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Abstract
Background—BRAF and MEK inhibitors frequently cause cutaneous adverse events.

Objective—To investigate the cutaneous safety profile of BRAF inhibitors versus BRAF- and
MEK-inhibitor combination regimens.

Methods—We performed a retrospective cohort study, collecting data from 44 melanoma
patients treated either with BRAF inhibitors (vemurafenib or dabrafenib) or BRAF- and MEK-
inhibitor combination regimens (vemurafenib+cobimetinib or dabrafenib+trametinib). Patient
characteristics, as well as the occurrence and severity of cutaneous adverse events are described.

Results—The development of cutaneous adverse events was significantly less frequent
(p=0.012) and occurred after longer treatment time (p=0.025) in patients treated with BRAF- and
MEK-inhibitor combination regimen compared to patients treated with BRAF inhibitor
monotherapy. Among patients who received both BRAF inhibitor treatment and the combination
of BRAF- and MEK-inhibitor at different time points during their treatment course, the
development of squamous cell carcinoma or keratoacanthoma was significantly less frequent when
they received the combination regimen (p=0.008). Patients receiving vemurafenib developed more
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cutaneous adverse events (p=0.001) and in particular more photosensitivity (p=0.010) than
patients who did not.

Limitations—Limited number of patients.

Conclusion—Combination regimen with BRAF- and MEK-inhibitors shows fewer cutaneous
adverse events and longer cutaneous adverse event-free interval compared to BRAF inhibitor
monotherapy.
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INTRODUCTION

Pharmacological inhibition of the mitogen-activated protein kinases (MAPK) pathway by
targeting the mutant v-Raf murine sarcoma viral oncogene homolog B1 (BRAF) is a
milestone in the management of metastatic melanoma. BRAF-inhibitors (BRAFi), such as
vemurafenib and dabrafenib, have been associated with prolonged progression-free and
overall survivall:2. MEK inhibitors (MEKi), such as cobimetinib3 and trametinib have also
been associated with improved progression-free and overall survival in BRAF* mutant
melanoma and neuroblastoma rat sarcoma viral oncogene homolog (NRAS)® mutant
melanoma. Despite these advances in melanoma treatment, disease progression occurs in
approximately 50% of patients within 6 to 7 months of commencing therapy with either a
BRAFi or MEKi1:26.7 This is due to several mechanisms of resistance, most of which seem
to rely on reactivation of the MAPK pathway8-10. Therefore, in order to avoid or delay
resistance to a single drug, combination therapies with BRAFi and MEKi have been
explored 11, In phase 1 and 2 studies, combination regimens showed improved progression-
free survival over single inhibitor therapy2. Vemurafenib and dabrafenib are approved by
the Food and Drug Administration (FDA) for the treatment of patients with unresectable or
metastatic melanoma with a BRAF V600E mutation, as detected by an FDA-approved test.
The recommended dosages of vemurafenib and dabrafenib are 960 mg and 150 mg,
respectively, both taken orally twice daily. Trametinib is approved for the treatment of
patients with unresectable or metastatic melanoma with BRAF V600E and V600K
mutations, as detected by an FDA-approved test, and the recommended dose is 2 mg orally
once daily. Ongoing clinical trials are exploring these drugs in an adjuvant setting for stage
I11 (AJCC) patients!3. Treatment with vemurafenib causes a multitude of cutaneous adverse
events, such as exanthema, photosensitivity, palmarplantar dysesthesia or hand-foot
syndrome (HFS), alopecia, pruritus, keratosis pilaris-like eruptions (KP), actinic keratosis
(AK), hyperkeratosis, skin papillomas, keratoacanthomas (KA) and cutaneous squamous-
cell carcinomas (SCC) 1.7:14-16_ The most frequent cutaneous adverse events of dabrafenib
are hyperkeratosis, papilloma, alopecia, and palmar-plantar erythrodysesthesia syndrome.
Trametinib is more frequently related with the development of acneiform dermatitis or
alopecia®1’. Less is known about the cutaneous adverse events related to cobimetinib. In a
phase Ib trial where cobimetinib was administrated in combination with a pan-PI13K
inhibitor, 50% of the patients developed a cutaneous rash®. Interestingly, when BRAF- and
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MEK inhibitor drugs are combined, the development of cutaneous adverse events specific
for each drug appear to be reduced®12,

