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Simple Summary: Recent research uncovered the BRAF mutation in papillary craniopharyngiomas,
leading to new targeted treatments that may reduce the need for invasive procedures. A systematic
review of 20 studies with 37 patients, treated mostly in the U.S., found that 18 patients received
these drugs after surgery or radiation (adjuvant treatment), while 19 received them before surgery
(neoadjuvant treatment). The common combination of a BRAF inhibitor with a MEK inhibitor
significantly shrank tumours, with reductions of 70% to 100% in many cases, and up to 91% for those
treated before surgery. Some patients required no further treatment afterward. However, questions
remain about the optimal use of these drugs, including timing, combinations, and managing side
effects. Despite these challenges, targeted therapies are promising in improving outcomes and quality
of life for patients with this brain tumour, with future studies expected to refine their use.

Abstract: Background/Objectives: The recent discovery of BRAF mutation in papillary cranio-
pharyngiomas opened new avenues for targeted therapies to control tumour growth, decreasing
the need for invasive treatments and relative complications. The aim of this systematic review
was to summarize the recent scientific data dealing with the use of targeted therapies in papillary
craniopharyngiomas, as adjuvant and neoadjuvant treatments. Methods: The PRISMA guidelines
were followed with searches performed in Scopus, MEDLINE, and Embase, following a dedicated
PICO approach. Results: We included 21 pertinent studies encompassing 53 patients: 26 patients
received BRAF inhibitors (BRAFi) as adjuvant treatment, while 25 received them as neoadjuvant
treatment. In the adjuvant setting, BRAFi were used to treat recurrent tumours after surgery or adju-
vant radiation therapy. The most common regimen combined dabrafenib (BRAFi) with trametinib
(MEK1 and 2 inhibitor) in 81% of cases. The mean treatment length was 8.8 months (range 1.6 to
28 months) and 32% were continuing BRAFi. A reduction of tumour volume variable from 24% to
100% was observed at cerebral MRI during treatment and volumetric reduction ≥80% was described
in 64% of cases. Once the treatment was stopped, adjuvant treatments were performed to stabilize
patients in remission in 11 cases (65%) or when a progression was detected in three cases (12%). In
four cases no further therapies were administered (16%). Mean follow-up after the end of targeted
therapy was 17.1 months. As neoadjuvant regimen, 36% of patients were treated with dabrafenib
and trametinib with a near complete radiological response in all the cases with a mean treatment of
5.7 months. The neoadjuvant use of verumafenib (BRAFi) and cometinib (MEK1 inhibitor) induced
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a near complete response in 15 patients (94%), with a median volumetric reduction between 85%
and 91%. Ten patients did not receive further treatments. Side effects varied among studies. The
optimal timing, sequencing, and duration of treatment of these new therapies should be established.
Moreover, questions remain about the choice of specific BRAF/MEK inhibitors, the optimal protocol
of treatment, and the strategies for managing adverse events. Conclusions: Treatment is shifting to a
wider multidisciplinary management, where a key role is played by targeted therapies, to improve
outcomes and quality of life for patients with BRAF-mutated craniopharyngiomas. Future, larger
comparative trials will optimize their protocol of use and integration into multimodal strategies
of treatment.

Keywords: craniopharyngioma; BRAF; inhibitors; MEK; papillary; systematic review; targeted therapy

1. Introduction

Craniopharyngiomas constitute a small proportion of cerebral tumours, with an in-
cidence around 0.5–2.0 cases per million persons per year [1,2]. However, they have the
highest morbidity and mortality rate among sellar tumours [3], with a high propensity for
local aggressiveness and involvement of local structures including the optic chiasm, pitu-
itary gland, and hypothalamus [4]. Adamantinomatous and papillary craniopharyngiomas
were previously considered to be subtypes of craniopharyngioma. However, since the
2021 World Health Organisation (WHO) Classification of Tumours of the Central Nervous
System (CNS) [5], these are now considered two separate entities, owing to their different
epidemiology, clinical behaviour, and peculiar radiological features, along with mutually
exclusive mutations and methylation profiles [6].

Papillary craniopharyngiomas account for the minority of cases, most commonly
appearing in adulthood between the ages of 40 and 60 years. Genetically, they are char-
acterized by the BRAF V600E mutation, which contributes to the activation of the MAPK
cascade and promotes cellular proliferation and survival. This mutation was shown to be
present in more than 90% of papillary craniopharyngioma and provided a potential avenue
for the integration of targeted therapy into their multimodal management [7,8].

Managing these tumours has traditionally been challenging due to their proximity to
critical brain structures, requiring a careful balance between effective tumour control and
the preservation of neurological function. Surgery remains the mainstay of treatment, with
specific and often complementary indications for transcranial and endoscopic endonasal
approaches [9]. The principal aim is to perform a maximal but hypothalamic-sparing
resection to reduce post-operative morbidity [9–11] and the anatomical tumour location;
the relationship with critical adjacent structures, along with the experience of the surgical
team should be taken into account in surgical planning to select the optimal approach [9].
A radical surgical treatment can be curative, but it may be complicated by endocrinological
deficits and hypothalamic syndrome in as much as 90% of cases [12]. More conservative
surgical resections are associated with a lower morbidity rate but a higher risk of recurrence,
and adjuvant radiation therapy on the residual tumour is key to ensure remission [9,13,14].
Indeed, residual and recurrent tumours not amenable to surgical resection are managed
with adjuvant stereotactic radiotherapy [14] but, particularly with young patients, radio-
therapy can present a significant risk of long-term complications. Alternative strategies of
treatment, with lower toxicity, are thus required.

Recent clinical applications of BRAF inhibitors (BRAFi) in other solid malignancies
resulted in a paradigm shift in their treatment, with high degrees of response and lim-
ited adverse events [15,16]. As BRAF mutations in papillary craniopharyngiomas are
also ubiquitous, targeted molecular therapy was considered as an alternative to surgery
and radiotherapy.

The significant response with limited side effects prompted further investigation and
since the first use in 2016 [17], several case reports and case-series have been published,
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confirming its potential role in controlling the disease. Furthermore, the possible use of
BRAFi as neoadjuvant treatment was recently described [18]. This may offer an alternative
pathway for patients who may not be candidates for a radical surgical resection as first
line of treatment [19], as it may serve to reduce tumour bulk allowing for more aggressive
resections for lesions located in areas associated with high post-operative morbidity, thus
increasing the safety of craniopharyngioma management in experienced hands.

This systematic review aimed to examine the literature for published case-reports and
case-series relating to the use of adjuvant and neoadjuvant targeted molecular therapy in
the treatment of papillary craniopharyngiomas.

2. Materials and Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines were followed when conducting this systematic review. Searches of academic
databases including Scopus, MEDLINE and Embase were conducted on the 18 July 2024,
following a PICO approach. A flowchart, displaying the number of studies screened and
included, can be found in Figure 1 and a full breakdown of the search strategy used can be
found in Table 1. PROSPERO registration was not performed for this study.
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Figure 1. PRISMA flowchart demonstrating the results of database searches and the number of stud-
ies included during the screening process. 

Table 1. The search strings used in each database are detailed here. 

Database Search String 

Scopus TITLE-ABS-KEY (craniopharyng*) AND TITLE-ABS-KEY (mole* OR targe* OR braf OR 
dabrafenib OR trametini) AND TITLE-ABS-KEY (adju* OR neoadj*)  

Figure 1. PRISMA flowchart demonstrating the results of database searches and the number of
studies included during the screening process.
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Table 1. The search strings used in each database are detailed here.

Database Search String

Scopus TITLE-ABS-KEY (craniopharyng*) AND TITLE-ABS-KEY (mole* OR targe* OR braf OR dabrafenib
OR trametini) AND TITLE-ABS-KEY (adju* OR neoadj*)

PubMed Craniopharyng* and (adju* or neoadj*) and (molec* or targe* or BRAF or dabrafenib or trametinib))

MEDLINE and Embase (craniopharyng*) AND (targeted therapy OR molecular therapy OR BRAF OR dabrafenib OR
trametinib) AND (adju* OR neoadj*)

The inclusion and exclusion criteria used to select the pertinent papers can be found
in Table 2. Only studies in English language were considered.

Table 2. The inclusion and exclusion criteria used for screening the pertinent articles included in
the analysis.

