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ARTICLE INFO ABSTRACT

Keywords: Craniopharyngioma (CP) is a rare intracranial tumor arising from the epithelial remnants of
Craniopharyngioma Rathke’s pouch, most frequently originating in the sellar/parasellar region. Histologically, CP is a
Hormone

benign low-grade tumor (WHO grade 1) with two distinct phenotypes: adamantinomatous CP

izi:)::me (ACP) and papillary CP (PCP). Craniopharyngioma constitutes 1-3% of all primary intracranial
Review tumors in adults and 5-10 % of intracranial tumors in children. The annual incidence ranges from

0.13 to 2 per 100,000 population per year with no gender predilection. Due to its unique
anatomical locations, the most frequently reported clinical manifestations are headache, visual
impairment, nausea/vomiting, and endocrine deficiencies resulting in sexual dysfunction in
adults and growth failure in children. Growth hormone deficiency is the most predominant
endocrinological disturbance associated with craniopharyngioma. Computed tomography (CT) is
gold standard to detect calcifications in CP tissue (found in 90 % of these tumors). Magnetic
Resonance Imaging (MRI) further characterizes craniopharyngiomas and helps to narrow down
the differential diagnoses. In almost all craniopharyngioma cases, surgery is indicated to:
establish the diagnosis, relieve mass-related symptoms, and remove as much tumor as is safely
possible. Recent neurosurgical technical advances, including innovative surgical approaches,
detailed radiotherapy protocols, targeted therapy, replacement of lost hormonal functions and
quality of life all have the potential to improve the outcome of patients with craniopharyngioma.
In this article, we present extensive literature on craniopharyngioma clinical presentation,
radiological findings, management, and future prospective. The present article helps to identify
further research areas that set the basis for the management of such a complex tumor.
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1. Introduction

Craniopharyngioma (CP) is a rare intracranial tumor arising from epithelial remnants of Rathke’s pouch, most frequently origi-
nating in the sellar/parasellar region [1]. Histologically, CP is a benign low-grade tumor (WHO grade 1) with two distinct phenotypes:
adamantinomatous CP (ACP) and papillary CP (PCP) [2,3]. The tumor may affect the adjacent neural structures and pituitary gland’s
growth hormone production due to its compressive effects, post-surgical treatment, or received radiosurgery [4]. As a consequence,
growth hormone deficiency is the most predominant endocrinological disturbance associated with CP [5] (see Fig. 4).

2. Methodology

A narrative review was performed using the database Cochrane library, PubMed, LILACS, and Web of Science, excluding duplicate
references at the end of the studies. Articles published between 1990 and 2022 were selected and refined. The key terms used were:
clinical presentation, radiological diagnosis, histopathological features, management, prognosis, quality of life, complications, future
prospective, and craniopharyngioma. Inclusion criteria were review or original articles published in the period mentioned above with
an observational or experimental design performed on craniopharyngioma patients for diagnosis, management, and long-term
prognosis. Complications, recurrence, prognosis, and hormonal function after treatment were the used outcomes.

3. History

In 1857, craniopharyngioma was first described by Friedrich Albert Von Zenker who identified a group of cells resembling
squamous epithelium located in the pars tuberalis and pars distalis of the pituitary gland [6]. Two years later, Jacob Erdheim described
the histopathological characteristics of craniopharyngioma in adults found mostly on the anterior surface of the infundibulum in
groups or islets of variable size, shape, and number [7]. In 1932, Susman was the first to detect squamous epithelial cell nests in the
pituitary glands of children [8].

The first successful surgical attempt of craniopharyngioma resection was performed by A. E. Halstead of Chicago in 1909 [9].
Harvey Cushing utilized the trans-sphenoidal approach for most of his pituitary gland surgeries but advocated the trans-cranial
approach for craniopharyngioma [10]. The name Craniopharyngioma was first introduced by Cushing in 1932 [11].

4. Epidemiology

Craniopharyngioma constitutes 1-3% of all primary intracranial tumors in adults and 5-10 % of intracranial tumors in children
[12,13]. The annual incidence ranges from 0.13 to 2 per 100,000 population per year with no gender predilection [14]. CP has a
bimodal age distribution with one peak in children at ages 5-14 years and a second peak in adults at ages 50-74 years [15]. The
Papillary CP subtype is more common in adults, while adamantinomatous CP predominates in the pediatric age group [16].

