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Craniopharyngioma  
 
Guideline for the management of children and young people (CYP) with 
craniopharyngioma up to the age of 19 years. 
 
Summary of content 
 
This guideline is intended to be a reference document for clinicians presented with the challenge of 
managing children and young adult patients (CYP) with craniopharyngioma up to the age of 19 years. It 
addresses the clinical assessment, diagnosis, treatment and follow-up of affected patients, informed by 
information gathered from peer reviewed scientific reports identified through a robust literature search. The 
expertise and experience of a range of nationally and internationally respected clinicians and scientists 
whose opinion has been sought as experts bring a clinically meaningful interpretation to these data, in a 
clear, pragmatic set of management guidelines. 
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1. Executive summary of recommendations 
 
Recommendation Evidence for 

recommendation or 
consensus 

Generic statements 
Offer management in a specialist paediatric endocrine centre by an age-
appropriate endocrinologist with experience in pituitary tumours, in liaison 
with the designated multidisciplinary neuro-oncology team to all children 
and young people under 19 years of age (CYP) with a suspected or 
confirmed craniopharyngioma. 

Strong recommendation, 
Delphi consensus (95%)  

Age-appropriate hypothalamo-pituitary multidisciplinary team (MDT) 
support (neurosurgery, paediatric oncology, radiation oncology, 
endocrinology, neuroradiology, neuropathology), including adult pituitary 
specialists (e.g. endocrinologists and skull base neurosurgeons) should be 
provided where appropriate. 

Strong recommendation, 
low quality evidence, GDG 
consensus (100%) 

Offer pituitary surgery performed in an age-appropriate specialist setting 
with on-site perioperative joint endocrine care to all CYP. 

Strong recommendation, 
Delphi consensus (95%) 

Offer surgery by the neurosurgeon(s) nominated by the adult pituitary or 
paediatric neuro-oncology MDT, which can offer all possible approaches, 
including transsphenoidal, transcranial and endoscopic-assisted surgery. 

Strong recommendation, 
Delphi consensus (83%) 

Offer discussion, where necessary, of complex sellar/ suprasellar lesions in 
CYP at a national pituitary tumour MDT for review of radiology, histology 
and decision-making. 

Strong recommendation, 
Delphi consensus (83%) 

Offer continued lifelong care and transition to adult pituitary services, on an 
individualised basis, usually when growth and puberty are complete, to all 
CYP treated for craniopharyngiomas. 

Strong recommendation, 
Delphi consensus (100%) 

Given the rarity and significant morbidity of pituitary tumours in CYP, a 
national clinical database should be created for monitoring outcomes to 
optimise care and prognosis in this patient group. 

Strong recommendation, 
Delphi consensus (100%) 

Diagnosis and investigations 
Radiology 
MRI with dedicated pituitary views in both sagittal and coronal planes (as 
per CCLG guidelines) should be the routine imaging modality in assessment 
of CYP with suspected craniopharyngioma, but where the diagnosis and/ or 
extent of calcification is in doubt, consider additional CT scanning. 

Strong recommendation, 
low quality evidence, GDG 
consensus (100%) 

Be aware of the option of performing diffusion tensor imaging (DTI), 
perfusion-weighted imaging (PWI) and magnetic resonance spectroscopy 
(MRS), although these are not routinely recommended in the pre-operative 
assessment of craniopharyngiomas in CYP and have no clear proven role. 

Weak recommendation, 
Delphi consensus (100%)  

The pre-operative MRI report should include grading of the extent of 
hypothalamic involvement according to the Paris system. 

Strong recommendation, 
high quality evidence 

Vision 
Offer visual acuity, visual fields and fundoscopy before treatment in all 
cooperative CYP. Consider pattern visual evoked potentials in infants or 
disabled children but these should not be used for surveillance in the 
longer-term. 

Strong recommendation, 
low quality evidence, GDG 
consensus (100%) 

Be aware of optical coherence tomography (OCT) as a method of assessing 
retinal nerve fibre layer thinning in CYP with more severe degrees of visual 
acuity or field loss. 

Weak recommendation, 
Low quality evidence 

Endocrinology 
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Offer baseline plasma endocrine biochemistry in all CYP at presentation of 
suspected craniopharyngioma which should include urgently analysed AFP, 
β-hCG and prolactin available before any definitive surgery; as well as IGF-1, 
TSH, free T4, LH, FSH, testosterone/ oestradiol, paired early morning 
plasma/ urine osmolalities and electrolytes, and, if no dexamethasone has 
been instituted, a morning cortisol +/- ACTH. 

Strong recommendation, 
Delphi consensus (100%) 

Be aware that a random cortisol measurement taken before administration 
of any dexamethasone may be useful in documenting pre-treatment status 
of the hypothalamo-pituitary-adrenal axis in CYP presenting acutely with 
raised intracranial pressure. In the absence of treatment with 
dexamethasone for peri-tumoral oedema, be aware that morning cortisol 
concentrations +/- ACTH may also be measured prior to any prophylactic 
steroid cover. 

Weak recommendation, 
low quality evidence 

In the non-acute situation, offer combined dynamic pituitary function tests 
of growth hormone (GH) and cortisol reserve and, if age-appropriate, 
gonadotrophin secretion when feasible, before any steroid therapy when 
possible, as the results inform the treatment decision-making process. 

Strong recommendation, 
Delphi consensus (100%) 

Be aware that deteriorating serial thyroid function tests (low or inadequately 
elevated TSH concentrations with repeatedly low/ borderline low/ falling 
free T4 concentrations at least 1-2 weeks apart) are sufficient for diagnosis in 
CYP with craniopharyngioma, without the need for a TRH test which does 
not adequately discriminate between hypothalamic and pituitary causes of 
thyroid dysfunction. 

Weak recommendation, 
low quality of evidence 

Be aware that a formal water deprivation test may help confirm central 
diabetes insipidus (CDI) in CYP with a known suprasellar tumour and a 
history of polydipsia and/ or polyuria, where other metabolic causes have 
been excluded, in the absence of a confirmed inappropriately dilute 
polyuria in the presence of plasma hyperosmolality (urine: plasma osmolality 
ratio <1.0) responsive to desmopressin, especially if the posterior pituitary 
bright spot is absent on MRI. 

Weak recommendation, 
low quality of evidence 

Be aware of the presence of the hypothalamic syndrome, and the possibility 
of performing a formal psychological assessment at diagnosis, as this may 
help separate disease- and future treatment-related morbidity. 

Weak recommendation, 
low quality of evidence 

Neuropsychology 
Offer all CYP with craniopharyngioma a baseline neurocognitive assessment 
around the time of diagnosis against which to monitor future progress. 

Strong recommendation, 
Delphi consensus (92%) 

Pathology 
Except in occasional surgical emergencies, offer delayed definitive surgical 
or radiotherapeutic treatment until confirmatory pre- or perioperative tissue 
histopathology or cyst fluid cytology is available. 

Strong recommendation, 
Delphi consensus (91%) 

Be aware that Ki67 labelling or CTNNB1 mutation analysis of tissue have 
poor prognostic value. 

Weak recommendation, 
low quality of evidence 

Treatment 
Surgery  
Be aware that access to a surgeon with specific experience in paediatric 
craniopharyngioma surgery may improve overall outcomes. 

Weak recommendation, 
low quality of evidence 

Consider surgery (complete or subtotal resection or cyst aspiration) in all 
CYP with craniopharyngioma given the better overall and progression-free 
survival compared with conservative (watch and wait) management alone. 

Moderate 
recommendation, 
moderate quality of 
evidence 

Consider not proceeding with complete resection of paediatric 
craniopharyngiomas where there is clear evidence of hypothalamic 
involvement on Paris grading. 

Moderate 
recommendation, 
moderate quality of 
evidence 
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Be aware of the spectrum of options available for surgical management of 
hydrocephalus, including but not limited to insertion of ventriculo-
peritoneal shunts, external ventricular drains, transventricular endoscopic 
cyst drainage, transsphenoidal endoscopic cyst drainage or insertion of an 
Ommaya reservoir into a craniopharyngioma cyst, tailoring these to each 
patient. 

Weak recommendation, 
low quality of evidence 

Be aware of the option of using solely primary cyst drainage to treat 
hydrocephalus due to a craniopharyngioma cyst, rather than ventriculo-
peritoneal shunt or external ventricular drain insertion. 

Weak recommendation, 
Delphi consensus (67%)  

Be aware of the option of transventricular or transsphenoidal cyst drainage 
with/ without insertion of an Ommaya reservoir to control cyst size in cystic 
craniopharyngiomas. 

Weak recommendation, 
low quality of evidence 

Be aware of the option of a two-staged surgical approach involving 
minimally invasive surgery, relief of hydrocephalus and intracranial pressure, 
further neuroradiological assessment and MDT discussion before any 
definitive surgery of large mixed cystic/ solid craniopharyngiomas with/ 
without hydrocephalus. 

Weak recommendation, 
low quality of evidence 

Be aware of the option of using high-field intraoperative MRI, although this 
may not improve outcomes of craniopharyngioma surgery. 

Weak recommendation, 
low quality of evidence 

Perioperative management 
Offer CYP with cerebral oedema and those undergoing craniotomy or wide 
opening of the cerebrospinal fluid space transsphenoidally rapidly tapered 
perioperative (48-72 hours), dexamethasone neuroprotection. 

Strong recommendation, 
Delphi consensus (100%)  

Be aware that perioperative hydrocortisone at stress doses could be given 
to CYP undergoing surgery without dexamethasone cover. If commenced 
consider tapering post-operatively to maintenance doses until the integrity 
of the hypothalamo-pituitary-adrenal axis has been established. 

Weak recommendation, 
low quality of evidence 

Be aware of the diagnoses of central diabetes insipidus (CDI, which may 
progress to a triphasic response), iatrogenic intravenous hyperhydration, 
glycosuria, and/ or cerebral salt-wasting syndrome in the presence of post-
operative polyuria. 

Weak recommendation, 
low quality of evidence 

Be aware of the diagnoses of central adrenal insufficiency, the syndrome of 
inappropriate antidiuretic hormone (SIADH) secretion (possibly as part of a 
triphasic response), iatrogenic water overload and/ or cerebral salt-wasting 
syndrome in the presence of post-operative hyponatraemia.  

Weak recommendation, 
low quality of evidence 

Radiotherapy 
Offer deferment of adjuvant radiotherapy in CYP where the surgical 
impression of complete resection has been confirmed on post-operative 
MRI and/ or CT. 

Strong recommendation, 
low quality of evidence, 
GDG consensus (100%) 

Consider upfront external beam radiotherapy where tumour resection is 
incomplete. 

Moderate 
recommendation, 
moderate quality of 
evidence 

Offer deferment of radiation until tumour progression is evident on a case-
by-case basis where the MDT considers that the morbidity of radiation may 
outweigh its benefits in very young children or those with minimal residual 
disease. 

Strong recommendation, 
Delphi consensus (93%) 

Offer radiotherapy using the gross tumour volume (GTV) defined as the 
dimensions of the post-operative solid and cystic tumour complex. 

Strong recommendation, 
Delphi consensus (86%) 

Offer radiotherapy using the clinical target volume (CTV) margin defined as 
5 mm modified to barriers of natural spread. 

Strong recommendation, 
Delphi consensus (100%) 

Offer radiotherapy using a dose fractionation of 54 Gy (or equivalent CGE 
for proton beam therapy) administered in 30 fractions over 6 weeks to the 
planning target volume (PTV). 

Strong recommendation, 
Delphi consensus (100%) 
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Consider high-energy proton beam therapy (PBT) as a radiation treatment 
modality for CYP with craniopharyngiomas. 

Moderate  
recommendation, low 
quality of evidence, GDG 
consensus (100%) 

Be aware that gamma knife radiosurgery should only be considered as a 
primary treatment for craniopharyngiomas in CYP within a research setting 
as there is currently insufficient evidence for its efficacy. 

Weak recommendation, 
low quality of evidence  

Other therapies 
Be aware that intracystic chemotherapies should only be considered as a 
primary treatment for craniopharyngiomas in CYP within a research setting 
as there is currently insufficient evidence for its efficacy. 

Weak recommendation, 
low quality of evidence 

Post-treatment follow-up surveillance 
Be aware that a follow-up MRI within 3-6 months of treatment may be 
needed assess response. 

Weak recommendation, 
low quality of evidence 

Offer MRI surveillance imaging at intervals guided by patient symptoms, 
definitive therapy (i.e. degree of resection and/ or radiotherapy) and by the 
MDT. 

Strong recommendation, 
Delphi consensus (94%)  

Offer repeat formal visual acuity and, if age-appropriate, visual field 
assessment within three months of definitive tumour treatment (i.e. 
resection +/- radiotherapy). 

Strong recommendation, 
Delphi consensus (94%) 

Offer ongoing visual follow-up at a frequency individualised according to 
age, residual visual function, symptoms and likelihood of tumour/ cyst 
regrowth. 

Strong recommendation, 
Delphi consensus (81%) 

Offer basal and combined dynamic anterior pituitary function tests off any 
replacement therapy within 6 weeks of completion of initial treatment to 
assess the integrity of the GH, ACTH, TSH, and, if age-appropriate, 
gonadotrophin axes, if not already found definitively abnormal at diagnosis 

Strong recommendation, 
Delphi consensus (100%) 

Offer lifelong endocrinology follow-up for evolving hypopituitarism, with the 
frequency determined on an individual patient basis. 

Strong recommendation, 
Delphi consensus (100%) 

Consider recombinant human growth hormone (rhGH) in replacement 
doses in CYP with confirmed GH deficiency to re-establish normal linear 
growth, as this does not increase the risk of tumour progression. 

Moderate 
recommendation, 
moderate quality of 
evidence 

Consider using dynamic function testing as per local guidelines on several 
occasions over time to differentiate long-term recovery from 
dexamethasone-induced ACTH suppression from permanent ACTH 
deficiency. 

Strong recommendation, 
Delphi consensus (100%) 

Consider access to a designated MDT with specialist dietary, exercise, 
psychological and endocrine input for the management of hypothalamic 
obesity. 

Moderate 
recommendation, 
moderate quality of 
evidence 

Be aware of specialist sleep laboratory and behavioural 
neuropsychopharmacology services for CYP with hypothalamic injury and 
disturbed sleep and/ or behaviour. 

Weak recommendation, 
low quality of evidence 

Offer interval neuropsychological assessments until adulthood to inform 
clinical and educational neurorehabilitation and vocation in CYP with 
identified neuropsychological and neurological deficits (e.g. seizures, 
stroke, visual impairment) and those who have undergone cranial 
radiotherapy. 

Strong recommendation, 
Delphi consensus (100%) 

Management of recurrence 
Offer further surgery to avoid or reduce the radiation field before 
radiotherapy in CYP with cystic and/ or solid recurrences after a 
radiologically complete resection without previous irradiation. 

Strong recommendation, 
Delphi consensus (100%) 
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*Based on GRADE system and Delphi consensus process (1, 2) 

Offer further cyst drainage before radiotherapy in CYP with progressive, 
primarily cystic recurrences following initial incomplete resection without 
radiotherapy. 

Strong recommendation, 
Delphi consensus (100%) 

Offer radiotherapy with further surgery to reduce the radiation field in CYP 
with progressive, primarily solid recurrences following initial incomplete 
resection without radiotherapy. 

Strong recommendation, 
Delphi consensus (100%) 

Offer a repeat course of conventional radiotherapy for the treatment of 
disease progression or recurrence after previous radiotherapy only in 
exceptional cases and only after all other therapeutic modalities have been 
explored, given its high morbidity.  

Strong recommendation, 
Delphi consensus (100%) 

Be aware that gamma knife radiosurgery for recurrent or progressive 
craniopharyngiomas should only be considered in a research setting, as 
there is currently insufficient evidence for its efficacy. 

Weak recommendation, 
low quality of evidence 

Be aware that repeated courses of intracystic interferon-α via an indwelling 
catheter could be considered instead of aspiration alone in CYP with 
recurrent cystic craniopharyngiomas. 

Weak recommendation, 
low quality of evidence 

Be aware that systemic IFNα in CYP with recurrent craniopharyngiomas 
should only be considered in the context of a research trial as there is 
currently insufficient evidence for its efficacy. 

Weak recommendation, 
low quality of evidence 
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2. Introduction 
 
The management of craniopharyngiomas in children and young people under 19 years of age (CYP) is 
challenging, not only because of their rarity, but also because of their diverse presentation to different adult 
and paediatric, endocrine and oncological, medical and surgical specialists. Largely benign rather than 
malignant, these tumours have a high survival rate. Since children with tumours have, on average, a further 
68 life years ahead, their health-related quality of survival is arguably paramount. Managing CYP with 
craniopharyngiomas is further complicated by a lack of high quality, randomised evidence for treatment 
recommendations. This causes unacceptable inconsistencies and inequalities in care across units and 
specialties.  
 
In order to achieve high quality care which will improve survival and reduce any secondary, long term, 
health-related morbidity in this young cohort, there is a need to involve age-specific and tumour-specific 
multidisciplinary teams (MDTs) from both CYP and adult practice in a coordinated discussion. This would 
also improve and expedite diagnosis - including complex endocrine and genetic screening of familial cases 
- acute decision making and peri-operative care as well as longer term surveillance. Oncology treatment for 
CYP in the UK has been centralised for decades to 16 tertiary oncological centres linked to accredited 
secondary paediatric oncology supportive care units (POSCUs). However, there is no age-appropriate 
tertiary endocrine or adult tumour-specific MDT always embedded or mandated in this service provision; 
the latter needs resource and development along a similar model.  
 
Having recognised these challenges, the project board (PB) and the guideline development groups (GDGs) 
have, in conjunction with the Children’s Cancer and Leukaemia Group (CCLG) and the British Society for 
Paediatric Endocrinology and Diabetes (BSPED), updated the 2005 CCLG / BSPED consensus guidelines on 
the management of the previous six (one pituitary and five peripheral glandular) endocrine tumours in 
children (3) and additionally created two new (pituitary) guidelines, this time developed according to AGREE 
II methodology.  
 
2.1 Background 
 
Craniopharyngiomas originate from embryological remnants of Rathke’s pouch (4), and are rare (1.1-1.7 
cases/million/year (5-7)) benign suprasellar tumours, accounting for up to 80% of tumours in this area in 
childhood (8, 9). They peak in incidence between 5-14 and 65-74 years of age (5, 6), but are histologically 
different in childhood when they are invariably adamantinomatous (rather than the adult papillary form 
which is vanishingly rare in childhood) (10-12). Craniopharyngiomas can also present in the neonatal period 
(13, 14).  
 
Histologically they may be cystic and/ or solid, containing characteristically viscous, “engine-oil” fluid rich in 
cholesterol crystals (15). Although typically sporadic, human and mouse models have demonstrated that 
adamatinomatous craniopharyngiomas characteristically demonstrate β-catenin (CTNNB1) mutations 
resulting in hyperactivation of the Wnt signalling pathways, causing β-catenin accumulation in cell clusters 
over-expressing SHH, although increased expression of the MAPK pathway and various fibroblast growth 
factors, bone morphogenetic proteins, and cytokines have also been reported (16-20). Contrastingly, 
papillary craniopharyngiomas demonstrate BRAF V600E mutations causing hyperactivation of the MAPK 
pathway (12, 21). 
 
As with other suprasellar tumours, symptoms may be present for prolonged durations (8 months to 8 years 
(22-27)) before diagnosis, most frequently relating to increased intracranial pressure or visual compromise 
(22, 24-26, 28-31), whilst symptoms of hypothalamo-pituitary dysfunction are often under-recognised and 
require direct enquiry and/ or examination (Table 1) (32, 33). 
 
Overall 30-year survival rates are high (up to 80% (24, 34)), but this is punctuated by multiple relapses and 
interventions which, in turn, cause significant long-term neuroendocrine, cognitive and visual morbidity, and 
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premature mortality. Treatment is usually by a combined neurosurgical and/ or radiotherapeutic approach, 
but treatment strategies vary considerably between centres (35). Optimal management is thus unclear and 
the first consensus-based guidance for management of craniopharyngiomas was produced in 2005(36). We 
now aim to update this through a structured review of the literature and a robust Delphi consensus process 
using AGREE-II methodology, to provide recommendations which will improve and standardise care for 
such children across the country. 
 
Table 1: Common presenting features of paediatric craniopharyngiomas ranked  
by median frequency. 

Presenting feature Median frequency 
(range) 

Headaches(22, 24, 25, 28-30) 64% (51-78) 
Reduction in visual acuity(22, 24-26, 28-31) 51% (23-73) 
Restriction in visual fields(22, 24-26, 28-30) 46% (17-61) 
Nausea/ vomiting(22, 24, 25, 28-30) 43% (31-61) 
Linear growth failure/ short stature(22, 24-26, 28, 29, 
32, 37, 38) 

33% (14-86) 

Papilloedema(29) 29% 
Lethargy/ somnolence(22, 24, 32) 21% (5-22) 
Cranial nerve palsy(22, 24, 29) 20% (11-27) 
Weight loss(22, 24, 26, 32) 17% (5-31) 
Polyuria/ polydipsia(22, 24, 26, 28, 29, 32) 16% (9-28) 
Pubertal delay/ arrest(22, 24, 28, 29, 32)  10% (5-24) 
Cognitive impairment(24) 10% 
Blindness(24, 26) 9% (3-15) 
Ataxia(4, 22, 29) 8% (7-18) 
Hemiparesis(4, 22, 26, 29) 8% (7-12) 
Decreased consciousness(24, 29) 8% (5-10) 
Hyperphagia/ weight gain(22, 24, 26, 32) 6% (5-30) 
Seizures(22, 26, 29) 5% (5-6) 
Optic atrophy(24) 5% 
Behaviour change/ psychiatric symptoms(22, 24, 26) 4% (3-10) 
Gynaecomastia/ galactorrhoea(22) 4% 
Cold intolerance(22, 24) 3% (0-5) 
Precocious puberty(26, 28, 29, 32)  2% (0-3) 
Sleep/ wake cycle disturbance(22) 2% 

 
2.2 Aims and objectives 
 
This guideline is intended to be a reference document for clinicians in several disciplines presented with the 
challenge of managing CYP with adamantinomatous craniopharyngioma. It covers their radiological, 
ophthalmological, endocrine and histopathological assessment, surgical and oncological treatment and 
oncological, endocrine, ophthalmological and neuropsychological follow-up, intending to provide an 
evidence base for future audit to optimise clinical care and reduce long-term morbidity. 
 
The guideline addresses the following: 
 
• Epidemiology of childhood craniopharyngioma 
• Radiological +/- histological diagnosis of childhood craniopharyngioma 
• Radiological staging, endocrine and visual assessment in children at diagnosis 
• Neurosurgical, radiotherapeutic and chemotherapeutic treatment strategies both at diagnosis and at 

recurrence 
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• Recommendations for radiological, endocrine, visual and neurocognitive long-term follow-up 
• Prognosis and survival 
 
It is targeted at health professionals from a variety of paediatric and adult disciplines (neurosurgery, clinical 
(radiation) and medical oncology, endocrinology, ophthalmology, neuroradiology, neuropsychology) 
involved in the management and long-term follow-up of CYP with craniopharyngiomas. The inclusion of 
adult disciplines in this group alludes to the fact that a significant proportion of the MDT care of CYP with 
craniopharyngiomas in some units may include adult specialists (e.g. clinic oncology, neurosurgery), and the 
lifelong follow-up of these patients necessitates a clear plan for transition to adult services.  
 
2.3 Scope & target population 
 
This guideline covers the management of all CYP diagnosed before their 19th birthday with a confirmed 
adamantinomatous craniopharyngioma. It does not cover the management of patients over 19 years of age, 
or the management of papillary craniopharyngiomas when presenting in childhood. 
 
2.4 Methods (see Appendix B) 
 
Clinical questions formulated according to the defined scope of this guideline and agreed by all members 
of the Guideline Development Group (GDG) were written in PICO (Population, Intervention, Comparison, 
Outcome) format and sent out to stakeholders. Stakeholder feedback (including from the target population) 
was incorporated by the GDG into the finalised list of PICO questions that underpin this guideline. 
 
Searches relating to epidemiology, diagnosis, management and follow-up of craniopharyngiomas in CYP 
were conducted using a combination of text words and MeSH subject headings based on the individual 
PICO questions constructed, via the Ovid MEDLINE (1946 – December 2014) and the Cochrane Library 
(including the Cochrane Database of Systematic Reviews (2016, Issue 12, Cochrane Central Register of 
Controlled Trials (CENTRAL, 2016 Issue 12), the Database of Abstracts of Reviews of Effect (DARE, 2015 
Issue 1) electronic registries. The initial literature search was conducted in November – December 2014, and 
repeated in February 2017, April 2019, March 2020 and May 2021, with no significant changes to any of the 
recommendations (including those based on Delphi consensus) made. 
 
The search strategy was limited by prior agreement of the overarching Project Board for all eight National 
Rare Paediatric Endocrine Tumour Guidelines to publications pertaining to CYP diagnosed with 
craniopharyngiomas before 19 years of age, including fully published case reports and case series. We 
excluded from our review those publications relating to craniopharyngiomas only in adults (due to the 
increasing incidence of papillary craniopharyngiomas in this age group), not written in the English language, 
and all conference proceedings, published abstracts, comments, correspondence, personal practice and 
book chapters. 
 
While systematic reviews and guidelines were included as part of the review process (outside of the GRADE 
framework), non-systematic reviews were excluded, although these often provided additional supporting 
information. Titles and abstracts of studies identified from the searches were initially filtered by Hoong-Wei 
Gan and Paul Morillon to exclude any immediately irrelevant studies, and then subsequently fully reviewed 
to assess the quality of evidence by GDG members working in pairs. Any studies deemed irrelevant were 
excluded and the reasons for exclusion were documented.  
 
The quality of evidence and risk of bias was assessed using the GRADE approach (1). At least two individuals 
independently assessed the quality of every study in each subsection of the guideline, achieving consensus 
for each paper included. An initial grade (high, moderate, low) based on the overall study design was 
increased or decreased according to study quality, consistency, directness of outcome measures, precision 
or reporting bias in accordance with GRADE guidelines. Overall, 271 published primary studies were 
reviewed in this way (241 from the initial search in 2014, 15 from February 2017, 6 from April 2019, 5 from 
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March 2020, and 4 from May 2021; Appendix C). The literature searches also uncovered 5 national/ 
international published evidence-based guidelines which are discussed and referenced within this text. 
 
Guideline recommendations agreed by the entire GDG were made based on the highest level of evidence 
obtained from the GRADE process. Where evidence was lacking, or deemed too conflicting or inadequate 
by the GDG in order to be able to make a recommendation, the GDG then framed a recommendation, 
which was then taken forward to Delphi consensus. Recommendations achieving more than 70% agreement 
were included in the guideline, whilst the others were reframed according to feedback and subjected to a 
second Delphi consensus round with the same criteria (see Appendix B for full description of Delphi 
consensus process). Strong recommendations were made based on high and medium quality evidence, or 
in their absence, a Delphi consensus; whereas only weak recommendations could be made based on low 
quality evidence alone. In occasional situations where only low quality evidence was available, but the 
likelihood of obtaining stronger evidence was deemed unlikely due to the recommendation being made 
based on current widespread clinical best practice with no possibility of future comparison trials, the GDG 
did not put these forward to the Delphi consensus process but instead strengthened the recommendation 
based on internal consensus (recommendations 3.1.2, 3.2.1.1.a, 3.2.1.2.a and 3.2.2.3.a). 
 
Views on the scope and the final guideline were also sought from the stakeholders and target population 
(craniopharyngioma patients, survivors and their families) through various patient support groups including 
the Childhood Cancer Parents’ Alliance, Child Growth Foundation, Teenage and Young Adults with Cancer, 
Teenage Cancer Trust, The Brain Tumour Charity, The Pituitary Foundation and SUCCESS Charity between 
December 2020 and July 2021. All stakeholders were given the opportunity to comment on the final 
guideline recommendations made and all comments received were collated for consideration and 
discussion. The guideline was then externally peer reviewed by four independent reviewers (see Appendix 
A) and relevant changes were made before final approval by the whole GDG. The RCPCH, via the Quality 
Improvement Committee Clinical Lead for Evidence-Based Medicine and Appraisals provided advice on 
guideline development and appraised the draft for quality at different stages. 
 
2.5 The evidence (see Appendix C) 
 
The Delphi consensus group participants and peer review experts are listed in appendix A. The GDG 
identified 44 clinical questions. The number of articles excluded at each stage of the literature review 
process is indicated within the Tables in Appendix C. Due to the rarity of craniopharyngiomas in CYP, the 
majority of the identified evidence was of low or very low quality. The GDG made 32 recommendations 
based on identified evidence. 33 further recommendations were made based on GDG expert opinion. 
These were reviewed by two rounds of a Delphi consensus process. Following this, 28 recommendations 
achieved consensus and were included in the guideline. The words “offer” were used to indicate strong 
recommendations, “consider” to indicate moderate recommendations, and “be aware of” to indicate weak 
recommendations. Areas highlighted by the literature review and consensus process in which the GDG felt 
further research would be valuable, have been proposed as research recommendations (appendix E). 
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3. Recommendations 
 
3.1 Generic statements 
 
3.1.1 Offer management in a specialist paediatric endocrine centre by an age-appropriate 

endocrinologist with experience in pituitary tumours, in liaison with the designated 
multidisciplinary neuro-oncology team to all children and young people under 19 years of age 
(CYP) with a suspected or confirmed craniopharyngioma. (Strong recommendation, Delphi 
consensus (95%)) 

  
3.1.2 Age-appropriate hypothalamo-pituitary multidisciplinary team (MDT) support (neurosurgery, 

paediatric oncology, radiation oncology, endocrinology, neuroradiology, neuropathology), 
including adult pituitary specialists (e.g. endocrinologists and skull base neurosurgeons) should 
be provided where appropriate. (Strong recommendation, low quality of evidence, GDG 
consensus (100%)) 

  
3.1.3 Offer pituitary surgery performed in an age-appropriate specialist setting with on-site 

perioperative joint endocrine care to all CYP. (Strong recommendation, Delphi consensus 
(95%)) 

  
3.1.4 Offer surgery by the neurosurgeon(s) nominated by the adult pituitary or paediatric neuro-

oncology MDT, who can offer all possible approaches, including transsphenoidal, transcranial 
and endoscopic-assisted surgery. (Strong recommendation, Delphi consensus (83%)) 

  
3.1.5 Offer discussion, where necessary, of complex sellar/ suprasellar lesions in CYP at a national 

pituitary tumour MDT for review of radiology, histology and decision-making. (Strong 
recommendation, Delphi consensus (83%)) 

  
3.1.6 All CYP treated for craniopharyngiomas require continued lifelong care and should be 

transitioned to adult pituitary services, on an individualised basis, usually when growth and 
puberty are complete. (Strong recommendation, Delphi consensus (100%)) 

  
3.1.7 Given the rarity and significant morbidity of pituitary tumours in CYP, a national clinical 

database should be created for monitoring outcomes to optimise care and prognosis in this 
patients group. (Strong recommendation, Delphi consensus (100%)) 

  
To date, there is very little data on the optimum service organisation strategy for the management of 
craniopharyngiomas in CYP. As such, the vast majority of the above recommendations were made on the 
basis of the Delphi consensus process. Muller et al. (2011) observed that of 50 neurosurgical centres treating 
CYP with craniopharyngiomas in Germany, larger centres were less likely to undertake radical surgery and 
patients experienced a better quality of life than those treated in smaller centres (39). Despite lack of 
adjustment for confounding factors such as hypothalamic involvement and the exclusion of centre size as an 
independent risk factor for increased BMI in multivariate analysis in this report, the GDG and the 
subsequent Delphi consensus strongly supported the recommendation for specialist, age-appropriate 
treating centres with a decision-making interdisciplinary hypothalamo-pituitary MDT including paediatric 
neurosurgeons, radiation oncologists, endocrinologists, neuroradiologists, neuropathologists, and 
potentially also adult pituitary medical and surgical specialists. Specifically, although recommendation 3.1.2 
was based on low quality evidence, the recommendation was strengthened by GDG consensus as a 
recognition of best practice and to harmonise this with the other Delphi consensus-based 
recommendations in this section. 
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3.2 Specific statements 
 
3.2.1 Diagnosis & investigations 
  
3.2.1.1 Radiology 
  
a. MRI with dedicated pituitary views in both sagittal and coronal planes (as per CCLG 

guidelines) should be the routine imaging modality in assessment of CYP with suspected 
craniopharyngioma, but where the diagnosis and/ or extent of calcification is in doubt, 
consider additional CT scanning. (Strong recommendation, low quality of evidence, GDG 
consensus (100%)) 

  
 The combination of heterogenous solid, cystic and calcified components is characteristic of 

craniopharyngiomas, with the cystic components showing T1- and T2-weighted hyperintensity 
and contrast enhancement. Other differential diagnoses of space-occupying lesions in this 
region include low-grade/ optic pathway gliomas, germinomas, pituitary adenomas, hamartomas 
and Langerhans cell histiocytosis but these do not generally show this combination of features. It 
is well-recognised that MRI can better delineate tumour extent and facilitate pre-surgical 
planning than CT (10), but the latter is more sensitive for intratumoral calcification, present in 
55.6-95.5% of craniopharyngiomas (10, 11, 40-42). Hence, CT in addition to MRI should be 
performed whenever the variability in T1- and T2-weighted signal intensity (10) puts the diagnosis 
in doubt (31, 43, 44), or the completeness of resection of a calcified tumour needs confirmation 
(45). There are no studies of optimal primary MRI sequences to assess craniopharyngiomas in 
CYP and we refer to CCLG guidelines (46) as well as parallel guidance on the investigation of 
Pituitary Adenomas and Thickened Pituitary Stalks in CYP for detailed recommendations on the 
optimal MRI sequences to image the hypothalamo-pituitary region and differentiate space-
occupying lesions in this area. Given that current widespread clinical practice is to perform an 
MRI to diagnose a suspected suprasellar tumour, a randomised controlled trial of imaging 
modalities is unlikely, and the GDG therefore strengthened the above recommendation. 

  
b. Be aware of the option of performing diffusion tensor imaging (DTI), perfusion-weighted 

imaging (PWI) and magnetic resonance spectroscopy (MRS), although these are not routinely 
recommended in the preoperative assessment of craniopharyngiomas in CYP and have no 
clear proven role. (Weak recommendation, Delphi consensus (100%) 

  
 There is little evidence to support the routine use of advanced multimodal imaging techniques 

in the pre-operative assessment of CYP with suspected craniopharyngiomas. Their proximity to 
the skull base thwarts robust DTI and PWI image acquisition of this region, whilst arterial-spin 
labelled perfusion patterns can distinguish high-grade from low-grade tumours, but not 
histological subtype, although this data was based on a cohort only containing 4/54 patients with 
craniopharyngiomas (47). Two other studies assess diffusion-weighted imaging (DWI) techniques 
in just 5 and 6 craniopharyngioma cases respectively. The first suggested that by utilising the 
periodically rotated overlapping parallel lines with enhanced reconstruction (PROPELLER) DWI 
technique, the minimum apparent diffusion coefficient (ADC) could differentiate between 
craniopharyngiomas and Rathke’s cleft cysts (48), whilst the second utilised a single-shot fast 
spin-echo DWI technique, showing that ADC readings were significantly higher in Rathke’s cleft 
cysts than cystic craniopharyngiomas (49). 

 
As these advanced MRI techniques become more readily available, their experimental use in 
assessing craniopharyngiomas may increase, but the Delphi consensus achieved after two 
rounds suggested that evaluation of such data must necessarily occur first before their routine 
use in clinical practice could be recommended. The reframed statement achieved 100% 
consensus in the second Delphi consensus round. As this is a negative statement the 
recommendation has therefore been classed as weak.  
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c. The pre-operative MRI report should include grading of the extent of hypothalamic 

involvement according to the Paris system. (Strong recommendation, high quality of evidence) 
  
 Craniopharyngiomas are potentially highly infiltrative and invasive. Attempts to resect them from 

the hypothalamus are now recognised to cause severe and potentially life-threatening morbidity 
(26, 50-53). Overt invasion, as opposed to displacement, of the third ventricular floor –assessed 
on sagittal and coronal imaging – predicts adverse hypothalamic outcomes. Several studies 
show that hypothalamic damage increases, in a dose-dependent fashion, the risk of 
hypothalamic hormone deficits and obesity, and future abnormalities in glucose, insulin and 
ghrelin homeostasis (26, 50-52, 54). This morbidity detracts significantly from post-procedural 
quality of life (26, 52) and therefore pre-surgical grading of hypothalamic involvement at 
presentation should be recorded at MDT assessment and used to inform hypothalamus-sparing 
surgical treatment strategies and the pre-operative consent process. 
 
Using the Paris grading system to differentiate patients in whom hypothalamic-sparing surgery 
was indicated, even at the expense of residual tumour requiring adjuvant radiation based on a 
retrospective cohort of 66 children with aggressively resected cranioparhygniomas, Puget et al. 
(2007) reduced devastating post-operative morbidity (hyperphagia, morbid obesity or 
behavioural dysfunction) in a prospective cohort of 22 children (26). This simple radiological 
classification is detailed as follows: 
• Grade 0 – no hypothalamic involvement 
• Grade 1 – tumour abutting or displacing the hypothalamus 
• Grade 2 – hypothalamic involvement (the hypothalamus is no longer identifiable separately 

from the tumour) 
 
The benefits of using this grading system have been replicated in other studies (50, 52, 55). In a 
study of 20 patients, Mallucci et al. (2012) selected patients for subtotal resection (STR) and 
radiotherapy and observed 4 progressions, 2 of whom had not received adjuvant radiation at the 
time and were salvaged with radiotherapy, but with no deaths, hypothalamic adipsia or 
hyperphagia (55). Park et al. (2013) additionally demonstrated an independent dose-response 
relationship between post-operative tumour grade and BMI SDS at last follow-up (50). Given the 
evidence, its simplicity and ease-of-use, the GDG recommended this system as a tool for 
assessment of hypothalamic involvement and planning surgical strategy.  

  
3.2.1.2 Vision 
  
a. Offer visual acuity, visual fields and fundoscopy before treatment in all cooperative CYP. 

Consider pattern visual evoked potentials in infants or disabled children but these should not 
be used for surveillance in the longer-term. (Strong recommendation, low quality of evidence, 
GDG consensus (100%)) 

  
 There are no studies on the sensitivity and specificity of visual function tests in 

craniopharyngiomas in children. The practice of assessing visual function as part of the 
diagnostic pathway for craniopharyngiomas is however widespread, and the GDG therefore 
strengthened this recommendation as best practice given that it was unlikely that a direct 
comparison of the three main methods of visual function testing (visual acuity, visual fields, 
fundoscopy) will ever be carried out due to the variation in assessment tools used based on the 
age and stage of development of the child.  

 
The larger of two small studies (n=5 and n=20 respectively)(56, 57) suggested that visual acuity 
(VA), visual field (VF) and fundoscopy assessments detected decreased VA (52.5%), VF loss (71%), 
optic atrophy (60%) and papilloedema (30%) in 20 children under 14 years of age with 
craniopharyngiomas(57). Three other studies of children with other causes of visual impairment 
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concluded that quantitative preoperative assessment of VA was most important in guiding 
treatment decisions to preserve vision; qualitative measures were inadequate to detect even 
large changes in VA due to their reliance on patient cooperation and attention, often difficult in 
infants and those with comorbid attention deficit disorders (58-60). The presence of visual 
symptoms at diagnosis, particularly in CYP under 6 years of age, correlates with poorer visual 
outcomes (57, 61, 62). 

 
Both optic atrophy and papilloedema are commoner in children than adults and important 
prognostic factors of poor visual outcome in childhood craniopharyngiomas; however the 
addition of colour vision or contrast sensitivity testing do not improve detection sensitivity and 
are not recommended. On the other hand, a relative afferent pupillary defect correlates with 
significant optic nerve compression and should be looked out for.  
 
Age-dependent standardisation of VA assessment is therefore necessary to determine change 
over time. Teller acuity cards and grating acuity tests (e.g. the preferential looking test) are used 
in preverbal children, whilst computer-based recognition acuity tests (e.g. HOTV letters or Lea 
symbols) are used in older children who can verbalise or point. Both methods convert into 
reliable Snellen VA values. The logarithm of minimal angle of resolution (logMAR), where each 
line on an acuity chart is separated by 0.1 logMAR units is increasingly recommended to facilitate 
comparison of continuous VA values, and is already established in international trials of children 
with suprasellar and hypothalamochiasmatic gliomas. 
 
Automated VF testing in healthy children is reliable from as young as 4 years and is feasible 
between 5 and 8 years of age, though testing by confrontation should be attempted as all visit 
(63). Older children can cooperate with Goldmann perimetry testing which better assesses the 
degree of field loss along both horizontal and vertical axes. 
 
One study of craniopharyngioma patients showed abnormal VEP responses in 61.8-91.2%(64). 
However, because VEPs and VA reflect the central 20° and 2° of the VF respectively, severe pre-
existing damage limits their ability to detect progression of visual dysfunction in the setting of 
paediatric optic pathway gliomas (65-67). Small changes in VEP amplitude without changes in VA 
require interpretation by experienced electrophysiologists who are not widely available. Thus, 
the use of VEPs is not recommended for long-term monitoring of craniopharyngiomas. 

  
b. Be aware of optical coherence tomography (OCT) as a method of assessing retinal nerve fibre 

layer thinning in CYP with more severe degrees of visual acuity or field loss. (Weak 
recommendation, low quality of evidence) 

  
 One study of optical coherence tomography (OCT) has shown that reduced retinal nerve fibre 

layer thickness correlates with visual dysfunction in children with craniopharyngiomas and 
reduced VA(68), whilst another study of suprasellar tumours showed that this was correlated with 
optic tract oedema(69). OCT using the Stratus handheld OCT device has been shown to be 
reliable in children as young as 3 years of age (70-72). Spectral-domain OCT, which provides a 
much higher resolution than time-domain OCT and may therefore be more sensitive, has been 
safely trialled in sedated children with optic pathway gliomas as a means of testing visual 
function and optic nerve integrity in uncooperative infants (70). Very young infants are, however, 
as unlikely to cooperate with conventional OCT devices as with VA testing. It is worth noting that 
in adults, a thicker retinal nerve fibre layer can help predict the likelihood of recovery of vision 
after surgical decompression (73). 

  
3.2.1.3 Endocrinology 
  
a. Offer baseline plasma endocrine biochemistry in all CYP at presentation of suspected 

craniopharygnioma which should include urgently analysed AFP, β-hCG and prolactin available 
before any definitive surgery; as well as IGF-1, TSH, free T4, LH, FSH, testosterone/ oestradiol, 
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paired early morning plasma/ urine osmolalities and electrolytes, and, if no dexamethasone 
has been instituted, a morning cortisol +/- ACTH. (Strong recommendation, Delphi consensus 
(100%)) 

  
b. Be aware that a random cortisol measurement taken before administration of any 

dexamethasone may be useful in documenting pre-treatment status of the hypothalamo-
pituitary-adrenal axis in CYP presenting acutely with raised intracranial pressure. In the 
absence of treatment with dexamethasone for peri-tumoral oedema, be aware that morning 
cortisol concentrations +/- ACTH may also be measured prior to any prophylactic steroid 
cover. (Weak recommendation, low quality of evidence) 

  
c. In the non-acute situation, offer combined dynamic pituitary function tests of growth hormone 

(GH) and cortisol reserve and, if age-appropriate, gonadotrophin secretion when feasible, 
before any steroid therapy when possible, as the results inform the treatment decision-making 
process. (Strong recommendation, Delphi consensus (83%)) 

  
 Five studies (22, 31, 32, 37, 52) show that 80-90% of CYP with craniopharyngioma have 

hypothalamo-pituitary deficits at diagnosis if tested. Deficiencies in GH (75-81%), 
gonadotrophins (40-50%), TSH (25-37%), ACTH (22-25%) and AVP (7-31%) have been described. 
Partial AVP deficiency may be masked by concomitant ACTH deficiency and not clinically 
manifest as central diabetes insipidus (CDI) until glucocorticoid replacement is initiated. Mild 
hyperprolactinaemia, attributed to disruption of secretion of hypothalamic inhibitory dopamine 
is seen in 11-32%, but if severe (>2000 mU/l), should warrant exclusion of a prolactinoma (see 
Pituitary Adenoma guidelines). Basal plasma AFP and β-hCG concentrations should also be 
measured prior to any surgery to rule out a secreting germ cell tumour. However, it is worth 
noting that normal plasma concentrations are not 100% sensitive and measurement of 
cerebrospinal fluid (CSF) concentrations may require consideration if the suspicion of a germ cell 
tumour remains high (see Thickened Pituitary Stalk guidelines). 
 
In order to better determine tumour- and treatment-related aetiology for endocrine deficits, the 
Delphi consensus fully supported both basal pituitary function and dynamic tests of GH and 
cortisol reserve, together with an LHRH test if age-appropriate and/ or delayed or arrested 
puberty is suspected, prior to treatment where possible as results can influence treatment 
planning for CYP with craniopharyngiomas.  

 
It would therefore seem sensible that all patients undergo baseline pituitary function testing at 
diagnosis including IGF-1, TSH, free T4, LH, FSH, testosterone/ oestradiol, prolactin, 7-9 am 
cortisol (if patient not receiving steroid therapy) and paired early morning plasma/ urine 
osmolalities. In addition, AFP and β-hCG concentrations should be measured prior to any 
intervention to rule out a germ cell tumour. If serum concentrations are normal and the suspicion 
of a germ cell tumour remains high, measurement of cerebrospinal fluid (CSF) concentrations of 
AFP and β-hCG should also be considered (see Thickened Pituitary Stalk guidelines). Along with 
this, all patients should also have a full clinical assessment including documentation of auxology, 
height velocity and Tanner pubertal staging at diagnosis.  

 
In order to establish the primary effect of the tumour on hypothalamo-pituitary function, prior to 
any therapeutic intervention, dynamic pituitary function tests of GH and cortisol (with/ without an 
LHRH stimulation test if delayed/ arrested puberty or hypogonadotrophic hypogonadism is 
clinically suspected) should be performed when feasible and clinically indicated. The results of 
the endocrine assessment can contribute to the treatment planning for craniopharyngiomas. GH 
assessment should follow GH Research Society recommendations (74), whilst the gold standard 
insulin tolerance test of adrenal reserve may be contraindicated in infants under 5 years and 
those with epilepsy or cerebrovascular disease, requiring substitution according to local 
guidelines.  
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Two studies suggest that direct stimulation with a standard dose of synacthen (SST) has a 77-91% 
sensitivity and 97-99% positive predictive value for excluding ACTH deficiency (75, 76). Cho et al. 
(2014) internally validated various plasma cortisol cut-offs in 208 normal adult controls for the 
insulin tolerance test (415 nmol/l), SST (480 nmol/l) and low dose synacthen test (LDST, 1 μg 
synacthen, 436 nmol/l) with sensitivities of 77.1% and 83.1% respectively in the latter two tests 
(76). Gleeson et al. (2003) found both synacthen tests had sensitivities of 91% when compered 
against clinical outcomes(75). The literature on the reliability of 0800 basal cortisol, other low 
dose synacthen tests, glucagon, metyrapone or CRH stimulation tests is otherwise of low quality 
(76-79). A meta-analysis of 13 observational studies by Kazlauskaite et al. (2008) suggested widely 
differing cut-offs for different tests with different degrees of deficiency (77). These cut-offs are 
also known to be assay-dependent(80), and thus the assessment of adrenal reserve requires time 
and endocrine expertise. In any event, a random unstimulated cortisol level before any 
perioperative dexamethasone or hydrocortisone cover can aid later diagnosis and should be 
performed.  

  
d. Be aware that deteriorating serial thyroid function tests (low or inadequately elevated TSH 

concentrations with repeatedly low/ borderline low/ falling free T4 concentrations at least 1-2 
weeks apart) are sufficient for diagnosis in CYP with craniopharyngioma without the need for a 
TRH test which does not adequately discriminate between hypothalamic and pituitary causes 
of thyroid dysfunction. (Weak recommendation, low quality of evidence) 

  
 Three studies (81-83), suggest a TRH stimulation test does not reliably discriminate between 

hypothalamic and pituitary thyroid disorders. Alternative methods, such as lack of the nocturnal 
TSH surge are not in common use (84). The European Thyroid Association and Endocrine Society 
have recently released guidelines on the diagnosis and management of central hypothyroidism 
and recommended that low or inadequately elevated TSH concentrations generated by current 
ultrasensitive assays, in the presence of a repeatedly low/ borderline low (on at least 2 separate 
determinations) or falling (>20% to previous values) free T4 are taken as sufficient evidence of 
central hypothyroidism to commence replacement in those with sellar/ suprasellar disease (85, 
86).  

  
e. Be aware that a formal water deprivation test may help confirm central diabetes insipidus 

(CDI) in CYP with a known suprasellar tumour and a history of polydipsia and/ or polyuria, 
where other metabolic causes have been excluded, in the absence of a confirmed 
inappropriately dilute polyuria in the presence of plasma hyperosmolality (urine: plasma 
osmolality ratio <1.0) responsive to desmopressin, especially if the posterior pituitary bright 
spot is absent on MRI. (Weak recommendation, low quality of evidence) 

  
 In children with polyuria and polydipsia, hyperglycaemia, hypokalaemia, hypercalcaemia, chronic 

renal failure and hyperthyroidism need to be excluded first. Despite the absence of formal 
studies on the sensitivity and specificity of water deprivation testing in this context, a recent 
review paper suggested that a formal water deprivation test is not required if patients with 
suprasellar tumours had confirmed polyuria and polydipsia and a hypo-osmolar urine paired with 
hyperosmolar plasma, especially if the posterior pituitary bright spot is absent (87). Two studies 
further correlate this latter finding with neurohypophyseal dysfunction (88, 89).  

 
Other non-validated clues to CDI include a persistently elevated hourly urine output >2 
ml/kg/hour, a low urine specific gravity of <1.005 and a urine osmolality of <300 mOsm/kg 
concurrent with a plasma osmolality of >300 mOsm/kg (i.e. urine: plasma ratio <1.0) (90-96). In 
patients with unrecognised or untreated glucocorticoid deficiency, coexisting partial CDI may 
not manifest as polyuria and polydipsia until glucocorticoids, permissive to renal water excretion, 
are commenced, whilst these same symptoms may also be masked in patients with hypothalamic 
hypodipsia. 
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Plasma and urinary AVP measurements are good markers of posterior pituitary function, but 
assays are not widely available and sample easily subject to processing errors (89, 97). Plasma 
assays for copeptin, a more stable peptide secreted stoichiometrically on AVP cleavage from its 
carrier protein neurophysin II are now more widely available. Several studies suggest copeptin is 
a more sensitive and specific surrogate marker for AVP secretion than the water deprivation test, 
but have largely been validated in adults so far (98-103). Only one low quality paediatric study 
has been conducted using a cut-off water-deprived plasma copeptin concentration of ≤3.5 
pmol/l to diagnose complete/ partial central DI, with suboptimal sensitivity (75%) and specificity 
(83%) (104). Therefore, the GDG could not recommend its routine use in CYP, although it may 
add information in cases where there is hypodipsia.  
 
A trial of desmopressin treatment should reduce fluid intake, thirst, plasma sodium and 
osmolality, but if there is persistent hypernatraemia, a formal biochemical diagnosis of central DI 
may need to be sought with a water deprivation test.  

  
f. Be aware of the presence of the hypothalamic syndrome, and the possibility of performing a 

formal psychological assessment at diagnosis, as this may help separate disease- and future 
treatment-related morbidity.  (Weak recommendation, low quality of evidence) 

  
 Tumour and/ or treatment-related hypothalamic injury can cause devastating social and 

neuroendocrine sequelae which severely impair quality of life, and manifest predominantly as 
morbid inexorable obesity, neuropsychiatric disturbance, temperature dysregulation and thirst 
impairment. Formal questionnaires such as the Epworth Sleepiness Scale (105), Pittsburgh Sleep 
Quality Index (106), and the Dykens Hyperphagia Questionnaire Score (107) have not been 
evaluated in CYP with craniopharyngiomas, but given the high incidence of such hypothalamic 
features in this cohort (108-113), the GDG suggest that some form of assessment of 
hypothalamic dysfunction is considered in baseline pre-surgical assessments of hypothalamic 
dysfunction to inform treatment planning as part of hypothalamic-sparing strategies. 

  
3.2.1.4 Neuropsychology 
  
a. Offer all CYP with craniopharyngioma a baseline neurocognitive assessment around the time 

of diagnosis against which to monitor future progress. (Strong recommendation, Delphi 
consensus (92%)) 

  
 Despite a vast body of literature documenting post-treatment long-term neurocognitive deficits 

in survivors of childhood craniopharyngioma (see Section 3.2.2.5.k), there is no similar data at 
presentation in CYP. However, this is now being collected, at least before radiation if not before 
surgery as part of an international trial of proton beam irradiation, and was also strongly 
supported as a recommendation by the Delphi consensus panel of experts and achieved 92% 
agreement.  

  
3.2.1.5 Pathology 
  
a. Except in occasional surgical emergencies, offer delayed definitive surgical or radiotherapeutic 

treatment until confirmatory pre- or perioperative tissue histopathology or cyst fluid cytology 
is available. (Strong recommendation, Delphi consensus (91%)) 

  
 In the absence of any evidence, the GDG agreed histopathological confirmation of the diagnosis 

of craniopharyngioma in CYP was important before instituting any definitive treatment, and 
framed a recommendation to this effect. However, although several Delphi panel experts agreed 
with histological confirmation, especially before any radiotherapy was imposed, this did not 
reach 70% agreement as there remained concerns that urgent definitive surgery should not be 
delayed when appearances at surgery were often typical (e.g. cystic “engine oil” fluid). The GDG 
subsequently considered that some cystic cases may proceed to radiotherapy after aspiration 
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alone without definitive histology but still felt it good practice to obtain either tissue 
confirmation or characteristic fluid crystals in all but the most exceptional cases. The reframed 
recommendation above achieved 80% agreement in the second Delphi consensus. 

  
b. Be aware that Ki67 labelling or CTNNB1 mutation analysis of tissue have poor prognostic 

value. (Weak recommendation, low quality of evidence) 
  
 Molecular research in craniopharyngiomas in both mice and humans is currently a very active 

field. Potential new biomarkers, and new paracrine and inflammatory pathways are rapidly being 
discovered and explored with new therapeutic targets being identified (114). Retrospective 
cohort studies of a wide range of molecular markers (β-catenin, E-cadherin, vimentin, GH 
receptor, SMO, SUFU, CXCL12, CXCR4) have been correlated with overall survival (OS) or 
progression-free survival (PFS) (115-119), but the data is conflicting and not all studies include all 
markers. Based on the evidence to date, the GDG did not feel that Ki67 labelling or CTNNB1 
gene sequencing, the most commonly used markers, could be used to reliably predict outcome. 
There may, however be diagnostic value in assessing CTNNB1 status and other molecular 
markers in some cases to aid with diagnosis. 

  
3.2.2 Treatment 
  
3.2.2.1 Surgery 
  
a. Be aware that access to a surgeon with specific experience in paediatric craniopharyngioma 

surgery may improve overall outcomes. (Weak recommendation, low quality of evidence) 
  
 In all five primary publications assessing the effect of individual or unit neurosurgical experience 

on outcomes, evidence was of low quality, patient numbers were small, neurosurgical techniques 
and outcomes compared were variable, with very little data on long-term quality of survival (120-
124). One survey of the members of the American Society of Paediatric Neurosurgeons, 
documenting outcomes in 139 children with craniopharyngioma reported a significant difference 
in the outcome of radical surgery according to surgeon experience (122). Another evaluated only 
the endoscopic endonasal transsphenoidal approach without any long-term quality of outcomes 
in a population of mainly adult patients that both ENT surgeons and neurosurgeons were 
equivalent operators in this area(124).  
 
