy,

Lower incidence than conventional radiotherapy

developing tissues
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4.3.2. Radiotherapy target area and dose

A non-randomized controlled study showed that reducing the edge of
the clinical target area from 10 mm to 5mm did not reduce patient
survival (96.2% vs 88.1%) [109,110]. There are no randomized
controlled trials comparing the differences in efficacy of various radio-
therapy regimens in the treatment of craniopharyngiomas, which are
generally delivered at a total dose of 50-54 Gy in 28-30 sessions
[110-113]. A retrospective study suggests that irradiation doses below
54 Gy may be associated with increased tumor recurrence; however,
clinical decision-making needs to be weighed against the balance be-
tween irradiation dose and the risk of visual optic chiasm-radiotoxicity
[114]. CT/MRI should be performed periodically during treatment to
ensure that the treatment plan adequately covers any cystic lesion
progression. If coverage is found to be inadequate, the radiotherapy plan
may need to be reformulated.

Recommendation 33. A CTV margin of 5 mm is recommended (Level
of evidence: Low; Strength of recommendation: Weak)

Recommendation 34. Conventional radiotherapy doses of
50.4-54.0 Gy in 28-30 fractions are standard. SRS doses of 12-14 Gy
may be used for small lesions. (Level of evidence: Low; Strength of
recommendation: Weak).

4.4. Targeted therapies

4.4.1. ACP

Approximately 70-95% of ACP patients have somatic mutations in
the CTNNB1 gene [18], but there are no specific targeted therapeutic
agents for this mutation. The MAPK/ERK signaling pathway was found
to be activated in fB-catenin-dependent ACP tumor cells, and MEK in-
hibitors (e.g. temetoribine, bimetoribine) have shown some therapeutic
efficacy in case reports [115]. For patients with elevated IL-6 concen-
trations in cystic fluids, the anti-IL-6 receptor monoclonal antibody
tocilizumab may have therapeutic potential [116]. Currently, lacks of
evidence of the effectiveness of PD-1/PD-L1 immune checkpoint in-
hibitors in pediatric craniopharyngiomas. All of these treatment options
are in clinical trials.

Recommendation 35. Targeted therapies may be considered within
clinical trials or with full informed consent after MDT discussion. for
recurrent or refractory ACP. (Level of evidence: Low; Strength of
recommendation: Weak)

4.4.2. PCP

Almost all patients with PCP have BRAF V600E mutations [18] and
the results of relevant studies targeting BRAF and/or MEK inhibitors
have been encouraging. A phase II clinical study confirmed the good
therapeutic efficacy of vemurafenib in combination with cobimetinib
[24]; another multicenter cohort study similarly showed significant ef-
ficacy of dabrafenib in combination with trametinib [117]. Currently,
phase II clinical trials for the dabrafenib/trametinib combination
regimen are still underway. In addition, a retrospective cohort study in
adult Chinese patients also reported favorable responses and an
acceptable safety profile with BRAF/MEK inhibitor therapy for BRAF
V600E-mutant PCP [118].

For pediatric PCP, disease-specific prospective trials are not available
because of its extreme rarity. However, pediatric PCP shares the core
BRAF V600E driver alteration with adult PCP, and pediatric case reports
and small series have described clinically meaningful responses to BRAF
pathway inhibition. Therefore, in children with unresectable, recurrent,
residual, or high-risk BRAF-mutant PCP, BRAF and/or MEK inhibitors
may be considered after MDT discussion, preferably within a clinical
trial or registry when available, or with full informed consent and
careful monitoring of toxicity, tumor response, endocrine status, and
long-term developmental outcomes. Given the limited pediatric evi-
dence, routine debulking solely to enable targeted therapy should not be
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recommended; decisions should remain individualized and anchored in
functional preservation [19,117,119].

For recurrent or refractory pediatric ACP, anti-IL-6 receptor (tocili-
zumab) and anti-VEGF (bevacizumab) therapy have shown benefit in
case reports and may be considered in palliative or recurrent settings,
pending further validation. Routine cytoreductive surgery prior to mo-
lecular targeted therapy is not currently recommended in children. For
the rare pediatric PCP harboring BRAF V600E, BRAF/MEK inhibition
may be offered by analogy to adult data after MDT discussion and
informed consent.

Recommendation 36. BRAF/MEK inhibitors should be considered for
BRAF-mutated PCP. (Level of evidence: Moderate; Recommendation
strength: Strong)

4.5. Endocrine replacement therapy

The incidence and persistence of long-term endocrine dysfunction
are higher when craniopharyngioma is diagnosed in childhood. Long-
term treatment of adrenocorticotropic hormone, thyroid hormone and
gonadotropin deficiencies in patients with craniopharyngiomas does not
differ significantly from the treatment of pituitary deficiencies due to
other causes. Hydrocortisone replacement therapy should be monitored
clinically for signs of over- or under-exposure. Since patients with cra-
niopharyngiomas are sometimes associated with malaise or hypotha-
lamic obesity, which may be exacerbated by hydrocortisone, monitoring
needs to be more careful. For thyrotropin deficiency, the goal of treat-
ment is to bring free T4 (FT4) levels into the upper 1/3 to upper 1/2
range of the normal values. When combined with adrenocorticotropic
hormone deficiency, glucocorticoid replacement therapy should be
given before thyroid hormone replacement therapy. It should be noted
that FT4 levels may decrease after replacement is started in the com-
bined presence of growth hormone and/or gonadotropin defects, at
which point the dose of levothyroxine sodium may need to be increased.
Long-term hormone replacement therapy is essential, not only to
improve quality of life, but also to reduce the risk of osteoporosis and
significantly reduce cardiovascular risk [10]. Growth hormone therapy
may be initiated in pediatric patients 6 months after completion of
treatment for craniopharyngioma, provided that stability is confirmed
by two consecutive MRIs 3 months apart [120]. In some children with
severely affected growth and body mass index, growth hormone therapy
may even be initiated as early as the 3rd month after completion of
treatment. At present, there is no evidence that growth hormone therapy
is associated with tumor recurrence.

The goal of endocrine replacement therapy is to mimic physiological
hormone secretion as closely as possible, either by supplementing pi-
tuitary tropic hormones or their corresponding target gland hormones.
In patients with multiple hormone deficiencies, adrenal glucocorticoids
should be replenished first, followed by thyroid hormones, sex hor-
mones, and GH. Hydrocortisone is the glucocorticoid of choice. For
children, the total daily dose of hydrocortisone can be calculated based
on 7-9mg/m? Adequacy of daily replacement dose is assessed ac-
cording to the patient's subjective symptoms and clinical indicators,
including body weight, mental status, appetite, blood pressure, serum
sodium, and blood glucose. Levothyroxine sodium (L-T4) is the recom-
mended thyroid hormone replacement, with a usual daily dose ranging
from 25 to 150 pg. Serum levels of FT3, FT4, TT3, and TT4 should be
rechecked every 4-6 weeks, with the goal of maintain TT4 and FT4
within the normal reference range. For children and adolescents with
growth hormone deficiency, the initial replacement dose is suggested to
start at 22-35 pg/kg per day, adjusted based on body weight, growth
velocity, or IGF-1 levels, with IGF-1 not exceeding the upper limit of the
normal range for the respective gender and age. For girls without pu-
bertal onset of central hypogonadism, replacement therapy—such as
continuous sequential or cyclic sequential estrogen and progesterone
therapy, GHRH pulsatile pump therapy, or combined HCG/HMG
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treatment—should be managed under the guidance of pediatric endo-
crinologist or gynecologist. For boys without pubertal onset, replace-
ment options include androgen replacement, GHRH pulsatile pump
therapy, or combined HCG/HMG treatment, directed by a specialist in
andrology or pediatric endocrinology. If a child has concurrent de-
ficiencies in GH and the gonadal axis, GH supplementation should be
initiated first. Sex hormone replacement therapy should be introduced
gradually only after the child's height has reached near the normal range
for age. This sequence helps maximize bone growth potential before
puberty while avoiding the adverse effects of precocious puberty on final
adult height.

Recommendation 37. Current evidence does not indicate that GH
therapy increases the risk of craniopharyngioma recurrence. However,
in the presence of active disease (radiologically evident progression),
GH therapy should be withheld. Reinitiation may be considered after
MDT discussion once the disease is stable (confirmed by two consecutive
MRI scans showing no progression at 3- to 6-month intervals). (Level of
evidence: High; Strength of recommendation: Strong)

Recommendation 38. In patients with gonadotropin-deficient pedi-
atric craniopharyngiomas, it is recommended that puberty induction
therapy be initiated at the age of physiological puberty, usually 11-13
years for girls and 12-14 years for boys. During induction, the devel-
opment of secondary sexual characteristics, progression of bone age, and
rate of height growth should be closely monitored, and psychosocial
adjustment should be regularly assessed. Follow-up visits every 3-6
months are recommended. (Level of evidence: Moderate; Strength of
recommendation: Strong)

4.6. Other complementary therapies

Management of hydrocephalus: Although the presence of hydro-
cephalus at the time of initial diagnosis is not necessarily an independent
long-term adverse prognostic factor in itself [121], it must be aggres-
sively managed for its etiology. However, the treatment of associated
hydrocephalus should be targeted according to the condition. For acute
intracranial hypertension, external ventricular drainage (EVD) should
be performed as a matter of urgency to relieve symptoms, and the pri-
mary tumor should be actively treated. Ventricular changes should be
closely monitored after tumor resection, and clinical symptoms and
imaging changes should be regularly assessed during long-term fol-
low-up. Multidisciplinary collaboration among neurosurgery, imaging
and pediatrics is needed to dynamically assess the cerebrospinal fluid
dynamics during management.

Recommendation 39. Acute intracranial pressure increase caused by
hydrocephalus should be treated with emergency extraventricular
drainage and active management of the primary tumor. Ventricular
changes should be closely monitored after tumor resection. (Level of
evidence: High; Strength of recommendation: Strong)

Vision preservation strategies: most children have visual impair-
ment at the onset of the disease [122] and more than half have long-term
visual impairment [123,124]. It is recommended that all children with
craniopharyngioma complete a baseline vision assessment within 4
weeks of diagnosis. If visual acuity deficits are identified, testing should
be repeated 4-6 weeks after the initial surgical intervention. Best cor-
rected visual acuity (VA) must be used as a baseline at the time of
evaluation. Follow-up visual acuity assessments may be performed
every 3 months and can be synchronized with imaging assessments to
provide a comprehensive assessment of treatment response. The fre-
quency of subsequent assessments should be determined by the primary
care team based on the patient's specific risks [125].

Preoperative comprehensive ophthalmological evaluation should be
performed, including visual acuity examination, visual field examina-
tion and fundus examination, combined with MRI to assess the degree of
compression of the optic pathway by the tumor. Intraoperative
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monitoring techniques such as neuronavigation should be used to
maximally protect optic pathway structures, and glucocorticoids should
be used to reduce optic nerve edema if necessary. Postoperative visual
acuity changes need to be closely monitored, and hormonal shock
therapy can be considered if acute visual loss occurs. For residual visual
impairment, refractive correction and amblyopia training should be
carried out promptly with regular follow-up. If progressive vision loss is
detected, tumor recurrence or radiation optic neuropathy (in patients
receiving radiotherapy) should be screened to ensure timely
intervention.

Recommendation 40. It is recommended that all children with cra-
niopharyngiomas complete a baseline vision assessment within 4 weeks
of diagnosis. If visual deficits are identified, testing should be repeated
4-6 weeks after the initial surgical intervention. Comprehensive preop-
erative ophthalmic evaluation, intraoperative preservation of visual
function, and regular postoperative monitoring of visual acuity changes
are recommended. (Level of evidence: High; Strength of recommenda-
tion: Strong)

Cognitive interventions: the degree of cognitive impact of cranio-
pharyngiomas on children varies from person to person, with hypotha-
lamic involvement being a core predictor, requiring preoperative
assessment, delicate surgical procedures and long-term rehabilitation to
mitigate sequelae [126-128]. Cognitive functioning interventions
should be based on a multi-stage, individualized and comprehensive
management model. A cognitive baseline can be established before and
after treatment with neuropsychological assessments such as the
Wechsler Intelligence Scale for Children (WISC) [129].
Computer-assisted cognitive training (e.g. Cogmed Working Memory
Training [130]) should be initiated in the early postoperative period in
conjunction with behavioral therapy to improve attention deficits. In the
mid-term (approximately 3-6 months), an individualized education plan
is required to provide academic adjustment support. Neuropsychologi-
cal review should also be conducted at regular intervals (e.g. every 6-12
months), focusing on executive function, memory and mood states, and
the family-school-medical team needs to collaborate to provide struc-
tured environmental support and psychological interventions to mini-
mize the cognitive sequelae of hypothalamic injury.

Recommendation 41. Preoperative assessment, meticulous surgical
techniques, and long-term rehabilitation management to mitigate the
impact of craniopharyngioma on children's cognitive function. (Level of
evidence: High; Strength of recommendation: Strong)

Nutritional support: Nutritional management of children with cra-
niopharyngioma requires staged and individualized interventions. In the
acute postoperative period (1-7 days), the first priority is to maintain the
stability of vital signs, focusing on the monitoring of blood sodium and
other electrolyte levels, accurate recording of intake and output, and
timely control of water-electrolyte balance [131-133].

In terms of nutritional support, a progressive, individualized feeding
strategy is recommended in the early postoperative period. Overfeeding
should be avoided, as high-calorie support is often not beneficial post-
operatively. Swallowing function should be assessed first, and those who
are at risk of aspiration should be temporarily fasted and given intra-
venous nutritional support; once swallowing is adequate, feeding may
progress from clear liquids to a balanced, high-protein diet sufficient for
postoperative recovery; caloric intake should be kept at recovery-
appropriate levels rather than excessive, and a structured long-term
calorie-controlled plan should be instituted thereafter to prevent hypo-
thalamic obesity. Special attention should be paid to the possibility of
delayed gastric emptying in the postoperative period, which requires
close observation of symptoms such as abdominal distension and vom-
iting, and the administration of gastrointestinal stimulant drugs if
necessary.

Long-term nutritional management focuses on the prevention and
treatment of metabolic disorders resulting from hypothalamic injury.
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Common problems include: (1) abnormal appetite regulation (bulimia
or anorexia), which requires the establishment of a regular meal plan
and control of the eating environment; (2) disorders of energy meta-
bolism, which suggests controlling the intake of refined carbohydrates;
and (3) abnormalities of body fat composition, which require regular
monitoring of body fat percentage and lean body mass, and the devel-
opment of an individualized exercise program. It is also important to pay
attention to bone health, ensuring adequate calcium and vitamin D
intake and regular monitoring of bone density. It is recommended that a
comprehensive nutritional assessment be conducted every 3-6 months to
adjust the intervention program in a timely manner in order to improve
the long-term prognosis and quality of life of patients. Throughout the
process, special attention should be paid to the nutritional education of
patients and their families to help them establish a scientific concept of
dietary management.

Recommendation 42. Staged, individualized nutritional manage-
ment of children with craniopharyngioma. (Level of evidence: Moder-
ate; Strength of recommendation: Strong)

Management of hypothalamic obesity: obesity and eating disor-
ders in approximately 40-50% of children with craniopharyngioma®!®,
Postoperative weight monitoring and intervention should begin as early
as possible, and the risk of postoperative weight gain and hypothalamic
obesity should be thoroughly communicated with the family before
surgery to establish realistic expectations and ensure family support.
The management of hypothalamic obesity in children after cranio-
pharyngioma surgery requires a multimodal, integrated intervention
strategy that focuses on abnormal appetite regulation and impaired
energy metabolism due to hypothalamic damage. Measures such as the
following may be effective in the treatment of hypothalamic obesity in
children: melatonin replacement therapy: to improve circadian rhythm
disorders and daytime sleepiness [134,135]. Central stimulants: mod-
afinil  (100-400 mg/day) or methylphenidate (10-30 mg/day):
improvement in somnolence and body weight [136]. Dextroamphet-
amine: stabilizes BMI and improves mobility (requires gradual dose
adjustment) [137,138]. Octreotide: short-term inhibition of p-cell ac-
tivity, initial weight loss but accompanied by gastrointestinal side ef-
fects, long-term efficacy is not clear [139,140]. Emerging
pharmacotherapies for hypothalamic obesity include setmelanotide
(MC4R agonist) and GLP-1 receptor agonists (e.g., liraglutide, sem-
aglutide). Both show promise in select refractory cases, though pediatric
evidence remains limited. They may be considered under close moni-
toring and MDT guidance with informed consent.

