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Introduction

Craniopharyngiomas (CPs) are benign brain tumors accounting for 5 - 11% of intracranial tumors in children. These tumors often recur and can cause severe morbidity. Postoperative radiotherapy efficiently controls and prevents progression and recurrence. Despite advancements in neurosurgery, endocrinological, visual, and neuropsychological complications are common and significantly lower the quality of life of patients.





Methods

We performed a retrospective study, including all patients younger than sixteen diagnosed with CP between July 1989 and August 2022 and followed up in Hôpital Universitaire de Bruxelles.





Results

Nineteen children with CP were included, with median age of 7 years at first symptoms and 7.5 at diagnosis. Common symptoms at diagnosis were increased intracranial pressure (63%), visual impairment (47%), growth failure (26%), polyuria/polydipsia (16%), and weight gain (10.5%). As clinical signs at diagnosis, growth failure was observed in 11/18 patients, starting with a median lag of 1 year and 4 months before diagnosis. On ophthalmological examination, 27% of patients had papillary edema and 79% had visual impairment. When visual disturbances were found, the average preoperative volume was higher (p=0.039). Only 6/19 patients had gross total surgical resection. After the first neurosurgery, 83% experienced tumor recurrence or progression at a median time of 22 months. Eleven patients (73%) underwent postsurgical radiotherapy. At diagnosis, growth hormone deficiency (GHD) was the most frequent endocrine deficit (8/17) and one year post surgery, AVP deficiency was the most frequent deficit (14/17). Obesity was present in 13% of patients at diagnosis, and in 40% six months after surgery. There was no significant change in body mass index over time (p=0.273) after the first six months post-surgery.





Conclusion

CP is a challenging brain tumor that requires multimodal therapy and lifelong multidisciplinary follow-up including hormonal substitution therapy. Early recognition of symptoms is crucial for prompt surgical management. The management of long-term sequelae and morbidity are crucial parts of the clinical path of the patients. The results of this study highlight the fundamental importance of carrying out a complete assessment (ophthalmological, endocrinological, neurocognitive) at the time of diagnosis and during follow-up so that patients can benefit from the best possible care.
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1 Introduction

Craniopharyngiomas (CPs) are benign slow growing brain tumors (WHO grade I) originateing from remnants of the Rathke’s pouch. CPs are typically located in the sellar and suprasellar regions. The annual incidence of CP ranges from 0.5 to 2.5 new cases per million individuals. The majority (30 - 50%) of cases are diagnosed in children younger than eighteen (1, 2). There is no significant difference in occurrence between sexes (1–4).

There are two histological subtypes of CP, with different tumoral pathogenesis and age distributions: adamantinomatous CP (ACP), associated with somatic variants in the CTNNB1 gene, with a bimodal peak of incidence, occurring in the 5-15-year and 45-60-year age groups; papillary CP (PCP), associated with somatic variants in the BRAF V600E gene (1, 2, 5, 6) most often occurring in the fifth and sixth decades of life (1). CTNNB1 gene encodes for β-catenin which is involved in cellular pathways of proliferation and survival. BRAF V600E gene variants can lead to the activation of the mitogen-activated protein kinase (MAPK) signaling pathway and contribute to dysregulated cell proliferation (1, 2, 5, 6).

The clinical presentation of CP is insidious and heterogeneous, and is related to its location near the hypothalamus, third ventricle, pituitary gland, and optic chiasm. The most frequent manifestations include signs of increased intracranial pressure due to hydrocephalus, visual impairment, and endocrine-related signs (growth retardation, polyuria, polydipsia) (1, 2). The diagnosis of CP in childhood if typically delayed by a few years (1, 4, 5).

From all this, it results that CP, although histologically benign, is a clinically aggressive tumor, associated with high morbidity and occasional mortality.

Surgical management remains a controversial topic, but surgery is still the first treatment option in pediatric craniopharyngiomas. Many studies showed that gross total resection was the most important risk factor for hypothalamic dysfunction (7). Nowadays the objective of surgery is to achieve the most extensive surgical resection which permits to preserve the integrity of hypothalamic and crucial neurological structures (such as the optic nerve, chiasm, third ventricle). The degree of surgical resection depends on preoperative hypothalamic involvement according to Müller’s classification (1, 2). Müller’s classification is a valuable tool for assessing CP, specifically regarding the extent of hypothalamic invasion by the tumor.

By employing this radiological grading system, surgeons can tailor the surgical approach (transcranial, transsphenoidal) and aim at the preservation of hypothalamic functions while striving for optimal tumor removal to minimize the risk of recurrence. Hypothalamic sparing surgery is recommended if there is hypothalamic involvement (grade 1 or 2), while gross total resection is recommended for patients with grade 0 tumors (1, 2, 4, 5). Radiotherapy (photon or proton therapy) for residual tumor control is an important adjunct. Despite recent advances in management aiming to limit morbidity, CP is associated with high morbidity. Data from pediatric series show a 5-year survival rate of 83 to 96%, decreasing to 65 to 100% after 10 years and stabilizing at 62% on average after 20 years (2).

Morbidity after treatment, is mainly determined by the degree of hypothalamic dysfunction and visual disturbances (8, 9). Hormonal deficiencies, obesity and cognitive disturbances are the main hypothalamic dysfunctions. Common manifestations of visual pathway damage include reduced visual acuity and visual field defects, typically presenting as bitemporal hemianopia, strabismus and/or abnormal pupillary responses (papilledema, optic nerve atrophy at the fundus). Hormonal deficits are treated by restoring hormone, but hypothalamic obesity and behavioral changes are difficult to manage, especially in the presence of visual disturbances. In a recent study on 87 patients with CP, 90.8% had one or more pituitary deficiencies at follow-up (10). In the same study BMI outcomes seemed to be better in the last years, after centralization of care, but no differences in visual disturbances and hormonal deficiencies were noted over time.