5. Pathophysiology

The pathogenesis of craniopharyngioma is not completely elucidated, however, there are two acknowledged theories of CP for-
mation: the embryonic theory and the metaplastic theory [17,18].

The embryonic origin of CP arises from the ectodermal remnants of Rathke’s pouch and/or the residual pharyngeal epithelium of
the anterior pituitary gland [19]. The squamous cells undergo neoplastic transformations during the development of the pituitary
gland, forming the ACP subtype, the most frequently diagnosed subtype in childhood populations [20].

The metaplastic theory proposes that the adenohypophyseal cells in the pars tuberalis of the adenohypophysis undergo metaplastic
changes resulting in the formation of squamous cell nests containing hormones that increase with age in the gland [21]. This
mechanism bolsters the formation of the PCP subtype, most commonly occurring among adults [22].

6. Clinical presentation

Symptoms of CP develop insidiously, and there is usually a delay in the diagnosis due to slow tumor growth [23]. The most
frequently reported clinical manifestations are headache, visual impairments, nausea/vomiting, and endocrine deficiencies resulting
in sexual dysfunction in adults and growth failure in children [3].

Endocrine abnormalities are caused by the tumor’s direct effect and/or by the compression of the hypothalamic-pituitary axis,
affecting the secretion of growth hormone (GH), gonadotropin (LH/FSH), thyroid-stimulating hormone (TSH), and adrenocortico-
tropic hormone (ACTH) [17]. Moreover, diabetes insipidus is also common if the infundibulum is involved [17]. Other less common
features include motor deficits, mono-or hemiparesis, seizures, depression, hallucinations, and autonomic disturbances [3].

Visual abnormalities also occur through compression and/or direct extension of the tumor to the visual pathway. Patients with
suprasellar CP may present with visual field deficits (usually bitemporal hemianopia) or decreased visual acuity as a result of optic
chiasm compression. Parasellar CP can manifest as diplopia or strabismus due to cranial nerve palsies. The obstructive mass effect may
lead to papilledema and optic disc atrophy, which eventually might result in vision loss [24].
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7. Neuroradiological features

The diagnosis of CP is suggested by the presence of a cystic tumor in the intra- and/or suprasellar region. The most common
location of CP is suprasellar, with an intrasellar portion [25]. The presence of solid, cystic, and calcified tumor components also serves
as an important clue to the diagnosis [23].

7.1. Computed tomography

Computed tomography (CT) is gold standard to detect calcifications in CP tissue (found in 90 % of these tumors). On CT, ACP is
frequently described as a hypodense cystic mass located in the suprasellar region. ACP tumor presents with a variable amount of
calcifications inside the tumor and in the cyst wall [26]. PCP usually appears as an isodense suprasellar solid mass without any
calcification [23].

7.2. Magnetic Resonance Imaging

On MRI, ACP may present as an uni- or multilocular cyst, with small solid nodulation. On plain MRI, the solid tumor portions and
the cyst membranes may show high variability of T1 signals. The tumor is typically hypo- and hyperintense on T2-weighted images;
this variability is due to the heterogeneous distribution of the calcifications. PCP features an iso-to slightly hypointense T1 signal. On
T2-weighted images, the signal is distinctly hyperintense; foci of less intensity may be present [23,26]. Figs. 1-2show illustrative
images of patients with craniopharyngioma (see Fig. 3).

8. Histopathological features

Histopathologically, craniopharyngioma is divided mainly into ACP and PCP subtypes. However, transitional and mixed variants
have been reported [27,28]. ACP is characterized by the presence of cystic components potentially forming large, calcified concen-
trations. Tumor infiltration of the surrounding tissue is more frequent in ACP, and frequently forms wide and strong adhesions
[28-30]. PCP presents as a noncalcified solid mass with loose adhesions and mainly having a sessile or pedicle attachment [28].