The recommended surgical approach was not formally evaluated as a PICO question but the 
evidence from a meta-analysis suggests that surgeons tailor their approach according to 
neuroanatomical correlates, technique availability and surgical experience. Outcomes between 
transcranial and transsphenoidal approaches in CYP with craniopharyngiomas (n=2955 vs. 373 
respectively), show similar overall survival but higher neurological morbidity, central DI, and 
visual deterioration in the transcranial group, although these patients also had more 
hydrocephalus, larger tumours and a greater incidence of hypothalamic involvement (125). Thus, 
it would seem prudent to suggest that units managing CYP with craniopharyngiomas should 
have specialist experience and be able to offer all the possible neurosurgical approaches. 

  
b. Consider surgery (complete or subtotal resection or cyst aspiration) in all CYP with 

craniopharyngioma given the better overall and progression-free survival compared with 
conservative (watch and wait) management alone. (Moderate recommendation, moderate 
quality of evidence) 

  
c. Consider not proceeding with complete resection of paediatric craniopharyngiomas where 

there is clear evidence of hypothalamic involvement on Paris grading. (Moderate 
recommendation, moderate quality of evidence) 

  
 We found no randomised-controlled trials or observational studies comparing outcomes after 
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surgical intervention against a watch and wait strategy. One study utilising disaggregated 
national registry data from the Surveillance, Epidemiology and End Results (SEER) Programme of 
the USA National Cancer Institute showed OS was improved after subtotal resection (STR, HR 
0.45 (95% CI 0.23-0.85)), but not gross total resection (GTR, HR 1.22 (95% CI 0.71-2.08)) compared 
with observation or biopsy (7). 
 
By contrast, there are several, largely retrospective cohort studies and systematic reviews 
comparing outcomes of GTR with STR with or without subsequent adjuvant radiotherapy (7, 34, 
126-140). These, however, variably stratify or include either tumour location or hypothalamic 
involvement in their analyses. The reported relative efficacy of GTR vs. STR in improving long-
term survival is inconsistent across these studies though most suggest better PFS or OS after 
GTR compared with STR (126, 130-132, 134-137, 140). However, where a grading system of 
hypothalamic involvement has been incorporated into multivariate analyses, GTR has not been 
associated with improved outcomes (34) or indeed, in some cases, has worsened PFS compared 
to STR with adjuvant radiotherapy (139).  
 
There are several systematic reviews of surgical treatment for paediatric craniopharyngiomas. 
The latest reported resection recurrence and long-term follow-up in 377 children from 109 
studies and found no difference in 1- and 5-year PFS between GTR (89% and 77% respectively) 
and STR with adjuvant radiotherapy (77% and 73% respectively)(126). However omitting adjuvant 
radiation after STR significantly reduced both 1-year (76% vs. 84%) and 5-year (43% vs. 73%) PFS. 
22 patients who were only biopsied and given intracystic treatment had similar PFS to those 
undergoing STR and radiotherapy, but the analysis did not control for selection bias and these 
cases are likely to have been smaller purely cystic tumours not directly comparable to larger 
solid types.  
 
The importance of adjuvant radiotherapy in stabilising any residual disease has been repeatedly 
reported. A large literature review of 43 studies in 1716 patients undergoing radiotherapy for 
craniopharyngoma between 1990 and 2012 reported 10-year local control rates of between 77-
100% whilst the long-term morbidity and incidence of new life-threatening CDI was higher after 
radical surgery than after limited surgery with adjuvant radiotherapy (127, 141). Other studies 
also support the hypothesis that adjuvant radiotherapy, in combination with STR, achieves 
equivalent PFS and OS to GTR and is superior to STR alone (see section 3.2.2.3) (130, 137).  

 
Only one observational prospective multicentre study of children surgically treated for 
craniopharyngioma (KRANIOPHARYNGEOM 2000) across 46 centres of varying pituitary surgical 
expertise reported better 3-year event-free survival (defined as death, progression or relapse) 
after GTR compared with STR (134). Hypothalamic involvement however has recently been 
shown to negatively impact on OS, but was not considered as a variable in the analysis for 
KRANIOPHARYNGEOM 2000 (34). 
 
Higher morbidity and late mortality results from panhypopituitarism, particularly post-treatment 
CDI and hypoglycaemia secondary to ACTH deficiency (32, 141-145). One population-based 
study of adults and CYP reported respective standardised mortality ratios (SMR) for 
hypopituitarism and CDI of 4.3 (95% CI 3.1-5.8) and 6.1 (95% CI 3.5-9.7) times that expected 
respectively (143). CDI together with either hypothalamic adipsia, and/ or ACTH deficiency, is a 
particularly significant risk factor for mortality (32). A recent aggregated data analysis from three 
UK centres treating CYP with craniopharyngiomas over 40 years showed that over successive 
treatment eras, along with more conservative surgical treatment strategies involving a reduction 
in attempted GTR, the rates of CDI, gonadotrophin deficiency, and panhypopituitarism were 
lower, with no change in the rates of hypothalamic syndrome or obesity (146). Avoidance of 
further hypothalamic damage during surgery is therefore recommended. 

 
In summary, moderate quality evidence indicates better survival after GTR compared with STR, 
with low quality evidence suggesting that adjuvant radiotherapy to the residual can ameliorate 
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the latter. Radiological evidence of hypothalamic damage predicts higher mortality. Given the 
indirect, moderate quality evidence that CDI and ACTH deficiency are associated with late 
mortality in CYP with craniopharyngioma, the GDG considered that hypothalamic Paris grading 
of craniopharyngiomas was important in determining the resectability of the tumour (i.e. GTR vs. 
STR) and the overall surgical treatment strategy to avoid further hypothalamic harm (see section 
3.2.1.1.c). 

  
d. Be aware of the spectrum of options available for surgical management of hydrocephalus, 

including but not limited to insertion of an ventriculo-peritoneal shunts, external ventricular 
drain, transventricular endoscopic cyst drainage, transsphenoidal endoscopic cyst drainage or 
insertion of an Ommaya reservoir into a craniopharyngioma cyst, tailoring these to each 
patient. (Weak recommendation, low quality of evidence) 

  
e. Be aware of the option of using solely primary cyst drainage to treat hydrocephalus due to a 

craniopharyngioma cyst, rather than ventriculo-peritoneal shunt or external ventricular drain 
insertion. (Weak recommendation, Delphi consensus (67%)) 

  
f. Be aware of the option of transventricular or transsphenoidal cyst drainage with/ without 

insertion of an Ommaya reservoir to control cyst size in cystic craniopharyngiomas. (Weak 
recommendation, low quality of evidence) 

  
g. Be aware of the option of a two-staged surgical approach involving minimally invasive surgery, 

relief of hydrocephalus and intracranial pressure, further neuroradiological assessment and 
MDT discussion before any definitive surgery of large mixed cystic/ solid craniopharyngiomas 
with/ without hydrocephalus. (Weak recommendation, low quality of evidence) 

  
 There are no direct comparative prospective or retrospective efficacy studies of surgical 

treatment of hydrocephalus in craniopharyngioma. Five publications, with small numbers of 
children with craniopharyngioma (147-151), describe management of hydrocephalus but do not 
record the prevalence of each technique. The various techniques used have included insertion of 
an Ommaya reservoir (147, 151), ventriculo-peritoneal shunting (148), transventricular endoscopic 
periventricular cyst drainage (149), and endoscopic fenestration (150). Two-thirds of the Delphi 
consensus panel agreed that in the presence of a predominantly cystic craniopharyngioma and 
hydrocephalus, the cyst should first be decompressed before reviewing the need to treat the 
hydrocephalus itself. 
 
Of eleven publications reviewed to assess the effectiveness of cyst decompression in the context 
of additional therapy (150, 152-161), the majority were case series and only one retrospective 
cohort study in 52 patients concluded that insertion of an Ommaya reservoir reduced the rate of 
relapse (153). Only 27% of patients subsequently experienced cyst reaccumulation, four being 
retreated with intracystic bleomycin. Other publications described various stepwise approaches 
(either Ommaya reservoir insertion or endoscopic cystic drainage) to draining large cystic 
craniopharyngiomas either in cystic recurrences or to allow for more definitive tumour resection 
using microsurgical techniques (150, 152, 154, 155, 157). Given these differing unproven 
approaches the GDG considered a stepwise surgical approach to management of large cystic 
craniopharyngiomas is suggested. 

  
h. Be aware of the option of using high-field intraoperative MRI, although this may not improve 

outcomes of craniopharyngioma surgery. (Weak recommendation, low quality of evidence) 
  
 Six publications referred to high field intra-operative MRI in craniopharyngiomas but none 

included a comparator group and the evidence of benefit was weak (160, 162-166). Hofmann et 
al. (2011) found it helped determine the extent of tumour resection in 25 tumours judged difficult 
from pre-operative imaging (162), whilst Nimsky et al. (2004) acknowledge it may change surgical 
strategy in 200 adult and paediatric patients mostly undergoing craniotomy or transsphenoidal 
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surgery for intracranial tumours (164). These were mostly gliomas or pituitary adenomas, but 
their earlier study in craniopharyngiomas concluded similarly though unpredictable recurrences 
still occurred (163). Intraoperative MRI has also been reported to aid accurate placement of cyst 
catheters (160, 163).  

  
3.2.2.2 Perioperative management 
  
a. Offer CYP with cerebral oedema and those undergoing craniotomy or wide opening of the 

cerebrospinal fluid space transsphenoidally rapidly tapered perioperative (48-72 hours) 
dexamethasone neuroprotection. (Strong recommendation, Delphi consensus (100%)) 

  
 Perioperative dexamethasone to reduce peritumoral oedema has been widely used despite the 

absence of much evidence from randomised controlled trials since its discovery in 1961, that 
high-dose corticosteroids dramatically alleviated the mortality and morbidity of brain tumour 
surgery (167). One randomised trial showed that a dose of 4 mg daily is sufficient to ameliorate 
long-term morbidity in adults (168). Roth et al. (2010) reviewed steroid use in neuro-oncology 
and concluded that they are likely overused in this context, but could find no evidence from 
which to produce definitive guidance (169). There are likewise no studies specific to CYP with 
craniopharyngiomas. A recent study of adult brain tumour patients showed that a more rapid 
taper of dexamethasone led to a reduction in the incidence of hypertension, with no change in 
neurological morbidity; however, the doses and duration of dexamethasone used in this study 
were not comparable to paediatric practice (170). Another randomised controlled trial of adult 
pituitary adenoma patients undergoing transsphenoidal surgery showed that perioperative 
hydrocortisone and dexamethasone resulted in a higher incidence of post-operative headaches 
and patients being discharged on long-term glucocorticoids for adrenal suppression, although 
this latter difference was not significant (171).  
 
Given the suppressive effects of corticosteroids on growth, bone health and adrenal function, 
the GDG put forward two statements to clarify the use of dexamethasone to the Delphi 
consensus panel. These statements were modified in accordance with comments received in 
Round 1 and achieved 87% agreement in Round 2.  

  
b. Be aware that perioperative hydrocortisone at stress doses could be given to CYP undergoing 

surgery without dexamethasone cover. If commenced this consider tapering post-operatively 
to maintenance doses until the integrity of the hypothalamo-pituitary-adrenal axis has been 
established. (Weak recommendation, low quality of evidence) 

  
 We found one study of adults with tumours other than craniopharyngiomas undergoing pituitary 

surgery with intravenous hydrocortisone cover followed by early re-assessment of hypothalamo-
pituitary-adrenal status by morning serum cortisol concentrations and insulin tolerance testing 
(172). Just one patient with normal pre-operative adrenal status required hydrocortisone 
replacement long-term and none had adrenal crises but there was no control group. A meta-
analysis of routine perioperative hydrocortisone cover in adults with pituitary adenoma found 
insufficient data to make a recommendation but reported an early postoperative low prevalence 
of adrenal insufficiency (0.96-12.9%) (173). Previous guidelines in adults with pituitary tumours 
recommended emergency peri-operative hydrocortisone cover for at least 48 hours in cases 
where selective adenomectomy is not possible (see section 3.2.2.5.d & g) (174). Since selective 
resection of the pituitary is unlikely in craniopharyngioma, the GDG suggests that CYP not 
receiving dexamethasone for neuroprotection, but undergoing surgery should routinely receive 
“stress doses” of hydrocortisone pre-operatively to prevent acute adrenal insufficiency, 
continued until the hypothalamo-pituitary-adrenal axis has been fully evaluated and proven 
intact. Patients with intact pre-operative adrenal function and small pituitary masses undergoing 
minor non-resective surgery, could discontinue hydrocortisone 24-48 hours post-operatively with 
monitoring of adrenal status by morning serum cortisol concentrations, though there is no 
consensus on the cut-off level for hydrocortisone supplementation (174).  
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There is also no consensus on the most appropriate perioperative hydrocortisone schedule, the 
commonest regimens commenced at induction of anaesthesia being: 
• 1 or 2 mg/kg (max 100 mg) intravenously 6-8 hourly 
• 1mg/kg (max 100 mg) as a loading dose and then as a continuous infusion over 24 hours 
• 25 mg in children <1 year, 50 mg in children between 1 and 5 years and 100 mg for those >5 

years intravenously 6-8 hourly 
• Triple normal oral replacement daily dose given as a daily continuous intravenous infusion or 

in 4 divided doses intravenously. 
 

After 24-48 hours, or when the patient is tolerating oral intake, the intravenous route can be 
changed to oral and hydrocortisone doses reduced to double maintenance in three or four 
equally divided doses. Provided the patient remains well, this can then be weaned after a further 
24 hours to replacement doses (estimated at 8-10 mg/m2 daily) in three divided doses given in a 
circadian rhythm, until confirmation of adrenal integrity. 

  
c. Be aware of the diagnoses of central diabetes insipidus (CDI, which may progress to a 

triphasic response), iatrogenic intravenous hyperhydration, glycosuria, and/ or cerebral salt-
wasting syndrome in the presence of post-operative polyuria. (Weak recommendation, low 
quality of evidence) 

  
 The diagnostic criteria for salt and water imbalance disorders, reviewed by several authors (175, 

176) and discussed in section 3.2.1.3.e, include both clinical and biochemical findings. After 
excluding other causes of diuresis of intravenous fluids administered perioperatively, 
hyperglycaemia and diuretic administration, the diagnosis of CDI should be suspected in the 
presence of hypotonic (<300 mOsm/kg) polyuria (>2 ml/kg/hour) in conjunction with 
hyperosmolar plasma (>300 mOsm/kg). Patients with CDI, intact thirst and free access to oral 
fluids may not develop hypernatraemia and hyperosmolality. In practice, a urine output of >4-5 
mls/kg/hour for at least 2 consecutive hours, paired with a urine/plasma osmolality ratio <1, or 
hourly urinary specific gravity £1.010, in the immediate postoperative period, is highly indicative 
of central DI.  
 
Where thirst is intact, patients with CDI should be allowed free access to oral fluids. If they are 
unable to drink or if there is evidence of adipsia, IV fluid replacement in the form of 0.45% 
sodium chloride in eunatraemic patients or 0.9% sodium chloride for extrarenal losses or 
hypernatraemic patients can be instituted. Fluid losses in excess of maintenance plus insensible 
losses (300 ml/m2/day) should be replaced by matching fluid balance (and associated electrolyte 
concentrations) 6- to 8-hourly, whilst remaining alert to acute triphasic response changes. 
Desmopressin can reduce total daily fluid requirements but doses require titrating according to 
urine output and pre-dose plasma/ serum sodium concentrations. Caution should be exercised 
until/ unless CDI is stable and permanent(87). Hyponatraemic may result from desmopressin 
overdose and doses should be withheld until sodium concentrations normalise to avoid cerebral 
oedema.  
 
CYP undergoing craniopharyngioma surgery can experience the triphasic response, consisting of 
an initial phase of CDI within the first 24-48 hours postoperatively, followed by SIADH about a 
week after, finally resulting in permanent CDI 1-2 weeks later (176). Variations of this pattern 
occur more often than in adults and therefore all CYP require careful monitoring (177). Cerebral 
salt-wasting syndrome (see Section 3.2.2.2.m) can also occur concurrently during any of the three 
phases (175, 178). Although two newer very low quality studies suggest that postoperative 
plasma copeptin may be useful in diagnosing CDI, both of these studies were carried out in 
adults, who are less likely to demonstrate the triphasic response (177, 179, 180). Additionally, in 
UK practice, obtaining plasma copeptin measurements may not be sufficiently rapid to aid with 
decision-making in these patients. 
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d. Be aware of the diagnoses of central adrenal insufficiency, the syndrome of inappropriate 

antidiuretic hormone (SIADH) secretion (possibly as part of a triphasic response), iatrogenic 
water overload and/ or cerebral salt-wasting syndrome in the presence of post-operative 
hyponatraemia. (Weak recommendation, low quality of evidence) 

  
 Data from two studies (181, 182) suggest SIADH is clinically characterised by a significantly 

reduced urine output of inappropriately high urine osmolality (>500 mOsm/kg) in the presence 
of euvolaemia/hypervolaemia, a low plasma sodium (<132 mmol/l) and osmolality (<270 
mOsm/kg), with patients often reporting increased thirst. Urine sodium loss is usually >20 
mmol/L (but fractional excretion of sodium <1), with suppressed plasma renin activity, low 
haematocrit, low plasma urea, and uric acid(175, 178). The therapeutic intervention for SIADH is 
fluid restriction. In severe cases, only insensible losses (300 ml/m2/day) may need replacement. 
The use of vasopressin receptor antagonists (e.g. tolvaptan) is limited in CYP and currently 
requires more research before it can be routinely recommended (183, 184). Normal adrenal and 
thyroid status should be confirmed and contributory renal or iatrogenic pathologies (e.g. 
diuretics, anti-epileptic medications) should be excluded prior to confirming the diagnosis of 
SIADH (87).  
 
If hyponatraemia is coupled with hypovolaemia and a concentrated polyuria, the diagnosis of 
transient cerebral salt-wasting should be considered. The diagnostic criteria for cerebral salt-
wasting syndrome in CYP is limited to case series and case reports after interhemispheric 
operative approaches or subarachnoid haemorrhage (185-188). Usually, it is characterised by a 
net negative water and sodium balance, hypotension and/ or tachycardia, but severe 
dehydration will reduce the polyuria which can be unmasked by a saline challenge. 
Biochemically, there is a low plasma osmolality, high urine osmolality with significant natriuresis 
(urinary sodium >40 mmol/l, fractional excretion of sodium >1) with urinary sodium excretion 
substantially higher than sodium intake, normal/ high haematocrit and serum urea. Plasma renin 
activity may be high-normal or frankly elevated; occasionally it is depressed or normal. The 
pathophysiology may be driven by brain natriuretic peptide (BNP) or atrial natriuretic peptide 
(ANP) (186, 187), but assays are neither widely available nor is their predictive value known. 
Treatment is by water and salt replacement and mineralocorticoid administration 
(fludrocortisone) has occasionally been used for treatment at doses of 0.025–1 mg/day (185, 186), 
but can cause hypokalaemia (in 73% of patients) and hypertension. Rarely, aggressive fluid 
replacement is required with central venous pressure monitoring. Recovery is usually within 24-
72 hours, heralded by a rise in plasma sodium, whilst prolonged courses should raise suspicion 
of infection or other pathology (87). 
 
In both cases, the detailed management of hyponatraemia is beyond the scope of this guideline 
and clinicians should refer to international expert recommendations (189). This includes 
recommendations regarding the use of hypertonic saline in the scenario of symptomatic 
hyponatraemia (e.g. seizures). 

  
3.2.2.3 Radiotherapy 
  
a. Offer deferment of adjuvant radiotherapy in CYP where the surgical impression of complete 

resection has been confirmed on post-operative MRI and/ or CT. (Strong recommendation, 
low quality of evidence, GDG consensus (100%)) 

  
b. Consider upfront external beam radiotherapy where tumour resection is incomplete. (Weak 

recommendation, low quality of evidence) 
  
c. Offer deferment of radiation until tumour progression is evident on a case-by-case basis 

where the MDT considers morbidity of radiation may outweigh its benefits in very young 
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children or those with minimal residual disease. (Strong recommendation, Delphi consensus 
(93%)) 

  
 GTR of craniopharyngiomas is achievable with acceptable morbidity in only a minority of 

selected cases, but if radiologically confirmed, gives excellent and comparable control rates to 
STR and adjuvant radiotherapy. 3 retrospective cohort studies additionally show no additional 
benefit of adjuvant radiotherapy in the context of a GTR, although this does not confer 
additional long-term morbidity(24, 137, 190). However given the widespread practice of not 
administering radiotherapy after GTR, higher quality studies examining outcomes in this context 
are highly unlikely, and therefore the GDG consensus was to strengthen this recommendation. 
 
Two systematic reviews of 5-year PFS show comparable rates after GTR or STR with radiotherapy 
(77 vs. 73%, n=377(126); 67% vs. 69%, n=442 (136)). In another cohort of 122 patients aged 11 to 
52 years, 24% patients undergoing GTR alone had similar OS and PFS to those undergoing STR 
and radiotherapy (130). However, STR without adjuvant radiotherapy results in unacceptably 
poor local control rates (126, 130, 136) and may increase the risk of long-term visual deterioration 
(24). 
 
Hence in cases where GTR poses unacceptable hypothalamic morbidity, STR with adjuvant 
radiotherapy (within 3 months) is recommended, but the optimal timing of the latter may be 
delayed until disease progression (salvage radiotherapy) in very young children or those with 
minimal residual disease where the MDT feels the balance of harm of radiation (e.g. 
neurocognitive decline, neurovascular events) outweighs its benefit. Two studies suggest no 
difference in survival rates with this salvage strategy but report a concerning increased rate of 
visual and endocrine morbidities and of CDI (191, 192). The GDG considered that whilst a watch 
and wait policy may therefore be appropriate in some very young patients after STR alone, this 
must be accompanied by close imaging and ophthalmological follow-up to address the high 
recurrence risk. This recommendation was supported by 86% of the Delphi consensus panel. 

  
d. Offer radiotherapy using the gross tumour volume (GTV) defined as the dimensions of the 

post-operative solid and cystic tumour complex. (Strong recommendation, Delphi consensus 
(86%)) 

  
e. Offer radiotherapy using the clinical target volume (CTV) margin for radiotherapy defined as 5 

mm modified to barriers of natural spread. (Strong recommendation, low quality evidence, 
Delphi consensus (100%))  

  
 GTV should include all post-operative solid and cystic components in the tumour bed, but whist 

the pre-operative volume requires consideration it should be adjusted to reduce the volume of 
normal brain irradiated (193, 194). Merchant et al.’s study of 88 children of median age 8.5 years 
receiving conformal or intensity modulated radiotherapy between 1998 and 2009 showed no 
difference in 5-year PFS when the 10 mm CTV was reduced to 5 mm in 2003 (88.1% vs. 96.2% 
respectively)(193). In the absence of further studies the above statements were put to the Delphi 
consensus panel and received 86% and 100% approval respectively. 

  
f. Offer radiotherapy using a dose fractionation is 54 Gy (or equivalent CGE for proton beam 

therapy) administered in 30 fractions over 6 weeks to the planning target volume (PTV). 
(Strong recommendation, low quality evidence, Delphi consensus (100%)) 

  
 Reported focal radiation doses for craniopharyngiomas in CYP are 50-54 Gy in 28 – 30 daily 

fractions over 6 weeks (193, 195-197). There are no randomised data comparing dose regimens 
but a study of 19 children showed higher rates of recurrence when doses of less than 54 Gy were 
used compared with 54 Gy or more (50% vs. 15%)(198). To refine the optimum dose fractionation 
regimen in the absence of clear evidence the GDG put forward two statements to the Delphi 
consensus process, differing only in the total dose (50 Gy vs. 54 Gy) delivered over the same 
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number of fractions (30) and duration (6 weeks). 100% of the radiation panel of experts agreed 
with the use of a total dose of 54 Gy, rather than 50 Gy.  

  
g. Consider high-energy proton beam therapy (PBT) as a radiation treatment modality for CYP 

with craniopharyngiomas. (Moderate recommendation, low quality of evidence, GDG 
consensus (100%)) 

  
 Despite the absence of clear evidence of benefit in children receiving radiation from protons 

compared to conventional or intensity-modulated photons in either OS, PFS, reduction in late 
neurocognitive toxicity or second tumour rates, proton radiation has increasingly become the 
standard of care for CYP with craniopharyngioma in the UK since 2010, with long-term clinical 
outcome data awaited (199-201). Only three studies compared photons with PBT, finding no 
difference in local control rates or OS. Leroy et al’s (2016) systematic review of PBT in 15 different 
paediatric cancers concluded that there was insufficient evidence to support or refute its use in 
craniopharyngiomas (202), whilst Bishop et al’s (2014) retrospective two-centre comparison found 
no difference in OS or PFS in 31 intensity-modulated radiotherapy- vs. 21 PBT-treated patients 
(192). However, median follow-up times were significantly shorter in the PBT group (33 months 
vs. 106 months, p<0.001) and data on the long-term toxicity of protons was lacking. Merchant et 
al. (2008) reported cognitive outcomes after PBT compared to conformal photon irradiation in 
four childhood brain tumour types, including 10 with craniopharyngioma, and found that PBT 
resulted in better dose distribution and significantly higher IQ scores (203), but this data requires 
confirmation in further studies. For these reasons the GDG felt it reasonable to suggest 
considering high energy PBT where available pending the outcomes of ongoing research, 
thereby strengthening the recommendation. 
 
It is also worth noting that with increasing experience there is some concern that radiation 
necrosis in the brainstem may be more frequent in children treated with proton therapy (204, 
205). This is currently unconfirmed and not well understood but some PBT centres are taking a 
precautionary approach to brainstem doses where appropriate. Thus, in the absence of good 
quality evidence demonstrating higher doses conferring improved local control rates, for a 
benign tumour such as craniopharyngioma, a dose of 50.4 CGE in 28 fractions may be favoured 
but this is neither consensus- nor evidence-based. It is therefore important that those centres 
employing this approach collect and report their outcomes. 

  
h. Be aware that gamma knife radiosurgery should only be considered as a primary treatment for 

craniopharyngiomas in CYP within a research setting as there is currently insufficient evidence 
for its efficacy. (Weak recommendation, low quality of evidence) 

  
 Stereotactic (gamma knife) radiosurgery (SRS) usually delivers a single large radiation dose of 12-

14 Gy to a small volume with high precision. Excellent local control with low toxicity has been 
reported in appropriately selected adults with craniopharygioma, including recurrent tumours 
(206), but there is little long-term outcome data in children in whom the neurocognitive late 
toxicity may be greater and whose craniopharyngiomas are often too large for SRS. No SRS 
studies with children incorporate a comparison group (206-214), and therefore, SRS tends to be 
reserved for specific individual indications such as small volume recurrence (see section 3.2.2.6.e) 
(215). Stereotactic techniques can also deliver conventionally fractionated radiotherapy with 
comparable results to conformal external beam radiotherapy (194, 197). Further research is 
needed to determine whether SRS has a better risk-benefit profile than fractionated radiation 
and a role in primary treatment of craniopharyngiomas in CYP. 

  
3.2.2.4 Other therapies 
  
a. Be aware that intracystic chemotherapies should only be considered as a primary treatment 

for craniopharyngiomas in CYP within a research setting as there is currently insufficient 
evidence for its efficacy. (Weak recommendation, low quality of evidence) 
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 The absence of high volume studies of intracystic chemotherapies and/ or comparisons with 

sham cyst aspirations or saline controls means the evidence for its efficacy as a primary treatment 
for craniopharyngiomas over cyst aspiration alone is lacking, with remaining concerns of 
neurotoxicity. However, interferon-α (IFNα) has increasingly become the preferred option for 
monocystic disease in light of the lower risk of neurotoxicity from leakage compared to 
bleomycin or radioisotopes, but further prospective randomised trials to establish risk-benefits 
are required before approval as first-line therapies (216). 
 
i. Intracystic interferon-α (IFNα) 
Cavalheiro et al’s (2010) prospective multicentre single-arm study of 60 patients with 
predominantly cystic craniopharyngomas, in whom 39 received IFNα as a primary treatment, 
reported control rates of 78.3%, but 13 patients required further surgical excision over a follow-
up period of up to 4 years (217). No mortality was reported but treatment was continued with 
largely minor side effects (30%; e.g. headache, eyelid oedema, fever, chronic fatigue syndrome 
and arthritis) and worsening endocrinopathy (13%). Kilday et al’s (2017) retrospective multicentre 
analysis of 56 CYP with craniopharyngiomas suggested that IFNα delayed progression slightly 
compared to previous therapy, particularly in those with predominantly cystic 
craniopharyngiomas (1.3 years vs. 0.3 years, p<0.001), but the number of doses administered 
were inconsistent between centres (218). There are also recent reports of neurotoxicity and 
therefore a positive leak test is now a relative contraindication to intracystic IFN-α treatment 
(219). Further sham crossover controlled studies are being developed internationally. 
 
ii. Intracystic bleomycin 
Published literature on intracystic bleomycin is limited to meta-analyses of low quality studies 
which consistently conclude its use in children should only be in the context of a trial with close 
clinical and radiological monitoring (220-223). Only three single-centre, single-arm studies 
reported on a small subcohort where the majority received conventional therapies (224-226). 

 
iii. Intracavitary irradiation 
The evidence for using of intracavitary radionuclides (e.g. 32P, 90Y, 186Re) is limited to low volume 
single-centre, single arm studies or case series, usually after multiple recurrences, without 
comparison to more conventional treatments (227-235). As with other intracystic therapies, there 
is a lack of data from which to determine their efficacy and risk-benefit profile. 

 
iv. Systemic IFN-α 
Systemic IFN-α has never been used as a primary therapy in craniopharyngiomas and there are 
only two single-arm studies of its use in recurrent tumours (236, 237). The GDG therefore could 
neither support nor refute its use (see Section 3.2.2.6.g). 

  
3.2.2.5 Post-treatment follow-up surveillance 
  
a. Be aware that a follow-up MRI within 3-6 months of treatment may be needed to assess 

response. (Weak recommendation, low quality of evidence) 
  
b. Offer MRI surveillance imaging at intervals guided by patient symptoms, definitive therapy 

(i.e. degree of resection and/ or radiotherapy), and by the MDT. (Strong recommendation, 
Delphi consensus (94%)) 

  
 Only two small retrospective cohort studies with no set protocols for the frequency of serial 

imaging have examined radiological tumour size after radiotherapy (238, 239). Of these, one 
study showed continued expansion up to 15 months, and shrinkage up to 68 months after 
radiotherapy (238), while the other showed tumour volume increased up to 224% in 52% of 21 
CYP with craniopharyngiomas up to 5 months after radiotherapy with a median time to maximal 
tumour shrinkage of 9.5 months (range 3.5-39.9 months) (239). These studies provide a range for 
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post-radiation tumour response and confirms the clinical impression that tumour enlargement, 
particularly cyst reaccumulation may be triggered by radiation therapy before shrinkage and may 
not always require intervention. The GDG could not hence explicitly recommend an optimum 
imaging interval and 94% of the Delphi consensus panel agreed with this decision. However, 
there may be a need for an immediate post-operative MRI +/- CT within 48-72 hours, and 
because images may be difficult to interpret, particularly if the sellar floor has fat-packing 
material, supplementary fat-saturated post-contrast imaging is advocated. Early 3 month 
imaging and 3-6 monthly follow-up after surgery and/ or irradiation is commonly performed and 
follows neuro-oncology PBT trial protocols.  

  
c. Offer repeat formal visual acuity and, if age-appropriate, visual field assessment within three 

months of definitive tumour treatment (i.e. resection +/- radiotherapy). (Strong 
recommendation, Delphi consensus (94%)) 

  
d. Offer ongoing visual follow-up at a frequency individualised according to age, residual visual 

function, symptoms and likelihood of tumour/ cyst regrowth. (Strong recommendation, Delphi 
consensus (81%))  

  
 Recovery of visual deficits is not usual after the first post-operative month (240, 241), and children 

under 6 years with visual deficits at diagnosis of craniopharyngioma are at high risk of poor visual 
outcomes (61, 62). There is no evidence for an optimal visual surveillance protocol and the 
sensitivity and specificity of VA and VF testing for detecting radiological recurrence, which it 
cannot replace, is unknown (see section 3.2.2.5). Nevertheless, tumours must be sizeable before 
new visual deterioration is documented, delaying therapy and reducing the likelihood of 
reversing visual impairment. Visual assessments are important to determine visual impairment in 
developing CYP who should be referred to the appropriate service for the visually impaired and 
for special educational support. These statements achieved 94% and 81% agreement 
respectively from the Delphi consensus panel. 

  
e. Offer basal and combined dynamic anterior pituitary function tests off any replacement 

therapy within 6 weeks of completion of initial treatment to assess the integrity of the GH, 
ACTH, TSH, and, if age-appropriate, gonadotrophin axes, if not already found definitively 
abnormal at diagnosis. (Strong recommendation, Delphi consensus (100%)) 

  
f. Offer lifelong follow-up for evolving hypopituitarism with the frequency determined on an 

individual patient basis.  (Strong recommendation, Delphi consensus (100%)) 
  
 Individual authors advocate different endocrine screening methods and intervals after treatment 

with no consensus on best practice, apart from agreeing that lifelong endocrine follow-up to 
screen for and manage hypothalamic, anterior and posterior pituitary deficits is required. After 
growth completion, transition to specialist adult neuroendocrine services should be effected and 
individually tailored. These statements both achieved 100% agreement with the Delphi 
consensus panel.  
 
Recovery of hypothalamo-pituitary function is reportedly uncommon after surgery, the evolution 
of new deficiencies over time being more usual (22, 24, 32, 242), although a few retrospective 
studies in CYP report rare recovery of pre-operative hypoadrenalism and hypothyroidism (243). 
In this latter report, however, it was difficult to ascertain whether the pre-operative 
hypoadrenalism was due to perioperative glucocorticoid-induced adrenal suppression rather 
than true ACTH deficiency (see section 3.2.2.5.h). Whilst CDI can be transient in the 
postoperative period (see section 3.2.2.2.c), new or persistent central DI (present >1 month 
postoperatively) can occur in up to 70-93% of patients, and in almost all patients (up to 100%) 
undergoing radical resection of their tumour (177, 244, 245). Other predictors of persistent CDI 
include recurrent surgery, pituitary stalk injury and a transcranial approach, although the most 
significant risk factor is the surgeon’s operative goal of GTR of the tumour mass (177). 
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g. Consider recombinant human growth hormone (rhGH) therapy in replacement doses in CYP 

with confirmed GH deficiency to re-establish normal linear growth, as this does not increase 
the risk of tumour progression. (Moderate recommendation, moderate quality of evidence) 

  
 A wide variety of studies including interrogation of post-marketing surveillance databases, 

cohort studies and case series involving many patient-years of observation show no evidence 
that rhGH treatment in replacement doses increases the background recognised relapse rate of 
brain tumours. Prospective cohort and case-control studies in patients with craniopharyngioma 
with and without rhGH therapy followed-up for 3-10 years have shown no independent impact of 
rhGH therapy on PFS and event-free survival (134, 246, 247). In one retrospective case-control 
study, four patients with craniopharyngioma treated with rhGH for a mean of 6.3 (range 0.8-22) 
years developed tumour recurrence over a 10.8 (range 1.9-40) year follow-up as compared to 22 
GH-naïve patients, and rhGH was not an independent predictor of recurrence on multivariate 
analysis, even when accounting for the duration of treatment (248). Another retrospective study 
showed no increased tumour recurrence rate in patients who had received radiotherapy and 
rhGH (249). These findings are in keeping with those of two larger studies of childhood brain 
tumours and childhood cancer, although both excluded craniopharyngiomas from their patient 
cohorts (250, 251).  
 
Pharmacovigilance retrospective cohort studies with historical controls also do not support an 
association between rhGH therapy and tumour recurrence. The National Cooperative Growth 
Study (NCGS) reported a recurrence rate of 6.4% in patients with craniopharyngiomas on rhGH 
therapy (252, 253) and the KIGS post-marketing surveillance studies in 1038 patients with 
craniopharyngiomas (adults and children) receiving rhGH suggest recurrence rates of 11.7% and 
a 10-year PFS of 64% with no effect of rhGH dose or timing of rhGH commencement within 5 
years of diagnosis (254). However, such studies are prone to selection bias, especially the 
practice to delay rhGH therapy for 1-2 years, and neither database specifically set out to look for 
tumour recurrence, so there is no direct non-treated control group which might inform this. 
 
The American Lawrence-Wilkins Paediatric Endocrine Society and Endocrine Society guidelines 
recommend initiating rhGH 1 year after completion of any brain tumour treatment, but this is 
based on little substantive evidence (255-257). The restoration of musculoskeletal and metabolic 
wellbeing is paramount in CYP with craniopharyngiomas, who often present with 
panhypopituitarism, which may mandate prompt therapy from diagnosis. Indeed, the most 
recent guidance indicates that rhGH can be commenced in CYP with craniopharyngiomas from 
as early as 0.7 years from diagnosis (257), particularly as concerns that it may precipitate 
recurrence or second neoplasms remain unfounded. Prompt re-establishment of normal linear 
growth and limiting obesity, which can occur in the face of GH deficiency with appropriate 
titration of rhGH doses should be considered one of the aims of endocrine management of 
survivors. 

  
h. Consider using dynamic function testing as per local guidelines on several occasions over time 

to differentiate long-term recovery from dexamethasone-induced ACTH suppression from 
permanent ACTH deficiency. (Strong recommendation, Delphi consensus (100%)) 

  
 Early assessment of pituitary ACTH reserve, whether after perioperative dexamethasone for 

cerebral oedema or prophylactic hydrocortisone cover, should be performed within 6 weeks of 
surgery (see Section 3.2.2.5.e) to assess the possibility of new ACTH deficiency as distinct from 
ACTH suppression and recovery. Dynamic insulin tolerance or low dose synacthen stimulation 
combined with serial morning cortisol and ACTH measurements may be required to assess 
adrenal recovery the possibility of adrenal recovery at intervals even many years later. In the 
absence of high quality evidence, the above statement was put to the Delphi consensus panel 
and achieved 100% agreement in the 2nd round.  
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i. Consider access to a designated MDT with specialist dietary, exercise, psychological and 
endocrine input for the management of hypothalamic obesity. (Moderate recommendation, 
moderate quality of evidence) 

  
 The pathophysiology of hypothalamic obesity is multifactorial with no single effective and safe 

intervention. Studies have included small numbers of patients with short periods of follow-up, 
utilising pharmacological agents such as triiodothyronine (258, 259), octreotide (260, 261), 
dextroamphetamine (262, 263), methylphenidate (264), sibutramine (265), and more recently 
GLP-1 agonists such as exenatide and liraglutide (266-268). One prospective, randomised, 
double-blind, placebo-controlled trial of octreotide in 9 patients reported a slight change in BMI 
of -0.2 ± 0.2 kg/m2 compared with +2.2 ± 0.5 in 9 controls at 6 months, but long-term outcomes 
remain unknown more than 10 years later (260). The only randomised double-blind placebo-
controlled crossover trial of sibutramine in hypothalamic obesity showed both intervention arms 
reduced by BMI SDS by -0.68 and -0.72 compared with -0.06 and +0.43 SDS in the placebo arms 
respectively (265). However both these agents have long-term side effects which limit their use, 
especially in CYP. Sibutramine has now been withdrawn due to cardiovascular side effects, whilst 
octreotide (260) and triiodothyronine (258) disrupt glucose tolerance and euthyroidism and bone 
health respectively. One study of 33 CYP with craniopharyngiomas aged 7.6 years at diagnosis 
and 13.4 years at first multidisciplinary obesity clinic visit demonstrated that they gained less 
weight over 12 months than in standard care (+8.5%/ year vs. +21.4%/ year), and reported 
improved health-related quality of life (269). 
 
A systematic review and pooled meta-analyses of 21 craniopharyngioma patients undergoing 
various types of bariatric surgery showed a weight loss of -20.9 kg (95% CI -35.4 to -6.3) at 6 
months and -15.1 (95% CI -31.7 to +1.4) kg at 12 months, as well as a reduction in the proportion 
of patients with type 2 diabetes from 31.6% to 7.1% and 8.3% at 6 and 12 months respectively 
(270). The risk-benefit of performing such surgery in CYP with morbid obesity and life-
threatening hypopituitarism, as well as the longevity of weight loss which appears to reduce with 
time, requires careful decision-making in the context of an MDT. Given its severe detriment on 
clinical well-being and the absence of an effective safe intervention for morbid hypothalamic 
obesity, neurosurgical strategies to preserve hypothalamic integrity and timely hormone 
replacement are mandatory for its prevention. 

  
j. Be aware of specialist sleep laboratory and behavioural neuropsychopharmacology services 

for CYP with hypothalamic injury and disturbed sleep and/ or behaviour. (Weak 
recommendation, low quality of evidence) 

  
 Sleep disorders are increasingly prevalent in long-term survivors of paediatric 

craniopharyngiomas, with 12% of children affected at a median 10 years after surgery (271). 
Several studies show increased sleep-disordered breathing and sleep fragmentation, less sleep 
efficiency, REM sleep, sleep onset latency and reduced oxygen saturation and an increased 
obstructive apnoea-hypopnoea index compared with weight-matched controls (272-276). 
Increased daytime sleepiness affects CYP with craniopharyngioma with a higher BMI, whilst a 
history of irradiation was correlated with lower melatonin concentrations, higher Epworth 
Sleepiness Scale scores and the presence of central or obstructive sleep apnoea on 
polysomnography (112, 274, 275, 277-282). The stimulants modafinil, methylphenidate, 
dextroamphetamine and the sedative melatonin have tried in single-arm studies (262, 274, 282-
284), but their efficacy and safety requires further study. Referral to specialist sleep laboratories is 
therefore recommended. A neurosurgical strategy that preserves hypothalamic integrity has 
been advocated to reduce such sleep disorders (284), although this was not confirmed to be 
efficacious in one study (277).  

  
k. Offer interval neuropsychological assessments until adulthood to inform clinical and 

educational neurorehabilitation and vocation in CYP with identified neuropsychological and 
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neurological deficits (e.g. seizures, stroke, visual impairment) and those who have undergone 
cranial radiotherapy. (Strong recommendation, Delphi consensus (100%)) 

  
 Our literature review suggests that both craniopharyngioma and its treatment are risk factors for 

neuropsychological impairment. Many single centre uncontrolled studies outline the wide variety 
of deficits faced by CYP with craniopharyngioma. Given the large quantity of literature and the 
changing surgical and radiotherapeutic strategies over time, the GDG did not review any 
published articles more than 20 years ago. Since methods of neuropsychological and 
psychosocial assessment varied significantly between studies, the GDG could not make a 
recommendation as to the best method(s) of assessment.  
 
Several studies of CYP treated for craniopharyngiomas report some degree of broadly-
conceived cognitive, emotional, psychosocial and/or educational deficits, sometimes linked to a 
hypothalamic syndrome (24, 26, 34, 131, 271, 285-299). Furthermore, several studies indicate that 
even if measures of general intelligence might be within the normal to low-normal range (290, 
300, 301), specific deficits could be identified in visual-spatial cognition (302, 303), memory (23, 
26, 290, 300, 302, 304-307), executive function (302, 307-310), and emotion/ behaviour (292, 311). 
Other studies suggest that relatively conservative surgical procedures combined with 
radiotherapy reduced the risk of neuropsychological impairment compared to more extensive 
resection (25, 296, 308, 312-314). However, radiotherapy was also linked to behavioural and 
social impairments in two papers (315, 316). Additionally, multiple recurrent interventions 
increased the likelihood of cognitive impairment (289, 317), whilst tumour position may play a 
role in psychosocial and behavioural problems (294). 
 
There is therefore no doubt that systematic and comprehensive longitudinal assessment of 
general psychological functioning and specific neuropsychological domains will be necessary to 
describe adequately the sequelae of craniopharyngiomas and their treatment. However, given 
the lack of evidence of which patients should be prioritised for assessment, and which method of 
assessment should be used, the above recommendation was put to a panel of Delphi consensus 
experts, and achieved 100% agreement. Despite this, these recommendations do not preclude 
the need for consideration of neuropsychological follow-up of CYP with craniopharyngiomas 
who have only undergone surgical resection without radiotherapy. 

  
3.2.2.6 Management of recurrence 
  
a. Offer further surgery before radiotherapy to avoid or reduce the radiation field before 

radiotherapy CYP with cystic and/ or solid recurrences after a radiologically complete 
resection without previous irradiation. (Strong recommendation, Delphi consensus (100%)) 

  
b. Offer further cyst drainage before radiotherapy in CYP with progressive, primarily cystic 

recurrences following initial incomplete resection without radiotherapy. (Strong 
recommendation, Delphi consensus (100%)) 

  
c. Offer radiotherapy with further surgery to reduce the radiation field in CYP with progressive, 

primarily solid recurrences following initial incomplete resection without radiotherapy. (Strong 
recommendation, Delphi consensus (100%))  

  
d. Offer a repeat course of conventional radiotherapy for the treatment of disease progression 

or recurrence after previous radiotherapy only in exceptional cases and only after all other 
therapeutic modalities have been explored, given its high morbidity. (Strong recommendation, 
Delphi consensus (100%)) 

  
 The treatment of recurrent or progressive tumours remains a significant challenge and is a 

matter of debate as all available evidence is of low quality. There is some evidence that the 
timing of radiotherapy (early adjuvant vs. salvage at recurrence) does not significantly affect 
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survival outcomes despite evidence for its efficacy in stabilising tumours, potentially with an 
impact on morbidity (see section 3.2.2.3.c). The few small volume studies that address treatment 
for recurrence do not dissect out outcomes based on the treatment modality used for primary 
and recurrent tumours (22, 141, 225, 301, 318-322). Two studies demonstrate a higher rate of 
second recurrence if radiotherapy is omitted from the second line treatment strategy – 5-year 
post-recurrence PFS was 80% after STR and radiotherapy, but only 50% and 16% in patients after 
just GTR and STR respectively (323). Kalapurakal et al.(2000) also demonstrated a 100% 5-year 
post-recurrence PFS with radiotherapy and 0% without, with a median post-operative time to 
second relapse of 12 (range 2-36) months (318). No patient in either of these studies had 
received primary radiotherapy. These data suggest radiation at relapse would be better at 
stabilising disease and may prevent further morbidity, especially as repeated surgery and 
difficulties in achieving GTR (321) have been associated with poorer functional outcomes (322).  
 
However, there is some evidence for the size of cystic craniopharyngiomas affecting the 
radiotherapeutic response, suggesting that primarily cystic progressions or recurrences should 
have been aspirated and reduced before irradiation to the whole tumour volume, especially as 
this is a relatively minor intervention compared with definitive resection. By contrast, a solid 
tumour previously not amenable to GTR is unlikely to be completely resectable at recurrence 
without a significant impact on morbidity, and hence radiation should be administered in naïve 
patients, although surgery to reduce the solid component and thus the radiation field can be 
considered.  
 
In patients with post-radiation solid recurrence, second course radiotherapy is not commonly 
offered, particularly given the risk of exceeding optic chiasm dose constraints and the potential 
risk of neurotoxicity on the developing brain (324, 325), and would need very careful 
consideration by the MDT.  
 
The Delphi consensus panel considered each of the above recommendations and achieved 
100%, 100%, 93% and 100% agreement to this approach. Given the lack of evidence in this area, 
teams managing CYP with recurrent/ relapsed craniopharyngiomas should be aware of current 
trials in this area, and consider offering opportunities for participation where clinically 
appropriate. 

  
e. Be aware that gamma knife radiosurgery for recurrent or progressive craniopharyngiomas 

should only be considered in a research setting as there is currently insufficient evidence for 
its efficacy. (Weak recommendation, low quality of evidence) 

  
 All the studies of SRS use at recurrence of craniopharyngiomas are of low quality, consisting of 

mixed adult and paediatric uncontrolled cohorts in single centres without subcohort analysis by 
age (206, 212, 213, 215, 323, 326-328). One study showed similar mean PFS for SRS as for 
conventional radiotherapy (1907 (95% CI 1261-2552) days vs. 2816 (95% CI 2070-3561) days), but 
only 48% of tumours in this study were recurrent (327). Another study showed similar 5-year PFS 
for recurrent tumours after SRS vs. STR with adjuvant radiotherapy (83% vs. 80%), both of which 
were better than STR alone (16%) (323). Additionally, visual deterioration and poorer long-term 
functional status was less likely after SRS or STR with adjuvant radiotherapy than after STR alone. 
Given the absence of comparative studies of SRS vs. conventional radiation in CYP, the GDG did 
not feel it could recommend SRS as a primary treatment option for recurrent disease. However, 
the available data suggest that stereotactic radiosurgery has a good response rate and a 
favourable risk profile, particularly for small tumour volumes <1.6 cm3 (especially away from the 
optic pathway) where complete coverage of the tumour mass by the radiation dose is achieved 
(206, 213, 328), therefore worthy of further study of effectiveness and long-term toxicity in this 
cohort. 
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f. Be aware that repeated courses of intracystic IFNα via an indwelling catheter could be 
considered instead of aspiration alone in CYP with recurrent cystic craniopharyngiomas. (Weak 
recommendation, low quality of evidence)  

  
 Different intracavitary treatments for recurrent cystic craniopharyngiomas have been reported in 

institutional case series (224-226, 228, 230, 329-331), with a more recent focus on intracystic IFNα 
and a parallel reduction in the use of intracystic bleomycin and brachytherapy. Section 3.2.2.4.a 
details the evidence for intracystic therapies with no added information gained in our search for 
cystic recurrences, outcomes being difficult to separate from primary and more conventional 
treatment strategies (224-226, 332). Cyst volume reductions of between 24.8-88.3% have been 
reported with a 5-year in-field PFS approaching 81% in some cohort studies (329, 330). 

  
g. Be aware that systemic IFNα in CYP with recurrent craniopharyngiomas should only be 

considered in the context of a research trial as there is currently insufficient evidence for its 
efficacy. (Weak recommendation, low quality of evidence) 

  
 Three small uncontrolled cohort studies report some effect of systemic IFNα-2a or pegylated 

IFNα-2b in patients with recurrent/ cystic progressive craniopharyngiomas, with stabilisation or 
reduction in cystic disease, some of whom exhibited sustained tumour responses over time (236, 
237, 333). However, given the significant side effects of systemic therapy (fever, neutropenia, 
transaminitis, fatigue, rashes, seizures, insomnia, anxiety) (236), particularly in a vulnerable 
population with potential hypopituitarism, systemic IFNα requires further study and should not 
be administered to CYP outside the context of a clinical trial. 
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4. Implementation, evaluation & audit 
 
In addition to publishing the electronic version of this guideline together with the other seven guidelines in 
this series on the main CCLG website, providing electronic cross references between them and linking all of 
these to the BSPED and RCPCH websites, we will also disseminate them widely to all the stakeholder 
groups and offer similar electronic links. We have already presented abstracts of this guideline at the 
International Meeting of Paediatric Endocrinology (2017) and the International Society of Paediatric Neuro-
oncology Symposium (2018), the Royal College of Paediatrics & Child Health Conference (2018), the 
European Society for Paediatric Endocrinology Annual Meeting (2019), the British Society for Paediatric 
Endocrinology & Diabetes Annual Meeting (2019) and will be planning keynote focus presentations at the 
annual conferences of both the CCLG and BSPED societies and publication of peer reviewed summary 
guideline articles, either as a series or a supplement, in a high impact speciality journal. 
 
4.1 Barriers, facilitators and resource implications 
 
Implementation of this, and each of the other seven guidelines in this series, will be subject to evaluation. 
We aim to effect prospective central registration of each patient via the CCLG’s already streamlined system 
of centre coordinators who undertake this for all children with cancers treated at the UK’s 16 CCLG 
accredited tertiary centres. The CCLG will also explore the possibility of an automated electronic link to the 
web-based guidelines, which would provide both a record of those using the guideline and facilitate a 
voluntary data retrieval system for evaluation of both professional experience and patient treatment 
outcomes, at 2- to 3-year intervals. This will help achieve greater uniformity in the management of CYP with 
craniopharyngiomas nationally, and will highlight potential areas where service provision is inadequate. 
 
Development of this guideline was aimed at defining a standard of best practice, with the awareness that 
existent infrastructure in some centres would already fall short of the standards described here. The GDG 
recognises that some of the recommendations within this guideline will require a degree of service 
reorganisation, and also that a significant proportion of this guideline is based on low quality evidence or 
expert consensus. Access to all of the appropriate members of the MDT recommended in this guideline for 
the care of CYP with craniopharyngioma may not always be available in all sites currently managing such 
patients, and this guidelines aims to provide a standard against which such care can be audited to make a 
case for improving existing infrastructure and facilities. Centralisation of the management of such cases may 
however result in cost and resource savings by avoiding duplication and reducing the likelihood of poorer 
outcomes when managed in smaller, less experienced centres(39). It is therefore imperative to create a 
centralised system for long-term outcome data collection to ensure the guideline recommendations and 
their outcomes, benefits and risks to CYP with craniopharyngiomas are fully audited and understood. 
 
4.2 Audit criteria 
 
The following key areas of recommendation will be audited: 
• Management of CYP with craniopharyngiomas in specialist centres with adequate multidisciplinary team 

support experienced in treating these tumours 
• The use of the hypothalamic grading system as part of comprehensive neuroradiological and 

neurosurgical assessment to assess the risk of future hypothalamic damage prior to any surgical and/ or 
radiotherapeutic intervention 

• Evidence for a risk-based approach to surgical resection 
• Adequate perioperative endocrine management with the involvement of a paediatric endocrinologist 
• Appropriate use of radiotherapy, including access to proton beam therapy, to optimise overall and 

progression-free survival 
• Comprehensive pre- and post-treatment assessment of endocrine, visual and neurocognitive function 
• Adequate, comprehensive planning for transition of care to adult services. 
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5. Conclusions 
 
The rarity of paediatric endocrine tumours such as craniopharyngiomas makes their management 
challenging. There have been repeated calls by multidisciplinary professionals caring for these children for 
these society-commissioned, RCPCH-endorsed, evidence-based and high quality consensus guidelines 
since the original 2005 consensus recommendations, which were previously well-received by both users and 
patient groups alike. During the process of guideline development, we have confirmed a general lack of 
high quality evidence relating to this age group and identified, through the Delphi consensus surveys, the 
need to develop multispecialty advisory panels (e.g. currently operating informally as the Hypothalamo-
Pituitary Axis Tumour (HPAT) advisory group), particularly for complex cases, and most importantly, a 
national register for evaluation of key management outcomes in these rare, eminently curable, young, 
survivor cohorts.  This is crucial to inform clinical trials, enhance the quality of evidence, potentially improve 
health-related quality of survival and improve equity of access to expert care. 
 

6. Updating the recommendations 
 
The literature will be reviewed five years after guideline publication. If relevant new evidence is identified 
sooner than/ before five years the GDG will update the guideline (or appropriate section) according to the 
evidence identified. 
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7. Glossary 
 
ACTH  Adrenocorticotrophic hormone 
ADC  Apparent diffusion coefficient 
ADH  Antidiuretic hormone (also arginine-vasopressin (AVP)) 
AFP  α-fetoprotein 
ANP  Atrial natriuretic peptide 
β-hCG  β-human chorionic gonadotrophin 
BMI  Body mass index 
BNP  Brain natriuretic peptide 
BSPED  British Society for Paediatric Endocrinology & Diabetes 
CCLG  Children’s Cancer and Leukaemia Group 
CI  Confidence interval 
CRH  Corticotrophin-releasing hormone 
CSF  Cerebrospinal fluid 
CT  Computerised tomography 
CTV  Clinical target volume 
CYP  Children and young people (<19 years of age) 
DI  Diabetes insipidus 
DTI  Diffusion-tensor imaging 
DWI  Diffusion-weighted imaging 
FSH  Follicle-stimulating hormone 
GDG  Guideline Development Group 
GH  Growth hormone 
GTR  Gross total resection (also complete resection) 
GTV  Gross tumour volume 
HR  Hazard ratio 
IFNα  Interferon-α 
IGF-1  Insulin-like growth factor 1 
LDST  Low-dose synacthen test 
LH  Luteinising hormone 
LHRH  Luteinising hormone-releasing hormone (also gonadotrophin-releasing hormone (GnRH)) 
MDT  Multidisciplinary team 
MRI  Magnetic resonance imaging 
MRS  Magnetic resonance spectroscopy 
NICE  National Institute for Care and Health Excellence 
OCT  Optical coherence tomography 
OS  Overall survival 
PBT  Proton beam therapy 
PICO  Population, Intervention, Comparison, Outcome (question format) 
PFS  Progression-free survival (also recurrence-free survival) 
POSCU Paediatric oncology supportive care unit 
PROPELLER Periodically rotated overlapping parallel lines with enhanced reconstruction (DWI technique) 
PWI  Perfusion-weighted imaging 
RCPCH Royal College of Paediatrics & Child Health 
rhGH  Recombinant human growth hormone 
SIADH  Syndrome of inappropriate antidiuretic hormone secretion 
SDS  Standard deviation score 
SRS  Stereotactic radiosurgery 
SST  Standard synacthen test 
STR  Subtotal resection (also incomplete/ partial resection) 
T4  Thyroxine (thyroid hormone) 
TRH  Thyrotrophin-releasing hormone 
TSH  Thyroid-stimulating hormone (also thyrotrophin) 
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VA  Visual acuity 
VEP  Visual evoked potential 
VF  Visual field 

 
8.  Relevant associated guidelines 
 
• CCLG Brain Tumour Imaging Protocol (46) 
• Growth Hormone Research Society Consensus Guidelines for the Diagnoses and Treatment of Growth 

Hormone Deficiency in Childhood and Adolescence (74) 
• European Thyroid Association Guidelines on the Diagnosis and Management of Central Hypothyroidism 

(85) 
• Pediatric Endocrine Society Guidelines for Growth Hormone and Insulin-Like Growth Factor-1 Treatment 

in Children and Adolescents (256) 
• Endocrine Society Clinical Practice Guideline for Hypothalamo-Pituitary and Growth Disorders in 

Survivors of Childhood Cancer (257) 
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Appendix B: Summary of methods used to develop the 
guidance 
 
Methods 
 
This guideline was developed in accordance with The Appraisal of Guidelines Research and Evaluation 
Instrument II (AGREE II) criteria (334) and the Children’s Cancer and Leukaemia (CCLG) guideline 
development standard operating procedure, version 5 (335). The methodology is summarised in figure 1. All 
stages of the guideline development process were overseen and approved by the Quality Improvement 
Committee of the RCPCH. 
 