Inclusion Exclusion

Clinical reports and conference abstracts Pre-clinical studies

Neoadjuvant use of BRAF inhibitors Non-English studies

Adjuvant use of BRAF inhibitors Studies reporting patients with adamantinomatous craniopharyngioma

Studies including papillary craniopharyngiomas

The search results were saved and uploaded into the Covidence tool for screening. One
study was found via citation searching and was added after the final search date [20]. Ab-
stract and full-text screening was conducted by two reviewers (GC & DSCR), any conflicts
were resolved by discussion. Data extraction was conducted by populating an Excel pro-
forma with the columns determined through discussion and expert consultation concerning
the key features for inclusion. Epidemiological, clinical, and radiological characteristics
of the different patients were summarized, along with the surgical strategy used and the
surgical outcomes in terms of extent of resection and postoperative deficits. The extent of
resection was classified as gross total resection (GTR) when a macroscopically complete
resection was performed, near total resection (NTR) was used when a resection >95% was
performed, while when a residual tumour was present, the term subtotal resection (STR)
was used.

The details on the targeted therapies used, their combination, posology, and duration
were collected, along with the side effects and the radiological responses during treatment
and at last follow-up. Radiological responses were classified according to volumetric analy-
sis when reported, and at last follow-up they were divided into the following: complete
response when the tumour was no more visible, near total response when a substantial
reduction of tumour volume was reported (>80%), partial response when the reduction
was between 80 and 20%, stable disease when no volumetric difference was noted, and
progression when a volumetric increase was reported.

Meta-analysis was not possible due to the small number of studies found and the
predominance of case-reports. Therefore, due to the qualitative nature of this review, risk
of bias assessment was not deemed appropriate.

3. Results

The search yielded a total of 280 search results; 149 were duplicates, and 110 were
excluded on title, abstract, and full-text screening. Full text screening yielded 21 studies for
inclusion with 53 patients (Figure 1) [17,18,20–38]: 26 patients received BRAFi as adjuvant
treatment, while 25 received them as neoadjuvant treatment. Two patients received BRAFi
as palliative treatment. Almost all studies included case reports, with the exception of
one study which was a case-series investigating the use of BRAF/MEK inhibitors as
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neoadjuvant treatment in 16 patients with papillary craniopharyngioma [18] and one
cohort study composed of 16 patients using BRAFi as neoadjuvant, adjuvant, or palliative
strategy [20]. Most patients were treated in the United States (n = 28, 52.8% Figure 2).

Figure 2. World map detailing the number of patients treated with targeted molecular therapy in
each country.

The median patient age in the adjuvant cohort was 46 years (IQR: 38.5–57.7), while in
the neoadjuvant cohort, it ranged from 21 to 83 years. The literature cohort was constituted
mostly by male patients (30/53, 56.6%). The most common clinical presentations were visual
impairment (18/36, 50%), headaches, nausea, and vomiting (16/36, 44%). Partial anterior
hypopituitarism was described in 19 out of 31 patients (61.3%), a stalk effect was reported in
three patients and complete anterior hypopituitarism in one case, while diabetes insipidus
(DI) was reported in 12 cases. The association of a solid and cystic morphology was the most
common tumour feature (26/35, 70.3%), while isolated solid tumours were reported in nine
cases. Most lesions were described as suprasellar and tuberoinfundibular, with six cases being
confined to the third ventricle. Hypothalamic invasion was not systematically described but it
was reported in 15 cases. One study reported a patient with a calcified tumour [20]. All the
details are provided in Tables 3 and 4.

Endoscopic transsphenoidal resection was reported in 9/18 cases (50%) receiving
adjuvant BRAFi, while various craniotomies were used in the same number of cases,
according to tumour extension. GTR and NTR were achieved in two cases each, while
an STR was obtained in 13 cases (Table 5). In the neoadjuvant cohort, one study did
not report the approach selected [35], while another did not perform any biopsy before
starting the treatment with BRAFi [24] (Table 6). Postoperative outcomes were detailed
in 10 cases belonging to the adjuvant cohort: in six patients new endocrinological deficits
were described (Table 5), while one patient in the neoadjuvant cohort was complicated with
panhypopituitarism and infarction in the territory of the anterior choroidal artery after
tumoral biopsy [35].
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Table 3. Summary of epidemiology data, clinical and radiological features of patients treated with adjuvant BRAF inhibitors.

Study Age (Years) Sex Comorbidities Clinical Presentation Pituitary Hormone
Deficiency MRI Finding Solid/Cystic

Morphology

Brastianos 2015 [17] 39 M None Headache and confusion None Solid sellar and suprasellar
enhancing tumour Solid-cystic

Aylwin 2016 [38] 57 F ns Visual impairment Hyperprolactinaemia Sellar and suprasellar mass with
perifocal oedema Solid

Rostami 2017 [37] 65 M Ancient history of sine
materia SAH

Nausea and weight loss
bitemporal hemianopia

Hypocorticism
Hypothyroidism

Sellar and suprasellar lesion with
cystic components Solid-cystic

Roque 2017 [36] 47 F ns

headache
Visual impairment,
amenorrhea,
cold intolerance

Hypogonadism and
hypothyroidism

Cystic lesion with nodular
enhancement, suprasellar and
infiltrating the floor of 3rd ventricle

Solid-cystic

Himes 2019 [34] 52 M
Non-Hodgkin
lymphoma and stage III
colon cancer

Visual impairment
polydipsia, polyuria DI Suprasellar lesion Solid-cystic

Bernstein 2019 [33] 60 M ns ns ns ns ns

Rao 2019 [32] 35 M None
Headaches, nausea, and
vomiting Short-term
memory loss

None
Third ventricular mass obstructing
foramen of Monro with
obstructive hydrocephalus

Solid-cystic

Khaddour 2020 [31] 39 M None Headache
bitemporal hemianopsia None Homogenous enhancing

suprasellar lesion Solid

Gopal 2020 [30] 44 M ns Fatigue, weight gain,
polydipsia, polyuria

Hypogonadism
DI Solid-cystic suprasellar mass Solid-cystic

Di Stefano 2020 [29] 55 F None Weight gain Hypopituitarism Suprasellar mass Solid-cystic

Chik 2021 [28] 37 M Recurrent sinusitis
Obesity

Visual impairment
and headaches

Complete anterior
hypopituitarism

Enhancing sellar and
suprasellar mass Solid

Calvanese 2022 [27] (1) 40 M None Bitemporal inferior
quadranopia Hypogonadism

Suprasellar and tubero-infundibular
lesion infiltrating the floor of the
3rd ventricle

Solid-cystic

Nussbaum 2022 [26] 35 M ns Confusion and memory loss ns Suprasellar solid and cystic mass Solid-cystic
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Table 3. Cont.

Study Age (Years) Sex Comorbidities Clinical Presentation Pituitary Hormone
Deficiency MRI Finding Solid/Cystic

Morphology

Wu 2023 [25] 63 F ns Visual impairment ns Sellar and suprasellar
enhancing mass Solid

Wu 2023 [25] 75 M ns Headaches and dizziness ns Sellar and suprasellar enhancing
mass with a cystic portion Solid-cystic

Yu 2024 [23] 45 M None Headache None Homogenous enhancing mass,
intraventricular with hydrocephalus Solid

Butt 2020 [22] 32 F Basal cell carcinoma Visual impairment ns Suprasellar mass ns

Shah 2023 [21] 57 F None Visual impairment,
headaches, and nausea Hyperprolactinemia Enhancing suprasellar mass Solid-cystic

De Alcubierre 2024 [20]
(adjuvant: 8 patients and
palliative protocol:
2 patients)

Mean 43.5 4 M, 6
F

1 colorectal cancer
in remission

4 headaches
5 visual impairment

9 anterior
hypopituitarism
8 posterior
hypopituitarism
7 panhypituitarism
3 hypothalamic
symptoms

4 suprasellar lesions
1 with secondary
ventricular invasion
3 infundibulo-tuberal
1 intraventricular
6 lesions with hypothalamic
invasion
1 calcified

1 solid lesion
9 solid-cystic

Abbreviations: F: female; M: male; ns: not specified; DI: Diabetes Insipidus; SAH: Subarachnoid haemorrhage.

Table 4. Summary of epidemiology data, clinical and radiological features of patients treated with neoadjuvant BRAF inhibitors.

