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Abstract 

The papillary subtype of craniopharyngioma (CP) rarely occurs in children and commonly 
presents as a suprasellar lesion. Patients with papillary CPs frequently harbor the BRAF-V600E 
mutation, and treatment with a BRAF inhibitor results in tumor shrinkage in several patients. 
Herein, we report a patient with childhood-onset papillary CP treated with vemurafenib for 
40 months after multiple surgeries. At age 10, he presented with growth failure secondary 
to an intrasellar cystic lesion. He had 3 transsphenoidal surgeries before age 12 and a 4th 
surgery 25 years later for massive tumor recurrence. Pathology showed a papillary CP with 
positive BRAF-V600E mutation. Rapid tumor regrowth 4 months after surgery led to treat-
ment with vemurafenib that resulted in tumor reduction within 6 weeks. Gradual tumor re-
growth occurred after a dose reduction of vemurafenib because of elevated liver enzymes. 
He had further surgeries and within 7 weeks after stopping vemurafenib, there was massive 
tumor recurrence. He resumed treatment with vemurafenib before radiation therapy and 
similar tumor shrinkage occurred within 16 days. In this patient with childhood-onset papil-
lary CP that was refractory to multiple surgeries, the use of vemurafenib resulted in signifi-
cant tumor shrinkage that allowed for the completion of radiation therapy and tumor control.
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Craniopharyngiomas (CPs) are rare epithelial tumors that 
typically arise in the suprasellar region of the brain, and 
patients commonly present with symptoms of increased 

intracranial pressure, visual impairment, and endocrine de-
ficiencies [1]. The papillary subtype of CPs (PCPs) occur 
predominantly in adults, with 95% of patients harboring 
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the BRAF-V600E mutation, and lead to activation of 
the Ras/Raf/MEK/ERK pathway [2]. In comparison, the 
adamantinomatous subtype of CPs (ACPs) have a bimodal 
peak of incidence (5–15  years and 45–60  years), with 
65% of patients having mutations in exon 3 of CTNNB1 
(β-catenin), resulting in Wnt activation and alterations of 
the MEK/ERK pathway [1, 3]. The distinct clinical features, 
mutations, and exclusive epigenetic and expression profiles 
of the 2 subtypes of CPs suggest their distinct pathogen-
esis [4]. Initial management of CPs includes surgery and/
or radiation therapy, and recurrence or residual CPs can be 
hard to manage and are frequently associated with signifi-
cant morbidity and mortality [1]. The dramatic responses of 
several patients to treatments with a BRAF inhibitor with or 
without an MEK inhibitor [5–12] implies an oncogenic role 
of BRAF mutations in PCPs. Herein, we describe a patient 
with childhood-onset PCP managed with 3 transsphenoidal 
surgeries and presented 25  years later with aggressive re-
currence in spite of further surgeries. The confirmation of 
a PCP with BRAF-V600E mutation led to treatment with 
vemurafenib, a BRAF inhibitor, and this resulted in a sig-
nificant tumor reduction that allowed for completion of 
radiation therapy and stabilization of the residual tumor. 
Written informed consent for publication of the clinical de-
tails and clinical images was obtained from the patient.

Case Report

History and examination

A 37-year-old man presented with a 1-year history of se-
vere headache associated with vomiting, visual impairment, 
and recurrent sinus infections. This was associated with a 
decline in his strength and reduced libido. He has fathered 
2 children, ages 3 and 6. His height was 182 cm and his 
weight was 106 Kg, giving him a body mass index of 32 kg/
M2. There was bitemporal hemianopsia on clinical exam-
ination. Endocrine investigations confirmed hypopituit-
arism (Table 1). He started treatment with hydrocortisone, 
levothyroxine, and topical testosterone gel. Magnetic 

Resonance Imaging (MRI) showed a 3.4-cm enhancing 
mass in the sella, with suprasellar extension and chiasmal 
compression (Fig. 1A).