The guideline development group (GDG) identified the guideline objectives which were summarised as a 
series of PICO clinical questions. The guideline objectives and clinical questions were reviewed by 
previously identified guideline stakeholders to ensure no relevant area had been omitted. The clinical 
questions were used to direct a systematic literature search. Titles and abstracts identified in the literature 
search were screened by the GDG and full text articles relevant to guideline development reviewed. The 
quality of evidence identified in the systematic search was appraised using the GRADE criteria(1). 
 
Where the literature search identified evidence to answer the PICO questions, the guideline development 
group made a guideline recommendation. The strength of the recommendation was determined by the 
trade-off between the benefits and harms of the recommendation, taking into account the quality of the 
underpinning evidence. Recommendations which were based on existing low quality evidence, but were 
deemed unlikely to be further researched in higher quality studies due to already being in common, 
widespread practice were strengthened by internal GDG consensus.  Where there was no/ insufficient 
evidence, or the identified evidence was contradictory, the GDG drafted recommendations based on their 
expert opinion. Recommendations based on GDG expert opinion alone were peer reviewed using a formal 
consensus process (Delphi process) (2). All members of the Delphi consensus panel were allowed to vote for 
all proposed recommendations. A recommendation was deemed to have achieved consensus if 70% or 
more of the Delphi respondents supported the recommendation. All recommendations were reviewed by 
the guideline stakeholders and at least one selected peer expert, prior to guideline publication.  
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NICE conflicts of interest policy (https://www.nice.org.uk/about/who-we-are/policies-and-procedures). The 
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in development of guideline methodology or final guideline recommendations. The CCLG provided 
administrative support throughout the guideline and the RCPCH provided advice and assessed it at 
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Figure 1: Guideline development process 
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Figure 2: Literature review process (note that the number of papers excluded at 
each stafe are illustrated for individual PICO questions in the tables that follow) 
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Appendix C: The evidence 
 
Outcome 3.1.2.b: Management in tertiary paediatric specialist centres by a multidisciplinary team  

PICO question Literature search terms No. of articles No. included 
post-title review 

No. included 
post-abstract 
review 

Final no. included 

P In children <19 years with craniopharyngiomas 
I does a policy for management in tertiary specialist centres 
with multidisciplinary team support (e.g. neurosurgery, 
radiation oncology, endocrinology, neuroradiology, 
neuropathology) 
C compared to no policy for such management (i.e. 
management by any team in any hospital) 
O improve overall and progression-free survival? 

1. exp Craniopharyngioma/ or craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. Patient Care Team/ or multidisciplinary.mp. 
4. MDT.mp. 
5. (tertiary or specialist*).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword 
heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier] 
6. 3 or 4 or 5 
7. 2 and 6 

75 28 9 1 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Muller et al., 
2011(39) 

Prospective 
cohort 

Yes: Large centres 
less likely to aim 
for complete 
resection, and 
small centres 
more likely to 
have lesions with 
more 
hypothalamic 
involvement, no 
multivariate 
analysis 
performed on 
hypothalamic 
outcome 

No No No Yes: Only 
neurosurgical 
centres included 

No No Yes: Rate of 
hypothalamic 
lesions increased 
from large to 
small centres 

 
Author(s) Summary of findings Quality 

No. of events in small 
centre 

No. of patients No. of events in large 
centre 

No. of patients Pooled effect 

Muller et al., 2011 20 23 17 34 RR small vs. large 1.7 (1.2-2.5) Very low 
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Outcome 3.2.1.1.a: Sensitivity and specificity CT imaging in addition to MRI at diagnosis 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with craniopharyngiomas how 
does 
I CT imaging in addition to MRI compare to 
C MRI alone 
O in terms of sensitivity and specificity for diagnosis? 

1. exp Craniopharyngioma/ or 
craniopharyngioma*.mp.  
2. limit 1 to "all child (0 to 18 years)"  
3. exp Magnetic Resonance Imaging/ or MRI.mp.  
4. Tomography, X-Ray Computed/ or CT.mp.  
5. 2 and 3 and 4 

218 149 15 5 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Zhou et al., 
2009(40) 

Retrospective 
cohort 

Yes – only 
included posterior 
fossa 
craniopharyngiom
as 

No Yes – mixed 
cohort of adults 
and children (5/7 
CYP) 

Yes – very small 
cohort of 7 
patients 

No No No No 

Molla et al., 
2002(10) 

Retrospective 
cohort 

Yes – unclear 
blinding by 
radiologists 

No Yes – mixed 
cohort of adults 
and children 
(mean 29 years) 

Yes – relatively 
small cohort of 26 
patients 

No No No No 

Zhang et al., 
2002(11) 

Retrospective 
cohort 

Yes – unclear 
blinding by 
radiologists 

No No No No No Yes – large cohort 
of 
craniopharyngiom
as of both 
histological 
subtypes 

No 

Tsuda et al., 
1997(41) 

Retrospective 
cohort 

Yes – unclear 
blinding by 
radiologists 

No Yes – mixed 
cohort of adults 
and children (7/20 
children) 

Yes – relatively 
small cohort of 20 
patients 

No No No No 

Eldevik et al., 
1996(42) 

Retrospective 
cohort 

Yes – unclear 
blinding by 
radiologists, 
unclear how CT 
vs. MRI modalities 
were decided/ 
performed 

No Yes – mixed 
cohort of adults 
and children 
(22/45 <20 years) 

Yes – relatively 
small subcohort of 
22 paediatric 
patients 

No No No No 

 
Author(s) Summary of findings Quality 

Positive 
identification by 
calcification seen 
on CT 

No. of patients Positive identification by T1/T2-weighted signal intensity on MRI No. of 
patients 

Pooled effect 

Zhou et al., 
2009 

4 7 T1-weighted hypointensity 5 
T2-weighted hyperintensity 7 
Contrast enhancement 

7 N/A Very low 
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Author(s) Summary of findings Quality 
Positive 
identification by 
calcification seen 
on CT 

No. of patients Positive identification by T1/T2-weighted signal intensity on MRI No. of 
patients 

Pooled effect 

Molla et al., 
2002 

17 26 Mixed solid + cystic components 24 
T1-very hyperintense, T2-very hyperintense (blood-like) 5 
T1-mildly hyperintense, T2-very hyperintense (protein-like) 14 
T1- very hyperintense, T2- hyperintense (fatty) 4 
T1-hypointense, T2-very hyperintense (CSF-like) 6 
All four patterns 5 

26 N/A Very low 

Zhang et al., 
2002 

176 187 Mixed solid + cystic components 187 187 N/A Low 

Tsuda et al., 
1997 

Correct diagnosis 14  
Calcification 10 

18 Correct diagnosis 16 
Mixed solid + cystic components 16 
Cystic only 3 
Solid only 1 
T2-hyperintensity 19 
T1-hypointensity 10 

20 1/14 CT-identified 
cases wrongly 
diagnosed by MRI 

Very low 

Eldevik et al., 
1996 

Calcification 21 22 Mixed solid + cystic components 19 
Cystic only 3 

22 N/A Very low 



Craniopharyngioma in children and young people 
 

	

	52 

Outcome 3.2.1.1.b: Sensitivity and specificity of new multimodal imaging techniques at diagnosis 
PICO question Literature search terms No. of articles No. included post-title 

review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with craniopharyngiomas 
how do 
I recent MRI imaging techniques such as DWI, DTI, 
perfusion scanning, spectroscopy, 3+T scanning 
C in comparison to standard imaging techniques 
(T1/2-weighted imaging with contrast) 
O in terms of overall sensitivity and specificity for 
diagnosis? 

1. exp Craniopharyngioma/ or 
craniopharyngioma*.mp.  
2. limit 1 to "all child (0 to 18 years)"  
3. exp Magnetic Resonance Imaging/ or MRI.mp.  
4. (sensitivity or specificity).mp. [mp=title, abstract, 
original title, name of substance word, subject 
heading word, keyword heading word, protocol 
supplementary concept word, rare disease 
supplementary concept word, unique identifier]  
5. 3 and 4  
6. 2 and 5 

12 9 5 3 (insufficient data 
therefore Delphi 
consensus) 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Yeom et al., 
2014(47) 

Retrospective 
cohort 

Yes – no 
comparison to 
conventional 
imaging 

No Yes – mixed 
cohort of tumours 
(4/54 
craniopharyngiom
as) 

Yes – only small 
subcohort of 4 
craniopharyngiom
as 

No No No No 

Mahmoud et al., 
2010(48) 

Retrospective 
cohort 

Yes – excluded 
lesions <10mm  

No Yes – mixed 
cohort of adults 
and children 
(mean age 49.5 
years), mixed 
cohort of tumours 
(5/60 
craniopharyngiom
as) 

Yes – only small 
subcohort of 5 
craniopharyngiom
as 

No No No No 

Kunii et al., 
2007(49) 

Retrospective 
cohort 

Yes – no 
comparison to 
conventional 
imaging 

No Yes – mixed 
cohort of adults 
and children 
(mean 45.8 years), 
mixed cohort of 
tumours (6/29 
craniopharyngiom
a) 

Yes – only small 
subcohort of 6 
craniopharyngiom
as 

No No No No 

 
Author(s) Summary of findings Quality 

Parameters in 
craniopharyngioma goup 

No. of 
patients 

Parameters in non-craniopharyngioma 
group 

No. of 
patients 

Pooled effect 

Yeom et al., 
2014 

Relative tumour blood flow 
(rTBF) 0.99 ± 0.13 

4 Relative tumour blood flow (rTBF): 
Hypothalamic astrocytoma 0.99 
Thalamic PNET 1.32 
Optic chiasm glioma 0.80 ± 0.09 
 

 High grade tumours had higher rTBF compared to low-grade 
tumours, but within tumour grades individual histologic subtypes 
not distinguishable 

Very low 
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Author(s) Summary of findings Quality 
Parameters in 
craniopharyngioma goup 

No. of 
patients 

Parameters in non-craniopharyngioma 
group 

No. of 
patients 

Pooled effect 

Mahmoud et 
al., 2010 

T1-weighted mean signal 
intensity 1.13 ± 0.18 
T2-weighted mean signal 
intensity 1.73 ± 0.44 
Degree of enhancement 1.17 ± 
0.08 
Mean ADC 1.97 ± 0.54  

5 T1-weighted mean signal intensity 
Pituitary adenoma 0.89 ± 0.12 
Rathke’s cleft cyst 1.29 ± 0.38 
Parasellar meningioma 0.88 ± 0.08 
 
T2-weighted mean signal intensity 
Pituitary adenoma 1.46 ± 0.35 
Rathke’s cleft cyst 1.78 ± 0.42 
Parasellar meningioma 1.36 ± 0.17 
 
Degree of enhancement: 
Pituitary adenoma 1.99 ± 0.36 
Rathke’s cleft cyst 1.11 ± 0.09 
Parasellar meningioma 1.99 ± 0.42 
 
Mean ADC: 
Pituitary adenoma 1.08 ± 0.19 
Rathke’s cleft cyst 2.02 ± 0.45 
Parasellar meningioma 0.84 ± 0.10 
 

 
24 
10 
7 
 
 
24 
10 
7 
 
 
24 
10 
7 

Accuracy of conventional MRI: 
Haemorrhagic pituitary adenomas vs. craniopharyngiomas 94.7% 
 
Accuracy of conventional MRI + minimum ADC: 
Haemorrhagic pituitary adenomas vs. craniopharyngiomas 100% 
 
Accuracy of minimum ADC: 
Craniopharyngiomas vs. Rathke’s cleft cyst 100% 
 

Very low 

Kunii et al., 
2007 

Mean ADC 1.41 ± 0.34 
Mean relative ADC 1.62 ± 0.28 

6 Mean ADC: 
Rathke’s cleft cyst 2.12 ± 0.29 
Cystic pituitary adenoma 2.27 ± 0.20 
 
Mean relative ADC: 
Rathke’s cleft cyst 2.61 ± 0.37 
Cystic pituitary adenoma 2.72 ± 0.17 

 
12 
6 
 
 
 
12 
6 

Significantly higher ADC and relative ADC in Rathke’s cleft cysts vs. 
craniopharyngioma cysts 

Very low 
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Outcome 3.2.1.1.c: Sensitivity of hypothalamic grading systems on predicting future morbidity 
PICO question Literature search terms No. of articles No. included post-title 

review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with craniopharyngiomas  
I/C which classification system (and therefore which 
radiological features) is most sensitive at predicting 
O the long-term risk of hypothalamo-pituitary 
dysfunction? 

1. Craniopharyngioma/ or craniopharyngioma*.mp. 
2. (classif* or stag* or grad*).mp. [mp=title, 
abstract, original title, name of substance word, 
subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
3. exp craniopharyngioma/ 
4. exp classification/ 
5. exp neoplasm staging/ 
6. exp neoplasm grading/ 
7. 1 and 2 
8. 4 or 5 or 6 
9. 3 and 8 
10. 7 or 9 
11. limit 10 to "all child (0 to 18 years)" 
12. limit 11 to english language 

325 207 11 9 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Yang et al., 
2021(54) 

Retrospective 
cohort 

No No  Yes – mixed 
cohort of adults 
and children (7/68 
<14 years)  

Yes – very unclear 
definitions of 
different 
independent and 
dependent 
variables 

Yes – single centre No No No 

Park et al., 
2013(50) 

Retrospective 
cohort 

No No No No Yes – single centre Yes – highly 
significant 
association 
between post-
operative grade 
and BMI at last 
follow-up 

Yes – multivariate 
analysis 
accounted for all 
significant 
variables on 
univariate analysis 

Yes – dose-
response 
association 
between grade 
and BMI at last 
follow-up 

Mallucci et al., 
2012(55) 

Retrospective 
cohort 

No No No Yes – relatively 
small cohort of 20 
patients 

Yes – single centre No No No 

Qi et al., 2012(51) Retrospective 
cohort 

No Yes – 
hypothalamic 
tumours had lower 
incidences of 
endocrine 
dysfunction 
compared to 
other cohorts, no 
difference post-
operatively 

No No Yes – single centre Yes – highly 
significant 
differences in 
post-operative 
BMI and 
hypothalamic 
status scores 
between groups 

No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Elliott et al., 
2010(287) 

Retrospective 
cohort 

Yes – grading was 
mainly functional 

No No No Yes – single 
centre, single 
neurosurgeon 

No No No 

Trivin et al., 
2009(52) 

Retrospective 
cohort 

No No No Yes – relatively 
small cohort of 27 
patients 

Yes – single centre No Yes – radiologist 
blinded to 
outcomes 

Yes – dose-
response 
relationship 
between grade 
and BMI SDS/ 
fasting insulin/ 
ghrelin/ leptin 

Puget et al., 
2007(26) 

Retrospective/ 
prospective 
cohort 

No No No No Yes – single centre Yes – highly 
significant 
associations 
between tumour 
grade and 
outcomes 

No Yes – dose-
response 
relationship 
between grade 
and post-
operative BMI 
SDS and QoL 
HUI2 score 

De Vile et al., 
1996(53) 

Retrospective/ 
prospective 
cohort 

Yes – grading was 
mainly functional 

No No No Yes – single centre Yes – β>2 for 
hypothalamic 
dysfunction 

No No 

Yasargil et al., 
1990(336) 

Retrospective 
cohort 

Yes – no analysis 
of outcomes by 
grade 

No Yes – mixed 
cohort of adults 
and children 
(70/144 <16 years) 

No Yes – single 
centre, mainly by 
single 
neurosurgeon 

No No No 
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Author(s) Summary of findings Quality 
No. of events in high grade 
craniopharyngiomas 

No. of 
patients 

No. of events in low grade craniopharyngiomas No. of 
patients 

Pooled effect 

Yang et al., 
2021 

“Poor prognosis” (grades 3-4) 
Multiple symptoms 25 
Pituitary/ visual symptoms 7 
Hypothalamic symptoms 25 
Tumour size >2.5 cm 28 
Large calcification 17 
Solid tumour 9 
“T” classification 
(hypothalamic) 30 
Invasive tumour 20 
 

 
48 
24 
44 
51 
22 
15 
43 
 
31 

“Poor prognosis” (grades 3-4) 
“Single symptoms” 7 
Tumour size <2.5 cm 4 
No calcification 5 
Cystic tumour 1 
“Q” classification (largely intrasellar) 1 
Loosely adhesive tumour 1 

 
20 
17 
25 
10 
7 
9 

Significant associations between presence of 
hypothalamo-pituitary symptoms, large tumour 
size, high degree of calcification, hypothalamic 
involvement, and tumour invasion, with poor 
prognosis  

Very low 

Park et al., 
2013 

BMI SDS 1.49 ± 1.08 
Obesity (BMI >+1.65 SDS) 10 

18 BMI SDS -0.14 ± 0.83 
Obesity (BMI >+1.65 SDS) 2 

19 Significant independent association of post-
operative hypothalamic grade and BMI SDS at 
last follow-up 

High 

Mallucci et al., 
2012 

Progression 4 (all post-STR; 2 
post-adjuvant radiotherapy, 2 
treated with salvage 
radiotherapy) 

13 Progression 0 2 No stratification of hypothalamo-pituitary 
dysfunction by grade but no change in BMI SDS, 
no new hypothalamic adipsia or hyperphagia 

Very low 

Qi et al., 2012 Pre-operative endocrinology 
GH deficiency 36 
TSH deficiency 25 
Delayed puberty 8 
ACTH deficiency 12 
Central DI 8 
 
Post-operative endocrinology 
Median BMI 23.1 kg/m2 (range 
17.5-41.2) 
Hypothalamic status score 2.04 
± 0.97 
 
Deaths 7 
10-year OS 83% 
10-year PFS 32% 

 
38 
47 
10 
38 
47 
 
 
42 
 
 
 
 
 
47 

Pre-operative endocrinology 
GH deficiency 31 
TSH deficiency 23 
Delayed puberty 7 
ACTH deficiency 17 
Central DI 16 
 
Post-operative endocrinology 
Median BMI 19.7 kg/m2 (range 17.2-26.3) 
Hypothalamic status score 1.29 ± 0.57 
 
Deaths 2 
10-year OS 90% 
10-year PFS 66% 

 
31 
34 
7 
31 
34 
 
 
34 
 
 
 
34 

Hypothalamic tumours had significantly lower 
pre-operative prevalence of growth failure, 
ACTH deficiency, and central DI but significantly 
higher BMI and hypothalamic status score in 
hypothalamic group post-operatively 
 

Very low 

Elliott et al., 
2010 

N/A N/A N/A N/A High pre-operative Craniopharyngioma Clinical 
Status Scale scores independently predicted 
high post-operative scores in all domains 

Very low 
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Author(s) Summary of findings Quality 
No. of events in high grade 
craniopharyngiomas 

No. of 
patients 

No. of events in low grade craniopharyngiomas No. of 
patients 

Pooled effect 

Trivin et al., 
2009 

Pre-operative (grade 2): 
BMI SDS 1.5 ± 1.3 
HOMA-IR 3.65 ± 3.5 
Fasting insulin 12.0 ± 11.8 mU/l 
Fasting glucose 5.1 ± 0.6 
mmol/l 
Fasting ghrelin 1083 ± 222 g/l 
Fasting leptin 14.0 ± 9.8 μg/l 
 
Post-operative (grade 2) 
BMI SDS 4.0 ± 1.3 
Change in weight SDS 2.5 ± 1.4 
HOMA-IR 7.1 ± 9.0 
Fasting insulin 47 ± 58 mU/l 
Fasting glucose 4.6 ± 0.7 
mmol/l 
Fasting ghrelin 722 ± 126 ng/l 
Fasting leptin 61 ± 26 μg/l 

12 Pre-operative (grade 0) 
BMI SDS 0.2 ± 2.0 
HOMA-IR 1.31 ± 0.6 
Fasting insulin 5.1 ± 2.4 mU/l 
Fasting glucose 4.4 ± 0.25 mmol/l 
Fasting ghrelin 2256 ± 331 ng/l 
Fasting leptin 5.6 ± 2.6 μg/l 
 
 
Post-operative (grade 0) 
BMI SDS 0.13 ± 1.3 
Change in weight SDS 1.0 ± 1.2 
Fasting insulin 10.1 ± 9.0 mU/l 
Fasting leptin 14.2 ± 14 μg/l 
 

7 Significant associations between grade and pre-
operative fasting glucose, insulin and ghrelin, 
and post-operative weight gain, fasting insulin 
and leptin 

Low 

Puget et al., 
2007 

Retrospective cohort BMI SDS 
Grade 2 2.8 ± 1.8 
Grade 1 2.4 ± 1.6 
 
Retrospective cohort HUI2 
score 
Grade 2 0.51 ± 0.31 
Grade 1 0.86 ± 0.11 
 
 

 
28 
24 
 
 
 
28 
24 
 
 
 

Retrospective cohort BMI SDS 
Grade 0 1 ± 1.6 
 
 
Retrospective cohort HUI2 score 
Grade 0 0.92 ± 0.08 
 
 
 

 
14 
 
 
 
4 

Retrospective cohort: 
Post-operative BMI SDS significantly associated 
with pre- and post-operative grade (p=0.007 & 
0.001 respectively) 
Post-operative HUI2 quality of life scores 
significantly associated with pre-and post-
operative grade (p=0.001 and 0.003 respectively) 
No new hyperphagia, morbid obesity or 
behavioural dysfunction in prospective cohort 

Moderate 

De Vile et al., 
1996 

N/A N/A N/A N/A Post-operative morbidity score independently 
predicted by pre-operative hypothalamic 
dysfunction β 2.44 ± 0.88 
Post-operative hypothalamic dysfunction 
associated with pre-operative hypothalamic 
disturbance 

Very low 

Yasargil et al., 
1990 

N/A N/A N/A N/A No analysis of outcomes by grade Very low 
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Outcome 3.2.1.2.a Sensitivity and specificity of various conventional visual function tests for detecting visual dysfunction at diagnosis 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with craniopharyngiomas 
I/C which of the following visual tests (in 
combination or alone) – visual acuity, visual field 
perimetry, visual evoked responses, 
electroretinogram 
O are most sensitive and specific for detecting visual 
dysfunction 
T at diagnosis? 

1. craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. (visual acuity or visual field or visual field perimetry 
or VER or ERG or visual evoked response* or 
electroretinogram*).mp. [mp=title, abstract, original 
title, name of substance word, subject heading 
word, keyword heading word, protocol 
supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
4. 2 and 3 
5. Craniopharyngioma/ 
6. limit 5 to "all child (0 to 18 years)" 
7. Visual Acuity/ 
8. Visual Fields/ 
9. Visual Field Tests/ 
10. Evoked Potentials, Visual/ 
11. Electroretinography/ 
12. 7 or 8 or 9 or 10 or 11 
13. 6 and 12 
14. "Sensitivity and Specificity"/ 
15. 13 and 14 
16. (sensitiv* or specific*).mp. [mp=title, abstract, 
original title, name of substance word, subject 
heading word, keyword heading word, protocol 
supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
17. 4 and 16 
18. Vision Disorders/ 
19. 13 and 18 
20. (vision disorder* or visual disorder* or visual 
dysfunction* or vision dysfunction*).mp. [mp=title, 
abstract, original title, name of substance word, 
subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
21. 4 and 20 
22. 17 or 19 or 21 

56 34 11 3 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Drimtzias et al., 
2014(57) 

Retrospective 
cohort 

Yes – only patients 
referred to joint 
ophthalmology – 
neuro-oncology 
clinic included, no 
control group 

No No Yes – small cohort No No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Suharwardy & 
Elston, 1997(56) 

Retrospective 
cohort 

Yes – no control 
group 

No Yes – mixed 
cohort of tumours 
(5/17 
craniopharyngiom
as) 

Yes – very small 
cohort 

Yes – only patients 
who had full 
ophthalmological 
assessment 
included 

No No No 

Wenzel et al., 
1988(64) 

Retrospective 
cohort 

Yes – no control 
group 

No Yes – mixed 
cohort of tumour 
(16/68 
craniopharyngiom
as), unclear if pre- 
or post-diagnosis 

No Yes – unclear how 
patients selected 

No No No 

 
Author(s) Summary of findings Quality 

No. of positive tests in visually 
impaired group 

No. of patients Number of positive tests in 
non-visually impaired group 

No. of patients Pooled effect 

Drimtzias et al., 
2014 

Visual acuity reduction 
(logMAR/ preferential looking): 
21  
Visual field loss (Goldmann): 10 
Optic atrophy: 12 
Papilloedema: 6 

40 eyes (20 patients) 
 
 
14 patients 
20 patients 
20 patients 

N/A N/A Visual acuity: 
Incidence 52.5% 
Visual field: 
Incidence 71% 
Optic atrophy: 
Incidence 60% 
Papilloedema: 
Incidence 30% 

Very low 

Suharwardy & 
Elston, 1997 

Visual acuity reduction 
(Snellen): 5 
Visual field loss (Goldmann): 5 
Optic disc abnormalities: 5 
Relative afferent pupillary 
defect: 5 

5 N/A N/A Incidence 100% Very low 

Wenzel et al., 
1988 

N/A N/A N/A N/A Unclear re: numbers relating 
directly to craniopharyngioma 
but 61.8-91.2% had abnormal 
VEPs 

Very low 
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Outcome 3.2.1.2.b Sensitivity and specificity of various OCT for detecting visual dysfunction at diagnosis 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with craniopharyngiomas 
I how does OCT 
C compare to other traditional visual function testing 
techniques 
O in terms of sensitivity and specificity for detecting 
visual dysfunction 
T at diagnosis? 

1. exp Craniopharyngioma/ or 
craniopharyngioma*.mp.  
2. limit 1 to "all child (0 to 18 years)"  
3. optical coherence tomography.mp. or exp 
Tomography, Optical Coherence/  
4. OCT.mp.  
5. 3 or 4  
6. 2 and 5 

6 5 3 2 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Ju et al., 2019(69) Retrospective 
cohort 

Yes - mixed adult/ 
child cohort 
(unclear number 
of children) 

No Yes – mixed 
cohort of tumours 
(17/106) 
craniopharyngiom
a) 

No No Yes No No 

Bialer et al., 
2013(68) 

Retrospective 
cohort 

Yes – only patients 
registered on 
ophthalmology 
databases 
included 

No Yes – unclear how 
many tests 
included in study 
were performed at 
diagnosis vs. post-
treatment 

Yes – small cohort No No No No 

 
Author(s) Summary of findings Quality 

No. of abnormal OCTs in 
abnormal visual test group 

No. of eyes No. of abnormal OCTs in 
normal visual test group 

No. of eyes Pooled effect 

Ju et al., 2019 Retinal nerve fibre (RNFL) 
thickness: 75.3 μm 
Thin RNFL <69 μm: 15 

38 RNFL thickness: 91.1 μm 
Thin RNFL <69 μm: 12 

174 Optic tract oedema OR 5.7 Low 

Bialer et al. 2013 RNFL thickness: 65 ± 22 μm 23 RNFL thickness: 85 ± 14 μm 24 Not calculable but significant 
correlations with visual acuity 
and visual field loss 

Very low 
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Outcome 3.2.1.3.a & c: Sensitivity and specificity of routine endocrine testing at craniopharyngioma diagnosis 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with craniopharyngiomas 
what is 
O the incidence of GH deficiency, precocious 
puberty, delayed puberty/ pubertal arrest, central 
hypothyroidism, ACTH deficiency and posterior 
pituitary dysfunction  
T at diagnosis? 

1. craniopharyngioma.mp. [mp=title, abstract, 
original title, name of substance word, subject 
heading word, keyword heading word, protocol 
supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
2. hypopituitarism.mp. [mp=title, abstract, original 
title, name of substance word, subject heading 
word, keyword heading word, protocol 
supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
3. exp Craniopharyngioma/ 
4. exp Hypopituitarism/ 
5. endocrine dysfunction.mp. [mp=title, abstract, 
original title, name of substance word, subject 
heading word, keyword heading word, protocol 
supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
6. endocrinopathy.mp. [mp=title, abstract, original 
title, name of substance word, subject heading 
word, keyword heading word, protocol 
supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
7. 2 or 5 or 6 
8. 1 and 7 
9. 3 and 4 
10. limit 8 to “all child (0 to 18 years)” 
11. limit 9 to “all child (0 to 18 years)” 
12. presentation.mp. [mp=title, abstract, original 
title, name of substance word, subject heading 
word, keyword heading word, protocol 
supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
13. endocrine.mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, 
keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept 
word, unique identifier] 
14. 1 and 12 and 13 
15. limit 14 to “all child (0 to 18 years)” 
16. 10 or 11 or 15 

304 50 33 0 (no direct evidence 
to support 
recommendation: 
Delphi consensus) 
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Outcome 3.2.1.3.b & c: Sensitivity and specificity of testing for ACTH deficiency 
PICO question Literature search terms No. of 

articles 
No. included 
post-title 
review 

No. included 
post-abstract 
review 

Final no. 
included 

P In children <19 years with 
hypothalamo-pituitary tumours 
I how do the following (in combination 
or alone): 

• 0900 cortisol 
• Standard synacthen test 
• Low-dose synacthen test 
• Physiological synacthen test 
• Glucagon stimulation test 
• CRH test 

C compare to the insulin tolerance 
test or metyrapone tests 
O in terms of sensitivity and specificity 
for detecting ACTH/ cortisol 
deficiency 
T at diagnosis? 

1. (adrenocorticotrophic hormone deficiency or adrenocorticotropic hormone deficiency or ACTH 
deficiency).mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary concept 
word, unique identifier] 
2. (secondary adrenal insufficiency or secondary adrenal deficiency).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier] 
3. (central hypoadrenalism or central hypocortisolaemia or central hypocortisolemia or secondary 
hypoadrenalism).mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary concept 
word, unique identifier] 
4. (corticotropin-releasing hormone deficiency or corticotrophin-releasing hormone deficiency or CRH 
deficiency).mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary concept 
word, unique identifier] 
5. 1 or 2 or 3 or 4 
6. (brain tumour or brain tumor or brain neoplasm).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier] 
7. (diagnosis or test).mp. [mp=title, abstract, original title, name of substance word, subject heading 
word, keyword heading word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
8. (synacthen or synthetic adrenocorticotrophic hormone or synthetic adrenocorticotropic hormone or 
synthetic ACTH or cosyntropin or tetracosactide).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier] 
9. (insulin tolerance test or glucagon stimulation test).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier] 
10. 7 or 8 or 9 
11. 5 and 6 and 10 
12. exp Adrenal Insufficiency/ 
13. exp Cosyntropin/ 
14. exp Hypopituitarism/ 
15. 12 or 13 or 14 
16. exp Brain Neoplasms/ 
17. exp Diagnosis/ 
18. exp “Predictive Value of Tests”/ 
19. (sensitivity and specificity).mp. [mp=title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
20. 17 or 18 or 19 
21. 15 and 16 and 20 
22. 11 or 13 or 21 
23. limit 22 to (humans and “all child (0 to 18 years)”) 

540 17 13 5 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Cho et al., 
2014(76)  

Prospective case-
control 

No No Yes: adult patients 
with mixed causes 
for 
hypopituitarism 
(including non-
tumour causes) 

No No Yes No N/A 

Kazlauskaite et al., 
2008(77) 

Meta-analysis of 
observational 
studies 

No No Yes: mixed 
cohorts of adults 
and children, 
mixed causes for 
hypopituitarism 
(including non-
tumour causes) 

No No Yes No N/A 

Maguire et al., 
2008(79) 

Prospective case-
control 

Yes: small control 
cohort, CRH test 
used as gold 
standard 

Yes: very low 
cortisol cut-off for 
low-dose 
synacthen (peak 
267 nmol/l) 

Yes: mixed causes 
for 
hypopituitarism 
(including non-
tumour causes) 

No No Yes No N/A 

Maghnie et al., 
2005(78) 

Prospective 
cohort 

Yes: small cohort No Yes: mixed cohort 
of adults and 
children, mixed 
causes for 
hypopituitarism 
(none 
craniopharyngiom
a) 

No No No No N/A 

Gleeson et al., 
2003(75) 

Retrospective 
cohort 

Yes: used clinical 
outcomes as gold 
standard 

No Yes: largely adult 
patients, mixed 
causes for 
hypopituitarism (4 
craniopharyngiom
a) 

No No Yes No N/A 
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Author(s) Summary of findings Quality 
No. of positive tests in 
ACTH deficiency group 

No. of patients Number of positive tests 
in non-ACTH deficient 
group 

No. of patients Pooled effect 

Cho et al. 2014 Low dose synacthen (1 μg): 
69 
Standard synacthen (250 
μg): 64 

83 Low dose synacthen (1 μg): 
16 
Standard synacthen (250 
μg): 1 

99 Low dose synacthen (1 μg): 
Sensitivity 83.1% (73.3-90.5) 
Specificity 83.8% (75.1-90.5) 
Standard synacthen (250 μg) : 
Sensitivity 77.1% (66.6-85.6) 
Specificity 99.0% (94.5-100.0) 

Low 

Kazlauskaite et 
al., 2008 

N/A N/A N/A N/A Low dose synacthen (1 μg): AUC 0.94 (0.90-0.94) 
Standard synacthen (250 μg): AUC 0.82 (0.78-0.86) 
Morning cortisol (0800-1000h): AUC 0.79 (0.75-0.82) 

Low 

Maguire et al., 
2008 

N/A N/A N/A N/A Low-dose synacthen (0.5 μg/1.73 m2):  
Sensitivity 83% 
Specificity 100% 
0900h cortisol: 
Sensitivity 83% 
Specificity 75% 
(both compared to CRH) 

Very low 

Maghnie et al., 
2005 

Low dose synacthen (1 μg): 
5 
Standard synacthen (250 
μg): 3 
CRH test (1 μg/kg): 9 

11 Low dose synacthen (1 μg): 
0 
Standard synacthen (250 
μg): 0 
CRH test (1 μg/kg): 3 

5 Low dose synacthen (1 μg): 
Sensitivity 45% 
Specificity 100% 
Standard synacthen (250 μg): 
Sensitivity 27% 
Specificity 100% 
CRH test (1 μg/kg): 
Sensitivity 82% 
Specificity 40%  

Very low 

Gleeson et al., 
2003 

N/A N/A N/A N/a Standard synacthen (250 μg): 
Sensitivity 91% 
0900h cortisol (<400 nmol/l) vs. SST:  
Sensitivity 91% 
Specificity 85% 

Very low 
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Outcome 3.2.1.3.d Sensitivity and specificity of TRH testing for TRH/ TSH deficiency 
PICO question Literature search terms No. of 

articles 
No. 
included 
post-title 
review 

No. 
included 
post-
abstract 
review 

Final no. 
included 

P In children <19 years with 
hypothalamo-pituitary tumours  
I how does a TRH stimulation test 
C compare to a random thyroid 
function test 
O in terms of sensitivity and 
specificity for detecting central 
hypothyroidism 
T at diagnosis? 

1. (central hypothyroidism or secondary hypothyroidism or tertiary hypothyroidism).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier] 
2. (thyroid-stimulating hormone deficiency or TSH deficiency or thyroid-stimulating hormone insufficiency or TSH 
insufficiency or thyrotropin deficiency or thyrotrophin deficiency or thryotropin insufficiency or thyrotrophin 
insufficiency).mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier] 
3. (thyrotropin-releasing hormone deficiency or thyrotrophin-releasing hormone deficiency or TRH deficiency or 
thyrotropin-releasing hormone insufficiency or thyrotrophin-releasing hormone insufficiency or TRH insufficiency).mp. 
[mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, unique identifier] 
4. 1 or 2 or 3 
5. (brain tumour or brain tumor or brain neoplasm).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
6. (diagnosis or test).mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword 
heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier] 
7. (thyrotropin-releasing hormone test or thyrotrophin-releasing hormone test or TRH test).mp. [mp=title, abstract, 
original title, name of substance word, subject heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier] 
8. 6 or 7 
9. 4 and 5 and 8 
10. exp hypothyroidism/ or exp myxedema/ 
11. exp Thyrotropin/ or exp Thyrotropin-Releasing Hormone/ 
12. exp Hypopituitarism/ 
13. 10 or 11 or 12 
14. exp Brain Neoplasms/ 
15. exp Diagnosis/ 
16. exp “Predictive Value of Tests”/ 
17. exp “Sensitivity and Specificity”/ 
18. exp Thyroid Function Tests/ 
19. 15 or 16 or 17 
20. 13 and 14 and 18 and 19 
21. 9 or 20 
22. limit 21 to “all child (0 to 18 years)” 
23. 7 or 21 
24. limit 23 to “all child (0 to 18 years)” 
25. 22 or 24 

258 8 4 4 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Crofton et al., 
2008(82) 

Retrospective 
case control 

Yes: retrospective 
study with only 
patients 
undergoing TRH 
testing selected, 
may have 
excluded more 
severe central 
hypothyroidism 

No Yes: mixed causes 
for 
hypopituitarism (9 
with brain 
tumours) 

No No No Yes: multiple 
causes means that 
these could have 
increased effect 
size but no 
differences were 
found 

N/A 

Hartoft-Nielsen et 
al., 2004(81) 

Prospective case 
control 

No No Yes: mixed cohort 
of adults and 
children, mixed 
causes for 
hypopituitarism 
(including post-
treatment, 29 
brain tumours) 

Yes: wide 
confidence 
intervals 

No No Yes: multiple 
causes means that 
these could have 
increased effect 
size but no 
differences were 
found 

N/A 

Mehta et al., 
2003(83) 

Retrospective 
case control 

Yes: retrospective 
study with only 
patients 
undergoing TRH 
testing selected, 
may have 
excluded more 
severe central 
hypothyroidism 

No Yes: all congenital 
hypopituitarism 
cases 

No No No Yes: multiple 
causes means that 
these could have 
increased effect 
size but no 
differences were 
found 

N/A 

Gruneiro-
Papendieck et al., 
1998(337) 

?Retrospective 
case control 

No No Yes: mixed causes 
(12 brain tumours) 

No No No No N/A 

 
Author(s) Summary of findings Quality 

No. of positive TRH tests 
in central hypothyroidism 
group 

No. of patients Number of positive TRH 
tests in non-central 
hypothyroidism group 

No. of patients Pooled effect 

Crofton et al., 
2008 

3 4 N/A (unclear if TRH 
performed whilst T4 
treatment started) 

N/A N/A 
Note no differences between hypothalamic and 
pituitary causes 

Very low 

Hartoft-Nielsen 
et al., 2004 

N/A N/A N/A N/A N/A 
Note no differences in TRH responses between 
control group 

Very low 

Mehta et al., 
2003 

N/A N/A N/A N/A N/A 
Note no differences between hypothalamic and 
pituitary causes 

Very low 

Gruneiro-
Papendieck et 
al., 1998 

10 15 11 27 Sensitivity: 67% 
Specificity: 59% 

Very low 
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Outcome 3.2.1.3.e: Sensitivity and specificity of testing for diabetes insipidus 
PICO question Literature search terms No. of articles No. included 

post-title review 
No. included 
post-abstract 
review 

Final no. 
included 

P In children <19 years with 
hypothalamo-pituitary tumours  
I how do the following (in 
combination or alone: 

• Paired early morning 
urine/ plasma 
osmolalities (urine: 
plasma <1) 

• Urine specific gravity 
<1.010 

• Polyuria >5 ml/kg/hour 
• Absence of posterior 

pituitary bright spot on 
MRI 

• Plasma AVP 
• Urinary copeptin 

C compare to a water deprivation 
test 
O in terms of sensitivity and 
specificity for detecting diabetes 
insipidus 
T at diagnosis? 

1. (diabetes insipidus or DI).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier] 
2. (antidiuretic hormone deficiency or vasopressin deficiency or arginine-vasopressin 
deficiency or ADH deficiency or AVP deficiency).mp. [mp=title, abstract, original title, name 
of substance word, subject heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier] 
3. (posterior pituitary dysfunction or posterior pituitary deficit).mp. [mp=title, abstract, 
original title, name of substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier] 
4. 1 or 2 or 3 
5. (brain tumour or brain tumor or brain neoplasm).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, unique identifier] 
6. (water deprivation test or paired osmolality or paired osmolalities or urinary copeptin or 
plasma vasopressin or plasma antidiuretic hormone or plasma arginine-vasopressin or 
plasma ADH or plasma AVP).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier] 
7. 4 and 5 and 6 
8. 4 and 6 
9. exp diabetes insipidus/ or exp diabetes insipidus, neurogenic/ 
10. exp Brain Neoplasms/ 
11. exp “Predictive Value of Tests”/ 
12. exp “Sensitivity and Specificity”/ 
13. exp Diagnosis/ 
14. 11 or 12 or 13 
15. 9 and 10 and 14 
16. 8 or 15 
17. limit 16 to (humans and “all child (0 to 18 years)”) 

305 24 20 10 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Winzeler et al., 
2019(103) 

Prospective 
cohort 

Yes: children only 
included as 
controls having 
undergone 
arginine 
stimulation for GH 
deficiency (part of 
mixed age cohort) 

No Yes: cases were 
adult patients 
only, diagnosis 
based on 2-hour 
arginine-
stimulation test 

No No Yes: high 
sensitivity and 
specificity 

No Yes: gradient 
between 
complete and 
partial central DI 
and primary 
polydipsia 

Nigro et al., 
2018(102) 

Prospective 
cohort 

Yes: only patients 
with severe 
hypernatraemia 
(Na >155 mmol/l) 
included 

No Yes: adult patients 
only 

No No Yes: high 
sensitivity and 
specificity 

No No 

Tull et al., 
2018(104) 

Prospective 
cohort 

No No No Yes: very small 
cohort of patients 
with diabetes 
insipidus/ primary 
polydipsia 

No No No Yes: gradient 
between 
complete and 
partial central DI 
and primary 
polydipsia 

Fenske et al., 
2018(101) 

Prospective 
cohort 

Yes: diabetes 
insipidus criteria 
not the same as in 
children 

No Yes: adult patients 
only, comparison 
used hypertonic 
saline test + 
copeptin (not 
used in children) 

No No Yes: high 
sensitivity and 
specificity  

No Yes: gradient 
between 
complete and 
partial central DI 
and primary 
polydipsia 

Timper et al., 
2015(100) 

Prospective 
cohort 
(multicentre) 

No No Yes: adult patients 
only, unknown 
(?mixed) causes 

No No Yes: high 
sensitivity and 
specificity  

No Yes: gradient 
between 
complete  and 
partial central DI 
and primary 
polydipsia 

De Fost et al., 
2015(98) 

Retrospective 
cohort 

Yes: inconsistent 
testing 
methodology 
between patients 

No Yes: adult patients 
only, mixed 
causes for central 
DI (8 brain 
tumours) 

Yes: for copeptin, 
only 10 patients 
tested 

No Yes: high 
sensitivity and 
specificity 

No N/A 

Liu et al., 2013(88) Retrospective 
cohort 

Yes: only studied 
patients already 
diagnosed with 
central DI 

No Yes: mixed causes 
(26 brain tumours) 

No No No No N/A 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Fenske et al., 
2011(99) 

Prospective case-
control 

No No Yes: adult patients 
only, mixed 
causes (16 brain 
tumours) 

No No Yes: high 
sensitivity and 
specificity  

No Yes: dose-
response gradient 
of plasma 
copeptin between 
complete and 
partial central DI 
and primary 
polydipsia 

Shimura, 1993(97) Prospective case-
control 

Yes: very small 
cohort, n=9 
children with 
complete and 
partial central DI 

No No Yes: very small 
cohort, although 
note confidence 
intervals not 
particularly wide; 
also unclear 
underlying causes 
for central DI 

No No No Yes: dose-
response gradient 
of urinary AVP 
between partial 
and complete 
central DI 

Maghnie et al., 
1992(89) 

?Prospective 
cohort 

Yes: no controls No Yes: mixed causes 
for central DI (11 
brain tumours), 
note also includes 
“dipsogenic DI” 
(i.e. primary 
polydipsia) 

No No No No N/A 

 
Author(s) Summary of findings Quality 

No. of positive tests in central DI 
group 

No. of patients Number of positive tests in non-
central DI group 

No. of patients Pooled effect 

Winzeler et al., 
2019 

N/A N/A N/A N/A Arginine-stimulated 1-hour plasma copeptin <3.8 
pmol/l: 
Sensitivity 93% 

Specificity 92% 

Low 

Nigro et al., 
2018 

Hypernatraemic plasma copeptin 
<4.4 pmol/l: 5 

5 Hypernatraemic plasma copeptin 
>4.4 pmol/l: Not detailed 

Not detailed Hypernatraemic plasma copeptin <4.4 pmol/l: 
Sensitivity 100% 

Speciificity 99% 

Very low 

Tull et al., 2018 Water-deprived plasma copeptin 
≤3.5 pmol/l: 6 

8 Water-deprived plasma copeptin 
>3.5 pmol/l: 5 

6 
Water-deprived plasma copeptin ≤3.5 pmol/l: 
Sensitivity 75% 

Specificty 83.3% 

Low 
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Author(s) Summary of findings Quality 
No. of positive tests in central DI 
group 

No. of patients Number of positive tests in non-
central DI group 

No. of patients Pooled effect 

Fenske et al., 
2018 

Water deprived urine osmolality 
<300 mOsm/kg: 51 
Water deprivation + basal 
copeptin <2.6 pmol/l or 8-hour 
copeptin/ plasma sodium ratio 
<0.02: 58 

59 
 
59 

Water deprived urine osmolality 
>300 mOsm/kg: 57 
Water deprivation + basal 
copeptin >2.6 pmol/l or 8-hour 
copeptin/ plasma sodium ratio 
>0.02: 4 

82 
 
80 

Water-deprived urine osmolality <300 mOsm/kg 
Sensitivity 86.4% 
Specificity 69.5% 
Water deprivation + basal copeptin <2.6 pmol/l or 8-
hour copeptin/ plasma sodium ration <0.02 
Sensitivity 98.3% 

Specificity 5% 

Low 

Timper et al., 
2015 

N/A N/A N/A N/A Water-deprived plasma AVP <1.8 pg/ml: 
Sensitivity 83% 
Specificity 96% 
Water-deprived plasma copeptin <4.9 pmol/l: 
Sensitivity: 94% 
Specificity: 96% 

Low 

De Fost et al., 
2015 

Water-deprived urine osmolality 
<680 mOsm/kg: 13 
Water-deprived plasma osmolality 
>300 mOsm/kg: 13 
Water-deprived plasma copeptin 
<2.5 pmol/l: 3 

13 
 
13 
 
3 

Water-deprived urine osmolality 
<680 mOsm/kg: 27 
Water-deprived plasma 
osmolality >300 mOsm/kg: 27 
Water-deprived plasma copeptin 
<2.5 pmol/l: 1 

27 
 
27 
 
7 

Water-deprived urine osmolality <680 mOsm/kg or 
plasma osmolality >300 mOsm/kg: 
Sensitivity 100% 
Specificity 100% 
Water-deprived plasma copeptin <2.5 pmol/l: 
Sensitivity 100% 
Specificity 86% 

Very low 

Liu et al., 2013 Absent posterior pituitary bright 
spot: 59 

62 N/A N/A Absent posterior pituitary bright spot: 
Sensitivity 95% 

Very low 

Fenske et al., 
2011 

N/A N/A N/A N/A Water-deprived plasma copeptin <5 pmol/l: 
Sensitivity 96% 
Specificity 81% 
Water-deprived plasma AVP <1 pmol/l: 
Sensitivity 52% 
Specificity 46% 

Low 

Shimura, 1993 Water-deprived urine osmolality 
<601 mOsm/kg: 30 
Water-deprived urinary AVP <20.9 
pg/ml: 30 

30 Water-deprived urine osmolality 
<601 mOsm/kg: 1 
Water-deprived urinary AVP 
<20.9 pg/ml: 1 

56 Water-deprived urinary AVP <20.9 pg/ml: 
Sensitivity 100% 
Specificity 98% 

Very low 

Maghnie et al., 
1992 

Water deprivation test: 10 
Baseline plasma AVP <0.5 pmol/l: 
15 
Absent posterior pituitary bright 
spot: 11 

14 
15 
 
11 

N/A N/A Water deprivation test:  
Sensitivity 71% 
Baseline plasma AVP <0.5 pmol/l: 
Sensitivity 100% 
Absent posterior pituitary bright spot: 
Sensitivity 100% 

Very low 
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Outcome 3.2.1.3.f: The usefulness of questionnaires in detecting hypothalamic syndrome at diagnosis 
PICO question Literature search terms No. of articles No. included 

post-title 
review 

No. included 
post-abstract 
review 

Final no. 
included 

P In children <19 years with 
hypothalamo-pituitary tumours 
does  
I a questionnaire seeking features 
of the hypothalamic syndrome 
C compare to standard clinical 
assessment 
O increase the rate of diagnosis of 
hypothalamic dysfunction (BMI >2 
SDS, appetite dysregulation, 
sleep-wake cycle disturbance, 
temperature dysregulation) 
T at diagnosis? 

1. hypothalamic syndrome.mp. [mp=title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
2. hypothalamic obesity.mp. [mp=title, abstract, original title, name of substance word, subject heading 
word, keyword heading word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
3. 1 or 2 
4. (brain tumour or brain tumor or brain neoplasm).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier] 
5. questionnaire.mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary concept 
word, unique identifier] 
6. clinical assessment.mp. [mp=title, abstract, original title, name of substance word, subject heading 
word, keyword heading word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
7. 5 or 6 
8. 3 and 4 and 7 
9. exp Appetite Regulation/ or exp Feeding Behavior/ 
10. exp Body Temperature Regulation/ 
11. exp Obesity/ or exp Obesity, Morbid/ or exp Pediatric Obesity/ 
12. exp Sleep Disorders/ or exp "Disorders of Excessive Somnolence"/ 
13. 9 or 10 or 11 or 12 
14. exp Brain Neoplasms/ 
15. exp Hypothalamic Neoplasms/ 
16. 14 or 15 
17. exp Questionnaires/ 
18. 13 and 16 and 17 

37 16 7 6 

 
 
 
 
 
 
 
 
 
 
 



Craniopharyngioma in children and young people 
 

	

	72 

Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Brimeyer et al., 
2016(109) 

Prospective 
cohort 

Yes: No control 
group 

No Yes: 
Questionnaires 
administered in 
survivors and not 
at diagnosis, 
mixed cohort of 
tumours (36 
“central”) 

Yes: Wide 
confidence 
intervals 

No No No N/A 

Joustra et al., 
2014(110) 

Prospective case-
control 

No No Yes: 
Questionnaires 
administered in 
survivors and not 
at diagnosis, only 
survivors of adult-
onset non-
functioning 
pituitary 
macroadenomas 
included, “control 
group” is not 
appropriate for 
this PICO 
question 
specifically  

No No No No N/A 

Nolan et al., 
2013(111) 

Prospective case-
control 

No No Yes: 
Questionnaires 
administered in 
survivors and not 
at diagnosis, 
mixed cohort of 
tumours (18 
hypothalamic), 
“control group” is 
not appropriate 
for this PICO 
question 
specifically 

No No No No N/A 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Verberne et al., 
2012(113) 

Prospective case-
control 

Yes: Phone 
invitation would 
have biased 
response rates 

No Yes: 
Questionnaires 
administered in 
survivors and not 
at diagnosis, 
mixed cohort of 
tumours (3 
craniopharyngiom
a, 1 pituitary 
adenoma, rest 
unclear location) 

No No No Yes: Control 
group were non-
CNS malignancy 
patients, 
potentially would 
have reduced 
effect 

N/A 

Biermasz et al., 
2011(108) 

Prospective case-
control 

Yes: Small 
subcohorts 

No Yes: 
Questionnaires 
administered in 
survivors and not 
at diagnosis, only 
survivors of adult-
onset non-
functioning 
pituitary 
macroadenomas 
included, “control 
group” is not 
appropriate for 
this PICO 
question 
specifically 

Yes: Small 
subcohorts, wide 
confidence 
intervals 

No No No N/A 

Van der Klaauw et 
al., 2008(112) 

Prospective case-
control 

No No Yes: 
Questionnaires 
administered in 
survivors and not 
at diagnosis, 
possibly only 
survivors of adult-
onset 
craniopharyngiom
as and non-
functioning 
pituitary 
macroadenomas 
included, “control 
group” is not 
appropriate for 
this PICO 
question 
specifically 

No No No No N/A 
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Author(s) Summary of findings Quality 
No. of abnormal features in 
questionnaire group 

No. of 
patients 

No. of abnormal features in non-
questionnaire group 

No. of 
patients 

Pooled effect 

Brimeyer et al., 
2016 

Excessive daytime sleepiness: 19 
Sleep-disordered breathing: 25 
Night waking: 14  
Sleepiness: 16 

129 
153 
153 
153 

N/A N/A N/A Very low 

Joustra et al., 
2014 

Abnormal actigraphy results: N/A 
Abnormal daytime sleepiness/ 
reduced sleep quality scores: N/A 

N/A 
 
N/A 

N/A N/A N/A Very low 

Nolan et al., 
2013 

N/A N/A N/A N/A Delayed sleep onset: 
OR 2.7 (1.1-6.5) 
Pittsburgh Sleep Quality Index (PSQI) >10 
OR 1.3 (0.6-2.9) 

Very low 

Verberne et al., 
2012 

Increased somnolence, difficulty 
maintaining sleep: N/A 

31 N/A N/A N/A Very low 

Biermasz et al., 
2011 

Reduced sleep efficiency, shorter 
REM sleep time, increased sleep 
duration, increased awakenings, 
increased PSQI: N/A 

17 N/A N/A N/A Very low 

Van der Klaauw 
et al., 2008 

Epworth Sleepiness Scale (ESS) >10: 
9 
Sleep apnoea: 8 

27 N/A N/A N/A Very low 

 



www.cclg.org.uk 
 

 75	

Outcome 3.2.1.5.a: Sensitivity and specificity of routine histological and cytological fluid examination for craniopharyngioma diagnosis 
PICO questions Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with 
craniopharyngiomas how 
frequently does 
I does histological diagnosis 
C compared to pre-surgical 
radiological diagnosis 
O correlate in terms of sensitivity 
and specificity? 
 
 
 
 
 
 
 
P In children <19 years with 
craniopharyngiomas 
I how does cytological 
examination of cyst fluid (e.g. for 
cholesterol crystals) 
C compare to pre-surgical 
radiological diagnosis alone 
O in terms of sensitivity and 
specificity? 