The number of patients treated with BRAF and MEK inhibitor combination is increasing,
and a better understanding of the type and morphology of related cutaneous adverse events
and their management is needed. In this retrospective study, we collected data on 44 patients
treated with either a BRAF inhibitor alone or the combination of a BRAFi and a MEKIi
(BRAFi+MEKIi). We have clinically and histologically characterized the cutaneous adverse
events of BRAFi monotherapy and of combination regimens.

MATERIALS AND METHODS

We performed a retrospective cohort study, and included patients with stage IV or
unresectable stage 111 melanomal® who received BRAFi monotherapy or BRAFi+MEKi
combination therapy. All patients were treated and followed-up at the University of
California, San Francisco (UCSF) between November 2009 and August 2013. Thirty-two
patients received treatment with a BRAFi and 23 patients received BRAFi+MEKIi
combination. Eleven patients received both BRAFi monotherapy and BRAFi+MEKi
regimen at different time points during their treatment. Among the patients treated with a
BRAFi: 27 received vemurafenib (PLX4032) at a dose of 960 mg bid (phase 111 clinical
trial, NCT01006980), and 5 patients received dabrafenib (GSK2118436) at a dose of 150 mg
bid (phase 11 clinical trial, NCT01227889). In the BRAFi+MEK:i group, 15 patients
received a combination of dabrafenib at 150 mg bid and trametinib (GSK1120212) at 2 mg
daily (phase Il clinical trial, NCT01072175), and 8 patients received a combination of
vemurafenib at 960 mg bid on days 1-28 of each cycle and cobimetinib (GDC-0973) at 60
mg daily on days 1-21 of each cycle (phase Ib clinical trial, NCT01271803). All treatment
decisions were made by the patient’s medical oncologist. Collected data included patient
demographics, course of the disease, medications (previous chemotherapy and
immunotherapy — including interleukin-2, interferon or anti-CTLA 4 antibodies), cutaneous
adverse events, the treatment of those adverse events, and the response to treatment. Patients
were evaluated at baseline by a dermatologist with full body skin exams (FBSE) and
followed-up at four- to six-week intervals or upon patient request, in case of development of
cutaneous adverse events. All cutaneous adverse events were ascertained by a dermatologist
based on clinical and histological findings. Adverse events were graded based on the
National Cancer Institute’s Common Terminology Criteria for Adverse Events (CTCAE)
Version 4.03 (v4.03: June 14t 2010)20 (Table 1S) . The study design has been reviewed and
approved by the Committee on Human Research of the University of California, San
Francisco.

Statistical analyses were performed using Stata 12.0 Statistical Software. Comparisons
between independent groups were performed using Fisher’s exact test. The confidence
intervals (CIs) calculation was performed for the estimated frequencies, considering the
variable as binomial (0/1) and using an exact binomial confidence interval. Comparisons
between correlated groups were performed using McNemar’s exact test. Kaplan—-Meier
curves were used to analyze the time of development of cutaneous adverse events, and the
statistical comparisons between groups were done using the log-rank test. To analyze the
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safety profile of vemurafenib, either as monotherapy or in combination, we compared
patients who received vemurafenib to those who did not receive the drug, assessing if they
ever developed the event of interest. A p-value <0.05 was considered significant.

RESULTS

A total of 44 patient charts were reviewed. Thirty-two patients were treated with a BRAFi as
monotherapy (27 with vemurafenib, 5 with dabrafenib) and 23 were treated with a
combination of BRAFi+MEK:i (8 with vemurafenib+cobimetinib, 15 with dabrafenib
+trametinib). The baseline characteristics of the patients in the study groups are outlined in
Table 1. None of the patients included in the study experienced grade 4 or 5 cutaneous
adverse events. Grade 3 cutaneous adverse events were recorded in eight patients treated
with the single agent vemurafenib, and in 2 patients during BRAFi+MEKi combination
therapy (one treated with vemurafenib + cobimetinib, and one treated with dabrafenib +
trametinib).

