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Abstract

Targeted therapy has gained mainstream attention with notable successes against specific genetic mutations in
many cancers. One particular mutation, the BRAFV600E mutation, is present in a small subset of gliomas in adults.
Although clinical experience and trial data of RAF-targeted therapy in adults with glioma are lacking at this time,
the poor prognosis of adult high-grade glioma has led neuro-oncology practitioners to consider the use of targeted
therapy in these patients. In this manuscript, we describe the use of RAF and MEK inhibitors in adults with recur-
rent glioma. We discuss the utility of these agents, describe their toxicities, and give examples of management
strategies. Given the significant toxicities of RAF and MEK inhibitors, along with the long potential duration of
treatment, neuro-oncology providers should counsel patients carefully before initiating therapy and monitor them
closely while undergoing treatment with RAF-targeted therapy.
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BRAF mutations have gained significant attention because
of the success of FDA-approved drugs targeting the BRAF
VB00E mutation in melanoma and other cancers."? Some
neuro-oncology providers consider prescribing these agents
off-label for patients with BRAF-mutated gliomas.The purpose
of this case-based overview is to familiarize neuro-oncology
providers with prescribing practices, side-effect manage-
ment, and screening for serious adverse events for patients on
BRAF-targeted therapy.

|
BRAF Mutations in Primary Brain Tumors
BRAF is a proto-oncogene that functions as a serine/threonine

kinase, regulating the extracellular signal-regulated kinase
(ERK) pathway. In physiologic ERK signaling, extracellular

growth signaling pathways interact via H-, K-, or N-RAS
leading to the activation of BRAF. Activated BRAF dimerizes
and phosphorylates mitogen-activated protein kinase ki-
nase (MEK1 or MEK2), thereby activating ERK1 or ERK2, and
leading to cellular proliferation and growth. BRAF can be con-
stitutively activated by point mutations removing the need for
dimerization or by fusions with other kinases (eg, KIAA1549-
BRAF).3* The BRAF V600E point mutation, in particular, is
located within the kinase domain and allows constitutive ac-
tivation by removing the inhibitory domain and necessity of
dimerization for activity.5This results in increased activation of
the ERK signaling pathway, a critical regulator of cell division
and differentiation. BRAF V600E mutations are found in many
cancers, most commonly melanoma, papillary thyroid cancer,
and colorectal cancers.34

BRAFV600E mutations are common in some brain tumors
such as pleomorphic xanthoastrocytomas (60%) and pediatric
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gliomas (20%), and present at a low but measurable fre-
quency in adult low-grade (5%-15%) and high-grade (3%)
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which the disease course is more indolent and long-term
side effects of radiation therapy may be more noticeable,
some providers will give patients a trial of RAFI/MEK:i in
the first-line setting. The duration of therapy is also unclear,
with some long-term responders progressing after treat-
ment is stopped. The decision to use RAFi/MEKi therapy
must be informed by detailed discussion of the potential
side effects of daily targeted therapy and the risk for pro-
gression vs the long-term side effects of radiation or other
therapies.

Given the rarity of these cases in routine neuro-oncology
practice, we present several cases with typical treatment
courses and adverse events.

I
Cases

Case 1: Pyrexia Due to Dabrafenib and
Trametinib Combination Therapy

A 23-year-old woman was diagnosed with a glioblastoma
(isocitrate dehydrogenase wild-type, BRAF V600E mu-
tated) after developing right-sided numbness and weak-
ness. She initially received concurrent radiation therapy
and temozolomide, but the tumor recurred 6 vyears
later, at which time she received another surgery with
Gliadel (carmustine, Eisai, Inc.) placement in the tumor
cavity. She experienced progression of her glioblastoma
14 months later and started dabrafenib 150 mg twice
daily, followed by the addition of trametinib 2 mg once
daily 2 weeks later. She developed grade 1 nausea (by
Common Terminology Criteria for Adverse Events ver-
sion 4.03) after starting dabrafenib that resolved within
3 weeks. Two weeks after starting trametinib, she de-
veloped grade 1 pyrexia, which progressed to grade 2
pyrexia the next week, despite daily treatment with aceta-
minophen. Her provider held dabrafenib and trametinib
for 1 week, during which time the patient defervesced.
The patient started 2 mg dexamethasone daily, and re-
started the same doses of dabrafenib and trametinib, but
again developed grade 2 pyrexia. She stopped treatment
for 1 week and then she started dose-reduced dabrafenib
(100 mg twice daily) and trametinib at 2 mg daily after
defervescing, while continuing dexamethasone at 2 mg
daily. She again developed grade 2 pyrexia, both drugs
were held, and she defervesced. Her provider dose-
reduced dabrafenib a second time to 50 mg twice daily
and continued trametinib at 2 mg daily. The patient tol-
erated this well and stopped dexamethasone after a few
months, remaining on dabrafenib 50 mg twice daily and
trametinib 2 mg daily.

