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Abstract

Craniopharyngiomas (CP) are rare noncancerous brain tumors located in the skull base. To date, CP remain challenging-to-resect tumors,
owing to their difficult location and invasive potential, with profound adverse effects for the patient if left to grow. Indeed, gross total
resection may also be accompanied by unwelcome sequalae, underscoring the need for continued investigation. In the present work,
we provide a scoping review of current CP management, with emphasis on our knowledge of their genesis, available treatment options,
post-intervention clinical outcomes. Leading theories of CP development are (1) the embryonic theory, explaining the development of
adamantinomatous CP from epithelial remnants of Rathke’s pouch and (2) the metaplastic theory, which describes papillary CP devel-
opment as a result of adenohypophyseal cell metaplasia. Treatment may include surgery, intracystic therapy, or irradiation depending on
tumor size, history and location. However, whether a single ideal approach and timing for CP intervention exists remains debated. We
appraise and critique these areas with priority for emerging basic results and innovation.
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1. Introduction

Craniopharyngiomas (CP) are benign tumors derived
from cell remnants of the Rathke’s pouch and are further
classified as adamantinomatous type or squamous papillary
type [1,2]. CP are a rare intracranial tumor in adults; how-
ever, they account for up to 10% of such tumors in children
[3]. In an epidemiologic study using the Central Brain Tu-
mor Registry of the United States, Momin et al. [4] found
an incidence rate of 0.16 confirmed cases per 100,000 per-
sons. They observed a bimodal distribution of incidence
with a peak at 5 to 9-year-olds and another at 55 to 69-
year-olds. When stratifying by race/ethnicity, they found
the highest incidence rate in blacks, followed by whites
[4]. Furthermore, black ethnicity was associated with a de-
creased survival rate [4]. These findings agreed with pre-
vious literature where Zacharia et al. [5] identified 644
patients with CP and determined that black ethnicity was
an age-adjusted relative risk for craniopharyngioma com-
pared with white ethnicity [4]. Additionally, Momin et al.
[4] confirmed that adamantinomatous craniopharyngiomas
were significantly more common in populations of all ages
when compared to papillary tumors.

The diagnosis of childhood-onset craniopharyn-
giomas is often made several years after the first manifesta-
tion of symptoms—indeed, many are detected incidentally
[6]. Some of the reasons for its incidental identification
are imaging prompted by cerebral palsy, nasal obstruction,

or head trauma. Conversely, CP found due to direct
symptoms often presented with increased intracranial
pressure manifesting as headache or nausea in addition to
symptoms of growth retardation and visual impairment [7].
Furthermore, at the time of diagnosis, approximately half
of all patients presented with one or more endocrine defects
[8]. In a retrospective review of 107 craniopharyngioma
patients, Capatina et al. [9] determined that children
were more likely to exhibit symptoms of nausea/vomiting,
photophobia, diabetes insipidus, or growth hormone defi-
ciency when compared to adult patients. Additionally, in a
retrospective analysis of patient records with a prospective
longitudinal follow-up, Hoffmann et al. [6] found that the
average duration of symptoms in children before diagnosis
was 6 months. Namely, CP was frequently diagnosed after
a longer history of symptoms in older children compared
to younger children. Adults with craniopharyngiomas
present similarly with endocrine disorders, specifically
hypothyroidism-related symptoms. However, Capatina
and colleagues [9] reported impaired visual acuity or
impaired visual fields to be more frequent in adult patients.

The adamantinomatous craniopharyngioma (ACP)
subtype is precipitated by a somatic mutation in CTNNB1
which encodes the protein β-cantein [10,11]. Point muta-
tions of the protein influence its stability, leading to de-
creased degradation and accumulation within the cell [12].
Furthermore, Hölsken et al. [12] found this mutation and
aggregation of β-cantein to lead to overactivation of the
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Fig. 1. Craniopharyngiomas often develop near the pituitary glands and hypothalamus along the glandular tissue of the pars
tuberalis covering the pituitary stalk. Figure created with Biorender.comTM.