Thirty-three patients received single treatment regimen (either BRAFi or BRAF+MEKIi
combination but not both) during their disease history; a detailed list of all the cutaneous
adverse events recorded in these patients is reported in Table 2, and representative clinical
pictures are presented in Figure 1. Eleven patients received both a BRAFi alone, and BRAFi
+MEK:i combination at different time points during their treatment course. A detailed
description of their cutaneous adverse events is reported in Table 3. Out of these eleven
patients, eight received the same BRAFi (vemurafenib or dabrafenib) both as monotherapy
and in combination with MEKi.

Among the patients who received only single treatment regimen (either BRAFi monotherapy
or BRAF+MEKI combination treatment) during their disease history, we observed that
cutaneous adverse events occurred more frequently during BRAFi monotherapy than during
BRAFi+MEKIi combination therapy (N=21/21, 100%, 95% CI 83.9-100 vs N=8/12,
66.67%, 95% CI 34.9-90.1; p=0.012). Kaplan-Meier curves showed a significant difference
in the time of development of cutaneous adverse events between BRAFi monotherapy and
BRAFi+MEKIi combination therapy (p=0.0246). The median cutaneous adverse event-free
interval was 28 days (range 7-470) for BRAFi monotherapy, and 122.5 days (range 7-341)
for BRAFi+MEKi combination therapy. Kaplan-Meier curves comparing all four treatment
groups also demonstrated a significant difference (p=0.0002); the median cutaneous adverse
event-free interval was 28.5 (range 7-470) days for vemurafenib, 26 (range 14-106) days
for dabrafenib, 10 (range 7-13) days for vemurafenib+cobimetinib and 150.5 (range 19—
341) days for dabrafenib+trametinib (Figure 2).

Among the 11 patients who received both BRAFi monotherapy and BRAFi+MEKi
combination treatment at different time points during their disease course, 10 developed
cutaneous adverse events during BRAFi monotherapy (90.9%, 95% CI 58.7-99.8), and 5
developed cutaneous adverse events during BRAFi+MEKIi combination therapy (45.5%,
95% CI 16.7-76.6)(p=0.2188). Four out of 11 patients developed actinic keratosis during
BRAFi monotherapy and no one developed it during combination treatment (36.4%, 95% ClI
10.9-69.2 vs 0%, 95% CI 0-28.5; p=0.0156). Three out of 11 patients developed SCC or
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KA during BRAFi monotherapy, and no one developed SCC or KA during combination
treatment (27.3%, 95% CI 6-61 vs 0%, 95% CI 0-28.5; p=0.0078).

Twenty-nine out of 44 patients received vemurafenib either in monotherapy or in
combination. They developed cutaneous adverse events significantly more frequently than
patients who never received vemurafenib (N=29/29, 100%, 95% CI 88.1-100 vs N=10/15,
66.7%, 95% CI 38.4-88.2; p=0.001). Thirteen out of 29 patients treated with vemurafenib
(44.8%, 95% CI 26.4-64.3), and one out of 15 patients who did not receive vemurafenib
(6.7%, 95% CI 0.2-31.9) developed photosensitivity (p=0.010).

DISCUSSION

Following approval by the FDA, targeted inhibitors have become an important treatment
modality for patients with BRAF mutant melanoma. It is anticipated that the number of
patients receiving a single or combinational inhibitor treatment will increase significantly in
the near future. For this reason, knowledge about the incidence and the appearance of
cutaneous adverse events associated with targeted inhibitor therapy is critical for optimal
patient care. In this study we present the data on patients treated with two different BRAFi
(vemurafenib or dabrafenib), and two different combination regimens of a BRAF; and MEKi
(vemurafenib + cobimetinib or dabrafenib + trametinib).