Review of the only available medical record, a discharge 
summary of his 3rd surgery by his pediatric endocrinolo-
gist, indicated that at age 10 he underwent investigations 
for severe headaches and falling off of the growth curve for 
several years. Investigations showed an intrasellar mass le-
sion on MRI of the sella, delayed bone age and hypopituit-
arism. Transsphenoidal surgery showed a cystic lesion. He 
started treatment with levothyroxine and his growth vel-
ocity normalized. With image evidence demonstrating the 
recurrence of a large cystic sellar lesion causing chiasmal 
compression over the next 2  years, he had 2 additional 
transsphenoidal surgeries. Pathologic report from his 
3rd surgery in 1991 showed a CP with no further char-
acterization. He was discharged on hydrocortisone and 
levothyroxine. The patient recalled he had blood tests and 
both medications were discontinued 2 years after his 3rd sur-
gery. There was no information available on any endocrine 
testing completed. He attained an adult height of 181 cm, 
well within the target centile range of his parents from 170 
to 187 cm. Other than recurrent sinusitis, he was well until 
age 36, when he experienced increased headaches and vi-
sion decline.

To manage his massive tumor recurrence, the patient had 
his 4th transsphenoidal surgery with an intraoperative MRI 
(Fig. 1B). Pathology revealed a PCP (Fig. 2A, upper panel), 
and immunohistochemical staining for β-catenin showed 
translocation into the nucleus in approximately 5% of the 
tumor cells (Fig. 2A, middle panel). The proliferation index 
Ki-67 was variable, being as high as 50% in the basal layer of 
the epithelial tumor (Fig. 2A, lower panel). Molecular testing 
confirmed positive mutation for BRAF-V600E and additional 
testing completed at MD Anderson Hospital (Houston, TX) 
showed negative mutation in exon 3 of CTNNB1.

After surgery, his symptoms improved for 2 weeks be-
fore he noted recurrence of headache, nausea, vomiting, 
and vision changes. With rapid tumor regrowth confirmed 
on MRI 41 days after surgery, the patient was assessed for 

Table 1. Hormonal results prior to his fourth transsphenoidal surgery indicating hypopituitarism

Test Value Reference Range

Cortisol 38 nmol/L 85–620 nmol/L
Free thyroxine 4.3 pmol/L 9.0–23.0 pmol/L
Total testosterone <0.2 nmol/L 8.0–29.5 nmol/L
Insulin growth factor 1 74 µg/L 84–246 µg/L
Prolactin 1.2 µg/L <21.0 µg/L
Luteinizing hormone 0.3 U/L <12.0 U/L
Follicle Stimulation hormone 0.7 U/L <7.0 U/L
Thyroid Stimulation hormone 1.54 mU/L 0.2–4.0 mU/L
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further treatment. Options considered included radiation 
therapy, further surgical resection, or medical therapy with 
a BRAF inhibitor.

Vemurafenib therapy and follow-up

Sixty days after surgery (Fig. 1C), he started treatment with 
a BRAF inhibitor, vemurafenib 960 mg twice daily, pro-
vided through the Director’s privilege of the Cross Cancer 
Institute (Edmonton, AB), as the medication was not 
covered by his insurance plan. The patient noted clinical 
improvement within 5 days and there was a 55% reduc-
tion in tumor volume after 49  days (Fig. 1D). However, 
5 months after treatment, he developed arthralgia, myalgia, 
photosensitivity, and elevated liver enzymes, and the dose 
of vemurafenib was reduced by 50%. With modest tumor 
regrowth, the dose of vemurafenib was increased to 75% 
and the tumor was stable for 8 months.

With further vision decline from a cystic lesion on 
the left side (Fig. 3A), he had a craniotomy for further 
resection of the tumor (Fig. 3B) that was complicated 
by a cerebrospinal fluid leak requiring surgical repair 
and additional tumor resection via the transsphenoidal 

approach. Pathology revealed a PCP and, compared 
with the tumor prior to treatment with vemurafenib, 
immunohistochemistry for β-catenin showed fewer tumor 
cells with nuclear expression, and Ki-67 of the basal layer 
was lower at 8% (Fig. 2B).