Fig. 1. A 16-year-old female with short stature, bi-temporal hemianopia, and pan-hypopituitarism. (A-C) Axial, coronal, and sagittal brain CT
without contrast. (D-F) Axial, coronal, and sagittal brain MRI with contrast. (A-B) The images demonstrate a well-defined sellar/suprasellar
hypodense lesion with areas of hyperdensities. It is oval-shaped and measures approximately 5.1 x 3.1 x 1.7 cm along its maximum dimensions. It is
associated with peripheral calcification. The lesion is obstructing the third ventricle and causing subsequent supratentorial hydrocephalus, most
evident on the lateral ventricles. (D-F) The lesion has peripheral solid component and central cystic component. The solid component demonstrates
heterogenous avid enhancement post Gadolinium administration. The mass is compressing and displacing the optic nerves and optic chiasm.
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Fig. 2. A 14-year-old female with headache, visual disturbance, and new-onset syncope. (A-C) Axial, coronal, and sagittal brain CT without
contrast. (D-F) Axial, coronal, and sagittal brain MRI with contrast. (A-C) The images demonstrate an extra-axial sellar/suprasellar heterogenous
hyperdense lesion. It is oval-shaped and measures approximately 4.1 X 4.5 x 5.2 cm along its maximum dimensions. It is showing areas of dense
calcifications within the lesion. The lesion is compressing the hypothalamus and third ventricle causing obstructive supratentorial hydrocephalous.
(D-F) The lesion demonstrates homogenous avid enhancement post Gadolinium administration.

9. Molecular features

In ACP, somatic mutations in the CTNNBI1 gene (encoding p-catenin), mainly point mutations in exon 3, result in the overactivation
of the WNT/p-catenin pathway. These alterations are present in 95 % of ACP [23,28,29]. Somatic BRAF (V600E) mutations are present
in 81-100 % of PCP and result in the activation of the mitogen-activated protein kinase (MAPK) signaling pathway [28].

10. Management

Recent neurosurgical technical advances, including innovative surgical approaches, detailed radiotherapy protocols, targeted
therapy, and replacement of lost hormonal functions all have the potential to enhance the outcome of patients with craniopharyngioma
[31].

10.1. Surgery

In almost all craniopharyngioma cases, surgery is indicated in order to: establish the diagnosis, relieve mass-related symptoms, and
remove as much tumor as is safely possible. Multiple strategies are suggested depending on the treating surgeon. In anticipation of
irradiation of residual tumor, some advocate cyst drainage and minimal solid tumor resection for the reduction of neural compression.
Others preface that complete resection can be accomplished with a low risk of neurologic injury at the initial operation [32]. The
presence of disease-related complications can increase the risk associated with surgery and must be treated in preoperative man-
agement. They include endocrine function, peritumoral edema, hydrocephalus, and patients with a large cystic component of their
tumor [33].

In pediatric craniopharyngioma, the benefit of gross total resection in terms of quality of life is debated [34,35]. Depending on the
location of the tumor, an appropriate approach is taken, which includes an extended endonasal, endoscopic, or transsphenoidal. These
approaches are not limited to sellar tumors but extend to suprasellar tumors including some that reach into the third ventricle [32]. As
the gap between the diaphragma sellae and optic chiasm is reduced, these approaches become more difficult and thus are contra-
indicated for tumors restricted to the third ventricle. In these cases, a third ventricle tumor can be exposed via craniotomy [36]. The
surgeon should imperatively seek to recognize and preserve the pituitary stalk, refrain from manipulating the optic chiasm, and avoid
dissecting tumors invading the hypothalamus. Although these precautions are followed in all cases, postoperative hypothalamic
dysfunction can manifest, especially with retrochiasmatic tumors involving the posterior hypothalamus [37].
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Fig. 3. A 36-year-old female with headache, short-term memory loss, and new-onset blurry vision. (A-C) Axial, coronal, and sagittal pre-operative
brain MRI with contrast. (D-F) Axial, coronal, and sagittal post-operative brain MRI with contrast. (A-C) The images demonstrate an extra-axial
sellar/suprasellar heterogeneously enhanced lesion. Multiple non-enhancing cystic changes as well as foci of calcifications are noted. The lesion
is oval-shaped and measures approximately 3.0 X 3.7 x 4.2 cm along its maximum dimensions. The pituitary stalk is not visualized. The mass is
significantly elevating the hypothalamus and the third ventricle. It is filling the interpeduncular fossa, splaying the cerebral peduncles and com-
pressing the midbrain. However, there is no significant brainstem edema. The optic chiasm is also compressed and displaced superiorly. The vessels
of the circle of Willis vessels are displaced rather than encased (D-F) Post-operative images demonstrating a complete resection of the lesion. Post-
surgical changes, in the form of pneumocephalus and bifrontal subdural collections, are noted.