Case 2: Acneiform Rash Due to Dabrafenib/
Trametinib Combination Therapy

A 22-year-old man was diagnosed with a pleomorphic
xanthoastrocytoma (PXA; BRAF V600E mutated) and un-
derwent a gross total resection. The tumor recurred radi-
ographically 16 years later and progressed slowly over
3 years under closer surveillance, at which time it was par-
tially resected and found to be an anaplastic PXA. Owing
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to the patient’s reluctance to undergo irradiation, he re-
ceived dabrafenib and trametinib on a research study. In
the first month of treatment he developed grade 1 pyrexia
and chills, and grade 2 fatigue and malaise. These symp-
toms resolved within 6 to 8 weeks of treatment after 1 dose
reduction of dabrafenib to 100 mg twice daily. At the in-
itiation of treatment with dabrafenib and trametinib, the
patient received prophylactic treatment with doxycycline
100 mg by mouth twice daily for rash prevention. He dis-
continued this after 4 weeks because of gastrointestinal
distress. He then developed a grade 2 acneiform rash on
his face, chest, back, and upper arms (25% body surface
area). The patient administered clindamycin 1% solution
and hydrocortisone 1% cream twice daily to affected body
areas. The rash improved significantly within 2 weeks.The
patient later decreased the frequency of cream application
to clindamycin alone once daily and continued to experi-
ence adequate control of the rash.

Case 3: Severe Rash Due to Trametinib Therapy

A 24-year-old man presented to an ophthalmologist for
headaches and diplopia. MRI of the brain revealed a mid-
line abnormality involving the right thalamus, midbrain,

Fig.1 Rashonthe A, Front and B, Back of the Patient from Case 3
Treated With 2 mg Daily Trametinib
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Table2 Monitoring Recommendations for BRAF and MEK Inhibitor Combinations

Drug Names

Monitoring Parameter

Vemurafenib (Zelboraf) and Cobimetinib Dermatologic evaluation

(Cotellic)

Electrocardiogram

Cardiac function (left

ventricular ejection fraction)

Basic metabolic panel

Hepatic function and bilirubin

Creatinine Phosphokinase

Retinal evaluation
Dabrafenib (Tafinlar) and Trametinib
(Mekinist)

Serum glucose

Cardiac function (left

ventricular ejection fraction)

Blood pressure
Complete blood count
Hepatic function tests

Retinal evaluation

Encorafenib (Braftovi) and Binimetinib
(Mektovi)

Electrocardiogram

Cardiac function (left

ventricular ejection fraction)

Basic metabolic panel

Hepatic function tests

Creatinine phosphokinase

Abbreviation: MEK, mitogen-activated protein kinase kinase.

and tectum. Pathology was consistent with pilocytic
astrocytoma (BRAF V600E mutated). He was managed
with observation, but developed disease progression
after 3 years and received concurrent radiation therapy
and temozolomide. Three years later he again experi-
enced a clinical and radiographic progression (devel-
opment of a new fourth-nerve palsy). At this time he
received trametinib 1 mg orally once daily for the first 9
doses, then increased to 2 mg orally once daily. After the
increase to 2 mg daily, he developed pruritis without rash
on his scalp and a pruritic maculopapular rash starting
on his forehead then spreading to his nose, cheeks, neck,
chest, and back (Fig. 1). Despite treatment with doxycy-
cline 100 mg orally twice a day and clindamycin 1% gel
topically applied twice a day, the rash progressed over
the course of 1 week, then slowly improved over 1 month.
He discontinued topical clindamycin after 6 months of
trametinib, but continued doxycycline with good control
of his symptoms.

Dermatologic evaluation

Dermatologic evaluation

Frequency of Monitoring

Baseline, every 2 mo during treatment and up
to 6 mo after discontinuation

Baseline, 15 d after initiation, monthly for 3 mo,
then every 3 mo

Baseline, 1 mo, and every 3 mo until
discontinuation

Baseline, then after dosage modifications and
routinely during treatment

Baseline, then monthly
Baseline, then as clinically indicated

Baseline, then periodically during treatment and
with visual disturbances

Baseline, every 2 mo during treatment and up
to 6 mo after discontinuation

Routinely, particularly in patients with
preexisting diabetes

Baseline, 1 mo after initiation, then every 2 to
3 mo

Routinely during therapy
Baseline, then routinely during treatment
Baseline, then routinely during treatment