1. exp Craniopharyngioma/ or craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. (histological or histology).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, 
unique identifier] 
4. exp Histology, Comparative/ or exp Histology/ 
5. 3 or 4 
6. radiology.mp. or exp Radiology/ 
7. radiological.mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier] 
8. 6 or 7 
9. 2 and 5 and 8 
 
1. exp Craniopharyngioma/ or craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. cytology.mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier] 
4. (cytology or cytological or cyst fluid).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary concept 
word, unique identifier] 
5. cholesterol crystal*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier] 
6. 3 or 4 or 5 
7. 2 and 6 

17 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
39 

9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
27 

2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6 

0 (Delphi consensus) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0 (Delphi consensus) 
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Outcome 3.2.1.5.b: The routine use of Ki67/ MIB L1 labelling or CTNNB1 mutation analysis in predicting prognosis  
PICO question Literature search terms No. of articles No. included 

post-title 
review 

No. included 
post-abstract 
review 

Final no. 
included 

P In children <19 years with 
craniopharyngiomas 
I does histological examination for 
Ki67 index/ MIB1 L1/ CTNNB1 
mutation analysis 
O predict overall and 
progression-free survival? 

1. craniopharyngioma*.mp. [mp=title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
2. (immunohistochemi* or histolog*).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
3. (beta-catenin or Ki67 or MIB1 or MIB-1).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier] 
4. 2 or 3 
5. (survival or recurren* or progressi*).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier] 
6. outcome*.mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
7. 5 or 6 
8. 1 and 4 and 7 
9. exp Craniopharyngioma/ 
10. exp Immunohistochemistry/ 
11. exp Histology, Comparative/ or exp Histology/ 
12. exp beta Catenin/ 
13. exp Cell Proliferation/ or exp Ki-67 Antigen/ 
14. 10 or 11 or 12 or 13 
15. exp Survival/ or exp Survival Analysis/ or exp Survival Rate/ or exp Disease-Free Survival/ 
16. exp Prognosis/ 
17. exp Recurrence/ 
18. exp Disease Progression/ 
19. 15 or 16 or 17 or 18 
20. 9 and 14 and 19 
21. 8 or 20 
22. limit 21 to "all child (0 to 18 years)" 

192 53 27 17 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Li et al., 2015(117) Prospective cohort No No Yes: mixed cohort 
of adults and 
children (mean 
age 29 years), 
although aberrant 
CTNNB1 
expression 
remained 
independent risk 
factor on age-
adjusted 
multivariate 
analysis 

Yes: wide 
confidence 
intervals 

No Yes  No N/A 

Ogawa et al., 
2015(118) 

Retrospective 
cohort 

Yes: no attempts 
to correct for 
confounding 
factors by 
multivariate 
analysis 

No Yes: mixed cohort 
of adults and 
children (mean 
age 41 years), of 
which 65/98 (66%) 
were confirmed 
adamantinomatou
s 
craniopharyngiom
a 

N/A: confidence 
intervals not 
reported 

No N/A No N/A 

Gomes et al., 
2015(115) 

Prospective cohort Yes: no attempts 
to correct for 
confounding 
factors by 
multivariate 
analysis 

No No: pure 
paediatric cohort 

N/A: confidence 
intervals not 
reported 

No N/A No N/A 

Gong et al., 
2014(116) 

Retrospective 
cohort 

Yes: only tumours 
undergoing GTR 
were included, 
lack of controls, no 
attempts to 
correct for 
confounding 
factors by 
multivariate 
analysis 

No No: pure 
paediatric cohort 

No: confidence 
intervals relatively 
narrow 

No Yes No N/A 

Ebrahimi et al., 
2013(338) 

Retrospective 
cohort 

Yes: lack of 
controls, no 
attempts to 
correct for 
confounding by 
multivariate 
analysis 

No Yes: mixed cohort 
of adults & 
children and 
adamantinomatou
s & papillary 
craniopharyngiom
as 

No No No No N/A 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Qi et al., 2012(119) Prospective cohort Yes: due to nature 
of staining, only 
tumours 
undergoing GTR 
were included, 
lack of controls 

No Yes: mixed cohort 
of adults and 
children (mean 
age 26 years), of 
which only 34 were 
confirmed 
adamantinomatou
s 
craniopharyngiom
as 

N/A: confidence 
intervals not 
reported 

No N/A No N/A 

Xia et al., 
2011(339) 

Retrospective 
case-control 

Yes: no 
multivariate 
analysis 

No No Yes: small sample 
size 

No No No N/A 

Campanini et al., 
2010(340) 

Prospective cohort Yes: lack of 
controls, no 
statistical analysis 

No Yes: mixed cohort 
of adults and 
children, although 
all 
adamantinomatou
s 
craniopharyngiom
as 

Yes: very small 
sample size 

No No No N/A 

Rodriguez et al., 
2007(341) 

Case series & 
literature review 

Yes: small case 
series (n=3), only 
looked at 
malignant 
craniopharyngiom
as, no comparison 
to controls 

No Yes: mixed series 
of 2 adults and 1 
child 

Yes: very small 
sample size 

Yes: case series of 
selected 
malignant cases 

No No N/A 

Xu et al., 2007(342) Prospective cohort Yes: Small 
numbers, losses to 
follow-up 

No Yes: mixed 
adamantinomatou
s and papillary 
craniopharyngiom
as 

No No No No N/A 

Agozzino et al. 
2006(343) 

Prospective case-
control 

Yes: only radically 
excised tumours 

No Yes: mixed cohort 
of adults and 
children 

Yes: small sample 
size 

No No No N/A 

Izumoto et al., 
2005(344) 

Retrospective 
case-control 

Yes: excluded 13 
patients 

No Yes: mixed cohort 
of adults and 
children 

No No No No N/A 

Losa et al., 
2004(345) 

Prospective cohort Yes: 10 recurrent 
tumours, no 
multivariate 
analysis 

No Yes: mixed cohort 
of adults and 
children 

Yes: small sample 
size 

No No No N/A 

Lubansu et al., 
2003(346) 

?Retrospective 
cohort 

Yes: no 
multivariate 
analysis 

No Yes: mixed cohort 
of adults and 
children 

Yes: small sample 
size 

No No No N/A 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

LeFrance et al. 
2003(347) 

?Retrospective 
cohort 

Yes: no 
multivariate 
analysis, same 
cohort as Lubansu 
et al. (2004) 

No Yes: mixed cohort 
of adults and 
children 

Yes: small sample 
size 

No No No N/A 

Raghavan et al., 
2000(348) 

Retrospective 
case-control 

Yes: 11 recurrent 
tumours, no 
multivariate 
analysis 

No Yes: mixed cohort 
of adults and 
children 

Yes: small sample 
size 

No No No N/A 

Uchino et al., 
2000(349) 

Retrospective case 
series 

Yes: very small 
sample size 

No No Yes: small sample 
size 

Yes: case series No No N/A 

 
Author(s) Summary of findings Quality 

Abnormal genetics/ 
immunohistochemistry events 

No. of 
patients 

Normal genetics/ immunohistochemistry events No. of 
patients 

Pooled effect 

Li et al., 2015 Aberrant membranous β-catenin: 7 
progressions, 7 deaths 

19 Normal membranous β-catenin: 2 progressions, 2 
deaths 

31 HR (overall survival) 11.21 (1.08-116.51) Very low 

Ogawa et al., 
2015 

High expression of GH receptor: number 
of events not reported 

46 Normal expression of GH receptor: number of 
events not reported 

52 N/A Very low 

Gomes et al., 
2015 

High expression of SMO and SUFU mRNA: 
number of events not reported 

N/A Normal expression of SMO and SUFU mRNA: 
number of events not reported 

N/A N/A Very low 

Gong et al., 
2014 

High expression of CXCL12: 9 
High expression of CXCR4: 10 

15 
 
14 

Low expression of CXCL12: 9 
Low expression of CXCR4: 8 

31 
 
31 

CXCL12: HR 3.57 (1.40-9.05) 
CXCR4: HR 4.39 (1.71-11.2) 

Very low 

Ebrahimi et al., 
2013 

Higher stromal osteonectin expression: 
number of events not reported 

N/A Lower stromal osteonectin expression: number of 
events not reported 

N/A N/A Very low 

Qi et al., 2012 High vimentin expression: 11 recurrences 
Low E-cadherin expression: 9 recurrences 

13 Low vimentin expression: 2 recurrences 
High E-cadherin expression: 1 recurrence 

29 N/A Very low 

Xia et al., 2011 Positive MMP9 expression: 15 recurrences 
Positive VEGF expression: 14 recurrences 
Disrupted COLIV expression: 14 

25 
25 
26 

Negative MMP9 expression: 1 recurrence 
Negative VEGF expression: 2 
Intact COLIV expression: 2 

15 
15 
14 

N/A Very low 

Campanini et al., 
2010 

N/A N/A N/A N/A N/A Very low 

Rodriguez et al., 
2007 

N/A N/A N/A N/A N/A Very low 

Xu et al., 2007 Rate of MCM6 LI in recurrent tumours: 
37.9% 

N/A Rate of MCM LI in non-recurrent tumours: 18% N/A N/A Very low 

Agozzino et al., 
2006 

Rate of various markers in recurrent 
tumours: 
MIB-1 L1 27.5% 
VEGF 70% 
Mean vascular density 9.9  

N/A Rate of various markers in non-recurrent tumours: 
MIB-1 L1 22.1% 
VEGF 40% 
Mean vascular density 9.3 

N/A N/A Very low 

Izumoto et al., 
2005 

Oestrogen and progesterone receptor 
positive: 1 
(also high Ki67 index correlated with 
recurrence) 

9 Oestrogen and progesterone receptor negative: 6 21 N/A Very low 

Losa et al., 2004 Ki67/ cyclin A do not predict recurrence N/A N/A N/A N/A Very low 
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Author(s) Summary of findings Quality 
Abnormal genetics/ 
immunohistochemistry events 

No. of 
patients 

Normal genetics/ immunohistochemistry events No. of 
patients 

Pooled effect 

Lubansu et al., 
2003 

Cathepsin and retinoid acid receptor 
levels of expression associated with 
recurrence 

N/A N/A N/A N/A Very low 

LeFranc et al., 
2003 

Retinoic acid receptor levels of expression 
associated with recurrence 

N/A N/A N/A N/A Very low 

Raghavan et al., 
2000 

MIB-LI levels not significantly associated 
with recurrence 

N/A N/A N/A N/A Very low 

Uchino et al., 
2000 

GH receptor positive: 2 N/A GH receptor negative: 0 N/A N/A Very low 
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Outcome 3.2.2.1.a: Management by specialist paediatric neurosurgeons 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with 
craniopharyngiomas 
I/C does involvement of an 
experience paediatric 
neurosurgeon/ adult 
neurosurgeon with paediatric 
experience/ ENT surgeon 
performing a certain number of 
surgeries per year 
O improve overall and 
progression-free survival? 

1. exp *Craniopharyngioma/ or craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. surgery.mp. or exp *General Surgery/ 
4. neurosurgery.mp. or exp *Neurosurgery/ 
5. neurosurgeon.mp. or exp *Neurosurgeons/ 
6. exp *Otolaryngology/ or ENT.mp. 
7. ear nose throat.mp. 
8. 3 or 4 or 5 or 6 or 7 
9. 2 and 8 

1549 38 8 5 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Van Lindert et al., 
2010(124) 

Prospective 
cohort 

Yes – single 
centre, experience 
of single 
neurosurgeon 

No Yes – mixed 
cohort of adults 
and children, 
mixed cohort of 
tumours (7 
craniopharyngiom
a) 

Yes – small 
subcohort of 
craniopharyngiom
as 

Yes – single centre 
experience of 
single 
neurosurgeon 

No No No 

Locatelli et al., 
2010(121) 

Retrospective 
cohort 

Yes – single 
centre, experience 
of a single ENT 
surgeon and 
single 
neurosurgeon 

No Yes – mixed 
cohort of tumours 
(7 
craniopharyngiom
as) 

Yes – small 
subcohort of 
craniopharyngiom
as 

Yes – single centre 
experience 

No No No 

Klimo et al., 
2009(120) 

Retrospective 
cohort 

Yes - two-centre 
but unclear how 
many different 
surgeons were 
operating 

No Yes – mixed 
cohort of tumours 
(3 
craniopharyngiom
as) 

Yes – small 
subcohort of 
craniopharyngiom
as 

Unclear No No No 

Stamm et al., 
2008(123) 

Retrospective 
cohort 

Yes – two-centre 
but unclear how 
many different 
surgeons were 
operating 

No Yes – mixed 
cohort of adults 
and children 

Yes – very small 
cohort  

Unclear No No No 

Sanford, 1994(122) Retrospective 
cohort (conducted 
by multicentre 
national survey) 

Yes – no 
multivariate 
analysis of various 
factors (different 
centres had 
different 
treatment 
strategies) 

No No No Yes – poor return 
rate of survey 
(11/58 centres) 

Yes – large odds 
ratios 

No No 
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Author(s) Summary of findings Quality 
No. of events in centres with 
specialist neuro/ ENT surgeons 

No. of patients No. of events in centres without specialist 
neuro/ ENT surgeons 

No. of patients Pooled effect 

Van Lindert et 
al., 2010 

Did not analyse survival as 
outcome  

N/A N/A N/A N/A Very low 

Locatelli et al., 
2010 

Did not analyse survival as 
outcome  

N/A N/A N/A N/A Very low 

Klimo et al., 
2009 

Did not analyse survival as 
outcome 

N/A N/A N/A N/A Very low 

Stamm et al., 
2008 

Did not analyse survival as 
outcome 

N/A N/A N/A N/A Very low 

Sanford 1994 “Poor outcome”: 4 
Death: 2 

45 “Poor outcome”: 12 
Death: 2 

23 “Poor outcome”: OR 4.4 
Death: OR 2.0 

Very low 
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Outcome 3.2.2.2.b-c: Effectiveness of surgical resection/ cyst aspiration/ biopsy vs. conservative management 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with 
craniopharyngiomas how effective 
are 
I the following procedures – 
complete resection, subtotal/ 
partial resection, cyst aspiration 
without resection, biopsy only 
C compared to conservative 
management 
O in increasing overall and 
progression-free survival? 

1. exp *Craniopharyngioma/ or craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. exp *Disease-Free Survival/ or exp *Survival/ or survival.mp. 
4. 2 and 3 
5. resection*.mp. 
6. cyst aspiration*.mp. 
7. biops*.mp. 
8. biopsy.mp. or exp *Image-Guided Biopsy/ or exp *Biopsy/ 
9. 5 or 6 or 7 or 8 
10. 4 and 9 

147 86 39 16 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Tan et al., 2018 Meta-analysis of 
cohort studies 

No No Yes – for long-
term 
endocrinopathies, 
indirect evidence 
over different 
treatment eras 
rather than head-
to-head 
comparisons 

Yes – aggregated 
rather than 
individual data 
analysed 

No No No No 

Sterkenburg et al., 
2015(34) 

Prospective 
cohort 

Yes – note no 
conservative 
management 
group, no 
multivariate 
analysis 

No No No No No Yes – patients 
from multicentre, 
multi-country HIT-
ENDO registry  

No 

Lo et al., 2014(139) Retrospective 
cohort 

Yes – single 
centre 

Yes – 
demonstrates 
GTR results in 
poorer PFS vs. 
STR + 
radiotherapy 

Yes – mixed 
cohort of adults 
and children (46% 
<20 years) 

Yes – wide 
confidence 
intervals 

Yes – single 
centre 

Yes – large hazard 
ratios 

No No 

Iannalfi et al., 
2013(127) 

Systematic review 
of cohort studies 

Yes – note study 
mainly directed 
towards studying 
the efficacy of 
radiotherapy, no 
meta-analysis 
performed 

No Yes – studies 
included mixed 
cohorts of adults 
and children 

No Yes – studies 
included only 
included trials 
involving 
radiotherapy 

No Yes – multiple 
cohort studies in 
different centres 
with different 
strategies/ 
techniques 

No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Clark et al. 
2013(126) 

Systematic review 
of cohort studies 

Yes – no 
multivariate 
analysis 
performed, 
tumour grade/ 
location not 
determined 

No No No Yes – no control 
group 
(conservative 
management) 

No Yes – multiple 
cohort studies in 
different centres 
with different 
strategies/ 
techniques 

No 

Zacharia et al., 
2012(7) 

Retrospective 
cohort 

Yes – tumour 
grade/ location 
not included in 
multivariate 
analysis (only size 
included) 

Yes – 
demonstrates 
GTR results in 
equivalent OS to 
observation or 
biopsy, whilst STR 
increases OS 

Yes – mixed 
cohort of adults 
and children 
(31.2% <19 years), 
mixed cohort of 
craniopharyngiom
a histologies 
(29.7% 
adamantinomatou
s) 

No No Yes – HR <0.5 for 
STR 

Yes – multivariate 
analysis of a 
national registry 
of cases from 
multiple centres 

No 

Schoenfeld et al., 
2012(130) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis, tumour 
grade/ location 
not determined 

No Yes – mixed 
cohort of adults 
and children 
(median age 30 
(IQR 11-52) years), 
mixed cohort of 
craniopharyngiom
a histologies (65% 
adamantinomatou
s) 

Yes – some 
confidence 
intervals very wide 

Yes – single 
centre only 

Yes – hazard 
ratios for STR vs. 
STR + 
radiotherapy >2, 
GTR vs. STR <0.5 

No No 

Zhao et al., 
2012(137) 

Retrospective 
cohort 

Yes – single 
centre 

No Yes – mixed 
cohort of adults 
and children 
(median age 27 
(range 21 months 
– 68 years), 
unclear 
proportion of 
different 
craniopharyngiom
a histologies, 
some patients 
with recurrent 
tumours 

Yes – very wide 
confidence 
intervals 

Yes – single 
centre only, all 
having undergone 
surgery 

Yes – hazard 
ratios for STR vs. 
GTR >2 

No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Elliott & Wisoff, 
2010(131) 

Retrospective 
cohort 

Yes – single 
centre, tumour 
grade/ location 
not included in 
multivariate 
analysis (only size 
included) 

No Yes – some 
recurrent tumours 
with previous 
surgery +/- 
radiotherapy 

Yes – very wide 
confidence 
intervals, small 
cohort 

Yes – single 
centre only, all 
having undergone 
surgery, and all 
tumours “giant” 
(>5 cm diameter) 

No No No 

Muller et al., 
2010(134) 

Prospective 
cohort 

Yes – no effort 
made to grade 
tumours 

No No No No Yes – GTR vs. STR 
HR <0.5 

Yes – multicentre, 
multi-country 
study with 
multivariate 
analysis 

No 

Yang et al., 
2010(136) 

Systematic review 
of cohort studies 

Yes – no 
multivariate 
analysis, tumour 
grade/ location/ 
size not 
determined 

No Yes – mixed 
cohort of adults 
and children, 
unclear 
proportion of 
different 
histologies 

No (but no 
confidence 
intervals reported) 

No No (but hazard 
ratios not 
reported) 

Yes – multiple 
cohort studies in 
different centres 
with different 
strategies/ 
techniques 

No 

Gupta et al., 
2006(132) 

Retrospective 
cohort 

Yes – no 
multivariate 
analysis, tumour 
grade/ location 
not determined 
(only size 
included) 

No No No (but no 
confidence 
intervals reported) 

No No (but hazard 
ratios not 
reported) 

No No 

Ersahin et al., 
2005(140) 

Retrospective 
cohort 

Yes – no 
multivariate 
analysis, unclear 
definition of GTR 
vs. STR vs. near 
total resection vs. 
partial resection 

No No No (but no 
confidence 
intervals reported) 

Yes – unclear how 
cases selected 
(?only surgical 
cases chosen) 

No (but no ratios 
reported directly) 

Yes – multicentre 
study in different 
centres with 
different 
treatment 
strategies 

No 

Tomita & 
Bowman, 
2005(135) 

Retrospective 
cohort 

Yes – single 
centre experience 
of single 
neurosurgeon 
with overarching 
aim for GTR, no 
multivariate 
analysis 

No No No (but no 
confidence 
intervals reported) 

Yes – single 
centre experience 
of single 
neurosurgeon, 
relatively small 
cohort 

No (but not ratios 
reported directly) 

No No 

Fisher et al., 
1998(62) 

Retrospective 
cohort 

Yes – single 
centre, unclear if 
multivariate 
analysis 
performed 

No No Yes – small cohort 
(no confidence 
intervals reported) 

Yes – single 
centre 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Zuccaro et al., 
1996)(138) 

Retrospective 
cohort 

Yes – single 
centre with 
overarching aim 
for GTR, no 
multivariate 
analysis 
performed 

No No Yes – relatively 
small cohort  

Yes – single 
centre 

No No No 

 
Author(s) Summary of findings Quality 

No. of events in intervention group No. of 
patients 

No. of events in control group No. of 
patients 

Pooled effect 

Tan et al., 2018 Recurrence rate 

GTR 11 

 
45 

Recurrence rate 

Incomplete resection + radiotherapy 22 

 
 
76 

Recurrence rate GTR vs. incomplete resection + 
radiotherapy OR 0.8 (calculated) 

Low 

Sterkenburg et 
al., 2015 
 

20-year OS: 
GTR 89(79-99)% 
Hypothalamic involvement 84(76-92)% 
 
20-year PFS: 
GTR 65(19-78)% 
Hypothalamic involvement 56(42-70)% 

 
91 
132 
 
 
65 
85 

20-year OS: 
STR 87(79-95)% 
No hypothalamic involvement 95(87-
100)% 
 
 
STR 48(49-81)% 
No hypothalamic involvement 62(44-
80)% 

 
132 
82 
 
 
 
87 
53 

Univariate OS: 
GTR vs. STR: p=NS 
Hypothalamic vs. non-hypothalamic involvement: p=0.006 
Univariate PFS: 
GTR vs. STR: p=NS 
Hypothalamic vs. non-hypothalamic involvement: p=NS 

Low 

Lo et al., 2014 
 

10-year PFS: 
GTR 29% 
STR 26% 
Cyst drainage 0% 
STR + radiotherapy 82% 
Cyst drainage + radiotherapy 83% 
 
10-year OS: 
Breakdown by primary treatment 
strategy not stated 

 
18 
 
35 
14 
48 
 
6 

N/A N/A Multivariate PFS: 
GTR vs. STR + radiotherapy HR 23.1(5.2-103.5) 
Cyst aspiration + radiotherapy vs. STR + radiotherapy HR 
1.4(0.2-11.7) 
Cyst aspiration vs. STR + radiotherapy HR 26.8(6.7-106.8) 
No significant differences in disease-specific OS in all 
multivariate analyses 

Very low 

Iannalfi et al., 
2013 

N/A N/A N/A N/A No meta-analysis performed Very low 

Clark et al., 2013 Recurrence rates: 
GTR 51 
STR 51 
STR + radiotherapy 27 
Biopsy + chemotherapy 9 
 
5-year PFS: 
GTR 77% 
STR + radiotherapy 73% 
STR 43% 

 
135 
79 
54 
22 

N/A N/A Univariate PFS: STR vs. GTR HR 1.4(1.1-1.8) Moderate 
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Author(s) Summary of findings Quality 
No. of events in intervention group No. of 

patients 
No. of events in control group No. of 

patients 
Pooled effect 

Zacharia et al., 
2012 

3-year OS: 
GTR 82.6% 
STR 92.5% 

 
216 
246 

3-year OS: 
Observation/ biopsy 82.3% 

 
176 

Multivariate OS: 
GTR vs. observation/ biopsy HR 1.22 (0.71-2.08) 
STR vs. observation/ biopsy HR 0.45 (0.23-0.85) 

Very low 

Schoenfeld et 
al., 2012 

2-year PFS: 
GTR 75% 
STR 36% 
STR + radiotherapy 73% 
 
10-year OS: 
GTR 96% 
STR 81% 
STR + radiotherapy 96% 

 
33 
37 
46 
 
 
33 
37 
46 

N/A N/A Univariate PFS: 
GTR vs. STR + radiotherapy HR 1.24(0.62-2.49) 
STR vs. STR + radiotherapy HR 4.15(2.26-7.61) 
GTR vs. STR HR 0.30(0.16-0.56) 
 
Univariate OS: 
GTR vs. STR + radiotherapy HR 0.66(0.06-7.40) 
STR vs. STR + radiotherapy HR 4.88(1.00-23.74) 
GTR vs. STR HR 0.14(0.16-1.14) 

Very low 

Zhao et al., 2012 
 

Progression/ recurrence: 
GTR 7 
GTR + radiotherapy 3 
STR 13 
STR + radiotherapy 32 
 
 
Deaths: 
GTR 7 
STR 6 
STR + radiotherapy 6 

 
69 
37 
13 
32 
 
 
 
106 
12 
32 

N/A N/A Multivariate OS: 
STR vs. GTR 12.66(1.96-81.67) 
 
No difference in recurrence rate GTR vs. GTR + 
radiotherapy 
Significant differences in recurrence rate for GTR +/- 
radiotherapy > STR + radiotherapy, STR > STR + 
radiotherapy 

Very low 

Elliott & Wisoff, 
2010 

Disease control: 
GTR 95% 
STR +/- radiotherapy 50% 

 
20 
6 

N/A N/A Disease control GTR vs. STR p<0.05  Very low 

Muller et al., 
2010 

Progression/ recurrence/ death: 
GTR 36% 
STR 69% 

 
 
47 
64 

N/A N/A Multivariate event-free survival GTR vs. STR HR 0.20(0.10-
0.39)  

Moderate 

Yang et al., 2010 5-year PFS: 
GTR 67% 
STR 34% 
STR + radiotherapy 69% 
 
10-year OS: 
GTR 98% 
STR 93% 
STR + radiotherapy 95% 

 
256 
101 
85 
 
 
256 
101 
85 

N/A N/A PFS significantly higher in GTR vs. STR but not STR + 
radiotherapy 
 
No differences in OS 

Very low 

Gupta et al., 
2006 

Recurrence: 
GTR 2 
GTR + radiotherapy 0 
STR 4 
STR + radiotherapy 9 

 
16 
3 
17 
36 

N/A N/A Recurrence rate GTR vs. STR OR 0.64 (calculated) Very low 



Craniopharyngioma in children and young people 
 

	

	88 

Author(s) Summary of findings Quality 
No. of events in intervention group No. of 

patients 
No. of events in control group No. of 

patients 
Pooled effect 

Ersahin et al., 
2005 

Recurrence: 
GTR 2 
STR 12 
 
Deaths: 
All deaths occurred in patients 
undergoing GTR or STR (vs. partial 
resections) 

 
37 
43 

N/A N/A Extent of resection significantly related to long-term 
neurodisability (Glasgow Outcome Scale – but unclear 
direction of effect) 
 
Recurrence rate GTR vs. STR OR 0.19 (calculated) 

Very low 

Tomita & 
Bowman, 2005 

Recurrence: 
GTR 9 
STR 12 
STR + radiotherapy 3 
 
10-year recurrence-free survival: 
GTR 70% 
STR 9% 
STR + radiotherapy 36% 

 
33 
13 
8 

N/A N/A Recurrence rate GTR vs. STR OR 0.38 (calculated) Very low 

Fisher et al., 
1998 

N/A N/A N/A N/A PFS not associated with extent of resection  Very low 

Zuccaro et al., 
1996 

Recurrences: 
GTR 0 
STR 15 
 
Deaths: 
GTR 0 
STR 6 
Cyst aspiration + biopsy 0 
 

 
13 
28 
 
 
13 
28 
7 

N/A N/A No statistical analyses performed  Very low 
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Outcome 3.2.2.2.d: Management of hydrocephalus  
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with 
craniopharyngiomas and 
hydrocephalus what is the efficacy 
of 
I the following procedures – 
external ventricular drain 
insertion, transventricular/ 
transsphenoidal endoscopic cyst 
drainage, reservoir insertion  
C compared to conservative 
management 
O in relieving intracranial pressure 
symptoms? 

1. exp *Craniopharyngioma/ or Craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. (external ventricular drain* or EVD).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier, synonyms] 
4. ommaya.mp. 
5. (transventricular or transsphenoidal).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier, synonyms] 
6. endoscopic.mp. 
7. 5 and 6 
8. 3 or 4 or 7 
9. exp *Hydrocephalus/ or hydrocephalus.mp. 
10. 2 and 9 
11. 8 and 10 

16 10 4 3 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Khan et al., 
2013(147) 

Retrospective 
cohort 

Yes – single 
centre, unclear if 
Ommaya reservoir 
insertion (as a 
significant 
protective factor 
against headache) 
was in the 
presence of 
hydrocephalus, 
only included 
Ommaya reservoir 
and 
ventriculoperitone
al shunts as 
techniques 

No No No Yes – single 
centre 

No No No 

Kim et al., 
2013(148) 

Retrospective 
cohort 

Yes – primary aim 
of study was to 
look at the 
feasibility of 
neuroendoscopic 
biopsy in children 

No Yes – mixed 
cohort of tumours, 
only 1 
craniopharyngiom
a, 17 with 
hydrocephalus 

Yes – very small 
cohort 

Yes – single 
centre 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Tirakotai et al., 
2007(149) 

Retrospective 
cohort 

Yes – primary aim 
of study was to 
look at the 
feasibility of 
neuroendoscopic 
procedures  

No Yes – mixed 
cohort of adults 
and children 
(mean age 43.8 
years), mixed 
cohort of tumours 
(7 
craniopharyngiom
as), 20 with 
hydrocephalus 

Yes – very small 
cohort 

Yes – single 
centre 

No No No 

 
Author(s) Summary of findings Quality 

No. of interventions in 
hydrocephalus group 

No. of patients No. of interventions in 
non-hydrocephalus group 

No. of patients Pooled effect 

Khan et al., 2013 N/A N/A N/A N/A Ommaya reservoir and headache 
frequency: multivariate OR 0.44 (0.18-1.12) 

Very low 

Kim et al., 2013 8 (3 shunts, 2 septostomies, 
3 third ventriculostomies) 

17 N/A N/A All patients needing decompression 
procedures had resolved hydrocephalus 
post-procedure 

Very low 

Tirakotai et al., 
2007 

20 (19 third 
ventriculostomies, 1 stent) 

20 N/A N/A All patients needing decompression 
procedures had resolved hydrocephalus 
post-procedure 

Very low 
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Outcome 3.2.2.2.e: Management of cystic craniopharyngiomas with hydrocephalus  
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with cystic 
craniopharyngiomas and 
hydrocephalus how effective are 
I the following procedures –
transventricular/ transsphenoidal 
endoscopic cyst aspiration, 
reservoir insertion  
C compared to conservative 
management 
O in reducing the need for 
permanent ventriculoperitoneal 
shunting/ ventricular drainage? 

1. exp *Craniopharyngioma/ or craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. exp *Hydrocephalus/ or hydrocephalus.mp. 
4. 2 and 3 
5. (Ventriculoperitoneal shunt* or V-P shunt* or VP shunt*).mp. 
[mp=title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique 
identifier, synonyms] 
6. exp *Cerebrospinal Fluid Shunts/ or Ventricular drain*.mp. 
7. exp *Ventriculoperitoneal Shunt/ 
8. (transventricular or transsphenoidal).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier, synonyms] 
9. ommaya.mp. 
10. 5 or 6 or 7 or 8 or 9 
11. 4 and 10 

48 19 9 3 (no clear agreement 
therefore Delphi 
consensus) 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Tirakotai et al., 
2007(149) 

Retrospective 
cohort 

Yes – primary aim 
of study was to 
look at the 
feasibility of 
neuroendoscopic 
procedures,  

No Yes – mixed 
cohort of adults 
and children 
(mean age 43.8 
years), mixed 
cohort of tumours 
(7 
craniopharyngiom
as), 20 with 
hydrocephalus, 15 
cystic 

Yes – very small 
cohort 

Yes – single 
centre 

No No No 

Cinalli et al., 
2006(150) 

Case series Yes – single 
centre case series 

No Yes - cohort 
included adult 
patients, unclear 
how many had 
hydrocephalus 

Yes – 3 cases 
described only, 
only 2 cystic 

Yes – single 
centre case series 

No No No 

Nicolato et al., 
2004(151) 

Case series Yes – single 
centre case series, 
mixed treatment 
modalities 
including 
intracavitary 
brachytherapy 
and gamma knife 
radiosurgery 

No Yes – cohort 
included adult 
patients, 3 had 
hydrocephalus 

Yes – case series Yes – single 
centre case series 

No No No 
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Author(s) Summary of findings Quality 

No. of interventions in 
hydrocephalus group 

No. of 
patients 

No. of interventions in 
non-hydrocephalus group 

No. of patients Pooled effect 

Tirakotai et al., 
2007 

20 (19 third ventriculostomies, 1 
stent – unclear which tumours were 
cystic) 

20 N/A N/A All patients needing decompression 
procedures had resolved hydrocephalus post-
procedure 

Very low 

Cinalli et al., 
2006 

N/A N/A N/A N/A One patient had cystic decompression 
leading to relief of hydrocephalus 

Very low 

Nicolato et al., 
2004 

3 (all Ommaya reservoir) 3 N/A N/A All patients with hydrocephalus resolved 
immediately post-reservoir insertion 

Very low 



www.cclg.org.uk 
 

 93	

Outcome 3.2.2.2.f-g: Management of cystic craniopharyngiomas  
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with cystic 
craniopharyngiomas how effective 
are 
I the following procedures –
transventricular/ transcranial/ 
transsphenoidal endoscopic cyst 
aspiration, reservoir insertion  
C compared to conservative 
management 
O in reducing maximum cyst 
diameter or reducing cyst 
relapse? 

1. exp *Craniopharyngioma/ or craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. transsphenoidal.mp. or exp *Endoscopy/ 
4. transventricular.mp. 
5. ommaya.mp. 
6. cyst.mp. or exp *Cysts/ 
7. cyst*.mp. 
8. 3 or 4 or 5 
9. 6 or 7 
10. 2 and 8 and 9 

128 42 16 11 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Frio et al., 
2019(161) 

Case series Yes – single 
centre, no 
comparison group 

No Yes – adult cohort Yes – case series, 
unclear definition 
of outcomes 

Yes – single centre 
experience 

No No No 

Moussa et al., 
2013(153) 

Retrospective 
cohort 

Yes – single 
centre, no 
comparison group 

No Yes – mixed 
cohort of adults 
and children (69% 
<16 years) 

Yes – relatively 
small cohort 

Yes – single centre 
experience 

No No No 

Gangemi et al., 
2009(152) 

Case report Yes – single case No No Yes – single case Yes – single case No No No 

Cinalli et al., 
2006(150) 

Case series Yes – single centre 
case series 

No Yes - cohort 
included adult 
patients, only 2 
cystic 

Yes – 3 cases 
described only, 
only 2 cystic 

Yes – single centre 
case series 

No No No 

Delitala et al., 
2004(154) 

Case series Yes – single centre 
case series 

No Yes – mixed 
cohort of adults 
and children 
(mean 50.1 years), 
3 were relapsed 
craniopharyngiom
as 

Yes – 7 cases only Yes – single centre 
case series 

No No No 

Locatelli et al., 
2004(155) 

Case series Yes – single centre 
case series 

No Yes – all cases 
were relapsed 
craniopharyngiom
as which had had 
previous 
resections 

Yes – 5 cases only Yes – single centre 
case series 

No No No 

Reda et al., 
2002(156) 

Case series Yes – single centre 
case series 

No Yes – only one 
case of relapsed 
craniopharyngiom
a, cyst aspiration 
with radiosurgery  

Yes – 2 cases 
presented only 

Yes – single centre 
case series 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Joki et al., 
2002(158) 

Case report Yes – single case No Yes – relapsed 
craniopharyngiom
a post-resection 
and cyst 
aspiration, 
Ommaya inserted 
then radiosurgery 

Yes – single case Yes – single case No No No 

Vitaz et al., 
2001(160) 

Case series Yes – single centre 
case series 

No Yes – both 
relapsed 
craniopharyngiom
as 

Yes – 2 cases 
presented only 

Yes – single centre 
case series 

No No No 

Nakamizo et al., 
2001(159) 

Case report Yes – single case No No Yes – single case Yes – single case No No No 

Gutin et al., 
1980(157) 

Case series Yes – single centre 
case series 

No Yes – mixed 
cohort of adults 
and children (2 
<18 years), mixed 
cohort of primary 
and relapsed 
craniopharyngiom
as 

Yes – 4 cases 
presented only 

Yes – single centre 
case series 

No No No 

 
Author(s) Summary of findings Quality 

No. of events in cyst aspiration/ 
Ommaya reservoir group  

No. of patients No. of events in 
conservatively managed 
group 

No. of 
patients 

Pooled effect 

Frio et al. ,2019 Tumour control: 73% 
Visual acuity improvement: 71% 
Visual field improvement: 88% 
Headache improvement: 100% 
Cognitive/ behavioural improvement: 44% 
Hypopituitarism improvement: 0% 

11 N/A N/A N/A Very low 

Moussa et al., 
2013 

Reaccumulation: 14 (4 needed bleomycin) 52 Ommaya reservoir N/A N/A N/A Very low 

Gangemi et al., 
2013 

N/A N/A N/A N/A Cystic aspiration was followed by GTR 1 
week after 

Very low 

Cinalli et al., 
2006 

Reaccumulation: 0 2 N/A N/A One cystic aspiration led to control of 
hydrocephalus, followed by GTR 

Very low 

Delitala et al., 
2004 

Failure: 1 
Relapse/ reaccumulation: 2 

7 cyst-ventricular shunt N/A N/A N/A Very low 

Locatelli et al., 
2004 

Relapse: 1 1 cyst marsupialisation 
3 stent insertions 
1 cyst-ventricular shunt 

N/A N/A N/A Very low 

Reda et al., 2002 Relapse: 0 1 N/A N/A N/A Very low 
Joki et al., 2002 N/A N/A N/A N/A Ommaya reservoir insertion was 

followed by radiosurgery after 
Very low 
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Author(s) Summary of findings Quality 
No. of events in cyst aspiration/ 
Ommaya reservoir group  

No. of patients No. of events in 
conservatively managed 
group 

No. of 
patients 

Pooled effect 

Vitaz et al., 2001 N/A N/A N/A N/A Both patients showed 40% & 85% 
reduction in cyst volume prior to 32P 
instillation 

Very low 

Nakamizo et al., 
2001 

N/A N/A N/A N/A N/A Very low 

Gutin et al., 1980 Reaccumulation: 4 4 Ommaya reservoir N/A N/A N/A Very low 



Craniopharyngioma in children and young people 
 

	

	96 

Outcome 3.2.2.2.h: The role of high-field intraoperative MRI 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with 
craniopharyngiomas undergoing 
surgical resection does 
I the use of intraoperative MRI 
C compared to no intraoperative 
MRI 
O increase the incidence of 
successful GTR/STR, reduce the 
frequency of complications or of 
hypothalamo-pituitary 
dysfunction? 

1. exp *Craniopharyngioma/ or craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. magnetic resonance imaging.mp. or exp *Magnetic Resonance 
Imaging/ 
4. MRI.mp. 
5. intraoperative.mp. or exp *Monitoring, Intraoperative/ 
6. 3 or 4 
7. 2 and 5 and 6 

37 22 7 6 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Hofmann et al., 
2011(162) 

Prospective 
cohort 

Yes – no control 
group 

No Yes – mixed 
cohort of adults 
and children 
(mean age 31 
years) 

Yes – small cohort Yes – single 
centre, note only 
included complex 
tumours >1cm 
with extension 
into >1 cranial 
fossa/ ventricles 
or large cystic/ 
calcified 
components 

No No No 

Samdani et al., 
2005(166) 

Retrospective 
cohort 

Yes – no control 
group 

No Yes – mixed 
cohort of tumours 
(3/20 
craniopharyngiom
as) 

Yes – small cohort Yes – single 
centre 

No No No 

Nimsky et al., 
2004(164) 

Retrospective 
cohort 

Yes – no control 
group 

No Yes – mixed 
cohort of adults 
and children 
(mean 46.1 years), 
mixed tumour 
types (11/200 
craniopharyngiom
as) 

No Yes – single 
centre 

No No No 

Nimsky et al., 
2003(163) 

Retrospective 
cohort 

Yes – no control 
group 

No Yes – mixed 
cohort of adults 
and children (9/20 
<19 years) 

Yes – small cohort Yes – single 
centre 

No No No 

Vitaz et al., 
2001(160) 

Case series Yes – single 
centre case series 

No Yes – both 
relapsed cases 

Yes – 2 cases 
reported 

Yes – single 
centre case series 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Lam et al., 
2001(165) 

Case series Yes – single 
centre case series 

No Yes – mixed 
cohort of tumours 
(1 cystic 
craniopharyngiom
a) 

Yes – 9 cases 
reported 

Yes – single 
centre case series 

No No No 

 
Author(s) Summary of findings Quality 

No. of events in intraoperative MRI group No. of patients No. of events in non-intraoperative MRI 
group 

No. of 
patients 

Pooled effect 

Hofmann et al., 
2011 

Intended GTR and successful GTR before 
MRI: 14 
Intended STR and successful STR before MRI: 
1 
Intended GTR and successful GTR after MRI: 
4 
Intended STR and successful STR after MRI: 1 

25 N/A N/A Increased rate of GTR by 16% Very low 

Samdani et al., 
2005 

Extension of resection post-MRI: 4 20 N/A N/A N/A Very low 

Nimsky et al., 
2004 

Intended GTR with extension of resection 
post-MRI: 26/65 
Intended STR with extension of resection 
post-MRI: 17/46 

139 pituitary 
adenomas/ 
gliomas/ 
craniopharyngiomas 

N/A N/A Increased rate of GTR by 31.3% 
Increased extent of STR by 14.9% 
Increased success rate of cystic 
craniopharyngioma puncture in 2 
patients 

Very low 

Nimsky et al., 
2003 

Intended GTR and successful GTR before 
MRI: 14 
Intended GTR and successful GTR after MRI: 
2 
Recurrence post-GTR: 3 

16 N/A N/A No additional morbidity from 
intraoperative MRI 

Very low 

Vitaz et al., 2001 Reduction in cyst size by 85% and 40% 
respectively 

2 N/A N/A N/A Very low 

Lam et al., 2001 Intended GTR and successful GTR before 
MRI: 4 
Intended GTR and successful GTR after MRI: 
3 
Intended GTR and successful STR after MRI: 2 
1 craniopharyngioma cyst completely 
resolved 

7 N/A N/A N/A Very low 
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Outcome 3.2.2.2.a: The use of perioperative dexamethasone 
PICO question Literature search terms No. of articles No. included 

post-title review 
No. included 
post-abstract 
review 

Final no. 
included 

P In children <19 years with 
craniopharyngiomas undergoing 
transcranial and transsphenoidal 
surgical procedures does 
I the use of perioperative 
dexamethasone 
C compared to no perioperative 
dexamethasone 
O have an effect on overall 
survival, the likelihood of 
complete surgical resection and 
reducing the frequency of surgical 
complications and perioperative 
mortality? 

1. dexamethasone.mp. [mp=title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
2. (preoperative or perioperative).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier] 
3. (neurosurgery or neurosurgical or surgery or surgical).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, unique identifier] 
4. (brain tumour or brain tumor or brain neoplasm).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, unique identifier] 
5. 2 or 3 
6. 1 and 4 and 5 
7. exp Dexamethasone Isonicotinate/ or exp Dexamethasone/ 
8. exp Preoperative Period/ or exp Preoperative Care/ 
9. exp Perioperative Nursing/ or exp Perioperative Care/ or exp Perioperative Period/ 
10. 8 or 9 
11. exp Brain Neoplasms/ 
12. exp Neurosurgery/ 
13. 8 or 9 or 12 
14. 7 and 11 and 13 
15. 6 or 14 

69 11 7 0 
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Outcome 3.2.2.2.b: The use of perioperative hydrocortisone 
PICO question Literature search terms No. of articles No. included 

post-title 
review 

No. included 
post-abstract 
review 

Final no. 
included 

P In children <19 years with 
craniopharyngiomas undergoing 
surgical procedures without 
perioperative dexamethasone 
does 
I the routine use of perioperative 
hydrocortisone in doses of 
2mg/kg IV then 4-hourly 
thereafter, 2mg/kg IV then 6-8-
hourly thereafter continuous IV 
infusion to achieve concentrations 
of 1000 nmol/l 
C compared to no perioperative 
hydrocortisone 
O increase overall survival, reduce 
the frequency of perioperative 
hypoadrenal crises and 
perioperative mortality? 

1. hydrocortisone.mp. [mp=title, abstract, original title, name of substance word, subject heading 
word, keyword heading word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. (preoperative or perioperative).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
3. (neurosurgery or neurosurgical or surgery or surgical).mp. [mp=title, abstract, original title, name 
of substance word, subject heading word, keyword heading word, protocol supplementary concept 
word, rare disease supplementary concept word, unique identifier] 
4. (brain tumour or brain tumor or brain neoplasm).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, protocol supplementary concept 
word, rare disease supplementary concept word, unique identifier] 
5. 2 or 3 
6. 1 and 4 and 5 
7. exp Hydrocortisone/ 
8. exp Preoperative Period/ or exp Preoperative Care/ 
9. exp Perioperative Nursing/ or exp Perioperative Care/ or exp Perioperative Period/ 
10. exp Brain Neoplasms/ 
11. exp Neurosurgery/ 
12. 8 or 9 or 11 
13. 7 and 10 and 12 
14. 6 or 13 

85 8 7 2 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

De Tommasi et 
al., 2012(350) 

Case series Yes – only 
transsphenoidal 
patients included, 
no control group 

No Yes – adult 
patients with 
pituitary 
macroadenomas 
only 

Yes – 9 patients Yes – single 
centre with 
predetermined 
protocols 

No No No 

Auchus et al., 
1997(172) 

Prospective 
cohort 

Yes – only 
transsphenoidal 
patients included, 
no control group 

No Yes – adult 
patients, none 
with 
craniopharyngiom
a 

Yes – relatively 
small cohort 

Yes – single 
centre with 
predetermined 
protocol 

No No No 

 
Author(s) Summary of findings Quality 

No. of events in perioperative 
hydrocortisone group 

No. of 
patients 

No. of events in non-
perioperative 
hydrocortisone group 

No. of patients Pooled effect 

De Tommasi et 
al., 2012 

1 1 0 8 Only one patient with fatigue and postoperative mean 
serum cortisol of <500 nmol/l treated 

Very low 
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Author(s) Summary of findings Quality 
No. of events in perioperative 
hydrocortisone group 

No. of 
patients 

No. of events in non-
perioperative 
hydrocortisone group 

No. of patients Pooled effect 

Auchus et al., 
1997` 

Preoperatively normal HPA: 1 
Preoperatively abnormal HPA: 3 

17 
 
6 

  48h postoperative 24h post-hydrocortisone) morning 
cortisol >270 nmol/l: 
Sensitivity 94% 
Specificity 100% 
(preop normal HPA) 
Sensitivity 67% 
Specificity 67% 
(preop abnormal HPA) 
48h postoperative 24h post-hydrocortisone) morning 
cortisol <60 nmol/l: 
Sensitivity 100% 
Specificity 50% 
(preop normal HPA) 
Specificity 100% (preop abnormal HPA) 

 



www.cclg.org.uk 
 

 101	

Outcome 3.2.2.2.c: Perioperative testing for central diabetes insipidus 
PICO question Literature search terms No. of 

articles 
No. included 
post-title 
review 

No. included 
post-abstract 
review 

Final no. 
included 

P In children <19 years with 
craniopharyngiomas undergoing 
surgical procedures  
I how do the following (in 
combination or alone):  

• Paired early morning 
urine/ plasma 
osmolalities (urine: 
plasma <1) 

• Urine specific gravity 
<1.010 

• Polyuria >5 ml/kg/hour  
• Plasma AVP  
• Urinary/ plasma 

copeptin 
C compared to a water 
deprivation test 
O in terms of sensitivity and 
specificity for detecting diabetes 
insipidus  
T in the postoperative period? 

1. (diabetes insipidus or antidiuretic hormone deficiency or vasopressin deficiency or arginine-vasopressin 
deficiency or ADH deficiency or AVP deficiency).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
2. (posterior pituitary dysfunction or posterior pituitary deficit).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier] 
3. 1 or 2 
4. (brain tumour or brain tumor or brain neoplasm).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
5. (perioperative or postoperative).mp. [mp=title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
6. (neurosurgery or neurosurgical or surgery or surgical).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier] 
7. 5 or 6 
8. (water deprivation test or paired osmolality or paired osmolalities or urinary copeptin or plasma 
vasopressin or plasma antidiuretic hormone or plasma arginine-vasopressin or plasma ADH or plasma 
AVP).mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier] 
9. 3 and 4 and 7 and 8 
10. 3 and 7 and 8 
11. exp diabetes insipidus/ or exp diabetes insipidus, neurogenic/ 
12. exp Brain Neoplasms/ 
13. exp Perioperative Nursing/ or exp Perioperative Care/ or exp Perioperative Period/ 
14. exp Postoperative Complications/ 
15. 13 or 14 
16. exp "Sensitivity and Specificity"/ or exp "Predictive Value of Tests"/ 
17. exp Diagnosis/ 
18. 16 or 17 
19. 11 and 12 and 15 and 18 
20. 10 or 19 

151 13 10 2 (but see 
section 
3.2.1.3.e-f for 
diagnostic 
criteria for 
central 
diabetes 
insipidus) 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Berton et al., 
2020(179) 

Prospective 
cohort 

No No Yes: adult patients 
only, mixed cohort 
of tumours (4 
craniopharyngiom
as) 

No No No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Winzeler et al., 
2015(180) 

Prospective 
cohort 

No No Yes: adult patients 
only, mixd cohort 
of tumours (9 
craniopharyngiom
as 

No No No No No 

 
Author(s) Summary of findings Quality 

No. of positive tests in 
CDI group 

No. of patients No. of positive tests in 
non-CDI group 

No. of patients Pooled effect 

Berton et al., 
2020 

N/A N/A N/A N/A 1-hour postoperative plasma copeptin <12.8 
pmol/l: 
Sensitivity 87.5% 
Specificity 76% 
1-hour postoperative/ preoperative plasma 
copeptin ratio <1.47: 
Sensitivity 75% 

Specificity 78.8% 

Very low 

Winzeler et al., 
2015 

N/A N/A N/A N/A 12-hour postoperative plasma copeptin <2.5 
pmol/l: 
Sensitivity 44% 
Specificty 97% 
12-hour postoperative plasma copeptin >30 
pmol/l: 
Sensitivity 98% 

Specificity 25% 

Very low 
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Outcome 3.2.2.2.d: Perioperative testing for SIADH 
PICO question Literature search terms No. of articles No. included 

post-title 
review 

No. included 
post-abstract 
review 

Final no. 
included 

P In children <19 years with 
craniopharyngiomas undergoing 
surgical procedures  
I how do the following (in 
combination or alone): 

• Paired urine/ plasma 
osmolalities (urine: 
plasma>1.5) 

• Urine specific gravity 
>1.010 

• Oliguria <1 ml/kg/hour 
• Plasma sodium <132 

mmol/l and urinary 
sodium 20-70 mmol/l 

• Plasma AVP  
• Urinary/ plasma 

copeptin 
C compared to a fluid restriction 
challenge leading to eunatraemia 
O in terms of sensitivity and 
specificity for detecting the 
syndrome of inappropriate 
diuretic hormone secretion 
T in the post-operative period? 

1. (syndrome of inappropriate antidiuretic hormone or SIADH).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier] 
2. (posterior pituitary dysfunction or posterior pituitary deficit).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier] 
3. 1 or 2 
4. (brain tumour or brain tumor or brain neoplasm).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier] 
5. (perioperative or postoperative).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
6. (neurosurgery or neurosurgical or surgery or surgical).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier] 
7. 5 or 6 
8. (paired osmolality or paired osmolalities or urinary copeptin or plasma vasopressin or plasma 
arginine-vasopressin or plasma AVP or plasma antidiuretic hormone or plasma ADH).mp. [mp=title, 
abstract, original title, name of substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary concept word, unique identifier] 
9. 3 and 4 and 7 and 8 
10. 3 and 7 and 8 
11. exp Water-Electrolyte Imbalance/ or exp Hyponatremia/ or exp Inappropriate ADH Syndrome/ 
12. exp Brain Neoplasms/ 
13. exp Perioperative Nursing/ or exp Perioperative Care/ or exp Perioperative Period/ 
14. exp Postoperative Complications/ 
15. 13 or 14 
16. exp "Sensitivity and Specificity"/ 
17. exp "Predictive Value of Tests"/ 
18. exp Diagnosis/ 
19. 16 or 17 or 18 
20. 11 and 12 and 15 and 19 
21. 10 or 20 

67 10 6 2 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Cardoso et al., 
2007(181) 

Prospective 
cohort 

No No Yes – mixed 
cohort of adults 
and children (4 
<19 years), mixed 
cohort of tumours 
and aneurysms 
(no 
craniopharyngiom
as) 

Yes – small cohort Yes – single 
centre 

No No No 

Sata et al., 
2006(182) 

Retrospective 
cohort 

Yes – only 
transsphenoidal 
patients included, 
only examined 
24/110 patients 
with 
hyponatraemia 
(i.e. no control 
group) 

No Yes – mixed 
cohort of adults 
and children, 
mixed cohort of 
tumours (5 
craniopharyngiom
as but none 
included in 
analysis) 

Yes – small 
cohort, only 3 had 
SIADH 

Yes – only 
included 24/110 
patients with 
hyponatraemia 
post-
transsphenoidal 
surgery 

No No No 

 
 

Author(s) Summary of findings Quality 
No. of positive tests in SIADH 
group 

No. of 
patients 

No. of positive tests in 
non-SIADH group 

No. of patients Pooled effect 

Cardoso et al., 
2007 

Plasma AVP >0.5 pg/ml: 3 
Natriuresis (definition unclear): 1 
Oliguria: 0 

3 N/A N/A Unable to calculate as no control data Very low 

Sata et al., 2006 Urine: plasma osmolality >1: 24 
Plasma AVP >0.21 pg/ml: 24 

24 
24 

N/A N/A Unable to calculate as unclear what 
proportion of patients truly had SIADH 

Very low 
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Outcome 3.2.2.2.d: Perioperative testing for cerebral salt-wasting syndrome 
PICO question Literature search terms No. of articles No. included 

post-title review 
No. included 
post-abstract 
review 

Final no. 
included 

P In children <19 years with 
craniopharyngiomas undergoing 
surgical procedures  
I how do the following (in 
combination or alone): 

• Paired urine/ plasma 
osmolalities (urine: 
plasma>1-1.5) 

• Urine specific gravity 
>1.010 

• Polyuria >5 ml/kg/hour 
• Plasma sodium <132 

mmol/l and urinary 
sodium >70 mmol/l 

C compared to a 0.9% NaCl IV 
fluid bolus challenge leading to 
polyuria 
O in terms of sensitivity and 
specificity for detecting cerebral 
salt-wasting 
T in the post-operative period? 