Surgery remains one of the most crucial therapeutic strategies to manage CP. Therefore, objectively navigating the multiple sur-
gical approaches becomes critical for the patients’ outcomes. Historically, Transcranial approaches have been the mainstay surgical
management of craniopharyngioma. Recently, however, many different microsurgical and endoscopic approaches have been devel-
oped. Microscopic transsphenoidal approaches include sublabial, endonasal, transsphenoidal transsellar transdiaphragmatic, trans-
sphenoidal transtuberculum sellae, endoscopic endonasal, anterior skull base endoscopic, endonasal transsphenoidal operative
technique, and combined approaches. The orbitozygomatic, pterional, transpetrosal, transcortical-transventricular, and transcallosal-
transventricular approaches are some of the suggested transcranial approaches. Previous literature showed a controversy in approach
selection; in which, Surgeons preference and experience dominated the selection bias rather than objective measures.

General indications for transcranial approaches are cases of large intrasuprasellar dumbbell-shaped or exclusive suprasellar tu-
mors, with extension toward the third ventricle and hypothalamus and the subfrontal, retrochiasmatic, and retrosellar regions. One
indication for transsphenoidal surgery is patients with pituitary dysfunction [26].

A subclassification of CP was proposed by Morisako et al. to guide the surgical approach selection. The classification employs
anatomical location, growth pattern, and origin of the CP. Four groups are defined including; the intrasellar, prechiasmatic, retro-
chiasmatic, and intra-third ventricle. The proposed indications for endoscopic transsphenoidal approach and extended trans-
sphenoidal approach are intrasellar type, and prechiasmatic type without lateral extension, respectively. A transcranial approach such
as the orbitozygomatic approach was indicated in cases of prechiasmatic type without lateral extension and small retrochiasmatic
lesion type without extensive calcification. The mini-transpetrosal approach was proposed for the retrochiasmatic type with extensive
calcification or a large diameter (>30 mm). For the intra-third ventricle type, however, the interhemispheric translamina terminalis
approach was indicated [38].

In 2008, Kassam et al. discussed another four-type classification system which included; preinfundibular (Type I), tran-
sinfundibular (Type II), retroinfundibular (Type III), and isolated third ventricular or optic recess tumors (Type IV). Type III is further
subdivided into; Illa (extending into the third ventricle) and IIIb (extending into the interpeduncular cistern) [39]. Intrasellar cra-
niopharyngiomas are added to this classification as Type 0 by Prevedello et al. According to Prevedello et al. classification, a stan-
dardized transplanum/transtuberculum endoscopic endonasal approach (EEA) is used for Types I, II, and III with or without a mild
lateral extension or significant lateral extension of the cystic component. Moreover, in type IIIb lesions pituitary gland transposition
should be minimized to hemi- or unilateral, in order to preserve the function [40].
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Fig. 4. (A-B) Adamantinomatous craniopharyngioma at low power (A) surrounded by reactive brain parenchyma. At intermediate power (B) the
palisading basal cells (green arrow) is recognized. (C-F) Papillary craniopharyngioma at low power (C-D) displaying cystic and papillary structures.
The lining is comprised of a well-differentiated squamous epithelium as observed at intermediate power (E-F).

In type IV tumors, Prevedello et al., viewed expanded EEA as less favorable due to the narrow surgical corridor between the optic
chiasm and pituitary gland. Thus, Type IV tumors approaches include; subfrontal/interhemispheric translamina terminalis, trans-
callosal transchoroidal, or transventricular transforaminal approach. The expanded EEA is recommended as an adjunct approach for
residual lesions located caudally unattainable by previous transcranial approaches.