Lifestyle intervention: appropriate increase in physical activity. Early
systematic intervention can significantly improve prognosis, but lifelong
follow-up management is required.

Recommendation 43. Management of hypothalamic obesity in chil-
dren after craniopharyngioma surgery requires a multimodal, integrated
intervention strategy that focuses on abnormal appetite regulation and
impaired energy metabolism due to hypothalamic injury. (Level of ev-
idence: Moderate; Strength of recommendation: Strong).

4.7. Multidisciplinary treatment strategies for complex cases

Multidisciplinary team (MDT) management is essential for all chil-
dren with craniopharyngioma, not only complex cases. Even apparently
straightforward cases benefit from coordinated endocrine, ophthalmo-
logic, and neuropsychological oversight, because initial management
decisions made without MDT input may compromise long-term tumor
control and functional outcomes. The following section focuses on
complex cases, where MDT coordination is most critical, but the same
principle applies throughout. For complex cases of craniopharyngioma
in children (e.g. large tumor, severe hypothalamic involvement, recur-
rence or with significant complications), multidisciplinary teamwork is
the key to optimize treatment decision-making and improve prognosis.
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The MDT team consists of: specialists from the neurosurgery, pediatric
oncology, endocrinology, radiation oncology, ophthalmology, nutrition,
psychiatry, and rehabilitation, to ensure all-round management. The
combined treatment decision-making process includes the following
aspects: preoperative evaluation: MRI to clarify the relationship be-
tween the tumor and the hypothalamus and optic pathway, endocrine
evaluation (pituitary function), ophthalmological examination (visual
field) and neuropsychological testing. Individualized surgical plan:
priority is given to neuroendoscopic or microsurgery, with intra-
operative navigation techniques to protect key structures; if the risk of
total resection is high (e.g. hypothalamic adhesions), partial resection +
postoperative adjuvant therapy is chosen. Postoperative adjuvant ther-
apy: for residual tumors, radiotherapy (e.g. proton therapy) or intra-
capsular therapy (bleomycin), depending on age and location; endocrine
defects (e.g. diabetes insipidus, growth hormone deficiency) require
immediate replacement.

Recommendation 44. It is recommended that all pediatric cranio-
pharyngioma cases, especially complex cases (e.g., large tumors, severe
hypothalamic involvement, recurrence, or with significant complica-
tions) should be managed throughout the process by a multidisciplinary
team (MDT). The multidisciplinary team should include specialists in
neurosurgery, pediatric oncology, endocrinology, radiation oncology,
ophthalmology, neuroimaging, neuropathology, nutrition, psychology,
and rehabilitation to ensure comprehensive, multi-stage and individu-
alized treatment. (Level of evidence: High; Strength of recommendation:
Strong)

[Rationale and description] : For a wide range of complex tumors,
the MDT model has been shown to improve the quality of decision-
making and patient prognosis. For craniopharyngiomas, a disease that
involves multi-system and multi-stage management, MDT is particularly
valuable. The level of evidence and strength of recommendation are the
highest.

5. Handling of special cases
5.1. Treatment of cystic craniopharyngioma

Cystic craniopharyngiomas in children have unique clinicopatho-
logical features and their treatment strategies need to be individualized
according to the characteristics of the lesion. The cystic fluid often
contains characteristic cholesterol crystals and protein components
[141,142]. Due to the space-occupying effect of the cyst, children often
show symptoms such as visual impairment, endocrine disruption, or
hydrocephalus, and are highly susceptible to recurrence after simple
puncture.

For therapy, intracapsular injection therapy offers an important op-
tion for recurrent or high-risk surgical cases [143]. Bleomycin inhibits
the proliferation of epithelial cells in the cystic wall and needs to be
injected in divided doses after a precise image-guided puncture
[143-145]. Interferon-alpha works through the immunomodulatory
pathway and is suitable for some cases intolerance to bleomycin [146].
All of these treatments need to be carefully tailored to the indications,
with special attention paid to avoiding leakage outside the cyst or even
into the ventricles. Bleomycin carries notable toxicity—including
nausea, vomiting, fever, and, when leakage beyond the cyst occurs,
rare but serious neurotoxicity such as encephalopathy and
leukoencephalopathy—which has led many centers to abandon it in
favor of interferon-a or other modalities. Owing to this toxicity, intra-
cystic therapy (bleomycin or interferon) is now mainly reserved for
young patients with recurrent/residual cystic lesions who are not suit-
able for radiotherapy or repeat surgery, serving as a bridge to defer
definitive treatment.

Surgical treatment strategies need to take into account the anatom-
ical location and size of the cyst. The endoscopic transnasal approach is
suitable for cysts that are confined to the sellar region, with the
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advantages of minimal trauma and rapid recovery, whereas for large
cysts or lesions with combined parenchymal components, craniotomy
may be required to ensure safe resection [59,147]. In technical ma-
noeuvres, special attention is paid to the protection of the hypothala-
mus, pituitary stalks and optic pathway structures [59]. In high-risk
cases, staged treatment or intraoperative placement of the Ommaya
capsule may be used for follow-up management.

Postoperative management focuses on the prevention of recurrence
and functional protection. A standardized follow-up system needs to be
established to detect changes in the condition through regular MRI
monitoring and endocrine assessment. For patients with recurrence,
salvage measures such as reoperation, intracapsular therapy or radio-
therapy should be chosen according to the specific situation.
Throughout the treatment process, close collaboration of a multidisci-
plinary team is required to effectively control the tumor and minimize
treatment-related complications to ensure the best long-term prognosis
for the child.

Recommendation 45. The treatment strategy needs to be individu-
alized according to the characteristics of the lesion, and intracapsular
drug injection, craniotomy, endonasal endoscopic approach, and phar-
macological treatment may be considered. (Level of evidence: Moderate;
Strength of recommendation: Strong)

5.2. Management of postoperative residual craniopharyngiomas

Postoperative imaging, which reveals the presence of tumor rem-
nants, should be managed aggressively, and studies have shown that any
residue of the cystic wall of ACP may lead to recurrence [148]. Sup-
plementary radiotherapy should be given, as described in section 4.2.
The management of postoperative residual tumor should be individu-
alized. Not all residuals will progress, especially small, stable calcifica-
tions. However, for residuals with growth potential (e.g., solid
components, enhancing cyst walls), adjuvant therapy (e.g., radio-
therapy) should be considered.

5.3. Management of recurrent craniopharyngiomas

The choice of treatment after recurrence needs to be individualized,
and participation in clinical trials is recommended for recurrent re-
fractory cases. For limited recurrence, secondary surgery remains the
preferred option, but the risk-benefit ratio should be carefully evaluated
[59]. Advances in endoscopic techniques have expanded the indications
for transnasal surgery, allowing minimally invasive treatment in
selected cases [149]. Radiotherapy is an option depending on the cystic
solidity, size, and other characteristics of the lesion [150,151]. The use
of radiotherapy has been shown to be an effective way of treating the
lesion.

Pharmacological treatments have shown promise in some cases, such
as tocilizumab and bevacizumab for ACP [152] and BRAF/MEK in-
hibitors for PCP [153]. Intracapsular injections of bleomycin can be
considered for cystic recurrences, but strict indications are needed [154,
155].

Recommendation 46. Participation in clinical trials is recommended
for relapsed refractory cases. (Level of evidence: Moderate; Strength of
recommendation: Strong).

5.4. Strategies for management of hypothalamic invasion

Assessment of hypothalamic invasion in childhood craniophar-
yngiomas requires a combination of tests [122,156]. High-resolution
MRI is the main method of assessing hypothalamic involvement, and
the relationship between the tumor and important structures such as the
anterior wall of the third ventricle and the funiculus can be clearly
observed by sagittal T2-weighted images.

Protecting hypothalamic function is a crucial principle in the
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treatment process [4,27]. In cases of confirmed hypothalamic invasion
or dense hypothalamic adherence, functional preservation may require
leaving tumor tissue in key functional areas, and the residual tissue may
be more than a very small amount. In such cases, the goal should be
long-term hypothalamic, endocrine, neurocognitive, and quality-of-life
preservation rather than radiographic gross total resection alone. Plan-
ned subtotal resection followed by close observation or appropriately
timed radiotherapy should be considered after MDT discussion.
Long-term multidisciplinary follow-up, including endocrine, metabolic,
neuropsychological, visual, and quality-of-life assessment, is essential
for early detection and management of hypothalamic sequelae.

For severe hypothalamic complications that have already occurred,
systematic management measures are needed. The management of
metabolic disorder syndromes focuses on controlling pathological hun-
ger and obesity and requires a multi-pronged approach of dietary con-
trol, pharmacological treatment and behavioral interventions. Lifelong
follow-up should be established for all patients, with regular assess-
ment of metabolic markers, cognitive function and quality of life, and an
individualized long-term management plan should be developed by a
multidisciplinary team.

Recommendation 47. Based on the principle of protecting hypotha-
lamic function, surgery, radiotherapy and drug therapy are selected
according to the specific situation. Severe hypothalamic complications
require systematic and individualized management measures. (Level of
evidence: High; Strength of recommendation: Strong)

6. Follow-up and long-term management

Long-term follow-up management of craniopharyngioma in children
requires the establishment of a systematic and individualized moni-
toring programme. Imaging follow-up is the key to early detection of
tumor recurrence. MRI and CT examinations are recommended every 3-
6 months in the first 2 years after surgery, focusing on changes in the
saddle region and hypothalamus region and the presence of calcifica-
tion. 6-12 months follow-up can be extended appropriately during the
period of 2-5 years, and annual lifelong follow-up is still required after 5
years [125]. In children who have received radiotherapy, special
attention should be paid to the monitoring of delayed radiation damage,
including the possibility of cerebral white matter lesions and secondary
tumors.

The frequency and content of follow-up should be individualized
based on the patient's risk of recurrence. It is recommended to refer to
the prognostic risk scoring model proposed in this guideline (see
Table 5): For patients in the low-risk group, the standard follow-up
schedule may be followed. For patients in the moderate-risk group,
the imaging follow-up interval may be appropriately shortened (e.g.,
MRI every 3 months for the first 2 years), and endocrine and cognitive
function assessments should be intensified. For patients in the high-risk
group, in addition to the most rigorous imaging surveillance, more
intensivemultidisciplinary team evaluations (e.g., every 2-3 months)
should be conducted, and interventions for recurrence or functional
deterioration should be planned proactively.

Endocrine function should be assessed throughout the child's growth
and development [10]. Acute complications such as diabetes insipidus
and adrenal insufficiency need to be closely monitored in the early
postoperative period, and thyroid, adrenal, and gonadal axis functions
need to be tested every 3 months. Special attention should be paid to
sexual development after puberty, and children with growth hormone
deficiency need regular assessment of IGF-1 levels and growth rate. All
hormone replacement therapies need to be dynamically adjusted ac-
cording to test results to maintain normal growth and development.

Assessment of neurocognitive function is critical to the child's
learning and quality of life. Comprehensive neuropsychological testing,
including core indicators of intelligence, memory and executive func-
tion, is recommended 1 year after surgery. In school-age children, the
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focus should be on the development of academic skills and, if necessary,
an individualized educational program should be developed. Children
after radiotherapy are at higher risk of cognitive decline and require
shorter assessment intervals of 6-12 months and enhanced cognitive
rehabilitation.

Postoperative assessment of visual acuity, visual field and fundus
should be performed, after which the frequency of follow-up visits
should be adjusted according to the degree of stabilization of the disease
121 yisual rehabilitation may be considered for children with visual
field defects. Any new onset of visual loss requires vigilance for the
possibility of tumor recurrence or radiation optic neuropathy.

The follow-up program requires close collaboration between a
multidisciplinary team of neurosurgeons, endocrinologists, ophthal-
mologists and psychologists. At the same time, emphasis should be
placed on educating the parents of the children so that they can master
the necessary observation points and ensure that they can detect ab-
normalities and seek medical attention in a timely manner. Through
standardized long-term management, the prognosis of children can be
maximally improved, helping them to achieve better survival and
development.

Recommendation 48. Postoperative follow-up should include: (1)
imaging of the sellar and hypothalamic regions; (2) endocrine assess-
ment throughout growth and development; (3) comprehensive neuro-
psychological testing (intelligence, memory, executive function) at 1
year; and (4) visual acuity, visual field, and fundus examination. All
follow-up should be guided by a multidisciplinary team. (Level of evi-
dence: High; Strength of recommendation: Strong)

7. Prognostic assessment
7.1. Prognostic factors

Importantly, in childhood-onset craniopharyngioma, long-term
prognosis is determined less by tumor recurrence per se than by the
burden of hypothalamic dysfunction—including hypothalamic obesity,
neurocognitive and psychosocial impairment, and neuroendocrine
deficits—which is the principal driver of reduced quality of life and
increased late mortality, as shown in long-term German (KRANIO-
PHARYNGEOM) and St Jude proton-therapy cohorts. The prognosis of
craniopharyngiomas in children is influenced by a number of factors,
which can be classified into three main categories:

Clinical factors: these include the child's age, symptom presentation
and duration, hypothalamo-pituitary functional status, tumor size, site
of presence, and strength of adhesion to surrounding tissues. Studies
have shown that a lower age of onset (especially <5 years) is recognized
as an independent risk factor for recurrence [157-159]. In addition,
large tumor diameters (e.g. >4 cm) are often indicative of a more
aggressive tumor, often occupying multiple intracranial compartments
and encroaching on surrounding vital structures, making total resection
more difficult and the prognosis relatively poor [160-162]. Radical
resection is also often difficult to achieve if the tumor invades the hy-
pothalamus or has a multicompartmental structure, further suggesting a
high degree of aggressiveness [28,163]. Preoperative manifestations
such as hydrocephalus, elevated intracranial pressure or optic nerve
compression may also increase the complexity of the procedure, thereby
increasing the risk of recurrence [157]. Another key factor is the loca-
tion of the tumor and its adhesion to surrounding tissues. The risk of
recurrence is significantly increased when the tumor adheres to or in-
filtrates the hypothalamus, third ventricle or key neurovascular struc-
tures [51,164-166]. Although abnormalities in hypothalamic-pituitary
function (e.g. total hypopituitarism) are often suggestive of hypotha-
lamic involvement, the statistical correlation with recurrence has not
been clearly established [167,168]. The prognostic impact of the length
of time between symptom onset and diagnosis has been less well studied,
and the available studies have not confirmed its direct prognostic
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significance.

Pathological factors: mainly include histological subtypes and mo-
lecular markers. Childhood patients tend to have ACP, which are often
associated with mutations in p-catenin (CTNNB1) and activation of the
Wnt pathway; in contrast, PCP are rare in children, but are more com-
mon in adults, with BRAF V600E mutations and sensitivity to the MAPK
pathway [23]. CTNNB1 mutations are specific to ACP, while BRAF
V600E mutations are specific to PCP. Papillary tumors are usually more
structurally intact, with less invasion of surrounding tissues, have a
relatively good prognosis and can be significantly treated with BRAF/-
MEK inhibitors [153,169,170]. Ki-67 proliferation index is a commonly
used biomarker, and its high expression (e.g. >10%) suggests active
tumor proliferation, and can be used as a reference indicator of recur-
rence risk when assessed in conjunction with tumor size and extent of
resection [171,172]. In addition, the presence of wet keratinised squa-
mous cell clusters in the histology is thought to be associated with the
risk of recurrence; the presence of foci of tumor calcification has also
been reported in studies to be associated with an increased rate of
recurrence [158,173,174]. The prognostic value of other markers such
as p53 and VEGF lacks uniform conclusions [28]. While the prognostic
value of Ki-67 remains debated in the literature, the consensus panel
recommends its routine documentation as a biological baseline.