Along with surgical resection, lifelong hormonal substitution, and management of long-term sequalae and morbidity are important parts of treatment. Despite technical advances in neurosurgery, endocrinological (hypopituitarism, hypothalamic obesity, AVP-D), visual, and neuropsychological complications are common and significantly worsen the quality of life of these patients (1, 11). Lifelong multidisciplinary follow-up is necessary, and clinical trials involving targeted therapies show promise for reducing the risk of these complications (6, 12).




2 Materials and methods

This retrospective and descriptive study was conducted at Hôpital Universitaire de Bruxelles (HUB). We included nineteen patients who were diagnosed with CP before the age of sixteen who were followed by a multidisciplinary team (pathologist, pediatrician, endocrinologist, ophthalmologist, neurosurgeon, and neuro-oncologist) at HUB. The study period spanned from July 1989 to August 2022, a 33-year period. The HUB being a tertiary reference center for the management of intracranial tumors. Three Algerian patients initially treated in their country were referred to HUB for further treatment.

This study was approved by the Ethics Committee of HUB (P2023/155).

Demographic and anthropometric data, clinical presentation at diagnosis, ophthalmological impairment, and endocrine disorders pre- and postoperatively (at 6 months, and 1 year) were analyzed. Visual disorders (unilateral or bilateral decrease in visual acuity, color vision and/or visual field deficit, bitemporal hemianopsia, homonymous lateral hemianopsia) were assessed through measurements of visual acuity, visual field, optical coherence tomography, and ocular fundus to find any papilledema or optic nerve atrophy. Endocrine assessments included anamnestic data (polyuria, polydipsia), growth curve analysis (13), pubertal assessment, basal and stimulated hormonal status, and hormonal substitution therapy. Central hypothyroidism was diagnosed if thyroid-stimulating hormone (TSH) was low-normal and/or free thyroxine (FT4) was low. Central adrenal insufficiency was determined by low fasting cortisol or low peak cortisol during glucagon test. Central hypogonadism was defined as the need for hormonal substitution to induce puberty. Growth failure was defined by a decrease in height velocity compared to the reference curves. In the immediate post-operative period, somatotropic axis was assessed through IGF1 dosage and a glucagon test was performed during the first-year post-surgery. Growth hormone secretion was tested by a glucagon stimulation test in cases of growth failure, using 0.1 mg/kg with a maximum of 2 mg of intramuscular glucagon as stimulus. The growth hormone cut-off was 7 mcg/l after 2011 and 10 mcg/l before 2011. The glucagon test results were interpreted taking into account the BMI SDS score, height velocity and IGF1 plasma level (14). In prepubertal children older than 9 years in girls and 10 years in boys, a sex steroid priming was administered (1mg/kg Testosterone esters im 5 days before the test in boys and 1 mg 17 beta estradiol orally for three consecutive days before the test in girls). For IGF1, age specific cut-offs were used. The assay used for growth hormone and IGF1 changed over time: after 2011 they were measured by a sandwich chemiluminescence immunoassay (LIAISON® XL). Body mass index (BMI) and height were expressed as standard deviation score (SDS) according to Cole et al., 1995 (13). Obesity was defined as a BMI above 2 SDS. A single neuroradiologist conducted a retrospective evaluation of preoperative and postoperative brain MRI or CT to determine the tumor volume and grade according to Müller’s classification. This classification includes three distinct grades: Grade 0 is defined by exclusive intrasellar and suprasellar involvement of the tumor (mainly in the chiasmatic cistern without extension to the hypothalamic structures), and the tumor is located entirely outside the hypothalamus. Grade 1 is given to CP with anterior hypothalamic involvement or compression. Grade 2 is given to CP involving the whole hypothalamus (including mamillary bodies), as assessed by brain MRI (1, 2) (Figure 1). The tumor site (intrasellar and/or suprasellar), the primary surgical approach (transcranial or transsphenoidal), the histological subtype of CP (adamantinomatous or papillary) and the first therapeutic intervention were recorded. Gross total resection (GTR) was defined as complete macroscopic removal of the tumor assessed by MRI, subtotal resection (STR) as tumor residue less than 10%, and partial resection as a tumor residue of more than 10%. CP recurrence or progression was defined as postoperative growth of the tumor residue observed on MRI. Radiotherapy (proton therapy or gamma knife) was administered to children with tumor progression or recurrence after multidisciplinary discussion. Proton therapy is used since 2011. The time lag between the first surgery and recurrence or progression was documented. Pathological diagnosis and molecular testing were performed in the Department of Pathology of the HUB. The molecular testing was performed using Next Generation Sequencing (NGS) technology with a 50 genes cancer panel including among other CTNNB1 and BRAF genes. Sufficient formalin-fixed paraffin-embedded (FFPE) material was necessary to perform the molecular testing.