WNT pathway which has a causative role in the genesis
of craniopharyngioma [13]. Papillary craniopharyngiomas
(PCP) are linked to mutations of BRAF-V600E. Therefore,
while the crucial pathogenic event in ACP is activation of
WNT, in PCP it is activation of the Ras/Raf/MEK/ERK
pathway via BRAF V600E mutation [14]. In a SEER
(Surveillance, Epidemiology, and End Results database)
Population-Based Analysis, Teng et al. [15] found the over-
all survival curves at 3, 5, and 10 years to be 89.1%, 86.2%,
and 83%, respectively. Furthermore, they found that age,
ethnicity, tumor size, and radiation therapy were predictive
of overall survival at initial diagnosis with younger age, de-
creased tumor size, white ethnicity, and radiation therapy to
be associated with significantly better survival [15].

The onus is upon the treating physician to familiar-
ize themselves with the current literature of craniopharyn-
giomas to improve patient outcomes. Therefore, we aim to
discuss current theories of development as well as treatment
options including surgical techniques, intracystic therapy,
radiotherapy, and clinical outcomes in the present review
of English studies published in PubMed/MEDLINE from
inception to date.

2. Theories of Development
2.1 The Embryonic Theory

The most common subtype of craniopharyngiomas is
the adamantinomatous craniopharyngioma (ACP), which is
found in both children and adults. The embryonic theory
is used to explain the development of ACP [16–18]. Dur-
ing embryogenesis, an ectodermic pouch called Rathke’s
diverticulum is formed in the bucco-pharyngeal membrane,
from which the anterior pituitary gland develops. This out-

pouching then invaginates and ascends upward between the
forebrain and hindbrain of the embryo, becoming Rathke’s
pouch. The cells of Rathke’s pouch proliferate rapidly dur-
ing the 5th week of gestation, elongating cranially while
remaining transitorily connected to the roof of the embry-
onic oral cavity by the pharyngo-hypophyseal stalk. This
extension of Rathke’s pouch, termed the craniopharyngeal
duct, later involutes during the 7th week of gestation [19].
In certain instances, the craniopharyngeal duct fails to invo-
lute completely and remnants of these ectodermal cells may
remain and give rise to a craniopharyngioma [16,19,20].
It is postulated that craniopharyngiomas may originate at
any position along the tract of migration of Rathke’s pouch
[17,18,21,22], thus providing an explanation for the de-
velopment of craniopharyngiomas at both intrasellar and
suprasellar locations. Additionally, ACP are believed to
form due to somatic mutations in CTNNB1 during embryo-
genesis [19], leading to excessive β-catenin protein produc-
tion and eventual tumor growth and development.

2.2 The Metaplastic Theory
The metaplastic theory is commonly used to describe

the development of papillary craniopharyngioma (PCP),
which are primarily found in adults. PCPs arise from meta-
plasia of the adenohypophyseal cells within the pituitary
gland and result in the formation of differentiated squamous
cell nets [19,23]. Though craniopharyngiomas formed via
metaplasia also arise in a similar location as those of em-
bryological origin, support for the metaplastic theory arises
due to the identification of epithelial cell nests in healthy
adult pituitary glands along the glandular tissue of the pars
tuberalis covering the pituitary stalk [22,23] (Fig. 1). These
epithelial nets typically occur with increasing patient age,
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Fig. 2. An illustration of the Trans-cranial and Tran-sphenoid surgical approaches of craniopharyngioma resection. Figure made
with Biorender.comTM.

which may also be why PCPs primarily occur in the adult
population. Moreover, PCPs commonly develop due to so-
matic BRAF mutations [19], which are commonly upregu-
lated in different types of cancer due to increased activation
of the MAPK pathway.