Study Age (Years) Sex Comorbidities Presentation Pituitary Hormone
Deficiency MRI Finding Solid/Cystic

Morphology

Juratli 2019 [35] 21 M ns

Headaches and fatigue
Weight gain
Nausea
Visual field deficits

ns Enhancing suprasellar
mass Solid-cystic

Calvanese 2022 [27] 69 M HIV Right visual impairment
and psychiatric changes Hyperprolactinaemia

Solid infundibular lesion,
invading the floor of the
3rd ventricle

Solid
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Table 4. Cont.

Study Age (Years) Sex Comorbidities Presentation Pituitary Hormone
Deficiency MRI Finding Solid/Cystic

Morphology

Lin 2023 [24] 59 M None Headache None Mixed suprasellar
nodular and cystic lesion Solid-cystic

Brastianos 2023 [18] Age Range
33–83 years 7 M, 7 F ns ns ns ns ns

De Alcubierre 2024 [20]
(neoadjuvant protocol) Mean 60.3 4 M, 2 F 1 HIV

1 multiple sclerosis
1 headache
4 visual impairment

5 anterior hypopituitarism
2 posterior hypopituitarism
2 panhypituitarism
3 hypothalamic symptoms

5 infundibulo-tuberal
lesions, with
hypothalamic invasion
1 purely intraventricular

2 solid,
4 solid-cystic

Abbreviations: F: female; M: male; ns: not specified.

Table 5. Summary of the clinical management and surgical outcomes in patients receiving BRAF inhibitors as adjuvant treatment.

Study Surgical Approach Extent of
Resection

Adjuvant Radiation
Therapy before BRAFi Time to Recurrence Genetic Profile Post-Operative Deficit

Brastianos 2015 [17] Craniotomy STR
N
(Administered after BRAFi
50.4 Gy in 28 fractions)

7 months from 1st surgery then
rapid regrowth with emergency
decompressions every 2–4 weeks

BRAF V600E
DI, central hypothyroidism
and secondary adrenal
insufficiency

Aylwin 2016 [38] Endoscopic
transsphenoidal STR Y

(dose ns) 4 years → surgery and then BRAFi BRAF V600E ns

Rostami 2017 [37] Endoscopic
transsphenoidal STR N 3 weeks BRAF V600E ns

Roque 2017 [36] Frontal craniotomy STR Y
(54 Gy in 30 fractions)

1 month → Radiation therapy
4 months after radiation therapy →
BRAFi

BRAF V600E DI and central adrenal
insufficiency

Himes 2019 [34] Pterional craniotomy STR Y
(36 Gy in 12 fractions) 3 years BRAF V600E Panhypopituitarism

Bernstein 2019 [33] Endoscopic
transsphenoidal ns Y

(dose ns) ns BRAF V600E ns
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Table 5. Cont.

Study Surgical Approach Extent of
Resection

Adjuvant Radiation
Therapy before BRAFi Time to Recurrence Genetic Profile Post-Operative Deficit

Rao 2019 [32] Craniotomy STR N ns BRAF V600E
DI, central hypothyroidism
and central adrenal
insufficiency

Khaddour 2020 [31] Endoscopic
transsphenoidal NTR N 5 months BRAF V600E None

Gopal 2020 [30] Craniotomy STR N NS BRAF V600E ns

Di Stefano 2020 [29] Endoscopic
transsphenoidal STR N 3 months BRAF V600E ns

Chik 2021 [28] Endoscopic
transsphenoidal GTR

N
(Administered after BRAFi
50 Gy in 30 fractions)

6 weeks from last surgery (3
surgeries in childhood) BRAF V600E None

Calvanese 2022 [27] Endoscopic
transsphenoidal NTR N 8 months BRAF V600E DI and central

hypothyroidism

Nussbaum 2022 [26] Bifrontal craniotomy STR N ns BRAF V600E DI and central
hypothyroidism

Wu 2023 [25] Bifrontal craniotomy STR N 3 months BRAF V600E ns

Wu 2023 [25] Endoscopic
transsphenoidal GTR N 15 months from the 1st surgery and

then 2 months after the 2nd BRAF V600E ns

Yu 2024 [23] Transventricular STR N 4 months BRAF V600E None

Butt 2020 [22] Craniotomy STR Y
(dose ns) 2 months after radiation therapy BRAF V600E ns

Shah 2023 [21] Endoscopic
transsphenoidal STR Y

(54 Gy in 30 fractions)

3 months → 2nd surgery
Growth of cystic portion during
radiation therapy

BRAF V600E
Anterior hypopituitarism
Blindness during adjuvant
radiation therapy

De Alcubierre 2024 [20]
(adjuvant and palliative
protocol)

ns ns Only 1/8 cases ns BRAF V600E ns

Abbreviations: DI: Diabetes Insipidus; ns: Not Specified; STR: Subtotal Resection; GTR: Gross-total Resection; Gy: Gray’s.
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Table 6. Summary of the clinical management in patients receiving BRAF inhibitors as neoadjuvant treatment.

Study Initial Surgical Approach Aim of Resection Genetic Profile Post-Operative Deficit

Juratli 2019 [35] Surgery Biopsy BRAF V600E Panhypopituitarism
Infarction in anterior choroidal artery territory

Calvanese 2022 [27] Transventricular Biopsy BRAF V600E None

Lin 2023 [24] None Not performed
Blood sample,
Negative for BRAF
mutation

Not described
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In the adjuvant setting, BRAFi were used to treat recurrent tumours not responding
to adjuvant radiation therapy [20–22,33,34,36,38], or they were introduced before the use
of radiation therapy in some particular settings, dealing with young patients with limited
or no endocrinological deficits or with tumours presenting a close contact with the optic
apparatus [17,20,23,25–29,31,32,37]. In two cases BRAFi were used in a palliative setting,
in patients experiencing recurrence or relevant residual tumours with failure of previous
multimodal therapies [20].

The most common regimen included dabrafenib (BRAF Inhibitor) combined with
Trametinib (MEK 1 and 2 inhibitor), reported in 13 out of 18 of case reports (72.2%) and
on the cohort of De Alcubierre et al. [20]. Dabrafenib was also used as a stand-alone
therapy in two cases [32,34], with one study using a higher dose of 225 mg twice daily [34].
Verumafenib, another BRAFi, was also used as a stand-alone therapeutic in two cases [28,38].
The details of the different protocols along with the corresponding radiological responses
are reported in Table 7.

The mean duration of the adjuvant treatment with BRAFi was 8.8 months (median
5 months). There was a significant variability in therapy duration among the studies with
treatment ranging from 52 days to 28 months, with 8 out of 25 patients (32%) still being
under treatment at the moment of the reporting of their case. From a radiological point
of view, during the treatment, a variable response from 24% to 100% of tumour volume
reduction was observed at cerebral MRI. Globally, a reduction in tumour volume ≥ 80%
(near total response) was described in 16 of 25 cases (64%) reporting volumetric analysis,
while in 10 cases the reduction was ≥90%, involving both the solid and cystic portion
of the tumour. Once the treatment was stopped (17 cases, 68%), adjuvant treatments
were performed to stabilize patients in remission in 11 cases [17,20,27,29,31], or when a
progression at follow up was detected, using surgery followed by radiation therapy [28], or
a new cycle of BRAFi [25,38]. In three cases a stable disease was observed and no further
therapies were administered [21,22,34]. Mean follow-up after the end of targeted therapy
was 17.1 months (median 13.9). One patient died for tumour progression [25].

The neoadjuvant use of BRAFi was performed after a biopsy for histological confir-
mation of papillary craniopharyngioma and BRAF mutation in all the cases [17,20,27,35],
while in one case surgery was refused by the patient and the treatment was started based
on the empirical diagnosis of papillary craniopharyngioma on the cerebral MRI [24]. The
details are reported in Tables 8 and 9.
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Table 7. A summary of the targeted therapy and treatment regimens used in an adjuvant fashion in the different case reports published in literature, along with the
radiological responses and follow-up periods.

