
ABSTRACT

Background. Vemurafenib has been approved for the treat-

ment of patients with advanced BRAFV600E-mutant mela-

noma. This report by the Vemurafenib DermatologyWorking

Group presents the characteristics of dermatologic adverse

events (AEs) that occur in vemurafenib-treated patients, in-

cluding cutaneous squamous cell carcinoma (cuSCC).

Methods. Dermatologic AEs were assessed from three ongo-

ing trials of BRAFV600E mutation-positive advanced mela-

noma. Histologic central review and genetic characterization

were completed for a subset of cuSCC lesions.

Results. A total of 520 patients received vemurafenib. The

most commonly reported AEs were dermatologic AEs, oc-

curring in 92%–95% of patients. Rash was the most com-

mon AE (64%–75% of patients), and the most common

types were rash not otherwise specified, erythema, macu-

lopapular rash, and folliculitis. Rash development did not

appear to correlate with tumor response. Photosensitivity

occurred in 35%–63% of patients, and palmar-plantar

erythrodysesthesia (PPE) occurred in 8%–10% of patients.

The severity of rash, photosensitivity, and PPE weremainly

grade 1 or 2. In all, 19%–26% of patients developed cuSCC,

mostly keratoacanthomas (KAs). The majority of patients

with cuSCC continued therapywithout dose reduction after

resection.Genetic analysis of 29 cuSCC/KA samples demon-

strated HRASmutations in 41%.

Conclusions. Dermatologic AEs associated with vemurafenib

treatment in patients with melanoma were generally man-

ageable with supportive care measures. Dose interruptions

and/or reductionswere required in�10%ofpatients.TheOn-

cologist2013;18:314–322

Implications for Practice: Vemurafenib has been approved for the treatment of patients with advanced BRAF-mutant mela-

noma. Skin toxicity is commonwith vemurafenib therapy, and themajority of patients are able to tolerate and continue therapy

following symptomatic and/or localmanagement (e.g., surgical resection). Clinicians shouldbeawareof these toxicities tobetter

educate andmanage their patients.

INTRODUCTION

ActivatingmutationsofBRAFarepivotal to themalignantphe-

notype of approximately 60% of melanomas [1–4]. The

BRAFV600Emutation, inwhich valine is substitutedby glutamic

acid, is the most prevalent [1] and results in constitutive ERK

signaling via the MAPK pathway, leading to the various hall-

marks of malignancy [5]. A multinational phase III trial of 675

treatment-naïve patients with advanced melanoma harbor-

ing the BRAFV600E mutation demonstrated that the BRAF in-

hibitor vemurafenib led to a63% reduction in the risk of death

and a 74%decrease in the risk of disease progression or death

comparedwithdacarbazine [6]. Inaddition,phase Iand II trials

reported response rates greater than50%andmedianoverall

survival (OS) times of 14–16months [7, 8]. Based on these re-

sults, vemurafenib was approved by regulatory agencies for
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the treatment of metastatic or unresectable melanoma har-

boring the BRAFV600Emutation.

The development of cutaneous toxicities (i.e., dermato-

logic adverse events [AEs]) with vemurafenib is common

[6–8]. Although these do not generally lead to treatment dis-

continuation, theycanaffectconsistentdosinganddictatethe

need for antitoxicity interventions. CommonAEs include rash,

photosensitivity, palmar-plantar erythrodysesthesia (PPE;

also known as hand–foot syndrome), and cutaneous squa-

mous cell carcinoma (cuSCC), including a well-differentiated

type with low potential for invasive or metastatic disease—

keratoacanthoma (KA). In this report, we describe the clinical

and histologic characteristics of common dermatologic AEs

reported in vemurafenib-treated patients. In addition, we

present the results of molecular studies of cuSCC lesions and

discuss proposed management strategies for dermatologic

AEs.Anunderstandingof theseAEswith thoroughevaluations

and appropriate management are important because these

events may affect the dosing regimen and patient quality of

life.