Figure 1 | Brain MRI and grading according to Müller’s classification. Grade 0. Reference from: Otte A, Müller HL. Childhood-onset Craniopharyngioma. J Clin Endocrinol Metab. 27 sept 2021;106(10):e3820−36. (A) Preoperative sagittal T1-WI shows a predominantly cystic lesion in the sella turcica and the suprasellar cistern. No mass effect is visible on the infundibulum, the floor of the third ventricle or the mamillary bodies. (B) Postoperative sagittal T1-WI. Grade 1. (C) Preoperative sagittal T2-WI shows a predominantly cystic mass of the hypothalamic-pituitary region pushing back the floor of the third ventricle (no mass effect on the mamillary bodies). (D) Postoperative sagittal T1-WI with Gadolinium shows a complete resection of the tumor (no tumor residue). Grade 2. (E) Preoperative sagittal T1-WI after contrast administration, shows a solid and cystic mass in the hypothalamo-pituitary region compressing and invading the anterior and posterior hypothalamus. (F) Postoperative sagittal T1-WI after gadolinium, shows mass effect resolution. MRI, magnetic resonance imaging; WI, weighted imaging.





2.1 Statistical methods

Continuous variables are summarized by the median with range or mean ± standard error of the mean (SEM) and qualitative variables as n (%). ANOVA for repeated measures using the Huynh-Feldt test followed by the least significant difference post hoc comparison was used to assess the evolution of variables over time. Linear regression was used to investigate the association between 2 continuous variables. Associations between 2 categorical variables were tested with Fisher’s exact test using the chi-square statistic. Statistical significance was accepted when p was <0.05. All statistical tests were two-sided and performed using IBM-SPSS (version 28.0) software (IBM Corp, Armonk, NY, USA).





3 Results

The baseline characteristics of the patients and tumors are shown in Table 1.


Table 1 | Baseline characteristics of the patients and tumors.






3.1 Patient characteristics

Nineteen children (7 females and 12 males), including 3 patients referred from Algeria, with histologically proven CP were included. The median age at first symptoms was 7 years (range [1 year 6 months – 13 years]), and the median age at diagnosis was 7 years 6 months (range [2 years 10 months – 13 years 5 months]). The clinical symptoms at diagnosis were principally increased intracranial pressure (headache and vomiting) (63%), visual impairment (47%), growth failure (26%), polyuria and polydipsia (16%), and weight gain (10.5%). One patient was diagnosed with a CP during an evaluation for congenital Claude-Bernard Horner syndrome an association reported only once in the literature (15). The median follow-up period was 157.5 months (range [1 - 397]).




3.2 Tumor characteristics

An exclusively intrasellar location was noted in two patients, whereas ten had both intrasellar and suprasellar tumors. Six children presented with hydrocephalus at diagnosis. Three patients had a Müller grade 1 tumor, and ten had a grade 2 tumor. There were six patients for whom we lacked grade information (no preoperative MRI available in our possession). Seventeen patients had both a cystic and a solid CP, with calcifications in seventeen patients. Adamantinomatous CP was confirmed histologically for the eleven patients with available pathological results. A CTNNB1 mutation was identified in 4 cases by next-generation sequencing (NGS). One patient had no detected mutation, and the remaining 14 patients did not have enough material to detect a mutation or were managed before NGS became routine in clinical practice.




3.3 Treatment characteristics

Out of 16 patients, the transcranial approach was performed in 9 patients, and transsphenoidal approach was performed in 7 patients as the primary surgical approach. GTR was carried out in 6 patients, STR in 8 and partial resection in 3 patients. All patients with hydrocephalus at diagnosis underwent a ventriculoperitoneal shunt. Among the ten patients with grade 2 tumors, 6 had an STR, 1 had a GTR in Algeria, 1 had a partial resection, 1 received intracystic radioactive yttrium-90 injection in Algeria, and 1 underwent intracystic interferon-α treatment in Algeria. For the 3 patients with grade 1 tumors, GTR, STR and partial resection were performed.

Recurrence or progression of the tumor occurred in 16/18 patients after the first surgery, within a median time of 22 months (range [2-101 months]). As a second therapeutic intervention (in 15 patients), 7 patients had a second surgery followed by postoperative radiotherapy, 4 only postoperative radiotherapy and 2 only a second surgery. Out of the 11 patients who had radiotherapy, 8 received proton therapy and 3 gamma knife. None received photon therapy.




3.4 Endocrine deficits and hormonal substitution

Hormonal deficiencies at diagnosis and at the immediate, 6-month, 1-year, 5 years and 10 years postoperative assessments are summarized in Table 2; Figure 2.


Table 2 | Endocrine deficits at diagnosis and after surgery.






Figure 2 | Evolution of endocrinological deficits at diagnosis and after surgery. PO, postoperative.



At diagnosis, eleven of 18 patients (61%) had growth failure. The median age at the start of growth failure was 5 years 5 months (range [1 year 2 months – 13 years 3 months]). The median time lag between growth failure and diagnosis of CP was 1 year 4 months (range [0 months – 5 years 6 months]).

At diagnosis, 9/17 patients had at least one hormonal deficiency (thyreotrope, corticotrope, somatotrope, gonadotrope). Eight of 17 patients (47%) had hypo- or hypernatremia in the immediate postoperative period. Two patients had immediate post-operative central adrenal insufficiency which was the result of exogenous steroid administration and did not persist. At one year postoperatively, 15/17 patients (88%) exhibited at least one hormonal deficiency. All patients with central hypothyroidism, central adrenal deficiency, and AVP-D were treated with L-thyroxine (L-T4), hydrocortisone and desmopressin (DDAVP), respectively. Among the 11 patients with growth hormone deficiency, 7 were treated with recombinant growth hormone (rGH) 1 year after surgery, whereas in 4 patients, radiotherapy, migration or tumor progression retarded GH treatment. GH was stopped in case of relapse and restarted 6-12 months after completion of relapse treatment.

There was no association between postoperative endocrine disorders and the type of surgery.




3.5 Hypothalamic dysfunction

The evolution of BMI at diagnosis and postoperatively is summarized in Table 3; Figure 3.