Study Timing after
Surgery Therapeutic (1) Therapeutic (2) Duration Adverse Events Tumour Reduction Total

Follow-Up
Ongoing BRAFi
Therapy

Radiological
Follow-Up

Brastianos
2015 [17]

7 weeks after last
surgery

Dabrafenib
(150 mg twice daily)

Trametinib
(2 mg once daily) 52 days None 85% by volume 7 months N

Near complete response
after BRAFi followed by:
New surgery for
removal of residual
tumour
Adjuvant radiation
therapy

Aylwin 2016 [38] Some weeks after
2nd surgery

Vemurafenib
(960 mg twice daily) 3 months

CSF leak,
pneumocephalus
and meningitis

Near complete 7 months N

Initial near complete
response (under BRAFi)
→ recurrence after 6w of
pause
→ new response to
BRAFi
→ new progression at 7
months (BRAFi stopped)

Rostami 2017 [37] 3 weeks Dabrafenib
(150 mg twice daily)

Trametinib
(2 mg once daily) 15 weeks Pyrexia 91% by volume 15 weeks Y Near complete response

Still under treatment

Roque 2017 [36] 4 months after
radiation therapy

Dabrafenib
(150 mg twice daily)

Trametinb
(2 mg once daily) 7 months Pyrexia 75% by volume 7 months Y Partial response

Still under treatment

Himes 2019 [34] 5-years
post-surgery

Dabrafenib
(225 mg twice daily) 12 months Joint pain

Near complete
response starting 6
months after
beginning of the
treatment
Dose affected by AE

24 months N Near complete response
Stable at 1 year

Bernstein 2019 [33] ns Dabrafenib
(150 mg twice daily)

Trametinib
(2 mg once daily) 28 months

Diffuse verrucal
keratosis under
dabrafenib alone

100% by tumour
volume 28 months Y Complete response

Still under treatment

Rao 2019 [32] ns Dabrafenib
(150 mg twice daily) 24 months None

Partial response at 2
months and near
complete response
at 1 year

24 months Y Near complete response
Still under treatment



Cancers 2024, 16, 3479 13 of 20

Table 7. Cont.

Study Timing after
Surgery Therapeutic (1) Therapeutic (2) Duration Adverse Events Tumour Reduction Total

Follow-Up
Ongoing BRAFi
Therapy

Radiological
Follow-Up

Khaddour
2020 [31]

1 week post
recurrence

Dabrafenib
(150 mg twice daily)

Trametinib
(2 mg once daily) 9 months Pyrexia 70% by volume 26 months N

Partial response
Stable at 2 years
GK performed during
follow-up

Gopal 2020 [30] ns Dabrafenib Trametinib ns ns ns ns ns Partial regression

Di Stefano
2020 [29]

5 months
post-surgery

Dabrafenib
(150 mg twice daily)

Trametinib
(2 mg once daily) 30 weeks

Fatigue, cough
and peripheral
oedema

95% by volume 55 weeks N

Near complete response
Stable at 6 months
PBRT performed after 30
weeks of BRAFi

Chik 2021 [28] 60 days
post-surgery

Vemurafenib
(960 mg twice daily) 25 months

Arthralgia,
myalgia,
photosensitivity,
and elevated liver
enzymes
Dose of
vemurafenib was
reduced

55% by volume 25 months Y

Progression of cystic
portion after 8 months of
treatment → surgery
and RTH
17 months after RTH:
new growth of cystic
component → GK
Still under treatment

Calvanese
2022 [27]

8 months
post-surgery on
tumour recurrence

Dabrafenib
(150 mg twice daily)

Trametinib
(2 mg once daily) 5 months None 90% by volume 14 months N

Near complete response
Stable at 14 months
Radiation therapy at the
end of BRAFi

Nussbaum
2022 [26]

2 months
post-surgery

Dabrafenib
(150 mg twice daily)

Trametinib
(2 mg once daily) 22 months

Anemia and
elevated liver
enzymes

95% by volume 22 months Y Near complete response
Still under treatment

Wu 2023 [25] 3 months
post-surgery

Dabrafenib
(150 mg twice daily)

Trametinib
(2 mg once daily) 3 months None >95% by volume 24 months N

Progression at 2 years
follow-up → new start
of BRAFi with regression
of the solid component

Wu 2023 [25] 5 months
post-surgery

Dabrafenib
(150 mg twice daily)

Trametinib
(2 mg once daily) 3 months

Hyperglycaemia
and lower limb
oedema
→ BRAFi stopped

24% by volume 6 months N Tumour progression →
death
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Table 7. Cont.

Study Timing after
Surgery Therapeutic (1) Therapeutic (2) Duration Adverse Events Tumour Reduction Total

Follow-Up
Ongoing BRAFi
Therapy

Radiological
Follow-Up

Yu 2024 [23] 3 weeks
post-recurrence

Vemurafenib
(960 mg twice daily)

Cobimetinib
(60 mg once daily)
for cycles of 21
days

2 months Diarrhoea, nausea
and hypertension 98% by volume 29 months N Near complete response

Stable at 29 months

Butt 2020 [22] 2 months
post-recurrence

Dabrafenib
(150 mg twice daily)

Trametinib
(2 mg once daily) 3 months Pyrexia and rash

Dose reduction
ns
“stable disease” 3 months Y Stable appearance

Still under treatment

Shah 2023 [21] 4 months
post-recurrence Dabrafenib Trametinib

ns
1 month
probably

Rash and fatigue
Prone to infectious
diseases

>95% by tumour
volume 4 years N Near complete response

Stable at 4 years

Abbreviations: AE: adverse events; BRAFi: BRAF inhibitor; GK: Gamma Knife; ns: not specified; RTH: Radiotherapy.

Table 8. A summary of the targeted therapy and treatment regimens used in a neoadjuvant fashion in the different case reports, along with the radiological responses
and follow-up periods.

Study Timing Therapeutic (1) Therapeutic (2) Duration Adverse Events Tumour Reduction Total Follow-Up
(Post-Chemotherapy)

Radiological
Follow-Up

Juratli 2019 [35] ns Dabrafenib
(150 mg twice daily)

Trametinib
(2 mg once daily) ns ns 85% by volume 6 months Near complete

response

Calvanese 2022 [27] 3 months
post-diagnosis

Dabrafenib
(150 mg twice daily)

Trametinib
(2 mg once daily) 4 months None 90% by volume 2 months Near complete

response

Lin 2023 [24] 5 months
post-diagnosis

Dabrafenib
(150 mg twice daily)
Then maintenance
dose 75 mg twice daily

Trametinib
(2 mg once daily)

6.5 months, still
ongoing

Pyrexia
Trametinib was stopped
Atrial flutter (association
not clear)

ns On therapy Near complete
response

Abbreviations: ns: not specified.
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Table 9. Summary of the clinical results of the cohort studies reporting the use of BRAF inhibitors for the treatment of papillary craniopharyngioma.

Study Age and Sex Extent of
Resection Type of Protocol Therapeutic (1) Therapeutic (2) Duration Adverse Events Tumour

Reduction

Total Follow-Up
(Post-
Chemotherapy)

Radiological Follow-Up

Brastianos
2023 [18]

Age Range
33–83 years,
7 male

Biopsy or subtotal Neoadjuvant
Vemurafenib
(960 mg twice
daily)

Cobimetinib
(60 mg once daily)

28-day cycles
(Vemurafenib 28
days and cobimetinib
21 days), median
number of 8 cycles

12 patients
experienced either
a rash,
dehydration, ALP
rise or QTc
prolongation.

One asymptomatic
rise in CK.
One
hyperglycaemia
3 discontinued TT

91% median
volume reduction
15 had complete or
near complete
response.
1 non-responder
stopped treatment
after 8 days due to
adverse event

Median 22 months
(95% CI 9–19)

Three disease progression
once therapy was stopped
7 patients received no
treatment after the
protocol
6 RTH
1 RTH + surgery
1 RTH + dabrafenib
1 off-protocol
vemurafenib–cobimetinib

De Alcubierre
2024 [20]

Mean age
50.5 years,
±15;
8 male

6 biopsy,
10 previously
attempted radical
surgery

6 neoadjuvant
8 adjuvant
2 palliative

Dabrafenib
(150 mg twice
daily)

Trametinib
(1 or 2 mg once
daily)

Mean duration:
5.8 months in the
neoadjuvant setting;
7.5 months in in the
adjuvant setting;
18.5 months in the
palliative setting

2 patients
increased liver
enzymes,
1 myalgia,
1 vomiting and
fever,
1 fatigue and
peripheral oedema,
1 pneumopathy

81.4% mean
reduction at last
follow-up:
Mean reduction of
89% with the
neoadjuvant
protocol;
73% with the
adjuvant protocol;
91% in the
palliative setting

Follow-up
available only for
10 patients (4
patients still
ongoing TT)
Neoadjuvant TT:
mean 11 months
Adjuvant TT:
mean 9 months
Mean of 11.5
months (10
patients)

6/6 near total response in
neoadjuvant protocol
(>80% of tumour
reduction);
5 received RTH
In the adjuvant protocol:
4/8 near total,
3 partial response,
1 stable disease; 7
received RTH
In the palliative protocol:
2/2 near total response

Abbreviations: CK: Creatine Kinase; RTH: Radiotherapy; TT: Targeted Therapy.