2.3 Surgery
Craniopharyngiomas are rare, WHO Grade 1 tumors

of the central nervous system nested near the pituitary gland
and typically accompanied by neuroendocrine dysfunction.
Their proximity to vital neurovascular structures (namely
the optic chiasm and the hypothalamus) most commonly
indicates microsurgical intervention for safe removal.

2.4 Transcranial Surgery
Transcranial surgery (TCS) is a type of craniotomy in-

volving the opening of cranial bone flaps which has been
long relied on for resection of large tumors located in chal-
lenging areas (e.g., the skull base). TCS offers several
possible entry points for CP resection: transsphenoidal,
interhemispheric, unilateral subfrontal/bifrontal transbasal,
pterional-frontotemporal, modified orbitozygomatic, and
posterior transpetrosal approaches [24]. At the time of writ-
ing, TCS remains the preferred approach for suprasellar CP
and large intra-suprasellar CP featuring hypothalamic and
third ventricle invasion [25] (Fig. 2). Pooled effects analy-
sis observed favorable post-operative visual and endocrine
outcomes among patients receiving TCS, compared to new-
age endonasal endoscopic techniques (p-value = 0.038, p-
value = 0.016, N = 3079) [26]. However, transcranial ap-
proaches are not without limitation. TCS realized with

higher rates of CP tumor recurrence [27] and higher fre-
quency of severe adverse events, including perioperative
death, when compared to transsphenoidal entry [28]. Yet,
transcranial surgery remains the preferred surgical option
for CP located above the sella turcica as well as CP extend-
ing towards the hypothalamus and/or third ventricle [25].

2.5 Standard and Extended Transsphenoidal Approaches
TSS and extended TSS (eTSS) are well-established

microsurgical options for endoscopic removal of intra- and
para-sellar tumors, respectively, through the sphenoid si-
nus. Transsphenoidal entry is especially indicated for in-
trasellar CP in patients with enlargement of the sella turcica
floor [29]. Success rates of total CP resection by TSS and
eTSS are largely positive in general population: Yamada et
al. [30] reported complete tumor removal in 77.8% (70/90)
of patients in an adult-pediatric mixed cohort; Kitano et al.
[31] reported complete tumor removal in 86% (19/22) of pa-
tients in an adult-pediatric mixed cohort. However, while
transsphenoidal approaches are effective for CP resection,
post-operative hypopituitarism is also not uncommon and
frequently manifests in new-onset diabetes insipidus [30–
32]. There too exists data suggesting that CSF leakage is
more probable among patients with CP that were treated
with [31,33,34]. Recent research has also indicated ad-
vancement in the form of eTSS variants, which may af-
ford enhanced tumor access of CP for which TCS is tra-
ditionally indicated, albeit with variable success. In 2007,
Laufer et al. [35] first described the utility of a purely en-
doscopic endonasal approach for minimally invasive resec-
tion of. Surgical evidence has only since supported this
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technique for retrochiasmatic CP, citing excellent midline
access and visual improvements without an increased risk
profile compared to convention [36,37]. The smattering of
recent evidence suggesting new utilities of TSS/eTSS for
CP should continue to excite the greater neurosurgical com-
munity, particularly in the surgery of complicated skull base
tumors.