Table 3 | Body mass index at diagnosis and after surgery.






Figure 3 | Evolution of BMI at diagnosis and after surgery. Obesity was defined with BMI ≥ 2 SDS. Thirteen percent of patients (2/15) were already obese at the time of diagnosis. There was no statistically significant difference between the preoperative BMI and the 6-month postoperative BMI (p=0.273). BMI, body mass index; SDS, standard deviation score; NA, not applicable.



At diagnosis, 2 of 15 patients (13%) had obesity, and 6 months after surgery 6 of 15 patients (40%) were affected by obesity. Of note, the number of patients with a BMI > 3SDS continued to increase during long-term follow-up. However, there was no statistically significant difference between the preoperative BMI and the 6-month postoperative BMI (p=0.273). There was no association between obesity (at 6 months and 1 year postoperative) and the type of tumor resection (total, subtotal) at first surgery (p=0.592 and p=0.286, respectively). There was no association between BMI at diagnosis and preoperative tumor volume (p=0.225).




3.6 Visual impairment

At diagnosis, 4 of 15 patients (27%) had papillary edema, and fifteen (79%) had visual impairment. At the last follow-up, 15 (79%) had visual impairment. When visual disturbances were found, the average preoperative volume was higher (p=0.039). Ten patients with visual disturbances confirmed by an ophthalmological examination preoperatively retained visual disturbances postoperatively at the last follow-up. Two patients without visual disturbances at diagnosis developed visual disturbances postoperatively. In one patient, visual disturbances at diagnosis disappeared after tumor resection. Among the fifteen patients with visual disturbances on preoperative ophthalmological examination, only nine (60%) had complaints at the time of diagnosis.





4 Discussion

The present study provides an extensive description of the management of pediatric patients diagnosed with CP during a 33-years period. To our knowledge, this study is the only available research involving Belgian pediatric population covering the endocrinological and visual outcomes.

The characteristics of the tumors of our patients, including solid and cystic components, the presence of calcifications, and their location, are consistent with the literature (1, 2).

Literature has reported a peak incidence of ACP between 5 and 15 years old (1, 5), which is consistent with our results.

In the literature, increased intracranial pressure manifestations are often the primary manifestations of the tumor (5, 16), followed by visual impairment (62-84%) and endocrine deficits (52-87%) (4, 16). Indeed, headache and vomiting were the predominant symptoms in 63% of our patients, followed by visual impairment (47%), growth failure (26%), symptoms of AVP-D (16%) and weight gain (10.5%).

The median delay between symptom onset and diagnosis was 6 months, again consistent with the literature (1, 4, 5). Hoffmann et al. (4) found that only hydrocephalus significantly shortened the diagnostic delay. This diagnostic delay (sometimes years) is attributed to the nonspecific and insidious symptoms, which, along with the slow growth of CP, lead to misdiagnosis (4).

Due to its anatomical relationships with the anterior pituitary and pituitary stalk, patients with CP may present with various hormonal deficiencies. Surgical resection of the CP usually worsens these hormonal deficits, as shown in our study. At diagnosis, 53% of our patients exhibited at least one hormonal deficiency (40 to 87% in the literature (2)) whereas 100% exhibited at least one hormonal deficiency 10 years after diagnosis. Our results are consistent with a few national studies involving childhood CP (17, 18).

Of note, 61% experienced growth failure (75% in (1)), at a median age of 5 years 5 months (range [1 year 2 months – 13 years 3 months]) which corresponds to a median time lag of 1 year 4 months (range [0 month – 5 years 6 months]) before diagnosis. This confirms that growth failure is one of the primary manifestations of CP, which frequently starts years before diagnosis but nonetheless goes unrecognized (19).

Hypothalamic dysfunction (1) due to tumor involvement or surgical damage to the hypothalamus plays a major role in long-term morbidity. Thirteen percent of our patients were already obese at the time of diagnosis (12 to 19% of patients in Otte and Müller (2), 30% in Müller et al. (1)), but only 10.5% complained of weight gain before diagnosis. As shown in Figures 3, 4, body mass index increased at 6 months and 12 months after surgery and then plateaued during the rest of the follow-up.




Figure 4 | Evolution of median BMI and height at diagnosis and after surgery. BMI and height expressed in SDS. The postoperative occurrence of weight gain was increased at 6-months and 12-months after surgery, then reaching a plateau during the rest of the follow-up. Recombinant growth hormone replacement therapy is usually initiated between 6 months and 1 year after the completion of oncological therapy. PO, postoperative; BMI, body mass index; SDS, standard deviation score.



Visual symptoms, including low visual acuity and visual field defects, are present in 70 to 80% of affected children (1, 16). Visual impairment was confirmed by an ophthalmological examination in 79% of our patients, but only 47% (9/19) had spontaneously reported visual impairment at diagnosis.

A thorough evaluation of visual function (visual field tests, visual acuity assessment, optical coherence tomography of the optic nerve and of the macular ganglion cell layer, fundoscopy) at diagnosis and during follow-up is necessary to assess the impact of the CP on vision and plan appropriate management (16, 20). Indeed, visual deficit may develop in the course of therapy, as shown in our study. A national Danish study (studying both childhood and adulthood CP) (20) shows that tumor recurrence is a strong predictor of decline in visual acuity.

Recently, a shift has occurred in neurosurgical management, prioritizing maximal safe resection over GTR to preserve critical structures and reduce complications (2, 5). Tan et al. (21) showed that a more conservative surgery reduced the prevalence of hormone deficiencies, including AVP-D, but this approach was not associated with a decrease in hypothalamic and visual morbidities, which remain significant.