Thirty-four days after his 5th transsphenoidal surgery, his 
severe headache recurred and there was MRI evidence of 
rapid tumor regrowth (Fig. 3C). On full dose vemurafenib 
and high dose dexamethasone, his symptoms improved, 
and within 16 days a similar reduction in tumor volume 
was noted (Fig. 3D). He completed intensity-modulated 
radiotherapy, 5400 cGY in 30 fractions. Postradiation, he 
has continued treatment with vemurafenib until the pre-
sent time. He had intermittent dose interruptions because 
of liver enzyme elevations and intolerance to the treatment.

Seventeen months after radiation therapy, there was 
gradual enlargement of a cystic component in the area of the 
optic chiasm (Fig. 4A). He had gamma knife radiotherapy, and 
MRI after 3 months showed a reduction in size of the cystic 
component and a further improvement of the residual PCP 
(Fig. 4B). Related to his treatments, including at times high 
dose dexamethasone, he had significant weight gain, steroid-
induced diabetes requiring treatment with insulin while on 

Figure 1. MRI scans around the time of his 4th transsphenoidal surgery and after treatment with vemurafenib. A: MRI scans before surgery that dem-
onstrated a 3.4-cm enhancing mass in the sella with extension into the suprasellar cistern causing elevation of the optic chiasm. B: Intraoperative 
MRI that showed partial resection of the tumor. C: MRI scans 60 days after the 4th transsphenoidal surgery that showed rapid tumor regrowth. D: 
MRI scans that showed a 55% reduction in tumor size 49 days after treatment with vemurafenib. Abbreviations: Intra-op, Intraoperative MRI; MRI, 
Magnetic resonance imaging; Rx, treatment with vemurafenib; Sx, surgery.



4  Journal of the Endocrine Society, 2021, Vol. 5, No. 5

high dose dexamethasone, and worsening of his partial cen-
tral diabetes insipidus, managed with desmopressin 0.1 mg 
at bedtime. On a diabetic meal plan, his recent hemoglobin 
A1c was 5.4% and he had no issues with hyponatremia or 
other electrolyte abnormalities. In spite of the compromised 
vision, his quality of life has been acceptable and he has been 
able to assist in the care of his daughters.

Discussion

Positive BRAF mutations have been identified in many 
cancer types, including melanomas, colorectal cancers, 
and thyroid cancers [13]. In the treatment of melanomas, 
the addition of an MEK inhibitor to BRAF inhibition re-
duces the emergence of tumor resistance and the develop-
ment of secondary squamous cell skin carcinomas, as well 

Figure 2. Pathology of the PCP from his 4th and 5th transsphenoidal surgeries. A: H&E staining that showed well-differentiated non-keratinizing squa-
mous epithelium (upper panel); IHC staining for β-catenin that showed positive expression in the cytoplasm and 5% of tumor cells with nuclear ex-
pression (middle panel); IHC for the proliferation index, Ki-67, was varying and up to 50% in basal layers (lower panel). B: H&E staining that showed a 
PCP (upper panel), IHC for β-catenin that showed fewer tumor cells with nuclear expression (middle panel), and Ki-67 that showed up to 8% in basal 
layers (lower panel) after treatment with vemurafenib for 63 weeks.  Abbreviations: H&E, hematoxylin and eosin; IHC, immunohistochemical; PCP, 
papillary craniopharyngioma.
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as improves the patient’s survival [14]. The recognition of 
BRAF-V600E mutations in PCP led to the use of a BRAF 
inhibitor in patients with PCPs [5–12].

Together with our patient, 9 patients with PCPs have 
been treated with either vemurafenib or dabrafenib, a 
BRAF inhibitor, and 5 in combination with trametinib, 
an MEK inhibitor (summarized in Table 2). Regardless of 
the protocol used, all had favorable responses, at least ini-
tially, ranging from partial to complete tumor resolution, 
and the earliest response was noted a few days after treat-
ment. The duration of treatment was variable ranging 
from 7 weeks to over 2  years, and the first 6 reported 
cases were treated for less than 1 year. With the exception 
of 1 patient who received dabrafenib and trametinib after 
biopsy of his PCP [10], all had recurrent tumors in which 
1 or multiple prior surgical attempts had failed.