Evaluating intracystic therapies in the context of in-
creasingly refined surgical approaches also warrants con-
sideration. Currently, the aforementioned therapies are de-
ferred to over surgery primarily in the context of unique
situations—namely, pediatric populations that impose lim-
itations on the effectiveness of surgery [38]. For exam-
ple, physical limitations for the endoscopic endonasal ap-
proach include narrow anatomical borders within the nasal
region. Ideally the choice of approach is based on CP
topography and anatomical features of the patient. In a
retrospective review of 315 patients, Fan and colleagues
[39] compare endoscopic endonasal and transcranial ap-
proaches, particularly highlighting the heterogenous nature
of CPs. Their results convey CP topography (differenti-
ating three categories: infrasellar/subdiaphragmatic, sub-
arachnoidal, and pars tuberalis CPs) advantages for the en-
doscopic endonasal approach in that endonasally treated
patients displayed higher rates of visual improvement and
CSF leaks overall. Regarding par tuberalis CPs, endonasal
procedures were associated with longer operative dura-
tions, higher gross-total resections, and decreased recur-
rence rates [39]. Cao et al. [40] analyzes 22 cases to deter-
mine such efficacy with the following observations: gross
total resection was attained in over 95% of the cases (n =
21), with 68% (n = 15) developing new onset endocrino-
logical deficits. Barring these complications, the endonasal
approach is suggested to perhaps be useful for resection of
IVCs without significant morbidities or lethality [40]. In
a similar vein, Kassam and colleagues [41] also touch on
the heterogenous considerations CPs demand based on the
regional locations of their parasellar extensions. They de-
scribe a four-type classification scheme elaborating on the
types which contraindicate an endonasal approach (IV), fur-
ther highlighting the topological heterogeneity of CPs [41].

3. Intracystic Therapy
3.1 Intracavitary Radiation

Beta-gamma radiation remains the most established
and well understood of the intracystic treatment options
in craniopharyngiomas. This therapy is most effective for
postoperative resection as a means of supplementing size
maintenance or for incomplete tumor resections. It is im-
plementedwith the use of beta-emitting radioisotopes, com-
monly phosphorus32, aurum79, rhenium75, or yttrium39

[42,43]. These isotopes are typically introduced via amulti-
functional catheter device, namely the Ommaya reservoir
device, allowing for precise aspiration of cerebrospinal
fluid (CSF) proceeded by administration of radioactive sub-

stance. Isotopic dose often ranges from 200–400 Gy, else
potential complications may arise, dependent on multi-
ple considerations, especially the estimated cyst size mea-
sured from the volume of CSF aspirated [43]. The primary
drawback of intracystic radiation therapy comes from the
scarcity of available facilities housing the resources and
isotopes required to undergo such therapy. Clinical draw-
backs include induction of secondary tumors, off-target ra-
diotoxic damage to surrounding structures, and delayed
onset of vasculopathies, moyamoya disease in particular
[8,44]. Nonetheless, several instances of success have been
reported in the form of cyst volume reduction spanning 80–
100% of cases, across multiple case series studies [8,45].

3.2 Bleomycin and Interferon alpha, a cytokine
(IFN-alpha)

Another potential route of treatment has been explored
in the form of pharmaceutics. Bleomycin is the most com-
mon drug used for volume control in craniopharyngioma
patients. Unlike radiation therapy, it is not effective as a
means of long-term remission maintenance [45]. Regard-
less, its mitigated risk relative to radiation has led to its fa-
vor in extenuating circumstances, or situations that benefit
from short delays such as pediatric populations which may
be particularly vulnerable to radiation exposure. Bleomycin
is a polypeptide antibiotic (bleomycin A2 and B2) secreted
by Streptomyces verticillus inhibiting RNA and DNA syn-
thesis, particularly effective in skin cancer [46]. Its use in
craniopharyngiomas was first reported in 1985 by Taka-
hashi and colleagues [46,47]. Similarly, to radiotherapy,
bleomycin is administered with a catheter and Ommaya
reservoir often with stereotactic guidance. Reported doses
have ranged from 1 to 15 mg, with ≥5 mg seen in larger
cysts. In a case series of 17 children, all had under-
gone a 50% reduction in volume when undergoing primary
bleomycin treatment [48].