1. (cerebral salt-wasting or cerebral salt wasting).mp. [mp=title, abstract, original title, name 
of substance word, subject heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier] 
2. (posterior pituitary dysfunction or posterior pituitary deficit).mp. [mp=title, abstract, 
original title, name of substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier] 
3. 1 or 2 
4. (brain tumour or brain tumour or brain neoplasm).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, unique identifier] 
5. (perioperative or postoperative).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol supplementary concept 
word, rare disease supplementary concept word, unique identifier] 
6. (neurosurgery or neurosurgical or surgery or surgical).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, unique identifier] 
7. 5 or 6 
8. (paired electrolytes or paired osmolality or paired osmolalities or atrial natriuretic 
peptide or atrial natriuretic factor or atrial natriuretic hormone or cardionatrine or 
cardiodilatine or ANP or ANF or ANH or atriopeptin).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, unique identifier] 
9. 3 and 4 and 7 and 8 
10. 3 and 7 and 8 
11. exp Water-Electrolyte Imbalance/ 
12. exp Hyponatremia/ 
13. 11 or 12 
14. exp Brain Neoplasms/ 
15. exp Perioperative Nursing/ or exp Perioperative Care/ or exp Perioperative Period/ 
16. exp Postoperative Complications/ 
17. 15 or 16 
18. exp "Sensitivity and Specificity"/ 
19. exp "Predictive Value of Tests"/ 
20. exp Diagnosis/ 
21. 18 or 19 or 20 
22. 13 and 14 and 17 and 2 
23. 10 or 22 

66 13 7 4 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Papadimitriou et 
al., 2007(186) 

Case series Yes – case series No Yes – one of two 
cases 
craniopharyngiom
a 

Yes – small case 
series 

Yes – case series 
of 2 patients 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Guerrero et al., 
2007(185) 

Case report Yes – case report, 
patient also had 
hypotonic saline 
infusion prior to 
diagnosis 

No Yes – adult 
patient with 
pituitary adenoma 

Yes – case report Yes – case report No No No 

von Bismarck et 
al., 2006(187) 

Case series Yes – case series, 
hormonal 
measurements 
not uniformly 
measured 

No Yes – mixed 
cohort of 
aetiologies, none 
craniopharyngiom
a 

Yes – small case 
series 

Yes – case series 
of 9 patients 

No No No 

Yamaki et al., 
1992(188) 

Case series Yes – case series, 
hormonal 
measurements 
not uniformly 
measured 

No Yes – adult 
patients with 
pituitary 
adenomas 

Yes – small case 
series 

Yes – case series 
of 2 patients 

No No No 

 
Author(s) Summary of findings Quality 

No. of positive tests in cerebral salt-
wasting syndrome group 

No. of 
patients 

No. of positive tests in 
non-cerebral salt-wasting 
syndrome group 

No. of patients Pooled effect 

Papadimitriou et 
al., 2007 

Serum sodium <132 mmol/l: 2 
Low renin/ aldosterone: 2 
Raised/ detectable BNP: 2 
Raised/ detectable ANP: 1 

2 N/A N/A N/A Very low 

Guerrero et al., 
2007 

Serum sodium <132 mmol/l: 1 
Urine sodium > 70 mmol/l: 1 

1 N/A N/A N/A Very low 

von Bismarck et 
al., 2006 

Urine output >5 ml/kg/hr: 7 
Urine sodium >70 mmol/l: 9 
Raised ANP: 3 
Raised BNP: 3 
Low renin/ aldosterone: 4 

9 
9 
6 
7 
5 

N/A N/A N/A Very low 

Yamaki et al., 
1992 

Serum sodium <132 mmol/l: 2 
Urine sodium >70 mmol/l: 2 
Raised ANP: 0 
Low aldosterone: 0 

2 
2 
1 
1 

N/A N/A N/A Very low 
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Outcome 3.2.2.3.a-c: Effectiveness of radiotherapy 
(*note the literature search for both PICO questions were conducted simultaneously) 

PICO question Literature search terms No. of articles No. included post-
title review 

No. included post-
abstract review 

Final no. included 

P In children <19 years who have 
had complete resection of a 
craniopharyngioma 
I does upfront radiotherapy 
C compared to no upfront 
radiotherapy 
O improved overall and 
progression-free survival? 
 
P In children <19 years who have 
had incomplete (partial/ subtotal) 
resection of a craniopharyngioma 
I does upfront radiotherapy 
C compared to no upfront 
radiotherapy 
O improved overall and 
progression-free survival? 

1. craniopharyngioma.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. radiotherapy.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
3. survival.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept 
word, unique identifier] 
4. 1 and 2 and 3 
5. exp Craniopharyngioma/ 
6. exp Radiotherapy/ or exp Radiotherapy, Adjuvant/ 
7. exp Disease-Free Survival/ or exp Survival Analysis/ or exp Survival/ 
or exp Survival Rate/ 
8. 5 and 6 and 7 
9. 4 or 8 
10. limit 9 to "all child (0 to 18 years)" 

175 73 40 25 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Bishop et al., 
2014(192) 

Retrospective 
cohort 

No No Yes – note study 
was aimed at 
assessing proton 
beam vs. 
conventional 
radiotherapy 

No No No Yes – multicentre 
study 

No 

Clark et al., 
2013(126) 

Systematic review 
of cohort studies 

Yes – no 
multivariate 
analysis, tumour 
grade/ location 
not determined 

No Yes – does not 
answer question 
about timing of 
radiotherapy 

No No No Yes – multiple 
centres with 
different 
treatment 
strategies 

No 

Schoenfeld et al., 
2012(130) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis, tumour 
grade/ location 
not determined 

No Yes – mixed 
cohort of adults 
and children 
(median age 30 
(IQR 11-52) years), 
mixed cohort of 
craniopharyngiom
a histologies (65% 
adamantinomatou
s) 

Yes – some 
confidence 
intervals very wide 

Yes – single 
centre only 

Yes – hazard 
ratios for STR vs. 
STR + 
radiotherapy >2, 
GTR vs. STR <0.5 

No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Zhao et al., 
2012(137) 

Retrospective 
cohort 

Yes – single 
centre 

No Yes – mixed 
cohort of adults 
and children 
(median age 27 
(range 21 months 
– 68 years), 
unclear 
proportion of 
different 
craniopharyngiom
a histologies, 
some patients 
with recurrent 
tumours 

Yes – very wide 
confidence 
intervals 

Yes – single 
centre only 

Yes – hazard 
ratios for STR vs. 
GTR >2 

No No 

Jeon et al., 
2011(327) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis 

No Yes – mixed 
cohort of adults 
and children 
(median 33.6 
years) 

No Yes – single 
centre only 

No No No 

Mortini et al., 
2011(320) 

Retrospective 
cohort 

Yes – single 
centre, unclear if 
effects of 
radiotherapy were 
included in 
multivariate 
model 

No Yes – mixed 
cohort of adults 
and children (34 
of 112 <18 years) 

No Yes – single 
centre only 

Yes – hazard ratio 
for radiotherapy 
<0.5 

No No 

Winkfield et al., 
2011(190) 

Retrospective 
cohort 

Yes – single 
centre (but note 
change in 
treatment strategy 
over the eras) 

No No Yes – wide 
confidence 
intervals 

Yes – single 
centre 

Yes – OR > 2 for 
radiotherapy 

No No 

Yang et al., 
2010(136) 

Systematic review 
of cohort studies 

Yes – no 
multivariate 
analysis, tumour 
grade/ location/ 
size not 
determined 

No Yes – mixed 
cohort of adults 
and children, 
unclear 
proportion of 
different 
histologies 

No (but no 
confidence 
intervals reported) 

No No (but hazard 
ratios not 
reported) 

Yes – multiple 
cohort studies in 
different centres 
with different 
strategies/ 
techniques 

No 

Lin et al., 2008(30) Retrospective 
cohort 

Yes – single 
centre 

No No Yes – small cohort 
(31 patients) 

Yes – single 
centre 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Combs et al., 
2007(351) 

Retrospective 
cohort 

Yes – single 
centre, no direct 
comparison 
between 
radiotherapy + 
surgery vs. 
surgery alone, 
calculated survival 
from start of 
radiotherapy 

No Yes – mixed 
cohort of adults 
and children (6/40 
<18 years), 
unclear types of 
histology treated 

Yes – small cohort 
(40 patients) 

Yes – single 
centre 

No No No 

Pemberton et al., 
2005(352) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis 
incorporating 
initial surgical 
strategy 

No Yes – mixed 
cohort of adults 
and children 
(28/87 <15 years) 

No Yes – single 
centre 

No No No 

Moon et al., 
2005(191) 

Retrospective 
cohort 

Yes – single 
centre, 
multivariate 
analysis unclear 
re: which variables 
included 

No Yes – mixed 
cohort of adults 
and children 
(median age 29 
years), mixed 
cohort of 
histologies (12/50 
adamatinomatous
) 

Yes – moderately 
small cohort 

Yes – single 
centre 

No No No 

Karavitaki et al., 
2005(24) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis 

No Yes – mixed 
cohort of adults 
and children 
(42/121 aged <16 
years) 

No Yes – single 
centre 

Yes – no HRs 
calculated but 
large apparent 
differences with 
highly significant 
p-values 

No No 

Stripp et al., 
2004(141) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis 

No Yes – mixed 
cohort of adults 
and children 
(median 8.5 years) 

No Yes – single 
centre 

No No No 

Fisher et al., 
1998(62) 

Retrospective 
cohort 

Yes – single 
centre, unclear if 
multivariate 
analysis 
performed 

No No Yes – small cohort 
(no confidence 
intervals reported) 

Yes – single 
centre 

No No No 

Khafaga et al., 
1998(353) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis 

No Yes – mixed 
cohort of primary 
and recurrent 
tumours 

Yes – moderately 
small cohort 

Yes – single 
centre 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Scott et al., 
1994(354)* 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis, did not 
factor in degree 
of resection 

No Yes – study >20 
years old 

Yes – moderately 
small cohort 

Yes – single 
centre 

No No No 

Hetelekidis et al., 
1993(29)* 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis, did not 
factor in degree 
of resection 

No Yes – study >20 
years old 

Yes – moderately 
small cohort 

Yes – single 
centre 

No No No 

Manaka et al., 
1985(355) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis 

No Yes – mixed 
cohort of adults 
and children 
(mean 22.9 years), 
study >20 years 
old 

No Yes – single 
centre 

No No No 

Vyramuthu & 
Benton, 1983(356) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis 

No Yes – mixed 
cohort of adults 
and children 
(12/26 children), 
study >20 years 
old 

Yes – small cohort Yes – single 
centre 

No No No 

Carmel et al., 
1982(357) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis 

No Yes – study >20 
years old 

Yes – moderately 
small cohort 

Yes – single 
centre 

No No No 

Richmond et al., 
1980(358) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis 

Yes – cyst 
aspiration/ biopsy 
+ radiotherapy 
had higher PFS 
compared to STR/ 
GTR +/- 
radiotherapy 

Yes – study >20 
years old 

Yes – moderately 
small cohort 

Yes – single 
centre 

No No No 

Shapiro et al., 
1979(359) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis 

No Yes – study >20 
years old 

Yes – moderately 
small cohort 

Yes – single 
centre 

No No No 

McMurry et al., 
1977(360) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis 

No Yes – mixed 
cohort of adults & 
children (15/50 
<18 years), study 
>20 years old 

Yes – moderately 
small cohort 

Yes – single 
centre 

No No No 

*Note data is from same study 
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Author(s) Summary of findings Quality 
No. of events in radiotherapy 
group 

No. of 
patients 

No. of events in non-radiotherapy 
group 

No. of 
patients 

Pooled effect 

Bishop et al., 
2014 

N/A N/A N/A N/A Salvage radiotherapy resulted in increased 
visual and endocrine dysfunction (both 
p<0.05) compared to adjuvant radiotherapy 

Low 

Clark et al., 2013 Recurrence: 
STR + radiotherapy 27 
 

 
54 

Recurrence: 
GTR alone 51 
STR alone 51 

 
145 
79 

5-year PFS: 
GTR alone 77% 
STR alone 43% 
STR + radiotherapy 73% 

Moderate 

Schoenfeld et 
al., 2012 

2-year PFS: 
STR + radiotherapy 73% 
 
10-year OS: 
STR + radiotherapy 96% 

 
46 
 
 
46 

2-year PFS: 
GTR 75% 
STR 36% 
 
10-year OS: 
GTR 96% 
STR 81% 

 
33 
37 
 
 
33 
37 
 

Univariate PFS: 
GTR vs. STR + radiotherapy HR 1.24(0.62-
2.49) 
STR vs. STR + radiotherapy HR 4.15(2.26-
7.61) 
 
Univariate OS: 
GTR vs. STR + radiotherapy HR 0.66(0.06-
7.40) 
STR vs. STR + radiotherapy HR 4.88(1.00-
23.74) 

Very low 

Zhao et al., 2012 Progression/ recurrence: 
GTR + radiotherapy 3 
STR + radiotherapy 32 
 
Deaths: 
STR + radiotherapy 6 

 
37 
32 
 
 
32 

Progression/ recurrence: 
GTR 7 
STR 13 
 
Deaths 
GTR 7 
STR 6 
 

 
69 
13 
 
 
106 
13 
 

Multivariate OS: 
Radiotherapy 0.166 (0.026-1.056) 
 
No difference in recurrence rate GTR vs. 
GTR + radiotherapy 
Significant differences in recurrence rate for 
GTR +/- radiotherapy > STR + radiotherapy, 
STR > STR + radiotherapy 

Very low 

Jeon et al., 2011 Mean PFS: 
Salvage radiotherapy 106.2 months 
(79.0-133.3) 
Adjuvant radiotherapy 93.8 months 
(67.6-120.0) 

 
21 
 
29 

N/A N/A No significant difference in PFS for salvage 
vs. adjuvant radiotherapy 
(note no analysis of timing of radiotherapy 
vs. long-term toxicities) 

Very low 

Mortini et al., 
2011 

Recurrence: 
STR + radiotherapy 
 

 
8 

Recurrence: 
GTR alone 
STR alone 

 
82 
19 

?Univariate PFS: 
Radiotherapy HR 0.09 (0.01-0.76) 

Very low 

Winkfield et al., 
2011 

GTR + radiotherapy 
STR + radiotherapy 
Cyst aspiration + radiotherapy 
 
10-year OS: 92% 
10-year PFS: 84% 
Recurrence rates for all surgery + 
radiotherapy: 
Pre-1998 21% 
Post-1998 5% 

1 
24 
18 

GTR alone 
STR alone 
Cyst aspiration alone 
 
 
10-year OS: 97% 
10-year PFS: 52% 
Recurrence rates for all surgery alone: 
Pre-1998 63% 
Post-1998 36% 

25 
8 
18 

No difference in OS for surgery + 
radiotherapy vs. surgery alone 
Significant difference in PFS between 
radiotherapy > non-radiotherapy group, 
independent of treatment strategy 
Recurrence rate OR (multivariate) 7.7 (2.0-
28.7) 
No difference in long-term toxicities 
between radiotherapy and non-radiotherapy 
group 

Very low 
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Author(s) Summary of findings Quality 
No. of events in radiotherapy 
group 

No. of 
patients 

No. of events in non-radiotherapy 
group 

No. of 
patients 

Pooled effect 

Yang et al., 2010 5-year PFS: 
STR + radiotherapy 69% 
 
10-year OS: 
STR + radiotherapy 95% 

 
85 
 
 
85 

5-year PFS: 
GTR 67% 
STR 34% 
 
10-year OS: 
GTR 98% 
STR 93% 

 
256 
101 
 
256 
101 

PFS not significantly higher in GTR vs. STR + 
radiotherapy 
 
No significant differences in OS 

Very low 

Lin et al., 2008 Recurrence/ progression: 
STR/ cyst aspiration + radiotherapy 0 
 

 
11 

Recurrence/ progression: 
GTR alone 6 
STR/ cyst aspiration alone 6 

 
14 
6 

10-year local control rate 
Radiotherapy 100% 
No radiotherapy 32% 
 
Final local control rate: 
Adjuvant radiotherapy 100% 
Salvage radiotherapy 78% 

Very low 

Combs et al., 
2007 

STR/ cyst aspiration + radiotherapy 12 GTR alone 
STR/ cyst aspiration alone 

7 
21 

Median 10-year PFS post-radiotherapy (both 
adjuvant and salvage) 100% 
No significant difference between adjuvant 
and salvage radiotherapy groups 

Very low 

Pemberton et 
al., 2005 

20-year PFS: 
Adjuvant radiotherapy 73% 

 
44 

20-year PFS: 
Salvage radiotherapy 60% 

 
43 

No significant difference between adjuvant 
and salvage radiotherapy groups 
No increase in radiotherapy toxicity in 
children vs. adults 

Very low 

Moon et al., 
2005 

10-year PFS: 
Adjuvant radiotherapy 91.2% 
 
Deaths: 
Adjuvant radiotherapy 6 
 
DDAVP supplementation: 
Adjuvant radiotherapy 38% 
 
Stable vision: 
Adjuvant radiotherapy 100% 

25  10-year PFS: 
Salvage radiotherapy 91.3% 
 
Deaths: 
Salvage radiotherapy 2 
 
 
DDAVP supplementation: 
Salvage radiotherapy 65% 
 
Stable vision: 
Salvage radiotherapy 38-50% 

25 No significant difference in OS/PFS 
between adjuvant and salvage radiotherapy 
groups 
Significant increase in DDAVP 
supplementation and visual deterioration in 
salvage radiotherapy group 

Very low 

Karavitaki et al., 
2005 

20-year PFS: 
GTR + radiotherapy 100% 
STR + radiotherapy 77% 
 
10-year visual deterioration: 
GTR + radiotherapy 0% 
STR + radiotherapy 24% 

 
3 
33 
 
 
3 
33 

20-year PFS: 
GTR alone 100% 
STR alone 32% 
 
 
 
10-year visual deterioration: 
GTR alone 9% 
STR alone 45% 

 
16 
51 
 
 
 
 
16 
51 

No significant difference in OS 
No HRs calculated for PFS but difference 
between groups highly statistically 
significant 
No significant difference in endocrine/ 
neurological morbidity between groups, but 
higher incidence of visual morbidity with 
STR alone 

Very low 
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Author(s) Summary of findings Quality 
No. of events in radiotherapy 
group 

No. of 
patients 

No. of events in non-radiotherapy 
group 

No. of 
patients 

Pooled effect 

Stripp et al. 2004 10-year PFS: 
STR + radiotherapy (adjuvant) 84% 

 
18 

10-year PFS: 
All surgery 42% 
GTR alone 47% 
STR alone 78% 
STR + radiotherapy (salvage) 

 
 
44 
9 
22 

No HRs calculated but PFS significantly 
higher for STR + radiotherapy > GTR alone/ 
STR alone  
Note rate of DI GTR 88.4% vs. STR 65.4% 
 

Very low 

Fisher et al., 
1998 

N/A N/A N/A N/A Non-significant trend for improved PFS with 
adjuvant vs. salvage radiotherapy 

Very low 

Khafaga et al., 
1998 

N/A - study did not separate GTR vs. 
STR +/- radiotherapy in terms of 
outcomes 

N/A N/A N/A N/A Very low 

Scott et al., 1994 Recurrences: 
Radiotherapy alone 0 
Surgery + radiotherapy 7 
 
10-year PFS: 
Radiotherapy alone 100% 
Surgery + radiotherapy 86% 
 
10-year OS: 
Radiotherapy alone 100% 
Surgery + radiotherapy 60%  

 
9 
37 

Recurrences: 
Surgery alone 9 
 
10-year PFS: 
Surgery alone 31% 
 
10-year OS: 
Surgery alone 100% 

 
15 

Endocrine morbidity surgery alone > 
surgery + radiotherapy > radiotherapy alone 

Very low 

Hetelekidis et 
al., 1993 

Same data as Scott et al., 1994 Very low 

Manaka et al., 
1985 

10-year OS: 
Surgery then radiotherapy 80.6% 
Radiotherapy then surgery 57.1% 

 
34 
7 
 

10-year OS: 
Surgery only 27.1% 
Surgery then salvage radiotherapy 
75.0% 

 
80 
4 

Significant difference in OS for radiotherapy 
vs. non-radiotherapy patients regardless of 
degree of resection in STR group 

Very low 

Vyramuthu & 
Benton, 1983 

Recurrences: 
STR + radiotherapy 0 
Cyst aspiration + radiotherapy 0 
 
 
Deaths: 
STR + radiotherapy 0 
Cyst aspiration + radiotherapy 0 
 

 
10 
6 
 
 
 
10 
6 

Recurrences: 
GTR alone 0 
STR alone 3 
Cyst aspiration alone 2 
 
Deaths: 
GTR alone 2 
STR alone 4 

 
3 
4 
4 
 
 
3 
4 

No statistics performed Very low 

Carmel et al., 
1982 

Recurrence: 
STR/ cyst aspiration+ radiotherapy 3 
 
Deaths: 
STR/ cyst aspiration + radiotherapy 1 

 
14 
 
 
14 

Recurrences: 
GTR alone 6 
STR alone 13 
 
Deaths: 
GTR alone 0  
STR alone 8 

 
14 
14 
 
 
14 
14 

No statistics performed but PFS GTR = STR 
+ radiotherapy > STR alone; OS GTR > STR 
+ radiotherapy > STR alone 

Very low 
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Author(s) Summary of findings Quality 
No. of events in radiotherapy 
group 

No. of 
patients 

No. of events in non-radiotherapy 
group 

No. of 
patients 

Pooled effect 

Richmond et al., 
1980 

Recurrences: 
STR + radiotherapy N/A 
Cyst aspiration + radiotherapy N/A 
 
Deaths: 
STR + radiotherapy 6 
Cyst aspiration + radiotherapy 0 
 
10-year OS: 
STR + radiotherapy 44% 
Cyst aspiration + radiotherapy 100% 

 
12 
8 
 
 
12 
8 

Recurrences: 
GTR alone 3 
STR alone N/A 
 
Deaths: 
GTR alone 2 
STR alone 2 
 
10-year OS: 
GTR alone 50% 
STR alone 50% 

 
8 
4 
 
 
8 
4 

No statistics performed Very low 

Shapiro et al., 
1979 

Recurrences: 
STR + radiotherapy 0 
Cyst aspiration + radiotherapy 11 
 
8-year PFS 
STR + radiotherapy 85% 
Cyst aspiration + radiotherapy 50% 

 
7 
22 

Recurrences: 
GTR alone 5 
STR alone 7 
 
8-year PFS: 
GTR alone 74% 
STR alone 40% 

 
22 
9 

PFS for GTR alone = STR + radiotherapy > 
cyst aspiration + radiotherapy > STR alone 

Very low 

McMurry et al., 
1977 

Deaths: 
STR + radiotherapy 2 
 

 
11 

Deaths: 
GTR alone 4 
STR 7 

 
10 
9 

No statistics performed Very low 
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Outcome 3.2.2.3.d-f: Optimum radiotherapy regimen 
(*note the literature search for both PICO questions were conducted simultaneously) 

PICO question Literature search terms No. of articles No. included post-
title review 

No. included post-
abstract review 

Final no. included 

P In children <19 years 
undergoing radiotherapy for 
craniopharyngiomas 
I what are the best doses/ tumour 
volumes for radiotherapy 
O leading to increased overall 
and progression-free survival? 
 
P In children <19 years 
undergoing radiotherapy for 
craniopharyngiomas 
I do the following total doses and 
fractions: 

• 44 Gy/ 54 Gy/ 55.8 Gy/ 
66 Gy 

• 1.8 Gy fractions/ 2.0 Gy 
fractions/ 3.3 Gy 
fractions 

O influence overall and 
progression-free survival, the 
incidence of radiation necrosis, 
the incidence of cognitive, visual 
and hypothalamo-pituitary 
dysfunction, or the incidence of 
second malignant neoplasms? 

1. craniopharyngioma.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. radiotherapy.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
3. (dose or dosage or dosimetry).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
4. (fraction or fractionation or hypofractionation or 
hyperfractionation).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
5. (clinical target volume or CTV or gross tumour volume or gross 
tumor volume or GTV or margin*).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
6. 3 or 4 or 5 
7. 1 and 2 and 6 
8. exp Craniopharyngioma/ 
9. exp Radiotherapy, High-Energy/ or exp Radiotherapy, Computer-
Assisted/ or exp Radiotherapy, Image-Guided/ or exp Radiotherapy 
Planning, Computer-Assisted/ or exp Radiotherapy, Adjuvant/ or exp 
Radiotherapy, Intensity-Modulated/ or exp Radiotherapy, Conformal/ 
or exp Radiotherapy/ or exp Radiotherapy Dosage/ 
10. exp Dose Fractionation/ 
11. exp Radiation/ or exp Radiation Dosage/ 
12. 9 or 10 or 11 
13. 8 and 12 
14. 7 or 13 
15. limit 14 to (english language and "all child (0 to 18 years)") 

368 62 42 2 (insufficient data to 
provide full 
recommendation 
therefore Delphi 
consensus) 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Merchant et al., 
2013(193) 

Prospective 
cohort 

No No No No Yes – single 
centre 

No Yes – examined 
multiple factors 
affecting PFS 

No 

Regine et al., 
1993(198) 

Retrospective 
cohort 

No No Yes – mixed 
cohort of adults 
and children 
(19/58 <16 years), 
study >20 years 
old 

No Yes – single 
centre 

No No No 

 
Author(s) Summary of findings Quality 

No. of events in 
intervention group 

No. of patients No. of events in control 
group 

No. of patients Pooled effect 

Merchant et al., 
2013 

5-year PFS: 
CTV ≤5 mm 96.2% 

 
62 

10-year PFS: 
CTV >5 mm 88.1% 

 
26 

No significant differences in PFS 
based on differences in 95% target 
volume coverage 

Low 

Regine et al., 
1993 

Recurrences: 
≤54 Gy 3 

 
6 

Recurrences: 
>54 Gy 2 

 
13 

No statistics performed Very low 
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Outcome 3.2.2.3.g: Efficacy of proton beam therapy (PBT) 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years 
undergoing radiotherapy for 
craniopharyngiomas 
I does proton beam therapy 
C compared to conventional 
photon-based irradiation 
techniques 
O lead to equivalent overall and 
progression-free survival, reduced 
cognitive/ IQ impairment, 
reduced visual impairment, or 
reduced hypothalamo-pituitary 
dysfunction? 

1. craniopharyngioma.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. (proton or protons).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
3. 1 and 2 
4. exp Craniopharyngioma/ 
5. exp Proton Therapy/ 
6. 4 and 5 
7. 3 or 6 
8. limit 7 to (english language and "all child (0 to 18 years)") 

57 11 7 3 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Leroy et al., 
2016(202) 

Systematic review 
of cohort studies 

No No No No No No Yes – multiple 
centres with 
different 
treatment 
regimens 

No 

Bishop et al., 
2014(192) 

Retrospective 
cohort 

Yes – note 
significant 
differences in 
follow-up duration 
between PBT and 
conventional 
groups 

No No No No No Yes – multicentre 
study 

No 

Merchant et al., 
2008(203) 

Retrospective 
cohort 

No – but note 
only modeling 
data 

No Yes – mixed 
cohort of 
paediatric brain 
tumours (10 
craniopharyngiom
a) 

No No No No No 

 
Author(s) Summary of findings Quality 

No. of events in PBT 
group 

No. of patients No. of events in 
conventional radiotherapy 
group 

No. of patients Pooled effect 

Leroy et al., 2016 N/A N/A N/A N/A No pooled meta-analysis performed but overall 
no differences in OS or PFS 

Low 
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Author(s) Summary of findings Quality 
No. of events in PBT 
group 

No. of patients No. of events in 
conventional radiotherapy 
group 

No. of patients Pooled effect 

Bishop et al., 
2014 

Cyst growth 6 
3-year cystic PFS 67.0% 
3-year solid PFS 91.7% 
3-year OS 94.1% 
 

21 Cyst growth 4 
3-year cystic PFS 76.8% 
3-year solid PFS 96.4% 
3-year OS 96.8% 

31 No significant independent contribution of 
radiotherapy modality to PFS/ OS 
No differences in neurological, visual or 
endocrine morbidity between PBT and 
conventional groups (note differences in lengths 
of follow-up) 

Low 

Merchant et al., 
2008 

N/A N/A N/A N/A No actual clinical outcome data – note only 
modelled radiation doses and estimated IQ 
losses 

Very low 
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Outcome 3.2.2.3.h: Efficacy of stereotactic radiosurgery (SRS) 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years 
undergoing radiotherapy for 
craniopharyngiomas 
I does primary stereotactic 
radiosurgery 
C compared to complete 
resection, incomplete resection 
with upfront conventional 
radiotherapy or radiotherapy 
alone 
O lead to equivalent overall and 
progression-free survival, reduced 
cognitive/ IQ impairment, 
reduced visual impairment, or 
reduced hypothalamo-pituitary 
dysfunction? 

1. craniopharyngioma.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. radiosurgery.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
3. gamma knife.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
4. 2 or 3 
5. 1 and 4 
6. exp Craniopharyngioma/ 
7. exp Radiosurgery/ 
8. 6 and 7 
9. 5 or 8 
10. limit 9 to (english language and "all child (0 to 18 years)") 

124 55 36 9 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Niranjan et al., 
2010(206) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis, all 
previously treated 
tumours with 
various 
modalities, no 
comparison group 

No Yes – mixed 
cohort of adults 
and children (but 
median age 23.5 
years), all 
previously treated 
tumours with 
various modalities 

No Yes – single 
centre 

No No No 

Hasegawa et al., 
2010(209) 

Retrospective 
cohort 

Yes – single 
centre, 96% 
previously treated 
tumours, no 
comparison group 

No Yes – mixed 
cohort of adults 
and children 
(40/100 <15 
years), 96% 
previously treated 
tumours with 
various modalities 

No Yes – single 
centre 

No No No 

Kobayashi, 
2009(210) 

Retrospective 
cohort 

Yes – single 
centre, majority/ 
all previously 
treated tumours, 
no comparison 
group 

No Yes – mixed 
cohort of adults 
and children 
(38/98 <15 years), 
majority/ all 
previously treated 
tumours 

No Yes – single 
centre 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Kobayashi et al., 
2005(212) 

Retrospective 
cohort 

Yes – single 
centre, majority/ 
all previously 
treated tumours, 
no comparison 
group 

No Yes – mixed 
cohort of adults 
and children 
(38/98 <15 years), 
majority/ all 
previously treated 
tumours 

No Yes – single 
centre 

No No No 

Kobayashi et al., 
2003(211) 

Retrospective 
cohort 

Yes – single 
centre, majority/ 
all previously 
treated tumours, 
no comparison 
group 

No Yes – mixed 
cohort of adults 
and children 
(38/98 <15 years), 
majority/ all 
previously treated 
tumours 

No Yes – single 
centre 

No No No 

Amendola et al., 
2003(207) 

Case series Yes – single 
centre, majority 
recurrent tumours, 
no comparison 
group 

No Yes – mixed 
cohort of adults 
and children (but 
12/14 <21 years), 
12/14 recurrent 
tumours 

Yes – case series Yes – single 
centre case series, 
only 14 cases 

No No No 

Ulfarsson et al., 
2002(214) 

Case series Yes – single 
centre, no 
comparison 
group, treatment 
involved 
combined SRS 
and 
brachytherapy 

No Yes – mixed 
cohort of adults 
and children 
(11/21 <15 years), 
mixed cohort of 
primary and 
recurrent tumours 
(8 primary) 

Yes – case series Yes – single 
centre case series, 
only 14 cases 

No No No 

Chung et al., 
2000(208) 

Retrospective 
cohort 

Yes – single 
centre, no 
comparison 
group, majority/ 
all previously 
treated tumours 

No Yes – mixed 
cohort of adults 
and children (9/31 
<16 years), mixed 
cohort of previous 
treatment 
modalities 

Yes – small cohort Yes – single 
centre 

No No No 

Mokry, 1999(213) Retrospective 
cohort 

Yes – single 
centre, no 
comparison 
group, all 
previously treated 
tumours 

No Yes – mixed 
cohort of adults 
and children (8/23 
<15 years), all with 
previous 
treatment 
modalities  

Yes – relatively 
small cohort of 23 
patients 

Yes – single 
centre  

No No No 
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Author(s) Summary of findings Quality 
No. of events in SRS group No. of 

patients 
No. of events in 
conventional radiotherapy 
group 

No. of patients Pooled effect 

NIranjan et al., 
2010 

Deaths 5 
Progression 20 
5-year PFS 67.8% 

46 No comparison group N/A No comparison group Very low 

Hasegawa et al., 
2010 

Deaths 19 
10-year OS 88% 
Progression 35 
10-year PFS 52% 
10-year local control 60% 
Visual deterioration 16 

100 No comparison group N/A No comparison group Very low 

Kobayashi, 2009 Progression 20 
Deaths 16 

98 No comparison group N/A No comparison group Very low 

Kobayashi et al., 
2005 

Same data as Kobayashi, 2009  

Kobayashi et al., 
2003 

Same data as Kobayashi, 2009 

Amendola et al., 
2003 

Local control 12 
Deaths 0 

14 No comparison group N/A No comparison group Very low 

Ulfarsson et al., 
2002 

Progression 14 
Local control 7 
Visual deterioration 8 
Endocrine deterioration 4 
Deaths 8 

21 No comparison group N/A No comparison group but note 9/11 
children progressed compared to 5/10 
adults 

Very low 

Chung et al., 
2000 

Progression 4 
Visual deterioration 1 
Deaths 3 

31 No comparison group N/A No comparison group Very low 

Mokry 1999 Progression 7 
Deaths 2 

23 No comparison group N/A No comparison group Very low 



Craniopharyngioma in children and young people 
 

	

	122 

Outcome 3.2.2.4.a: Efficacy of intracystic chemotherapies as primary treatment 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with cystic 
craniopharyngiomas 
I does primary intracystic 
instillation of bleomycin, IFNα or 
radioisotopes 
C compared to primary resection/ 
primary cyst aspiration and 
drainage/ radiotherapy or 
conservative management 
O result in equivalent overall and 
progression-free survival, reduced 
cognitive/ IQ impairment, 
reduced visual impairment and 
reduced hypothalamo-pituitary 
dysfunction? 

1. craniopharyngioma*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. (intracystic or cyst).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
3. (bleomycin or radioisotope or radionuclide or yttrium or phosphorus 
or interferon).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept 
word, unique identifier] 
4. 2 or 3 
5. 1 and 4 
6. exp Craniopharyngioma/ 
7. exp Bleomycin/ 
8. exp Radioisotopes/ 
9. exp Interferons/ 
10. 7 or 8 or 9 
11. 6 and 10 
12. 5 or 11 
13. limit 12 to (english language and humans and "all child (0 to 18 
years)") 

405 70 17 8 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Kilday et al., 
2017(218) 

Retrospective 
cohort 

Yes – non-
randomised data, 
only tumours 
selected for 
treatment with 
intracystic 
therapies 
included, majority 
with previous 
therapies 

No Yes – mixed 
cohort of primary 
and recurrent 
tumours (77% 
recurrent) 

No No Yes – time to 
progression 1.3 
vs. 0.3 years 

No No 

Zhang et al., 
2016(222) 

Meta-analysis of 
RCTs 

Yes – only one 
RCT included 
which was at high 
risk of bias 

No Yes – only one 
RCT included 
which compared 
intracystic 
bleomycin with 
32P, with only 7 
children 

Yes – only one 
small single-
centre RCT 
included 

No No No No 

Zheng et al., 
2014(223) 

Meta-analysis of 
RCTs 

Yes – only one 
RCT included 

No Yes – only one 
RCT included 

Yes – only one 
small single-

No No No No 
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Author(s) Summary of findings Quality 

No. of events in treatment 
group 

No. of patients No. of events in control 
group 

No. of patients Pooled effect 

Kilday et al., 
2017 

Cystic craniopharyngioma 
15 
Mixed solid/ cystic 
craniopharyngioma 20 

16 
 
26 

Cystic craniopharyngioma 
16 
Mixed solid/ cystic 
craniopharygioma 25 

16 
 
26 

Median difference in time to progression: 
Cystic craniopharyngioma 1.0 years 
Mixed solid/ cystic craniopharyngioma 0.2 
years 

Very low 

Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

which was at high 
risk of bias 

which compared 
intracystic 
bleomycin with 
32P, with only 7 
children 

centre RCT 
included 

Fang et al., 
2012(220) 

Meta-analysis of 
RCTs 

Yes – only one 
RCT included 
which was at high 
risk of bias 

No Yes – only one 
RCT included 
which compared 
intracystic 
bleomycin with 
32P, with only 7 
children 

Yes – only one 
small single-
centre RCT 
included 

No No No No 

Liu et al., 
2012(221) 

Meta-analysis of 
RCTs 

Yes – only one 
RCT included 
which was at high 
risk of bias 

No Yes – only one 
RCT included 
which compared 
intracystic 
bleomycin with 
32P, with only 7 
children 

Yes – only one 
small single-
centre RCT 
included 

No No No No 

Cavalheiro et al., 
2010(217) 

Prospective 
cohort 

Yes – no 
comparison 
group, mixed 
primary and 
recurrent tumours 

No Yes – mixed 
cohort primary 
and recurrent 
tumours 

No No No No  

Lena et al., 
2005(225) 

Retrospective 
cohort 

Yes – single 
centre 

No No Yes – only 5/53 
children treated 
with intracystic 
bleomycin  

Yes – single 
centre 

No No No 

Mottolese et al., 
2005(226) 

Retrospective 
cohort 

Yes – single 
centre 

No Yes – mixed 
cohort of primary 
and recurrent 
tumours 

Yes – moderately 
small cohort 
(24/60) treated 
with intracystic 
bleomycin 

Yes – single 
centre 

No No No 

Hukin et al., 
2005(224) 

Retrospective 
cohort 

Yes – single 
centre 

No No Yes – moderately 
small cohort with 
only 8/29 treated 
with intracystic 
bleomycin 

Yes – single 
centre 

No No No 
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Author(s) Summary of findings Quality 
No. of events in treatment 
group 

No. of patients No. of events in control 
group 

No. of patients Pooled effect 

Zhang et al., 
2016 

Mean reduction in cyst size 
50.7% 
Adverse events 500 per 
1000 

3 Mean reduction in cyst size 
65.5% 
Adverse events 875 per 
1000 

4 Mean difference -15% (-69-39%) 
Adverse events RR 1.75 (0.68-4.53) 
No reports on OS/ PFS 

Very low 

Zheng et al., 
2014 

Same data as Zhang et al., 2016 

Fang et al., 2012 Same data as Zhang et al., 2016 
Liu et al., 2012 Same data as Zhang et al., 2016 
Cavalheiro et al., 
2010 

Local control 47 
Adverse effects 18 

60 No comparison group N/A N/A Very low 

Lena et al., 2005 Recurrence 2 5 Recurrence: 
GTR alone 7 
STR +/- radiotherapy/ SRS 
9 

 
27 
14 

N/A Very low 

Mottolese et al., 
2005 

Local control 18 
Deaths 0 

24 Deaths 4 36 N/A Very low 

Hukin et al., 2005 Local control 3 8 Local control: 
GTR 9 
GTR + radiotherapy 0 
STR 1 
STR + radiotherapy 4 
Radiotherapy 3 

 
9 
2 
1 
6 
3 

N/A Very low 
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Outcome 3.2.2.4.a: Efficacy of systemic interferon-α 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with cystic 
craniopharyngiomas 
I does primary systemic 
interferon-α 
C compared to primary resection/ 
radiotherapy/ conservative 
management 
O result in equivalent overall and 
progression-free survival, reduced 
cognitive/ IQ impairment, 
reduced visual impairment and 
reduced hypothalamo-pituitary 
dysfunction? 

1. craniopharyngioma*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. interferon.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept 
word, unique identifier] 
3. 1 and 2 
4. exp Craniopharyngioma/ 
5. exp Interferons/ 
6. 4 and 5 
7. 3 or 6 
8. limit 7 to english language 

28 3 1 0 (decision made not 
to take forward to 
Delphi consensus) 
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Outcome 3.2.2.5.a: Optimum MRI follow-up interval 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years who have 
been treated/ conservatively 
managed for craniopharyngiomas 
I does serial MRI scanning every 3, 
6, 12 months for 5, 10, 20 years 
O influence the sensitivity and 
specificity for detecting early 
tumour progression? 

1. craniopharyngioma*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. (magnetic resonance imaging or MRI).mp. [mp=title, abstract, 
original title, name of substance word, subject heading word, keyword 
heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
3. (frequency or regular or interval).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
4. 1 and 2 and 3 
5. exp Craniopharyngioma/ 
6. exp Magnetic Resonance Imaging/ 
7. exp Follow-Up Studies/ 
8. 5 and 6 and 7 
9. 4 or 8 
10. limit 9 to (english language and "all child (0 to 18 years)") 

139 4 2 2 

 

 
Author(s) Summary of findings Quality 

No. of events in frequent 
MRI group 

No. of patients No. of events in annual 
MRI group 

No. of patients Pooled effect 

Shi et al., 2012 N/A N/A N/A N/A Median time to maximal tumour expansion 1.5 
months (range 1-5) 
Median time to maximal tumour shrinkage 9.5 
months (range 3.5-39.9) 

Very low 

Hamamoto et 
al., 2002 

N/A N/A N/A N/A Median time to tumour expansion 2 months 
(range 1-15 months) 
Mean time to tumour shrinkage 29.1 months 
(range 6-68 months) 

Very low 

Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Shi et al., 
2012(239) 

Retrospective 
cohort 

Yes – 
retrospective 
cohort, no 
definitive post-
radiotherapy MRI 
protocol 

No Yes – mixed 
cohort of adults 
and children 
(median age 8.2 
years) 

Yes – small cohort 
of 21 cases 

No No No No 

Hamamoto et al., 
2002(238) 

Retrospective 
cohort 

Yes – 
retrospective 
cohort, no 
definitive post-
radiotherapy MRI 
protocol 

No Yes – mixed 
cohort of adults 
and children 
(mean 37 years) 

Yes – small cohort 
of only 8 patients 

No No No No 
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Outcome 3.2.2.5.b: Optimum follow-up imaging interval post-radiotherapy 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years 
undergoing radiotherapy for 
craniopharyngiomas 
I is a follow-up MRI scan at 1, 2, 3, 
4 or 6 months 
C compared to an MRI scan at 1 
year 
O more sensitive and specific for 
detecting tumour volume changes 
and therefore response to 
treatment? 

1. craniopharyngioma*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. radiotherapy.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
3. (magnetic resonance imaging or MRI).mp. [mp=title, abstract, 
original title, name of substance word, subject heading word, keyword 
heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
4. 1 and 2 and 3 
5. exp Craniopharyngioma/ 
6. exp Radiotherapy, Intensity-Modulated/ or exp Radiotherapy/ or exp 
Radiotherapy, Conformal/ or exp Radiotherapy, Image-Guided/ or exp 
Radiotherapy, Adjuvant/ 
7. exp Magnetic Resonance Imaging/ 
8. 5 and 6 and 7 
9. 4 or 8 
10. limit 9 to (english language and "all child (0 to 18 years)") 

118 3 3 1 (insufficient date to 
provide 
recommendation 
therefore Delphi 
consensus) 

 

 
Author(s) Summary of findings Quality 

No. of events in early MRI 
group 

No. of patients No. of events in annual 
MRI radiotherapy group 

No. of patients Pooled effect 

Shi et al., 2012 N/A N/A N/A N/A Median time to maximal tumour 
expansion 1.5 months (range 1-5) 
Median time to maximal tumour 
shrinkage 9.5 months (range 3.5-
39.9) 

Very low 

Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Shi et al., 
2012(239) 

Retrospective 
cohort 

Yes – 
retrospective 
cohort, no 
definitive post-
radiotherapy MRI 
protocol, variable 
doses of 
irradiation 

No Yes – mixed 
cohort of adults 
and children 
(median age 8.2 
years) 

Yes – small cohort 
of 21 cases 

No No No No 
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Outcome 3.2.2.5.c-d: Optimum protocol for visual surveillance 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years who have 
been treated/ conservatively 
managed for craniopharyngiomas 
I do regular assessments using 
visual acuity, visual field perimetry, 
VEPs, ERGs, OCT 
C compared to radiological 
surveillance 
O lead to an increased sensitivity 
and specificity for detecting early 
tumour progression and/ or early 
visual deterioration? 

1. craniopharyngioma*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. (vis* or visual acuity or field perimetry or visual evoked potential* or 
electroretinogram* or optical coherence tomography or VA or VF or 
VEP or ERG or OCT).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
3. (magnetic resonance imaging or MRI or computed tomography or 
CT or CAT).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept 
word, unique identifier] 
4. (progression or survival).mp. [mp=title, abstract, original title, name 
of substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
5. 1 and 2 and 3 and 4 
6. exp Craniopharyngioma/ 
7. exp Visual Fields/ or exp Visual Perception/ or exp Evoked 
Potentials, Visual/ or exp Visual Acuity/ or exp Visual Field Tests/ 
8. exp Tomography, Optical Coherence/ 
9. exp Electroretinography/ 
10. exp Vision, Ocular/ 
11. 7 or 8 or 9 or 10 
12. exp Magnetic Resonance Imaging/ or exp Tomography, X-Ray 
Computed/ 
13. exp Disease Progression/ 
14. exp Disease-Free Survival/ or exp Survival Analysis/ or exp Survival/ 
or exp Survival Rate/ 
15. 13 or 14 
16. 6 and 11 and 12 and 15 
17. 5 or 16 
18. limit 17 to (english language and "all child (0 to 18 years)") 

40 4 0 0 (therefore Delphi 
consensus) 
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Outcome 3.2.2.5.e-f: Optimum protocol for endocrine surveillance 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years who have 
been treated/ conservatively 
managed for hypothalamo-
pituitary tumours 
I does an annual formal pituitary 
function test (e.g. ITT/ LHRH/ 
TRH) in all patients or only in 
patients at high risk of endocrine 
dysfunction 
C compared to testing based on 
clinical symptoms and signs 
O have an increased sensitivity 
and specificity for detecting early 
tumour progression and/ or early 
progression of endocrine 
dysfunction? 

1. (brain tumour* or brain tumor* or brain neoplasm*).mp. [mp=title, 
abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier] 
2. (pituitary function test* or insulin tolerance test* or insulin stress test* 
or glucagon or clonidine or arginine or GHRH).mp. [mp=title, abstract, 
original title, name of substance word, subject heading word, keyword 
heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
3. (synacthen or synthetic adrenocorticotrophic hormone or synthetic 
adrenocorticotropic hormone or synthetic ACTH or cosyntropin or 
tetracosactide).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
4. (luteini*ing hormone releasing hormone or LHRH or gonadotrophin 
releasing hormone or gonadotropin releasing hormone or GnRH or 
triptorelin or gonadorelin).mp. [mp=title, abstract, original title, name 
of substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
5. (thyrotrophin releasing hormone or thyrotropin releasing hormone or 
TRH).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique 
identifier] 
6. 2 or 3 or 4 or 5 
7. (annual or regular or monthly or screen* or protocol* or 
guideline*).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept 
word, unique identifier] 
8. 1 and 6 and 7 
9. exp Brain Neoplasms/ 
10. exp Hypopituitarism/ 
11. exp Diagnosis/ or exp Early Diagnosis/ 
12. exp Mass Screening/ 
13. exp Practice Guideline/ or exp Guideline/ 
14. 12 or 13 
15. 9 and 10 and 11 and 14 
16. 9 and 10 and 14 
17. 8 or 15 or 16 

42 3 0 0 (therefore Delphi 
consensus) 
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Outcome 3.2.2.5.g: Effect of recombinant human growth hormone (rhGH) on tumour progression/ recurrence 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years with 
craniopharyngiomas and known 
GH deficiency/ insufficiency 
I does treatment with GH in 
replacement doses during active 
treatment, at the end of active 
treatment, 1+ year after the end 
of active treatment 
C compared to no treatment 
O reduce overall and progression-
free survival? 

1. craniopharyngioma*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. (growth hormone deficiency or GH deficiency or growth hormone 
insufficiency or GH insufficiency).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
3. (recurren* or relaps* or progress*).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
4. (therap* or treat* or supplement*).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
5. (human growth hormone or hGH or recombinant growth hormone or 
rhGH).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique 
identifier] 
6. 4 and 5 
7. 1 and 2 and 3 and 6 
8. 1 and 2 and 3 and 5 
9. exp Craniopharyngioma/ 
10. exp Growth Hormone/ 
11. exp Recurrence/ 
12. exp Disease Progression/ 
13. 11 or 12 
14. 9 and 10 and 13 
15. 7 or 8 or 14 
16. (brain tumour* or brain tumor* or brain neoplasm*).mp. [mp=title, 
abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier] 
17. exp Brain Neoplasms/ 
18. 2 and 3 and 6 and 16 
19. 2 and 3 and 5 and 16 
20. 10 and 13 and 17 
21. 15 or 18 or 19 or 20 
22. limit 21 to (english language and "all child (0 to 18 years)") 

43 17 13 7 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Boekhoff et al., 
2018(247) 

Prospective 
cohort 

Yes – no 
multivariate 
analysis 

No No Yes – wide 
interquartile 
ranges 

No No No No 

Olsson et al., 
2012(246) 

Prospective case-
control 

No No Yes – mixed 
cohort of adults 
and children 
(mean age at 
diagnosis 25.1/ 
32.3 years) 

No No No Yes – two-centre, 
multivariate 
analysis 
accounted for 
most treatment-
related factors 

No 

Mackenzie et al., 
2011(249) 

Retrospective 
case-control 

No No Yes – mixed 
cohort of adults 
and children 
(83/157 <16 
years), mixed 
cohort of brain 
tumours (10/110 
craniopharyngiom
as) 

No No No Yes – controls 
matched for 
tumour type and 
radiation dose 

 

Muller et al., 
2010(134) 

Prospective 
cohort 

Yes – note 
relatively short 
follow-up duration 
(3 years) 

No No No No No Yes – multicentre, 
multi-country 
study with 
multivariate 
analysis 

No 

Darendeliler et al., 
2006(254) 

Retrospective 
cohort 
(pharmacovigilanc
e study) 

Yes – only 
included rhGH-
treated patients 

No No (mixed cohort 
of tumours but 
analysed 
separately) 

No No No Yes – multicenter, 
multi-country 
study 

No 

Karavitaki et al., 
2006(248) 

Retrospective 
case-control 

No No No (mixed cohort 
of adults and 
children but age 
at diagnosis 
included in 
multivariate 
analysis) 

No No No Yes – multivariate 
analysis 
accounted for 
tumour treatment 
and age at 
diagnosis 

No 

Moshang et al., 
1996(253) 

Retrospective 
cohort 
(pharmacovigilanc
e study) 

Yes – only 
included rhGH-
treated patients 

No No (mixed cohort 
of tumours but 
analysed 
separately) 

No No No Yes – multi-centre, 
multi country 
study 

No 
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Author(s) Summary of findings Quality 
No. of events in rhGH 
group 

No. of patients No. of events in non-
rhGH group 

No. of patients Pooled effect 

Boekhoff et al., 
2018 

10-year PFS: 
Childhood treated GH 32 
± 14% 
Adult treated GH 47 ± 25% 
Continuously treated GH 
69 ± 11% 

 
 
23 
 
8 
 
28 

10-year PFS: 
No GH 50 ± 35% 

 
6 

p-values non-significant  Low 

Olsson et al., 
2012 

Recurrences 9 
10-year PFS 88% 

56 Recurrences 30 
10-year PFS 57% 

70 HR 0.57 (0.26-1.3) 
 

Low 

Mackenzie et al., 
2011 

Recurrences 6 
Second tumours 5 

110 Recurrences 8 
Second tumours 3 

110 p-values non-significant Low 

Muller et al., 
2010 

N/A 54 N/A 60 p-value non-significant Low 

Darendeliler et 
al., 2006 

121 
10-year PFS 63% 

1038 N/A N/A No association between duration of GH 
therapy and recurrence 

Low 

Karavitaki et al., 
2006 

Recurrences 4 32 Recurrences 22 53 rhGH HR 0.31 (0.09-1.04) 
Duration of rhGH HR 0.99/month (0.98-1.00)  

Moderate 

Moshang et al., 
1996 

Recurrences 35 546 N/A N/A Recurrence rate lower than previously 
published cohorts 

Low 
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Outcome 3.2.2.5.i: Efficacy of treatments for hypothalamic obesity 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years who have 
been treated/ conservatively 
managed for hypothalamo-
pituitary tumours with obesity 
I do the following therapies – 
dietary caloric restriction, 
increased physical activity, 
metformin, orlistat, sibutramine, 
dextroamphetamine, octreotide, 
GLP-1 agonists, triiodothyronine, 
gastric banding/ bypass surgery, 
early GH therapy 
C compared to no treatment or 
late commencement of GH 
O result in reduced BMI 
T at 6 months, 1 year, 2 years, and 
5 years from commencing 
treatment? 

1. hypothalamic obesity.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. (treat* or manag* or therap*).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
3. 1 and 2 
4. exp Obesity/ or exp Obesity, Morbid/ or exp Pediatric Obesity/ 
5. exp Hypothalamus/ or exp Pituitary Neoplasms/ or exp 
Craniopharyngioma/ or exp Hyperphagia/ or exp Hypothalamic 
Diseases/ 
6. exp Anti-Obesity Agents/ or exp Appetite Depressants/ or exp 
Fenfluramine/ 
7. exp Metformin/ 
8. exp Weight Loss/ 
9. exp Diet/ or exp Diet Therapy/ 
10. exp Dextroamphetamine/ 
11. exp Gastric Bypass/ or exp Gastroplasty/ 
12. exp Triiodothyronine/ 
13. exp Thyroxine/ 
14. exp Growth Hormone/ 
15. exp Octreotide/ 
16. exp Diazoxide/ 
17. 4 and 5 
18. 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 
19. 17 and 18 
20. 3 or 19 
21. limit 20 to (english language and "all child (0 to 18 years)") 

383 24 17 15 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

van Schaik et al., 
2020(268) 

Case series Yes – case series No No Yes – case series 
of only 5 patients 

Yes – case series No No No 

Horne et al., 
2020(264) 

Case series Yes – case series No No Yes – case series 
of only 12 patients 

Yes – case series No No No 

van Santen et al., 
2015(259) 

Case report Yes – case report No No Yes – case report  Yes – case report No No No 

Ando et al., 
2014(266) 

Case series Yes – case series No Yes – both adult 
patients, non-
tumour causes for 
hypothalamic 
injury 

Yes – case series 
of only 2 patients 

Yes – case series No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Bretault et al., 
2013(270) 

Meta-analysis of 
case reports/ 
series 

Yes – case reports 
and series only, 
varying bariatric 
techniques used 

No Yes – mixed 
cohort of adults 
and children 
(15/21 diagnosed 
<19 years, 9/21 
had bariatric 
surgery <19 years) 

Yes – only 21 
patients included 

No Yes – large mean 
weight difference 

Yes – multi-centre, 
multicountry 
analysis 

No 

Zoicas et al., 
2013(267) 

Case series Yes – case series No Yes – mixed 
cohort of adults 
and children (1/9 
diagnosed <19 
years, all had 
bariatric surgery 
>19 years) 

Yes – case series 
of only 9 patients 

Yes – case series Yes – large mean 
weight difference 

No No 

Page-Wilson et al., 
2012(361) 

Case report Yes – case report No Yes – bariatric 
surgery performed 
as an adult 

Yes – case report Yes – case report No No No 

Muller et al., 
2011(362) 

Case series Yes – case series No Yes – 2/4 LAGB 
procedures 
performed in 
adulthood 

Yes – case series 
of only 4 patients 

Yes – case series No No No 

Rhakshani et al., 
2010(269) 

Prospective case-
control  

Yes – mixed case-
control study 
(control cohort 
was historical and 
not matched for 
some cases) 

No No No No No No No 

Danielsson et al., 
2007(265) 

Randomised 
controlled 
crossover trial 

Yes – relatively 
short duration of 
follow-up (68 
weeks total) 

No Yes – mixed 
cohort of 
hypothalamic (22) 
and non-
hypothalamic (28) 
obesity 

No No No Yes – randomised, 
double-blind, 
placebo-
controlled study 

No 

Ismail et al., 
2006(262) 

Retrospective 
cohort 

Yes – no control 
group 

No No Yes – small cohort 
of only 12 patients 

Yes – small cohort No No No 

Lustig et al., 
2003(260) 

Randomised 
controlled trial 

Yes – short 
duration of follow-
up 

No Yes - 2/20 non-
brain tumour 
patients were 
post-radiotherapy 
for ALL 

Yes – small cohort 
(18 subjects) 

No No Yes – randomised, 
double-blind, 
placebo-
controlled study 

No 

Fernandes et al., 
2002(258) 

Case series Yes – case series, 
note treatment 
cause biochemical 
hyperthyroidism 

No Yes – mixed 
cohort of adults 
and children (2/3 
children) 

Yes – case series 
of only 3 patients 

Yes – case series Yes – large 
amounts of weight 
loss achieved 

No No 

Mason et al., 
2002(263) 

Prospective 
cohort 

Yes – no control 
group 

No No Yes – small cohort 
of only 5 patients 

Yes – small cohort No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Lustig et al., 
1999(261) 

Prospective 
cohort 

Yes – no control 
group, short 
duration of follow-
up, caloric intake 
data by recall 

No Yes – 2/9 were 
non-brain tumour 
patients post-
radiotherapy for 
ALL 

Yes – small cohort 
of only 9 patients 

Yes – small cohort No No No 

 
Author(s) Summary of findings Quality 

Change in intervention group No. of 
patients 

Change in control group No. of 
patients 

Pooled effect 

van Schaik et al., 
2020 

BMI SDS +0.005 
Absolute weight +1.5 kg 
Only 1 experienced weight loss 

5 N/A N/A Duration of treatment: mean 8.4 years Very low 

Horne et al., 
2020 

ΔBMI rate of change -69.9% 12 N/A N/A Duration of treatment: median 3.1 years Very low 

van Santen et al., 
2015 

REE: -1.2 kcal/kg  
No change in body weight 

1 N/A N/A Duration of treatment: 2 months Very low 

Ando et al., 2014 Weight: -3 and -11 kg 
HbA1c: -1.5% and -1.6% 

2 N/A N/A Duration of treatment: 2 years Very low 

Bretault et al., 
2013 

Mean % weight loss (absolute weight 
loss): 
LAGB: -6.1% (-7.5 kg (95% CI -28.2-+13.2)) 
Sleeve gastrectomy: -19.6% (-25.9 kg 
(95% CI -59.7-+7.9)) 
Roux-en-Y: -20.2% (-33.7 kg (95% CI -80.7-
+13.3) 
Biliopancreatic diversion: -24.8% 

6 
 
8 
 
 
6 
 
1 

N/A N/A Mean weight difference (all techniques) -15.1 
kg (95% CI -31.7-+1.4) 
Prevalence of diabetes -23.3% 

Very low 

Zoicas et al., 
2013 

Mean weight -13.1±5.1 kg 
Mean HOMA-IR -3.2±3.5 
Mean HbA1c -1.3±1.4% 

9 N/A N/A Duration of treatment 24.3±18.9 months (range 
6-51 months) 

Very low 

Page-Wilson et 
al., 2012 

Weight -31 kg 
REE -3.5 kcal/kg 

1 N/A N/A Duration of follow-up 15 months Very low 

Muller et al., 
2011 

Mean BMI +4.1 kg/m2 (range +1.7 - +8.7 
kg/m2) 

4 N/A N/A Duration of follow-up 5.2-9.1 years Very low 

Rakhshani et al., 
2010 

Median BMI +4.5 kg/m2/year (range -
17.8-+8.4) 
Median BMI SDS 0.0/year (range -5.2-
+0.5) 
Median % weight gain +8.5%/year (range 
+3.4-+14.0) 
Median % ideal body weight -4%/year 
(range -141.7-+34) 

39 Median BMI +8.4 kg/m2/year (range -
3.1-+28.1) 
Median BMI SDS +0.4/year (range -
2.1-+2.2) 
Median % weight gain +21.4%/year 
(range +15.8-+32.0) 
Median % ideal body weight 
+19.9%/year (range -18.7-149.2) 

31 p<0.05 for BMI, % weight change and % ideal 
body weight change per year 
Also significantly improved health-related 
quality of life 
Duration of follow-up 1 year 

Very low 

Danielsson et al., 
2007 

BMI SDS: 
Group 1 (placebo first): -0.68 
Group 2 (sibutramine first): -0.72 
 
% body fat -1.9% 

 
24 
 
21 

BMI SDS: 
Group 1 (placebo first): -0.06 
Group 2 (sibutramine first): +0.43 
 
% body fat -0.1% 

 
24 
 
21 

p<0.01 for difference in BMI SDS and % body 
fat change during each phase of treatment 
Effect on hypothalamic obesity less 
pronounced 

Moderate  
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Author(s) Summary of findings Quality 
Change in intervention group No. of 

patients 
Change in control group No. of 

patients 
Pooled effect 

Ismail et al., 2006 Median BMI SDS -0.7 (males), -0.44 
(females) 

12 N/A N/A Duration of treatment 6-48 months Very low 

Lustig et al., 
2003 

Weight +1.6 ± 0.6 kg 
BMI -0.2 ± 0.2 kg/m2 

9 Weight +9.2 ± 1.7 kg 
BMI +2.2 ± 0.5 kg/m2 

9 Significant differences in mean weight and BMI 
change 

Duration of treatment 6 months 
Note non-significant increases in glucose 
concentration on OGTT 

Low 

Fernandes et al., 
2002 

Weight -14 kg, -4.3 kg and -4.3 kg 3 N/A N/A All patients had biochemical hyperthyroidism Very low 

Mason et al., 
2002 

Mean BMI 32 ± 2.8 kg/m2 to 31 ± 3.3 
kg/m2 

5 N/A N/A N/A Very low 

Lustig et al., 
1999 

Weight -4.8 ± 1.8 kg 
BMI -2.0 ± 0.7 kg/m2 
Caloric intake -112 cal/day/month 

9 N/A N/A N/A Very low 
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Outcome 3.2.2.5.j: Incidence of sleep disorders 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years who have 
been treated/ conservatively 
managed for craniopharyngiomas 
I what is the incidence of daytime 
somnolence, sleep-wake cycle 
reversal, obstructive sleep 
apnoea, narcolepsy 
T at 5, 10, 15, 20 years from 
diagnosis? 