Morisako et al., on the other hand, propose that the EEA should be selected only for intrasellar (Type 0 Prevedello et al.’s clas-
sification) and prechiasmatic (without lateral extension) (Type I Kassam et al.’s classification). They also suggest orbitozygomatic or an
anterior petrosal approach (when calcifications are present or tumor diameter is > 30 mm) for “retrochiasmatic” craniopharyngioma.
(Type 1I, and Type III Kassam et al.’s classification). The rationale behind selecting an endonasal approach for intrasellar and pre-
chiasmatic tumors without lateral extension (Type 0 Prevedello et al.’s classification and Type I Kassam et al.’s classification), is due to
the relative ease and safety of the procedure. Unlike the skills that are required to perform endoscopic retrochiasmatic (Type III Kassam
et al.’s classification) tumor resection without complications [26,40].
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10.2. Radiotherapy

The goal of radiotherapy (RT) is to treat residual disease after a partial surgical resection or to treat disease recurrence following a
gross total resection [41]. Contemporary RT Treatment techniques include intensity-modulated RT (IMRT), image-guided radiation
include stereotactic radiotherapy (SRT), and proton beam therapy (PBT). These techniques allow for better treatment precision and
conformity, which lowers long-term toxicity by limiting ionized radiation exposure to surrounding normal tissues [41,42].

The popularity of Proton beam therapy as a management for malignancy has increased. PBT employs a linear accelerator to
produce concentrated energy beams targeted at the malignant tissue [43]. Although clinical outcomes of PBT are comparable to IMRT,
PBT has fewer complications and secondary cancer formation. This is attributable to PBT having potentially less brain and total body
irradiation [44]. Intensity-modulated proton therapy (IMPT) is one of the most up-and-coming PBT for craniopharyngioma, however,
the cost of IMPT is about double that of IMRT. IMPT utilizes variable proton energies and intensities to cover the target tissue. For
patients with craniopharyngioma, the PBT 5-year local control rate ranges from 85 to 100 % [45].

Compared to lower doses, doses above 54-55 Gy markedly improve local tumor control [46]. Intracavitary irradiation has the
added benefit of limited penetration of the emitted energy and relative ease of handling. Beta-emitting isotopes such as phosphorus-32
(P-32), yttrium-90 (Yt-90), rhenium-186 (Rh-186) and are preferred for the treatment of solitary or multi-cystic tumors [47,48]. The
use of P-32 has reduced radiation delivery to the patient. Solo P-23, or in conjunction with other management, can successfully treat
craniopharyngioma. Out of 129 craniopharyngioma managed with P-32 Brachytherapy, 56 cysts demonstrated resolution and/or
non-recurrence [44]. According to Julow J et al. After Yt-90 treatment, the initial cyst volume reduction was 79 % on average.
Moreover, in 27 of 60 patients, the cyst disappeared completely within a year. The mean survival after Yt-90 was 9.4 years and it
ranged from 0.7 to 30 years. The anatomical location of the cyst was linked to the Yt-90 long-term complications. In 3.2 %, retrosellar
location caused pontomesencephalothalamic and/or hypothalamic damage. A presellar location was related to
neuro-ophthalmological consequence and internal carotid artery injury in 5.8 % and 1.6 %, respectively [49]. In the case of Rh-186,
greater activity is required than that for P-32 and Yt-90. Moreover, Rh-186 emits an added dose outside the malignancy medium due to
its gamma transition [50].

10.3. Chemotherapy

Chemotherapy is not a common management option for CP. In young patients, especially in cases with a single cyst and a small solid
component, intracystic chemotherapy can be considered. Overall, chemotherapeutic agents like Bleomycin and Interferon alpha (IFN-
o) were used for temporary CP control but not considered a definitive management. Moreover, systemic chemotherapy is generally
considered ineffective in cases of CP [51].

Intracavitary chemotherapy with Bleomycin and IFN-« is preferred in CP patients. Ensuring the patient had no previous history of
leakage, they are administered via Ommaya reservoir [45,52,53]. Bleomycin has been observed to decrease tumor size in the majority
of patients. However, due to its neurotoxicity and associated significant side effects such as sudden-onset cerebral edema and hypo-
thalamic injury, its chemotherapeutic role has been limited [54,55]. According to Hukin, J. et al. the median progression-free survival
for Bleomycin was 1.8 years (0.3-6.1 years) [56].

Recent results have demonstrated positive outcomes following IFN-a treatment for CP patients. It functions in the cystic cranio-
pharyngioma by activating the Fas apoptotic pathway which reduces the cyst volume [57,58]. Bartels U et al. have shown that out of
60 patients treated with IFN-a, 78 % achieved disease control. In addition, 81 % of 37 patients had a greater than half cyst reduction
[59]. The effective cyst fluid reduction in patients treated with IFN-a may delay the need for invasive surgical intervention and
radiotherapy for several years, such delays allowing for neural and endocrine development in young patients [54].