As another drug, IFN-alpha has been viewed as an al-
ternative to bleomycin for its likewise antitumoral proper-
ties, though in the form of cytokine secretion and T-cell
activation [49]. The most important advantage of IFN-
alpha is its relative absence of neurotoxic complications.
Bleomycin is not unlike radiation in its potential for severe
consequences, which include, but are not limited to peritu-
moral edema, cerebral infarcts, and death [43,48,50]. IFN-
alpha in its first reported use by Cavalheiro et al. [51] ob-
served a reduction in cyst size in all 21 patients, reaching up
to 90% reduction in 11 of those patients. Since 2005, other
groups have reported moderate success in cystic CP treat-
ment with IFN-alpha Between the three therapies, the pre-
vailing sentiment is that surgical resection is the most effec-
tive means of treating craniopharyngiomas [52,53]. Over-
all, alternative modalities such as these may be more viable
in extenuating circumstances, those requiring delay, or situ-
ations benefiting from combination therapy with resection.
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Fig. 3. A depiction of a stereotactic radiosurgery which can be used in the treatment of craniopharyngioma patients. Figure made
with Biorender.comTM.

4. Radiotherapy

4.1 External Beam Radiation Therapy

Radiotherapy in combination with surgery remains
the mainstay of the multi-disciplinary and highly individ-
ualized treatment required for the management of cranio-
pharyngiomas [54]. Currently, the most common treat-
ment strategy is a conservative subtotal resection followed
by radiotherapy, with a focus on minimizing treatment-
related toxicities [55]. Although a cure may be possible
with gross total resection, subtotal resection followed by ra-
diation is generally considered a safer option, especially in
children with hypothalamic invasion [38]. Several radio-
therapy modalities exist in the treatment of craniopharyn-
gioma given its highly heterogeneous nature that necessi-
tates an equally individualized treatment planning. Three-
dimensional conformal radiotherapy (3DCRT), which de-
livers a homogenous dose to the whole tumor, is the method
of treatment for most clinical cases of craniopharyngioma
[56]. Intensity-modulated photon radiotherapy (IMRT) is a
form of 3DCRT that changes the strength of beams in cer-
tain areas, allowing stronger doses in particular tumor areas
while lessening the damage to nearby normal tissues. In se-
lect cases, IMRT can improve dose conformality and reduce
dosage to adjacent structures compared to 3DCRT [55]. A
major advance in radiotherapy has been the introduction of
imaging during treatment, ensuring that the tumor is tar-
geted accurately throughout the course of treatment. This
is particularly important in craniopharyngioma as many pa-
tients have a cystic component that can enlarge during ra-
diotherapy. Image guidance radiotherapy (IGRT), such as
Novalis or cone beam computed tomography (CT), enables
the assessment of cystic growth and appropriate re-targeting
of the tumor throughout the course of treatment.

4.2 Proton Beam Therapy

Proton beam therapy channels beams of protons that
travel through the tissue like photon beams. The theoreti-
cal advantage of proton beam therapy over photon therapy
is that protons deposit energy at a defined point along their
path, reducing the harmful effects on normal tissues in front
of and behind the tumor. Given this theoretical advantage,
proton beam therapy is often utilized in pediatric cranio-
pharyngiomas where any potential avoidance of normal tis-
sue irradiation is deemed significant. In a retrospective re-
view of pediatric patients with craniopharyngioma, proton
therapy demonstrated excellent tumor control with minimal
acute toxicity, yet late toxicities from the tumor, surgery,
and radiation remain prevalent [57]. Dosimetric evaluation
of 3D conformal proton therapy in pediatric craniopharyn-
giomas has demonstrated a reduction in irradiated brain vol-
ume, yet without improved target dose distribution com-
pared to photon radiotherapy [58,59]. Proton therapy has
also shown improved outcomes in preserving IQ scores [60]
and academic achievement scores [61] compared to photon
therapy in craniopharyngioma patients. In 2016, a newer
generation of proton therapy (pencil-beam scanning) was
introduced with the advantage of using small, individually
weighted beams to better conform to the prescription dose
and reduce the volume receiving the highest doses [1], yet
the current literature on its long-term efficacy and toxicity
remains limited.