Defining and measuring preoperative hypothalamic involvement is essential when planning the surgical strategy in pediatric patients. Müller’s classification is used to define this involvement although it makes no distinction between tumor invasion and destruction/compression of the structure. The grading system reported by Puget is another interesting way to classify the tumor according to the degree of hypothalamic involvement on preoperative MRI: grade 0 when there is no hypothalamic involvement, grade 1 when the tumor is adjacent to or displaced from the hypothalamus and grade 2 when the hypothalamus is no longer visible (22).

Our study showed that most patients experienced tumor recurrence or progression after the initial surgery, with a median time lag of 22 months. Subsequent treatment options included a second surgery, postoperative radiotherapy, and a combination of both. Proton therapy and gamma knife were used as radiotherapy modalities in the studied patients for 73% and 27% of our patients, respectively.

Radiotherapy is a highly effective approach for achieving long-term disease control in children (5). This has improved patient outcomes (23). There is no consensus on the optimal timing for radiation therapy after incomplete resection (immediately after surgery vs. at the time of its progression); thus, the decision is made on a case-by-case basis by a specialized multidisciplinary team (1, 21, 24). In our hospital, the practice today is to perform proton therapy (since 2011) or gamma knife therapy on patients with recurrence or progression of tumor volume greater than 25% after a multidisciplinary discussion. Proton therapy or gamma knife offers the benefit of delivering a significantly lower radiation dose to nontarget tissues than photon therapy, which could yield long-term clinical advantages for children with CP (15, 25, 26). It remains important to emphasize that cranial irradiation is associated with toxicities, including hypopituitarism. At long term, the risk of a second brain tumor remains controversial, mainly due to their rarity and the long latency period needed for them to manifest (27).

For patients with signs of elevated intracranial pressure or vision loss, urgent surgical decompression is recommended (1). In our cohort, relying on the expertise of the neurosurgical team, the preferred emergency neurosurgical management involved the placement of an external ventricular drainage and the debulking of the lesion to relieve the third ventricle.

As CPs are complex tumors, varying in size, composition (cystic and solid), and localization, the choice of the best clinical management (surgical indication, follow-up, surgical route) must take into account the surgeon’s experience and be individualized, considering the risks and benefits for the patient.

Treatment of childhood CPs varies across the world, and there is no consensus standard treatment (23). Intracystic therapies, such as interferon-α, are not used in our hospital but can be useful in the youngest patients to postpone radiotherapy, though they are limited to the cystic portion (1, 28). Moreover, radiotherapy agents such as yttrium-90 may be associated with irreversible neurotoxicity or even death and have not proven to be consistently efficacious (1). Three patients referred from Algeria with complex CP had grade 2 tumors at diagnosis. One received intracystic radioactive yttrium injection, 1 underwent intracystic interferon-α treatment, and 1 underwent GTR in Algeria. Importantly, these patients, who received prior care in their home country, had a worse outcome, especially visual, than the children initially treated in Belgium. Facilitating direct referrals of children with CP to specialized reference centers is crucial for optimizing their care and outcomes.

Hormone replacement therapy is administered on a personalized basis, according to each patient’s specific hormonal deficiencies. The doses are regularly adjusted based on the patient’s response and hormonal levels.

Recombinant growth hormone replacement therapy is crucial for children with CP to promote normal growth and body composition. Miao et al. (29) report that progression-free survival showed no significant difference between patients who received and did not receive rGH. European guidelines currently recommend growth hormone replacement therapy one year after surgery (30). In a recent retrospective study conducted by Nguyen Quoc et al. (31), no association was found between the timing of GH replacement therapy after childhood-onset CP treatment and the risk of recurrence or tumor progression, suggesting that GH replacement therapy can be initiated 6 months after the last treatment for CP.

Hypothalamic obesity is one of the main challenges in the management of patients with CP. It requires a comprehensive and integrated approach that encompasses dietary control, therapeutic education, and promotion of physical activity (32). In addition to a reduced basal metabolic rate, these patients often have a disrupted circadian rhythm and daytime somnolence. Various drugs have been proposed, including methylphenidate, oxytocin, metformin, and GLP1 analogs (33), though these pharmacological treatments are still debated (34).

The occurrence of AVP-D was clearly increased after surgery in our cohort, requiring desmopressin in all cases. Adapting the treatment with DDAVP can be complicated initially and requires patient education (35). Data regarding the neuropsychological follow-up of patients were not included in this study due to their limited availability. Recent studies have emphasized the importance of assessing the cognitive outcomes of patients with CP (36).

Study limitations. This retrospective study of pediatric patients with a rare tumor, spanning thirty years of care and follow-up, has obvious limitations, first due to missing data resulting from the long study period, loss of follow-up during the transition from pediatric to adult care and Algerian patients returning to their home country. Second, the limited number of cases in this series makes reduces the likelihood of highlighting any statistically significant effect.




5 Conclusion

CP is an extremely challenging brain tumor despite its benign histological nature. Endocrine, visual, and cognitive comorbidities lower the quality of life of patients affected by CP and their families. This benign tumor should be seen as a chronic disease requiring a lifelong multidisciplinary follow-up and hormonal substitution therapy. Hence, the goal of surgical resections not to achieve the maximum extent of surgical resection “at all costs”, but to preserve hypothalamic integrity whenever possible. This clinical study highlights the fundamental importance of carrying out a complete assessment (radiological, ophthalmological, endocrinological, but also neurocognitive) at the time of diagnosis and during follow-up so that patients can benefit from the best possible care. In addition, given this high disease burden, the clinical team must address the psychological distress that goes along with this chronic condition and will inevitably alter both the quality of life and the adherence to treatment of the patient.