Among our patients who received single treatment regimen (either BRAFi monotherapy or
BRAFi+MEKIi combination treatment), cutaneous adverse events occurred more frequently
and faster during BRAFi therapy than during BRAFi+MEKi combination therapy. In
particular, we observed a longer cutaneous adverse event-free interval during treatment with
a combination of dabrafenib and trametinib.

The development of actinic keratosis, a well-known precursor of SCC, was frequent during
monotherapy with both BRAFi. It has be reported that the development of cutaneous SCC
during BRAFi therapy is caused by activation of the MAPK pathway in keratinocytes with
preexisting RAS mutations commonly found in chronically sun damaged skin. Although
BRAF inhibitors potently reduce RAF signaling in BRAF mutant cells, leading to apoptosis
and tumor shrinkage, they cause increased CRAF signaling in wild type cells, leading to the
development of SCC21-23, The concomitant administration of a MEKi reduces this
activation and therefore has preventive effects on the development of SCC and KA1L,
Interestingly, the 11 patients who received both BRAFi and BRAFi+MEK:i at different time
points, developed actinic keratosis and SCC or KA significantly less frequently during the
combination treatment.

Photosensitivity is another well-known adverse event experienced during vemurafenib
treatment?:7:14, Previous studies speculated that this is due to the chemical structure of the
drug and UVA exposure?4, rather than due to BRAF inhibition and the subsequent
consequences on MAPK signaling. In our experience, also, photosensitivity was more
frequent in patients treated with vemurafenib. Regardless of the treatment regimen, anytime
a patient receives vemurafenib, particular attention should be given to sun exposure
prevention measures.

J Am Acad Dermatol. Author manuscript; available in PMC 2015 December 01.
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The most common adverse event previously reported during trametinib monotherapy is
acneiform dermatitis®12:17.25, The mechanism triggering this reaction is still unknown, but a
fundamental role of the PI3BK/AKT pathway has been hypothesized. Indeed, MEK:i relieves
a negative feedback loop in the PI3K/AKT pathway leading to increased AKT signaling2®
that is known to play a central role in acne pathogenesis2’+28. Another hypothesis previously
reported is that these acneiform eruptions could be a result of drug-induced apoptosis of
keratinocytes disturbing epidermal homeostasis!’. In our study, trametinib was only
administrated in combination with a BRAFi, and as reported previously, acneiform eruptions
appeared to be less frequent with this combination compared to historical data pertaining to
MEKi alonel1.17,

Eight patients treated with BRAFi and only two treated with the combination regimen had to
reduce the inhibitor dosage or interrupt the treatment due to cutaneous adverse events. In the
BRAFi group, dosage reduction or interruption of treatment had to be done for patients
treated with vemurafenib who developed the following cutaneous adverse events:
maculopapular rash (4 patients), acneiform rash (3 patients), and oral blisters (1 patient).
Two patients in the BRAFi+MEKi group developed panniculitis-like reaction, which did not
respond to non-steroidal anti-inflammatory drugs (NSAID). Interestingly, one patient treated
with the combination of vemurafenib (days 1-28 of each cycle) and cobimetinib (days 1-21
of each cycle) reported a correlation between the severity of xerosis, acneiform rash, and
pre-existing psoriasis with the drugs’ schedule. The skin condition improved during
combination regimen and worsened when the MEKIi was withheld.

From the results of this study, we conclude that each inhibitor and each combination has a
particular cutaneous safety profile. Knowledge of expected cutaneous adverse events can
help clinical decision-making during follow-up.
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Figure 1.
Cutaneous adverse events developed during BRAF inhibitor monotherapy: (1A) Palmar-

Plantar Erythrodysesthesia; (1B) Keratosis pilaris; during BRAF- and MEK-inhibitor
combinations: (1C) Acneiform rash; (1D) Erythema nodosum
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Figure 2.