10.3.1. Hormonal replacement

Endocrine abnormalities are usually due to the original tumor but they also can be aggravated by the treatment. In the majority of
patients, panhypopituitarism is present, which can manifest as adrenal insufficiency, hypothyroidism, hypogonadism, and/or growth
hormone deficiency [52]. Hypopituitarism is managed by substituting deficient hormones. According to the existing guidelines,
Levothyroxine should be dosed sufficiently in order to achieve a mid-to-upper half free T4 range. Moreover, excessive replacement of
Glucocorticoids should be avoided to decrease the chances of long-term sequelae [60,61]. Conversely, a daily dose of more than 25 mg
of Hydrocortisone in patients with Adrenocorticotropic Hormone deficiency has been linked to increased mortality compared to lower
doses [62].

In childhood, GH replacement therapy is initiated in order to increase height without affecting overall survival [60]. The safety in
regards to the risk of tumor recurrence, and the benefit of GH substitution on long-term body composition after craniopharyngioma are
debated [60-63]. However, starting growth hormone therapy after one year of diagnosis may be linked to early improvement in
quality of life [64].

In female pediatric patients, starting estrogen replacement therapy is recommended between the ages of 11 and 12 to simulate the
average physiology, and it is increased at a 6-month interval until the patient reaches the adult replacement therapy. Due to a possible
insufficient sex hormone supplementation, some female patients with craniopharyngioma have a lower bone mineral density than
their counterparts [65]. In male pediatric patients, however, puberty is induced at age 12 to obtain a slow increase in serum steroids,
and a monthly intramuscular injection of 25-50 mg of testosterone s increased every 6-12 months until the adult dose is achieved [23].
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11. Prognosis

Tumor control and treatment-related complications have a tremendous effect on the long-term prognosis after treatment. An article
found that out of 18 patients, 56 %, 33 %, and 11 % of the patients had a good outcome, poor outcome, and mortality, respectively
[66]. In a series that measured the long-term outcomes and complications in patients with craniopharyngioma, the 10-year
progression-free survival was 48 % and the overall survival rate was 80 % [60]. Despite this, patients without tumor progression,
especially in childhood craniopharyngioma survivors, appear to have an increased late mortality and complications of treatment. One
example is in a series composed of 41 craniopharyngioma patients managed over a 37-year period, there were nine overall deaths (22
%). The mortality in the four patients, out of nine, was not directly linked to tumor progression, three of the four occurred more than 20
years after the presentation, and one of them occurred between 10 and 20 years [67].

To date, long-term health related QoL in survivors of Craniopharyngioma has not been well established. Eveslage et al. observed the
short-term QoL in survivors of CP. In the latter study, during the short-term follow up of 3 years after diagnosis of CP, patients who
underwent gross total resection with injury to posterior hypothalamus found to have a significantly lower self and parent-assessed QoL.
This outcome is attributable to decreased physical and emotional functioning due to disturbance of satiety regulation and energy
expenditure following hypothalamic injury [68]. Poretti A et al. described the long-term quality of life in survivors of childhood-onset
CP and reported that a reduction in emotional and social functioning is the most significant impairment affecting patients’ quality of
life [4]. Other behavioral studies mentioned that depression, anxiety and apathy are the most frequently observed psychopathological
disorders in the long-term follow up of CP patients [69].

12. Complications

Multiple postoperative complications can occur following the management of craniopharyngioma which include cerebrospinal
fluid (CSF) leak, hydrocephalus, meningitis, and cranial neuropathies. Hydrocephalus incident postoperatively is around 15 %-18 %,
and meningitis is between 6 % and 12 %. One of the typically transient complications is cranial neuropathy, and it is seen in up to 20 %
post-operatively [70-72].

Postoperative CSF leak rates range according to the approach utilized in craniopharyngioma resection. However, open transcranial
approaches carry lower rates of postoperative CSF leaks [70].

Persistent postoperative visual disturbances in pediatric craniopharyngioma patients range from 48 to 75 %. Due to the transition
towards an endonasal approach in recent years, the incidence of improvement in vision post-operatively is encouraging as they allow
better visualization of the optic chiasm. However, reaching a complete normalization of vision remains challenging, with only 25-67 %
of patients attaining normal vision postoperatively [70,73].