Treatment-related factors should be interpreted in a balanced
manner. Although gross total resection may reduce the risk of radio-
graphic recurrence in selected cases, this benefit must be weighed
against the risk of hypothalamic, endocrine, visual, neurocognitive, and
quality-of-life impairment. Evidence from large pediatric cohorts,
including German craniopharyngioma studies, has shown that post-
operative hypothalamic damage is a major determinant of long-term
morbidity, hypothalamic obesity, reduced quality of life, and mortality
[36,61,63,64,165]. Therefore, surgical series reporting high
gross-total-resection rates should be interpreted cautiously if long-term
endocrine, hypothalamic, neurocognitive, visual, and quality-of-life
outcomes are not adequately reported. For tumors with clear hypotha-
lamic involvement, maximal safe resection or planned subtotal resection
followed by observation or radiotherapy may provide a more appro-
priate balance between tumor control and functional preservation. For
patients with a large proportion of cystic lesions, intracapsular therapy
(e.g., interferon, radioiodine oil, or Ommaya capsule injection) may
control the disease to a certain extent, but its impact on long-term
prognosis needs to be further investigated. For PCP patients carrying
the BRAF V600E mutation, targeted therapies (BRAF/MEK inhibitors)
have shown promising tumor shrinkage results and have become a
promising emerging treatment strategy [175]. Notably, children with
hypopituitarism can receive pituitary hormone replacement therapy,
such as growth hormone, under strict monitoring, and it has not been
shown to significantly increase the risk of relapse [176,177].

In conclusion, the recurrence and prognosis of childhood cranio-
pharyngiomas are mainly determined by the biological characteristics of
the tumor and the treatment modality. Clinically, low age (<5 years),
large tumor size, hypothalamic involvement and increased intracranial
pressure suggest a worse prognosis; pathologically, high Ki-67 expres-
sion and the presence of specific molecular variants (e.g., CTNNB1 and
BRAF V600E) can suggest a different prognostic course. The most
influential factor is the therapeutic strategy: individualized, function-
preserving multimodal management is essential to balance tumor con-
trol with long-term hypothalamic, endocrine, visual, neurocognitive,
and quality-of-life outcomes. Radical resection should not be pursued at
the expense of irreversible hypothalamic morbidity.

Recommendation 49. High-risk features such as age of onset <5
years, tumor diameter >4 cm, hypothalamic invasion/tight adhesions,
multicompartmental growth, or associated hydrocephalus/intracranial
hypertension are recommended as core indicators for assessing the risk
of recurrence and surgical complexity. (Level of evidence: Moderate;
Strength of recommendation: Strong).
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Recommendation 50. It is recommended that the Ki-67 proliferation
index be routinely recorded in the pathology report and used in
conjunction with tumor volume and extent of resection as a reference for
recurrence risk assessment. (Level of evidence: Moderate; Strength of
recommendation: Strong)

Recommendation 51. Routine postoperative assessment of whether
total resection has been achieved is recommended, and the next step of
treatment should be assigned as early as possible in cases of incomplete
resection, in order to reduce the rate of tumor recurrence and to improve
the patient's prognosis. (Level of evidence: High; Strength of recom-
mendation: Strong)

Recommendation 52. If the cystic component of the tumor is pre-
dominant, intracapsular therapy (e.g., interferon) may be combined, but
close monitoring for recurrence is required. (Level of evidence: Moder-
ate, Strength of recommendation: Strong)

Recommendation 53. In children (<5 years of age) who are younger
and whose tumor has not been completely resected, radiotherapy may
be delayed until the tumor has progressed or until age >5 years if the
residual lesion is stable, in order to reduce the risk of cognitive
impairment (Level of Evidence: Moderate, Strength of recommendation:
Strong).

7.2. Prognostic scoring system

There is currently no internationally accepted prognostic scoring or
grading system for craniopharyngioma in children. In this guideline, we
propose a preliminary prognostic risk-scoring framework that integrates
clinical, pathological, and treatment-related factors (Table 4) to support
structured risk discussion and follow-up planning, and suggests corre-
sponding management strategies accordingly (see Table 5). This model
should be regarded as an exploratory adjunct rather than a prescriptive
treatment algorithm. It should not replace individualized decision-
making by an experienced MDT, because patients with the same score
may differ substantially in tumor anatomy, hypothalamic involvement,
visual/endocrine status, prior treatment, radiotherapy suitability, fam-
ily preference, and local treatment resources. Its clinical validity and
generalizability require prospective multicenter validation.

Patients were risk stratified and managed based on cumulative
scores. Higher scores have a worse prognosis and more aggressive
treatment and follow-up strategies are recommended:

Low-risk group (total score 0-2): Patients in this group are usually
older cases with smaller tumors that have been completely resected. The
risk of recurrence is low, so routine postoperative follow-up surveillance
can be performed and no additional radiotherapy is required. In the case
of PCP with detectable BRAF mutations, consideration of targeted
therapy (BRAF/MEK inhibitors) is also a suitable option.

Medium-risk group (total score 3-5): Patients in this group may have
larger tumors or hypothalamic involvement, where resection may be
incomplete and the risk of recurrence is Medium. In this group, intensive
follow-up and regular imaging (e.g., MRI or CT) are recommended. In
addition, depending on the patient's specific situation, postoperative
adjuvant therapy, including radiotherapy or targeted therapy, may be
considered. Radiotherapy should be used with great caution in younger
children (especially those under 5 years of age), and its potential long-
term effects and benefits must be fully evaluated. Radiotherapy should
only be used as a last resort when other treatment options are not
effective in controlling the disease.

High-risk group (total score >6): patients in this group are usually
younger cases with larger tumors that have not been completely resected
and may have a high Ki-67 proliferation index or have not yet received
radiotherapy. The risk of recurrence is high and intensive combination
therapy, including postoperative radiotherapy, chemotherapy and other
multidisciplinary interventions, is recommended. When considering
radiotherapy, especially in younger patients, it is important to evaluate
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critically and carefully to ensure that the benefits of radiotherapy clearly
outweigh its possible side effects. In these patients, the frequency of
follow-up should be increased, with particular attention to tumor
recurrence, pituitary function and neurological changes. At the same
time, treatment should be individualized and adjusted according to the
patient's response and treatment tolerance.

Recommendation 54. A multifactorial clinical prognostic scoring
model may be developed and prospectively validated to support
recurrence-risk assessment and follow-up planning in pediatric cranio-
pharyngioma. Such a model should be used only as an adjunct to MDT-
based individualized decision-making, not as a standalone basis for
treatment selection. (Level of Evidence: Moderate; Strength of recom-
mendation: Strong)

Recommendation 55. Validation of the validity and applicability of
this scoring model in a multicenter prospective cohort and exploration
of the potential for individualized treatment guided by other molecular
markers is encouraged. (Level of Evidence: Moderate; Strength of
recommendation: Strong)

[Rationale and description]: Risk stratification is a trend in
modern oncology. This recommendation advocates the establishment
and validation of prognostic models, which is an important direction for
the advancement of the field. The concept is based on existing prog-
nostic factor studies, so the evidence level is “moderate”, but its clinical
guidance is significant, and the strength of recommendation is “strong”.

External review panel roster

Xiangen Shi (Department of Neurosurgery, Sanbo Brain Hospital,
Capital Medical University); Hongyang Zhao (Department of Neuro-
surgery, Union Hospital, Tongji Medical College, Huazhong University
of Science and Technology); Tao Hong (Department of Neurosurgery,
Jiangxi Key Laboratory of Neurological Diseases, the First Affiliated
Hospital, Jiangxi Medical College, Nanchang University); Yao Zhao
(Department of Neurosurgery, Huashan Hospital, Shanghai Medical
College, Fudan University); Chaoyun Zhang (Department of Endocri-
nology and Metabolism, Huashan Hospital, Fudan University); Qingfeng
Wu (Institute of Genetics and Developmental Biology, Chinese Academy
of Sciences, University of Chinese Academy of Sciences). Representa-
tives of the Chinese Craniopharyngioma Patients’ Support Group: Xixia
Liu and Jianping Chen.

CRediT authorship contribution statement

Zhixiong Lin: Conceptualization, Data curation, Funding acquisi-
tion, Project administration, Supervision, Writing — original draft,
Writing — review & editing. Jie Ma: Conceptualization, Funding acqui-
sition, Supervision, Writing — original draft, Writing — review & editing.
Yonggao Mou: Conceptualization, Investigation, Resources, Software.
Songtao Qi: Writing — original draft, Writing — review & editing. Xue-
jun Yang: Conceptualization, Writing — original draft, Writing — review
& editing. Jianguo Xu: Conceptualization, Writing — original draft,
Writing — review & editing. Yi Lin: Methodology, Project administra-
tion, Validation, Writing — original draft, Writing — review & editing. Yi
Liu: Project administration, Validation, Writing — original draft, Writing
- review & editing. Chuan Zhao: Validation, Writing — original draft,
Writing — review & editing. Wenhao An: Writing — original draft. Feng
Wan: Validation. Songbai Gui: Validation. Gao Zeng: Validation. Ping
Liang: Validation. Yiguang Chen: Validation, Writing — original draft,
Writing — review & editing. Yang Zhao: Validation, Writing — review &
editing. Mingwang Zhu: Validation, Writing - review & editing.
Chunde Li: Validation, Writing — review & editing. Jian Gong: Writing
- original draft, Writing — review & editing. Yongxin Wang: Validation.
Yaming Wang: Validation, Writing — review & editing. Jie Zhao:
Writing — original draft, Writing — review & editing. Yan Ju: Validation.



Z. Lin et al.

Ye Song: Writing — original draft, Writing — review & editing. Xiaosh-
eng He: Validation, Writing — review & editing. Xingfu Wang: Soft-
ware, Validation. Xiaofang Yan: Validation, Writing — review & editing.
Xianxin Qiu: Writing — original draft, Writing — review & editing. Hao
Li: Validation. Yang Wang: Validation. Rong Zhang: Validation,
Writing - review & editing. Jie Gong: Writing — original draft, Writing —
review & editing. Xueling Qi: Validation, Writing — review & editing.
Ming Ge: Writing — original draft. Julei Wang: Validation, Writing —
review & editing. Qingguo Li: Writing — original draft, Writing — review
& editing. Jun Fan: Validation, Writing - review & editing. Xiaobing
Jiang: Validation, Writing — review & editing. Shibin Sun: Validation,
Writing — review & editing. Wenzhong Mei: Validation, Writing — re-
view & editing. Zheming Fang: Validation, Writing — review & editing.
Song Han: Validation, Writing — review & editing. Bo Zhang: Writing —
review & editing.

Disclaimer

This guideline is based on existing literature and expert opinion and
is useful for clinical decision-making, but is not a substitute for indi-
vidualized treatment in specific cases, let alone a legal basis.

All panel members declared no competing interests relevant to the
content of this guideline.

Funding

The National Key Research and Development Plan Project of China
(2022YFC2705002 to JM); the “14th Five-Year Plan” National Key
Research and Development Plan (2023YFC2411603 to LZX); the Na-
tional Natural Science Foundation of China (82373386 to MYG); the Key
Science and Technology Project of Guangdong Province, China
(2023B0303020002 to MYG).

Declaration of competing interests

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.canlet.2026.218784.

References
[1] L.-N. Lohkamp, E.M. Kasper, A.E. Pousa, U.K. Bartels, An update on multimodal
management of craniopharyngioma in children, Front. Oncol. 13 (2023)
1149428, https://doi.org/10.3389/fonc.2023.1149428.
C. Graffeo, A. Perry, M. Link, D. Daniels, Pediatric craniopharyngiomas: a primer
for the Skull base surgeon, J Neurol Surg B 79 (2018) 65-80, https://doi.org/
10.1055/5-0037-1621738.
X. Wang, C. Zhao, J. Lin, H. Liu, Q. Zeng, H. Chen, Y. Wang, D. Xu, W. Chen,
M. Xu, E. Zhang, D. Lin, Z. Lin, Multi-omics analysis of adamantinomatous
craniopharyngiomas reveals distinct molecular subgroups with prognostic and
treatment response significance, Chin. Med. J. (Peking) 137 (2024) 859-870,
https://doi.org/10.1097/cm9.0000000000002774.
A. Otte, H.L. Miiller, Childhood-onset craniopharyngioma, J. Clin. Endocrinol.
Metab. 106 (2021) e3820-e3836, https://doi.org/10.1210/clinem/dgab397.
B.E. Zacharia, S.S. Bruce, H. Goldstein, H.R. Malone, A.I. Neugut, J.N. Bruce,
Incidence, treatment and survival of patients with craniopharyngioma in the
surveillance, epidemiology and end results program, NEUONC 14 (2012)
1070-1078, https://doi.org/10.1093/neuonc/nos142.
J.H. Kim, H. Kim, K. Dan, S.-I. Kim, S.-H. Park, D. Han, Y.H. Kim, In-depth
proteomic profiling captures subtype-specific features of craniopharyngiomas,
Sci. Rep. 11 (2021), https://doi.org/10.1038/s41598-021-00483-4.
D.N. Louis, A. Perry, P. Wesseling, D.J. Brat, I.A. Cree, D. Figarella-Branger,
C. Hawkins, H.K. Ng, S.M. Pfister, G. Reifenberger, R. Soffietti, A. von Deimling,
D.W. Ellison, The 2021 WHO classification of Tumors of the central Nervous
system: a summary, NEUONC 23 (2021) 1231-1251, https://doi.org/10.1093/
neuonc/noab106.

[2]

[3]

[4]

[5]

(6]

71

24

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Cancer Letters 659 (2026) 218784

R. Prieto, T.A. Juratli, E.D. Bander, S. Santagata, L. Barrios, P.K. Brastianos, T.
H. Schwartz, J.M. Pascual, Papillary Craniopharyngioma: an integrative and
comprehensive review, Endocr. Rev. 11 (46) (2025) 151-213, https://doi.org/
10.1210/endrev/bnae028.

D.S. Olsson, E. Andersson, I.-L. Bryngelsson, A.G. Nilsson, G. Johannsson, Excess
mortality and morbidity in patients with craniopharyngioma, especially in
patients with childhood onset: a population-based study in Sweden, J. Clin.
Endocrinol. Metab. 100 (2015) 467-474, https://doi.org/10.1210/jc.2014-3525.
H.L. Miiller, T.E. Merchant, M. Warmuth-Metz, J.-P. Martinez-Barbera, S. Puget,
Craniopharyngioma, Nat. Rev. Dis. Primers 5 (2019) 1-19, https://doi.org/
10.1038/541572-019-0125-9.

C. Smith, Russell & Rubinstein's pathology of tumors of the nervous system,
Histopathology 50 (2007) 510, https://doi.org/10.1111/j.1365-
2559.2006.02605.x, 510.

S. Sekine, T. Shibata, A. Kokubu, Y. Morishita, M. Noguchi, Y. Nakanishi,

M. Sakamoto, S. Hirohashi, Craniopharyngiomas of adamantinomatous type
harbor beta-catenin gene mutations, Am. J. Pathol. 161 (6) (2002) 1997-2001.
https://www.semanticscholar.org/paper/ef4814a56004762e493730f8893d29d3
f71eee94.

N. Din, M. Tariq, Z. Ahmad, W. Memon, Papillary craniopharyngioma: a
clinicopathologic study of a rare entity from a major tertiary care center in
Pakistan, Neurol. India 65 (2017) 570, https://doi.org/10.4103/neuroindia.ni_
552_16.