Based on treatments of other types of cancers such 
as melanomas, adverse effects including rash, fever, arth-
ralgia, fatigue, alopecia, nausea, photosensitivity, and 
elevated liver enzymes occur in 5% to 50% of patients 
treated with BRAF inhibitors [15]. Other adverse effects 
of BRAF and MEK inhibitors of relevance to the man-
agement of patients similar to ours include hypergly-
cemia, with potential worsening of glycemic control in 
patients with known diabetes (reported with dabrafenib 
but not vemurafenib), and hyponatremia or other elec-
trolyte imbalances due to nephrotoxicity [15, 16]. In our 
patient, elevation of liver enzymes and arthralgia led to 
a dose interruption of vemurafenib and rapid tumor re-
growth. His electrolytes have remained normal while on 

desmopressin, and hyperglycemia only occurred when he 
was on high dose dexamethasone.

Fifteen months after treatment with vemurafenib, the 
patient required additional surgeries followed by radiation 
therapy. Re-initiation of treatment resulted in similar tumor 
shrinkage. Further dose reduction from elevated liver en-
zymes may have contributed to the growth of a cystic com-
ponent that was managed successfully with gamma knife 
radiotherapy. The subsequent tumor reduction probably 
reflects the combined effect of radiation therapy and treat-
ment with a BRAF inhibitor. Our patient’s response dif-
fered from a previous patient who had prior surgeries and 
radiation therapy in which a dose interruption of 3 months 
resulted in a partial response followed by rapid tumor re-
growth and discontinuation of therapy [5].

Our patient is unusual because he has childhood-onset 
PCP rather than ACP, as less than 2% of the CPs presented 
in children are of the papillary subtype even though 1 of the 
3 patients in the discovery set used for exome sequencing 
that identified the BRAF mutation in PCPs was from a 
9  year old [2]. Another interesting aspect of the case is 
the apparent improvement of his hypopituitarism after his 
childhood surgeries, though we were not able to obtain the 
results of his original endocrine investigations. Evidence 
in support of his improved hypopituitarism included his 
adult height that was 2.5 cm above his midparental height 
and that he fathered 2 children without growth hormone 
or testosterone replacement therapy. In general, worsening 
rather than recovery of pituitary function occurs after sur-
gical treatment of CPs [1, 17]. However, in a case series of 

Figure 3. MRI scans before and after his craniotomy followed by his 5th transsphenoidal surgery and treatment with vemurafenib. A: MRI scan 
demonstrating tumor regrowth, more cystic than solid by the optic apparatus while on a 75% dose of vemurafenib. B: MRI scan 13 days after a 
craniotomy that showed partial tumor resection. C: MRI scan 34 days after his 5th transsphenoidal surgery that showed rapid tumor regrowth while 
off treatment with vemurafenib. D: MRI scan after 16 days treatment with full dose vemurafenib, and there was a 55% reduction in tumor size.  
Abbreviations: MRI, Magnetic resonance imaging; TSS, transsphenoidal surgery.
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16 adult patients with PCPs, 7 had improved anterior pitu-
itary function months after surgery [17].

Fujio et al [18] recently proposed that patients older than 
18 years, absence of calcification, and supradiaphragmatic 
location are the 3 presurgical diagnostic criteria for PCP 
that can predict patients with a positive BRAF mutation 
and therefore suitable for neoadjuvant treatment with a 
BRAF inhibitor [18]. The proposed diagnostic criteria have 
not been validated and probably would not be applicable 
to our patient who has childhood-onset PCP. Moreover, all 
the patients with PCPs treated with a BRAF inhibitor and 
summarized in Table 2 had pathological confirmation of a 
positive BRAF mutation.