MATERIALS ANDMETHODS

Study Design
Data were analyzed from three ongoing trials: phase III ran-

domized NO25026 (BRAF Inhibitor in Melanoma [BRIM]-3;

NCT01006980), phase II NP22657 (BRIM-2; NCT00949702),

andphase INP25163 (BRIM-4;NCT01107418; Table 1). Proto-

cols were approved by the institutional review board at each

participating institution and were conducted in accordance

with the ethical principles of the Declaration of Helsinki and

Good Clinical Practice guidelines, as defined by the Interna-

tional Conference on Harmonisation. All patients provided

written informed consent before enrollment.

Eligible patients had metastatic or advanced melanoma

harboring theBRAFV600Emutation anddisease thatwas previ-

ously untreated (BRIM-3) or refractory to standard therapy

(BRIM-2, BRIM-4). In BRIM-3, patients were randomized to

oral vemurafenib 960mg twice daily or intravenous dacarba-

zine 1,000 mg/m2 of body surface area every 3 weeks. In

BRIM-2, patients received oral vemurafenib 960 mg twice

daily. In BRIM-4, patients received oral vemurafenib 960 mg

twice daily after an initial 21-day dose escalation (240, 480,

720, or 960mg twice daily). The 240-mg tablet was used in all

trials.

All patients completed an initial dermatologic history,

which included a history of chronic sun exposure, tanning bed

use, previous skin lesions (including cuSCC, KA, actinic kerato-

sis), andother factors thatmay increase the riskof cuSCC (e.g.,

sorafenib use, photochemotherapy for psoriasis, and immu-

nosuppression). All patients underwent evaluations by a der-

matologist or equivalent physician prior to enrollment, after

22–30 days of therapy, and then every 3 months. Suspicious

skin lesions were biopsied or excised, and cuSCC lesions were

submitted forbothcentral dermatopathology reviewandmo-

lecular characterization.

Treatment interruptionswereprespecified for intolerable

grade2or higherAEs (except cuSCC; seebelow), duringwhich

vemurafenib was held until improvement of toxicity to grade

�1, and then resumedata reduceddoseof720mgtwicedaily

(or 480 mg twice daily for grade 4 or recurrent AEs). Therapy

was discontinued with disease progression unless continued

administrationwas in the best interest of the patient.

Clinical Reviews of Adverse Events
The cutoff dates used for data analysis were March 1, 2011

(BRIM-3, BRIM-4) and January 31, 2011 (BRIM-2). The safety

population was comprised of all treated patients who had at

least one on-study safety assessment.

In November 2009, the Vemurafenib DermatologyWork-

ing Group (DWG)was assembled and included experts in der-

matology, oncology, and dermatopathology. The objectives

were to evaluate and provide management recommenda-

tions for dermatologic AEs in vemurafenib clinical trials. The

Medical Dictionary of Regulatory Activities was used to iden-

tify searchable AE terms related to the system organ class of

skin and subcutaneous disorders. Severity of AEs was graded

using the National Cancer Institute’s Common Terminology

Criteria for Adverse Events, version 4.0 [35]. AE summaries

were sorted by descending frequency (number of patients

with the event/number of patients at risk). For patients who

experienced the same AE of varying severity, the highest

grade was selected for the summary. Investigators were in-

structed to report all cuSCCandKAcasesas treatment-related

grade 3 events.

Statistical Analyses
For patients in BRIM-3, the following descriptive summaries

were performed using the primary efficacy dataset (i.e., that

led to study unblinding), which had an earlier cutoff date (De-

cember 30, 2010): occurrence of AE before or after day 120;

relationship between best confirmed tumor response (com-

plete response [CR] or partial response [PR]) and both occur-

rence of rash AE and worst grade of rash AE; outcome

(resolved, unresolved, outcomeunknown) of each rash event

according todosage (modified,discontinued,noaction taken)

and grade (1, 2,�3,missing); and relationship betweenonset

of AEs that may result from sun exposure (phototoxicity and

cuSCC). Themedian time to first onsetwas estimated for each

AE by the Kaplan-Meier method. When median times were

not reached, summary statistics were calculated for time to

first onset among patients with the event.

