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A B S T R A C T

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”, 
“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 

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 CTNNB1 gene, which encodes β-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 V600E 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 

Fig. 1. Literature review process.
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Table 2 
Level of recommendation (%).

Recommendation Contents Highly 
recommended (%)

Recommend 
(%)

Agree 
(%)

Disagree 
(%)

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.

94% 6% 0% 0%

2 Prognostic evaluation should include age, presence of hydrocephalus, and postoperative 
diabetes insipidus.

71% 29% 0% 0%

3 Preoperative CT should be considered for evaluating 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 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.

89% 3% 9% 0%

4 MRI is the preferred imaging modality for pediatric craniopharyngioma due to superior soft 
tissue resolution, which is critical for surgical planning.

83% 14% 3% 0%

5 Systematic pre- and postoperative assessment of hypothalamic-pituitary function is 
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.

86% 11% 3% 0%

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 integrated into long-term follow-up.

26% 49% 26% 0%

7 A comprehensive ophthalmologic evaluation is recommended for all patients at diagnosis 
and during follow-up.

66% 26% 9% 0%

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 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.

60% 31% 6% 3%

9 Surgical resection with histopathological confirmation is recommended for symptomatic 
patients or those with clear radiological evidence of craniopharyngioma.

71% 29% 0% 0%

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 

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

49% 29% 17% 6%

12 Surgery is not recommended for patients with severe medical comorbidities. Non-surgical 
options should be considered.

46% 31% 20% 3%

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

17% 31% 26% 26%

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, 

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).

80% 20% 0% 0%

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.

63% 31% 6% 0%

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.

49% 34% 17% 0%

18 For tumors with definite involvement of the hypothalamus and demonstration of thalamic 
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.

38% 35% 21% 6%

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.

54% 29% 17% 0%

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 
intracranial pressure by drugs should be considered to alleviate acute symptoms and 
optimize the conditions for subsequent treatment.

17% 37% 26% 20%

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.

85% 9% 6% 0%

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 

risk of triphasic response.
26% 47% 24% 3%

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 
recommended (%) 

Recommend 
(%) 

Agree 
(%) 

Disagree 
(%)

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 

treatment.
74% 20% 6% 0%

29 Histopathological diagnosis should be complemented by characterization of the defining 
driver alterations—CTNNB1 (ACP) and BRAF V600E (PCP). In routine practice, mutation- 
specific immunohistochemistry (nuclear β-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.

57% 31% 9% 3%

30 For recurrent tumors, reoperation is an important option, but the risks and benefits should 
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.

44% 29% 24% 3%

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 

beam therapy should be considered/prioritized for pediatric patients when available, to 
reduce integral dose to the developing brain.

21% 32% 44% 3%

33 A CTV margin of 5 mm is recommended. 10% 65% 26% 0%
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.
16% 56% 28% 0%

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

24% 38% 38% 0%

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 

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).

45% 33% 21% 0%

38 In patients with gonadotropin-deficient pediatric 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 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.

50% 32% 18% 0%

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.

66% 17% 17% 0%

40 It is recommended that all children with craniopharyngiomas 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 preoperative 
ophthalmic evaluation, intraoperative preservation of visual function, and regular 
postoperative monitoring of visual acuity changes are recommended.

56% 35% 9% 0%

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

71% 26% 3% 0%

42 Staged, individualized nutritional management of children with craniopharyngioma. 63% 29% 9% 0%
43 Management of hypothalamic obesity in children after craniopharyngioma surgery requires 

a multimodal, integrated intervention strategy that focuses on abnormal appetite 
regulation and impaired energy metabolism due to hypothalamic injury.

56% 32% 12% 0%

44 It is recommended that all pediatric craniopharyngioma cases, especially complex cases (e. 
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.

71% 23% 6% 0%

45 The treatment strategy needs to be individualized according to the characteristics of the 
lesion, and intracapsular drug injection, craniotomy, endonasal endoscopic approach, and 
pharmacological treatment may be considered.

43% 43% 14% 0%

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 

therapy are selected according to the specific situation. Severe hypothalamic complications 
require systematic and individualized management measures.

51% 34% 14% 0%

48 Postoperative follow-up should include: (1) imaging of the sellar and hypothalamic regions; 
(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% 37% 14% 0%

49 High-risk features such as age of onset <5 years, tumor diameter ≥4 cm, hypothalamic 
invasion/tight adhesions, multicompartmental growth, or associated hydrocephalus/ 

40% 37% 23% 0%

(continued on next page)
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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 CTNNB1 gene, leading to β-catenin stabilization, nuclear 
translocation, and constitutive activation of the Wnt/β-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 confirmed9,27 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”.