1. craniopharyngioma*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. sleep*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept 
word, unique identifier] 
3. (apnoea or apnea or polysomnogra*).mp. [mp=title, abstract, 
original title, name of substance word, subject heading word, keyword 
heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
4. 2 or 3 
5. 1 and 4 
6. exp Craniopharyngioma/ 
7. exp Sleep Apnea Syndromes/ or exp Sleep Disorders, Circadian 
Rhythm/ or exp Sleep/ or exp Sleep Disorders, Intrinsic/ or exp Sleep, 
REM/ or exp Sleep Apnea, Central/ or exp Sleep Stages/ or exp Sleep 
Disorders/ or exp Sleep-Wake Transition Disorders/ or exp "Sleep 
Initiation and Maintenance Disorders"/ or exp Sleep Apnea, 
Obstructive/ 
8. 6 and 7 
9. 5 or 8 
10. limit 9 to english language 

62 31 21 13 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Roemmler-Zehrer 
et al., 2015(280) 

Prospective case-
control  

Yes – 
questionnaire-
based study 

No Yes – mixed 
cohort of adults 
and children 
(mean age 53 
years) 

Yes – moderately 
small cohort of 
craniopharyngiom
a patients 

No No No No 

Joustra et al., 
2014(273) 

Prospective case-
control 

Yes – study 
primarily for 
pituitary 
adenomas, 
craniopharyngiom
a patients were 
unmatched to 
controls 

No Yes – all adult 
patients 

Yes – very small 
cohort of 8 
craniopharyngiom
a patients 

No No No No 

Pickering et al., 
2014(363) 

Prospective case-
control 

Yes – parametric 
statistics used for 
relatively small 
subcohorts 

No Yes – mixed 
cohort of adults 
and children (4/15 
<18 years at 
diagnosis) 

Yes – small cohort 
of 
craniopharyngiom
a patients 

Yes – patients 
recruited to this 
study would 
possibly have a 
higher incidence 
of sleep disorders 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Cohen et al., 
2013(281) 

Prospective case-
control 

Yes – parametric 
statistics used for 
relatively small 
subcohorts, all 
patients were 
significantly obese 
(BMI >35 kg/m2) 

No No Yes – moderately 
small cohort of 
craniopharyngiom
a patients 

No No No No 

Manley et al., 
2012(277) 

Retrospective 
cohort 

Yes – sleep 
disorders 
measured by self-
report, no control 
group 

No No Yes – moderately 
small cohort 

No No No No 

Crowley et al., 
2011(274) 

Prospective case-
control 

Yes – control 
group were 
referrals for 
exclusion of sleep 
apnoea (i.e. not 
healthy)  

No Yes – all adult 
patients, excluded 
patients <18 years 

Yes – moderately 
small cohort 

No No No No 

O’Gorman et al., 
2010(272) 

Prospective case-
control 

Yes – parametric 
statistics used for 
relatively small 
subcohorts 

No No Yes – moderately 
small cohort 

No No No No 

van der Klauuw et 
al., 2008(112) 

Prospective case-
control 

Yes – 
questionnaire-
based study 

No Yes – all adult 
patients (8/27 
diagnosed in 
childhood) 

Yes – moderately 
small cohort 

No No No No 

Muller et al., 
2006(282) 

Prospective case-
control/ cohort 
study 

Yes – intervention 
phase of study 
was single-arm 
with no control 
group 

No No Yes – small 
subcohort 

Yes – intervention 
phase of study 
was single-arm, 
single-centre with 
no control group 

No No No 

Ismail et al., 
2006(262) 

Retrospective 
cohort 

Yes – no control 
group, daytime 
somnolence by 
self-report 

No No Yes – small cohort 
of only 12 patients 

Yes – small cohort No No No 

Snow et al., 
2002(275) 

Prospective 
cohort 

Yes – very small 
cohort 

No Yes – mixed 
cohort of tumours 
(3/5 
craniopharyngiom
as) 

Yes – very small 
cohort of 5 
patients/ 5 
controls 

Yes – small cohort No No No 

Muller et al., 
2002(278) 

Prospective case-
control 

No No No No No No No No 

Palm et al., 
1992(276) 

Prospective case-
control 

Yes – small cohort No No Yes – small 
subcohort of only 
10 patients 

Yes – small cohort No No No 

 



www.cclg.org.uk 
 

 139	

 
 

Author(s) Summary of findings Quality 
Frequency/ outcome in 
craniopharyngioma group 

No. of 
patients 

Frequency/ outcome in control 
group 

No. of 
patients 

Pooled effect 

Roemmler-
Zehrer et al., 
2015 

Epworth Sleepiness Scale 9.0 ± 3.9 26 N/A (normal score <10) N/A N/A Very low 

Joustra et al., 
2014 

%REM sleep 18.5 ± 4.7% 
%awake time 11.6 ± 4.4% 
Sleep efficiency 87.7 ± 4.4 
Total sleep time 439 ± 67 minutes 
High risk for poor sleep on Berlin 
Questionnaire 4 
Clinical symptom score 4.4 ± 1.9 
Epworth Sleepiness Scale 11.4 ± 4.3 

8 
 

%REM sleep 25.4 ± 4.4% 
%awake time 6.6 ± 3.1% 
Sleep efficiency 92.9 ±3.1 
Total sleep time 455 ± 66 minutes 
High risk for poor sleep on Berlin 
Questionnaire 0 
Clinical symptom score 1.5 ± 1.4 
Epworth Sleepiness Scale 4.8 ± 3.2 

17 
(unmatched) 

Sleep efficiency, %REM sleep, %awake time, 
Epworth Sleepiness Scale and other 
questionnaire scores all significantly different 
from controls. 

Very low 

Pickering et al., 
2014 

Time of sleep offset 6.7 ± 1.1 
Pittsburgh Sleep Quality Index sleep 
latency 92% 
Pittsburgh Sleep Quality Index daytime 
dysfunction 86% 

13 Time of sleep offset 8.4 ± 1.3 
Pittsburgh Sleep Quality Index sleep 
latency 54% 
Pittsburgh Sleep Quality Index 
daytime dysfunction 50% 

13 Significant differences in time of sleep offset, 
PSQI sleep latency/ daytime dysfunction 
subscores, and also AUC for cortisol and 
melatonin secretion 

Very low 

Cohen et al., 
2013 

Epworth Sleepiness Scale 10.2 ± 3.6 16 Epworth Sleepiness Scale 6.8 ± 5.3 16 Significant difference in Epworth Sleepiness 
Scale scores 

Very low 

Manley et al., 
2012 

Daytime sleepiness/ sleep disturbance 
19 
Abnormaly polysomonography 7 

28 
 
7 

N/A N/A No significant association with degree of 
resection/ radiotherapy 

Very low 

Crowley et al., 
2011 

Epworth Sleepiness Scale median 7.5 
(IQR 6-10.7) 
Obstructive sleep apnoea 13 
Total sleep time median 7.0 (range 5.6-
10.1) hours 
%sleep efficiency median 85 (range 77-
95)% 

28 Epworth Sleepiness Scale median 4.0 
(IQR 4-8) 
Obstructive sleep apnoea 14 
Total sleep time median 6.2 (range 
4.1-6.5) hours 
%sleep efficiency median 77 (range 
55-88)% 

23 Significant differences in Epworth Sleepiness 
Scale, total sleep time and % sleep efficiency 
(note latter two were better in 
craniopharyngiomas) 
4/5 offered modafinil with improvement with 
improvement in Epworth Sleepiness Scale 
7/9 offered CPAP with improvement 

Very low 

O’Gorman et al., 
2010 

Sleep onset latency 19.3 ± 27.8 mins 
%Sleep stage 2 48.7 ± 9.4% 
Mean REM SaO2 89.0 ± 5.1% 
Mean non-REM SaO2 88.4 ± 5.6% 
Minimum SaO2 86.5 ± 5.9% 
OAHI 7.5 ± 9.0 

15 Sleep-onset latency 31.9 ±23.4 mins 
%Sleep stage 2 57.0 ± 9.7% 
Mean REM SaO2 94.2 ± 2.3% 
Mean non-REM SaO2 94.3 ± 1.5% 
Minimum SaO2 93.6 ± 2.1% 
OAHI 1.5 ± 1.5 

15 All significant differences 
Correlations with leptin, insulin sensitivity, 
adiponectin, and IL-6 concentrations  

Very low 

van der Klauuw 
et al., 2008 

Epworth Sleepiness Scale 7.7 ± 4.1 
(33% >10) 
Snoring 72% 
Apnoeas 29% 
 

27 Epworth Sleepiness Scale 4.8 ± 3.4 
(8% >10) 
Snoring 74% 
Apnoeas 10% 

38 Significant differences on Epworth Sleepiness 
Scale but not Munchener Chronotype 
Questionnaire 
No association with type of surgical resection 
(transsphenoidal vs. transcranial) or radiotherapy 

Very low 
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Author(s) Summary of findings Quality 
Frequency/ outcome in 
craniopharyngioma group 

No. of 
patients 

Frequency/ outcome in control 
group 

No. of 
patients 

Pooled effect 

Muller et al., 
2006 

Epworth Sleepiness Scale: 
BMI <4 SDS median 4.5 (range 0-19)  
BMI >4 SDS median 10.0 (range 1-19) 

 
49 
30 

Epworth Sleepiness Scale: 
BMI <4 SDS median 2 (range 0-5) 
BMI >4 SDS median 4 (range 1-6) 

 
16 
14 

Significant differences in Epworth Sleepiness 
Scale in severely obese vs. non-severely obese 
craniopharyngioma patients 
No significant differences in salivary melatonin 
concentrations, but significant correlation with 
Epworth score 
Epworth score improved in 10 patients with 
melatonin treatment 

Very low 

Ismail et al., 2006 N/A N/A N/A N/A 8/8 with daytime somnolence improved with 
dexamphetamine 

Very low 

Snow et al., 2002 Epworth Sleepiness Scale 15.2 ± 2.8 
Stage 3-4 sleep 143 ± 43.7 minutes 
Multiple sleep latency test sleep 
latency 10.3 ± 5.3 minutes  

5 Epworth Sleepiness Scale 5.0 ± 2.0 
Stage 3-4 sleep 79.5 ± 30.7 minutes 
Multiple sleep latency test sleep 
latency 26.2 ± 1.1 minutes 

5 All significant differences 
No significant differences in blood or CSF orexin 
levels 

Very low 

Muller et al., 
2002 

Epworth Sleepiness Scale: 
BMI <2 SDS median 3 (range 0-19) 
BMI 2-4 SDS median 7 (range 1-17) 
BMI >4 SDS median 10.0 (range 1-19) 

79 Epworth Sleepiness Scale: 
BMI <2 SDS median 2 (range 0-5) 
BMI 2-4 SDS median 3 (range 0-5) 
BMI >4 SDS median 4 (range 1-6) 

30 Significant difference in Epworth scores for 
craniopharyngioma patients with BMI >4 SDS 
compared to controls 
No significant differences in salivary melatonin 
concentrations, but negative correlations with 
BMI and Epworth score 

Low 

Palm et al., 1992 No whole cohort averages presented 10 N/A 18 Total sleep time, % REM sleep and sleep 
efficiency significantly lower and frequency of 
wakenings and time awake significantly higher in 
craniopharyngioma patients 

Very low 
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Outcome 3.2.2.5.k: Incidence of cognitive/neuropsychological deficits 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years who have 
been treated/ conservatively 
managed for craniopharyngiomas 
I what is the incidence of 
cognitive deficits, psychiatric 
disorders, children requiring 
special educational need support, 
adults not achieving fully 
independent living 
T at 5, 10, 15, 20 years from 
diagnosis? 

1. craniopharyngioma*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
2. (cognit* or behav* or psych* or disability or special needs or 
independen* or autis*).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
3. 1 and 2 
4. exp Craniopharyngioma/ 
5. exp Cognition Disorders/ or exp Cognition/ 
6. exp Child Behavior Disorders/ 
7. exp Psychiatry/ or exp Mental Disorders/ 
8. exp Intellectual Disability/ 
9. exp "Activities of Daily Living"/ 
10. exp Disabled Persons/ or exp Disabled Children/ 
11. exp Independent Living/ 
12. exp Autistic Disorder/ or exp Developmental Disabilities/ 
13. 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 
14. 4 and 13 
15. 3 or 14 
16. limit 15 to (english language and "all child (0 to 18 years)") 

289 71 53 37 (however, note 
none provided data 
on best practice for 
monitoring 
neuropsychological 
outcomes therefore 
Delphi consensus) 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Yano et al., 
2016(298) 

Prospective 
cohort 

Yes – single 
centre 

No No Yes – relatively 
small cohort of 26 
patients 

Yes – single 
centre 

No No No 

Sterkenburg et al., 
2015(34) 

Prospective case-
control  

No No No No No No Yes – patients 
from multicentre, 
multi-country HIT-
ENDO registry 

No 

Gerganov et al., 
2014(305) 

Retrospective 
cohort 

Yes – single 
centre, all patients 
undergoing one 
specific surgical 
procedure 

No Yes – mixed 
cohort of adults 
and children (5/16 
<19 years) 

Yes – small cohort 
of 16 patients 

Yes – single 
centre 

No No No 

Rath et al., 
2013(293) 

Retrospective 
cohort 

Yes – single 
centre, some 
deficits by self-
report 

No No Yes – very small 
cohort of 10 
patients (only 2 
with formal 
testing) 

Yes – single 
centre 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Netson et al., 
2013(316) 

Prospective 
cohort 

Yes – only 
patients receiving 
radiotherapy 
included 

No No No Yes – single 
centre, all patients 
received 
radiotherapy 

No No No 

Laffond et al., 
2013(309) 

Retrospective 
cohort 

Yes – only 
patients receiving 
proton beam 
therapy included 

No No Yes – relatively 
small cohort of 29 
patients 

Yes – single 
centre 

No No No 

Leng et al., 
2012(306) 

Retrospective 
cohort 

Yes – single 
centre, all patients 
undergoing one 
specific surgical 
procedure, 
outcomes by self-
report 

No Yes – mixed 
cohort of adults 
and children 
(mean 43.6 years) 

Yes – relatively 
small cohort of 26 
patients 

Yes – single 
centre 

No No No 

Ondruch et al., 
2011(290) 

Prospective 
cohort 

No No No Yes – relatively 
small cohort of 27 
patients 

Yes – low return 
rate of responses 

No No No 

Crom et al., 
2010(286) 

Retrospective 
cohort 

Yes – formal 
testing not 
performed 
systematically 

No No No No No No No 

Elliott & Wisoff, 
2010(131) 

Retrospective 
cohort 

Yes – formal 
testing not 
performed 
systematically 
(most data 
“unavailable”) 

No No Yes – relatively 
small cohort of 26 
patients 

Yes – only giant 
craniopharyngiom
as included 

No No No 

Elliott et al., 
2010(287) 

Retrospective 
cohort 

Yes – single 
centre, all 
underwent 
attempted radical 
resection by 
single surgeon, no 
formal 
neuropsychologic
al assessment 

No No No Yes – single 
centre, single 
surgeon 

No No No 

Kawamata et al., 
2010(317) 

Retrospective 
cohort 

Yes – single 
centre, unclear 
methods of 
assessment 

No Yes – mixed 
cohort of adults 
and children at 
diagnosis 

No Yes – single 
centre 

No No No 

Jang et al., 
2009(289) 

Retrospective 
cohort 

Yes – unclear 
methods of 
assessment 

No No Yes – very small 
cohort of 7 
patients 

Yes – single 
centre 

No No No 

Dolson et al., 
2009(315) 

Prospective 
cohort 

No No No Yes – moderately 
small cohort of 27 
patients 

Yes – single 
centre, all patients 
had radiotherapy  

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Derrey et al., 
2008(229) 

Retrospective 
cohort 

Yes – unclear 
methods of 
assessment 

No Yes – mixed 
cohort of adults 
and children 
(11/42 <16 years) 

No Yes – single 
centre, only 
patients 
undergoing 186Re 
intracavitary 
irradiation  

No No No 

Puget et al., 
2007(26) 

Retrospective/ 
prospective 
cohort 

Yes – unclear if 
assessment was 
systematically 
performed 

No No No Yes – single 
centre 

No No No 

Shi et al., 
2006(364) 

Retrospective 
cohort 

Yes – unclear 
methods of 
assessment 

No Yes – mixed 
cohort of adults 
and children 
(58/284 <15 years) 

No Yes – single 
centre 

No No No 

Pedreira et al., 
2006(291) 

Prospective case-
control 

Yes – incomplete 
data on controls 

No No Yes – small cohort 
of 18 patients 

Yes – single 
centre, poor 
response rate 
(39%) 

No No No 

Waber et al., 
2006(304) 

Prospective 
cohort 

No No No Yes – small cohort 
of 10 patients 

No No No No 

Sands et al., 
2005(294) 

Prospective 
cohort 

No No No Yes – relatively 
small cohort of 29 
patients 

Yes – single 
centre, moderate 
response rate 
(57%) 

No No No 

Minamida et al., 
2005(301) 

Retrospective 
cohort 

No No Yes – mixed 
cohort of adults 
and children (8/37 
<16 years) 

Yes – relatively 
small cohort of 37 
patients 

Yes – single 
centre, patients 
who had 
radiotherapy 
excluded 

No No No 

Pierre-Kahn et al., 
2005(292) 

Prospective 
cohort 

No No No Yes – small cohort 
of 14 patients 

Yes – single 
centre, all patients 
had radical 
resection 

No No No 

Thompson et al., 
2005(296) 

Retrospective 
cohort 

Yes - unclear 
validity of scoring 
system 

No No No Yes – single 
centre 

No No No 

Kendall-Taylor et 
al., 2005(297) 

Retrospective 
cohort (using 
pharmacovigilanc
e database) 

No No No (note 
comparison made 
between adult 
and childhood 
craniopharyngiom
a) 

No Yes – only 
included patients 
with treated GH 
deficiency 

No Yes – multicentre, 
multi-country 
database 

No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Karavitaki et al., 
2005(24) 

Retrospective 
cohort 

Yes – unclear 
methods of 
assessment 

No Yes – mixed 
cohort of adults 
and children 
(42/121 <16 
years), outcomes 
for children not 
separated 

No Yes – single 
centre 

No No No 

Poretti et al., 
2004(279) 

Prospective 
cohort 

No No No Yes – relatively 
small cohort of 21 
patients 

Yes – single 
centre, overall 
radical resection 
as treatment 
strategy 

No No No 

Jackson et al., 
2003(288) 

Prospective 
cohort 

Yes – only 
qualitative 
outcomes 
reported 

No No Yes – relatively 
small cohort of 13 
families 

Yes – single 
centre 

No No No 

Kalapurakal et al., 
2003(271) 

Retrospective 
cohort 

Yes – assessments 
not systematically 
performed 

No No Yes – relatively 
small cohort of 25 
patients 

Yes – single 
centre  

No No No 

Ulfarsson et al., 
2002(214) 

Retrospective 
cohort 

Yes – unclear 
methods of 
assessment 

No Yes – mixed 
cohort of adults 
and children 
(11/21 <15 years) 

Yes – relatively 
small cohort of 21 
patients 

Yes – single 
centre, only 
patients 
undergoing 
radiosurgery 
included 

No No No 

Merchant et al., 
2002(25) 

Retrospective 
cohort 

No No No Yes – relatively 
small cohort of 30 
patients 

Yes – single 
centre 

No No No 

Carpentieri et al., 
2001(300) 

Prospective 
cohort 

No No No Yes – relatively 
small cohort of 16 
patients 

Yes – single 
centre, all patients 
only had surgery 

No No No 

Duff et al., 
2000(299) 

Retrospective 
cohort 

Yes – unclear 
methods of 
assessment 

No Yes – mixed 
cohort of adults 
and children 
(32/121 <16 years) 

No Yes – single 
centre 

No No No 

Fahlbusch et al., 
1999(15) 

Retrospective 
cohort 

Yes – unclear 
methods of 
assessment 

No Yes – mixed 
cohort of adults 
and children 
(30/148 <16 years) 

No Yes – single 
centre 

No No No 

Donnet et al., 
1999(307) 

?Prospective 
cohort 

No No Yes – mixed 
cohort of adults 
and children 

Yes – relatively 
small cohort of 22 
patients 

Yes – single 
centre 

No No No 

Riva et al., 
1998(310) 

Prospective 
cohort 

No No No Yes – relatively 
small cohort of 12 
patients 

Yes – single 
centre 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Anderson et al., 
1997(285) 

Retrospective 
cohort 

Yes – unclear 
methods of 
assessment 

No No Yes – relatively 
small cohort of 20 
patients  

Yes – single 
centre 

No No No 

Villani et al., 
1997(314) 

Retrospective 
cohort 

Yes – unclear 
methods of 
assessment 

No No Yes – relatively 
small cohort of 27 
patients 

Yes – single 
centre, overall aim 
was for radical 
resection 

No No No 

 
Author(s) Summary of findings Quality 

Frequency/ outcome in 
craniopharyngioma group 

No. of 
patients 

Frequency/ outcome in control 
group 

No. of 
patients 

Pooled effect 

Yano et al., 2016 Lower mental component summary 
of SF-36/ CHQ-PF50 compared to 
national standards 

26 N/A N/A N/A Very low 

Sterkenburg et 
al., 2015 

Married 7 
Children/ pregnancy 1 
Friends 23 
Professional education 30 
Employed 24 
Driver’s licence 21 
Psychological treatment 12 

35 
 

Married 12 
Children/ pregnancy 11 
Friends 24 
Professional education 28 
Employed 20 
Driver’s licence 29 
Psychological treatment 1 

30 Significant differences in “children/pregnancy”, 
“driver’s licence”, and “psychological treatment” 
Hypothalamic involvement significantly associated 
with “married” and “driver’s licence” 

Moderate 

Gerganov et al., 
2014 

Transient psychosis 1 
Short-term memory loss 3 

16 N/A N/A N/A Very low 

Rath et al, 2013 Neuropsychological testing (for 
learning difficulties) 2 
Poor school performance 2 

10 N/A N/A N/A Very low 

Netson et al., 
2013 

Decline in Communication and 
Socialisation scores on Vineland 
Adaptive Behaviour Scale 

62 N/A N/A N/A Very low 

Laffond et al., 
2013 

Psychological/ psychiatric follow-up 
11 
Anxiety/ depression 2 
Depression on MDI-C 11 
Elevated BRIEF sub-scales 24-38% 
Repeating school year 10 
Special needs schooling 3 
Graduated high school 2 

29 
 
 
 
 
 
 
 
5 

N/A N/A N/A Very low 

Leng et al., 2012 Memory loss 3 
Returned to work/ school 69% 

26 
18 

N/A N/A N/A Very low 



Craniopharyngioma in children and young people 
 

	

	146 

Author(s) Summary of findings Quality 
Frequency/ outcome in 
craniopharyngioma group 

No. of 
patients 

Frequency/ outcome in control 
group 

No. of 
patients 

Pooled effect 

Ondruch et al., 
2011 

Mean IQ 103 (range 79-129) 
Rey-Osterrieth Complex Figure Test 
50-60% below average 
No significant difference in individual 
subject scores 
CBCL anxiety/ depression 11% 
CBCL social problems 30% 
CBCL withdrawal/ depression 11% 

27 N/A N/A N/A Very low 

Crom et al., 2010 Neurocognitive delay 10 
Individual education plan 10 
College graduate 2 
Postgraduate degree 1 
Psychological problems 15 
Communication disorder 5 

51 N/A N/A N/A Very low 

Elliott & Wisoff, 
2010 

Memory deficits 4 
Repeated school year 7 

26 N/A N/A N/A Very low 

Elliott et al., 2010 IQ <80 4 
Significant disability needing 
assistance 4 
College attendance 35 

86 
 
 
48 

N/A N/A N/A Very low 

Kawamata et al., 
2010 

Cognitive impairment 15 55 N/A N/A Multiple interventions and radiotherapy associated 
with increased cognitive impairment 

Very low 

Jang et al., 2009 Cognitive impairment/ learning 
disability 7 
Neuropsychological and behavioural 
disorders 3 

7 N/A N/A N/A Very low 

Dolson et al., 
2009 

N/A 27 N/A N/A Worsening CBCL scores over time with CSF 
shunting procedures, improved scores with no 
central DI, Ommaya reservoir insertion 

Very low 

Derrey et al., 
2008 

Worsening memory 1 42 N/A N/A N/A Very low 

Puget et al., 2007 Retrospective cohort: 
Memory disturbance 11 
Special educational needs schooling 
2 
Major behavioural disorder 5 

107 
 
 
45 

N/A N/A Higher tumour grade associated with behavioural 
disturbances 

Very low 

Shi et al., 2006 Severe disability 1 
Assistance for activities of daily living 
9 

284 N/A N/A N/A Very low 
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Author(s) Summary of findings Quality 
Frequency/ outcome in 
craniopharyngioma group 

No. of 
patients 

Frequency/ outcome in control 
group 

No. of 
patients 

Pooled effect 

Pedreira et al., 
2006 

Psychological general well-being 
score 69.4 ± 18.7 
Children 0 
Assistance for activities of daily living 
5 
Reduced IQ 8 
Reduced Vineland Behaviour 
Adaptive Scale 9 
Significant Revised Children’s 
Manifest Anxiety Scale 
Significant Short Mood & Feeling’s 
Questionnaire Score (depression) 2 
Graduate education 5 

18 
 
 
 
 
12 
12 
 
12 
 
10 
 
11 

Psychological general well-being 
score 75.3 ± 16.1 
No other clear data on controls 

18 N/A Very low 

Waber et al., 
2006 

Low IQ 1 
Low coding/ Digit Symbol IQ 5 
Poor calculation 1 
Poor verbal learning 2 
Poor Complex Figure Test 4 
Low spatial working memory 3 
Low behavioural memory 7 
Everyday cognitive problems 9 
Depression 5 

10 N/A N/A N/A Very low 

Sands et al., 
2005 

Mental health QoL (SF-36) 41.6 ± 16.4 
(low average) 
Psychosocial QoL (CHQ-PF50) 46.5 ± 
11.9 (average) 
Social emotional/ behavioural 
functioning (CBCL) 52.3 ± 13.4 
(average) 
Internalising problems (CBCL) 61.7 
±11.9 (borderline significant) 

29 N/A N/A Retrochiasmatic lesions associated with lower 
psychosocial QoL and have greater social-
emotional and behavioural problems 

Very low 

Minamida et al., 
2005 

IQ 101.1 (range 58-124) with slight 
reduction 
Karnofsky Performance Score 87.1 
(range 70-90), no change 

37 N/A N/A N/A Very low 

Pierre-Kahn et 
al., 2005 

Conduct disorders 4 
Depressive symptoms 9 
School difficulties 4 
Mean Children’s Global Assessment 
Scale 59.3 
IQs stable 

14 N/A N/A N/A Very low 

Thompson et al., 
2005 

Moderate-severe learning 
difficulties/ special educational 
needs 10 

48 N/A N/A N/A Very low 
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Author(s) Summary of findings Quality 
Frequency/ outcome in 
craniopharyngioma group 

No. of 
patients 

Frequency/ outcome in control 
group 

No. of 
patients 

Pooled effect 

Kendall-Taylor et 
al., 2005 

AGHDA score 9.6 ± 6.8 
Married 14.6% 
Unemployed 8.9% 

152 N/A N/A Worse AGHDA scores for adult-onset 
craniopharyngiomas, both worse than general 
population 

Low 

Karavitaki et al., 
2005 

Complete dependency for activities 
of daily living 11% 
Unable to work in previous 
occupation 48% 
Underperformance at school 28% 
Depression/ mood disorders 33% 

109 
 
61 
 
27 
103 

N/A N/A N/A Very low 

Poretti et al., 
2004 

Significant Youth Self Report 
behavioural score 5 
Significant CBCL score 8 

12 N/A N/A N/A Very low 

Jackson et al., 
2003 

Only qualitative outcomes with no 
thematic analysis provided 

13 N/A N/A N/A Very low 

Kalapurakal et 
al., 2003 

Neuropsychological/ behavioural 
disorders 5 
Neurocognitive disorders/ learning 
difficulties 3 

25 N/A N/A N/A Very low 

Ulfarsson et al., 
2002 

Full recovery to independent living 7 7 N/A N/A N/A Very low 

Merchant et al., 
2002 

Full scale IQ decline 7 
Verbal IQ decline 3 
Performance IQ decline 3 
Impaired QoL on Health Utilities 
Index 23 

23 
26 
20 
29 

N/A N/A Decline in IQ associated with relapse> surgery> 
STR + radiotherapy 
Slightly higher QoL with STR+ radiotherapy vs. 
surgery alone 

Very low 

Carpentieri et 
al., 2001 

Reduced IQ 0 
Impaired Boston Naming Test 31.3% 
Impaired Sentence Memory 6.3% 
Impaired Story Memory (delayed 
recall) 37.5% 
Impaired Story Memory (recognition) 
6.3% 
Impaired Visual Motor Integration 
6.3% 
Impaired Rey-Osterreith Complex 
Figure Test 6.3-86.7% 

16 N/A N/A N/A Very low 

Duff et al., 2000 Underperformance at school 4 
Unemployed 15 
Psychological/ emotional treatment 
27 

48 
100 
121 

N/A N/A N/A Very low 

Fahlbusch et al., 
1999 

Independence without impairment 
117 

148 N/A N/A N/A Very low 
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Author(s) Summary of findings Quality 
Frequency/ outcome in 
craniopharyngioma group 

No. of 
patients 

Frequency/ outcome in control 
group 

No. of 
patients 

Pooled effect 

Donnet et al., 
1999 

Episodic memory deficit 4 
Frontal dysfunction 5 
Learning & retention defects 4 
Impaired conceptual functions 1 
Impaired visuoconstructive abilities 5 
Return to work 12 

22 
 
 
 
 
19 

N/A N/A N/A Very low 

Riva et al., 1998 Inability to withstand frustration 10 
Fits of anger 5 
Emotional lability 3 
Frontal dysfunction 5 
Impaired IQ 0 
Impaired verbal/ spatial memory 0 
Impaired attention/ motor ability 4 
Decreased academic performance 3 

12 N/A N/A N/A Very low 

Anderson et al., 
1997 

Moderate/ severe neurobehavioural 
impairment 12 
Severe cognitive dysfunction 5 

20 N/A N/A No association between degree of resection and 
outcome 

Very low 

Villani et al., 1997 Psychosocial disturbance 59% 
Moderate impairment of function 4 

22 N/A N/A N/A Very low 
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Outcome 3.2.2.6.a-c: Management of recurrence after GTR/ STR 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years who have 
had primary complete resection of 
a craniopharyngioma with a 
relapse/ recurrence 
I does radiotherapy with further 
complete or incomplete resection 
C compared to radiotherapy only 
without further surgery 
O improve overall and 
progression-free survival? 

1. exp Craniopharyngioma/ or craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. radiotherapy.mp. or exp Radiotherapy/ 
4. relapse.mp. or Recurrence/ 
5. recurrence.mp. 
6. 4 or 5 
7. 2 and 3 and 6 
8. (surgery or resection or incomplete or complete).mp. [mp=title, 
abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier] 
9. 7 and 8 

202 104 28 10 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Steno et al., 
2014(321) 

Retrospective 
cohort 

Yes – unable to 
calculate events 
post-treatment for 
recurrence 

No Yes – mixed 
cohort of adults 
and children 
(38/101 <18 years) 

No Yes – single 
centre 

No No No 

Mortini et al., 
2011(320) 

Retrospective 
cohort 

Yes – unable to 
determine degree 
of primary 
resection prior to 
recurrence in 
individual patients 

No Yes – mixed 
cohort of adults 
and children 
(34/112 <18 years) 

Yes – relatively 
small subcohort 
(26) who had 
recurrence 

Yes - single centre No No No 

Liubinas et al., 
2011(319) 

Retrospective 
cohort 

Yes – unable to 
determine degree 
of primary 
resection in 
relation to 
treatment for 
recurrence and 
outcomes for 
individual patients 

No Yes – mixed 
cohort of adults 
and children 
(mean age 51 
years (range 17-
72)) 

Yes – relatively 
small subcohort 
(28) who had GTR 
as primary 
treatment 

Yes – single 
centre 

No No No 

Vinchon & 
Dhellemmes et 
al., 2008(322) 

Retrospective 
cohort 

Yes – unable to 
determined 
degree of primary 
resection in 
relation to 
outcomes and 
also use of 
radiotherapy in 
recurrence 

No No Yes – relatively 
small cohort of 20 
children, even 
smaller subcohort 
(7/20) post-GTR as 
primary treatment 

Yes – single 
centre 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Minamida et al., 
2005(301) 

Retrospective 
cohort 

Yes – 
radiotherapy not 
considered in 
recurrence, 
unclear outcomes 
by degree of 
resection fo 
recurrence 

No No Yes – small cohort 
of 11 patients , 
even smaller 
subcohort (5/11) 
post-GTR as 
primary treatment 

Yes – single 
centre 

No No No 

Lena et al., 
2005(225) 

Retrospective 
cohort 

Yes – unclear 
outcomes by 
treatment 
modality for 
recurrence 

No No Yes – relatively 
small cohort of 16 
patients, even 
smaller subcohort 
(7/16) with GTR as 
primary treatment 

Yes – single 
centre 

No No No 

Caldarelli et al., 
2005(22) 

Retrospective 
cohort 

Yes – no 
outcomes 
reported for 
treatments for 
recurrence 

No No Yes – small cohort 
of 9 patients, even 
smaller subcohort 
(3/9) with GTR as 
primary treatment 

Yes – single 
centre 

No No No 

Stripp et al., 
2004(141) 

Retrospective 
cohort 

Yes – difficult to 
separate 
outcomes by 
treatment 
modality for 
recurrence 

No No No Yes – single 
centre 

No No No 

Barua et al., 
2003(323) 

Retrospective 
cohort 

No No Yes – mixed 
cohort of adults 
and children 
(16/61 of original 
cohort <16 years) 

Yes – relatively 
small cohort of 24 
patients 

Yes – single 
centre 

No No No 

Kalapurakal et al., 
2000(318) 

Retrospective 
cohort 

Yes – did not 
include patients 
who had primary 
radiotherapy 

No No Yes – relatively 
small cohort of 14 
patients 

Yes – single 
centre 

No No No 

 
Author(s) Summary of findings Quality 

No. of events in radiotherapy 
group 

No. of 
patients 

No. of events in non-radiotherapy 
group 

No. of 
patients 

Pooled effect 

Steno et al., 
2014 

N/A N/A N/A N/A Unable to calculate re-recurrence rate after 
treatment for recurrence but repeated surgery 
reduced chance of GTR 

Very low 

Mortini et al., 
2011 

Re-recurrence: 
Radiotherapy alone 2 

 
5 

Re-recurrence: 
Surgery alone 5 

 
10 

N/A Very low 
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Author(s) Summary of findings Quality 
No. of events in radiotherapy 
group 

No. of 
patients 

No. of events in non-radiotherapy 
group 

No. of 
patients 

Pooled effect 

Liubinas et al., 
2011 

N/A (none treated with radiotherapy 
for recurrence) 

N/A Re-recurrence: 
GTR alone 3 
STR alone 3 
 
Visual deterioration: 
GTR alone 3 
STR alone 2 
 
New central DI: 
GTR alone 5 
STR alone 2 

 
38 
16 
 
 
38 
16 
 
 
38 
16 

N/A Very low 

Vinchon & 
Dhellemmes, 
2008 

10-year PFS: 
Radiotherapy outcome data not 
presented 

 
3 

10-year PFS: 
GTR 55.6% 
STR 34.3% 

 
6 
14 

Non-significant difference between PFS post-
GTR vs. STR for recurrence 
No significant differences between functional 
outcome, BMI or IQ, but repeated surgery 
associated with poor functional outcomes 

Very low 

Minamida et al., 
2005 

N/A (radiotherapy not used in 
recurrence) 

N/A N/A N/A Unclear outcomes by degree of resection for 
recurrence 

Very low 

Lena et al., 2005 N/A 
 

N/A N/A N/A Unclear outcomes by treatment modality for 
recurrence 

Very low 

Caldarelli et al., 
2005 

N/A N/A N/A N/A Unclear outcomes by treatment modality for 
recurrence 

Very low 

Stripp et al., 
2004 

N/A N/A N/A N/A No significant difference in PFS for salvage vs. 
adjuvant radiotherapy 

Very low 

Barua et al., 
2003 

Re-recurrence: 
STR + radiotherapy 2  
SRS 1 
 
5-year post-recurrence PFS: 
STR + radiotherapy 80% 
SRS 83.3% 
 
Visual deterioration: 
STR + radiotherapy 0 
SRS 0 
 
Poor functional status: 
STR + radiotherapy 3 
SRS 1 

 
7 
7 
 
 
 
 
 
 
7 
7 
 
 
7 
7 

Re-recurrence: 
GTR alone 0 
STR alone 10 
 
5-year post-recurrence PFS: 
GTR alone 50% 
STR alone 16% 
 
Visual deterioration: 
GTR alone 1 
STR alone 2 
 
Poor functional status: 
GTR alone 0 
STR alone 7 

 
4 
19 
 
 
 
 
 
 
4 
19 
 
 
4 
19 

Significantly lower 5-year post-recurrence PFS 
for surgery alone (GTR/ STR) vs. radiotherapy 
(conventional/ SRS) +/- surgery 

Very low 

Kalapurakal et 
al., 2000 

5-year post-recurrence PFS: 
Radiotherapy alone 100% 
 
15-year overall PFS: 
Radiotherapy +/- surgery 83% 

 
5 

5-year post-recurrence PFS: 
Surgery alone 0% 
 
 
15-year overall PFS: 
Surgery alone 0% 

 
7 

N/A Very low 
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Outcome 3.2.2.6.d: Efficacy/ toxicity of second course radiotherapy 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years who have 
had radiotherapy for 
craniopharyngiomas 
I does further radiotherapy 
C compared to other therapeutic 
modalities (e.g. repeat surgery, 
intracystic therapies, radiosurgery) 
O improve overall and 
progression-free survival? 

1. exp Craniopharyngioma/ or craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. radiotherapy.mp. or exp Radiotherapy/ 
4. relapse.mp. or Recurrence/ 
5. recurrence.mp. 
6. 4 or 5 
7. 2 and 3 and 6 
8. (repeat or 2nd or second or further).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
9. 7 and 8 

56 40 17 0 (therefore Delphi 
consensus) 
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Outcome 3.2.2.6.e: Efficacy of SRS for recurrence 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years who have 
had a relapse or progression of a 
craniopharyngioma 
I does stereotactic radiosurgery 
C compared to further complete/ 
incomplete resection/ 
conventional radiotherapy alone/ 
conventional radiotherapy + 
further complete/ incomplete 
resection 
O lead to equivalent overall and 
progression-free survival, reduced 
cognitive impairment, reduced 
visual impairment, reduced 
hypothalamo-pituitary 
dysfunction? 

1. exp *Craniopharyngioma/ or craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. relapse.mp. or exp *Recurrence/ 
4. recurrence.mp. 
5. progression.mp. or exp *Disease Progression/ 
6. 3 or 4 or 5 
7. stereotactic radiosurgery.mp. or exp *Radiosurgery/ 
8. 2 and 6 
9. 7 and 8 
10. neurosurgery.mp. or exp *Neurosurgery/ 
11. radiotherapy.mp. or exp *Radiotherapy/ 
12. 10 or 11 
13. 9 and 12 

47 37 17 8 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Jeon et al., 
2011(327) 

Retrospective 
cohort 

Yes – single 
centre, no 
multivariate 
analysis 
incorporating 
timing of 
radiotherapy 

No Yes – mixed 
cohort of adults 
and children 
(median 33.6 
years), mixed 
cohort of tumours 
(24 recurrent and 
26 residual 
tumours) 

Yes – relatively 
small subcohort 
receiving SRS 
(13/50) 

Yes – single 
centre 

No No No 

Xu et al., 
2011(328) 

Retrospective 
cohort 

Yes – no 
comparison to 
other treatments 

No Yes – mixed 
cohort of adults 
and children 
(17/37 <21 years), 
mixed cohort of 
tumours (4 
primary, 33 
recurrent) 

No Yes – single 
centre 

No No No 

Niranjan et al., 
2010(206) 

Retrospective 
cohort 

Yes – single 
centre, no 
comparison to 
other treatments 

No Yes – mixed 
cohort of adults 
and children (but 
median age 23.5 
years), mixed 
cohort of tumours 
(3 primary, 43 
recurrent) 

No Yes – single 
centre 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Gopalan et al., 
2008(326) 

Non-systematic 
review of cohort 
studies 

Yes – none of 
included studies 
contained a 
comparison group 

No Yes – mixed 
cohort studies of 
adults and 
children included 
(only 3/10 studies 
were paediatric), 
studies included 
primary and 
recurrent tumours 
(63% recurrent) 

No No No No No 

Kobayashi et al., 
2005(212) 

Retrospective 
cohort 

Yes – single 
centre, no 
comparison to 
other treatments 

No Yes – mixed 
cohort of adults 
and children 
(38/98 <15 years), 
mixed cohort of 
tumours (unclear 
proportion) 

No Yes – single 
centre 

No No No 

Barua et al., 
2003(323) 

Retrospective 
cohort 

No No Yes – mixed 
cohort of adults 
and children 
(16/61 of original 
cohort <16 years) 

Yes – small 
subcohort 
receiving SRS 
(7/24) 

Yes – single 
centre 

No No No 

Chiou et al., 
2001(215) 

Retrospective 
cohort 

Yes – single 
centre, no 
comparison to 
other treatments 

No Yes – mixed 
cohort of adults 
and children (8/10 
<19 years) 

Yes – small cohort 
of 10 patients 

Yes – single 
centre 

No No No 

Mokry, 1999(213) Retrospective 
cohort 

Yes – single 
centre, no 
comparison to 
other treatments 

No Yes – mixed 
cohort of adults 
and children (8/23 
<15 years) 

Yes – relatively 
small cohort of 23 
patients 

Yes – single 
centre  

No No No 

 
Author(s) Summary of findings Quality 

No. of events in SRS group No. of patients No. of events in non-SRS group No. of patients Pooled effect 
Jeon et al., 2011 Mean PFS: 

SRS 1907 days (1261-2552) 
 
13 
 

Mean PFS: 
Conventional radiotherapy 2816 
days (2070-3561) 

 
37 

No significant difference in PFS between SRS 
and conventional radiotherapy 

Very low 

Xu et al., 2011 5-year PFS 67.0% 
Progression 4 
5-year OS 75.6% 
Deaths 9 
 
Visual deterioration 3 
New panhypopituitarism 1 

37 N/A (no comparison to 
conventional radiotherapy/ other 
treatments) 

N/A Multivariate predictors of better PFS:  
Absence of visual field defect at SRS HR 0.011 
(0.0005-0.258)  
SRS volume <1.6 cm3 HR 0.13 (0.023-0.744)  
Marginal dose >14.5 Gy HR 0.041 (0.002-0.688) 

Very low 
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Author(s) Summary of findings Quality 
No. of events in SRS group No. of patients No. of events in non-SRS group No. of patients Pooled effect 

NIranjan et al., 
2010 

5-year PFS 67.8% 
Progression 20 
Deaths 5 
 
Visual deterioration 7 
New panhypopituitarism 1 
 

46 N/A (no comparison to 
conventional radiotherapy/ other 
treatments 

N/A Univariate predictors of better PFS: complete 
SRS coverage of tumours, previous 
radiotherapy/ 22P 

Very low 

Gopalan et al., 
2008 

Progression 25% (range 0-67%) 
Local control 75% (range 36-100%) 

N/A N/A N/A N/A (no meta-analysis) Very low 

Kobayashi et al., 
2005 

Progression 20 
Deaths 16 

98 N/A (no comparison to 
conventional radiotherapy/ other 
treatments) 

N/A N/A Very low 

Barua et al., 2003 Re-recurrence: 
SRS 1 
 
 
 
5-year post-recurrence PFS: 
SRS 83.3% 
 
 
 
 
Visual deterioration: 
SRS 0 
 
 
 
Poor functional status: 
SRS 1 

 
7 
 
 
 
 
 
 
 
 
 
 
7 
 
 
 
 
7 

Re-recurrence: 
GTR alone 0 
STR alone 10 
STR + radiotherapy 2  
 
5-year post-recurrence PFS: 
GTR alone 50% 
STR alone 16% 
STR + radiotherapy 80% 
 
Visual deterioration: 
GTR alone 1 
STR alone 2 
STR + radiotherapy 0 
 
Poor functional status: 
GTR alone 0 
STR alone 7 
STR + radiotherapy 3 

 
4 
19 
7 
 
 
 
 
 
 
 
4 
19 
7 
 
 
4 
19 
7 

Significantly lower 5-year post-recurrence PFS 
STR alone vs. radiotherapy (conventional/ SRS) 
+/- surgery 

Very low 

Chiou et al., 2001 Progression/ recurrence 2 
Deaths 0 
Visual deterioration 1 
Endocrine deterioration 0 

10 N/A (no comparison to 
conventional radiotherapy/ other 
treatments) 

N/A N/A Very low 

Mokry 1999 Progression 7 
Deaths 2 

23 N/A (no comparison to 
conventional radiotherapy/ other 
treatments) 

N/A Smaller mean tumour volume associated with 
better responses 

Very low 
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Outcome 3.2.2.6.f: Efficacy of intracystic therapies for recurrent cystic craniopharyngiomas 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years who have 
had a relapse or progression of a 
cystic craniopharyngioma 
I does primary intracystic 
instillation of bleomycin, IFNα, 
radioisotopes 
C compared to resection/ cyst 
aspiration and drainage/ 
radiotherapy or conservative 
management 
O result in equivalent overall and 
progression-free survival, reduced 
cognitive impairment, reduced 
visual impairment, reduced 
hypothalamo-pituitary 
dysfunction? 

1. exp *Craniopharyngioma/ or craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. relapse.mp. or exp *Recurrence/ 
4. recurrence.mp. 
5. progression.mp. or exp *Disease Progression/ 
6. 3 or 4 or 5 
7. 2 and 6 
8. (intracystic or cystic).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier, synonyms] 
9. (bleomycin or interferon or isotopes or yttrium or phosphorus or 32P 
or 90Y).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique 
identifier, synonyms] 
10. 7 and 8 
11. exp *Yttrium Radioisotopes/ or exp *Yttrium/ or exp *Yttrium 
Isotopes/ 
12. exp *Phosphorus Isotopes/ or exp *Phosphorus/ or exp 
*Phosphorus Radioisotopes/ 
13. exp *Radioisotopes/ 
14. exp *Bleomycin/ 
15. exp *Interferon-alpha/ 
16. 9 or 11 or 12 or 13 or 14 or 15 
17. 10 and 16 

43 37 15 9 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Goldman et al., 
2020(332) 

Prospective 
cohort 

Yes – no 
comparison to 
conventional 
treatments 

No No Yes – relatively 
small cohort of 18 
patients 

No No No No 

Maarouf et al., 
2016(330) 

Retrospective 
cohort 

Yes – no 
comparison to 
conventional 
treatments 

No Yes – mixed 
cohort of tumours 
(6 primary, 11 
recurrent) 

Yes – relatively 
small cohort of 17 
patients 

Yes – single 
centre 

No No No 

Julow et al., 
2007(329) 

Retrospective 
cohort 

Yes – no 
comparison to 
conventional 
treatments, 
inadequate 
discussion about 
subsequent 
progressions 

No Yes – mixed 
cohort of adults 
and children (27% 
children) 

No Yes – single 
centre 

No No No 
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Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 
confounding 

Dose-response 
gradient 

Lena et al., 
2005(225) 

Retrospective 
cohort 

Yes – inadequate 
discussion about 
subsequent 
progressions 
post-recurrence 

No No Yes – only 2/53 
children treated 
with intracystic 
bleomycin for 
recurrent tumours 

Yes – single 
centre 

No No No 

Mottolese et al., 
2005(226) 

Retrospective 
cohort 

Yes – unable to 
separate outcome 
data between 
primary and 
recurrent tumours 

No Yes – mixed 
cohort of primary 
and recurrent 
tumours 

Yes – only 6/60 
children treated 
with intracystic 
bleomycin for 
recurrent tumours 

Yes – single 
centre 

No No No 

Hukin et al., 
2005(224) 

Retrospective 
cohort 

Yes – unable to 
separate outcome 
data for 
conventional 
treatments 

No No Yes – only 3/29 
children treated 
with bleomycin for 
recurrent tumours 

Yes – single 
centre 

No No No 

Hasegawa et al., 
2004(230) 

Retrospective 
cohort 

Yes – no 
comparison to 
conventional 
treatments, 
unable to 
separate outcome 
data between 
primary and 
recurrent tumours 

No Yes – mixed 
cohort of adults 
and children 
(15/49 <16 years) 

Yes – relatively 
small cohort 
(24/49) treated 
with 32P for 
recurrent tumours 

Yes – single 
centre 

No No No 

Mottolese et al., 
2001(331) 

Retrospective 
cohort 

Yes – no 
comparison to 
conventional 
treatments 

No Yes – mixed 
cohort of adults 
and children 
(20/24 children) 

Yes – relatively 
small cohort (8/24) 
treated with 
bleomycin for 
recurrent tumours 

Yes – single 
centre 

No No No 

Blackburn et al., 
1999(228) 

Case series Yes – no 
comparison to 
conventional 
treatments 

No Yes – mainly adult 
patients (2/6 <16 
years) 

Yes – case series 
of only 6 patients 

Yes – single 
centre case series 

No No No 

 
Author(s) Summary of findings Quality 

No. of events in intracystic 
therapy group 

No. of patients No. of events in non-
intracystic therapy group 

No. of patients Pooled effect 

Goldman et al., 
2020 

Previous surgery: partial 
response 2, 2-year PFS 
27.8% 
Previous radiotherapy: any 
response 0, 2-year PFS 
34.1% 

7 
 
11 

N/A (no comparison to 
conventional treatments) 

N/A N/A Very low 
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Author(s) Summary of findings Quality 
No. of events in intracystic 
therapy group 

No. of patients No. of events in non-
intracystic therapy group 

No. of patients Pooled effect 

Maarouf et al., 
2016 

Progression 3 
5-year PFS (in-field) 81% 
5-year PFS (overall) 52% 
Cyst volume reduction 
median 24.8% (range 0-40) 
Visual deterioration 1 
Endocrine deterioration 4 

17 N/A (no comparison to 
conventional treatments) 

N/A N/A Very low 

Julow et al., 2007 Cyst volume reduction 
mean 88.3% 
29-year OS 0% 
Visual deterioration 3 

60 
 
 
52 

N/A (no comparison to 
conventional treatments) 

N/A N/A Very low 

Lena et al., 2005 Progression 0 2 Progression: 
Radiotherapy alone 0 
SRS N/A 
Surgery alone N/A 

 
3 
5 
6 

N/A Very low 

Mottolese et al., 
2005 

N/A N/A N/A N/A Unable to separate outcome data between 
primary and recurrent tumours 

Very low 

Hukin et al., 2005 Progression 2 3 N/A N/A Unable to separate outcomes for 
conventional treatments 

Very low 

Hasegawa et al., 
2004 

Progression 5 
10-year PFS 70% 

49 N/A (no comparison to 
conventional treatments) 

N/A N/A Very low 

Mottolese et al., 
2001 

Cyst reduction 8 
Progression 0 

8 N/A (no comparison to 
conventional treatments) 

N/A N/A Very low 

Blackburn et al., 
1999 

Progression 4 6 N/A (no comparison to 
conventional treatments) 

N/A N/A Very low 
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Outcome 3.2.2.6.g: Efficacy of systemic IFNα for recurrent craniopharyngiomas 
PICO question Literature search terms No. of articles No. included post-

title review 
No. included post-
abstract review 

Final no. included 

P In children <19 years who have 
had a relapse or progression of a 
craniopharyngioma 
I does primary systemic IFNα 
C compared to resection/ 
radiotherapy/ conservative 
management 
O result in equivalent overall and 
progression-free survival, reduced 
cognitive impairment, reduced 
visual impairment, reduced 
hypothalamo-pituitary 
dysfunction? 