Cancers 2024, 16, 3479 16 of 20

Nine patients (36%) were treated with a combination of dabrafenib and trame-
tinib [24,27,35]. All the patients experienced a near complete response with this protocol,
with 6 out of 8 having a tumour reduction ≥ 90% (75%) and the mean treatment duration
was 5.7 months. Mean follow-up duration was 6.2 months for these patients and two
patients were still on therapy, while two just finished the complementary radiation
therapy. Brastianos et al. used a protocol combining verumafenib and cometinib in their
cohort of 16 patients [17]. A near complete response was reported in 15 patients (94%),
with a median tumour volume reduction between 85% and 91%. In one case no efficacy
was recorded as the treatment was stopped early because of adverse events, while in
three cases disease recurrence was observed once the treatment was stopped [18]. Ten
out of 16 patients did not receive further treatments after the neoadjuvant protocol.

The most commonly reported side effects related to the treatment was pyrexia and
cutaneous rashes. Pyrexia was probably related to the use of trametinib, as it ceased
once the treatment was stopped [24]; it was not reported by Brastianos et al., as they
used cometinib as MEK inhibitor [18]. Dabrafenib in monotherapy was associated with
verrucal keratosis, that regressed when a MEK inhibitor was introduced [33]. CSF leak and
pneumocephalus was reported in one case owing to rapid reduction in tumour volume due
to treatment [38]. Some patients experienced toxic effects of treatment leading to posology
reduction [22,28] or treatment cessation with resolution of adverse events [18,20,25].

4. Discussion

BRAF V600E mutation characterizes more than 90% of papillary craniopharyngiomas and
this gain-of-function mutation leads to the persistent activation of the RAS/RAF/MEK/ERK
cascade [8]. This pathway mediates cell proliferation, differentiation, and cell survival [39,40].
Furthermore, in papillary craniopharyngioma, BRAF V600E mutation could confer prolifera-
tive advantage to SOX2+ tumour cells [41,42].

This systematic review demonstrated early evidence of BRAFi combined with MEK
inhibitors confers good control of papillary craniopharyngioma and favourable safety
profiles. Therefore, BRAFi may represent an interesting strategy of treatment as adjuvant
treatment at recurrence or tumoral progression or as neoadjuvant treatment to decrease tumour
volume and allow the performance of potentially curative surgery or radiation therapy to
increase the chances of achieving a long-lasting control of the disease. Indeed, multiple
case reports and oncology reviews support the incorporation of adjuvant targeted therapy
into the multimodal treatment approach for papillary craniopharyngioma, considered as a
significant advancement in neuro-oncology [7]. On the other side, recent papers showed
interesting radiological responses in patients undergoing neoadjuvant treatments with
these targeted therapies [18,20]. Furthermore, its applications in palliative care may also
represent a promising strategy where alterative multimodal strategies have failed [20].

Adjuvant target therapy was used in rapidly recurrent tumours or with tumours refrac-
tory to standard treatment modalities. Considering the aggressive nature of this subgroup
of patients, the reported radiological response to treatment with BRAFi was largely positive.
Indeed, BRAFi (dabrafenib and vemurafenib), alone or more frequently in combination
with MEK inhibitors (trametinib and cobimetinib), showed encouraging results with ≥80%
of reduction of tumour volume in more than 60% of reported cases. Authors mainly ad-
ministered a combined drug regimen as it demonstrated superior oncological outcomes,
compared to BRAFi monotherapy, in BRAF V600E-mutant melanoma [15,16]. According
to our analysis, monotherapy as adjuvant treatment allowed adequate tumour control in
two cases [32,34], while progression was observed in one case [28]. Although this does
not provide conclusive evidence that combination therapy has a greater efficacy, it sup-
ports that dual BRAF and MEK inhibition should be the first treatment option in patients
without contraindications to treatment. The points requiring clarification are the posology
used along with the duration of therapy, as it largely varied among studies from some
weeks to more than 2 years of ongoing treatment. Relapse after treatment cessation was
reported in three cases [25,28,38], with a new response once the treatment was re-started.
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This may indicate a subset of patients with BRAFi dependent lesions requiring further
definitive management, or long-term treatment if they remain poor candidates for surgery
and radiotherapy. The follow-up, to assess the radiological response once the treatment
was stopped, was therefore also heterogeneous, varying from patients still under treatment
at the moment of reporting their case to long follow-up of 48 months. Long-term follow-up
will provide essential insight into the tumour behaviour following treatment cessation and
whether BRAF and MEK inhibitor resistance can be explained by novel tumour genetic
adaptations. In those cases, further definitive management would be required if clinically
appropriate while tumours developing resistance to adjuvant BRAFi treatment would
require further investigation. Future strategies may make use of alternative BRAFi or
require the development of novel target therapies.

In addition to three case reports, the efficacy of combining BRAF and MEK inhibitors
in a neoadjuvant regimen was confirmed in a phase-2 clinical trial (NCT03224767) includ-
ing 16 patients with newly diagnosed papillary craniopharyngiomas, treated in 28-day
cycles (Table 9) [18] and in a recent cohort of 6 patients [20]. In the article of Brastianos
et al. the mean volume reduction of the tumour was 91%, thus supporting their upfront
administration after a biopsy/subtotal surgical resection, with the goal of reducing tumour
volume and thus the rate of postoperative complications, while also limiting the dose of
radiation therapy administered [18]. Similarly, if we summarize the other reports, 75%
of patients showed a tumour reduction ≥ 90%. Some authors also propose the use of
neoadjuvant BRAF/MEK inhibitors in patients with neurological deficit, to benefit from
the rapid tumour shrinkage [35].The timing of administration should be tailored to each
patients’ characteristics. The pitfall in the use of BRAFi for papillary craniopharyngioma
is the necessity of performing an initial biopsy to assess histopathology and BRAF mu-
tation. As for other CNS tumours, further advances in deep-learning radiomics analysis
of craniopharyngiomas could help in the future in avoiding biopsies, predicting the pres-
ence of BRAF mutation before surgery and thus favouring the use of targeted therapies
as a neoadjuvant regimen [43–45]. Papillary craniopharyngiomas generally present as
intrasellar or isolated intraventricular lesions, with well-defined margins, and they are
predominantly solid, with hypointense microcystic portions on T1-weighted images while
calcifications are rare [46]. The model proposed by Cheng et al. showed excellent results
as it could differentiate between adamantinomatous and papillary craniopharyngiomas
with an AUC of 0.96 and an ability to differentiate BRAF V600E mutation from wild type
craniopharyngiomas with an AUC of 0.92 [45]. These analyses could thus facilitate non-
invasive estimation of pathological subtypes and genetic mutational status, allowing for
neoadjuvant treatment without biopsy. The other alternative would be to perform a genetic
sequencing in a peripheral blood test, but this technique remains expensive as it requires
complex laboratory settings, and results are currently controversial [17,47,48].

Globally, these targeted therapies seem to be associated with a favourable risk pro-
file [18]. Nevertheless, their use should be standardized and included into a larger multi-
disciplinary approach, as their applications are not curative and require further strategies
of treatment to control the disease. New clinical trials using BRAFi may solidify the use
of target therapies as a robustly evidenced therapeutic tool [49–52], with standardized
protocols of treatment. Further identification of patient or tumour-related factors may help
in defining the inclusion criteria for the three emergent treatment strategies, namely the
neoadjuvant, adjuvant, and palliative applications of BRAFi [18,20].