Table 2 (continued )

Recommendation Contents Highly 
recommended (%) 

Recommend 
(%) 

Agree 
(%) 

Disagree 
(%)

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

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.

59% 26% 12% 3%

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.

71% 26% 3% 0%

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

12% 26% 50% 12%

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.

31% 40% 23% 6%

54 A multifactorial clinical prognostic scoring model may be developed and prospectively 
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.

34% 43% 20% 3%

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.

43% 34% 23% 0%
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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:

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 T2WI.

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.

Fig. 2. Diagnostic and evaluation process for craniopharyngioma in children.
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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 

Fig. 3. Imaging of craniopharyngioma in children (A-F/ACP; G-L/PCP). 
A: CT shows eggshell-like calcification of ACP (yellow arrow). 
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).

Z. Lin et al.                                                                                                                                                                                                                                       Cancer Letters 659 (2026) 218784 

9 



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.

Typical presentation: enlargement or distortion of the optic 
nerve
Clinical features: progressive vision loss

2) Germ cell tumors
Prevalent population: children and adolescents
Typical presentation: enhancing solid nodule with restricted 
DWI diffusion, elevated serum AFP/β-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.

3) 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.

4) 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 similar to 
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.

(2) Non-neoplastic sellar region lesions 
1) 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.

2) 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.

3) Arachnoid cyst: congenital cystic lesion, CT hypodense, MRI 
shows T1 low signal, T2 high signal (isosignal with cerebro
spinal fluid), clear borders without enhancement.

4) Dermoid/epidermoid cysts: dermoid cysts show high signal in 
T1WI, 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) 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.

2) 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.

3) 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 

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). 

Fig. 4. Flowchart of treatment strategy and long-term follow-up management of craniopharyngioma in children.

Z. Lin et al.                                                                                                                                                                                                                                       Cancer Letters 659 (2026) 218784 

11 



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 0 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.

(2) 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 

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 

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- 
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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).

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].

(2) 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].

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 9 mg/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 β-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 

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 34βE12, 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 CTNNB1 
gene is present in ACP. The mutation is clonal and present throughout 
the tumor epithelium; however, nuclear accumulation of β-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. V600E mutation. Immunophenotypi
cally, p63 and cytokeratin 34βE12, 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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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 β-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 β-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 

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 

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 β-catenin in epithelial whorls of ACP on β-catenin immunohistochemistry. Scale bars are 
shown in each panel.
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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.

(2) 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.

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)

[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)

Table 3 
Comparison of radiotherapy modalities for craniopharyngioma in children.

Treatment Typical indications Typical Dosage and 
Segmentation Scenarios

Key Benefits Potential complication

Conventional 
radiotherapy

Adjuvant therapy after 
STR; residual tumor 
progression

Total dose 50.4-54 Gy, 
single 1.8-2.0 Gy

Widely used and experienced Endocrine dysfunction, neurocognitive dysfunction, 
visual impairment, delayed stroke and vascular 
malformations, secondary tumors

Stereotactic 
radiosurgery

Small, well-defined 
lesions; residual/tumor 
recurrence

12 Gy-14 Gy Non-invasive, precise targeting of small 
lesions, minimising damage to 
surrounding tissue

New or exacerbated pituitary dysfunction may have 
lower rates of local control in pediatric patients than in 
adults

Proton therapy Pediatric patients Total dose 54 Gy (RBE), 
single 1.8 Gy

Significantly reduces radiation 
exposure to surrounding healthy, 
developing tissues

Lower incidence than conventional radiotherapy

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 

excision
2

Adjuvant radiotherapy in patients with subtotal 
resection

Undone 1

Table 5 
Prognostic risk stratification and management recommendations.

Risk 
stratification

Total Score 
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

Medium risk 3–4 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

High risk ≥5 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.
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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 5 mm 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 β-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 

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 7–9 mg/m2. 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 μg. 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 μg/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 

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 craniopharyngioma118. 
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 β-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. 

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-α 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 

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. Visual 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 

significance.
Pathological factors: mainly include histological subtypes and mo

lecular markers. Childhood patients tend to have ACP, which are often 
associated with mutations in β-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 

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”.
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