Central Dermatopathologic Review
Clinically suspicious skin lesions were reported as AEs, biop-

sied, and sent for local pathologic analysis. For a subset of

cuSCC specimens, central dermatopathology reviewwas con-

ducted by an independent group (Dermpath Diagnostics,

Brookfield, WI). Two reviews were conducted for each speci-

men in a manner blinded to the reported diagnosis. Each re-

viewer examined the same sections and graded them on a

three-point scale:

1. Squamous cell carcinoma (SCC), KA type,with features suf-

ficiently expressed to be diagnostic (SCC, KA type)

2. SCC, with at least some features suggesting KA type, but

with partial expression of usual features or with some fea-

tures uncommon in KA type (SCC,mixture KA type)

3. SCC, with no features suggesting KA type (SCC, no KA type)

Features used to distinguish KA included a central keratin-

filled crater, abrupt transition to normal epidermis at lesion

edge, and neoplastic cells with abundant pale-pink glassy cy-
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toplasm. In the event of a discrepancy in diagnosis or scaling,

adjudication by a third dermatopathologist would occur.

Molecular Studies
Mutation analysis was performed on centrally confirmed

cases of cuSCC (including KA).HRAS (exons 2 and3),NRAS (ex-

ons 2 and 3), KRAS (exons 2 and 3), and BRAF (exon 15) gene

sequenceswere investigated using direct DNA [9]. Remaining

DNA was analyzed for known hotspot mutations using the

Mass Array System (Sequenom, San Diego, CA).

Role of the Funding Source
The corresponding author had full access to the data in this

manuscript and had final responsibility for the decision for

publication. The study sponsorshave contributed to the study

designs; collection, analysis, and interpretation of data; writ-

ingof the report; anddecision to submit thepaper forpublica-

tion.

RESULTS

Clinical Characteristics
Atotal of520patientswithBRAFV600Emutation-positiveunre-

sectable stage IIIC or stage IVmelanoma received at least one

dose of vemurafenib (Table 1). Dermatologic AEs were the

most commonly reported body system class and occurred in

93% of patients in BRIM-3 (312/336), 95% in BRIM-2 (125/

132), and 92% in BRIM-4 (48/52).

The most commonly reported AEs were rash and photo-

sensitivity (Table 2). Rash incidence ranged from 64%–75%,

most commonly rash not otherwise specified (37%–54%), er-

ythema (10%–14%), maculopapular rash (4%–21%), folliculi-

tis (6%–9%), and keratosis pilaris-like eruption (6%–10%; Fig.

1A–D). Photosensitivity ranged from 35%–63%, and PPE was

reported in8%–10%ofpatients (Fig. 1E, 1F). CuSCC lesions (in-

cludingKA)developed in79patients (23.5%) inBRIM-3, 34pa-

tients (25.8%) in BRIM-2, and 10 patients (19.2%) in BRIM-4

(Table 2; Fig. 1G–J). Other common AEs occurring in�10% of

patients included alopecia (29%–45%), pruritus (10%–32%),

skin papilloma (17%–31%), hyperkeratosis (23%–30%), and

dry skin (15%–19%). In some cases of papilloma, eruption of

multiple lesions occurred. Vasculitis, erythemanodosum, and

panniculitis were uncommon (all�2%).

ThemajorityofAEs (aside fromcuSCC)wereofgrade1or2

severity. Only one patient discontinued vemurafenib for rash

(grade 3; BRIM-3). Four additional patients discontinued ve-

murafenib due to a dermatologic AE (all one case each): Ste-

vens-Johnson syndrome (SJS), toxic skin eruption (toxic

epidermal necrolysis, TEN), grade 3 cellulitis, and grade 3

flushing. No patients discontinued vemurafenib for either

photosensitivity or PPE. CuSCC lesions were managed with

surgical excision, and no patient discontinued vemurafenib

therapy due to the development of cuSCC or KA. Themajority

of patients continued therapy without dose reduction after

resection.