Endocrine complications follow craniopharyngioma treatment with both radiation and surgical approaches. New postoperative
panhypopituitarism or new diabetes insipidus develop respectively in about 63.6 % and 46.7 % of patients, with a more significant
effect in the pediatric population. In 64-80 % of pediatric patients, permanent diabetes insipidus is observed; however, in the im-
mediate postoperative period, transient diabetes insipidus is the rule rather than the exception.

Another post-intervention endocrine complication is new hypothalamic obesity developing in 40-80 % of patients [70,72]. New
hypothalamic obesity following craniopharyngioma resection is due to multiple factors that might be attributable to pituitary
dysfunction, steroid replacement, or hypothalamic injury [70].

13. Recurrence

Factors affecting the recurrence rate (RR) of craniopharyngioma remain unclear. Stefio et al. assessed the RR of 38 children and 63
adults. They found that the RR reached 39.5 % and 22.2 %, respectively [74]. A number of studies have shown that the 10-year RR
following gross total resection is 0-50 % and 25-100 % with subtotal resection (STR). In comparison to STR solely, STR combined with
radiation has demonstrated a decrease in tumor recurrence from 55 to 85 to 0-20 % [70].

14. Malignant transformation of craniopharyngioma

Malignant CP was first described in 1973 as a de novo squamous carcinoma arising from an intrasellar epidermal cyst [75]. Ma-
lignant transformation of CP is extremely rare and generally arises from an adamantinomatous subtype (73 %) [76,77]. Malignant CP
appears to present the following features: (i) marked nuclear atypia; (ii) a high nucleus-to-cytoplasm ratio; (iii); robust mitotic activity;
and (iv) other histologic features such as solid growth pattern, destruction of the basement membrane, infiltrative growth, micro-
vascular proliferation and so on [77,78]. The etiology and pathogenesis of malignant CP are unclear, though some authors presumed a
probable correlation with radiotherapy [78]. The patients’ ages ranged from 2.7 to 66 years (31.11 years), with an equal incidence rate
for females and males. There are no unique radiological features of malignant CP and can appear as a mixed solid and cystic component
[77]. The few case reports published in the literature demonstrated high morbidity and mortality rates [78].

15. Future prospective

In the future, chemotherapeutic agents will be the preferred therapeutic tool in the management of craniopharyngioma [79]. The
identification of a BRAF mutation in papillary craniopharyngioma has revealed that chemotherapeutic agents can be an effective
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treatment option and part of the multimodal therapeutic management of this tumor. The chemotherapeutic approach helps to
minimize the hypothalamic tissue damage during the surgical resection by shrinking the tumor size and isolating it away from the
hypothalamus [80]. In one reported case, the molecularly targeted use of the BRAF inhibitor such as vemurafenib showed a prompt
and excellent tumor response which supports the pathogenic role of the BRAFV600E mutation in papillary craniopharyngioma. The
promising results of vemurafenib in this case necessitate further clinical trials on the long-term effects and represent a possible
paradigm shift in the therapeutic management of craniopharyngioma [79]. Patients with the papillary craniopharyngioma subtype
may immediately benefit from targeted therapy, whereas further studies are highly anticipated to provide more information about the
molecular targeted therapies of the adamantinomatous craniopharyngioma subtype [81].

16. Our experience

Our center is a tertiary-care center receiving referral for complex craniopharyngioma cases from all over the country. A collabo-
ration between Neurosurgeons, Endocrinologists, Radiotherapists, and Oncologists takes place to discuss craniopharyngioma cases,
plan treatment, and predict their outcomes. Post-operatively, all patients are followed-up clinicoradiologically to assess for possible
recurrence and/or malignant transformation. In our practice, craniopharyngioma is managed both endoscopically and micro-
surgically, depending on the size of the tumor, extension to surrounding vascular structures, and possibility of residual post-
operatively.
17. Conclusion

Craniopharyngioma is a rare intracranial tumor that requires case-tailored management strategies with minimal consequences for
both the disease and its treatment. Multi-disciplinary care is required in order to provide optimal management to patients with cra-
niopharyngioma. The present article helps to identify further research areas that set the basis for the management of such a complex
tumor.
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