4.3 Stereotactic Radiosurgery

Stereotactic radiosurgery (e.g., gamma knife), which
delivers a single large dose of radiation to the target from
multiple angles, may be an alternative to fractionated treat-
ments in craniopharyngioma patients with smaller lesions
[54] (Fig. 3). Single radiation doses above 8–10 Gy to the
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optic chiasm have been associated with up to 25% risk of
optic neuropathy, limiting this technique away from the op-
tic chiasm [62]. Case series that confine stereotactic radio-
surgery to smaller lesions report minimalmorbidity [63–66]
and rates of visual deterioration of 3% [64]. However, stud-
ies have shown worse outcomes regarding tumor control,
questioning its utility as stereotactic radiosurgery is suitable
primarily for smaller lesions away from critical brain struc-
tures [56]. As a major advancement to the conventional
stereotactic radiosurgery, robotic mounted linac (e.g., cy-
berknife) has been introduced to deliver hypofractionated
stereotactic radiotherapy usually across 2–5 fractions. Sev-
eral studies on the clinical outcome and prognosis of cranio-
pharyngioma patients who underwent cyberknife treatment
reported effective tumor growth control with minimal ad-
verse effects [66–68].

4.4 Brachytherapy

Brachytherapy involves implanting radioactive ma-
terial inside the body and has been indicated as an al-
ternative for treating cystic craniopharyngiomas. In a
recent systematic review and meta-analysis, radioisotope
brachytherapy in treating predominantmonocystic ormulti-
cystic craniopharyngiomas showed effective tumor control
and minimal morbidity, especially in the pediatric popula-
tion [69]. Several reports have demonstrated that intracavi-
tary brachytherapy irradiation with β-emitting sources such
as phosphorus-32 (P-32) or yttrium-90 can be successful in
treating cystic craniopharyngiomas while minimizing mor-
bidities [70,71]. Studies also reported P-32 as a favorable
β-emitting source due to its short range of tissue penetrance
and steep dosage decline [72,73]. A large study on the
long-term clinical outcomes of 90 patients with cystic cran-
iopharyngiomas who underwent P-32-based brachytherapy
reported progression-free survival rates at 5 and 10 years of
95.5% and 84.4%, respectively [74].

4.5 Clinical Outcomes

Both CP and its treatment can result in long-term
sequelae that include endocrinopathy, hypothalamic dys-
function, and visual field defects [75]. Given CP loca-
tion approximate to the pituitary gland, hypopituitarism is
a common complication caused by tumor extension or ia-
trogenic structural damage [75,76]. In patients with en-
docrinopathy secondary to the tumor itself, Karavitaki et al.
[77] found that tumor resection did not reverse hormonal
deficits. One study found the 98% of CP patients have
long-term pituitary hormone deficiencies [78]. Among the
pituitary endocrinopathies associated with CP, growth hor-
mone deficiency is the most common, although this is not
often a cause for initial presentation [79]. Pediatric patients
most often receive initial evaluation for delayed puberty
related to gonadotropin deficiency [80]. In both children
and adults, the side effects of hypopituitarism can precipi-
tate low self-esteem related to physical appearance. Previ-

ously conducted quality of life (QoL) studies have identi-
fied lower rates of sexual activity and increased psychoso-
cial dysfunction among adult patients treated for CP during
childhood [81,82]. Hypothalamic damage also correlates
with decreased psychosocial function due to consequent hy-
perphagia and obesity [83]. Further effects of hypothalamic
lesions include deficits in memory, attention, and executive
function [84]. QoL is further deteriorated by the high inci-
dence of visual defects, which have been reported in 50%
of children at initial presentation [85]. In a mixed cohort of
pediatric and adult patients, the probability of visual distur-
bances at ten-year follow-up was 48% [77]. Additionally,
CP patients have an increased risk of cardiovascular mor-
tality, especially among women [86].