Most AEs occurred early during the initial 4 months of

therapy. Of the 126 patients whowere treated for more than

120 days in BRIM-3, the first onset of most AEs was reported

prior to day 120 (vs. after day 120): alopecia (86%), photosen-

sitivity (98%), rash (100%), hyperkeratosis (87%), pruritus

(88%), and skin papilloma (84%). Themedian times to first on-

set of cuSCC, rash, and photosensitivity were 7.1 weeks, 1.6

weeks, and 1.7weeks, respectively.

The occurrence or severity of rash did not appear to be as-

sociated with treatment response. Of the 146 patients who

were evaluable for response and reported an AE of rash in

BRIM-3, 72 patients (49%) were responders (i.e., achieved a

PR or CR). Similarly, among the 73 patients who did not de-

velop a rash, 34 patients (47%) responded. Incidence of the

most severe grade of rash was similarly distributed between

responders and nonresponders: severity of rash was mostly

grade 1 or 2 (78% responders, 82%nonresponders). Develop-

ment of grade 3 rash was slightly higher in responding versus

nonresponding patients (22% vs. 15%, respectively); there

wereno reported grade4or 5 rashAEs. Thesedata suggest no

Table 1. Characteristics of study populations

Safety population

Study Population
Study design/
primary objective

Centers enrolling
patients

Treatment regimen,
dose, route of administration,
and duration

Total
(n)

Sex
(men/women)

Age
range
(yrs)

BRIM-3
(phase III)

Treatment-naïve
unresectable stage
IIIC or stage IV
melanoma

Randomized, open-label,
active treatment
controlled; efficacy of
vemurafenib vs. DTIC

104 centers (U.S.,
Canada, U.K.,
France, Italy,
Germany,
Netherlands,
Sweden,
Switzerland, Israel,
Australia, andNew
Zealand)

Vemurafenib 960mg b.i.d. p.o. 336 199/137 21–86

DTIC 1,000mg/m2

every 3wks i.v.
287 163/124 17–86

BRIM-2
(phase II)

Previously treated
stage IVmelanoma

Open-label,
uncontrolled; efficacy of
vemurafenib (BORR as
assessed by an IRC)

15 centers
(U.S. and Australia)

Vemurafenib 960mg b.i.d. p.o. 132 81/51 17–82

BRIM-4
(phase I)

Previously treated
unresectable stage
IIIC or IV
melanoma

Open-label,
uncontrolled; PK
characteristics of
vemurafenib (240mg
film-coated tablet
formulation;MBP)

13 centers
(U.S. and Australia)

Cohort 1: 240mg b.i.d. p.o.;
cohort 2: 480mg b.i.d. p.o.;
cohort 3: 720mg b.i.d. p.o.;
cohort 4: 960mg b.i.d. p.o.

52 26/26 18–85

Abbreviations: BORR, best overall response rate; BRIM, BRAF Inhibitor inMelanoma; DTIC, dacarbazine; IRC, independent review committee;MBP,
microprecipitated bulk powder; PK, pharmacokinetic.
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association between the incidence or severity of rash and re-

sponse to treatment.

In BRIM-3, cases of rash were analyzed to determine

whether dose interruption or reduction was required for res-

olution. Approximately 82% (291/357) of cases resulted in no

actiontaken.Of these,152(52%)resolvedand139(48%)were

unresolved or the outcome was unknown at the time of the

analysis; themajority were grade 1 (n� 202) or 2 (n� 69). Of

thegrade1cases, 119 resolvedand83wereeitherunresolved

or unknown. Therewere 66 cases of rash forwhich dosemod-

ification or interruption or discontinuation occurred. Thema-

jority of these were grade 3 (n � 36) or grade 2 (n � 22). Of

note, the protocol required dose modification and/or inter-

ruption for grade 3 and intolerable grade 2AEs. In caseswhen

thedosewasmodifiedordiscontinued, 41 (62%) resolvedand

25 (38%) were unresolved or the outcome was unknown.

These data indicate that at least 59% (119of 202) and43% (30

of 69) of grade 1 and grade 2 cases of rash, respectively, re-

solvedwithout dosemodification or interruption.