J. Cheng, Q. Shao, Z. Pan, J. You, Analysis and long-term Follow-Up of the
surgical treatment of children with craniopharyngioma, J. Craniofac. Surg. 27
(2016) e763-e766, https://doi.org/10.1097/5¢5.0000000000003176.

R. Borrill, E. Cheesman, S. Stivaros, I.D. Kamaly-Asl, K. Gnanalingham, J.-

P. Kilday, Papillary craniopharyngioma in a 4-year-old girl with BRAF V600E
mutation: a case report and review of the literature, Childs Nerv. Syst. 35 (2019)
169-173, https://doi.org/10.1007/s00381-018-3925-4.

C.L. Chik, F.K.H. van Landeghem, J.C. Easaw, V. Mehta, Aggressive childhood-
onset papillary craniopharyngioma managed with vemurafenib, a BRAF inhibitor,
J. Endocr. Soc. 5 (2021) 1-9, https://doi.org/10.1210/jendso/bvab043.

C. Zhao, Z. Zhou, Y. Zhang, X. Qi, X. Wang, D. Lin, H. Liu, Y. Wang, C. Weng,
J. Chen, W. Hu, L. Liao, Z. Lin, Diagnosis and management of pediatric papillary
craniopharyngiomas, World Neurosurg. 165 (2022) e148-e158, https://doi.org/
10.1016/j.wneu.2022.05.115.

P.K. Brastianos, A. Taylor-Weiner, P.E. Manley, R.T. Jones, D. Dias-Santagata, A.
R. Thorner, M.S. Lawrence, F.J. Rodriguez, L.A. Bernardo, L. Schubert,

A. Sunkavalli, N. Shillingford, M.L. Calicchio, H.G.W. Lidov, H. Taha,

M. Martinez-Lage, M. Santi, P.B. Storm, J.Y.K. Lee, J.N. Palmer, N.D. Adappa, R.
M. Scott, LF. Dunn, E.R. Laws, C. Stewart, K.L. Ligon, M.P. Hoang, P. Van
Hummelen, W.C. Hahn, D.N. Louis, A.C. Resnick, M.W. Kieran, G. Getz,

S. Santagata, Exome sequencing identifies BRAF mutations in papillary
craniopharyngiomas, Nat. Genet. 46 (2014) 161-165, https://doi.org/10.1038/
ng.2868.

N. Luo, Y. Lin, J. Feng, L. Cai, Y. Zhang, X. Wang, W. Mei, H. Li, B. Liu, X. Qi,
Z. Lin, Comparative analysis of clinical features, methylation and immune
microenvironment in pediatric and adult papillary craniopharyngiomas: results
from a multicenter study, Sci. Rep. 15 (2025), https://doi.org/10.1038/541598-
025-12662-8.

J.R. Apps, H.L. Muller, T.C. Hankinson, T.I. Yock, J.P. Martinez-Barbera,
Contemporary biological insights and clinical management of
craniopharyngioma, Endocr. Rev. 44 (2023) 518-538, https://doi.org/10.1210/
endrev/bnac035.

J.C. Pang, D.D. Chung, J. Wang, A. Abiri, B.V. Lien, A.S. Himstead, A. Ovakimyan,
M.G. Kim, F.P.K. Hsu, E.C. Kuan, Characteristics and outcomes in pediatric versus
adult craniopharyngiomas: a systematic review and meta-analysis, Neurosurgery
92 (2023) 1112-1129, https://doi.org/10.1227/neu.0000000000002346.

W. An, S. Li, Y. An, Z. Lin, Molecular Subtypes of Adamantinomatous
Craniopharyngiomas, NEUONC, 2025, https://doi.org/10.1093/neuonc/
noaf030.

P.K. Brastianos, S. Santagata, Endocrine TUMORS: BRAF V600E mutations in
papillary craniopharyngioma, Eur. J. Endocrinol. 174 (2016) R139-R144,
https://doi.org/10.1530/eje-15-0957.

P.K. Brastianos, E. Twohy, S. Geyer, E.R. Gerstner, T.J. Kaufmann, S. Tabrizi,
B. Kabat, J. Thierauf, M.W. Ruff, D.A. Bota, D.A. Reardon, A.L. Cohen, M.L. De La
Fuente, G.J. Lesser, J. Campian, P.K. Agarwalla, P. Kumthekar, B. Mann, S. Vora,
M. Knopp, A.J. Iafrate, W.T. Curry, D.P. Cahill, H.A. Shih, P.D. Brown,

S. Santagata, F.G. Barker, E. Galanis, BRAF-MEK inhibition in newly diagnosed
papillary craniopharyngiomas, N. Engl. J. Med. 389 (2023) 118-126, https://doi.
org/10.1056/nejmoa2213329.

S. Rosemberg, D. Fujiwara, Epidemiology of pediatric tumors of the nervous
system according to the WHO 2000 classification: a report of 1,195 cases from a
single institution, Childs Nerv. Syst. 21 (2005) 940-944, https://doi.org/
10.1007/s00381-005-1181-x.

A. Hoffmann, S. Boekhoff, U. Gebhardt, A.S. Sterkenburg, A.M.M. Daubenbiichel,
M. Eveslage, H.L. Miiller, History before diagnosis in childhood
craniopharyngioma: associations with initial presentation and long-term
prognosis, Eur. J. Endocrinol. 173 (2015) 853-862, https://doi.org/10.1530/¢je-
15-0709.

H.L. Miiller, T.E. Merchant, S. Puget, J.-P. Martinez-Barbera, New outlook on the
diagnosis, treatment and follow-up of childhood-onset craniopharyngioma, Nat.
Rev. Endocrinol. 13 (2017) 299-312, https://doi.org/10.1038/nrendo.2016.217.
A. Serbis, V.R. Tsinopoulou, A. Papadopoulou, S. Kolanis, E.I. Sakellari,

K. Margaritis, E. Litou, S. Ntouma, S. Giza, E.P. Kotanidou, A. Galli-Tsinopoulou,


https://doi.org/10.1016/j.canlet.2026.218784
https://doi.org/10.1016/j.canlet.2026.218784
https://doi.org/10.3389/fonc.2023.1149428
https://doi.org/10.1055/s-0037-1621738
https://doi.org/10.1055/s-0037-1621738
https://doi.org/10.1097/cm9.0000000000002774
https://doi.org/10.1210/clinem/dgab397
https://doi.org/10.1093/neuonc/nos142
https://doi.org/10.1038/s41598-021-00483-4
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1210/endrev/bnae028
https://doi.org/10.1210/endrev/bnae028
https://doi.org/10.1210/jc.2014-3525
https://doi.org/10.1038/s41572-019-0125-9
https://doi.org/10.1038/s41572-019-0125-9
https://doi.org/10.1111/j.1365-2559.2006.02605.x
https://doi.org/10.1111/j.1365-2559.2006.02605.x
https://www.semanticscholar.org/paper/ef4814a56004762e493730f8893d29d3f71eee94
https://www.semanticscholar.org/paper/ef4814a56004762e493730f8893d29d3f71eee94
https://doi.org/10.4103/neuroindia.ni_552_16
https://doi.org/10.4103/neuroindia.ni_552_16
https://doi.org/10.1097/scs.0000000000003176
https://doi.org/10.1007/s00381-018-3925-4
https://doi.org/10.1210/jendso/bvab043
https://doi.org/10.1016/j.wneu.2022.05.115
https://doi.org/10.1016/j.wneu.2022.05.115
https://doi.org/10.1038/ng.2868
https://doi.org/10.1038/ng.2868
https://doi.org/10.1038/s41598-025-12662-8
https://doi.org/10.1038/s41598-025-12662-8
https://doi.org/10.1210/endrev/bnac035
https://doi.org/10.1210/endrev/bnac035
https://doi.org/10.1227/neu.0000000000002346
https://doi.org/10.1093/neuonc/noaf030
https://doi.org/10.1093/neuonc/noaf030
https://doi.org/10.1530/eje-15-0957
https://doi.org/10.1056/nejmoa2213329
https://doi.org/10.1056/nejmoa2213329
https://doi.org/10.1007/s00381-005-1181-x
https://doi.org/10.1007/s00381-005-1181-x
https://doi.org/10.1530/eje-15-0709
https://doi.org/10.1530/eje-15-0709
https://doi.org/10.1038/nrendo.2016.217

Z. Lin et al.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Predictive factors for pediatric craniopharyngioma recurrence: an extensive
narrative review, Diagnostics 13 (2023) 1588, https://doi.org/10.3390/
diagnostics13091588.

R.B. Khan, T.E. Merchant, F.A. Boop, R.A. Sanford, D. Ledet, A. Onar-Thomas, L.
E. Kun, Headaches in children with craniopharyngioma, J. Child Neurol. 28
(2013) 1622-1625, https://doi.org/10.1177/0883073812464817.

A.J. Raimondi, T. Tomita, Brain tumors during the first year of life, Pediatr.
Neurosurg. 10 (1983) 193-207, https://doi.org/10.1159/000120114.

R. Prieto, J.M. Pascual, L. Barrios, Optic chiasm distortions caused by
craniopharyngiomas: clinical and magnetic resonance imaging correlation and
influence on visual outcome, World Neurosurg. 83 (2015) 500-529, https://doi.
org/10.1016/j.wneu.2014.10.002.

X. Ji, Z. Wang, W. Wang, L. Gao, X. Guo, C. Feng, W. Lian, K. Deng, B. Xing,
Clinical characteristics of pediatric patients with sellar and suprasellar lesions
who initially present with central diabetes insipidus: a retrospective study of 55
cases from a large pituitary center in China, Front. Endocrinol. 11 (2020),
https://doi.org/10.3389/fendo.2020.00076.

H.L. Miiller, Diagnostics, treatment, and follow-up in craniopharyngioma, Front.
Endocrinol. 2 (2011), https://doi.org/10.3389/fendo.2011.00070.

M.N. Alboqami, A. Khalid S Albaiahy, B.H. Bukhari, A. Alkhaibary, A. Alharbi,
S. Khairy, A.H. Alassiri, F. AlSufiani, A. Alkhani, A. Aloraidi, Craniopharyngioma:
a comprehensive review of the clinical presentation, radiological findings,
management, and future perspective, Heliyon 10 (2024) 32112, https://doi.org/
10.1016/j.heliyon.2024.e32112.

M. Piloni, F. Gagliardi, M. Bailo, M. Losa, N. Boari, A. Spina, P. Mortini,
Craniopharyngioma in pediatrics and adults, in: Adv Exp Med Biol, Springer
International Publishing, Cham, 2023, pp. 299-329, https://doi.org/10.1007/
978-3-031-23705-8_11.

P. Mortini, M. Losa, G. Pozzobon, R. Barzaghi, M. Riva, S. Acerno, D. Angius,
G. Weber, G. Chiumello, M. Giovanelli, Neurosurgical treatment of
craniopharyngioma in adults and children: early and long-term results in a large
case series, JNS 114 (2011) 1350-1359, https://doi.org/10.3171/2010.11.

jns10670.

Z. Siklar, E. Ozsu, S.K. Cetin, S. Ozen, F. Cizmecioglu-Jones, H.G. Balki, Z. Aycan,
D. Goksen, F. Kilci, S.N. Abseyi, U. Tercan, G. Giirpinar, S. Poyrazoglu,

F. Darendeliler, K. Demir, O. Besci, I.T. (")zgen, S.B. Akin, Z.K. Siitcii, E.H.

A. Kaplan, E. Camtosun, i. Dundar, E. Sagsak, H.A. Korkmaz, A. Anik, G.Y. Mutlu,
B. Ozcabi, A. Ugar, A.D. Gakir, B.S. Eklioglu, B. Kirel, M. Berberogu,
Comprehensive insights into pediatric craniopharyngioma: endocrine and
metabolic profiles, treatment challenges, and long-term outcomes with a
multicenter approach, J. Clin. Res. Pediatr. Endocrinol. (2024), https://doi.org/
10.4274/jcrpe.galenos.2024.2024-1-3, 0-0.

D.P. Waber, S.L. Pomeroy, A.M. Chiverton, M.W. Kieran, R.M. Scott, L.

C. Goumnerova, M.J. Rivkin, Everyday cognitive function after
craniopharyngioma in childhood, Pediatr. Neurol. 34 (2006) 13-19, https://doi.
org/10.1016/j.pediatrneurol.2005.06.002.

U. Yeole, S. Hegde, M. Gothwal, A.R. Prabhuraj, S. Somanna, K. Thennarasu,

A. Arimappamagan, What happens after therapy? Quality of life and
neurocognitive functions of children with malignant posterior fossa tumors after
adjuvant therapy, Neurol. India 69 (2021) 1293-1301, https://doi.org/10.4103/
0028-3886.329599.

S.K. Kim, K.C. Wang, S.H. Shin, G. Choe, J.G. Chi, B.K. Cho, Radical excision of
pediatric craniopharyngioma: recurrence pattern and prognostic factors, Childs
Nerv. Syst. 17 (2001) 531-536, https://doi.org/10.1007/s003810100458.

G. Zuccaro, Radical resection of craniopharyngioma, Childs Nerv. Syst. 21 (2005)
679-690, https://doi.org/10.1007/500381-005-1201-x.

P. Dhellemmes, M. Vinchon, Radical resection for craniopharyngiomas in
children: surgical technique and clinical results, J. Pediatr. Endocrinol. Metab. 19
(Suppl 1) (2006) 329-335. https://www.semanticscholar.org/paper/63ba95a56
12e788ccb4e87291a1b8357b7¢7a653.

H.-W. Gan, P. Morillon, A. Albanese, K. Aquilina, C. Chandler, Y.-C. Chang,

E. Drimtzias, S. Farndon, T.S. Jacques, M. Korbonits, A. Kuczynski, J. Limond,
L. Robinson, I. Simmons, N. Thomas, S. Thomas, N. Thorp, F. Vargha-Khadem,
D. Warren, B. Zebian, C. Mallucci, H.A. Spoudeas, National UK guidelines for the
management of paediatric craniopharyngioma, Lancet Diabetes Endocrinol. 11
(2023) 694-706, https://doi.org/10.1016/52213-8587(23)00162-6.

J.K. Liu, L.A. Sevak, P.W. Carmel, J.A. Eloy, Microscopic versus endoscopic
approaches for craniopharyngiomas: choosing the optimal surgical corridor for
maximizing extent of resection and complication avoidance using a personalized,
tailored approach, FOC 41 (2016) E5, https://doi.org/10.3171/2016.9.
focus16284.

S. Puget, M. Garnett, A. Wray, J. Grill, J.-L. Habrand, N. Bodaert, M. Zerah,

M. Bezerra, D. Renier, A. Pierre-Kahn, C. Sainte-Rose, Pediatric
craniopharyngiomas: classification and treatment according to the degree of
hypothalamic involvement, J. Neurosurg. Pediatr. 106 (2007) 3-12, https://doi.
org/10.3171/ped.2007.106.1.3.

B. Tang, S.H. Xie, L.M. Xiao, G.L. Huang, Z.G. Wang, L. Yang, X.Y. Yang, S. Xu, Y.
Y. Chen, Y.Q. Ji, E.M. Zeng, T. Hong, A novel endoscopic classification for
craniopharyngioma based on its origin, Sci. Rep. 8 (2018), https://doi.org/
10.1038/541598-018-28282-4.

S. Li, B. Wu, Y. Xiao, J. Wu, L. Yang, C. Yang, Z. Huang, C. Pan, M. Li, Y. Yang,
B. Tang, S. Xie, X. Wu, S. Zheng, C. Wang, T. Hong, Exploring the pathological
relationships between adamantinomatous craniopharyngioma and contiguous
structures with tumor origin, J. Neuro Oncol. 159 (2022) 485-497, https://doi.
org/10.1007/5s11060-022-04084-7.