Although CPs are benign tumors, their prognosis is
variable. Studies with mixed pediatric and adult CP cohorts
demonstrated five-year survival rates of 54–96% [77,87]
and ten-year survival rates of 40–93% [77,87,88]. Pedi-
atric cohorts displayed five-year survival rates of 83–96%
[89] and ten-year survival rates of 65–100% [90,91]. Av-
erage twenty-year pediatric survival was reported at 62%
[1]. Additionally, long-term outcomes are marked by sub-
stantial morbidity. Reported CP recurrence rates range
from 17–40% [28,92–97]. Median time of first recurrence
ranges from 30 to 45 months [77,97]. Among patients with
tumor recurrences, local recurrence is most common, al-
though there are documented instances of ectopic CPs due
to iatrogenic seeding of the surgical tract and cerebrospinal
fluid [98]. Regarding therapeutic approach, a recent meta-
analysis observed no statistically significant difference in
recurrence rates between adult CP patients treated with
gross-total resection and those treated with incomplete re-
section and radiotherapy [94]. Similarly, pediatric popu-
lations experience high recurrence rates despite complete
tumor excision [99]. Given the frequency of recurrence re-
gardless of treatment modality, attention has turned to qual-
ity of life (QoL) outcomes [99]. The recent advances in
CP therapy have lower risks of surrounding structural dam-
age [100]. Therefore, the treatment paradigm has shifted
away from gross total resection in favor of conservative ap-
proaches with less associated morbidity [1]. Among these
approaches also includes focused ultrasound, which has
demonstrated promise in disrupting the blood-brain bar-
rier, inciting increased immune cell infiltration and slowed
proliferation of other brain tumors [101,102]. However,
generalized clinical outcomes cannot properly assess the
individual CP prognosis after employing a specific surgi-
cal/radiotherapy treatment. Given their significant topo-
graphical and pathological heterogeneity, selecting the op-
timal approach to CP therapy relies on an accurate charac-
terization of the tumor.
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5. Pathological Variables Influencing
Management Outcome
5.1 Hypothalamic Involvement

In 2005, Sainte-Rose et al. [103] determined that CPs
with no hypothalamic involvement (Type 0) are strong can-
didates for total resection. Similarly, those with hypothala-
mic compression without invasion (Type 1) can be totally
resected with minimal exacerbation of morbidity. How-
ever, Hy-CPs (Type 2) warrant conservative treatment to
maximize quality of life and prevent post-operative hy-
pothalamic dysfunction. The classification system pre-
sented by De Vile et al. [104] evaluates post-operative hy-
pothalamic damage on MRI based on the integrity of the
third ventricle floor. In this schema, the ventricular floor
may be intact (Grade 0), partially breeched (Grade 1), or en-
tirely deficient (Grade 2). In 2007, Puget et al. [105] devel-
oped an updated multimodal classification system for hy-
pothalamic involvement in pediatric craniopharyngiomas
that utilizes De Vile’s approach in conjunction with clin-
ical presentation. Type 2 and Grade 2 CPs strongly corre-
late with the sequelae of hypothalamic dysfunction [1], sup-
porting the current treatment paradigm of subtotal resection
with radiotherapy for Hy-CPs [38]. However, even with
conservative management, hypothalamic dysfunction may
still occur. Preservation of function depends on the degree
of hypothalamic involvement, which correlates with the CP
origin [106]. Central-type CPs, which are found within
and along the pituitary stalk with no visible origin, typi-
cally exhibit either mild (25.6%) or severe bilateral (53%)
hypothalamic involvement. Although not all central-type
CPs invade the hypothalamus (7%). CPs originating in the
hypothalamic stalk invade the hypothalamus (100%) in a
predominately severe and unilateral manner (52%). On the
contrary, suprasellar stalk (20%) and intrasellar stalk (9%)
CPs rarely invade the hypothalamus, and those that do ex-
hibit only mild involvement. The summative value of this
information provides physicians with multiple tools to as-
sess for potential hypothalamic involvement andmodify the
treatment course accordingly [107].