Data availability statement

The original contributions presented in the study are publicly available. This data can be found here: PRJNA1098038.





Ethics statement

This study was approved by the Ethics Committee of HUB (P2023/155).





Author contributions

CM: Writing – original draft. CB: Writing – review & editing, Supervision. MP: Writing – review & editing. SL: Writing – review & editing. NG: Writing – review & editing. OD: Writing – review & editing. CH: Writing – review & editing. EB: Writing – review & editing. IS: Writing – review & editing, Resources. CF: Writing – review & editing. FV: Writing – review & editing. LL: Writing – review & editing, Resources. MR: Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Fonds Erasme for Medical Research via the Félicien Tomme Convention.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Müller, HL, Merchant, TE, Warmuth-Metz, M, Martinez-Barbera, JP, and Puget, S. Craniopharyngioma. Nat Rev Dis Primer (2019) 5(1):75. doi: 10.1038/s41572-019-0125-9

2. Otte, A, and Müller, HL. Childhood-onset craniopharyngioma. J Clin Endocrinol Metab (2021) 106(10):e3820−36. doi: 10.1210/clinem/dgab397

3. Schoenfeld, A, Pekmezci, M, Barnes, MJ, Tihan, T, Gupta, N, Lamborn, KR, et al. The superiority of conservative resection and adjuvant radiation for craniopharyngiomas. J Neurooncol (2012) 108(1):133−9. doi: 10.1007/s11060-012-0806-7

4. Hoffmann, A, Boekhoff, S, Gebhardt, U, Sterkenburg, AS, Daubenbüchel, AMM, Eveslage, M, et al. History before diagnosis in childhood craniopharyngioma: associations with initial presentation and long-term prognosis. Eur J Endocrinol (2015) 173(6):853−62. doi: 10.1530/EJE-15-0709

5. Müller, HL, Merchant, TE, Puget, S, and Martinez-Barbera, JP. New outlook on the diagnosis, treatment and follow-up of childhood-onset craniopharyngioma. Nat Rev Endocrinol (2017) 13(5):299−312. doi: 10.1038/nrendo.2016.217

6. Whelan, R, Prince, E, Gilani, A, and Hankinson, T. The inflammatory milieu of adamantinomatous craniopharyngioma and its implications for treatment. J Clin Med (2020) 9(2):519. doi: 10.3390/jcm9020519

7. Müller, HL, Gebhardt, U, Faldum, A, Warmuth-Metz, M, Pietsch, T, Pohl, F, et al. Xanthogranuloma, Rathke’s cyst, and childhood craniopharyngioma: results of prospective multinational studies of children and adolescents with rare sellar malformations. J Clin Endocrinol Metab (2012) 97(11):3935−43. doi: 10.1210/jc.2012-2069(10)

8. Nuijts, MA, Veldhuis, N, Stegeman, I, Van Santen, HM, Porro, GL, Imhof, SM, et al. Visual functions in children with craniopharyngioma at diagnosis: A systematic review. PloS One (2020) 15(10):e0240016. doi: 10.1371/journal.pone.0240016

9. Jensterle, M, Jazbinsek, S, Bosnjak, R, Popovic, M, Zaletel, LZ, Vesnaver, TV, et al. Advances in the management of craniopharyngioma in children and adults. Radiol Oncol (2019) 53(4):388−96. doi: 10.2478/raon-2019-0036

10. Van Schaik, J, Schouten-van Meeteren, AYN, Vos-Kerkhof, E, Janssens, GO, Porro, GL, Fiocco, M, et al. Treatment and outcome of the Dutch Childhood Craniopharyngioma Cohort study: First results after centralization of care. Neuro-Oncol (2023) 25(12):2250−61.

11. Andereggen, L, Hess, B, Andres, R, El-Koussy, M, Mariani, L, Raabe, A, et al. A ten-year follow-up study of treatment outcome of craniopharyngiomas. Swiss Med Wkly (2018) 148(56):w14521. doi: 10.4414/smw.2018.14521

12. Whelan, R, Hengartner, A, Folzenlogen, Z, Prince, E, and Hankinson, TC. Adamantinomatous craniopharyngioma in the molecular age and the potential of targeted therapies: a review. Childs Nerv Syst (2020) 36(8):1635–42. doi: 10.1007/s00381-020-04677-5

13. Freeman, JV, Cole, TJ, Chinn, S, Jones, PR, White, EM, and Preece, MA. Cross sectional stature and weight reference curves for the UK, 1990. Arch Dis Child (1995) 73(1):17−24. doi: 10.1136/adc.73.1.17

14. Sbardella, E, Crocco, M, Feola, T, Papa, F, Puliani, G, Gianfrilli, D, et al. GH deficiency in cancer survivors in the transition age: diagnosis and therapy. Pituitary (2020) 23(4):432−56. doi: 10.1007/s11102-020-01052-0

15. Lazar, I, Cavari, Y, Rosenberg, E, and Knyazer, B. Horner’s syndrome in patients admitted to the paediatric intensive care unit: epidemiology, diagnosis and clinical practice. Anaesth Intensive Care (2013) 41(1):20−3. doi: 10.1177/0310057X1304100105

16. Drapeau, A, Walz, PC, Eide, JG, Rugino, AJ, Shaikhouni, A, Mohyeldin, A, et al. Pediatric craniopharyngioma. Childs Nerv Syst (2019) 35(11):2133−45. doi: 10.1007/s00381-019-04300-2