25

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Cancer Letters 659 (2026) 218784

S. Li, L. Yang, Z. Tong, B. Wu, B. Tang, S. Xie, M. Li, L. Zhou, C. Ouyang, X. Wu,
Y. Yang, C. Wang, T. Hong, The eagle sign: a new preoperative MRI-based tool for
predicting topographic correlation between craniopharyngioma and
hypothalamus, J. Cancer Res. Clin. Oncol. 148 (2022) 1235-1249, https://doi.
org/10.1007/s00432-021-03791-4.

A.B. Kassam, P.A. Gardner, C.H. Snyderman, R.L. Carrau, A.H. Mintz, D.

M. Prevedello, Expanded endonasal approach, a fully endoscopic transnasal
approach for the resection of midline suprasellar craniopharyngiomas: a new
classification based on the infundibulum, JNS 108 (2008) 715-728, https://doi.
org/10.3171/jns/2008/108/4/0715.

J. Fan, Y. Liu, J. Pan, Y. Peng, J. Peng, Y. Bao, J. Nie, C. Wang, B. Qiu, S. Qi,
Endoscopic endonasal versus transcranial surgery for primary resection of
Craniopharyngiomas based on a new QST classification system: a comparative
series of 315 patients, J. Neurosurg. 135 (2021) 1298-1309, https://doi.org/
10.3171/2020.7.jns20257.

J.M. Pascual, R. Prieto, Craniopharyngioma and the third ventricle: this
inescapable topographical relationship, Front. Oncol. 12 (2022), https://doi.org/
10.3389/fonc.2022.872689.

B. Tang, S. Xie, G. Huang, Z. Wang, L. Yang, X. Yang, S. Xu, E. Zeng, T. Hong,
Clinical features and operative technique of transinfundibular
craniopharyngioma, J. Neurosurg. 133 (2020) 119-128, https://doi.org/
10.3171/2019.3.jns181953.

T.J. Wannemuehler, K.E. Rubel, B.K. Hendricks, J.Y. Ting, T.D. Payner, M.

V. Shah, A.A. Cohen-Gadol, Outcomes in transcranial microsurgery versus
extended endoscopic endonasal approach for primary resection of adult
craniopharyngiomas, FOC 41 (2016) E6, https://doi.org/10.3171/2016.9.
focus16314.

S. Jeswani, M. Nuno, A. Wu, V. Bonert, J.D. Carmichael, K.L. Black, R. Chu,

W. King, A.N. Mamelak, Comparative analysis of outcomes following craniotomy
and expanded endoscopic endonasal transsphenoidal resection of
craniopharyngioma and related tumors: a single-institution study, JNS 124
(2016) 627-638, https://doi.org/10.3171/2015.3.jns142254.

J. Wy, C. Pan, S. Xie, B. Tang, J. Fu, X. Wu, Z. Tong, B. Wy, Y. Yang, H. Ding, S. Li,
T. Hong, A propensity-adjusted comparison of endoscopic endonasal surgery
versus transcranial microsurgery for pediatric craniopharyngioma: a single-center
study, J. Neurosurg. Pediatr. 29 (2022) 325-334, https://doi.org/10.3171/
2021.10.peds21392.

K.L. Webb, W.W. Pruter, M.L. Hinkle, M.T. Walsh, Comparing surgical
approaches for craniopharyngioma resection among adults and children: a meta-
analysis and systematic review, World Neurosurg. 175 (2023) e876-e896,
https://doi.org/10.1016/j.wneu.2023.04.037.

C. Zhang, V. Verma, E.R. Lyden, D.P. Horowitz, B.E. Zacharia, C. Lin, E.

P. Connolly, The role of definitive radiotherapy in craniopharyngioma, Am. J.
Clin. Oncol. 41 (2018) 807-812, https://doi.org/10.1097/
c0c.0000000000000378.

M. Elbaroody, M. Dokhan, A. Kassay, A.A.M. Ezzat, A.A. Marei, A.H. Eldessouky,
B.I. Alhayen, M. Algabrouny, A. Ezz, M.F. Alsawy, E. El Refaee, M.A.R. Soliman, Is
it justified to sacrifice the pituitary stalk during craniopharyngioma surgery? A
systematic review and meta-analysis, Neurosurgery 96 (2025) 725-733, https://
doi.org/10.1227/neu.0000000000003169.

X. Shi, Z. Zhou, B. Wu, Y. Zhang, H. Qian, Y. Sun, Y. Yang, Z. Yu, Z. Tang, S. Lu,
Outcome of radical surgical resection for craniopharyngioma with hypothalamic
preservation: a single-center retrospective Study of 1054 patients, World
Neurosurg. 102 (2017) 167-180, https://doi.org/10.1016/j.wneu.2017.02.095.
H.L. Miiller, U. Gebhardt, S. Schroder, F. Pohl, R.-D. Kortmann, A. Faldum,

I. Zwiener, M. Warmuth-Metz, T. Pietsch, G. Calaminus, R. Kolb, C. Wiegand,
N. Sorensen, Analyses of treatment variables for patients with childhood
craniopharyngioma — results of the multicenter prospective trial
KRANIOPHARYNGEOM 2000 after three years of Follow-Up, Horm. Res.
Paediatr. 73 (2010) 175-180, https://doi.org/10.1159/000284358.

A.J. Clark, T.A. Cage, D. Aranda, A.T. Parsa, P.P. Sun, K.I. Auguste, N. Gupta,
A systematic review of the results of surgery and radiotherapy on tumor control
for pediatric craniopharyngioma, Childs Nerv. Syst. 29 (2013) 231-238, https://
doi.org/10.1007/s00381-012-1926-2.

X. Zhao, X. Yi, H. Wang, H. Zhao, An analysis of related factors of surgical results
for patients with craniopharyngiomas, Clin. Neurol. Neurosurg. 114 (2012)
149-155, https://doi.org/10.1016/j.clineuro.2011.10.004.

A. Schoenfeld, M. Pekmezci, M.J. Barnes, T. Tihan, N. Gupta, K.R. Lamborn,

A. Banerjee, S. Mueller, S. Chang, M.S. Berger, D. Haas-Kogan, The superiority of
conservative resection and adjuvant radiation for craniopharyngiomas, J. Neuro
Oncol. 108 (2012) 133-139, https://doi.org/10.1007/s11060-012-0806-7.

N. Karavitaki, C. Brufani, J.T. Warner, C.B.T. Adams, P. Richards, O. Ansorge,
B. Shine, H.E. Turner, J.A.H. Wass, Craniopharyngiomas in children and adults:
systematic analysis of 121 cases with long-term follow-up, Clin. Endocrinol. 62
(2005) 397-409, https://doi.org/10.1111/j.1365-2265.2005.022.31 .x.

A. Tannalfi, I. Fragkandrea, J. Brock, F. Saran, Radiotherapy in
craniopharyngiomas, Clin. Oncol. 25 (2013) 654-667, https://doi.org/10.1016/j.
clon.2013.07.005.

A.S. Sterkenburg, A. Hoffmann, U. Gebhardt, M. Warmuth-Metz, A.M.

M. Daubenbiichel, H.L. Miiller, Survival, hypothalamic obesity, and
neuropsychological/psychosocial status after childhood-onset
craniopharyngioma: newly reported long-term outcomes, NEUONC 17 (2015)
1029-1038, https://doi.org/10.1093/neuonc/nov044.

A.C. Lo, A.F. Howard, A. Nichol, K. Sidhu, F. Abdulsatar, H. Hasan, K. Goddard,
Long-term outcomes and complications in patients with craniopharyngioma: the


https://doi.org/10.3390/diagnostics13091588
https://doi.org/10.3390/diagnostics13091588
https://doi.org/10.1177/0883073812464817
https://doi.org/10.1159/000120114
https://doi.org/10.1016/j.wneu.2014.10.002
https://doi.org/10.1016/j.wneu.2014.10.002
https://doi.org/10.3389/fendo.2020.00076
https://doi.org/10.3389/fendo.2011.00070
https://doi.org/10.1016/j.heliyon.2024.e32112
https://doi.org/10.1016/j.heliyon.2024.e32112
https://doi.org/10.1007/978-3-031-23705-8_11
https://doi.org/10.1007/978-3-031-23705-8_11
https://doi.org/10.3171/2010.11.jns10670
https://doi.org/10.3171/2010.11.jns10670
https://doi.org/10.4274/jcrpe.galenos.2024.2024-1-3
https://doi.org/10.4274/jcrpe.galenos.2024.2024-1-3
https://doi.org/10.1016/j.pediatrneurol.2005.06.002
https://doi.org/10.1016/j.pediatrneurol.2005.06.002
https://doi.org/10.4103/0028-3886.329599
https://doi.org/10.4103/0028-3886.329599
https://doi.org/10.1007/s003810100458
https://doi.org/10.1007/s00381-005-1201-x
https://www.semanticscholar.org/paper/63ba95a5612e788ccb4e87291a1b8357b7c7a653
https://www.semanticscholar.org/paper/63ba95a5612e788ccb4e87291a1b8357b7c7a653
https://doi.org/10.1016/s2213-8587(23)00162-6
https://doi.org/10.3171/2016.9.focus16284
https://doi.org/10.3171/2016.9.focus16284
https://doi.org/10.3171/ped.2007.106.1.3
https://doi.org/10.3171/ped.2007.106.1.3
https://doi.org/10.1038/s41598-018-28282-4
https://doi.org/10.1038/s41598-018-28282-4
https://doi.org/10.1007/s11060-022-04084-7
https://doi.org/10.1007/s11060-022-04084-7
https://doi.org/10.1007/s00432-021-03791-4
https://doi.org/10.1007/s00432-021-03791-4
https://doi.org/10.3171/jns/2008/108/4/0715
https://doi.org/10.3171/jns/2008/108/4/0715
https://doi.org/10.3171/2020.7.jns20257
https://doi.org/10.3171/2020.7.jns20257
https://doi.org/10.3389/fonc.2022.872689
https://doi.org/10.3389/fonc.2022.872689
https://doi.org/10.3171/2019.3.jns181953
https://doi.org/10.3171/2019.3.jns181953
https://doi.org/10.3171/2016.9.focus16314
https://doi.org/10.3171/2016.9.focus16314
https://doi.org/10.3171/2015.3.jns142254
https://doi.org/10.3171/2021.10.peds21392
https://doi.org/10.3171/2021.10.peds21392
https://doi.org/10.1016/j.wneu.2023.04.037
https://doi.org/10.1097/coc.0000000000000378
https://doi.org/10.1097/coc.0000000000000378
https://doi.org/10.1227/neu.0000000000003169
https://doi.org/10.1227/neu.0000000000003169
https://doi.org/10.1016/j.wneu.2017.02.095
https://doi.org/10.1159/000284358
https://doi.org/10.1007/s00381-012-1926-2
https://doi.org/10.1007/s00381-012-1926-2
https://doi.org/10.1016/j.clineuro.2011.10.004
https://doi.org/10.1007/s11060-012-0806-7
https://doi.org/10.1111/j.1365-2265.2005.02231.x
https://doi.org/10.1016/j.clon.2013.07.005
https://doi.org/10.1016/j.clon.2013.07.005
https://doi.org/10.1093/neuonc/nov044

Z. Lin et al.

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

British Columbia cancer agency experience, Int. J. Radiat. Oncol. Biol. Phys. 88
(2014) 1011-1018, https://doi.org/10.1016/j.ijrobp.2014.01.019.

C.J. DeVile, D.B. Grant, R.D. Hayward, R. Stanhope, Growth and endocrine
sequelae of craniopharyngioma, Arch. Dis. Child. 75 (1996) 108-114, https://doi.
org/10.1136/adc.75.2.108.

J. Fan, Y. Liu, C. Wang, Z. Feng, J. Pan, Y. Peng, J. Peng, Y. Bao, J. Nie, B. Qiu,
S. Qi, Reinvestigating tumor—ventricle relationship of Craniopharyngiomas with
predominantly ventricular involvement: an Endoscopic endonasal series based on
histopathological assessment, Front. Oncol. 11 (2021) 740410, https://doi.org/
10.3389/fonc.2021.740410.

F. Calvanese, G. Jannelli, C. Sergeant, R. Manet, L. Feuvret, F. Ducray, G. Raverot,
E. Jouanneau, Predominantly cystic craniopharyngiomas: current management
approaches, outcomes and limitations, Best Pract. Res. Clin. Endocrinol. Metabol.
(2025) 101981, https://doi.org/10.1016/j.beem.2025.101981, 101981.

F. Frio, D. Solari, L.M. Cavallo, P. Cappabianca, G. Raverot, E. Jouanneau,
Ommaya reservoir system for the treatment of cystic craniopharyngiomas:
surgical results in a series of 11 adult patients and review of the literature, World
Neurosurg. 132 (2019) e869-e877, https://doi.org/10.1016/j.
wneu.2019.07.217.

R.A. Sanford, Craniopharyngioma: results of survey of the American society of
pediatric neurosurgery, Pediatr. Neurosurg. 21 (2008) 39-43, https://doi.org/
10.1159/000120860.

P.J. Madsen, V.P. Buch, J.E. Douglas, A.K. Parasher, D.K. Lerner, E. Alexander, A.
D. Workman, J.N. Palmer, S.-S. Lang, B.C. Kennedy, A. Vossough, N.D. Adappa, P.
B. Storm, Endoscopic endonasal resection versus open surgery for pediatric
craniopharyngioma: comparison of outcomes and complications, J. Neurosurg.
Pediatr. 24 (2019) 236-245, https://doi.org/10.3171/2019.4.peds18612.

G. Jh, F. La, Use of dexamethasone in the treatment of cerebral edema resulting
from brain tumors and, brain surgery 12 (1961) 169-174. https://www.semantic
scholar.org/paper/3289aec6c3c031d9f66bd987e43cafcb5e2dc00f.

M. Tohti, J. Li, Y. Zhou, Y. Hu, Z. Yu, C. Ma, s peri-operative steroid replacement
therapy necessary for the pituitary adenomas treated with surgery? A systematic
review and Meta analysis, PLoS One 10 (2015) e0119621, https://doi.org/
10.1371/journal.pone.0119621.

R. Pratheesh, D.M.A. Swallow, S. Rajaratnam, K.S. Jacob, G. Chacko, M. Joseph,
A.G. Chacko, Incidence, predictors and early post-operative course of diabetes
insipidus in paediatric craniopharygioma: a comparison with adults, Childs Nerv.
Syst. 29 (2013) 941-949, https://doi.org/10.1007/500381-013-2041-8.

P. von Bismarck, T. Ankermann, P. Eggert, A. Claviez, M.J. Fritsch, M.F. Krause,
Diagnosis and management of cerebral salt wasting (CSW) in children: the role of
atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP), Childs Nerv.
Syst. 22 (2006) 1275-1281, https://doi.org/10.1007/500381-006-0091-x.

E.C. Nemergut, A.S. Dumont, U.T. Barry, E.R. Laws, Perioperative management of
patients undergoing transsphenoidal pituitary surgery, Anesth. Analg. 101 (2005)
1170-1181, https://doi.org/10.1213/01.ane.0000166976.61650.ae.

A. Albanese, P. Hindmarsh, R. Stanhope, Management of hyponatraemia in
patients with acute cerebral insults, Arch. Dis. Child. 85 (2001) 246-251, https://
doi.org/10.1136/adc.85.3.246.

Y. Miao, K. Fan, X. Peng, S. Li, J. Chen, R.N. Bai, Y. Wei, Y. Deng, C. Zhao, Q. Wu,
M. Ge, J. Gong, D. Wu, Postoperative hypothalamic-pituitary dysfunction and
long-term hormone replacement in patients with childhood-onset
craniopharyngioma, Front. Endocrinol. 14 (2023), https://doi.org/10.3389/
fendo.2023.1241145.