5.2 Topographical Variants
Functional outcomes and recurrence rates in CP are

influenced by tumor location. Since 1990, three topograph-
ical presentation systems have been presented. Yaşargil et
al. [108] introduced the first system based on surrounding
anatomical structures. The optimal surgical approach de-
pended on the type of CP according to this classification
schema. However, endoscopic advances in the early 2000s
prompted Kassam et al. [41] to devise a new classifica-
tion system: pre-infundibular (Type I), trans-infundibular
(Type II), and purely intraventricular (Type IV). This scale
was later expanded by Jamshidi et al. [109] to include sub-
diaphragmatic tumors (Type 0) that can be resected via stan-
dard transsphenoidal approach. Most recently, Pan et al.
[110] proposed a novel CP classification system known as

“QST”: infrasellar/subdiaphragmatic tumors (Q-CPs), sub-
arachnoidal CPs (S-CPs), and pars tuberalis CPs (T-CPs).
In a small cohort study, patients with T-CPs were found
to have a statistically significant poorer prognosis than pa-
tients with Q or S-CPs [111]. However, larger studies may
be required to further evaluate prognostic differences based
on QST classification. Still, the QST classification system
has utility in determining CP growth pattern and, therefore,
optimal surgical approach [112]. Additional methods of
CP topographical classification include structures attached
to the tumor, adhesion morphology, and adhesion strength
[113]. Using these factors, Prieto et al. [114] devised a
risk stratification model that predicts surgical outcome. In
the study, increasing degrees of adhesion positively corre-
lated with worsening post-operative outcomes. Addition-
ally, greater degrees of adhesion demonstrated poor over-
all clinical outcomes. CP topography was the greatest pre-
dictor of adherence severity, with the strongest degrees
of adherence found in suprasellar-pseudointraventricular,
infundibulo-tuberal, and secondary intraventricular CPs. In
addition to hypothalamic invasion, severe tumor adhesion
may represent a limitation of gross total resection.

More recently, findings related to topographical and
pathological heterogeneity have allowed pre-sight into clin-
ical outcomes and management of care. Earlier this year,
Pascual and colleagues conducted a systematic review of
5085 CP cases characterizing a duct like diverticulum (DV)
or a narrow, hollow tubular structure of the papillary CP
type [115]. Significantly, the DV sign was identified to
be pathognomonic for papillary CP type with 100% speci-
ficity while also establishing a confined, intra-3rd-ventricle
(3VF) location of the subtype with a 95% specificity among
adult patients [115]. This pathological and topographical
information is invaluable information for a neurosurgeon
when planning surgical resection or targeted therapy [115].
This claim is further evidenced by recent demonstrations of
total resection of the CP subtype, illustrating the use these
findings [40,116].

5.3 Concluding Remarks

Here we addressed the relevant body of literature on
present-day CP management and outcomes. Discussed
topics include supported theories of development, prac-
ticed and researched treatment options, and expected pre-
and post-operative clinical course. The available literature
on surgical invention for CP suggests that endoscopic en-
donasal (or transsphenoidal) approaches may provide en-
hanced visualization and positioning for bimanual resec-
tion of challenging tumors, resulting in favorable clinical
prognoses compared to conventional transcranial interven-
tions. Brachytherapy and intracystic therapy have enjoyed
some attention as alternative, but combined surgery and
conventional external beam radiation therapy remain king
for most all CP at the time of writing. Primary limitations
of the present review were the sole utilization of MED-
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LINE/PubMed for article selection and restriction to stud-
ies published in English. Nonetheless, we maintain that the
findings shared here provide a coherent overview of what
is currently understood of craniopharyngioma management
and inform future research direction for clinicians and sci-
entists alike.
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