17. Zucchini, S, Di Iorgi, N, Pozzobon, G, Pedicelli, S, Parpagnoli, M, Driul, D, et al. Management of childhood-onset craniopharyngioma in Italy: A multicenter, 7-year follow-up study of 145 patients. J Clin Endocrinol Metab (2022) 107(3):e1020−31. doi: 10.1210/clinem/dgab784

18. Jazbinšek, S, Kolenc, D, Bošnjak, R, Faganel Kotnik, B, Zadravec Zaletel, L, Jenko Bizjan, B, et al. Prevalence of endocrine and cha comorbidities in a national cohort of patients with craniopharyngioma. Horm Res Paediatr (2020) 93(1):46−57. doi: 10.1159/000507702br

19. Müller, HL, Emser, A, Faldum, A, Bruhnken, G, Etavard-Gorris, N, Gebhardt, U, et al. Longitudinal Study on Growth and Body Mass Index before and after Diagnosis of Childhood Craniopharyngioma. J Clin Endocrinol Metab (2004) 89(7):3298−305. doi: 10.1210/jc.2003-031751

20. Jacobsen, MF, Thomsen, ASS, Bach-Holm, D, Doroudian, G, Nissen, KR, Fugleholm, K, et al. Predictors of visual outcome in patients operated for craniopharyngioma – a Danish national study. Acta Ophthalmol (Copenh) (2018) 96(1):39−45. doi: 10.1111/aos.13483

21. Tan, TSE, Patel, L, Gopal-Kothandapani, JS, Ehtisham, S, Ikazoboh, EC, Hayward, R, et al. The neuroendocrine sequelae of paediatric craniopharyngioma: a 40-year meta-data analysis of 185 cases from three UK centres. Eur J Endocrinol (2017) 176(3):359−69. doi: 10.1530/EJE-16-0812

22. Huang, Z, Wu, J, Qi, J, Pan, C, Fu, J, and Hong, T. Risk factors associated with postoperative obesity in childhood-onset craniopharyngioma patients: A case-control study. World Neurosurg (2022) 167:e1185−95. doi: 10.1016/j.wneu.2022.09.006

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

24. Eveslage, M, Calaminus, G, Warmuth-Metz, M, Kortmann, RD, Pohl, F, Timmermann, B, et al. The postoperative quality of life in children and adolescents with craniopharyngioma. Dtsch Ärztebl Int (2019) 116(18):321–8. doi: 10.3238/arztebl.2019.0321

25. Ajithkumar, T, Mazhari, AL, Stickan-Verfürth, M, Kramer, PH, Fuentes, CS, Lambert, J, et al. Proton therapy for craniopharyngioma — An early report from a single European centre. Clin Oncol (2018) 30(5):307−16. doi: 10.1016/j.clon.2018.01.012

26. Merchant, TE, Shukla, H, Ying, X, Nill, S, and Oelfke, U. Proton versus photon radiotherapy for common pediatric brain tumors: Comparison of models of dose characteristics and their relationship to cognitive function: Proton vs. Photon Radiotherapy for Brain Tumors. Pediatr Blood Cancer (2008) 51(1):110−7. doi: 10.1002/pbc.21530

27. Hamblin, R, Vardon, A, Akpalu, J, Tampourlou, M, Spiliotis, I, Sbardella, E, et al. Risk of second brain tumour after radiotherapy for pituitary adenoma or craniopharyngioma: a retrospective, multicentre, cohort study of 3679 patients with long-term imaging surveillance. Lancet Diabetes Endocrinol (2022) 10(8):581−8. doi: 10.1016/S2213-8587(22)00160-7

28. Kilday, JP, Caldarelli, M, Massimi, L, Chen, RHH, Lee, YY, Liang, ML, et al. Intracystic interferon-alpha in pediatric craniopharyngioma patients: an international multicenter assessment on behalf of SIOPE and ISPN. Neuro-Oncol (2017) 19(10):1398−407. doi: 10.1093/neuonc/nox056

29. Miao, Y, Fan, K, Peng, X, Li, S, Chen, J, Bai, RN, et al. Postoperative hypothalamic-pituitary dysfunction and long-term hormone replacement in patients with childhood-onset craniopharyngioma. Front Endocrinol (2023) 14:1241145. doi: 10.3389/fendo.2023.1241145

30. 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. J Clin Endocrinol Metab (2018) 103(8):2761−84. doi: 10.1210/jc.2018-01175

31. Nguyen Quoc, A, Beccaria, K, González Briceño, L, Pinto, G, Samara-Boustani, D, Stoupa, A, et al. GH and childhood-onset craniopharyngioma: when to initiate GH replacement therapy? J Clin Endocrinol Metab (2023) 108(8):1929−36. doi: 10.1210/clinem/dgad079

32. Hochberg, I, and Hochberg, Z. Expanding the definition of hypothalamic obesity: Hypothalamic obesity. Obes Rev (2010) 11(10):709−21. doi: 10.1111/j.1467-789X.2010.00727.x

33. Abuzzahab, MJ, Roth, CL, and Shoemaker, AH. Hypothalamic obesity: prologue and promise. Horm Res Paediatr (2019) 91(2):128−36. doi: 10.1159/000496564

34. Müller, HL. Craniopharyngioma and hypothalamic injury: latest insights into consequent eating disorders and obesity. Curr Opin Endocrinol Diabetes Obes (2016) 23(1):81−9. doi: 10.1097/MED.0000000000000214

35. Edate, S, and Albanese, A. Management of electrolyte and fluid disorders after brain surgery for pituitary/suprasellar tumours. Horm Res Paediatr (2015) 83(5):293−301. doi: 10.1159/000370065