TherelationshipbetweenphototoxicityandcuSCCevents,

both related to sun exposure, was evaluated in BRIM-3. In all,

29 of the 336 patients developed both cuSCC and photosensi-

tivity; 179 patients did not develop either toxicity. Of patients

who developed cuSCC, the proportion with photosensitivity

(29 of 124; 23%)was similar to thosewithout photosensitivity

AE (33 of 212; 16%), suggesting no association between these

toxicities. For thosepatientswhodevelopedbothAEs, thema-

jority (90%) had a first onset of photosensitivity on or before

their first onset of cuSCC.

Central Review andGenetic Analysis of cuSCC
Of the 268 suspicious lesions that were collected from 76

patients and submitted for central review, 136 (51%) were

cuSCC or KA (Table 3) and 132 (49%) were other lesions, in-

cluding actinic keratosis, basal cell carcinoma, and verruca

vulgaris. Themajority of cuSCC or KA cases were diagnosed

locally as cuSCC (rather than KA): 58 cuSCC and 30 KA in

BRIM-3, 30 cuSCC and 6 KA in BRIM-2, and 10 cuSCC and 0

KA in BRIM-4. Conversely, the majority of lesions centrally

diagnosed as SCC were classified as KA type (103 of 136 le-

sions, 76%; Table 3) or with some features of KA (27 of 136

lesions, 20%), with a minority reviewed as SCC with no KA

features (6 of 136 lesions, 4%). Molecular characterization

was performed on 29 samples (Table 4). Eleven samples

carried HRAS mutations as determined by sequencing; Se-

quenom testing detected an HRAS mutation (HRAS

G12V/D) in an additional case (patient 100,003). In total,

41% (12 of 29) carriedHRASmutations in either exon 2 or 3.

No specimens had a BRAF mutation in exon 15.

DISCUSSION

This comprehensive reviewofdermatologicAEs thatoccurred

during three separate vemurafenib trials demonstrates that

theseeventsarecommonbutgenerallymanageablewithsup-

portive care measures, in addition to dose modifications in a

subsetofpatients.The frequencyof theseeventsandtheirpo-

tential impact on patient quality of life dictates comprehen-

sive and thorough dermatologic evaluations by health care

providers, preferably as conducted in clinical trials that in-

clude skin assessments prior to therapy initiation, followedby

periodic evaluations at week 4, week 12, and every 12 weeks

thereafter.

The spectrumof AEs, including the clinical presentation of

rash, is variable and therefore does not suggest a particular

mechanism of development, unlike the acneiform rash that

develops with epidermal growth factor receptor inhibitors

[10]. With vemurafenib, a frequently pruritic maculopapular

rash is likely a hypersensitivity reaction that, however, does

not preclude rechallenge in most cases. Signs suggestive of a

type 1 hypersensitivity reaction, such as angioedema, blister-

ing, and anaphylaxis, have not been observed; serious AEs,

such as SJS and TEN, were rare (one case each in BRIM-3). An-

othercutaneous featureseenwithvemurafenib is theappear-

ance of asymptomatic, disseminated pink-to-red hair follicle

openings with tiny spicules, which resembles or may be iden-

tical to the more limited autosomal-dominant condition of

keratosis pilaris, which has not been previously reported as a

Table 2. Common (�5%) dermatologic adverse events with vemurafenib treatment

Adverse event

BRIM-3 (n� 336) BRIM-2 (n� 132) BRIM-4 (n� 52)

Total (%) Grade 3 (%) Total (%) Grade 3 (%) Total (%) Grade 3 (%)

Rash, total 215 (64.0) 99 (75.0) 33 (63.5)

Rash, not otherwise specified 124 (36.9) 28 (8.3) 71 (53.8) 9 (6.8) 20 (38.5) 2 (3.8)

Erythema 48 (14.3) 0 13 (9.8) 0 7 (13.5) 0

Maculopapular rash 30 (8.9) 8 (2.4) 28 (21.2) 8 (6.1) 2 (3.8) 0

Folliculitis 20 (6.0) 1 (0.3) 12 (9.1) 1 (0.8) 3 (5.8) 0

Photosensitivity, total 133 (39.6) 83 (62.9) 18 (34.6)