1. exp Cranioparyngioma/ or craniopharyngioma*.mp. 
2. limit 1 to "all child (0 to 18 years)" 
3. relapse.mp. or Recurrence/ 
4. recurrence.mp. 
5. exp Disease Progression/ or progression.mp. 
6. 3 or 4 or 5 
7. 2 and 6 
8. Interferon-alpha/ 
9. interferon.mp. or exp Interferons/ 
10. 8 or 9 
11. 7 and 10 

10 4 3 3 

 
Author(s) Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Large effect Plausible 

confounding 
Dose-response 
gradient 

Goldman et al., 
2020(333) 

Prospective 
cohort 

Yes – no 
comparison to 
conventional 
treatment 

No No Yes – small cohort 
of only 18 
patients 

No No No No 

Yeung et al., 
2012(237) 

Case series Yes – no 
comparison to 
conventional 
treatment 

No No Yes – case series 
of only 5 patients 

Yes – single 
centre case series 

No No No 

Jakacki et al., 
2000(236)  

Prospective 
cohort 

Yes – no 
comparison to 
conventional 
treatment 

No No Yes – small cohort 
of only 15 
patients 

Yes – single 
centre 

No No No 

 
Author(s) Summary of findings Quality 

No. of events in IFNα 
group 

No. of patients No. of events in non-IFNα 
group 

No. of patients Pooled effect 

Goldman et al., 
2020 

Partial response 2 (1 
sustained >3 months) 
Progression 8 

18 N/A (no comparison to 
conventional treatments) 

N/A N/A Very low 

Yeung et al., 
2012 

Progression 1 5 N/A (no comparison to 
conventional treatments) 

N/A N/A Very low 

Jakacki et al., 
2000 

Progression 4 
Side effects 9 

14 N/A (no comparison to 
conventional treatments) 

N/A N/A Very low 
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Appendix D: The Delphi consensus process 
 
At least 50 and up to 80, potential Delphi consensus process participants were nominated by GDG members 
from across the UK, and also from Europe and the USA, and were chosen both for their recognised expertise 
in the management of paediatric craniopharyngiomas and to be representative of the multidisciplinary 
expertise required. One or two individual international peer experts, super specialists in the field, were also 
identified.  
 
Recommendations that the GDG wished to make for which there was no evidence or in which the identified 
evidence was contradictory, were peer reviewed using two rounds of a Delphi consensus process, conducted 
through an electronic survey with the options of “support”, “would support with modification”, and “do not 
support”. Responses allowed experts to state where a recommendation fell outside their subspeciality area 
of expertise: it was expected experts could not respond to every statement and that respondent numbers 
might be considerably reduced, and that there would be disagreement in very contentious areas. Experts 
were alerted to the forthcoming survey before the summer of 2016 and their email addresses provided by the 
GDG, verified individually by the project board (PB). The 1st round of the survey was run in September 2016 
for at least 3 weeks, with two reminders. A recommendation was deemed to have reached consensus if 70% 
or more of the Delphi group participants who felt they had the expertise to comment on the recommendation, 
agreed with the statement or with a minor modification of it. All Delphi participants were offered the 
opportunity to comment on recommendations. Comments on recommendations that did not achieve 
consensus were reviewed by both the PB and the GDG; those recommendations in which modifications were 
likely to achieve consensus were modified and reviewed in a second Delphi consensus round. This was run in 
November 2016 for at least 2 weeks. The Delphi process for the guideline on the management of paediatric 
craniopharyngiomas is summarised in the tables below. 
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Recommendation No. of 
participants 

No. voting 
on 
recommend-
ation 

No. 
supporting 
WITHOUT 
modification 

No. 
supporting 
WITH 
modification 

% 
agreement  

Summary of comments Included in 
guideline 

Round 1 
1. All CYP with suspected or 
confirmed craniopharyngioma 
should be managed in a tertiary 
paediatric endocrine centre by a 
lead paediatric endocrinologist 
with experience in pituitary 
tumours, nominated by and in 
liaison with the designated 
tertiary paediatric neuro-
oncology team. 

19 19 13 5 95% Comments on the inclusion of 
specific reference to 
neurosurgery input, which is 
already implied in the rest of 
the guideline 
 

Yes 
(3.1.1) 

2. On completion of growth and 
puberty, CYP with 
craniopharyngiomas should be 
transferred to adult pituitary 
services. 

19 18 10 8 100% Comment on individualisation 
of timing 
 

Yes with modifiers 
(3.1.6) 

3. Any pituitary surgery on CYP 
should be attempted only in an 
age-appropriate tertiary setting 
with on-site peri-operative 
endocrine support. 

19 19 17 1 95% Comment on other support 
services (e.g. anaesthetics, 
neurorehabilitation, which is 
already implied in the rest of 
the guideline 
 

Yes 
(3.1.3) 

4. In CYP with suspected or 
confirmed craniopharyngiomas, 
surgery should be undertaken by 
the pituitary or paediatric 
neurosurgeon nominated by the 
respective adult pituitary or 
paediatric neuro-oncology MDT, 
who can offer all possible 
approaches (including 
transsphenoidal, transcranial, and 
endoscopic-assisted surgery). 

19 18 10 5 83% Comment on this only being 
possible for non-emergency 
procedures. 
 

Yes 
(3.1.4) 
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Recommendation No. of 
participants 

No. voting 
on 
recommend-
ation 

No. 
supporting 
WITHOUT 
modification 

No. 
supporting 
WITH 
modification 

% 
agreement  

Summary of comments Included in 
guideline 

5. A centralised national pituitary-
specific advisory panel for review 
of images, histology and 
decision-making should be 
facilitated for discussion of 
complex cases. 

19 18 11 4 83% Comment on decision-making 
at the level of the local, not 
national MDT  

Yes 
(3.1.5) 

6. Given the rarity of pituitary 
tumours in children and young 
persons, a national registry 
should be developed for this 
patient group. 

19 19 17 2 100% None major 
 

Yes 
(3.1.7) 

7. The registry should provide the 
means by which the outcomes of 
patients managed with these 
guidelines can be monitored. 

19 19 17 2 100% Comment on the aim of a 
registry to track incidence, 
recurrence and treatment but 
not to audit outcomes 

Yes 
(discarded as 
overlapping with 
3.1.6) 

8. Advanced multimodal imaging 
techniques (e.g. diffusion tensor 
imaging (DTI), perfusion-
weighted imaging (PWI), 
magnetic resonance 
spectroscopy (MRS)) may be a 
useful adjunct to structural 
imaging in the preoperative 
assessment of paediatric 
craniopharyngiomas. 

19 15 6 3 60% Comments to reframe 
statement as a 
recommendation 

Revised in Round 2 

9. Baseline pituitary function 
testing at diagnosis including 
IGF-1, TSH, free T4, LH, FSH, 
testosterone/ oestradiol, 
prolactin, 8 am cortisol, paired 
early morning plasma/ urine 
osmolalities, AFP and β-hCG 
concentrations should be 
measured prior to any 
intervention.  

19 14 10 4 100% Comment on this not always 
being possible in emergency 
setting, importance of 
prolactin and tumour markers 
as priority 

Yes 
(3.2.1.3.a) 
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Recommendation No. of 
participants 

No. voting 
on 
recommend-
ation 

No. 
supporting 
WITHOUT 
modification 

No. 
supporting 
WITH 
modification 

% 
agreement  

Summary of comments Included in 
guideline 

10. If possible, combined 
dynamic pituitary function tests of 
growth hormone and cortisol 
(with or without gonadotrophin, if 
age-appropriate) reserve should 
be considered at presentation 
before treatment to assess 
hypothalamo-pituitary function 
and inform the decision-making 
process.  

19 12 8 2 83% None major Yes  
(3.2.1.3.c) 

11. Definitive treatment of 
craniopharyngiomas by surgical 
resection or radiotherapy should 
not proceed without the 
availability of routine 
histopathology to confirm the 
diagnosis.  

19 17 9 5 82% Comments to reframe with 
statement on cyst fluid (12), 
and that biopsy can be 
performed as part of surgical 
resection in a single procedure 

No – merged with 
(12) and revised in 
Round 2 

12. Cyst fluid where available 
should be examined (cytology, 
crystals for birefringence) for 
features compatible with the 
diagnosis of a craniopharyngioma 

19 14 5 1 43% Comments to merge with (11) 
as one statement, and that cyst 
fluid is not additionally 
beneficial in the presence of 
solid tissue histology 

No – merged with 
(11) and revised in 
Round 2 

13. In patients with 
hydrocephalus secondary to 
craniopharyngioma cyst(s), 
primary cyst drainage is 
preferable to insertion of a 
ventriculoperitoneal shunt or 
external ventricular drain.  

19 12 7 1 67% None major Yes 
(3.2.2.1.e) 
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Recommendation No. of 
participants 

No. voting 
on 
recommend-
ation 

No. 
supporting 
WITHOUT 
modification 

No. 
supporting 
WITH 
modification 

% 
agreement  

Summary of comments Included in 
guideline 

14. Pre- and post-surgery 
dexamethasone (independent to 
any requirements for replacement 
hydrocortisone) for 
neuroprotection should be given 
for 48-72 hours to all paediatric 
craniopharyngioma patients 
undergoing craniotomy. 

19 9 5 3 89% Comments regarding the 
ambiguity of both statements 
and suggestion that 
statements be merged 

No – merged with 
(15) and revised in 
Round 2 

15. Pre- and post-surgery 
dexamethasone (independent to 
any requirements for replacement 
hydrocortisone) is not required 
for craniopharyngioma patients 
undergoing transsphenoidal 
resection. 

19 9 5 1 67%  No – merged with 
(14) and revised in 
Round 2 

16. Close observation for tumour 
progression rather than 
immediate radiotherapy is 
appropriate in selected cases of 
patients with residual solid 
tumour following surgical 
resection.  

19 14 11 2 93% None major Yes (3.2.2.3.c) 

17. The recommended gross 
tumour volume (GTV) is defined 
as the post-operative solid and 
cystic tumour complex. 

19 7 6 0 86% None Yes 
(3.2.2.3.d) 

18. The clinical target volume 
(CTV) margin is 5 mm modified to 
barriers of natural spread. 

19 3 2 1 100% None major Yes 
(3.2.2.3.e) 

19. The optimum dose 
fractionation regimen for the 
treatment of craniopharyngiomas 
is 54 Gy in 30 fractions treating 1 
fraction daily for 6 weeks . 

19 4 4 0 100% None Yes 
(3.2.2.3.f) 
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Recommendation No. of 
participants 

No. voting 
on 
recommend-
ation 

No. 
supporting 
WITHOUT 
modification 

No. 
supporting 
WITH 
modification 

% 
agreement  

Summary of comments Included in 
guideline 

20. The optimum dose 
fractionation regimen for the 
treatment of craniopharyngiomas 
is 50 Gy in 30 fractions treating 1 
fraction daily for 6 weeks. 

19 3 0 0 0% None No – removed in 
favour of (19) 

21. Post-treatment (surgery with 
or without radiotherapy) imaging 
interval in patients with a 
craniopharyngioma should be 
guided by individual patient 
factors and by the MDT. 

19 16 14 1 94% Comment on proposed 
scanning interval 3-4 monthly 
for 18 months then 6 monthly 
for 2 years 

Yes 
(3.2.2.5.b) 

22. All craniopharyngioma 
patients need a baseline visual 
assessment (to include visual 
acuity and visual fields where the 
patient is old enough) within 
three months of initial tumour 
treatment.  

19 16 14 1 94% None major Yes  
(3.2.2.5.c) 

23. Ongoing visual follow-up 
should be determined on an 
individual patient basis. 

19 16 13 0 81% Comment on proposed close 
visual monitoring for first 3-5 
years of follow-up 

Yes  
(3.2.2.5.d) 

24. A combined pituitary function 
test (ITT/ LHRH with baseline 
thyroid function tests) is required 
within 6 weeks of initial tumour 
treatment to assess hypothalamo-
pituitary function, particularly GH, 
ACTH and TSH deficiencies.  

19 9 6 3 100% None major – addition of word 
“dynamic” suggested and 
agreed 

Yes 
(3.2.2.5.e) 

25. An insulin tolerance test is 
recommended to diagnosed 
ACTH deficiency. 

19 3 0 1 33% Poor return on this statement 
with only 4 respondents with 
poor support. Comments on 
alternative testing, e.g. 
synacthen test 

No 
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Recommendation No. of 
participants 

No. voting 
on 
recommend-
ation 

No. 
supporting 
WITHOUT 
modification 

No. 
supporting 
WITH 
modification 

% 
agreement  

Summary of comments Included in 
guideline 

26. Ongoing endocrinology 
follow-up should be lifelong, with 
the frequency determined on an 
individual patient basis.  

19 15 14 1 100% Comment that this may not 
apply to all patients 

Yes 
(3.2.2.5.f) 

27. All craniopharyngioma 
patients require a baseline 
neuropsychological assessment 
around the time of diagnosis.  

19 13 6 6 92% Comments on pragmatism 
about timing of assessment 
which may be impeded by 
patient’s consciousness or 
physical status, as well as 
availability of resources 

Yes 
(3.2.1.4.a) 

28. Patients with identified 
neuropsychological deficits 
require ongoing 
neuropsychological follow-up. 

19 15 15 0 100% None major Yes 
(3.2.2.5.k)* 

29. All craniopharyngioma 
patients who have been treated 
with radiotherapy require 
ongoing neuropsychological 
follow-up 

19 13 12 1 100% None major Yes 
(3.2.2.5.k)* 

30. A patient who develops a 
recurrent craniopharyngioma 
(cystic or solid) following initial 
complete resection and who has 
not previously been irradiated 
should be considered for further 
surgery in conjunction with 
radiotherapy.  

19 15 12 3 100% Comments on need for 
individualisation of treatment 
for recurrence 

Yes 
(3.2.2.6.a) 

31. A patient who develops a 
progressive primarily cystic 
craniopharyngioma following 
initial incomplete resection 
should have further cyst drainage 
prior to consideration of 
radiotherapy.  

19 15 9 6 100% Comment on need for 
individualisation of treatment 
for recurrence 

Yes 
(3.2.2.6.b) 
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Recommendation No. of 
participants 

No. voting 
on 
recommend-
ation 

No. 
supporting 
WITHOUT 
modification 

No. 
supporting 
WITH 
modification 

% 
agreement  

Summary of comments Included in 
guideline 

32. A patient who develops a 
progressive primarily solid 
craniopharyngioma following 
initial incomplete resection 
should be referred for 
radiotherapy.  

19 13 8 5 100% Comment on need for 
individualisation of treatment 
for recurrence, particularly of 
repeat resection prior to 
radiotherapy 

Yes 
(3.2.2.6.c) 

33. In patients who experience 
craniopharyngioma progression 
or recurrence following 
radiotherapy, a second course of 
radiotherapy should only be 
considered after all other 
therapeutic modalities have been 
explored. 

19 13 12 1 100% None major Yes 
(3.2.2.6.d) 

Round 2 
1. The role of advanced 
multimodal imaging techniques 
(e.g. diffusion tensor imaging 
(DTI), perfusion-weighted 
imaging (PWI), magnetic 
resonance spectroscopy (MRS)) as 
an adjunct to routine structural 
imaging in the pre-operative 
assessment of paediatric 
craniopharyngiomas has not been 
proven and requires further study 
before its routine use can be 
recommended. 

28 23 21 2 100% Comments that in most cases 
adding these techniques as 
part of standard MRI 
sequences are minimal time-
wise, but further research 
needed 

Yes (3.2.1.1.b) 
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Recommendation No. of 
participants 

No. voting 
on 
recommend-
ation 

No. 
supporting 
WITHOUT 
modification 

No. 
supporting 
WITH 
modification 

% 
agreement  

Summary of comments Included in 
guideline 

2. Definitive treatment of 
craniopharyngioma by surgical 
resection of radiotherapy should 
not proceed without the 
availability of confirmatory pre- or 
peri-operative tissue 
histopathology or the 
examination of the characteristic 
cyst fluid for cytology and crystals 
for birefringence. 

28 23 7 14 91% Comments regarding 
exceptional situations where (a) 
emergency surgery is needed 
e.g. hydrocephalus, (b) a clear 
radiological diagnosis is 
possible, or (c) that surgery is 
felt to be too high-risk where a 
tissue diagnosis is not 
possible/ necessary. 

Yes with modifiers 
(3.2.1.5.a) 

3. Perioperative dexamethasone 
for a minimum of 48-72 hours with 
rapid tapering post-resection is 
required for neuroprotection in 
all paediatric craniopharyngioma 
patients undergoing craniotomy 
but not for transsphenoidal 
surgery unless there is cerebral 
oedema or wide opening of the 
cerebrospinal fluid space. 

28 15 15 0 100% None major Yes (3.2.2.2.a) 

4. The possibility of ACTH 
deficiency requires differentiating 
from dexamethasone-induced 
ACTH suppression, and may 
require assessment by insulin 
tolerance testing, serial morning 
cortisol/ ACTH or low dose 
synacthen stimulation on more 
than once occasion over time, to 
accurately define this. 

28 14 12 2 100% None major Yes (3.2.2.5.h) 

* Statements merged as part of same recommendation. 
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Appendix E: Gaps in the evidence & research recommendations 
 
Having reviewed the evidence and sought consensus opinion on areas where evidence is contradictory or 
poor the GDG proposes that the following research questions be prioritised: 
 
• What is the role of advanced multimodal imaging techniques and intraoperative MRI in the diagnosis 

and treatment of craniopharyngiomas in CYP? 
• What is the diagnostic and prognostic role of immunohistochemical and genetic markers in CYP and 

their role in tailoring treatment (including the banking of tissue samples for research)? 
• What are the short- and long-term outcomes of different neurosurgical approaches in the management 

of craniopharyngiomas? 
• What is the efficacy and long-term safety profile of proton beam therapy in the treatment of 

craniopharyngiomas in CYP in comparison to photon beam therapy? 
• What is the efficacy and long-term safety profile of stereotactic radiosurgery compared with 

conventional radiotherapy in CYP? 
• What is the role, efficacy and long-term safety profile of intracystic therapies for managing cystic 

craniopharyngiomas? 
• What is the optimum dose of hydrocortisone to be used in the peri-operative period in 

craniopharyngioma patients not receiving dexamethasone for peri-tumoral oedema? 
• What is the pathophysiology of hypothalamic obesity and its associated disorders of sleep, behaviour, 

thermoregulation and appetite? 
• What are the optimum treatment strategies for the management of hypothalamic obesity? 
• What are the relative efficacies of the various treatments for sleep disorders in paediatric 

craniopharyngioma survivors? 
 
The GDG also recognises that the full results of two prospective multicentre studies on paediatric 
craniopharyngioma, KRANIOPHARYNGEOM 2000 and KRANIOPHARYNGEOM 2007, have yet to be 
published. KRANIOPHARYNGEOM 2000 was a multicentre, multinational prospective observational study 
analysing the effects of various on non-randomised treatment variables which last reported outcomes in 
2014(365), with even longer-term outcomes awaited. KRANIOPHARYNGEOM 2007 is the first multicentre 
randomised trial attempting to determine the optimum timing of radiotherapy in children >5 years with 
craniopharyngioma who have undergone a subtotal resection, the results of which are also pending. Data 
from both of these studies promise to provide high quality data on the optimum management of paediatric 
craniopharyngioma and will be included, if available, in the next review of this guideline. 
 
 
 
 
 
 



www.cclg.org.uk 
 

 171	

References 
 
1. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grading quality of evidence and strength of 
recommendations. BMJ. 2004;328(7454):1490. 
2. Schneider P, Evaniew N, Rendon JS, McKay P, Randall RL, Turcotte R, et al. Moving forward through consensus: protocol for 
a modified Delphi approach to determine the top research priorities in the field of orthopaedic oncology. BMJ Open. 
2016;6(5):e011780. 
3. Spoudeas HA, Harrison B. Paediatric Endocrine Tumours: A Multidisciplinary Consensus Statement of Best Practice from a 
Working Group Convened Under the Auspices of the BSPED and UKCCSG (rare tumour working groups). 1st ed. Crawley: Novo 
Nordisk Ltd.; 2005. 
4. Karavitaki N, Cudlip S, Adams CB, Wass JA. Craniopharyngiomas. Endocrine reviews. 2006;27(4):371-97. 
5. Bunin GR, Surawicz TS, Witman PA, Preston-Martin S, Davis F, Bruner JM. The descriptive epidemiology of 
craniopharyngioma. Journal of neurosurgery. 1998;89(4):547-51. 
6. Nielsen EH, Feldt-Rasmussen U, Poulsgaard L, Kristensen LO, Astrup J, Jorgensen JO, et al. Incidence of craniopharyngioma 
in Denmark (n = 189) and estimated world incidence of craniopharyngioma in children and adults. Journal of neuro-oncology. 
2011;104(3):755-63. 
7. Zacharia BE, Bruce SS, Goldstein H, Malone HR, Neugut AI, Bruce JN. Incidence, treatment and survival of patients with 
craniopharyngioma in the surveillance, epidemiology and end results program. Neuro-oncology. 2012;14(8):1070-8. 
8. Kaatsch P, Rickert CH, Kuhl J, Schuz J, Michaelis J. Population-based epidemiologic data on brain tumors in German children. 
Cancer. 2001;92(12):3155-64. 
9. May JA, Krieger MD, Bowen I, Geffner ME. Craniopharyngioma in childhood. Adv Pediatr. 2006;53:183-209. 
10. Molla E, Marti-Bonmati L, Revert A, Arana E, Menor F, Dosda R, et al. Craniopharyngiomas: identification of different 
semiological patterns with MRI. European radiology. 2002;12(7):1829-36. 
11. Zhang YQ, Wang CC, Ma ZY. Pediatric craniopharyngiomas: clinicomorphological study of 189 cases. Pediatric neurosurgery. 
2002;36(2):80-4. 
12. Borrill R, Cheesman E, Stivaros S, Kamaly-Asl ID, Gnanalingham K, Kilday JP. Papilllary craniopharyngioma in a 4-year-old girl 
with BRAF V600E mutation: a case report and review of the literature. Child's nervous system : ChNS : official journal of the International 
Society for Pediatric Neurosurgery. 2019;35(1):169-73. 
13. Arai T, Ohno K, Takada Y, Aoyagi M, Hirakawa K. Neonatal craniopharyngioma and inference of tumor inception time: case 
report and review of the literature. Surgical neurology. 2003;60(3):254-9; discussion 9. 
14. Wellons JC, 3rd, Tubbs RS. Staged surgical treatment of a giant neonatal craniopharyngioma. Case illustration. Journal of 
neurosurgery. 2006;105(1 Suppl):76. 
15. Fahlbusch R, Honegger J, Paulus W, Huk W, Buchfelder M. Surgical treatment of craniopharyngiomas: experience with 168 
patients. Journal of neurosurgery. 1999;90(2):237-50. 
16. Andoniadou CL, Gaston-Massuet C, Reddy R, Schneider RP, Blasco MA, Le Tissier P, et al. Identification of novel pathways 
involved in the pathogenesis of human adamantinomatous craniopharyngioma. Acta neuropathologica. 2012;124(2):259-71. 
17. Buslei R, Holsken A, Hofmann B, Kreutzer J, Siebzehnrubl F, Hans V, et al. Nuclear beta-catenin accumulation associates with 
epithelial morphogenesis in craniopharyngiomas. Acta neuropathologica. 2007;113(5):585-90. 
18. Hofmann BM, Kreutzer J, Saeger W, Buchfelder M, Blumcke I, Fahlbusch R, et al. Nuclear beta-catenin accumulation as 
reliable marker for the differentiation between cystic craniopharyngiomas and rathke cleft cysts: a clinico-pathologic approach. The 
American journal of surgical pathology. 2006;30(12):1595-603. 
19. Gaston-Massuet C, Andoniadou CL, Signore M, Jayakody SA, Charolidi N, Kyeyune R, et al. Increased Wingless (Wnt) 
signaling in pituitary progenitor/stem cells gives rise to pituitary tumors in mice and humans. Proceedings of the National Academy 
of Sciences of the United States of America. 2011;108(28):11482-7. 
20. Sekine S, Shibata T, Kokubu A, Morishita Y, Noguchi M, Nakanishi Y, et al. Craniopharyngiomas of adamantinomatous type 
harbor beta-catenin gene mutations. The American journal of pathology. 2002;161(6):1997-2001. 
21. Brastianos PK, Taylor-Weiner A, Manley PE, Jones RT, Dias-Santagata D, Thorner AR, et al. Exome sequencing identifies 
BRAF mutations in papillary craniopharyngiomas. Nature genetics. 2014;46(2):161-5. 
22. Caldarelli M, Massimi L, Tamburrini G, Cappa M, Di Rocco C. Long-term results of the surgical treatment of 
craniopharyngioma: the experience at the Policlinico Gemelli, Catholic University, Rome. Child's nervous system : ChNS : official 
journal of the International Society for Pediatric Neurosurgery. 2005;21(8-9):747-57. 
23. Hoffman HJ, De Silva M, Humphreys RP, Drake JM, Smith ML, Blaser SI. Aggressive surgical management of 
craniopharyngiomas in children. Journal of neurosurgery. 1992;76(1):47-52. 
24. Karavitaki N, Brufani C, Warner JT, Adams CB, Richards P, Ansorge O, et al. Craniopharyngiomas in children and adults: 
systematic analysis of 121 cases with long-term follow-up. Clinical endocrinology. 2005;62(4):397-409. 
25. Merchant TE, Kiehna EN, Sanford RA, Mulhern RK, Thompson SJ, Wilson MW, et al. Craniopharyngioma: the St. Jude 
Children's Research Hospital experience 1984-2001. International journal of radiation oncology, biology, physics. 2002;53(3):533-42. 
26. Puget S, Garnett M, Wray A, Grill J, Habrand JL, Bodaert N, et al. Pediatric craniopharyngiomas: classification and treatment 
according to the degree of hypothalamic involvement. Journal of neurosurgery. 2007;106(1 Suppl):3-12. 
27. Van Effenterre R, Boch AL. Craniopharyngioma in adults and children: a study of 122 surgical cases. Journal of neurosurgery. 
2002;97(1):3-11. 
28. de Vries L, Lazar L, Phillip M. Craniopharyngioma: presentation and endocrine sequelae in 36 children. Journal of pediatric 
endocrinology & metabolism : JPEM. 2003;16(5):703-10. 
29. Hetelekidis S, Barnes PD, Tao ML, Fischer EG, Schneider L, Scott RM, et al. 20-year experience in childhood 
craniopharyngioma. International journal of radiation oncology, biology, physics. 1993;27(2):189-95. 



Craniopharyngioma in children and young people 
 

	

	172 

30. Lin LL, El Naqa I, Leonard JR, Park TS, Hollander AS, Michalski JM, et al. Long-term outcome in children treated for 
craniopharyngioma with and without radiotherapy. Journal of neurosurgery Pediatrics. 2008;1(2):126-30. 
31. Muller HL. Childhood craniopharyngioma--current concepts in diagnosis, therapy and follow-up. Nature reviews 
Endocrinology. 2010;6(11):609-18. 
32. DeVile CJ, Grant DB, Hayward RD, Stanhope R. Growth and endocrine sequelae of craniopharyngioma. Archives of disease 
in childhood. 1996;75(2):108-14. 
33. Muller HL, Emser A, Faldum A, Bruhnken G, Etavard-Gorris N, Gebhardt U, et al. Longitudinal study on growth and body 
mass index before and after diagnosis of childhood craniopharyngioma. The Journal of clinical endocrinology and metabolism. 
2004;89(7):3298-305. 
34. Sterkenburg AS, Hoffmann A, Gebhardt U, Warmuth-Metz M, Daubenbuchel AM, Muller HL. Survival, hypothalamic obesity, 
and neuropsychological/psychosocial status after childhood-onset craniopharyngioma: newly reported long-term outcomes. Neuro-
oncology. 2015;17(7):1029-38. 
35. Pettorini B, Pizer B, Gallagher M, Parks C, Mallucci C. CR-10: Online survey on the management of paediatric 
craniopharyngiomas.  17th International Symposium on Pediatric Neuro-Oncology (ISPNO); June 12-15, 2016; Liverpool: Neuro Oncol; 
2016;18(Suppl 3):20. 
36. Spoudeas HA, Albanese A, Saran F, De Vile CJ, Mallucci C. Chapter One - Craniopharyngioma. In: Spoudeas HA, Harrison 
B, editors. Paediatric endocrine tumours: a multidisciplinary consensus statement of best practice from a working group convened 
under the auspices of the British Society for Paediatric Endocrinology & Diabetes (BSPED) and United Kingdom Children's Cancer 
Study Group (UKCCSG) (rare tumour working groups). 1st ed. Crawley, UK: Novo Nordisk Ltd.; 2005. p. 16-46. 
37. Sklar CA. Craniopharyngioma: endocrine abnormalities at presentation. Pediatric neurosurgery. 1994;21 Suppl 1:18-20. 
38. Sorva R, Heiskanen O, Perheentupa J. Craniopharyngioma surgery in children: endocrine and visual outcome. Child's nervous 
system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 1988;4(2):97-9. 
39. Muller HL, Gebhardt U, Teske C, Faldum A, Zwiener I, Warmuth-Metz M, et al. Post-operative hypothalamic lesions and 
obesity in childhood craniopharyngioma: results of the multinational prospective trial KRANIOPHARYNGEOM 2000 after 3-year follow-
up. European journal of endocrinology / European Federation of Endocrine Societies. 2011;165(1):17-24. 
40. Zhou L, Li Q, Luo L, Xu J, Zhang Y, Chen T, et al. Radiological features of craniopharyngiomas located in the posterior fossa. 
J Neurol Sci. 2009;287(1-2):119-25. 
41. Tsuda M, Takahashi S, Higano S, Kurihara N, Ikeda H, Sakamoto K. CT and MR imaging of craniopharyngioma. European 
radiology. 1997;7(4):464-9. 
42. Eldevik OP, Blaivas M, Gabrielsen TO, Hald JK, Chandler WF. Craniopharyngioma: radiologic and histologic findings and 
recurrence. AJNR American journal of neuroradiology. 1996;17(8):1427-39. 
43. Morana G, Maghnie M, Rossi A. Pituitary tumors: advances in neuroimaging. Endocrine development. 2010;17:160-74. 
44. Warmuth-Metz M, Gnekow AK, Muller H, Solymosi L. Differential diagnosis of suprasellar tumors in children. Klinische 
Padiatrie. 2004;216(6):323-30. 
45. Harwood-Nash DC. Neuroimaging of childhood craniopharyngioma. Pediatric neurosurgery. 1994;21 Suppl 1:2-10. 
46. Craig E, Connolly DJA, Griffiths PD, Raghavan A, Lee V, Batty R. MRI protocols for imaging paediatric brain tumours. Clin 
Radiol. 2012;67(9):829-32. 
47. Yeom KW, Mitchell LA, Lober RM, Barnes PD, Vogel H, Fisher PG, et al. Arterial spin-labeled perfusion of pediatric brain 
tumors. AJNR American journal of neuroradiology. 2014;35(2):395-401. 
48. Mahmoud OM, Tominaga A, Amatya VJ, Ohtaki M, Sugiyama K, Saito T, et al. Role of PROPELLER diffusion weighted imaging 
and apparent diffusion coefficient in the diagnosis of sellar and parasellar lesions. Eur J Radiol. 2010;74(3):420-7. 
49. Kunii N, Abe T, Kawamo M, Tanioka D, Izumiyama H, Moritani T. Rathke's cleft cysts: differentiation from other cystic lesions 
in the pituitary fossa by use of single-shot fast spin-echo diffusion-weighted MR imaging. Acta neurochirurgica. 2007;149(8):759-69; 
discussion 69. 
50. Park SW, Jung HW, Lee YA, Shin CH, Yang SW, Cheon JE, et al. Tumor origin and growth pattern at diagnosis and surgical 
hypothalamic damage predict obesity in pediatric craniopharyngioma. Journal of neuro-oncology. 2013;113(3):417-24. 
51. Qi S, Pan J, Lu Y, Gao F, Cao Y, Peng J, et al. The impact of the site of origin and rate of tumour growth on clinical outcome 
in children with craniopharyngiomas. Clinical endocrinology. 2012;76(1):103-10. 
52. Trivin C, Busiah K, Mahlaoui N, Recasens C, Souberbielle JC, Zerah M, et al. Childhood craniopharyngioma: greater 
hypothalamic involvement before surgery is associated with higher homeostasis model insulin resistance index. BMC Pediatr. 
2009;9:24. 
53. De Vile CJ, Grant DB, Kendall BE, Neville BG, Stanhope R, Watkins KE, et al. Management of childhood craniopharyngioma: 
can the morbidity of radical surgery be predicted? Journal of neurosurgery. 1996;85(1):73-81. 
54. Yang F, Liu W, Cheng D, Zhang H, Li Z, Cao Z, et al. Multifactor prognostic evaluation of postoperative craniopharyngioma. 
J Craniofac Surg. 2021;32(1):228-32. 
55. Mallucci C, Pizer B, Blair J, Didi M, Doss A, Upadrasta S, et al. Management of craniopharyngioma: the Liverpool experience 
following the introduction of the CCLG guidelines. Introducing a new risk assessment grading system. Child's nervous system : ChNS 
: official journal of the International Society for Pediatric Neurosurgery. 2012;28(8):1181-92. 
56. Suharwardy J, Elston J. The clinical presentation of children with tumours affecting the anterior visual pathways. Eye (Lond). 
1997;11 ( Pt 6):838-44. 
57. Drimtzias E, Falzon K, Picton S, Jeeva I, Guy D, Nelson O, et al. The ophthalmic natural history of paediatric 
craniopharyngioma: a long-term review. Journal of neuro-oncology. 2014;120(3):651-6. 
58. Avery RA, Bouffet E, Packer RJ, Reginald A. Feasibility and comparison of visual acuity testing methods in children with 
neurofibromatosis type 1 and/or optic pathway gliomas. Invest Ophthalmol Vis Sci. 2013;54(2):1034-8. 
59. Avery RA, Ferner RE, Listernick R, Fisher MJ, Gutmann DH, Liu GT. Visual acuity in children with low grade gliomas of the 
visual pathway: implications for patient care and clinical research. Journal of neuro-oncology. 2012;110(1):1-7. 



www.cclg.org.uk 
 

 173	

60. Beck RW, Maguire MG, Bressler NM, Glassman AR, Lindblad AS, Ferris FL. Visual acuity as an outcome measure in clinical 
trials of retinal diseases. Ophthalmology. 2007;114(10):1804-9. 
61. Abrams LS, Repka MX. Visual outcome of craniopharyngioma in children. J Pediatr Ophthalmol Strabismus. 1997;34(4):223-
8. 
62. Fisher PG, Jenab J, Gopldthwaite PT, Tihan T, Wharam MD, Foer DR, et al. Outcomes and failure patterns in childhood 
craniopharyngiomas. Child's nervous system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 
1998;14(10):558-63. 
63. Safran AB, Laffi GL, Bullinger A, Viviani P, de Weisse C, Desangles D, et al. Feasibility of automated visual field examination 
in children between 5 and 8 years of age. Br J Ophthalmol. 1996;80(6):515-8. 
64. Wenzel D, Brandl U, Beck JD, Cedzich C, Albert F. Visual evoked potentials in tumors from orbita to occipital lobe in 
childhood. Neurosurg Rev. 1988;11(3-4):279-86. 
65. Chang BC, Mirabella G, Yagev R, Banh M, Mezer E, Parkin PC, et al. Screening and diagnosis of optic pathway gliomas in 
children with neurofibromatosis type 1 by using sweep visual evoked potentials. Invest Ophthalmol Vis Sci. 2007;48(6):2895-902. 
66. Listernick R, Ferner RE, Liu GT, Gutmann DH. Optic pathway gliomas in neurofibromatosis-1: controversies and 
recommendations. Annals of neurology. 2007;61(3):189-98. 
67. Siatkowski RM. VEP testing and visual pathway gliomas: not quite ready for prime time. J AAPOS. 2006;10(4):293-5. 
68. Bialer OY, Goldenberg-Cohen N, Toledano H, Snir M, Michowiz S. Retinal NFL thinning on OCT correlates with visual field 
loss in pediatric craniopharyngioma. Can J Ophthalmol. 2013;48(6):494-9. 
69. Ju DG, Jeon C, Kim KH, Park KA, Hong SD, Seoul HJ, et al. Clinical Significance of Tumor-Related Edema of Optic Tract 
Affecting Visual Function in Patients with Sellar and Suprasellar Tumors. World Neurosurg. 2019;132:e862-e8. 
70. Avery RA, Hwang EI, Ishikawa H, Acosta MT, Hutcheson KA, Santos D, et al. Handheld optical coherence tomography during 
sedation in young children with optic pathway gliomas. JAMA Ophthalmol. 2014;132(3):265-71. 
71. El-Dairi MA, Asrani SG, Enyedi LB, Freedman SF. Optical coherence tomography in the eyes of normal children. Arch 
Ophthalmol. 2009;127(1):50-8. 
72. Maldonado RS, Izatt JA, Sarin N, Wallace DK, Freedman S, Cotten CM, et al. Optimizing hand-held spectral domain optical 
coherence tomography imaging for neonates, infants, and children. Invest Ophthalmol Vis Sci. 2010;51(5):2678-85. 
73. Danesh-Meyer HV, Wong A, Papchenko T, Matheos K, Stylli S, Nichols A, et al. Optical coherence tomography predicts visual 
outcome for pituitary tumors. Journal of clinical neuroscience : official journal of the Neurosurgical Society of Australasia. 
2015;22(7):1098-104. 
74. Growth Hormone Research S. Consensus guidelines for the diagnosis and treatment of growth hormone (GH) deficiency in 
childhood and adolescence: summary statement of the GH Research Society. GH Research Society. The Journal of clinical 
endocrinology and metabolism. 2000;85(11):3990-3. 
75. Gleeson HK, Walker BR, Seckl JR, Padfield PL. Ten years on: Safety of short synacthen tests in assessing adrenocorticotropin 
deficiency in clinical practice. The Journal of clinical endocrinology and metabolism. 2003;88(5):2106-11. 
76. Cho HY, Kim JH, Kim SW, Shin CS, Park KS, Kim SW, et al. Different cut-off values of the insulin tolerance test, the high-dose 
short Synacthen test (250 mug) and the low-dose short Synacthen test (1 mug) in assessing central adrenal insufficiency. Clinical 
endocrinology. 2014;81(1):77-84. 
77. Kazlauskaite R, Evans AT, Villabona CV, Abdu TA, Ambrosi B, Atkinson AB, et al. Corticotropin tests for hypothalamic-
pituitary- adrenal insufficiency: a metaanalysis. The Journal of clinical endocrinology and metabolism. 2008;93(11):4245-53. 
78. Maghnie M, Uga E, Temporini F, Di Iorgi N, Secco A, Tinelli C, et al. Evaluation of adrenal function in patients with growth 
hormone deficiency and hypothalamic-pituitary disorders: comparison between insulin-induced hypoglycemia, low-dose ACTH, 
standard ACTH and CRH stimulation tests. European journal of endocrinology / European Federation of Endocrine Societies. 
2005;152(5):735-41. 
79. Maguire AM, Biesheuvel CJ, Ambler GR, Moore B, McLean M, Cowell CT. Evaluation of adrenal function using the human 
corticotrophin-releasing hormone test, low dose Synacthen test and 9am cortisol level in children and adolescents with central adrenal 
insufficiency. Clinical endocrinology. 2008;68(5):683-91. 
80. Ueland GA, Methlie P, Oksnes M, Thordarson HB, Sagen J, Kellmann R, et al. The Short Cosyntropin Test Revisited: New 
Normal Reference Range Using LC-MS/MS. The Journal of clinical endocrinology and metabolism. 2018;103(4):1696-703. 
81. Hartoft-Nielsen ML, Lange M, Rasmussen AK, Scherer S, Zimmermann-Belsing T, Feldt-Rasmussen U. Thyrotropin-releasing 
hormone stimulation test in patients with pituitary pathology. Hormone research. 2004;61(2):53-7. 
82. Crofton PM, Tepper LA, Kelnar CJ. An evaluation of the thyrotrophin-releasing hormone stimulation test in paediatric clinical 
practice. Hormone research. 2008;69(1):53-9. 
83. Mehta A, Hindmarsh PC, Stanhope RG, Brain CE, Preece MA, Dattani MT. Is the thyrotropin-releasing hormone test necessary 
in the diagnosis of central hypothyroidism in children. The Journal of clinical endocrinology and metabolism. 2003;88(12):5696-703. 
84. Adriaanse R, Brabant G, Prank K, Endert E, Wiersinga WM. Circadian changes in pulsatile TSH release in primary 
hypothyroidism. Clinical endocrinology. 1992;37(6):504-10. 
85. Persani L, Brabant G, Dattani M, Bonomi M, Feldt-Rasmussen U, Fliers E, et al. 2018 European Thyroid Association (ETA) 
Guidelines on the Diagnosis and Management of Central Hypothyroidism. Eur Thyroid J. 2018;7(5):225-37. 
86. Fleseriu M, Hashim IA, Karavitaki N, Melmed S, Murad MH, Salvatori R, et al. Hormonal Replacement in Hypopituitarism in 
Adults: An Endocrine Society Clinical Practice Guideline. The Journal of clinical endocrinology and metabolism. 2016;101(11):3888-
921. 
87. Edate S, Albanese A. Management of electrolyte and fluid disorders after brain surgery for pituitary/suprasellar tumours. 
Horm Res Paediatr. 2015;83(5):293-301. 
88. Liu SY, Tung YC, Lee CT, Liu HM, Peng SF, Wu MZ, et al. Clinical characteristics of central diabetes insipidus in Taiwanese 
children. Journal of the Formosan Medical Association = Taiwan yi zhi. 2013;112(10):616-20. 



Craniopharyngioma in children and young people 
 

	

	174 

89. Maghnie M, Villa A, Arico M, Larizza D, Pezzotta S, Beluffi G, et al. Correlation between magnetic resonance imaging of 
posterior pituitary and neurohypophyseal function in children with diabetes insipidus. The Journal of clinical endocrinology and 
metabolism. 1992;74(4):795-800. 
90. Bajpai A, Kabra M, Menon PS. Central diabetes insipidus: clinical profile and factors indicating organic etiology in children. 
Indian Pediatr. 2008;45(6):463-8. 
91. Dumont AS, Nemergut EC, 2nd, Jane JA, Jr., Laws ER, Jr. Postoperative care following pituitary surgery. J Intensive Care 
Med. 2005;20(3):127-40. 
92. Hensen J, Henig A, Fahlbusch R, Meyer M, Boehnert M, Buchfelder M. Prevalence, predictors and patterns of postoperative 
polyuria and hyponatraemia in the immediate course after transsphenoidal surgery for pituitary adenomas. Clinical endocrinology. 
1999;50(4):431-9. 
93. Kristof RA, Rother M, Neuloh G, Klingmuller D. Incidence, clinical manifestations, and course of water and electrolyte 
metabolism disturbances following transsphenoidal pituitary adenoma surgery: a prospective observational study. Journal of 
neurosurgery. 2009;111(3):555-62. 
94. Olson BR, Gumowski J, Rubino D, Oldfield EH. Pathophysiology of hyponatremia after transsphenoidal pituitary surgery. 
Journal of neurosurgery. 1997;87(4):499-507. 
95. Rajaratnam S, Seshadri MS, Chandy MJ, Rajshekhar V. Hydrocortisone dose and postoperative diabetes insipidus in patients 
undergoing transsphenoidal pituitary surgery: a prospective randomized controlled study. British journal of neurosurgery. 
2003;17(5):437-42. 
96. Seckl J, Dunger D. Postoperative diabetes insipidus. BMJ. 1989;298(6665):2-3. 
97. Shimura N. Urinary arginine vasopressin (AVP) measurement in children: water deprivation test incorporating urinary AVP. 
Acta Paediatr Jpn. 1993;35(4):320-4. 
98. de Fost M, Oussaada SM, Endert E, Linthorst GE, Serlie MJ, Soeters MR, et al. The water deprivation test and a potential 
role for the arginine vasopressin precursor copeptin to differentiate diabetes insipidus from primary polydipsia. Endocr Connect. 
2015;4(2):86-91. 
99. Fenske W, Quinkler M, Lorenz D, Zopf K, Haagen U, Papassotiriou J, et al. Copeptin in the differential diagnosis of the 
polydipsia-polyuria syndrome--revisiting the direct and indirect water deprivation tests. The Journal of clinical endocrinology and 
metabolism. 2011;96(5):1506-15. 
100. Timper K, Fenske W, Kuhn F, Frech N, Arici B, Rutishauser J, et al. Diagnostic Accuracy of Copeptin in the Differential 
Diagnosis of the Polyuria-polydipsia Syndrome: A Prospective Multicenter Study. The Journal of clinical endocrinology and 
metabolism. 2015;100(6):2268-74. 
101. Fenske W, Refardt J, Chifu I, Schnyder I, Winzeler B, Drummond J, et al. A Copeptin-Based Approach in the Diagnosis of 
Diabetes Insipidus. The New England journal of medicine. 2018;379(5):428-39. 
102. Nigro N, Winzeler B, Suter-Widmer I, Schuetz P, Arici B, Bally M, et al. Copeptin levels and commonly used laboratory 
parameters in hospitalised patients with severe hypernatraemia - the "Co-MED study". Crit Care. 2018;22(1):33. 
103. Winzeler B, Cesana-Nigro N, Refardt J, Vogt DR, Imber C, Morin B, et al. Arginine-stimulated copeptin measurements in the 
differential diagnosis of diabetes insipidus: a prospective diagnostic study. Lancet. 2019;394(10198):587-95. 
104. Tuli G, Tessaris D, Einaudi S, Matarazzo P, De Sanctis L. Copeptin role in polyuria-polydipsia syndrome differential diagnosis 
and reference range in paediatric age. Clinical endocrinology. 2018;88(6):873-9. 
105. Johns MW. A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep. 1991;14(6):540-5. 
106. Buysse DJ, Reynolds CF, 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a new instrument for 
psychiatric practice and research. Psychiatry Res. 1989;28(2):193-213. 
107. Dykens EM, Maxwell MA, Pantino E, Kossler R, Roof E. Assessment of hyperphagia in Prader-Willi syndrome. Obesity (Silver 
Spring). 2007;15(7):1816-26. 
108. Biermasz NR, Joustra SD, Donga E, Pereira AM, van Duinen N, van Dijk M, et al. Patients previously treated for nonfunctioning 
pituitary macroadenomas have disturbed sleep characteristics, circadian movement rhythm, and subjective sleep quality. The Journal 
of clinical endocrinology and metabolism. 2011;96(5):1524-32. 
109. Brimeyer C, Adams L, Zhu L, Srivastava DK, Wise M, Hudson MM, et al. Sleep complaints in survivors of pediatric brain 
tumors. Support Care Cancer. 2016;24(1):23-31. 
110. Joustra SD, Kruijssen E, Verstegen MJ, Pereira AM, Biermasz NR. Determinants of altered sleep-wake rhythmicity in patients 
treated for nonfunctioning pituitary macroadenomas. The Journal of clinical endocrinology and metabolism. 2014;99(12):4497-505. 
111. Nolan VG, Gapstur R, Gross CR, Desain LA, Neglia JP, Gajjar A, et al. Sleep disturbances in adult survivors of childhood brain 
tumors. Qual Life Res. 2013;22(4):781-9. 
112. van der Klaauw AA, Biermasz NR, Pereira AM, van Kralingen KW, Dekkers OM, Rabe KF, et al. Patients cured from 
craniopharyngioma or nonfunctioning pituitary macroadenoma (NFMA) suffer similarly from increased daytime somnolence despite 
normal sleep patterns compared to healthy controls. Clinical endocrinology. 2008;69(5):769-74. 
113. Verberne LM, Maurice-Stam H, Grootenhuis MA, Van Santen HM, Schouten-Van Meeteren AY. Sleep disorders in children 
after treatment for a CNS tumour. J Sleep Res. 2012;21(4):461-9. 
114. Apps JR, Carreno G, Gonzalez-Meljem JM, Haston S, Guiho R, Cooper JE, et al. Tumour compartment transcriptomics 
demonstrates the activation of inflammatory and odontogenic programmes in human adamantinomatous craniopharyngioma and 
identifies the MAPK/ERK pathway as a novel therapeutic target. Acta neuropathologica. 2018;135(5):757-77. 
115. Gomes DC, Jamra SA, Leal LF, Colli LM, Campanini ML, Oliveira RS, et al. Sonic Hedgehog pathway is upregulated in 
adamantinomatous craniopharyngiomas. European journal of endocrinology / European Federation of Endocrine Societies. 
2015;172(5):603-8. 
116. Gong J, Zhang H, Xing S, Li C, Ma Z, Jia G, et al. High expression levels of CXCL12 and CXCR4 predict recurrence of 
adamanti-nomatous craniopharyngiomas in children. Cancer Biomark. 2014;14(4):241-51. 
117. Li Z, Xu J, Huang S, You C. Aberrant membranous expression of beta-catenin predicts poor prognosis in patients with 
craniopharyngioma. Ann Diagn Pathol. 2015;19(6):403-8. 



www.cclg.org.uk 
 

 175	

118. Ogawa Y, Watanabe M, Tominaga T. Prognostic factors of craniopharyngioma with special reference to autocrine/paracrine 
signaling: underestimated implication of growth hormone receptor. Acta neurochirurgica. 2015;157(10):1731-40. 
119. Qi ST, Zhou J, Pan J, Zhang C, Silky C, Yan XR. Epithelial-mesenchymal transition and clinicopathological correlation in 
craniopharyngioma. Histopathology. 2012;61(4):711-25. 
120. Klimo P, Jr., Browd SR, Pravdenkova S, Couldwell WT, Walker ML, Al-Mefty O. The posterior petrosal approach: technique 
and applications in pediatric neurosurgery. Journal of neurosurgery Pediatrics. 2009;4(4):353-62. 
121. Locatelli D, Massimi L, Rigante M, Custodi V, Paludetti G, Castelnuovo P, et al. Endoscopic endonasal transsphenoidal 
surgery for sellar tumors in children. Int J Pediatr Otorhinolaryngol. 2010;74(11):1298-302. 
122. Sanford RA. Craniopharyngioma: results of survey of the American Society of Pediatric Neurosurgery. Pediatric neurosurgery. 
1994;21 Suppl 1:39-43. 
123. Stamm AC, Vellutini E, Harvey RJ, Nogeira JF, Jr., Herman DR. Endoscopic transnasal craniotomy and the resection of 
craniopharyngioma. Laryngoscope. 2008;118(7):1142-8. 
124. van Lindert EJ, Ingels K, Mylanus E, Grotenhuis JA. Variations of endonasal anatomy: relevance for the endoscopic endonasal 
transsphenoidal approach. Acta neurochirurgica. 2010;152(6):1015-20. 
125. Elliott RE, Jane JA, Jr., Wisoff JH. Surgical management of craniopharyngiomas in children: meta-analysis and comparison 
of transcranial and transsphenoidal approaches. Neurosurgery. 2011;69(3):630-43; discussion 43. 
126. Clark AJ, Cage TA, Aranda D, Parsa AT, Sun PP, Auguste KI, et al. A systematic review of the results of surgery and 
radiotherapy on tumor control for pediatric craniopharyngioma. Child's nervous system : ChNS : official journal of the International 
Society for Pediatric Neurosurgery. 2013;29(2):231-8. 
127. Iannalfi A, Fragkandrea I, Brock J, Saran F. Radiotherapy in craniopharyngiomas. Clin Oncol (R Coll Radiol). 2013;25(11):654-
67. 
128. Muller HL. Consequences of craniopharyngioma surgery in children. The Journal of clinical endocrinology and metabolism. 
2011;96(7):1981-91. 
129. Muller HL. Childhood craniopharyngioma: treatment strategies and outcomes. Expert Rev Neurother. 2014;14(2):187-97. 
130. Schoenfeld A, Pekmezci M, Barnes MJ, Tihan T, Gupta N, Lamborn KR, et al. The superiority of conservative resection and 
adjuvant radiation for craniopharyngiomas. Journal of neuro-oncology. 2012;108(1):133-9. 
131. Elliott RE, Wisoff JH. Surgical management of giant pediatric craniopharyngiomas. Journal of neurosurgery Pediatrics. 
2010;6(5):403-16. 
132. Gupta DK, Ojha BK, Sarkar C, Mahapatra AK, Sharma BS, Mehta VS. Recurrence in pediatric craniopharyngiomas: analysis of 
clinical and histological features. Child's nervous system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 
2006;22(1):50-5. 
133. Muller HL. Childhood craniopharyngioma. Recent advances in diagnosis, treatment and follow-up. Hormone research. 
2008;69(4):193-202. 
134. Muller HL, Gebhardt U, Schroder S, Pohl F, Kortmann RD, Faldum A, et al. Analyses of treatment variables for patients with 
childhood craniopharyngioma--results of the multicenter prospective trial KRANIOPHARYNGEOM 2000 after three years of follow-
up. Horm Res Paediatr. 2010;73(3):175-80. 
135. Tomita T, Bowman RM. Craniopharyngiomas in children: surgical experience at Children's Memorial Hospital. Child's nervous 
system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 2005;21(8-9):729-46. 
136. Yang I, Sughrue ME, Rutkowski MJ, Kaur R, Ivan ME, Aranda D, et al. Craniopharyngioma: a comparison of tumor control 
with various treatment strategies. Neurosurgical focus. 2010;28(4):E5. 
137. Zhao X, Yi X, Wang H, Zhao H. An analysis of related factors of surgical results for patients with craniopharyngiomas. Clin 
Neurol Neurosurg. 2012;114(2):149-55. 
138. Zuccaro G, Jaimovich R, Mantese B, Monges J. Complications in paediatric craniopharyngioma treatment. Child's nervous 
system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 1996;12(7):385-90; discussion 90-1. 
139. Lo AC, Howard AF, Nichol A, Sidhu K, Abdulsatar F, Hasan H, et al. Long-term outcomes and complications in patients with 
craniopharyngioma: the British Columbia Cancer Agency experience. International journal of radiation oncology, biology, physics. 
2014;88(5):1011-8. 
140. Ersahin Y, Yurtseven T, Ozgiray E, Mutluer S. Craniopharyngiomas in children: Turkey experience. Child's nervous system : 
ChNS : official journal of the International Society for Pediatric Neurosurgery. 2005;21(8-9):766-72. 
141. Stripp DC, Maity A, Janss AJ, Belasco JB, Tochner ZA, Goldwein JW, et al. Surgery with or without radiation therapy in the 
management of craniopharyngiomas in children and young adults. International journal of radiation oncology, biology, physics. 
2004;58(3):714-20. 
142. Lyen KR, Grant DB. Endocrine function, morbidity, and mortality after surgery for craniopharyngioma. Archives of disease in 
childhood. 1982;57(11):837-41. 
143. Olsson DS, Andersson E, Bryngelsson IL, Nilsson AG, Johannsson G. Excess mortality and morbidity in patients with 
craniopharyngioma, especially in patients with childhood onset: a population-based study in Sweden. The Journal of clinical 
endocrinology and metabolism. 2015;100(2):467-74. 
144. Sherlock M, Ayuk J, Tomlinson JW, Toogood AA, Aragon-Alonso A, Sheppard MC, et al. Mortality in patients with pituitary 
disease. Endocrine reviews. 2010;31(3):301-42. 
145. Visser J, Hukin J, Sargent M, Steinbok P, Goddard K, Fryer C. Late mortality in pediatric patients with craniopharyngioma. 
Journal of neuro-oncology. 2010;100(1):105-11. 
146. Tan TSE, Patel L, Gopal-Kothandapani JS, Ehtisham S, Ikazoboh EC, Hayward R, et al. The neuroendocrine sequelae of 
paediatric craniopharyngioma: a 40-year meta-data analysis of 185 cases from three UK centres. European journal of endocrinology / 
European Federation of Endocrine Societies. 2017;176(3):359-69. 
147. Khan RB, Merchant TE, Boop FA, Sanford RA, Ledet D, Onar-Thomas A, et al. Headaches in children with craniopharyngioma. 
Journal of child neurology. 2013;28(12):1622-5. 