36. Özyurt, J, Müller, HL, and Thiel, CM. A systematic review of cognitive performance in patients with childhood craniopharyngioma. J Neurooncol (2015) 125(1):9−21. doi: 10.1007/s11060-015-1885-z




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Magerman, Boros, Preziosi, Lhoir, Gilis, De Witte, Heinrichs, Salmon, Fricx, Vermeulen, Lebrun, Brachet and Rodesch. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-15-1297132-g001.jpg
Preoperative MRI Postoperative MRI

Grade 0

Grade 1






OEBPS/Images/table1b.jpg
Radioactive ytrium-90 1

Marsupitsationofthe cyst s
Histology n
Adsmantinomatous un
Mising st s

Molecular biology n

CINNBI mutation ws
No mutation detectd s
Recurrence or progression after first surgery n 15/18

Time lag between first surgery and recurrence or | 22 [2 - 101]
progression in months, median [range]

Ifrecurrence or progression, second therapeutic intervention n

Surgery slone s
Surgery + RT ns
KT alone ans

MR follow-up.

Type of radiotherapy
Proton therapy s
Gamma ke 3

The follow-up period in months, median [range]  157.5.
11-397)

IR el taarof Tha satas 2. snliidhiner SR mastaie sesinansé lantiot.






OEBPS/Images/fendo.2024.1297132_cover.jpg
& frontiers | Frontiers in Endocrinology

Childhood craniopharyngioma: a
retrospective study of children followed in
Ho pital Universitaire de Bruxelles





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Childhood craniopharyngioma: a retrospective study of children followed in Hôpital Universitaire de Bruxelles

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Statistical methods

          



        



        



        		

          3 Results

        

          		

            3.1 Patient characteristics

          



          		

            3.2 Tumor characteristics

          



          		

            3.3 Treatment characteristics

          



          		

            3.4 Endocrine deficits and hormonal substitution

          



          		

            3.5 Hypothalamic dysfunction

          



          		

            3.6 Visual impairment

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo-15-1297132-g004.jpg
SDS

diagnosis

Median BMI and Height

6 months PO

-1

==@==median BM|

1 year PO 5 years PO
-0,75

«=@==median height

10 years PO





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-15-1297132-g002.jpg
percentage of patients

100%

75%

50%

25%

0%

diagnosis

immediate 6 months PO 1vyear PO
PO

5years PO 10years PO

e=fl== Central hypothyroidism
==@== Central adrenal insufficiency
emptm Central hypogonadism
=== Growth hormone deficiency

== A\/P deficiency





OEBPS/Images/table2.jpg
Affected At diagnosis Immediate After 6 months  After 1 year After 5 years @ After 10 years

pituitary axes n (%) postoperative n (%) VA n (%) n (%)
n (%)

Central hypothyroidism 5/17 (29) 12/18 (67) 13/17 (76) ‘ 12/17 (71) 10/13 (77) 717 (100)

Central adrenal insufficiency 517 (29) 13/18 (72) 11/17 (65) ‘ 11/17 (65) 9/13 (69) 6/7 (86)

Central hypogonadism 2/17(12) 2117 (12) 2/16 (12,5) ‘ 2/16 (12,5) 4/13 (31) 6/7 (86)

Growth hormone deficiency 8/17 (47) 9/17 (53) 11/16 (69) ‘ 11/16 (69) 11/13 (85) 7/7 (100)

AVP deficiency 2/17 (12) 12/18 (67) 14/18 (78) ‘ 14/17 (82) 11/13 (85) v 6/7 (86)

The total number of patients is specified due to missing data or loss of follow-up.
AVP-D, Arginine vasopressine deficiency.





OEBPS/Images/table3.jpg
BMI in SDS Median [range]

At diagnosis 0.2 [- 2.8 and 3]
6-month after surgery 13 [-22and 42] ‘
|
1-year after surgery 2[-2and 39] ‘
5-years after surgery 15 [- 2.3 and 3.4] ‘
10-years after surgery 1.5 [-0.7 and 3.4]

BMI expressed in SDS at diagnosis, 6 months, 1 year, 5 years, and 10 years after the

first surgery.
BMI, body mass index; SEM, standard error of the mean.





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/table1a.jpg
Sexratio
Femnlen ()
Male n (%)

Median age at frst sympoms in years range]

Median age ot disgnosis inyears [range]

Clinical symptoms at diagnosis n (%)
Hesdache
Vomiing
Polyuriapoldipsia

ot filure

Vil impairment
wWeight gin

Tumor.

[
Soprselar
[ —
Tumor characteristics n

Cpstic and salid

Ony i
Caldictons
Maller's classification n
Grde1
Grde2
Tumor volume
Prcoperative mesn +- SEM in o eage]

Postoperative, mean +- SEM in 3 range]

Hydrocephalus at diagnosis n

Ventriculo-peritoneal shunt n

Primary surgical approach n
Transphenoidsl

Teamseranisl

First therapeutic intervention n
Gross total resecton
Subtotl resection

Paril resection

Intrfron-a

767
2
7ls-13)

76210
)

12669
2
309
sao
san)

2009

s

o

17510- 365
1261 - 3953]

600421800
- 2095]

6
6

s

e






OEBPS/Images/fendo-15-1297132-g003.jpg
number of patiens

7.
2
11
2
Missing data or NA
mBMI 23 SDS
m2SDS <BMI<3SDS
1 W 1SDS<BMI<2SDS

W BMI<1SDS

At diagnosis 6-month after surgery 1-year after surgery 5-years after surgery 10-years after surgery