Periodically during treatment and with visual
disturbances

Baseline, every 2 mo during treatment and up
to 6 mo after discontinuation

Baseline, then as clinically indicated

Baseline, 1 mo, and every 2 to 3 mo during
treatment

Baseline, then routinely during treatment
Baseline, then monthly

Baseline, then as clinically indicated

|
RAF/Mitogen-Activated Protein Kinase
Kinase Inhibitor Toxicity

The toxicities of RAF- and MEK-targeted therapy are not
insignificant. Vemurafenib was the first-approved sec-
ond-generation RAFi and is used in combination with
cobimetinib in patients with metastatic melanoma.
In a study evaluating this combination compared to
vemurafenib alone in BRAF-mutated melanoma pa-
tients, many adverse effects were mild to moderate and
the regimen was well tolerated with mostly grade 1 and
2 toxicities.” The most common toxicities with this combi-
nation include diarrhea, nausea, vomiting, retinopathy, el-
evated AST and ALT, increased creatinine phosphokinase
(CPK), and dermatologic toxicities such as rash and pho-
tosensitivity, most of which occurred early in treatment
and diminished over time."?* It is noteworthy that the



photosensitivity associated with vemurafenib is ultravi-
olet A dependent and patient education on sun protection
is advised.?® The following monitoring is recommended
for vemurafenib plus cobimetinib: dermatologic evalua-
tion, cardiac function tests, hepatic function tests, retinal
evaluation, as well as routine serum chemistries and CPK
(Table 2).2627 Providers should advise patients to watch
for signs and symptoms of skin toxicities, uveitis, and
bleeding.

Dabrafenib plus trametinib is the most common RAFi/
MEKi regimen used in brain tumor patients, likely be-
cause of its relatively good efficacy in melanoma brain
metastases.?® In a study comparing this combination to
placebo in stage Ill melanoma, the following toxicities
occurred in more than 20% of patients: pyrexia (63%), fa-
tigue (47%), nausea (40%), headache (39%), chills (37%),
diarrhea (33%), vomiting (28%), arthralgia (28%), and
rash (24%).2°The most common grade 3 or 4 toxicities of
combination therapy included pyrexia (5%), fatigue (4%),
elevated ALT (4%) and AST (4%), and hypertension (6%),
compared to less than 1% of these grade 3 or 4 toxicities
in the placebo arm with all toxicities except for hyper-
tension (2%). Recommended monitoring for dabrafenib
plus trametinib includes the following: dermatologic
evaluation, cardiac function tests, hepatic function tests,
retinal evaluation, as well as routine blood pressure
evaluation, complete blood count, and serum glucose
(Table 2).393" Additionally, providers should observe pa-
tients for signs and symptoms of skin toxicities and sec-
ondary infections, uveitis, bleeding, hemolytic anemia,
and lung toxicity.
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The newest RAFi, encorafenib, is approved in com-
bination with the MEKIi, binimetinib, in the setting of ad-
vanced melanoma. The toxicity profile of this combination
regimen was well tolerated in a phase 3 trial with the fol-
lowing grade 1 and 2 adverse effects seen in more than
20% of patients: gastrointestinal side effects (nausea, diar-
rhea, vomiting, constipation), fatigue, arthralgia, and head-
ache.®? Increased CPK was also observed in 18% of cases,
with some grade 3 (6%) or 4 (2%) toxicity. Encorafenib is
unique from the previously discussed RAFi in that it has an
increased dissociation half-life, high specificity, and higher
potency.®3The increased specificity may result in improved
tolerability and fewer side effects such as pyrexia and
photosensitivity.3* Monitoring recommendations for this
regimen include the following: dermatologic evaluation,
cardiac function tests, hepatic function tests, serum chem-
istries, and CPK (Table 2).353¢ Providers should monitor pa-
tients for signs and symptoms of vision changes, bleeding,
muscle pain or tenderness, skin changes, interstitial lung
disease/pneumonitis, or venous thromboembolism.

Toxicity Management

The majority of patients treated with RAFi/MEKi com-
bination develop mild (grade 1-2) toxicities. In general,
side effects occur in 2 stages: either within a few days of
initiating treatment, or after chronic exposure over sev-
eral months. Patient education in the form of written doc-
umentation and instruction by a specialized nurse before
initiating treatment are critical to support patients through

Table3 Management of Common Adverse Events Related to BRAF and MEK Inhibitors

Adverse Event Management Recommendations

Rash

Implement preventive measures when initiating therapy: avoid excessive sunlight, apply sunscreen daily,

topical mild steroid (eg, hydrocortisone 1% cream) or topical antibiotic (eg, clindamycin cream) applied
2x/d. Consider oral antibiotics (eg, doxycycline 100 mg 2x/d or minocycline 100 mg 2x/d). If no improve-
ment within 2 wk, consider holding MEKi until rash improves and then resuming at a reduced dose.