Craniopharyngioma in children and young people 
 

	

	176 

148. Kim K, Yeon JY, Seol HJ, Shin HJ. Transventricular endoscopic biopsy of suprasellar tumors: a pediatric case series. Child's 
nervous system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 2013;29(8):1285-91. 
149. Tirakotai W, Hellwig D, Bertalanffy H, Riegel T. The role of neuroendoscopy in the management of solid or solid-cystic intra- 
and periventricular tumours. Child's nervous system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 
2007;23(6):653-8. 
150. Cinalli G, Spennato P, Cianciulli E, Fiorillo A, Di Maio S, Maggi G. The role of transventricular neuroendoscopy in the 
management of craniopharyngiomas: three patient reports and review of the literature. Journal of pediatric endocrinology & 
metabolism : JPEM. 2006;19 Suppl 1:341-54. 
151. Nicolato A, Foroni R, Rosta L, Gerosa M, Bricolo A. Multimodality stereotactic approach to the treatment of cystic 
craniopharyngiomas. Minimally invasive neurosurgery : MIN. 2004;47(1):32-40. 
152. Gangemi M, Seneca V, Mariniello G, Colella G, Magro F. Combined endoscopic and microsurgical removal of a giant cystic 
craniopharyngioma in a six-year-old boy. Clin Neurol Neurosurg. 2009;111(5):472-6. 
153. Moussa AH, Kerasha AA, Mahmoud ME. Surprising outcome of ommaya reservoir in treating cystic craniopharyngioma: a 
retrospective study. British journal of neurosurgery. 2013;27(3):370-3. 
154. Delitala A, Brunori A, Chiappetta F. Purely neuroendoscopic transventricular management of cystic craniopharyngiomas. 
Child's nervous system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 2004;20(11-12):858-62. 
155. Locatelli D, Levi D, Rampa F, Pezzotta S, Castelnuovo P. Endoscopic approach for the treatment of relapses in cystic 
craniopharyngiomas. Child's nervous system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 
2004;20(11-12):863-7. 
156. Reda WA, Hay AA, Ganz JC. A planned combined stereotactic approach for cystic intracranial tumors. Report of two cases. 
Journal of neurosurgery. 2002;97(5 Suppl):610-2. 
157. Gutin PH, Klemme WM, Lagger RL, MacKay AR, Pitts LH, Hosobuchi Y. Management of the unresectable cystic 
craniopharyngioma by aspiration through an Ommaya reservoir drainage system. Journal of neurosurgery. 1980;52(1):36-40. 
158. Joki T, Oi S, Babapour B, Kaito N, Ohashi K, Ebara M, et al. Neuroendoscopic placement of Ommaya reservoir into a cystic 
craniopharyngioma. Child's nervous system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 
2002;18(11):629-33. 
159. Nakamizo A, Inamura T, Nishio S, Inoha S, Ishibashi H, Fukui M. Neuroendoscopic treatment of cystic craniopharyngioma in 
the third ventricle. Minimally invasive neurosurgery : MIN. 2001;44(2):85-7. 
160. Vitaz TW, Hushek S, Shields CB, Moriarty T. Changes in cyst volume following intraoperative MRI-guided Ommaya reservoir 
placement for cystic craniopharyngioma. Pediatric neurosurgery. 2001;35(5):230-4. 
161. Frio F, Solari D, Cavallo LM, Cappabianca P, Raverot G, Jouanneau E. Ommaya Reservoir System for the Treatment of Cystic 
Craniopharyngiomas: Surgical Results in a Series of 11 Adult Patients and Review of the Literature. World Neurosurg. 2019;132:e869-
e77. 
162. Hofmann BM, Nimsky C, Fahlbusch R. Benefit of 1.5-T intraoperative MR imaging in the surgical treatment of 
craniopharyngiomas. Acta neurochirurgica. 2011;153(7):1377-90; discussion 90. 
163. Nimsky C, Ganslandt O, Hofmann B, Fahlbusch R. Limited benefit of intraoperative low-field magnetic resonance imaging in 
craniopharyngioma surgery. Neurosurgery. 2003;53(1):72-80; discussion -1. 
164. Nimsky C, Ganslandt O, Von Keller B, Romstock J, Fahlbusch R. Intraoperative high-field-strength MR imaging: 
implementation and experience in 200 patients. Radiology. 2004;233(1):67-78. 
165. Lam CH, Hall WA, Truwit CL, Liu H. Intra-operative MRI-guided approaches to the pediatric posterior fossa tumors. Pediatric 
neurosurgery. 2001;34(6):295-300. 
166. Samdani AF, Schulder M, Catrambone JE, Carmel PW. Use of a compact intraoperative low-field magnetic imager in pediatric 
neurosurgery. Child's nervous system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 2005;21(2):108-
13; discussion 14. 
167. Galicich JH, French LA. Use of dexamethasone in the treatment of cerebral edema resulting from brain tumors and brain 
surgery. Am Pract Dig Treat. 1961;12:169-74. 
168. Vecht CJ, Hovestadt A, Verbiest HB, van Vliet JJ, van Putten WL. Dose-effect relationship of dexamethasone on Karnofsky 
performance in metastatic brain tumors: a randomized study of doses of 4, 8, and 16 mg per day. Neurology. 1994;44(4):675-80. 
169. Roth P, Wick W, Weller M. Steroids in neurooncology: actions, indications, side-effects. Current opinion in neurology. 
2010;23(6):597-602. 
170. Breshears JD, Haddad AF, Viner J, Rau J, Sankaran S, McDermott MW. A Reduced Exogenous Steroid Taper for 
Postoperative Brain Tumor Patients-A Case-Control Study. World Neurosurg. 2019. 
171. Sterl K, Thompson B, Goss CW, Dacey RG, Rich KM, ZIpfel GJ, et al. Withholding perioperative steroids in patients 
undergoing transsphenoidal resection for pituitary disease: randomized prospective clinical trial to assess safety. Neurosurg. 
2019;85(2):E226-E32. 
172. Auchus RJ, Shewbridge RK, Shepherd MD. Which patients benefit from provocative adrenal testing after transsphenoidal 
pituitary surgery? Clinical endocrinology. 1997;46(1):21-7. 
173. Tohti M, Li J, Zhou Y, Hu Y, Yu Z, Ma C. Is peri-operative steroid replacement therapy necessary for the pituitary adenomas 
treated with surgery? A systematic review and meta analysis. PloS one. 2015;10(3):e0119621. 
174. Inder WJ, Hunt PJ. Glucocorticoid replacement in pituitary surgery: guidelines for perioperative assessment and 
management. The Journal of clinical endocrinology and metabolism. 2002;87(6):2745-50. 
175. Albanese A, Hindmarsh P, Stanhope R. Management of hyponatraemia in patients with acute cerebral insults. Archives of 
disease in childhood. 2001;85(3):246-51. 
176. Schreckinger M, Szerlip N, Mittal S. Diabetes insipidus following resection of pituitary tumors. Clin Neurol Neurosurg. 
2013;115(2):121-6. 



www.cclg.org.uk 
 

 177	

177. Pratheesh R, Swallow DM, Rajaratnam S, Jacob KS, Chacko G, Joseph M, et al. Incidence, predictors and early post-operative 
course of diabetes insipidus in paediatric craniopharygioma: a comparison with adults. Child's nervous system : ChNS : official journal 
of the International Society for Pediatric Neurosurgery. 2013;29(6):941-9. 
178. Nemergut EC, Dumont AS, Barry UT, Laws ER. Perioperative management of patients undergoing transsphenoidal pituitary 
surgery. Anesth Analg. 2005;101(4):1170-81. 
179. Berton AM, Gatti F, Penner F, Varaldo E, Prencipe N, Rumbolo F, et al. Early copeptin determination allows prompt diagnosis 
of post-neurosurgical central diabetes insipidus. Neuroendocrinology. 2020;2020(110):525-34. 
180. Winzeler B, Zweifel C, Nigro N, Arici B, Bally M, Schuetz P, et al. Postoperative Copeptin Concentration Predicts Diabetes 
Insipidus After Pituitary Surgery. The Journal of clinical endocrinology and metabolism. 2015;100(6):2275-82. 
181. Cardoso AP, Dragosavac D, Araujo S, Falcao AL, Terzi RG, Castro M, et al. Syndromes related to sodium and arginine 
vasopressin alterations in post-operative neurosurgery. Arquivos de neuro-psiquiatria. 2007;65(3B):745-51. 
182. Sata A, Hizuka N, Kawamata T, Hori T, Takano K. Hyponatremia after transsphenoidal surgery for hypothalamo-pituitary 
tumors. Neuroendocrinology. 2006;83(2):117-22. 
183. Marx-Berger D, Milford DV, Bandhakavi M, Van't Hoff W, Kleta R, Dattani M, et al. Tolvaptan is successful in treating 
inappropriate antidiuretic hormone secretion in infants. Acta Paediatr. 2016;105(7):e334-7. 
184. Tuli G, Tessaris D, Einaudi S, De Sanctis L, Matarazzo P. Tolvaptan Treatment in Children with Chronic Hyponatremia due to 
Inappropriate Antidiuretic Hormone Secretion: A Report of Three Cases. J Clin Res Pediatr Endocrinol. 2017;9(3):288-92. 
185. Guerrero R, Pumar A, Soto A, Pomares MA, Palma S, Mangas MA, et al. Early hyponatraemia after pituitary surgery: cerebral 
salt-wasting syndrome. European journal of endocrinology / European Federation of Endocrine Societies. 2007;156(6):611-6. 
186. Papadimitriou DT, Spiteri A, Pagnier A, Bayle M, Mischalowski MB, Bourdat G, et al. Mineralocorticoid deficiency in post-
operative cerebral salt wasting. Journal of pediatric endocrinology & metabolism : JPEM. 2007;20(10):1145-50. 
187. von Bismarck P, Ankermann T, Eggert P, Claviez A, Fritsch MJ, Krause MF. Diagnosis and management of cerebral salt 
wasting (CSW) in children: the role of atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP). Child's nervous system : 
ChNS : official journal of the International Society for Pediatric Neurosurgery. 2006;22(10):1275-81. 
188. Yamaki T, Tano-oka A, Takahashi A, Imaizumi T, Suetake K, Hashi K. Cerebral salt wasting syndrome distinct from the 
syndrome of inappropriate secretion of antidiuretic hormone (SIADH). Acta neurochirurgica. 1992;115(3-4):156-62. 
189. Verbalis JG, Goldsmith SR, Greenberg A, Korzelius C, Schrier RW, Sterns RH, et al. Diagnosis, evaluation, and treatment of 
hyponatremia: expert panel recommendations. Am J Med. 2013;126(10 Suppl 1):S1-42. 
190. Winkfield KM, Tsai HK, Yao X, Larson E, Neuberg D, Pomeroy SL, et al. Long-term clinical outcomes following treatment of 
childhood craniopharyngioma. Pediatric blood & cancer. 2011;56(7):1120-6. 
191. Moon SH, Kim IH, Park SW, Kim I, Hong S, Park CI, et al. Early adjuvant radiotherapy toward long-term survival and better 
quality of life for craniopharyngiomas--a study in single institute. Child's nervous system : ChNS : official journal of the International 
Society for Pediatric Neurosurgery. 2005;21(8-9):799-807. 
192. Bishop AJ, Greenfield B, Mahajan A, Paulino AC, Okcu MF, Allen PK, et al. Proton beam therapy versus conformal photon 
radiation therapy for childhood craniopharyngioma: multi-institutional analysis of outcomes, cyst dynamics, and toxicity. International 
journal of radiation oncology, biology, physics. 2014;90(2):354-61. 
193. Merchant TE, Kun LE, Hua CH, Wu S, Xiong X, Sanford RA, et al. Disease control after reduced volume conformal and intensity 
modulated radiation therapy for childhood craniopharyngioma. International journal of radiation oncology, biology, physics. 
2013;85(4):e187-92. 
194. Harrabi SB, Adeberg S, Welzel T, Rieken S, Habermehl D, Debus J, et al. Long term results after fractionated stereotactic 
radiotherapy (FSRT) in patients with craniopharyngioma: maximal tumor control with minimal side effects. Radiat Oncol. 2014;9:203. 
195. Jalali R, Budrukkar A, Sarin R, Sharma DS. High precision conformal radiotherapy employing conservative margins in 
childhood benign and low-grade brain tumours. Radiotherapy and oncology : journal of the European Society for Therapeutic 
Radiology and Oncology. 2005;74(1):37-44. 
196. Merchant TE, Kiehna EN, Kun LE, Mulhern RK, Li C, Xiong X, et al. Phase II trial of conformal radiation therapy for pediatric 
patients with craniopharyngioma and correlation of surgical factors and radiation dosimetry with change in cognitive function. Journal 
of neurosurgery. 2006;104(2 Suppl):94-102. 
197. Minniti G, Saran F, Traish D, Soomal R, Sardell S, Gonsalves A, et al. Fractionated stereotactic conformal radiotherapy 
following conservative surgery in the control of craniopharyngiomas. Radiotherapy and oncology : journal of the European Society for 
Therapeutic Radiology and Oncology. 2007;82(1):90-5. 
198. Regine WF, Kramer S. Pediatric craniopharyngiomas: long term results of combined treatment with surgery and radiation. 
International journal of radiation oncology, biology, physics. 1992;24(4):611-7. 
199. Beltran C, Roca M, Merchant TE. On the benefits and risks of proton therapy in pediatric craniopharyngioma. International 
journal of radiation oncology, biology, physics. 2012;82(2):e281-7. 
200. Boehling NS, Grosshans DR, Bluett JB, Palmer MT, Song X, Amos RA, et al. Dosimetric comparison of three-dimensional 
conformal proton radiotherapy, intensity-modulated proton therapy, and intensity-modulated radiotherapy for treatment of pediatric 
craniopharyngiomas. International journal of radiation oncology, biology, physics. 2012;82(2):643-52. 
201. Luu QT, Loredo LN, Archambeau JO, Yonemoto LT, Slater JM, Slater JD. Fractionated proton radiation treatment for 
pediatric craniopharyngioma: preliminary report. Cancer J. 2006;12(2):155-9. 
202. Leroy R, Benahmed N, Hulstaert F, Van Damme N, De Ruysscher D. Proton Therapy in Children: A Systematic Review of 
Clinical Effectiveness in 15 Pediatric Cancers. International journal of radiation oncology, biology, physics. 2016;95(1):267-78. 
203. Merchant TE, Hua CH, Shukla H, Ying X, Nill S, Oelfke U. Proton versus photon radiotherapy for common pediatric brain 
tumors: comparison of models of dose characteristics and their relationship to cognitive function. Pediatric blood & cancer. 
2008;51(1):110-7. 
204. Haas-Kogan D, Indelicato D, Paganetti H, Esiashvili N, Mahajan A, Yock T, et al. National Cancer Institute Workshop on 
Proton Therapy for Children: Considerations Regarding Brainstem Injury. International journal of radiation oncology, biology, physics. 
2018;101(1):152-68. 



Craniopharyngioma in children and young people 
 

	

	178 

205. Indelicato DJ, Flampouri S, Rotondo RL, Bradley JA, Morris CG, Aldana PR, et al. Incidence and dosimetric parameters of 
pediatric brainstem toxicity following proton therapy. Acta Oncol. 2014;53(10):1298-304. 
206. Niranjan A, Kano H, Mathieu D, Kondziolka D, Flickinger JC, Lunsford LD. Radiosurgery for craniopharyngioma. International 
journal of radiation oncology, biology, physics. 2010;78(1):64-71. 
207. Amendola BE, Wolf A, Coy SR, Amendola MA. Role of radiosurgery in craniopharyngiomas: a preliminary report. Medical 
and pediatric oncology. 2003;41(2):123-7. 
208. Chung WY, Pan DH, Shiau CY, Guo WY, Wang LW. Gamma knife radiosurgery for craniopharyngiomas. Journal of 
neurosurgery. 2000;93 Suppl 3:47-56. 
209. Hasegawa T, Kobayashi T, Kida Y. Tolerance of the optic apparatus in single-fraction irradiation using stereotactic 
radiosurgery: evaluation in 100 patients with craniopharyngioma. Neurosurgery. 2010;66(4):688-94; discussion 94-5. 
210. Kobayashi T. Long-term results of gamma knife radiosurgery for 100 consecutive cases of craniopharyngioma and a treatment 
strategy. Prog Neurol Surg. 2009;22:63-76. 
211. Kobayashi T, Kida Y, Hasegawa T. Long-term results of gamma knife surgery for craniopharyngioma. Neurosurgical focus. 
2003;14(5):e13. 
212. Kobayashi T, Kida Y, Mori Y, Hasegawa T. Long-term results of gamma knife surgery for the treatment of craniopharyngioma 
in 98 consecutive cases. Journal of neurosurgery. 2005;103(6 Suppl):482-8. 
213. Mokry M. Craniopharyngiomas: A six year experience with Gamma Knife radiosurgery. Stereotact Funct Neurosurg. 1999;72 
Suppl 1:140-9. 
214. Ulfarsson E, Lindquist C, Roberts M, Rahn T, Lindquist M, Thoren M, et al. Gamma knife radiosurgery for craniopharyngiomas: 
long-term results in the first Swedish patients. Journal of neurosurgery. 2002;97(5 Suppl):613-22. 
215. Chiou SM, Lunsford LD, Niranjan A, Kondziolka D, Flickinger JC. Stereotactic radiosurgery of residual or recurrent 
craniopharyngioma, after surgery, with or without radiation therapy. Neuro-oncology. 2001;3(3):159-66. 
216. Bartels U, Laperriere N, Bouffet E, Drake J. Intracystic therapies for cystic craniopharyngioma in childhood. Front Endocrinol 
(Lausanne). 2012;3:39. 
217. Cavalheiro S, Di Rocco C, Valenzuela S, Dastoli PA, Tamburrini G, Massimi L, et al. Craniopharyngiomas: intratumoral 
chemotherapy with interferon-alpha: a multicenter preliminary study with 60 cases. Neurosurgical focus. 2010;28(4):E12. 
218. Kilday JP, Caldarelli M, Massimi L, Chen RH, Lee YY, Liang ML, et al. Intracystic interferon-alpha in pediatric 
craniopharyngioma patients: an international multicenter assessment on behalf of SIOPE and ISPN. Neuro-oncology. 
2017;19(10):1398-407. 
219. Sharma J, Bonfield CM, Singhal A, Hukin J, Steinbok P. Intracystic interferon-alpha treatment leads to neurotoxicity in 
craniopharyngioma: case report. Journal of neurosurgery Pediatrics. 2015;16(3):301-4. 
220. Fang Y, Cai BW, Zhang H, Liu W, Wu B, Xu JG, et al. Intracystic bleomycin for cystic craniopharyngiomas in children. Cochrane 
Database Syst Rev. 2012;4:CD008890. 
221. Liu W, Fang Y, Cai B, Xu J, You C, Zhang H. Intracystic bleomycin for cystic craniopharyngiomas in children (abridged 
republication of cochrane systematic review). Neurosurgery. 2012;71(5):909-15. 
222. Zhang S, Fang Y, Cai BW, Xu JG, You C. Intracystic bleomycin for cystic craniopharyngiomas in children. Cochrane Database 
Syst Rev. 2016;7:CD008890. 
223. Zheng J, Fang Y, Cai BW, Zhang H, Liu W, Wu B, et al. Intracystic bleomycin for cystic craniopharyngiomas in children. 
Cochrane Database Syst Rev. 2014(9):CD008890. 
224. Hukin J, Visser J, Sargent M, Goddard K, Fryer C, Steinbok P. Childhood craniopharyngioma: Vancouver experience. Child's 
nervous system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 2005;21(8-9):758-65. 
225. Lena G, Paz Paredes A, Scavarda D, Giusiano B. Craniopharyngioma in children: Marseille experience. Child's nervous system 
: ChNS : official journal of the International Society for Pediatric Neurosurgery. 2005;21(8-9):778-84. 
226. Mottolese C, Szathmari A, Berlier P, Hermier M. Craniopharyngiomas: our experience in Lyon. Child's nervous system : ChNS 
: official journal of the International Society for Pediatric Neurosurgery. 2005;21(8-9):790-8. 
227. Barriger RB, Chang A, Lo SS, Timmerman RD, DesRosiers C, Boaz JC, et al. Phosphorus-32 therapy for cystic 
craniopharyngiomas. Radiotherapy and oncology : journal of the European Society for Therapeutic Radiology and Oncology. 
2011;98(2):207-12. 
228. Blackburn TP, Doughty D, Plowman PN. Stereotactic intracavitary therapy of recurrent cystic craniopharyngioma by 
instillation of 90yttrium. British journal of neurosurgery. 1999;13(4):359-65. 
229. Derrey S, Blond S, Reyns N, Touzet G, Carpentier P, Gauthier H, et al. Management of cystic craniopharyngiomas with 
stereotactic endocavitary irradiation using colloidal 186Re: a retrospective study of 48 consecutive patients. Neurosurgery. 
2008;63(6):1045-52; discussion 52-3. 
230. Hasegawa T, Kondziolka D, Hadjipanayis CG, Lunsford LD. Management of cystic craniopharyngiomas with phosphorus-32 
intracavitary irradiation. Neurosurgery. 2004;54(4):813-20; discussion 20-2. 
231. Julow JV. Intracystic irradiation for craniopharyngiomas. Pituitary. 2013;16(1):34-45. 
232. Kickingereder P, Maarouf M, El Majdoub F, Fuetsch M, Lehrke R, Wirths J, et al. Intracavitary brachytherapy using 
stereotactically applied phosphorus-32 colloid for treatment of cystic craniopharyngiomas in 53 patients. Journal of neuro-oncology. 
2012;109(2):365-74. 
233. Schefter JK, Allen G, Cmelak AJ, Johnson M, Toms S, Duggan D, et al. The utility of external beam radiation and intracystic 
32P radiation in the treatment of craniopharyngiomas. Journal of neuro-oncology. 2002;56(1):69-78. 
234. Shahzadi S, Sharifi G, Andalibi R, Zali A, Ali-Asgari A. Management of cystic craniopharyngiomas with intracavitary irradiation 
with 32P. Arch Iran Med. 2008;11(1):30-4. 
235. Zhao R, Deng J, Liang X, Zeng J, Chen X, Wang J. Treatment of cystic craniopharyngioma with phosphorus-32 intracavitary 
irradiation. Child's nervous system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 2010;26(5):669-74. 
236. Jakacki RI, Cohen BH, Jamison C, Mathews VP, Arenson E, Longee DC, et al. Phase II evaluation of interferon-alpha-2a for 
progressive or recurrent craniopharyngiomas. Journal of neurosurgery. 2000;92(2):255-60. 



www.cclg.org.uk 
 

 179	

237. Yeung JT, Pollack IF, Panigrahy A, Jakacki RI. Pegylated interferon-alpha-2b for children with recurrent craniopharyngioma. 
Journal of neurosurgery Pediatrics. 2012;10(6):498-503. 
238. Hamamoto Y, Niino K, Adachi M, Hosoya T. MR and CT findings of craniopharyngioma during and after radiation therapy. 
Neuroradiology. 2002;44(2):118-22. 
239. Shi Z, Esiashvili N, Janss AJ, Mazewski CM, MacDonald TJ, Wrubel DM, et al. Transient enlargement of craniopharyngioma 
after radiation therapy: pattern of magnetic resonance imaging response following radiation. Journal of neuro-oncology. 
2012;109(2):349-55. 
240. Repka MX, Miller NR, Miller M. Visual outcome after surgical removal of craniopharyngiomas. Ophthalmology. 1989;96(2):195-
9. 
241. Stark KL, Kaufman B, Lee BC, Primack J, Tychsen L. Visual recovery after a year of craniopharyngioma-related amaurosis: 
report of a nine-year-old child and a review of pathophysiologic mechanisms. J AAPOS. 1999;3(6):366-71. 
242. Kitano M, Taneda M. Extended transsphenoidal surgery for suprasellar craniopharyngiomas: infrachiasmatic radical resection 
combined with or without a suprachiasmatic trans-lamina terminalis approach. Surgical neurology. 2009;71(3):290-8, discussion 8. 
243. Chakrabarti I, Amar AP, Couldwell W, Weiss MH. Long-term neurological, visual, and endocrine outcomes following 
transnasal resection of craniopharyngioma. Journal of neurosurgery. 2005;102(4):650-7. 
244. Gonzalez Briceno L, Grill J, Bourdeaut F, Doz F, Beltrand J, Benabbad I, et al. Water and electrolyte disorders at long-term 
post-treatment follow-up in paediatric patients with suprasellar tumours include unexpected persistent cerebral salt-wasting 
syndrome. Horm Res Paediatr. 2014;82(6):364-71. 
245. Koutourousiou M, Gardner PA, Fernandez-Miranda JC, Tyler-Kabara EC, Wang EW, Snyderman CH. Endoscopic endonasal 
surgery for craniopharyngiomas: surgical outcome in 64 patients. Journal of neurosurgery. 2013;119(5):1194-207. 
246. Olsson DS, Buchfelder M, Wiendieck K, Kremenevskaja N, Bengtsson BA, Jakobsson KE, et al. Tumour recurrence and 
enlargement in patients with craniopharyngioma with and without GH replacement therapy during more than 10 years of follow-up. 
European journal of endocrinology / European Federation of Endocrine Societies. 2012;166(6):1061-8. 
247. Boekhoff S, Bogusz A, Sterkenburg AS, Eveslage M, Muller HL. Long-term Effects of Growth Hormone Replacement Therapy 
in Childhood-onset Craniopharyngioma: Results of the German Craniopharyngioma Registry (HIT-Endo). European journal of 
endocrinology / European Federation of Endocrine Societies. 2018;179(5):331-41. 
248. Karavitaki N, Warner JT, Marland A, Shine B, Ryan F, Arnold J, et al. GH replacement does not increase the risk of recurrence 
in patients with craniopharyngioma. Clinical endocrinology. 2006;64(5):556-60. 
249. Mackenzie S, Craven T, Gattamaneni HR, Swindell R, Shalet SM, Brabant G. Long-term safety of growth hormone 
replacement after CNS irradiation. The Journal of clinical endocrinology and metabolism. 2011;96(9):2756-61. 
250. Swerdlow AJ, Reddingius RE, Higgins CD, Spoudeas HA, Phipps K, Qiao Z, et al. Growth hormone treatment of children with 
brain tumors and risk of tumor recurrence. The Journal of clinical endocrinology and metabolism. 2000;85(12):4444-9. 
251. Sklar CA, Mertens AC, Mitby P, Occhiogrosso G, Qin J, Heller G, et al. Risk of disease recurrence and second neoplasms in 
survivors of childhood cancer treated with growth hormone: a report from the Childhood Cancer Survivor Study. The Journal of clinical 
endocrinology and metabolism. 2002;87(7):3136-41. 
252. Bogarin R, Steinbok P. Growth hormone treatment and risk of recurrence or progression of brain tumors in children: a review. 
Child's nervous system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 2009;25(3):273-9. 
253. Moshang T, Jr., Rundle AC, Graves DA, Nickas J, Johanson A, Meadows A. Brain tumor recurrence in children treated with 
growth hormone: the National Cooperative Growth Study experience. The Journal of pediatrics. 1996;128(5 Pt 2):S4-7. 
254. Darendeliler F, Karagiannis G, Wilton P, Ranke MB, Albertsson-Wikland K, Anthony Price D, et al. Recurrence of brain tumours 
in patients treated with growth hormone: analysis of KIGS (Pfizer International Growth Database). Acta Paediatr. 2006;95(10):1284-90. 
255. Wilson TA, Rose SR, Cohen P, Rogol AD, Backeljauw P, Brown R, et al. Update of guidelines for the use of growth hormone 
in children: the Lawson Wilkins Pediatric Endocrinology Society Drug and Therapeutics Committee. The Journal of pediatrics. 
2003;143(4):415-21. 
256. Grimberg A, DiVall SA, Polychronakos C, Allen DB, Cohen LE, Quintos JB, et al. Guidelines for Growth Hormone and Insulin-
Like Growth Factor-I Treatment in Children and Adolescents: Growth Hormone Deficiency, Idiopathic Short Stature, and Primary 
Insulin-Like Growth Factor-I Deficiency. Horm Res Paediatr. 2016;86(6):361-97. 
257. Sklar CA, Antal Z, Chemaitilly W, Cohen LE, Follin C, Meacham LR, et al. Hypothalamic-Pituitary and Growth Disorders in 
Survivors of Childhood Cancer: An Endocrine Society Clinical Practice Guideline. The Journal of clinical endocrinology and 
metabolism. 2018;103(8):2761-84. 
258. Fernandes JK, Klein MJ, Ater JL, Kuttesch JF, Vassilopoulou-Sellin R. Triiodothyronine supplementation for hypothalamic 
obesity. Metabolism. 2002;51(11):1381-3. 
259. van Santen HM, Schouten-Meeteren AY, Serlie M, Meijneke RW, van Trotsenburg AS, Verberne H, et al. Effects of T3 
treatment on brown adipose tissue and energy expenditure in a patient with craniopharyngioma and hypothalamic obesity. Journal 
of pediatric endocrinology & metabolism : JPEM. 2015;28(1-2):53-7. 
260. Lustig RH, Hinds PS, Ringwald-Smith K, Christensen RK, Kaste SC, Schreiber RE, et al. Octreotide therapy of pediatric 
hypothalamic obesity: a double-blind, placebo-controlled trial. The Journal of clinical endocrinology and metabolism. 2003;88(6):2586-
92. 
261. Lustig RH, Rose SR, Burghen GA, Velasquez-Mieyer P, Broome DC, Smith K, et al. Hypothalamic obesity caused by cranial 
insult in children: altered glucose and insulin dynamics and reversal by a somatostatin agonist. The Journal of pediatrics. 1999;135(2 
Pt 1):162-8. 
262. Ismail D, O'Connell MA, Zacharin MR. Dexamphetamine use for management of obesity and hypersomnolence following 
hypothalamic injury. Journal of pediatric endocrinology & metabolism : JPEM. 2006;19(2):129-34. 
263. Mason PW, Krawiecki N, Meacham LR. The use of dextroamphetamine to treat obesity and hyperphagia in children treated 
for craniopharyngioma. Archives of pediatrics & adolescent medicine. 2002;156(9):887-92. 
264. Horne VE, Bielamowicz K, Nguyen J, Hilsenbeck S, Lindsay H, Sonabend R, et al. Methylphenidate improves weight control 
in childhood brain survivors with hypothalamic obesity. Pediatric blood & cancer. 2020;67(7):e28379. 



Craniopharyngioma in children and young people 
 

	

	180 

265. Danielsson P, Janson A, Norgren S, Marcus C. Impact sibutramine therapy in children with hypothalamic obesity or obesity 
with aggravating syndromes. The Journal of clinical endocrinology and metabolism. 2007;92(11):4101-6. 
266. Ando T, Haraguchi A, Matsunaga T, Natsuda S, Yamasaki H, Usa T, et al. Liraglutide as a potentially useful agent for regulating 
appetite in diabetic patients with hypothalamic hyperphagia and obesity. Internal medicine. 2014;53(16):1791-5. 
267. Zoicas F, Droste M, Mayr B, Buchfelder M, Schofl C. GLP-1 analogues as a new treatment option for hypothalamic obesity in 
adults: report of nine cases. European journal of endocrinology / European Federation of Endocrine Societies. 2013;168(5):699-706. 
268. van Schaik J, Begijn DGA, van Iersel L, Vergeer Y, Hoving EW, Peeters B, et al. Experiences with glucagon-like peptide-1 
receptor agonist in children with acquired hypothalamic obesity. Obes Facts. 2020;13(4):361-70. 
269. Rakhshani N, Jeffery AS, Schulte F, Barrera M, Atenafu EG, Hamilton JK. Evaluation of a comprehensive care clinic model for 
children with brain tumor and risk for hypothalamic obesity. Obesity (Silver Spring). 2010;18(9):1768-74. 
270. Bretault M, Boillot A, Muzard L, Poitou C, Oppert JM, Barsamian C, et al. Clinical review: Bariatric surgery following treatment 
for craniopharyngioma: a systematic review and individual-level data meta-analysis. The Journal of clinical endocrinology and 
metabolism. 2013;98(6):2239-46. 
271. Kalapurakal JA, Goldman S, Hsieh YC, Tomita T, Marymont MH. Clinical outcome in children with craniopharyngioma treated 
with primary surgery and radiotherapy deferred until relapse. Medical and pediatric oncology. 2003;40(4):214-8. 
272. O'Gorman CS, Simoneau-Roy J, Pencharz P, MacFarlane J, MacLusky I, Narang I, et al. Sleep-disordered breathing is 
increased in obese adolescents with craniopharyngioma compared with obese controls. The Journal of clinical endocrinology and 
metabolism. 2010;95(5):2211-8. 
273. Joustra SD, Thijs RD, van den Berg R, van Dijk M, Pereira AM, Lammers GJ, et al. Alterations in diurnal rhythmicity in patients 
treated for nonfunctioning pituitary macroadenoma: a controlled study and literature review. European journal of endocrinology / 
European Federation of Endocrine Societies. 2014;171(2):217-28. 
274. Crowley RK, Woods C, Fleming M, Rogers B, Behan LA, O'Sullivan EP, et al. Somnolence in adult craniopharyngioma patients 
is a common, heterogeneous condition that is potentially treatable. Clinical endocrinology. 2011;74(6):750-5. 
275. Snow A, Gozal E, Malhotra A, Tiosano D, Perlman R, Vega C, et al. Severe hypersomnolence after pituitary/hypothalamic 
surgery in adolescents: clinical characteristics and potential mechanisms. Pediatrics. 2002;110(6):e74. 
276. Palm L, Nordin V, Elmqvist D, Blennow G, Persson E, Westgren U. Sleep and wakefulness after treatment for 
craniopharyngioma in childhood; influence on the quality and maturation of sleep. Neuropediatrics. 1992;23(1):39-45. 
277. Manley PE, McKendrick K, McGillicudy M, Chi SN, Kieran MW, Cohen LE, et al. Sleep dysfunction in long term survivors of 
craniopharyngioma. Journal of neuro-oncology. 2012;108(3):543-9. 
278. Muller HL, Handwerker G, Wollny B, Faldum A, Sorensen N. Melatonin secretion and increased daytime sleepiness in 
childhood craniopharyngioma patients. The Journal of clinical endocrinology and metabolism. 2002;87(8):3993-6. 
279. Poretti A, Grotzer MA, Ribi K, Schonle E, Boltshauser E. Outcome of craniopharyngioma in children: long-term complications 
and quality of life. Developmental medicine and child neurology. 2004;46(4):220-9. 
280. Roemmler-Zehrer J, Geigenberger V, Stormann S, Ising M, Pfister H, Sievers C, et al. Specific behaviour, mood and 
personality traits may contribute to obesity in patients with craniopharyngioma. Clinical endocrinology. 2015;82(1):106-14. 
281. Cohen M, Syme C, McCrindle BW, Hamilton J. Autonomic nervous system balance in children and adolescents with 
craniopharyngioma and hypothalamic obesity. European journal of endocrinology / European Federation of Endocrine Societies. 
2013;168(6):845-52. 
282. Muller HL, Handwerker G, Gebhardt U, Faldum A, Emser A, Kolb R, et al. Melatonin treatment in obese patients with 
childhood craniopharyngioma and increased daytime sleepiness. Cancer Causes Control. 2006;17(4):583-9. 
283. Cohen M, Guger S, Hamilton J. Long term sequelae of pediatric craniopharyngioma - literature review and 20 years of 
experience. Front Endocrinol (Lausanne). 2011;2:81. 
284. Muller HL. Increased daytime sleepiness in patients with childhood craniopharyngioma and hypothalamic tumor involvement: 
review of the literature and perspectives. Int J Endocrinol. 2010;2010:519607. 
285. Anderson CA, Wilkening GN, Filley CM, Reardon MS, Kleinschmidt-DeMasters BK. Neurobehavioral outcome in pediatric 
craniopharyngioma. Pediatric neurosurgery. 1997;26(5):255-60. 
286. Crom DB, Smith D, Xiong Z, Onar A, Hudson MM, Merchant TE, et al. Health status in long-term survivors of pediatric 
craniopharyngiomas. The Journal of neuroscience nursing : journal of the American Association of Neuroscience Nurses. 
2010;42(6):323-8; quiz 9-30. 
287. Elliott RE, Sands SA, Strom RG, Wisoff JH. Craniopharyngioma Clinical Status Scale: a standardized metric of preoperative 
function and posttreatment outcome. Neurosurgical focus. 2010;28(4):E2. 
288. Jackson AC, Tsantefski M, Goodman H, Johnson B, Rosenfeld J. The psychosocial impacts on families of low-incidence, 
complex conditions in children: the case of craniopharyngioma. Soc Work Health Care. 2003;38(1):81-107. 
289. Jang WY, Lee KS, Son BC, Jeun SS, Hong YK, Lee SW, et al. Repeat operations in pediatric patients with recurrent 
craniopharyngiomas. Pediatric neurosurgery. 2009;45(6):451-5. 
290. Ondruch A, Maryniak A, Kropiwnicki T, Roszkowski M, Daszkiewicz P. Cognitive and social functioning in children and 
adolescents after the removal of craniopharyngioma. Child's nervous system : ChNS : official journal of the International Society for 
Pediatric Neurosurgery. 2011;27(3):391-7. 
291. Pedreira CC, Stargatt R, Maroulis H, Rosenfeld J, Maixner W, Warne GL, et al. Health related quality of life and psychological 
outcome in patients treated for craniopharyngioma in childhood. Journal of pediatric endocrinology & metabolism : JPEM. 
2006;19(1):15-24. 
292. Pierre-Kahn A, Recassens C, Pinto G, Thalassinos C, Chokron S, Soubervielle JC, et al. Social and psycho-intellectual outcome 
following radical removal of craniopharyngiomas in childhood. A prospective series. Child's nervous system : ChNS : official journal of 
the International Society for Pediatric Neurosurgery. 2005;21(8-9):817-24. 
293. Rath SR, Lee S, Kotecha RS, Taylor M, Junckerstorff RC, Choong CS. Childhood craniopharyngioma: 20-year institutional 
experience in Western Australia. J Paediatr Child Health. 2013;49(5):403-8. 



www.cclg.org.uk 
 

 181	

294. Sands SA, Milner JS, Goldberg J, Mukhi V, Moliterno JA, Maxfield C, et al. Quality of life and behavioral follow-up study of 
pediatric survivors of craniopharyngioma. Journal of neurosurgery. 2005;103(4 Suppl):302-11. 
295. Shiminski-Maher T, Rosenberg M. Late effects associated with treatment of craniopharyngiomas in childhood. The Journal 
of neuroscience nursing : journal of the American Association of Neuroscience Nurses. 1990;22(4):220-6. 
296. Thompson D, Phipps K, Hayward R. Craniopharyngioma in childhood: our evidence-based approach to management. Child's 
nervous system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 2005;21(8-9):660-8. 
297. Kendall-Taylor P, Jonsson PJ, Abs R, Erfurth EM, Koltowska-Haggstrom M, Price DA, et al. The clinical, metabolic and 
endocrine features and the quality of life in adults with childhood-onset craniopharyngioma compared with adult-onset 
craniopharyngioma. European journal of endocrinology / European Federation of Endocrine Societies. 2005;152(4):557-67. 
298. Yano S, Kudo M, Hide T, Shinojima N, Makino K, Nakamura H, et al. Quality of Life and Clinical Features of Long-Term 
Survivors Surgically Treated for Pediatric Craniopharyngioma. World Neurosurg. 2016;85:153-62. 
299. Duff J, Meyer FB, Ilstrup DM, Laws ER, Jr., Schleck CD, Scheithauer BW. Long-term outcomes for surgically resected 
craniopharyngiomas. Neurosurgery. 2000;46(2):291-302; discussion -5. 
300. Carpentieri SC, Waber DP, Scott RM, Goumnerova LC, Kieran MW, Cohen LE, et al. Memory deficits among children with 
craniopharyngiomas. Neurosurgery. 2001;49(5):1053-7; discussion 7-8. 
301. Minamida Y, Mikami T, Hashi K, Houkin K. Surgical management of the recurrence and regrowth of craniopharyngiomas. 
Journal of neurosurgery. 2005;103(2):224-32. 
302. Cavazzuti V, Fischer EG, Welch K, Belli JA, Winston KR. Neurological and psychophysiological sequelae following different 
treatments of craniopharyngioma in children. Journal of neurosurgery. 1983;59(3):409-17. 
303. Clopper RR, Meyer WJ, 3rd, Udvarhelyi GB, Money J, Aarabi B, Mulvihill JJ, et al. Postsurgical IQ and behavioral data on 
twenty patients with a history of childhood craniopharyngioma. Psychoneuroendocrinology. 1977;2(4):365-72. 
304. Waber DP, Pomeroy SL, Chiverton AM, Kieran MW, Scott RM, Goumnerova LC, et al. Everyday cognitive function after 
craniopharyngioma in childhood. Pediatric neurology. 2006;34(1):13-9. 
305. Gerganov V, Metwali H, Samii A, Fahlbusch R, Samii M. Microsurgical resection of extensive craniopharyngiomas using a 
frontolateral approach: operative technique and outcome. Journal of neurosurgery. 2014;120(2):559-70. 
306. Leng LZ, Greenfield JP, Souweidane MM, Anand VK, Schwartz TH. Endoscopic, endonasal resection of craniopharyngiomas: 
analysis of outcome including extent of resection, cerebrospinal fluid leak, return to preoperative productivity, and body mass index. 
Neurosurgery. 2012;70(1):110-23; discussion 23-4. 
307. Donnet A, Schmitt A, Dufour H, Grisoli F. Neuropsychological follow-up of twenty two adult patients after surgery for 
craniopharyngioma. Acta neurochirurgica. 1999;141(10):1049-54. 
308. Colangelo M, Ambrosio A, Ambrosio C. Neurological and behavioral sequelae following different approaches to 
craniopharyngioma. Long-term follow-up review and therapeutic guidelines. Child's nervous system : ChNS : official journal of the 
International Society for Pediatric Neurosurgery. 1990;6(7):379-82. 
309. Laffond C, Dellatolas G, Alapetite C, Puget S, Grill J, Habrand JL, et al. Quality-of-life, mood and executive functioning after 
childhood craniopharyngioma treated with surgery and proton beam therapy. Brain Inj. 2012;26(3):270-81. 
310. Riva D, Pantaleoni C, Devoti M, Saletti V, Nichelli F, Giorgi C. Late neuropsychological and behavioural outcome of children 
surgically treated for craniopharyngioma. Child's nervous system : ChNS : official journal of the International Society for Pediatric 
Neurosurgery. 1998;14(4-5):179-84. 
311. Danoff BF, Cowchock FS, Kramer S. Childhood craniopharyngioma: survival, local control, endocrine and neurologic function 
following radiotherapy. International journal of radiation oncology, biology, physics. 1983;9(2):171-5. 
312. Fischer EG, Welch K, Belli JA, Wallman J, Shillito JJ, Jr., Winston KR, et al. Treatment of craniopharyngiomas in children: 
1972-1981. Journal of neurosurgery. 1985;62(4):496-501. 
313. Fischer EG, Welch K, Shillito J, Jr., Winston KR, Tarbell NJ. Craniopharyngiomas in children. Long-term effects of conservative 
surgical procedures combined with radiation therapy. Journal of neurosurgery. 1990;73(4):534-40. 
314. Villani RM, Tomei G, Bello L, Sganzerla E, Ambrosi B, Re T, et al. Long-term results of treatment for craniopharyngioma in 
children. Child's nervous system : ChNS : official journal of the International Society for Pediatric Neurosurgery. 1997;13(7):397-405. 
315. Dolson EP, Conklin HM, Li C, Xiong X, Merchant TE. Predicting behavioral problems in craniopharyngioma survivors after 
conformal radiation therapy. Pediatric blood & cancer. 2009;52(7):860-4. 
316. Netson KL, Conklin HM, Wu S, Xiong X, Merchant TE. Longitudinal investigation of adaptive functioning following conformal 
irradiation for pediatric craniopharyngioma and low-grade glioma. International journal of radiation oncology, biology, physics. 
2013;85(5):1301-6. 
317. Kawamata T, Amano K, Aihara Y, Kubo O, Hori T. Optimal treatment strategy for craniopharyngiomas based on long-term 
functional outcomes of recent and past treatment modalities. Neurosurg Rev. 2010;33(1):71-81. 
318. Kalapurakal JA, Goldman S, Hsieh YC, Tomita T, Marymont MH. Clinical outcome in children with recurrent 
craniopharyngioma after primary surgery. Cancer J. 2000;6(6):388-93. 
319. Liubinas SV, Munshey AS, Kaye AH. Management of recurrent craniopharyngioma. Journal of clinical neuroscience : official 
journal of the Neurosurgical Society of Australasia. 2011;18(4):451-7. 
320. Mortini P, Losa M, Pozzobon G, Barzaghi R, Riva M, Acerno S, et al. Neurosurgical treatment of craniopharyngioma in adults 
and children: early and long-term results in a large case series. Journal of neurosurgery. 2011;114(5):1350-9. 
321. Steno J, Bizik I, Steno A, Matejcik V. Recurrent craniopharyngiomas in children and adults: long-term recurrence rate and 
management. Acta neurochirurgica. 2014;156(1):113-22; discussion 22. 
322. Vinchon M, Dhellemmes P. Craniopharyngiomas in children: recurrence, reoperation and outcome. Child's nervous system : 
ChNS : official journal of the International Society for Pediatric Neurosurgery. 2008;24(2):211-7. 
323. Barua KK, Ehara K, Kohmura E, Tamaki N. Treatment of recurrent craniopharyngiomas. Kobe J Med Sci. 2003;49(5-6):123-32. 
324. Mulhern RK, Merchant TE, Gajjar A, Reddick WE, Kun LE. Late neurocognitive sequelae in survivors of brain tumours in 
childhood. The lancet oncology. 2004;5(7):399-408. 



Craniopharyngioma in children and young people 
 

	

	182 

325. Spoudeas HA. Growth and endocrine function after chemotherapy and radiotherapy in childhood. Eur J Cancer. 
2002;38(13):1748-59; discussion 60-1. 
326. Gopalan R, Dassoulas K, Rainey J, Sherman JH, Sheehan JP. Evaluation of the role of Gamma Knife surgery in the treatment 
of craniopharyngiomas. Neurosurgical focus. 2008;24(5):E5. 
327. Jeon C, Kim S, Shin HJ, Nam DH, Lee JI, Park K, et al. The therapeutic efficacy of fractionated radiotherapy and gamma-knife 
radiosurgery for craniopharyngiomas. Journal of clinical neuroscience : official journal of the Neurosurgical Society of Australasia. 
2011;18(12):1621-5. 
328. Xu Z, Yen CP, Schlesinger D, Sheehan J. Outcomes of Gamma Knife surgery for craniopharyngiomas. Journal of neuro-
oncology. 2011;104(1):305-13. 
329. Julow J, Backlund EO, Lanyi F, Hajda M, Balint K, Nyary I, et al. Long-term results and late complications after intracavitary 
yttrium-90 colloid irradiation of recurrent cystic craniopharyngiomas. Neurosurgery. 2007;61(2):288-95; discussion 95-6. 
330. Maarouf M, El Majdoub F, Fuetsch M, Hoevels M, Lehrke R, Berthold F, et al. Stereotactic intracavitary brachytherapy with P-
32 for cystic craniopharyngiomas in children. Strahlentherapie und Onkologie : Organ der Deutschen Rontgengesellschaft  [et al]. 
2016;192(3):157-65. 
331. Mottolese C, Stan H, Hermier M, Berlier P, Convert J, Frappaz D, et al. Intracystic chemotherapy with bleomycin in the 
treatment of craniopharyngiomas. Child's nervous system : ChNS : official journal of the International Society for Pediatric 
Neurosurgery. 2001;17(12):724-30. 
332. Goldman S, Pollack IF, Jakacki RI, Billups CA, Poussaint TY, Adesina AM, et al. Phase II study of peginterferon alpha-2b for 
patients with unresectable or recurrent craniopharyngiomas: a Pediatric Brain Tumor Consortium report. Neuro-oncol. 
2020;22(11):1696-704. 
333. Goldman S, Pollack IF, Jakacki RI, Billups CA, Poussaint TY, Adesina AM, et al. Phase II study of peginterferon alpha-2b for 
patients with unresectable or recurrent craniopharyngiomas: a Pediatric Brain Tumour Consortium report. Neuro-oncology. 
2020;Online ahead of print. 
334. Brouwers MC, Kho ME, Browman GP, Burgers JS, Cluzeau F, Feder G, et al. AGREE II: advancing guideline development, 
reporting and evaluation in health care. CMAJ. 2010;182(18):E839-42. 
335. Children's Cancer & Leukaemia Group. Guideline Development Standard Operating Procedure (version 5). Leicester: 
Children's Cancer & Leukaemia Group. 
336. Yasargil MG, Curcic M, Kis M, Siegenthaler G, Teddy PJ, Roth P. Total removal of craniopharyngiomas. Approaches and 
long-term results in 144 patients. Journal of neurosurgery. 1990;73(1):3-11. 
337. Gruneiro-Papendieck L, Chiesa A, Martinez A, Heinrich JJ, Bergada C. Nocturnal TSH surge and TRH test response in the 
evaluation of thyroid axis in hypothalamic pituitary disorders in childhood. Hormone research. 1998;50(5):252-7. 
338. Ebrahimi A, Honegger J, Schluesener H, Schittenhelm J. Osteonectin expression in surrounding stroma of 
craniopharyngiomas: association with recurrence rate and brain infiltration. Int J Surg Pathol. 2013;21(6):591-8. 
339. Xia Z, Liu W, Li S, Jia G, Zhang Y, Li C, et al. Expression of matrix metalloproteinase-9, type IV collagen and vascular 
endothelial growth factor in adamantinous craniopharyngioma. Neurochem Res. 2011;36(12):2346-51. 
340. Campanini ML, Colli LM, Paixao BM, Cabral TP, Amaral FC, Machado HR, et al. CTNNB1 gene mutations, pituitary 
transcription factors, and MicroRNA expression involvement in the pathogenesis of adamantinomatous craniopharyngiomas. Horm 
Cancer. 2010;1(4):187-96. 
341. Rodriguez FJ, Scheithauer BW, Tsunoda S, Kovacs K, Vidal S, Piepgras DG. The spectrum of malignancy in 
craniopharyngioma. The American journal of surgical pathology. 2007;31(7):1020-8. 
342. Xu J, Zhang S, You C, Huang S, Cai B, Wang X. Expression of human MCM6 and DNA Topo II alpha in craniopharyngiomas 
and its correlation with recurrence of the tumor. Journal of neuro-oncology. 2007;83(2):183-9. 
343. Agozzino L, Ferraraccio F, Accardo M, Esposito S, Agozzino M, Cuccurullo L. Morphological and ultrastructural findings of 
prognostic impact in craniopharyngiomas. Ultrastruct Pathol. 2006;30(3):143-50. 
344. Izumoto S, Suzuki T, Kinoshita M, Hashiba T, Kagawa N, Wada K, et al. Immunohistochemical detection of female sex 
hormone receptors in craniopharyngiomas: correlation with clinical and histologic features. Surgical neurology. 2005;63(6):520-5; 
discussion 5. 
345. Losa M, Vimercati A, Acerno S, Barzaghi RL, Mortini P, Mangili F, et al. Correlation between clinical characteristics and 
proliferative activity in patients with craniopharyngioma. J Neurol Neurosurg Psychiatry. 2004;75(6):889-92. 
346. Lubansu A, Ruchoux MM, Brotchi J, Salmon I, Kiss R, Lefranc F. Cathepsin B, D and K expression in adamantinomatous 
craniopharyngiomas relates to their levels of differentiation as determined by the patterns of retinoic acid receptor expression. 
Histopathology. 2003;43(6):563-72. 
347. Lefranc F, Chevalier C, Vinchon M, Dhellemmes P, Schuring MP, Kaltner H, et al. Characterization of the levels of expression 
of retinoic acid receptors, galectin-3, macrophage migration inhibiting factor, and p53 in 51 adamantinomatous craniopharyngiomas. 
Journal of neurosurgery. 2003;98(1):145-53. 
348. Raghavan R, Dickey WT, Jr., Margraf LR, White CL, 3rd, Coimbra C, Hynan LS, et al. Proliferative activity in 
craniopharyngiomas: clinicopathological correlations in adults and children. Surgical neurology. 2000;54(3):241-7; discussion 8. 
349. Uchino Y, Saeki N, Iwadate Y, Yasuda T, Konda S, Watanabe T, et al. Recurrence of sellar and suprasellar tumors in children 
treated with hGH--relation to immunohistochemical study on GH receptor. Endocr J. 2000;47 Suppl:S33-6. 
350. De Tommasi C, Goguen J, Cusimano MD. Transphenoidal surgery without steroid replacement in patients with morning 
serum cortisol below 9 mug/dl (250 Nmol/l). Acta neurochirurgica. 2012;154(10):1903-15. 
351. Combs SE, Thilmann C, Huber PE, Hoess A, Debus J, Schulz-Ertner D. Achievement of long-term local control in patients 
with craniopharyngiomas using high precision stereotactic radiotherapy. Cancer. 2007;109(11):2308-14. 
352. Pemberton LS, Dougal M, Magee B, Gattamaneni HR. Experience of external beam radiotherapy given adjuvantly or at 
relapse following surgery for craniopharyngioma. Radiotherapy and oncology : journal of the European Society for Therapeutic 
Radiology and Oncology. 2005;77(1):99-104. 



www.cclg.org.uk 
 

 183	

353. Khafaga Y, Jenkin D, Kanaan I, Hassounah M, Al Shabanah M, Gray A. Craniopharyngioma in children. International journal 
of radiation oncology, biology, physics. 1998;42(3):601-6. 
354. Scott RM, Hetelekidis S, Barnes PD, Goumnerova L, Tarbell NJ. Surgery, radiation, and combination therapy in the treatment 
of childhood craniopharyngioma--a 20-year experience. Pediatric neurosurgery. 1994;21 Suppl 1:75-81. 
355. Manaka S, Teramoto A, Takakura K. The efficacy of radiotherapy for craniopharyngioma. Journal of neurosurgery. 
1985;62(5):648-56. 
356. Vyramuthu N, Benton TF. The management of craniopharyngioma. Clin Radiol. 1983;34(6):629-32. 
357. Carmel PW, Antunes JL, Chang CH. Craniopharyngiomas in children. Neurosurgery. 1982;11(3):382-9. 
358. Richmond IL, Wara WM, Wilson CB. Role of radiation therapy in the management of craniopharyngiomas in children. 
Neurosurgery. 1980;6(5):513-7. 
359. Shapiro K, Till K, Grant DN. Craniopharyngiomas in childhood. A rational approach to treatment. Journal of neurosurgery. 
1979;50(5):617-23. 
360. McMurry FG, Hardy RW, Jr., Dohn DF, Sadar E, Gardner WJ. Long term results in the management of craniopharyngiomas. 
Neurosurgery. 1977;1(3):238-41. 
361. Page-Wilson G, Wardlaw SL, Khandji AG, Korner J. Hypothalamic obesity in patients with craniopharyngioma: treatment 
approaches and the emerging role of gastric bypass surgery. Pituitary. 2012;15(1):84-92. 
362. Muller HL, Gebhardt U, Maroske J, Hanisch E. Long-term follow-up of morbidly obese patients with childhood 
craniopharyngioma after laparoscopic adjustable gastric banding (LAGB). Klinische Padiatrie. 2011;223(6):372-3. 
363. Pickering L, Jennum P, Gammeltoft S, Poulsgaard L, Feldt-Rasmussen U, Klose M. Sleep-wake and melatonin pattern in 
craniopharyngioma patients. European journal of endocrinology / European Federation of Endocrine Societies. 2014;170(6):873-84. 
364. Shi XE, Wu B, Zhou ZQ, Fan T, Zhang YL. Microsurgical treatment of craniopharyngiomas: report of 284 patients. Chin Med 
J (Engl). 2006;119(19):1653-63. 
365. Hoffmann A, Warmth-Metz M, Gebhardt U, Pietsch T, Pohl F, Kortmann RD, et al. Childhood craniopharyngioma - changes 
of treatment strategies in the trials KRANIOPHARYNGEOM 2000/2007. Klinische Padiatrie. 2014;226(3):161-8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Craniopharyngioma in children and young people 
 

	

	184 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