A. Drapeau, P.C. Walz, J.G. Eide, A.J. Rugino, A. Shaikhouni, A. Mohyeldin, R.
L. Carrau, D.M. Prevedello, Pediatric craniopharyngioma, Childs Nerv. Syst. 35
(2019) 2133-2145, https://doi.org/10.1007/500381-019-04300-2.

H.A. Choi, S.-B. Jeon, S. Samuel, T. Allison, K. Lee, Paroxysmal sympathetic
hyperactivity after acute brain injury, Curr. Neurol. Neurosci. Rep. 13 (2013),
https://doi.org/10.1007/s11910-013-0370-3.

Y. Chen, Z. Wang, Q. Huang, Y. Wang, F. Yan, S. Xiang, L. Xu, Y. Chen, X. Liu,
G. Chen, M. Li, Y. Zhou, Differential proteomic profiles of exosomes in pediatric
and adult adamantinomatous craniopharyngioma cyst fluid, Mol. Biol. Rep. 51
(2024) 1126, https://doi.org/10.1007/s11033-024-10073-y.

J.P. Martinez-Barbera, Molecular and cellular pathogenesis of adamantinomatous
craniopharyngioma, Neuropathol. Appl. Neurobiol. 41 (2015) 721-732, https://
doi.org/10.1111/nan.12226.

V. Scagliotti, L. Avagliano, A. Gualtieri, F. Graziola, P. Doi, J. Chalker, A. Righini,
M. Korbonits, G. Bulfamante, T.S. Jacques, V. Massa, C. Gaston-Massuet,
Histopathology and molecular characterisation of intrauterine-diagnosed
congenital craniopharyngioma, Pituitary 19 (2016) 50-56, https://doi.org/
10.1007/s11102-015-0682-1.

M.L. Tena-Suck, A.Y.M. Angel, M.E. Hernandez-Campos, F. Fernandez-Valverde,
A. Ortiz-Plata, A.D. Hernandez, A. Santamaria, Ultrastructural characterization of
craniopharyngioma at the tumor boundary: a structural comparison with an
experimental toxic model using “oil machinery” fluid, with emphasis on
Rosenthal fibers, Acta Histochem. 117 (2015) 696-704, https://doi.org/10.1016/
j-acthis.2015.09.006.

V. Lozovanu, C.E. Georgescu, L.M. Florescu, C. Georgiu, H. Silaghi, A. Fratea, C.
A. Silaghi, Xanthogranuloma of the sellar region: a comprehensive review of
neuroimaging in a rare inflammatory entity, J. Personalized Med. 12 (2022) 943,
https://doi.org/10.3390/jpm12060943, 943.

A.A. Sofela, S. Hettige, O. Curran, S. Bassi, Malignant transformation in
craniopharyngiomas, Neurosurgery 75 (2014) 306-314, https://doi.org/
10.1227/neu.0000000000000380.

26

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

Cancer Letters 659 (2026) 218784

F. Wang, Y. He, C. Li, Y. Wang, L. Zhong, Malignant craniopharyngioma: a report
of seven cases and review of the literature, World Neurosurg. 135 (2020)
e194-e201, https://doi.org/10.1016/j.wneu.2019.11.111.

B.H. Le, J. Towfighi, S.B. Kapadia, M.B.S. Lopes, Comparative
immunohistochemical assessment of craniopharyngioma and related lesions,
Endocr. Pathol. 18 (2007) 23-30, https://doi.org/10.1007/s12022-007-0011-y.
V. Thimsen, N. John, M. Buchfelder, J. Flitsch, R. Fahlbusch, H. Stefanits,

E. Knosp, M. Losa, R. Buslei, A. Holsken, Expression of SRY-related HMG box
transcription factors (Sox) 2 and 9 in craniopharyngioma subtypes and
surrounding brain tissue, Sci. Rep. 7 (2017) 15856, https://doi.org/10.1038/
s41598-017-15977-3.

J. Cao, J.P. Lin, L.X. Yang, K. Chen, Z.S. Huang, Expression of aberrant p-catenin
and impaired p63 in craniopharyngiomas, Br. J. Neurosurg. 24 (2010) 264-271,
https://doi.org/10.3109/02688690903576237.

K.E. Schwetye, S.M. Dahiya, Sellar tumors, Surg. Pathol. Clin. 13 (2020) 305-329,
https://doi.org/10.1016/j.path.2020.02.006.

W. Xin, M.A. Rubin, P.E. McKeever, Differential expression of cytokeratins 8 and
20 distinguishes craniopharyngioma from Rathke cleft cyst, Arch. Pathol. Lab
Med. 126 (2002) 1174-1178, https://doi.org/10.5858/2002-126-1174-deocad.
G.E. Esheba, A.A. Hassan, Comparative immunohistochemical expression of
B-catenin, EGFR, ErbB2, and p63 in adamantinomatous and papillary
craniopharyngiomas, J. Egypt. Natl. Cancer Inst. 27 (2015) 139-145, https://doi.
0rg/10.1016/j.jnci.2015.06.003.

T.E. Merchant, D.Y. Edmonston, S. Wu, Y. Li, F.A. Boop, R.H. Lustig, Endocrine
outcomes after limited surgery and conformal photon radiation therapy for
pediatric craniopharyngioma: long-term results from the RT1 protocol, NEUONC
24 (2022) 2210-2220, https://doi.org/10.1093/neuonc/noacl15.

G. Aldave, M.F. Okcu, M. Chintagumpala, L. Ruggieri, C.G. Minard, F. Malbari, L.
E. Mash, A.C. Paulino, S. McGovern, U. Ramaswamy, W. Whitehead, L.

S. Kahalley, Comparison of neurocognitive and quality-of-life outcomes in
pediatric craniopharyngioma patients treated with partial resection and
radiotherapy versus gross-total resection only, J. Neurosurg. Pediatr. 31 (2023)
453-462, https://doi.org/10.3171/2022.12.peds22367.

V.M. Ravindra, M.F. Okcu, L. Ruggieri, T.S. Frank, A.C. Paulino, S.L. McGovern,
V.E. Horne, R.C. Dauser, W.E. Whitehead, G. Aldave, Comparison of multimodal
surgical and radiation treatment methods for pediatric craniopharyngioma: long-
term analysis of progression-free survival and morbidity, J. Neurosurg. Pediatr.
28 (2021) 152-159, https://doi.org/10.3171/2020.11.peds20803.

K.M. Winkfield, H.K. Tsai, X. Yao, E. Larson, D. Neuberg, S.L. Pomeroy, N.

J. Ullrich, L.E. Cohen, M.W. Kieran, R.M. Scott, L.C. Goumnerova, K.J. Marcus,
Long-term clinical outcomes following treatment of childhood
craniopharyngioma, Pediatr. Blood Cancer 56 (2011) 1120-1126, https://doi.
org/10.1002/pbc.22884.

G. Cinalli, P. Spennato, E. Cianciulli, A. Fiorillo, S. Di Maio, G. Maggi, The role of
transventricular neuroendoscopy in the management of craniopharyngiomas:
three patient reports and review of the literature, J. Pediatr. Endocrinol. Metab.
19 (Suppl 1) (2006) 341-354. https://www.semanticscholar.org/paper/2
9e1fdadc0093c7fd31b6597081£345632b83106.

A.J. Bishop, B. Greenfield, A. Mahajan, A.C. Paulino, M.F. Okcu, P.K. Allen,

M. Chintagumpala, L.S. Kahalley, M.F. McAleer, S.L. McGovern, W.E. Whitehead,
D.R. Grosshans, Proton beam therapy versus conformal photon radiation therapy
for childhood craniopharyngioma: multi-institutional analysis of outcomes, cyst
dynamics, and toxicity, Int. J. Radiat. Oncol. Biol. Phys. 90 (2014) 354-361,
https://doi.org/10.1016/j.ijrobp.2014.05.051.

S.H. Moon, L.H. Kim, S.W. Park, I. Kim, S. Hong, C.I. Park, K.C. Wang, B.K. Cho,
Early adjuvant radiotherapy toward long-term survival and better quality of life
for craniopharyngiomas-a study in single institute, Childs Nerv. Syst. 21 (2005)
799-807, https://doi.org/10.1007/500381-005-1189-2.

T.E. Merchant, M.E. Hoehn, R.B. Khan, N.D. Sabin, P. Klimo, F.A. Boop, S. Wu,
Y. Li, E.A. Burghen, N. Jurbergs, E.S. Sandler, P.R. Aldana, D.J. Indelicato, H.
M. Conklin, Proton therapy and limited surgery for paediatric and adolescent
patients with craniopharyngioma (RT2CR): a single-arm, phase 2 study, Lancet
Oncol. 24 (2023) 523-534, https://doi.org/10.1016/51470-2045(23)00146-8.
Y. Samanci, M.A. Essibayi, M.O. Askeroglu, M. Budak, F. Karakose, S. Peker,
Frameless hypofractionated gamma knife radiosurgery for residual or recurrent
craniopharyngioma, Neurosurgery 93 (2023) 102-111, https://doi.org/10.1227/
neu.0000000000002382.

D. Prasad, M. Steiner, L. Steiner, Gamma knife surgery for craniopharyngioma,
Acta Neurochir. 134 (1995) 167-176, https://doi.org/10.1007/bf01417685.

T. Kobayashi, Long-Term results of gamma knife radiosurgery for 100 consecutive
cases of craniopharyngioma and a treatment strategy, in: Prog. Neurol. Surg.,
KARGER, Basel, 2008, pp. 63-76, https://doi.org/10.1159/000163383.

A. Niranjan, H. Kano, D. Mathieu, D. Kondziolka, J.C. Flickinger, L.D. Lunsford,
Radiosurgery for craniopharyngioma, Int. J. Radiat. Oncol. Biol. Phys. 78 (2010)
64-71, https://doi.org/10.1016/j.ijrobp.2009.07.1693.

T. Hasegawa, T. Kobayashi, Y. Kida, Tolerance of the optic apparatus in single-
fraction irradiation using stereotactic radiosurgery, Neurosurgery 66 (2010)
688-695, https://doi.org/10.1227/01.neu.0000367554.96981.26.

S.E. Combs, B.G. Baumert, M. Bendszus, A. Bozzao, M. Brada, L. Fariselli,

A. Fiorentino, U. Ganswindt, A.L. Grosu, F.L. Lagerwaard, M. Niyazi, T. Nyholm,
1. Paddick, D.C. Weber, C. Belka, G. Minniti, ESTRO ACROP guideline for target
volume delineation of skull base tumors, Radiother. Oncol. 156 (2021) 80-94,
https://doi.org/10.1016/j.radonc.2020.11.014.

T.E. Merchant, L.E. Kun, C.-H. Hua, S. Wu, X. Xiong, R.A. Sanford, F.A. Boop,
Disease control after reduced volume conformal and intensity modulated


https://doi.org/10.1016/j.ijrobp.2014.01.019
https://doi.org/10.1136/adc.75.2.108
https://doi.org/10.1136/adc.75.2.108
https://doi.org/10.3389/fonc.2021.740410
https://doi.org/10.3389/fonc.2021.740410
https://doi.org/10.1016/j.beem.2025.101981
https://doi.org/10.1016/j.wneu.2019.07.217
https://doi.org/10.1016/j.wneu.2019.07.217
https://doi.org/10.1159/000120860
https://doi.org/10.1159/000120860
https://doi.org/10.3171/2019.4.peds18612
https://www.semanticscholar.org/paper/3289aec6c3c031d9f66bd987e43cafcb5e2dc00f
https://www.semanticscholar.org/paper/3289aec6c3c031d9f66bd987e43cafcb5e2dc00f
https://doi.org/10.1371/journal.pone.0119621
https://doi.org/10.1371/journal.pone.0119621
https://doi.org/10.1007/s00381-013-2041-8
https://doi.org/10.1007/s00381-006-0091-x
https://doi.org/10.1213/01.ane.0000166976.61650.ae
https://doi.org/10.1136/adc.85.3.246
https://doi.org/10.1136/adc.85.3.246
https://doi.org/10.3389/fendo.2023.1241145
https://doi.org/10.3389/fendo.2023.1241145
https://doi.org/10.1007/s00381-019-04300-2
https://doi.org/10.1007/s11910-013-0370-3
https://doi.org/10.1007/s11033-024-10073-y
https://doi.org/10.1111/nan.12226
https://doi.org/10.1111/nan.12226
https://doi.org/10.1007/s11102-015-0682-1
https://doi.org/10.1007/s11102-015-0682-1
https://doi.org/10.1016/j.acthis.2015.09.006
https://doi.org/10.1016/j.acthis.2015.09.006
https://doi.org/10.3390/jpm12060943
https://doi.org/10.1227/neu.0000000000000380
https://doi.org/10.1227/neu.0000000000000380
https://doi.org/10.1016/j.wneu.2019.11.111
https://doi.org/10.1007/s12022-007-0011-y
https://doi.org/10.1038/s41598-017-15977-3
https://doi.org/10.1038/s41598-017-15977-3
https://doi.org/10.3109/02688690903576237
https://doi.org/10.1016/j.path.2020.02.006
https://doi.org/10.5858/2002-126-1174-deocad
https://doi.org/10.1016/j.jnci.2015.06.003
https://doi.org/10.1016/j.jnci.2015.06.003
https://doi.org/10.1093/neuonc/noac115
https://doi.org/10.3171/2022.12.peds22367
https://doi.org/10.3171/2020.11.peds20803
https://doi.org/10.1002/pbc.22884
https://doi.org/10.1002/pbc.22884
https://www.semanticscholar.org/paper/29e1fdadc0093c7fd31b6597081f345632b83106
https://www.semanticscholar.org/paper/29e1fdadc0093c7fd31b6597081f345632b83106
https://doi.org/10.1016/j.ijrobp.2014.05.051
https://doi.org/10.1007/s00381-005-1189-2
https://doi.org/10.1016/s1470-2045(23)00146-8
https://doi.org/10.1227/neu.0000000000002382
https://doi.org/10.1227/neu.0000000000002382
https://doi.org/10.1007/bf01417685
https://doi.org/10.1159/000163383
https://doi.org/10.1016/j.ijrobp.2009.07.1693
https://doi.org/10.1227/01.neu.0000367554.96981.26
https://doi.org/10.1016/j.radonc.2020.11.014

Z. Lin et al.

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

radiation therapy for childhood craniopharyngioma, Int. J. Radiat. Oncol. Biol.
Phys. 85 (2013) e187-e192, https://doi.org/10.1016/j.ijrobp.2012.10.030.

G. Minniti, F. Saran, D. Traish, R. Soomal, S. Sardell, A. Gonsalves, S. Ashley,
J. Warrington, K. Burke, A. Mosleh-Shirazi, M. Brada, Fractionated stereotactic
conformal radiotherapy following conservative surgery in the control of
craniopharyngiomas, Radiother. Oncol. 82 (2007) 90-95, https://doi.org/
10.1016/j.radonc.2006.11.005.

T.E. Merchant, E.N. Kiehna, L.E. Kun, R.K. Mulhern, C. Li, X. Xiong, F.A. Boop, R.
A. Sanford, Phase 1II trial of conformal radiation therapy for pediatric patients
with craniopharyngioma and correlation of surgical factors and radiation
dosimetry with change in cognitive function, J. Neurosurg. Pediatr. 104 (2006)
94-102, https://doi.org/10.3171/ped.2006.104.2.5.

R. Jalali, A. Budrukkar, R. Sarin, D.S. Sharma, High precision conformal
radiotherapy employing conservative margins in childhood benign and low-grade
brain tumours, Radiother. Oncol. 74 (2005) 37-44, https://doi.org/10.1016/j.
radonc.2004.09.014.

W.F. Regine, M. Mohiuddin, S. Kramer, Long-term results of pediatric and adult
craniopharyngiomas treated with combined surgery and radiation, Radiother.
Oncol. 27 (1993) 13-21, https://doi.org/10.1016/0167-8140(93)90039-b.