Photosensitivity reaction 110 (32.7) 9 (2.7) 69 (52.3) 4 (3.0) 12 (23.1) 1 (1.9)

Sunburn 33 (9.8) 0 19 (14.4) 0 10 (19.2) 1 (1.9)

Cutaneous squamous cell carcinoma, total 79 (23.5) 34 (25.8) 10 (19.2)

Squamous cell carcinoma of skin 58 (17.3) 55 (16.4) 30 (22.7) 30 (22.7) 10 (19.2) 10 (19.2)

Keratoacanthoma 30 (8.9) 29 (8.6) 6 (4.5) 5 (3.8) 0 0

Data are n (%). No grade 4 or 5 events were reported for these adverse events during these three studies. Data cutoff dateswereMarch 1, 2011 for
BRIM-3 and BRIM-4 and January 31, 2011 for BRIM-2.
Abbreviation: BRIM, BRAF Inhibitor inMelanoma.
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Figure 1. Clinical and histologic presentation. (A):Maculopapular rash. (B):Maculopapular rash (histology). (C): Keratosis pilaris. (D):
Keratosis pilaris rash (histology). (E):Photosensitivity. (F):Palmar-plantar erythrodysesthesia. (G):Cutaneous squamous cell carcinoma.
(H): Cutaneous squamous cell carcinoma (histology). (I):Multiple cutaneous lesions: keratoacanthoma (black arrow), verruca (white
circle), milia (white arrow). (J): Keratoacanthoma (histology).
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drug-induced rash [11]. Most patients with rash were able to

maintain full dose intensity or continue therapy after one

dose-level reduction. A spontaneous recovery rate of approx-

imately50%forgrade1and2rashwithoutdosereductionwas

noted.

Treatment recommendations for rash, as well as for PPE,

are based on the experience of the authors in managing pa-

tients in the aforementioned trials; recommendations are

similar to those used in general dermatology practice (Fig. 2).

For photosensitivity protection, patients should avoid pro-

longed sun exposure and use protective hats, clothing, sun-

glasses, and sunscreens (SPF�15), especially those providing

broad ultraviolet (UV), including UV-A, protection [12]. For

less frequent events (�2%), such as second primary melano-

mas [13, 14], vasculitis, erythema nodosum, and panniculitis,

a phenotype-specific management approach is recom-

mended [15].

CuSCC and/or KAwere found in 19%–26%of patients. KAs

are common, low-grade, skin neoplasms that are usually found

on sun-exposed areas [16]. Surgical or destructive treatment is

usually indicated; however, they can regress spontaneously.

TheyareconsideredatypeofSCCbysomepathologists,although

others consider them to be distinct tumors [17]. Diagnosis re-

quires complete or near-complete sampling, and routine or par-

tial histologic sectionsmaymakeadiagnosis inaccurate [16, 18].

Thus, inadequate sampling and nosological diversity may con-

tribute to the large discordance between rates of SCC versus KA

reported by the local pathologists and central dermatopatholo-

gists in theBRIMtrials.

ThedevelopmentofcuSCCand/orKAhasbeenreportedwith

other agents that inhibit RAF signaling, suchas sorafenib (11%of

patients) [11, 19–22] and dabrafenib (6% of patients) [23–25];

however, these reports have not always commented on KAs or

similar lesions. These lower rates of SCC are consistent with the

low incidence of SCC without KA features reported centrally in

theBRIMtrials (4%of total lesions,Table3).Differences incuSCC

prevalencemay also result from differences in dose, treatment

duration, pathological classification, RAF inhibitor potency, AE

reporting,aswellasdifferencesintheenrolledstudypopulations

(e.g.,UVexposureand inherent SCC risk).