Certain MRI features may also predict BRAF-mutated 
PCPs and may be of potential use to assess patients for the 
treatment with a BRAF inhibitor before surgery. In a re-
cent study, the presence of 3 of 5 MR features, suprasellar 
in location, spherical, predominantly solid, homogeneously 
enhancing, and with a thickened pituitary stalk, can predict 

a BRAF-mutated CP with high sensitivity and specificity 
[19]. Even though the initial MR is no longer available, 
3 of the 5 features, suprasellar in location, predominantly 
solid, and with a thickened pituitary stalk were probably 
absent in our patient. The usefulness of the MRI features in 
excluding ACP is unclear.

Among multiple biomarkers that may predict tumor 
recurrence [20, 21], 2 were assessed—the proliferative 
index Ki-67 and nuclear localization of β-catenin. Before 
treatment with vemurafenib, Ki-67 was as high as 50% 
in the basal layer. After treatment with vemurafenib for 
14 months, Ki-67 of the basal layer was much lower at 
8%. Similar to our patient, a reduction in Ki-67 from 
22.1% to <0.5% has been reported in a patient after 
treatment with dabrafenib followed by trametinib for 
57  days [6]. In both patients, this allowed for comple-
tion of radiation therapy. In our patient, 10 months after 
re-initiation of vemurafenib in conjunction with radi-
ation therapy, there was only minimal tumor progression 

Figure 4. MRI scans before and after gamma knife radiotherapy. A: MRI scans demonstrating a gradual enlargement of a cystic component in the 
area of the optic chiasm while on a 50% dose of vemurafenib. B: MRI scans 3 months after gamma knife radiotherapy that showed a reduction in size 
of the cystic component as well as the residual papillary craniopharyngioma.  Abbreviations: MRI, Magnetic resonance imaging; RT, radiotherapy.
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even when the dose of vemurafenib had to be reduced or 
interrupted because of elevated liver enzymes. Possible 
reasons for the sustained response would reflect a reduc-
tion in the Ki-67 from the use of vemurafenib and the 
beneficial effect of radiation therapy.

The finding of nuclear localization of β-catenin in our 
patient with PCP is of interest, and this occurs in the ab-
sence of mutation in exon3 of CTNNB1, which encodes 
for β-catenin. Whereas aberrant/nuclear localization of 
β-catenin is present in 79% of patients with ACPs regard-
less of the mutation status of CTNNB1 and can predict 
disease recurrence, this only occurs in <2% of patients 
with PCPs [20, 22]. In our patient, around 5% of tumor 
cells demonstrated nuclear localization of β-catenin prior 
to treatment with vemurafenib, with a lower percentage 
of positive tumor cells after treatment. As only exon 3 
of CTNNB1 was examined in our patient, we cannot 
exclude a CTNNB1 mutation in another exon; alterna-
tively, there might be another trigger of this aberrant ac-
tivation of the Wnt/β-catenin signaling. Although most 
studies indicate that CTNNB1 and BRAF mutations are 
mutually exclusive and represent the main drivers of the 
2 distinct subtypes of CPs [23–26], co-existing mutations 
of BRAF-V600E and CTNNB1 were noted in 2 of 13 
patients with ACPs in 1 study [27]. Moreover, CPs with 
mixed histological features of ACP and PCP account for 
5% to 11 % in older series [28–30] even though CPs 
with mixed histology are not included in the 2016 World 
Health Organization classification of tumors of the cen-
tral nervous system [31]. Unfortunately, his childhood 
pathology samples were no longer available for further 
study to address whether his original tumor had features 
of ACP.

In summary, our case adds to the existing literature on 
the beneficial effect of a BRAF inhibitor in the management 
of patients with PCPs. The precise role of a BRAF inhibitor 
with or without an MEK inhibitor in the management of 
PCPs, in the neoadjuvant setting, after partial or total sur-
gical resection, alone or in combination with radiation sur-
gery, and the optimal duration of treatment will await the 
results from the ongoing clinical trials.
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