Despite these advancements in the management of papillary craniopharyngiomas,
limited progress has been made in the management of adamantinomatous craniopharyn-
giomas, where a range of different molecular therapies have been employed (anti-EGFR,
anti-IL6 and anti-VEGF) with heterogenous results [53–55]. The treatment of adamantino-
matous tumours remains a point of contention in the literature and clinical practice. Never-
theless, the recent progresses made in the management of papillary craniopharyngioma will
motivate future research effort to discover novel treatment strategies for adamantinomatous
craniopharyngioma through molecular and genetic studies.
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5. Conclusions

The treatment of papillary craniopharyngioma is shifting from the neurosurgical
and endocrinological field to a more complex multidisciplinary management, including
radiation therapists, pathologists, and oncologists. Adjuvant and neoadjuvant applications
of BRAF and MEK inhibitors showed exciting results, opening new treatment avenues,
particularly for recurrent tumours and for patients who are poor surgical and radiotherapy
candidates, offering them an opportunity to reduce treatment related morbidity. The
current promise should be confirmed in large scale comparative trials to approve the BRAFi
protocol of use.

Author Contributions: Conceptualization, G.C., D.S.C.R. and M.B.; methodology, G.C. and D.S.C.R.;
software, D.S.C.R.; validation, M.M., A.E.C., L.K., M.L., E.M., S.A.H., C.M.-P., R.C. and T.L.V.; formal
analysis, G.C., D.S.C.R., M.M. and M.B.; investigation, G.C., D.S.C.R., R.T.D., M.B., J.B., W.F., O.B. and
C.C., resources, D.S.C.R.; data curation, G.C., M.M., J.M.P., B.L. and M.B.; writing—original draft
preparation, G.C., D.S.C.R. and M.B.; writing—review and editing, all the authors; visualization,
all the authors; supervision, M.B.; project administration, G.C. and M.B. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Data sharing is not applicable. No new data were created or analyzed
in this study.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Müller, H.L. Craniopharyngioma. Endocr. Rev. 2014, 35, 513–543. [CrossRef] [PubMed]
2. Nielsen, E.H.; Feldt-Rasmussen, U.; Poulsgaard, L.; Kristensen, L.; Astrup, J.; Jørgensen, J.O.; Bjerre, P.; Andersen, M.; Andersen,

C.; Lindholm, J.; et al. Incidence of craniopharyngioma in Denmark (n = 189) and estimated world incidence of craniopharyngioma
in children and adults. J. Neuro-Oncol. 2011, 104, 755–763. [CrossRef] [PubMed]

3. Tomlinson, J.; Holden, N.; Hills, R.; Wheatley, K.; Clayton, R.N.; Bates, A.; Sheppard, M.; Stewart, P. Association between
premature mortality and hypopituitarism. Lancet 2001, 357, 425–431. [CrossRef] [PubMed]

4. Fernandez-Miranda, J.C.; Gardner, P.A.; Snyderman, C.H.; Devaney, K.O.; Strojan, P.; Suárez, C.; Genden, E.M.; Rinaldo, A.;
Ferlito, A. Craniopharyngioma: A pathologic, clinical, and surgical review. Head Neck 2011, 34, 1036–1044. [CrossRef]

5. Louis, D.N.; Perry, A.; Wesseling, P.; Brat, D.J.; Cree, I.A.; Figarella-Branger, D.; Hawkins, C.; Ng, H.K.; Pfister, S.M.; Reifenberger,
G.; et al. The 2021 WHO classification of tumors of the central nervous system: A summary. Neuro-Oncology 2021, 23, 1231–1251.
[CrossRef]

6. Hölsken, A.; Sill, M.; Merkle, J.; Schweizer, L.; Buchfelder, M.; Flitsch, J.; Fahlbusch, R.; Metzler, M.; Kool, M.; Pfister, S.M.;
et al. Adamantinomatous and papillary craniopharyngiomas are characterized by distinct epigenomic as well as mutational and
transcriptomic profiles. Acta Neuropathol. Commun. 2016, 4, 20. [CrossRef]

7. Gritsch, D.; Santagata, S.; Brastianos, P.K. Integrating Systemic Therapies into the Multimodality Therapy of Patients with
Craniopharyngioma. Curr. Treat. Options Oncol. 2024, 25, 261–273. [CrossRef]

8. Brastianos, P.K.; Taylor-Weiner, A.; Manley, P.E.; Jones, R.T.; Dias-Santagata, D.; Thorner, A.R.; Lawrence, M.S.; Rodriguez, F.J.; A
Bernardo, L.; Schubert, L.; et al. Exome sequencing identifies BRAF mutations in papillary craniopharyngiomas. Nat. Genet. 2014,
46, 161–165. [CrossRef]

9. Cossu, G.; Jouanneau, E.; Cavallo, L.M.; Elbabaa, S.K.; Giammattei, L.; Starnoni, D.; Barges-Coll, J.; Cappabianca, P.; Benes,
V.; Baskaya, M.K.; et al. Surgical management of craniopharyngiomas in adult patients: A systematic review and consensus
statement on behalf of the EANS skull base section. Acta Neurochir. 2020, 162, 1159–1177. [CrossRef]

10. Komotar, R.J.; Starke, R.M.; Raper, D.M.; Anand, V.K.; Schwartz, T.H. Endoscopic Endonasal Compared with Microscopic
Transsphenoidal and Open Transcranial Resection of Craniopharyngiomas. World Neurosurg. 2011, 77, 329–341. [CrossRef]

11. Messerer, M.; Maduri, R.; Daniel, R.T. Extended Endoscopic Endonasal Approach for Craniopharyngioma Removal. J. Neurol.
Surg. Part B Skull Base 2018, 79, S199–S200. [CrossRef] [PubMed]

12. Crowley, R.K.; Hamnvik, O.P.; O’sullivan, E.P.; Behan, L.A.; Smith, D.; Agha, A.; Thompson, C.J. Morbidity and mortality in
patients with craniopharyngioma after surgery. Clin. Endocrinol. 2010, 73, 516–521. [CrossRef]

13. Akinduro, O.O.; Izzo, A.; Lu, V.M.; Ricciardi, L.; Trifiletti, D.; Peterson, J.L.; Bernet, V.; Donaldson, A.; Eggenberger, E.; Olomu, O.;
et al. Endocrine and Visual Outcomes Following Gross Total Resection and Subtotal Resection of Adult Craniopharyngioma:
Systematic Review and Meta-Analysis. World Neurosurg. 2019, 127, e656–e668. [CrossRef] [PubMed]

https://doi.org/10.1210/er.2013-1115
https://www.ncbi.nlm.nih.gov/pubmed/24467716
https://doi.org/10.1007/s11060-011-0540-6
https://www.ncbi.nlm.nih.gov/pubmed/21336771
https://doi.org/10.1016/S0140-6736(00)04006-X
https://www.ncbi.nlm.nih.gov/pubmed/11273062
https://doi.org/10.1002/hed.21771
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1186/s40478-016-0287-6
https://doi.org/10.1007/s11864-023-01156-2
https://doi.org/10.1038/ng.2868
https://doi.org/10.1007/s00701-020-04265-1
https://doi.org/10.1016/j.wneu.2011.07.011
https://doi.org/10.1055/s-0038-1623527
https://www.ncbi.nlm.nih.gov/pubmed/29404250
https://doi.org/10.1111/j.1365-2265.2010.03838.x
https://doi.org/10.1016/j.wneu.2019.03.239
https://www.ncbi.nlm.nih.gov/pubmed/30947004


Cancers 2024, 16, 3479 19 of 20

14. Schoenfeld, A.; Pekmezci, M.; Barnes, M.J.; Tihan, T.; Gupta, N.; Lamborn, K.R.; Banerjee, A.; Mueller, S.; Chang, S.; Berger, M.S.;
et al. The superiority of conservative resection and adjuvant radiation for craniopharyngiomas. J. Neuro-Oncology 2012, 108,
133–139. [CrossRef] [PubMed]

15. Long, G.V.; Stroyakovskiy, D.; Gogas, H.; Levchenko, E.; de Braud, F.; Larkin, J.; Garbe, C.; Jouary, T.; Hauschild, A.; Grob, J.-J.;
et al. Dabrafenib and trametinib versus dabrafenib and placebo for Val600 BRAF-mutant melanoma: A multicentre, double-blind,
phase 3 randomised controlled trial. Lancet 2015, 386, 444–451. [CrossRef]

16. Flaherty, K.T.; Infante, J.R.; Daud, A.; Gonzalez, R.; Kefford, R.F.; Sosman, J.; Hamid, O.; Schuchter, L.; Cebon, J.; Ibrahim, N.; et al.
Combined BRAF and MEK inhibition in melanoma with BRAF V600 mutations. N. Engl. J. Med. 2012, 367, 1694–1703. [CrossRef]