Kaplan-Meier curves. (2A)The onset of cutaneous adverse events is at an earlier time point
in patients treated with BRAF inhibitor than patients treated with BRAF- and MEK-inhibitor
combinations. (2B) Patients treated with dabrafenib+trametinib have longer adverse-free

events interval.
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Table 1

Characteristics of patients included in the study
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| BRAFi (N=32) |

BRAFi+MEKi (N=23)

| vemurafenib (N=27)

dabrafenib (N=5) |

vemurafenib +cobimetinib (N=8)

dabrafenib +trametinib (N=15)

skin cancer

Median age at the 60.2 (18.3-87.9) 60.4 (48.9-72.5) 56.49 (19.9-70.3) 55.1(33.9-70.1)
beginning of treatment —

years (range)

Median duration on 8.2 (1-33.8) 5.1(0.9-9.3) 5.9 (1.4-14.5) 13.0 (1.8-30.3)
treatment-months (range)

Sex-

Female 10 (37%) 3 (60%) 4 (50%) 9 (60%)

Male 17 (63 %) 4 (40%) 4 (50 %) 6 (40%)
BRAF mutation

V600E 19 (70.4%) 3(60%) 8 (100%) 13 (86.7%)

V600K 4 (14.8%) 2 (40%) - 2(13.3%)

V600R 1(3.7%) - - -

K601E 2 (7.4%) - - -

L597R 1(3.7%) - - -

Stage of disease

3B 1(3.7%) - - -

3C 1(3.7%) - - -

4 25 (92.6%) 5 (100%) 8 (100%) 15 (100%)
Previous Chemotherapy | 14 (51.9%) | 2 (40%) | 4 (50%) | 6 (40%)
Previous Immunotherapy£ | 15 (55.6%) | - | 5 (62.5%) | 7 (46.7%)
Current Immunotherapy | 3(11.1%) | 1 (20%) | - | -

History of non-melanoma 9 (33.3%) 1 (20%) 5 (62.5%)

£ . . - . .
Immunotherapy included Interleukin-2, Interferon OR Ipilimumab (anti-CTLA 4 antibody)
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Cutaneous adverse events reported during BRAFi monotherapy and during BRAFi+MEKIi combination

Table 2

Page 13

therapy in patients who received single treatment regimen (either BRAFi monotherapy or BRAFi+MEKIi
combination treatment but not both)

BRAFi (N=21)

BRAFi + MEKi (N=12)

vemurafenib (N=18)

dabrafenib (N=3)

vemurafenib +cobimetinib (N=2)

dabrafenib +trametinib (N=10)

no. (% [95%Cl])

Any cutaneous side
effect

18 (100 [81.5-100])

3 (100 [29.2-100])

2 (100 [15.8-100])

6 (60 [26.2-87.8])

Photosensitivity

4 (22.2 [6.4-47.6])

1(33.3 [0.8-90.6])

2 (100 [15.8-100])

0 (0 [0-30.8])

Actinic keratosis (AK)

8 (44.4 [21.5-69.2])

2 (66.7 [9.4-99.2])

1(50 [1.3-98.7])

1 (10 [2.5-44.5])

Cutaneous squamous-
cell carcinoma (SCC)
and Keratoacanthoma
(KA)

4 (22.2 [6.4-47.6])

0 (0 [0-70.8])

1 (50 [1.3-98.7])

0 (0 [0-30.8])

Alopecia

2 (11.1 [1.4-34.7])

0 (0 [0-70.8])

0 (0 [0-84.2])

0 (0 [0-30.8])

Maculopapular rash

8 (44.4 [21.5-69.2])

0 (0 [0-70.8])

0 (0 [0-84.2])

3 (30 [6.7-65.2])

Acneiform rash

1 (5.6 [0.1-27.3])

1(33.3[0.8-90.6])

1 (50 [1.3-98.7])

2 (20 [2.5-55.6])

Eczema 0 (0 [0-18.5]) 0 (0 [0-70.8]) 0 (0 [0-84.2]) 3 (30 [6.7-65.2])
Pruritis 6 (33.3 [13.3-59]) 1(33.3[0.8-90.6]) | 0 (0 [0-84.2]) 0 (0 [0-30.8])
Xerosis 2 (11.1 [1.4-34.7]) 0 (0 [0-70.8]) 0 (0 [0-84.2]) 3 (30 [6.7-65.2])