Diarrhea

Institute supportive care (dietary modification, hydration, loperamide). Continue BRAFi/MEK:i for uncom-

plicated diarrhea, but consider holding both medications for grade > 2 diarrhea that continues > 48 h, or

complicated diarrhea.

Nausea/Vomiting

Promptly institute antiemetic measures. If AE is grade 1 to 2, can generally continue BRAFi/MEKIi, but if

higher grade should hold BRAFi and MEKi until symptoms improve.

Vision change

If AE is grade 1, continue drugs while obtaining ophthalmology consultation within 1 wk. If grade > 2,

obtain urgent consult and hold MEKi. Dose modification or discontinuation depends on diagnosis
(uveitis, serous neuroretinal detachment, or retinal vein occlusion).

Fevers

Clinical evaluation and workup for infection. Implement antipyretics at first occurrence (acetaminophen,

ibuprofen, etc). Hydration as required. Consider oral corticosteroids (eg, dexamethasone 2 mg for 5 d).

Consider dose reduction of BRAFi.

Left ventricular function,

decreased otherwise discontinue.

Liver enzyme elevation

Hold MEKi and reevaluate LVEF closely. Consider resuming MEKi at a reduced dose if LVEF improves;

Continue BRAFI/MEKIi for asymptomatic patients with mild elevation and observe closely for

improvement. If grade 3 to 4, hold BRAFi and MEKIi, consider workup for other etiologies of liver injury,
and resume drugs at a reduced dose if patient improves to grade < 1.

Interstitial lung disease

For AE grade > 2, hold MEKi while pursuing workup (consider chest CT, pulmonary function tests,

infection workup, pulmonology consult). Consider symptomatic therapy with corticosteroids and resume
MEKi at a reduced dose if AE improves to grade < 1.

Abbreviations: AE, adverse event; BRAFi, BRAF inhibitor; LVEF, left ventricular ejection fraction; MEK, mitogen-activated protein kinase kinase;

MEKi, MEK inhibitor.
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the initial period. Although some providers consider
starting the medications in a staggered fashion to facili-
tate symptom management in the initial phase (see cases
1 and 2), this is not necessary. Encorafenib, in particular,
should not be started as monotherapy because it is better
tolerated in combination with binimetinib, and it should be
dose-reduced to 300 mg daily (from 450 mg daily) when
binimetinib is held.3?

There are several excellent published resources for
management of specific toxicities due to RAFiI/MEKi in
other cancers.?”38 The general approach for mild symp-
toms is to provide supportive therapy in the form of
supportive care and other pharmacologic agents to ame-
liorate symptoms (Table 3; see cases 2 and 3). For mod-
erate or severe toxicities, treatment of the culprit drug
should be interrupted until the reaction resolves (Table 3;
see case 1). If it is unclear which drug is responsible, both
drugs should be held. Dose reductions may be needed
as described in cases 1 and 2, and standard dose reduc-
tion recommendations are available from manufactur
ers.26:27.30.31.35.36 Qnce mild or moderate toxicities resolve,
patients may be able to reescalate therapy with proper
prophylaxis in place. Side effects of some drugs, par-
ticularly trametinib and encorafenib, can be more pro-
found if the companion RAFi or MEKi is held temporarily
(Table 1). Providers should take this into account and
may need to dose-reduce while the patient is on mono-
therapy, with resumption of the full dose on combination
therapy again.

I
Conclusions

Given the very limited treatment options available for
recurrent glioma in adult patients, RAF inhibitors are a
powerful therapy being considered in patients whose
tumors contain BRAF V600E mutations. Although this
mutation is more common in pediatric glioma, it also
occurs in adult patients, underscoring the importance of
routine molecular testing for BRAF mutations. The data
on RAF-targeted therapy in adults with glioma are lim-
ited, but neuro-oncologists are using off-label RAFi for
patients with progressive/recurrent HGG. In some cases,
patients with LGG are treated with a trial of targeted
therapy rather than radiation in an attempt to delay the
long-term toxicity of radiation therapy. Although RAF
and MEK inhibitors can produce remarkable responses
in some cases, they also have significant toxicities that
warrant appropriate patient counseling and monitoring.
Neuro-oncology providers need to understand the
dosing, monitoring, and toxicity management for these
drugs, and convey that information clearly to patients,
to make an informed decision to treat with RAFi/MEKi-
targeted therapy.
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