17. Brastianos, P.K.; Shankar, G.M.; Gill, C.M.; Taylor-Weiner, A.; Nayyar, N.; Panka, D.J.; Sullivan, R.J.; Frederick, D.T.; Abedalthagafi,
M.; Jones, P.S.; et al. Dramatic Response of BRAF V600E Mutant Papillary Craniopharyngioma to Targeted Therapy. JNCI J. Natl.
Cancer Inst. 2015, 108, djv310. [CrossRef]

18. Brastianos, P.K.; Twohy, E.; Geyer, S.; Gerstner, E.R.; Kaufmann, T.J.; Tabrizi, S.; Kabat, B.; Thierauf, J.; Ruff, M.W.; Bota, D.A.; et al.
BRAF–MEK Inhibition in Newly Diagnosed Papillary Craniopharyngiomas. N. Engl. J. Med. 2023, 389, 118–126. [CrossRef]

19. Jannelli, G.; Calvanese, F.; Paun, L.; Raverot, G.; Jouanneau, E. Current Advances in Papillary Craniopharyngioma: State-Of-The-
Art Therapies and Overview of the Literature. Brain Sci. 2023, 13, 515. [CrossRef]

20. De Alcubierre, D.; Gkasdaris, G.; Mordrel, M.; Joncour, A.; Briet, C.; Almairac, F.; Boetto, J.; Mouly, C.; Larrieu-Ciron, D.; Vasiljevic,
A.; et al. BRAF and MEK inhibitor targeted therapy in papillary craniopharyngiomas: A cohort study. Eur. J. Endocrinol. 2024, 191,
251–261. [CrossRef]

21. Shah, S.N.; Kaki, P.C.; Shah, S.S.; Shah, S.A. Concurrent Radiation and Targeted Therapy for Papillary Craniopharyngioma: A
Case Report. Cureus 2023, 15, e40190. [CrossRef] [PubMed]

22. Butt, S.-U.; Mejias, A.; Morelli, C.; Torga, G.; Happe, M.; Patrikidou, A.; Arkenau, H.-T. BRAF/MEK inhibitors for BRAF
V600E-mutant cancers in non-approved setting: A case series. Cancer Chemother. Pharmacol. 2021, 87, 437–441. [CrossRef]
[PubMed]

23. Yu, N.; A Raslan, O.; Lee, H.S.; Theeler, B.J.; Raafat, T.A.; Fragoso, R.; Shahlaie, K.; Aboud, O. Promising response to vemurafenib
and cobimetinib treatment for BRAF V600E mutated craniopharyngioma: A case report and literature review. CNS Oncol. 2024,
13, CNS106. [CrossRef]

24. Lin, A.L.; Tabar, V.; Young, R.J.; Geer, E.B. Dabrafenib as a diagnostic and therapeutic strategy for the non-surgical management
of papillary craniopharyngioma. Pituitary 2023, 26, 482–487. [CrossRef]

25. Wu, Z.-P.; Wang, Y.-L.; Wang, L.-C.; Liu, Z.-Y.; Fan, R.-R.; Zan, X.; Liang, R.-C.; Yang, J.-L.; Zhou, L.-X.; Xu, J.-G. Case Report:
Successful Use of BRAF/MEK Inhibitors in Aggressive BRAF-mutant Craniopharyngioma. World Neurosurg. 2023, 180, e117–e126.
[CrossRef]

26. Nussbaum, P.E.; Nussbaum, L.A.; Torok, C.M.; Patel, P.D.; Yesavage, T.A.; Nussbaum, E.S. Case report and literature review of
BRAF-V600 inhibitors for treatment of papillary craniopharyngiomas: A potential treatment paradigm shift. J. Clin. Pharm. Ther.
2022, 47, 826–831. [CrossRef]

27. Calvanese, F.; Jacquesson, T.; Manet, R.; Vasiljevic, A.; Lasolle, H.; Ducray, F.; Raverot, G.; Jouanneau, E. Neoadjuvant B-RAF
and MEK Inhibitor Targeted Therapy for Adult Papillary Craniopharyngiomas: A New Treatment Paradigm. Front. Endocrinol.
(Lausanne) 2022, 13, 882381. [CrossRef]

28. Chik, C.L.; van Landeghem, F.K.H.; Easaw, J.C.; Mehta, V. Aggressive Childhood-onset Papillary Craniopharyngioma Managed
with Vemurafenib, a BRAF Inhibitor. J. Endocr. Soc. 2021, 5, bvab043. [CrossRef] [PubMed]

29. Di Stefano, A.L.; Guyon, D.; Sejean, K.; Feuvret, L.; Villa, C.; Berzero, G.; Desforges Bullet, V.; Halimi, E.; Boulin, A.; Baussart, B.;
et al. Medical debulking with BRAF/MEK inhibitors in ag-gressive BRAF-mutant craniopharyngioma. Neurooncol. Adv. 2020, 2,
vdaa141. [CrossRef]

30. Gopal, M.; Thakur, G.; Puduvalli, V. Initial Presentation of Papillary Craniopharyngioma with BRAF Mutation Treated with
Adjuvant Chemotherapy (867). Neurology 2020, 94. [CrossRef]

31. Khaddour, K.; Chicoine, M.R.; Huang, J.; Dahiya, S.; Ansstas, G. Successful Use of BRAF/MEK Inhibitors as a Neoadjuvant
Approach in the Definitive Treatment of Papillary Craniopharyngioma. J. Natl. Compr. Cancer Netw. 2020, 18, 1590–1595.
[CrossRef] [PubMed]

32. Rao, M.; Bhattacharjee, M.; Shepard, S.; Hsu, S. Newly diagnosed papillary craniopharyngioma with BRAF V600E mutation
treated with single-agent selective BRAF inhibitor dabrafenib: A case report. Oncotarget 2019, 10, 6038–6042. [CrossRef] [PubMed]

33. Bernstein, A.; Mrowczynski, O.D.; Greene, A.; Ryan, S.; Chung, C.; Zacharia, B.E.; Glantz, M. Dual BRAF/MEK therapy in BRAF
V600E-mutated primary brain tumors: A case series showing dramatic clinical and radiographic responses and a reduction in
cutaneous toxicity. J. Neurosurg. 2020, 133, 1704–1709. [CrossRef] [PubMed]

34. Himes, B.T.; Ruff, M.W.; Van Gompel, J.J.; Park, S.S.; Galanis, E.; Kaufmann, T.J.; Uhm, J.H. Recurrent papillary craniopharyngioma
with BRAF V600E mutation treated with dabrafenib: Case report. J. Neurosurg. 2019, 130, 1299–1303. [CrossRef] [PubMed]

35. Juratli, T.A.; Jones, P.S.; Wang, N.; Subramanian, M.; Aylwin, S.J.B.; Odia, Y.; Rostami, E.; Gudjonsson, O.; Shaw, B.L.; Cahill,
D.P.; et al. Targeted treatment of papillary craniopharyngiomas harboring BRAF V600E mutations. Cancer 2019, 125, 2910–2914.
[CrossRef]

36. Roque, A.; Odia, Y. BRAF-V600E mutant papillary craniopharyngioma dramatically responds to combination BRAF and MEK
inhibitors. CNS Oncol. 2017, 6, 95. [CrossRef]

https://doi.org/10.1007/s11060-012-0806-7
https://www.ncbi.nlm.nih.gov/pubmed/22350375
https://doi.org/10.1016/S0140-6736(15)60898-4
https://doi.org/10.1056/NEJMoa1210093
https://doi.org/10.1093/jnci/djv310
https://doi.org/10.1056/NEJMoa2213329
https://doi.org/10.3390/brainsci13030515
https://doi.org/10.1093/ejendo/lvae091
https://doi.org/10.7759/cureus.40190
https://www.ncbi.nlm.nih.gov/pubmed/37431357
https://doi.org/10.1007/s00280-021-04234-0
https://www.ncbi.nlm.nih.gov/pubmed/33537843
https://doi.org/10.2217/cns-2023-0018
https://doi.org/10.1007/s11102-023-01339-y
https://doi.org/10.1016/j.wneu.2023.08.137
https://doi.org/10.1111/jcpt.13600
https://doi.org/10.3389/fendo.2022.882381
https://doi.org/10.1210/jendso/bvab043
https://www.ncbi.nlm.nih.gov/pubmed/33928205
https://doi.org/10.1093/noajnl/vdaa141
https://doi.org/10.1212/WNL.94.15_supplement.867
https://doi.org/10.6004/jnccn.2020.7624
https://www.ncbi.nlm.nih.gov/pubmed/33285519
https://doi.org/10.18632/oncotarget.27203
https://www.ncbi.nlm.nih.gov/pubmed/31666933
https://doi.org/10.3171/2019.8.JNS19643
https://www.ncbi.nlm.nih.gov/pubmed/31675726
https://doi.org/10.3171/2017.11.JNS172373
https://www.ncbi.nlm.nih.gov/pubmed/29701552
https://doi.org/10.1002/cncr.32197
https://doi.org/10.2217/cns-2016-0034