K. Patel, J. Allen, D. Zagzag, J. Wisoff, A. Radmanesh, T. Gindin, T. Nicolaides,
Radiologic Response to MEK Inhibition in a Patient with a WNT-activated
Craniopharyngioma, 2020, https://doi.org/10.22541/au.159724544.46683996.
S. Grob, D.M. Mirsky, A.M. Donson, N. Dahl, N.K. Foreman, L.M. Hoffman, T.
C. Hankinson, J.M. Mulcahy Levy, Targeting IL-6 is a potential treatment for
primary cystic craniopharyngioma, Front. Oncol. 9 (2019), https://doi.org/
10.3389/fonc.2019.00791.

D. De Alcubierre, G. Gkasdaris, M. Mordrel, A. Joncour, C. Briet, F. Almairac,
J. Boetto, C. Mouly, D. Larrieu-Ciron, A. Vasiljevic, C. Villa, C. Sergeant,

F. Ducray, L. Feuvret, P. Chanson, B. Baussart, G. Raverot, E. Jouanneau, BRAF
and MEK inhibitor targeted therapy in papillary craniopharyngiomas: a cohort
study, Eur. J. Endocrinol. 191 (2024) 251-261, https://doi.org/10.1093/ejendo/
lvae091.

B. Giilsuna, B. Stevens, B. Giilsuyu, E. Wood, T. Aksoy, E.S. Horta, L.F. Dunn, C.
S. Graffeo, Efficacy and safety of BRAF-MEK dual inhibition in BRAF-V600E
mutated papillary craniopharyngioma: a systematic review, J. Neuro Oncol. 176
(2026), https://doi.org/10.1007/s11060-025-05318-0.

R. Han, X. Yan, B. Yao, B. Cai, N. Qiao, Z. Ma, Z. Ye, X. Gu, Z. Ye, B. Liang,

Z. Chen, W. He, Y. Yu, X. Cao, H. Cheng, H. Chen, Y. Wang, H. Ye, Z. Zhang,
Y. Zhao, R. Huang, Q. Zhang, Efficacy and safety of BRAF-MEK inhibitors in
treatment of Chinese patients with papillary craniopharyngioma: a retrospective
cohort study, Mol. Ther. Oncol. 33 (2025) 201085, https://doi.org/10.1016/j.
omton.2025.201085.

A. Nguyen Quoc, K. Beccaria, L. Gonzdlez Briceno, G. Pinto, D. Samara-Boustani,
A. Stoupa, J. Beltrand, A. Besangon, C. Thalassinos, S. Puget, T. Blauwblomme,
C. Alapetite, S. Bolle, F. Doz, J. Grill, C. Dufour, F. Bourdeaut, S. Abbou,

L. Guerrini-Rousseau, A. Leruste, S. Brabant, I. Cavadias, M. Viaud, N. Boddaert,
M. Polak, D. Kariyawasam, GH and childhood-onset craniopharyngioma: when to
initiate GH replacement therapy? J. Clin. Endocrinol. Metab. 108 (2023)
1929-1936, https://doi.org/10.1210/clinem/dgad079.

A.M.M. Daubenbiichel, A. Hoffmann, U. Gebhardt, M. Warmuth-Metz, A.

S. Sterkenburg, H.L. Miiller, Hydrocephalus and hypothalamic involvement in
pediatric patients with craniopharyngioma or cysts of Rathke's pouch: impact on
long-term prognosis, Eur. J. Endocrinol. 172 (2015) 561-569, https://doi.org/
10.1530/eje-14-1029.

H.L. Miiller, Childhood craniopharyngioma-current concepts in diagnosis,
therapy and follow-up, Nat. Rev. Endocrinol. 6 (2010) 609-618, https://doi.org/
10.1038/nrendo.2010.168.

R. Colliander, S. Sharma, N.A. Shlobin, L.G. Fernandez, M.A. LoPresti, S. Lam,
M. DeCuypere, Visual outcomes after treatment of craniopharyngioma in
children: a systematic review, Childs Nerv. Syst. 40 (2024) 1641-1659, https://
doi.org/10.1007/500381-024-06328-5.

P. Dogra, L. Bedatsova, J.J. Van Gompel, C. Giannini, D.M. Donegan, D. Erickson,
Long-term outcomes in patients with adult-onset craniopharyngioma, Endocrine
78 (2022) 123-134, https://doi.org/10.1007/512020-022-03134-4.

L.M. Hoffman, C. Jaimes, K. Mankad, D.M. Mirsky, B. Tamrazi, C.L. Tinkle,

C. Kline, A. Ramasubramanian, F. Malbari, R. Mangum, H. Lindsay, V. Horne, D.
J. Daniels, S. Keole, D.R. Grosshans, T. Young Poussaint, R. Packer, S. Cavalheiro,
B. Bison, T.C. Hankinson, H.L. Miiller, U. Bartels, K.E. Warren, M. Chintagumpala,
Response assessment in pediatric craniopharyngioma: recommendations from the
response assessment in pediatric neuro-oncology (RAPNO) working group,
NEUONC 25 (2023) 224-233, https://doi.org/10.1093/neuonc/noac221.

S.-Y. Liang, T.-F. Yang, Y.-W. Chen, M.-L. Liang, H.-H. Chen, K.-P. Chang, I.-

K. Shan, Y.-S. Chen, T.-T. Wong, Neuropsychological functions and quality of life
in survived patients with intracranial germ cell tumors after treatment, NEUONC
15 (2013) 1543-1551, https://doi.org/10.1093/neuonc/not127.

D. Riva, C. Pantaleoni, M. Devoti, V. Saletti, F. Nichelli, C. Giorgi, Late
neuropsychological and behavioural outcome of children surgically treated for
craniopharyngioma, Childs Nerv. Syst. 14 (1998) 179-184, https://doi.org/
10.1007/s003810050207.

H.L. Miiller, U. Gebhardt, A. Faldum, A. Emser, N. Etavard-Gorris, R. Kolb,

N. Sorensen, Functional capacity and body mass index in patients with sellar
masses—cross-sectional study on 403 patients diagnosed during childhood and
adolescence, Childs Nerv. Syst. 21 (2005) 539-545, https://doi.org/10.1007/
s00381-005-1166-9.

R.R. Clopper, W.J. Meyer, G.B. Udvarhelyi, J. Money, B. Aarabi, J.J. Mulvihill,
M. Piasio, Postsurgical IQ and behavioral data on twenty patients with a history of

27

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

Cancer Letters 659 (2026) 218784

childhood craniopharyngioma, Psychoneuroendocrinology 2 (1977) 365-372,
https://doi.org/10.1016/0306-4530(77)90006-3.

F. Sciancalepore, L. Tariciotti, G. Remoli, D. Menegatti, A. Carai, G. Petruzzellis,
K.P. Miller, F. Delli Priscoli, A. Giuseppi, R. Premuselli, A.E. Tozzi,

A. Mastronuzzi, N. Vanacore, E. Lacorte, A.-M.S. Group, Computer-based
cognitive training in children with primary brain tumours: a systematic review,
Cancers 14 (2022) 3879, https://doi.org/10.3390/cancers14163879.

P.Z. Jameel, S. Lohiya, K. Vagha, T. Ahmed, D. Pujari, J. Vagha, A. Varma,
Concurrent central diabetes insipidus and cerebral salt wasting disease in a post-
operative case of craniopharyngioma: a case report, BMC Pediatr. 21 (2021),
https://doi.org/10.1186/5s12887-021-02982-9.

R.H. Sterns, Disorders of plasma sodium — causes, consequences, and correction,
N. Engl. J. Med. 372 (2015) 55-65, https://doi.org/10.1056/nejmral404489.
S. Ghirardello, N. Hopper, A. Albanese, M. Maghnie, Diabetes insipidus in
craniopharyngioma: postoperative management of water and electrolyte
disorders, J. Pediatr. Endocrinol. Metab. 19 (Suppl 1) (2006) 413-421.
https://www.semanticscholar.org/paper/180b564ab62f32fca8fab84c9795a66
f82a1036e.

H.L. Miiller, Increased daytime sleepiness in patients with childhood
craniopharyngioma and hypothalamic tumor involvement: review of the
literature and perspectives, Internet J. Endocrinol. 2010 (2010) 1-7, https://doi.
org/10.1155/2010/519607.

H.L. Miiller, G. Handwerker, U. Gebhardt, A. Faldum, A. Emser, R. Kolb,

N. Sorensen, Melatonin treatment in Obese patients with childhood
craniopharyngioma and increased daytime sleepiness, Cancer Causes Control 17
(2006) 583-589, https://doi.org/10.1007/s10552-005-9012-7.

H.L. Miiller, S. Miiller-Stover, U. Gebhardt, R. Kolb, N. Sorensen, G. Handwerker,
Secondary narcolepsy may be a causative factor of increased daytime sleepiness
in Obese childhood craniopharyngioma patients, J. Pediatr. Endocrinol. Metab.
19 (Suppl 1) (2006) 423-429. https://www.semanticscholar.org/paper/c77a5bc
467cda7938acf7a3cd9dbb9c983f201f7.

P.W. Mason, N. Krawiecki, L.R. Meacham, The use of dextroamphetamine to treat
obesity and Hyperphagia in children treated for craniopharyngioma, Arch.
Pediatr. Adolesc. Med. 156 (2002) 887, https://doi.org/10.1001/
archpedi.156.9.887.

J. van Schaik, M.S. Welling, C.J. de Groot, J.P. van Eck, A. Juriaans, M. Burghard,
S.B.J. Oude Ophuis, B. Bakker, W.J.E. Tissing, A.Y.N. Schouten-van Meeteren, E.
L.T. van den Akker, H.M. van Santen, Dextroamphetamine treatment in children
with hypothalamic obesity, Front. Endocrinol. 13 (2022), https://doi.org/
10.3389/fendo.2022.845937.

R.H. Lustig, S.R. Rose, G.A. Burghen, P. Velasquez-Mieyer, D.C. Broome, K. Smith,
H. Li, M.M. Hudson, R.L. Heideman, L.E. Kun, Hypothalamic obesity caused by
cranial insult in children: altered glucose and insulin dynamics and reversal by a
somatostatin agonist, J. Pediatr. 135 (1999) 162-168, https://doi.org/10.1016/
50022-3476(99)70017-x.

R.H. Lustig, P.S. Hinds, K. Ringwald-Smith, R.K. Christensen, S.C. Kaste, R.

E. Schreiber, S.N. Rai, S.Y. Lensing, S. Wu, X. Xiong, Octreotide therapy of
pediatric hypothalamic obesity: a double-blind, placebo-controlled trial, J. Clin.
Endocrinol. Metab. 88 (2003) 2586-2592, https://doi.org/10.1210/jc.2002-
030003.

Y. Ainiwan, Y. Chen, C. Mao, J. Peng, S. Chen, S. Wei, S. Qi, J. Pan,
Adamantinomatous craniopharyngioma cyst fluid can trigger inflammatory
activation of microglia to damage the hypothalamic neurons by inducing the
production of p-amyloid, J. Neuroinflammation 19 (2022), https://doi.org/
10.1186/512974-022-02470-6.

B.L. Pettorini, R. Inzitari, L. Massimi, G. Tamburrini, M. Caldarelli, C. Fanali,

T. Cabras, I. Messana, M. Castagnola, C. Di Rocco, The role of inflammation in the
genesis of the cystic component of craniopharyngiomas, Childs Nerv. Syst. 26
(2010) 1779-1784, https://doi.org/10.1007/s00381-010-1245-4.

U. Bartels, N. Laperriere, E. Bouffet, J. Drake, Intracystic therapies for cystic
craniopharyngioma in childhood, Front. Endocrinol. 3 (2012), https://doi.org/
10.3389/fendo.2012.00039.

M.R.P. Lobato, M. Morell, P. Solano-Pdez, M. Ortiz-Palacios, A. Menargez,

M. Panesso, F. Vazquez-Goémez, JI Moreno-Carrasco, A. Lassaletta, V. Santa-
Marfa, M. Pavon-Mengual, E. Quiroga, M.A. Garcfa-Ariza, M. Mora-Matilla,

C. Garrido-Colino, J. Verdd-Amoros, C. Nova-Lozano, M. Vieito, E.X. Cordero-
Asanza, M. Clemente, M. Ramos-Albiat, J. de las Morenas-Iglesias, L. Moreno,
A. Llort, Long-term sequelae and quality of life after childhood-onset
craniopharyngioma: results of a Spanish multicenter study, Pediatr. Blood Cancer
(2024), https://doi.org/10.1002/pbc.31343.

J.F. Alén, G.R. Boto, A. Lagares, A. de la Lama, P.A. Gémez, R.D. Lobato,
Intratumoural bleomycin as a treatment for recurrent cystic craniopharyngioma.
Case report and review of the literature, Neurocirugia (Santiago) 13 (2002)
479-485, https://doi.org/10.1016/5s1130-1473(02)70576-9.

J.-P. Kilday, M. Caldarelli, L. Massimi, R.H.-H. Chen, Y.Y. Lee, M.-L. Liang,

J. Parkes, T. Naiker, M.-L. van Veelen, E. Michiels, C. Mallucci, B. Pettorini,

L. Meijer, C. Dorfer, T. Czech, M. Diezi, A.Y. Schouten-van Meeteren, S. Holm,
B. Gustavsson, M. Benesch, H.L. Miiller, A. Hoffmann, S. Rutkowski, J. Flitsch,
G. Escherich, M. Grotzer, H.A. Spoudeas, K. Azquikina, M. Capra, R. Jiménez-
Guerra, P. MacDonald, D.L. Johnston, R. Dvir, S. Constantini, M.-F. Kuo, S.-

H. Yang, U. Bartels, Intracystic interferon-alpha in pediatric craniopharyngioma
patients: an international multicenter assessment on behalf of SIOPE and ISPN,
NEUONC 19 (2017) 1398-1407, https://doi.org/10.1093/neuonc/nox056.

C. Zhao, Y. Wang, H. Liu, X. Qi, Z. Zhou, X. Wang, Z. Lin, Molecular biological
features of cyst wall of adamantinomatous craniopharyngioma, Sci. Rep. 13
(2023), https://doi.org/10.1038/s41598-023-29664-z.


https://doi.org/10.1016/j.ijrobp.2012.10.030
https://doi.org/10.1016/j.radonc.2006.11.005
https://doi.org/10.1016/j.radonc.2006.11.005
https://doi.org/10.3171/ped.2006.104.2.5
https://doi.org/10.1016/j.radonc.2004.09.014
https://doi.org/10.1016/j.radonc.2004.09.014
https://doi.org/10.1016/0167-8140(93)90039-b
https://doi.org/10.22541/au.159724544.46683996
https://doi.org/10.3389/fonc.2019.00791
https://doi.org/10.3389/fonc.2019.00791
https://doi.org/10.1093/ejendo/lvae091
https://doi.org/10.1093/ejendo/lvae091
https://doi.org/10.1007/s11060-025-05318-0
https://doi.org/10.1016/j.omton.2025.201085
https://doi.org/10.1016/j.omton.2025.201085
https://doi.org/10.1210/clinem/dgad079
https://doi.org/10.1530/eje-14-1029
https://doi.org/10.1530/eje-14-1029
https://doi.org/10.1038/nrendo.2010.168
https://doi.org/10.1038/nrendo.2010.168
https://doi.org/10.1007/s00381-024-06328-5
https://doi.org/10.1007/s00381-024-06328-5
https://doi.org/10.1007/s12020-022-03134-4
https://doi.org/10.1093/neuonc/noac221
https://doi.org/10.1093/neuonc/not127
https://doi.org/10.1007/s003810050207
https://doi.org/10.1007/s003810050207
https://doi.org/10.1007/s00381-005-1166-9
https://doi.org/10.1007/s00381-005-1166-9
https://doi.org/10.1016/0306-4530(77)90006-3
https://doi.org/10.3390/cancers14163879
https://doi.org/10.1186/s12887-021-02982-9
https://doi.org/10.1056/nejmra1404489
https://www.semanticscholar.org/paper/180b564ab62f32fca8fab84c9795a66f82a1036e
https://www.semanticscholar.org/paper/180b564ab62f32fca8fab84c9795a66f82a1036e
https://doi.org/10.1155/2010/519607
https://doi.org/10.1155/2010/519607
https://doi.org/10.1007/s10552-005-9012-7
https://www.semanticscholar.org/paper/c77a5bc467cda7938acf7a3cd9dbb9c983f20ff7
https://www.semanticscholar.org/paper/c77a5bc467cda7938acf7a3cd9dbb9c983f20ff7
https://doi.org/10.1001/archpedi.156.9.887
https://doi.org/10.1001/archpedi.156.9.887
https://doi.org/10.3389/fendo.2022.845937
https://doi.org/10.3389/fendo.2022.845937
https://doi.org/10.1016/s0022-3476(99)70017-x
https://doi.org/10.1016/s0022-3476(99)70017-x
https://doi.org/10.1210/jc.2002-030003
https://doi.org/10.1210/jc.2002-030003
https://doi.org/10.1186/s12974-022-02470-6
https://doi.org/10.1186/s12974-022-02470-6
https://doi.org/10.1007/s00381-010-1245-4
https://doi.org/10.3389/fendo.2012.00039
https://doi.org/10.3389/fendo.2012.00039
https://doi.org/10.1002/pbc.31343
https://doi.org/10.1016/s1130-1473(02)70576-9
https://doi.org/10.1093/neuonc/nox056
https://doi.org/10.1038/s41598-023-29664-z

Z. Lin et al.

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

R. Calandrelli, F. Pilato, G. D'Apolito, A. Grimaldi, S. Chiloiro, M. Gessi,

A. Giampietro, A. Bianchi, F. Valeri, F. Doglietto, L. Lauretti, S. Gaudino, Tumor
features in adult papillary and adamantinomatous craniopharyngioma:
neuroradiological evaluation of pituitary-hypothalamic-axis dysfunction and
outcome prediction, Neuroradiology (2025), https://doi.org/10.1007/s00234-
025-03615-z.