Panniculitis-like reaction

3(16.7 [3.6-41.4])

1(33.3[0.8-90.6])

0 (0 [0-84.2])

3 (30 [6.7-65.2])

Keratosis pilaris (KP)

3 (16.7 [3.6-41.4])

1(33.3 [0.8-90.6])

0 (0 [0-84.2])

1 (10 [2.5-44.5])

Warts

4 (22.2 [6.4-47.6])

0 (0 [0-70.8])

1(50 [1.3-98.7])

1 (10 [2.5-44.5])

Palmar-Plantar
Erythrodysesthesia or
Hand-Foot Syndrome
(HFS)

1 (5.6 [0.1-27.3])

0 (0 [0-70.8])

1 (50 [1.3-98.7])

1 (10 [2.5-44.5])

Nevi changes

1 (5.6 [0.1-27.3])

0 (0 [0-70.8])

0 (0 [0-84.2])

0 (0 [0-30.8])

Acrochordon (Skin Tag)

1 (5.6 [0.1-27.3])

0 (0 [0-70.8])

0 (0 [0-84.2])

2 (20 [2.5-55.6])

Oral Blisters

1 (5.6 [0.1-27.3])

0 (0 [0-70.8])

0 (0 [0-84.2])

0 (0 [0-30.8])
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Table 3

Page 14

Cutaneous adverse events reported in patients who received at different time points during their treatment
course both BRAFi monotherapy and BRAF+MEKIi combination therapy

BRAFi (N=11)

BRAFi + MEKi (N=11)

vemurafenib (N=9)

dabrafenib (N=2)

vemurafenib +
cobimetinib (N=6)

dabrafenib +
trametinib (N=5)

no. (%[ 95%Cl)

Any cutaneous side effect

9 (100 [66.4-100])

1(50 [1.3-98.7])

3 (50 [11.8-88.2])

2 (40 [5.3-85.3])

Photosensitivity

7 (77.8 [40-97.2])

0 (0 [0-84.2])

1(16.7 [0.4-64.1])

0 (0 [0-52.2])

Actinic keratosis (AK)

4 (44.4 [13.7-78.8)])

0 (0 [0-84.2])

0 (0 [0-45.9])

0 (0 [0-52.2])

Cutaneous squamous-cell carcinoma
(SCC) and Keratoacanthoma (KA)

3(33.3[7.5-70.1])

0 (0 [0-84.2])

0 (0 [0-45.9])

0 (0 [0-52.2])

Alopecia

3(33.3 [7.5-70.1])

0 (0 [0-84.2])

0 (0 [0-45.9])

0 (0 [0-52.2])

Maculopapular rash

2 (22.2 [2.8-60])

0 (0 [0-84.2])

0 (0 [0-45.9])

2 (40 [5.3-85.3])

Acneiform rash

2 (22.2 [2.8-60])

0 (0 [0-84.2])

1 (16.7 [0.4-64.1])

0 (0 [0-52.2])

Eczema

0 (0 [0-33.6])

0 (0 [0-84.2])

1(16.7 [0.4-64.1])

2 (40 [5.3-85.3])

Xerosis

3(33.3 [7.5-70.1])

1 (50 [1.3-98.7])

1 (16.7 [0.4-64.1])

1 (20 [0.5-71.6])

Panniculitis-like reactions

2 (22.2 [2.8-60])

0 (0 [0-84.2])

2(33.3[4.3-77.7])

0 (0 [0-52.2])

Keratosis pilaris (KP)

3(33.3 [7.5-70.1])

0 (0 [0-84.2])

1 (16.7 [0.4-64.1])

0 (0 [0-52.2])

Warts

2 (22.2 [2.8-60])

0 (0 [0-84.2])

1(16.7 [0.4-64.1])

0 (0 [0-52.2])

Palmar-Plantar Erythrodysesthesia or

Hand-Foot Syndrome (HFS)

1 (11.1[0.3-48.2])

1 (50 [1.3-98.7])

0 (0 [0-45.9])

0 (0 [0-52.2])
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