Cancers 2024, 16, 3479 20 of 20

37. Rostami, E.; Nyström, P.W.; Libard, S.; Wikström, J.; Casar-Borota, O.; Gudjonsson, O. Recurrent papillary craniopharyngioma
with BRAFV600E mutation treated with neoadjuvant-targeted therapy. Acta Neurochir. 2017, 159, 2217–2221. [CrossRef]

38. Aylwin, S.J.B.; Bodi, I.; Beaney, R. Pronounced response of papillary craniopharyngioma to treatment with vemurafenib, a BRAF
inhibitor. Pituitary 2016, 19, 544–546. [CrossRef] [PubMed]

39. Davies, H.; Bignell, G.R.; Cox, C.; Stephens, P.; Edkins, S.; Clegg, S.; Teague, J.; Woffendin, H.; Garnett, M.J.; Bottomley, W.; et al.
Mutations of the BRAF gene in human cancer. Nature 2002, 417, 949–954. [CrossRef]

40. Michaloglou, C.; Vredeveld, L.C.W.; Mooi, W.J.; Peeper, D.S. BRAFE600 in benign and malignant human tumours. Oncogene 2007,
27, 877–895. [CrossRef]

41. Iglesias, P. Targeted therapies in the medical management of craniopharyngioma. Pituitary 2022, 25, 383–392. [CrossRef] [PubMed]
42. Alexandraki, K.I.; Kaltsas, G.A.; Karavitaki, N.; Grossman, A.B. The Medical Therapy of Craniopharyngiomas: The Way Ahead. J.

Clin. Endocrinol. Metab. 2019, 104, 5751–5764. [CrossRef] [PubMed]
43. Yue, Q.; Yu, Y.; Shi, Z.; Wang, Y.; Zhu, W.; Du, Z.; Yao, Z.; Chen, L.; Mao, Y. Prediction of BRAF mutation status of craniopharyn-

gioma using magnetic resonance imaging features. J. Neurosurg. 2018, 129, 27–34. [CrossRef]
44. Lee, H.-J.; Wu, C.-C.; Wu, H.-M.; Hung, S.-C.; Lirng, J.-F.; Luo, C.-B.; Chang, F.-C.; Guo, W.-Y. Pretreatment Diagnosis of

Suprasellar Papillary Craniopharyngioma and Germ Cell Tumors of Adult Patients. Am. J. Neuroradiol. 2014, 36, 508–517.
[CrossRef] [PubMed]

45. Chen, X.; Tong, Y.; Shi, Z.; Chen, H.; Yang, Z.; Wang, Y.; Chen, L.; Yu, J. Noninvasive molecular diagnosis of craniopharyngioma
with MRI-based radiomics approach. BMC Neurol. 2019, 19, 6. [CrossRef] [PubMed]

46. Hua, F.; Asato, R.; Miki, Y.; Okumura, R.; Hashimoto, N.; Kikuchi, H.; Konishi, J. Differentiation of Suprasellar Nonneoplastic
Cysts from Cystic Neoplasms by Gd-DTPA MRI. J. Comput. Assist. Tomogr. 1992, 16, 744–749. [CrossRef]

47. Crowley, E.; Di Nicolantonio, F.; Loupakis, F.; Bardelli, A. Liquid biopsy: Monitoring cancer-genetics in the blood. Nat. Rev. Clin.
Oncol. 2013, 10, 472–484. [CrossRef]

48. Alix-Panabières, C.; Pantel, K. Clinical Applications of Circulating Tumor Cells and Circulating Tumor DNA as Liquid Biopsy.
Cancer Discov. 2016, 6, 479–491. [CrossRef]

49. Study Details|Vemurafenib and Cobimetinib in Treating Patients with BRAF V600E Mutation Positive Craniopharyn-
gioma|ClinicalTrials.gov [Internet]. Available online: https://clinicaltrials.gov/study/NCT03224767?cond=NCT03224767&
rank=1 (accessed on 25 August 2024).

50. Study Details|Tocilizumab in Children with ACP|ClinicalTrials.gov [Internet]. Available online: https://clinicaltrials.gov/
study/NCT03970226?cond=NCT03970226&rank=1 (accessed on 25 August 2024).

51. Study Details|Prospective Pilot Study Identifying Clinically Relevant Biological Targets for Medical Therapy|ClinicalTrials.gov
[Internet]. Available online: https://clinicaltrials.gov/study/NCT03610906?cond=NCT03610906&rank=1#study-plan (accessed
on 25 August 2024).

52. Study Details|Multicenter Registry for Patients with Childhood.Onset Craniopharyngioma, Xanthogranuloma, Cysts of Rathke’s
Pouch, Meningioma, Pituitary Adenoma, Arachnoid Cysts|ClinicalTrials.gov [Internet]. Available online: https://clinicaltrials.
gov/study/NCT04158284?cond=NCT04158284&rank=1 (accessed on 25 August 2024).

53. Grob, S.; Mirsky, D.M.; Donson, A.M.; Dahl, N.; Foreman, N.K.; Hoffman, L.M.; Hankinson, T.C.; Levy, J.M.M. Targeting IL-6 Is a
Potential Treatment for Primary Cystic Craniopharyngioma. Front. Oncol. 2019, 9, 791. [CrossRef]

54. Hayes, A.G.; Jonker, B.; Teng, C.; Lemech, C.; Killen, A.J.; Sim, H.-W.; McCormack, A.I. Approach to the patient: New era emerges
for cranio-pharyngioma management. J. Clin. Endocrinol. Metab. 2024, dgae503. [CrossRef]

55. De Rosa, A.; Calvanese, F.; Ducray, F.; Vasiljevic, A.; Manet, R.; Raverot, G.; Jouanneau, E. First evidence of anti-VEGF efficacy in
an adult case of adamantinomatous craniopharyngioma: Case report and illustrative review. Ann. d’Endocrinol. 2023, 84, 727–733.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s00701-017-3311-0
https://doi.org/10.1007/s11102-015-0663-4
https://www.ncbi.nlm.nih.gov/pubmed/26115708
https://doi.org/10.1038/nature00766
https://doi.org/10.1038/sj.onc.1210704
https://doi.org/10.1007/s11102-022-01212-4
https://www.ncbi.nlm.nih.gov/pubmed/35301645
https://doi.org/10.1210/jc.2019-01299
https://www.ncbi.nlm.nih.gov/pubmed/31369091
https://doi.org/10.3171/2017.4.JNS163113
https://doi.org/10.3174/ajnr.A4142
https://www.ncbi.nlm.nih.gov/pubmed/25339645
https://doi.org/10.1186/s12883-018-1216-z
https://www.ncbi.nlm.nih.gov/pubmed/30616515
https://doi.org/10.1097/00004728-199209000-00014
https://doi.org/10.1038/nrclinonc.2013.110
https://doi.org/10.1158/2159-8290.CD-15-1483
https://clinicaltrials.gov/study/NCT03224767?cond=NCT03224767&rank=1
https://clinicaltrials.gov/study/NCT03224767?cond=NCT03224767&rank=1
https://clinicaltrials.gov/study/NCT03970226?cond=NCT03970226&rank=1
https://clinicaltrials.gov/study/NCT03970226?cond=NCT03970226&rank=1
https://clinicaltrials.gov/study/NCT03610906?cond=NCT03610906&rank=1#study-plan
https://clinicaltrials.gov/study/NCT04158284?cond=NCT04158284&rank=1
https://clinicaltrials.gov/study/NCT04158284?cond=NCT04158284&rank=1
https://doi.org/10.3389/fonc.2019.00791
https://doi.org/10.1210/clinem/dgae503
https://doi.org/10.1016/j.ando.2023.10.003
https://www.ncbi.nlm.nih.gov/pubmed/37865272

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