M. Caklili, A. Uzuner, E. Yilmaz, S. Duman Ozturk, F.M. Cizmecioglu Jones,

S. Balci, D. Icli, A. Ergen, B. Cabuk, I. Anik, S. Ceylan, Surgical outcomes and
follow-up results of 53 pediatric craniopharyngioma cases: a single-center study,
J. Neurosurg. Pediatr. 33 (2024) 223-235, https://doi.org/10.3171/2023.10.
peds23293.

Y. Miao, D. Wu, Y. Li, Y. Ji, Y. Sang, Radiation therapy for childhood-onset
craniopharyngioma: systematic review and meta-analysis, J. Neuro Oncol.
(2025), https://doi.org/10.1007/s11060-024-04914-w.

H.J. Yoo, C.H. Ham, H. Roh, H.J. Jo, W.K. Kwon, W. Yoon, J.H. Kim, T.H. Kwon,
J. Byun, Radiosurgery versus radiation therapy for long term local control rate of
craniopharyngioma: a meta-analysis, Neurosurg. Rev. 48 (2025) 93, https://doi.
org/10.1007/510143-025-03238-1.

L.M. Webb, S.H. Okuno, R.C. Ransom, J.J. Van Gompel, A.L. Humes, J.

N. Sarkaria, M.W. Ruff, Recurrent adamantinomatous craniopharyngioma
stabilized with tocilizumab and bevacizumab: illustrative case, J. Neurosurg. Case
Lessons 9 (2025), https://doi.org/10.3171/case24410.

M. Fasano, C.M. Della Corte, M. Caterino, M. Pirozzi, R. Rauso, T. Troiani,

G. Martini, S. Napolitano, F. Morgillo, F. Ciardiello, Dramatic therapeutic
response to dabrafenib plus trametinib in BRAF V600E mutated papillary
craniopharyngiomas: a case report and literature review, Front. Med. 8 (2022),
https://doi.org/10.3389/fmed.2021.652005.

S.-D. Kim, J.-Y. Park, J. Park, J.-B. Lee, S.-H. Kim, D.-J. Lim, Radiological findings
following postsurgical intratumoral bleomycin injection for cystic
craniopharyngioma, Clin. Neurol. Neurosurg. 109 (2007) 236-241, https://doi.
org/10.1016/j.clineuro.2006.09.002.

W.J. Hader, P. Steinbok, J. Hukin, C. Fryer, Intratumoral therapy with Bleomycin
for cystic craniopharyngiomas in children, Pediatr. Neurosurg. 33 (2000)
211-218, https://doi.org/10.1159/000055955.

H.L. Miiller, J. Witte, B. Surmann, M. Batram, K. Braegelmann, M. Flume,

J. Beckhaus, N. Touchot, C. Friedrich, Treatment of patients with tumor/
treatment-related hypothalamic obesity in the first two years following surgical
treatment or radiotherapy, Sci. Rep. 15 (2025), https://doi.org/10.1038/541598-
025-85262-1.

C.J. De Vile, D.B. Grant, B.E. Kendall, B.G.R. Neville, R. Stanhope, K.E. Watkins,
R.D. Hayward, Management of childhood craniopharyngioma: can the morbidity
of radical surgery be predicted? J. Neurosurg. 85 (1996) 73-81, https://doi.org/
10.3171/jns.1996.85.1.0073.

P.G. Fisher, J. Jenab, P.T. Gopldthwaite, T. Tihan, M.D. Wharam, D.R. Foer, P.
C. Burger, Outcomes and failure patterns in childhood craniopharyngiomas,
Childs Nerv. Syst. 14 (1998) 558-563, https://doi.org/10.1007/s003810050272.
E. Drimtzias, K. Falzon, S. Picton, I. Jeeva, D. Guy, O. Nelson, I. Simmons, The
ophthalmic natural history of paediatric craniopharyngioma: a long-term review,
J. Neuro Oncol. 120 (2014) 651-656, https://doi.org/10.1007/s11060-014-
1600-5.

D.K. Gupta, B.K. Ojha, C. Sarkar, A.K. Mahapatra, B.S. Sharma, V.S. Mehta,
Recurrence in pediatric craniopharyngiomas: analysis of clinical and histological
features, Childs Nerv. Syst. 22 (2006) 50-55, https://doi.org/10.1007/s00381-
005-1171-z.

R.E. Elliott, K. Hsieh, T. Hochm, I. Belitskaya-Levy, J. Wisoff, J.H. Wisoff, Efficacy
and safety of radical resection of primary and recurrent craniopharyngiomas in 86
children, PED 5 (2010) 30-48, https://doi.org/10.3171/2009.7.peds09215.

28

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

Cancer Letters 659 (2026) 218784

S. Hetelekidis, P.D. Barnes, M.L. Tao, E.G. Fischer, L. Schneider, R.M. Scott, N.
J. Tarbell, 20-year experience in childhood craniopharyngioma, Int. J. Radiat.
Oncol. Biol. Phys. 27 (1993) 189-195, https://doi.org/10.1016/0360-3016(93)
90227-m.

S. Sadashivam, G. Menon, M. Abraham, S.N. Nair, Analysis of prognostic factors,
extent of resection, and long-term outcome of craniopharyngioma in adults and
children, Neurol. India 70 (2022) 2021-2030, https://doi.org/10.4103/0028-
3886.359154.

T. Tomita, R.M. Bowman, Craniopharyngiomas in children: surgical experience at
Children's memorial hospital, Childs Nerv. Syst. 21 (2005) 729-746, https://doi.
org/10.1007/500381-005-1202-9.

R. Van Effenterre, A.-L. Boch, Craniopharyngioma in adults and children: a study
of 122 surgical cases, J. Neurosurg. 97 (2002) 3-11, https://doi.org/10.3171/
jns.2002.97.1.0003.

R. Fahlbusch, J. Honegger, W. Paulus, W. Huk, M. Buchfelder, Surgical treatment
of craniopharyngiomas: experience with 168 patients, J. Neurosurg. 90 (1999)
237-250, https://doi.org/10.3171/jns.1999.90.2.0237.

M.L. Tena-Suck, C. Salinas-Lara, R.I. Arce-Arellano, D. Rembao-Bojérquez,

D. Morales-Espinosa, J. Sotelo, O. Arrieta, Clinico-pathological and
immunohistochemical characteristics associated to recurrence/regrowth of
craniopharyngiomas, Clin. Neurol. Neurosurg. 108 (2006) 661-669, https://doi.
0rg/10.1016/j.clineuro.2006.01.007.

E.M. Erfurth, Endocrine aspects and sequel in patients with craniopharyngioma,
J. Pediatr. Endocrinol. Metab. 28 (2015) 19-26, https://doi.org/10.1515/jpem-
2014-04109.

M. Rao, M. Bhattacharjee, S. Shepard, S. Hsu, Newly diagnosed papillary
craniopharyngioma with BRAF V600E mutation treated with single-agent
selective BRAF inhibitor dabrafenib: a case report, Oncotarget 10 (2019)
6038-6042, https://doi.org/10.18632/0oncotarget.27203.

B.T. Himes, M.W. Ruff, J.J. Van Gompel, S.S. Park, E. Galanis, T.J. Kaufmann, J.
H. Uhm, Recurrent papillary craniopharyngioma with BRAF V600E mutation
treated with dabrafenib: case report, JNS 130 (2019) 1299-1303, https://doi.
org/10.3171/2017.11.jns172373.

R. Prieto, J.M. Pascual, I. Subhi-Issa, M. Jorquera, M. Yus, R. Martinez, Predictive
factors for craniopharyngioma recurrence: a systematic review and illustrative
case report of a rapid recurrence, World Neurosurg. 79 (2013) 733-749, https://
doi.org/10.1016/j.wneu.2012.07.033.

R. Prieto, J.M. Pascual, Can tissue biomarkers reliably predict the biological
behavior of craniopharyngiomas? A comprehensive overview, Pituitary 21 (2018)
431-442, https://doi.org/10.1007/5s11102-018-0890-6.

R.E. Elliott, Y.A. Moshel, J.H. Wisoff, Minimal residual calcification and
recurrence after gross-total resection of craniopharyngioma in children, PED 3
(2009) 276-283, https://doi.org/10.3171/2009.1.peds08335.

X.-E. Shi, B. Wu, T. Fan, Z.-Q. Zhou, Y.-L. Zhang, Craniopharyngioma: surgical
experience of 309 cases in China, Clin. Neurol. Neurosurg. 110 (2008) 151-159,
https://doi.org/10.1016/j.clineuro.2007.10.013.

J. Tareq A, P.S. Jones, N. Wang, Targeted treatment of papillary
Craniopharyngiomas harboring BRAF V600E mutations, Cancer 125 (2019)
2910-2914, https://doi.org/10.1002/cncr.32197.

F. Darendeliler, G. Karagiannis, P. Wilton, M.B. Ranke, K. Albertsson-Wikland, D.
A. Price, on behalf of the KIGS International Board, Recurrence of brain tumours
in patients treated with growth hormone: analysis of KIGS (Pfizer international
growth Database), Acta Paediatr. 95 (2006) 1284-1290, https://doi.org/
10.1080/08035250600577889.

T. Moshang, Is brain tumor recurrence increased following growth hormone
treatment? Trends Endocrinol. Metabol. 6 (1995) 205-209, https://doi.org/
10.1016/1043-2760(95)00090-5.


https://doi.org/10.1007/s00234-025-03615-z
https://doi.org/10.1007/s00234-025-03615-z
https://doi.org/10.3171/2023.10.peds23293
https://doi.org/10.3171/2023.10.peds23293
https://doi.org/10.1007/s11060-024-04914-w
https://doi.org/10.1007/s10143-025-03238-1
https://doi.org/10.1007/s10143-025-03238-1
https://doi.org/10.3171/case24410
https://doi.org/10.3389/fmed.2021.652005
https://doi.org/10.1016/j.clineuro.2006.09.002
https://doi.org/10.1016/j.clineuro.2006.09.002
https://doi.org/10.1159/000055955
https://doi.org/10.1038/s41598-025-85262-1
https://doi.org/10.1038/s41598-025-85262-1
https://doi.org/10.3171/jns.1996.85.1.0073
https://doi.org/10.3171/jns.1996.85.1.0073
https://doi.org/10.1007/s003810050272
https://doi.org/10.1007/s11060-014-1600-5
https://doi.org/10.1007/s11060-014-1600-5
https://doi.org/10.1007/s00381-005-1171-z
https://doi.org/10.1007/s00381-005-1171-z
https://doi.org/10.3171/2009.7.peds09215
https://doi.org/10.1016/0360-3016(93)90227-m
https://doi.org/10.1016/0360-3016(93)90227-m
https://doi.org/10.4103/0028-3886.359154
https://doi.org/10.4103/0028-3886.359154
https://doi.org/10.1007/s00381-005-1202-9
https://doi.org/10.1007/s00381-005-1202-9
https://doi.org/10.3171/jns.2002.97.1.0003
https://doi.org/10.3171/jns.2002.97.1.0003
https://doi.org/10.3171/jns.1999.90.2.0237
https://doi.org/10.1016/j.clineuro.2006.01.007
https://doi.org/10.1016/j.clineuro.2006.01.007
https://doi.org/10.1515/jpem-2014-0419
https://doi.org/10.1515/jpem-2014-0419
https://doi.org/10.18632/oncotarget.27203
https://doi.org/10.3171/2017.11.jns172373
https://doi.org/10.3171/2017.11.jns172373
https://doi.org/10.1016/j.wneu.2012.07.033
https://doi.org/10.1016/j.wneu.2012.07.033
https://doi.org/10.1007/s11102-018-0890-6
https://doi.org/10.3171/2009.1.peds08335
https://doi.org/10.1016/j.clineuro.2007.10.013
https://doi.org/10.1002/cncr.32197
https://doi.org/10.1080/08035250600577889
https://doi.org/10.1080/08035250600577889
https://doi.org/10.1016/1043-2760(95)00090-5
https://doi.org/10.1016/1043-2760(95)00090-5

	Chinese guidelines for the diagnosis and treatment of Craniopharyngioma in children (2025)
	1 Methodology of guideline development
	2 Overview
	2.1 Definition and epidemiology
	2.2 Pathogenesis
	2.3 Course of the disease
	2.4 Clinical manifestations

	3 Diagnostic workup
	3.1 Radiographic examination
	3.1.1 Indications for CT examination and assessment points (Fig. 3)
	3.1.2 MRI examination techniques and assessment points

	3.2 Endocrine evaluation
	3.3 Cognitive, behavioral and quality of life assessment
	3.4 Ophthalmologic evaluation
	3.5 Differential diagnosis

	4 Treatment strategies
	4.1 Surgical treatment
	4.1.1 Indications and contraindications for surgery
	4.1.2 Surgical approaches
	4.1.3 Comparison of the two surgical procedures, EEA and TCA
	4.1.4 Details and key points of surgical techniques
	4.1.5 Key points in perioperative management

	4.2 Pathological diagnosis
	4.3 Principles of radiotherapy
	4.3.1 Indications for radiotherapy
	4.3.2 Radiotherapy target area and dose

	4.4 Targeted therapies
	4.4.1 ACP
	4.4.2 PCP

	4.5 Endocrine replacement therapy
	4.6 Other complementary therapies
	4.7 Multidisciplinary treatment strategies for complex cases

	5 Handling of special cases
	5.1 Treatment of cystic craniopharyngioma
	5.2 Management of postoperative residual craniopharyngiomas
	5.3 Management of recurrent craniopharyngiomas
	5.4 Strategies for management of hypothalamic invasion

	6 Follow-up and long-term management
	7 Prognostic assessment
	7.1 Prognostic factors
	7.2 Prognostic scoring system

	External review panel roster
	CRediT authorship contribution statement
	Disclaimer
	Funding
	Declaration of competing interests
	Appendix A Supplementary data
	References