Risk factors for vemurafenib-associated cuSCC are similar to

those for sporadic cases, including chronic sun exposure, and le-

sions developmore frequently on sun-exposed areas [26]. Body

distribution of lesions from the phase I trial included head/neck

(41%), upper extremities (16%), trunk/back/abdomen (19%),

andlowerextremities(25%) insun-exposedskin[26]. Inouranal-

ysis, 41%of lesionswere found tohaveRASmutations in codons

commonlymutated in sporadic, sunexposure-relatedcuSCC/KA

[27], which is similar tomutation rates reported with other RAF

inhibitors [28, 29]. The short latency of onset (median: 8weeks)

[7,8]suggeststhatskincellswithpre-existingRASmutationsmay

develop into cuSCC/KA lesions with exposure to vemurafenib.

RAF inhibitors canparadoxically induceERK signalingby transac-

tivatingCRAF incellswithmutantRAS [30].Moreover,hyperker-

atotic lesions (23%–30%), including verruca vulgaris and milia,

andmultiple keratotic warty papuleswere commonly reported,

suggesting a spectrum of proliferative lesions of keratinocytes

from hyperkeratosis and keratosis pilaris, to KA and cuSCC. It is

not knownwhether these lesions are associated with HPV in-

fection, which may be pathogenic in other squamous malig-

nancies [31]. Of note, a recent clinical and molecular analysis

of lesions collected from dabrafenib-treated patients sug-

gested no association between HPV and the development of

keratotic proliferative lesions, including SCC [32]. Second or

new primary melanomas and atypical melanocytic lesions have

Table 3. Central dermatopathology classification of selected

biopsies

BRIM-3 BRIM-2 BRIM-4 Total

Biopsies (n) 82 45 9 136

Squamous cell carcinoma,
keratoacanthoma type (code 1)

63 (77) 32 (71) 8 (89) 103 (76)

Squamous cell carcinoma, with
keratoacanthoma features (code 2)

17 (21) 9 (20) 1 (11) 27 (20)

Squamous cell carcinoma, no
keratoacanthoma features (code 3)

2 (2) 4 (9) 0 6 (4)

Data are n (%). The number of biopsies reflects the number of
lesions, not the number of patients. Histologic classification results
provided reflect biopsy samples reviewed up toMay 12, 2011.
Abbreviation: BRIM, BRAF Inhibitor inMelanoma.

Table 4. Summary of genetic analysis of cutaneous

squamous cell carcinoma lesions

Case number

HRAS

Exon 02 Exon 03

100,001 Nomutation Nomutation

100,002 Nomutation P.GLN61LEU

100,003 Nomutation Nomutation

100,004 Nomutation P.GLN61LEU

100,005 Nomutation Nomutation

100,005 P.GLY13VAL Nomutation

100,001 Nomutation Nomutation

100,001 Nomutation Nomutation

100,006 P.GLY12CYS Nomutation

100,007 P.GLY13ILE P.GLN25LEU Nomutation

100,007 Nomutation Nomutation

100,007 P.GLY12SER Nomutation

100,007 Nomutation Nomutation

100,008 Nomutation Nomutation

100,008 Nomutation Nomutation

100,009 Nomutation Nomutation

100,010 P.GLY13VAL Nomutation

100,010 Nomutation P.GLN61LEU

100,010 P.GLY12ASP Nomutation

100,010 Nomutation Nomutation

100,010 P.GLY13ILE Nomutation

100,011 Nomutation Nomutation

100,012 Nomutation Nomutation

100,013 Nomutation Nomutation

100,014 Nomutation Nomutation

100,014 P.GLY12CYS Nomutation

100,014 Nomutation Nomutation

100,015 Nomutation Nomutation

100,016 Nomutation Nomutation
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also been reported in patients treated with vemurafenib and

other RAF inhibitors [10, 14]. Genetic analysis ofmelanocytic le-

sionsthathavedevelopedonvemurafenibisongoing,andresults

of similar analyseshavebeendescribedelsewhere [10].

Although there have been no reported cases of locally

advanced or metastatic SCC associated with vemurafenib

(or other RAF inhibitors) [28], strict adherence to manage-

ment guidelines must be followed, including regular der-

matologic surveillance and surgical excision. For patients

with multiple SCCs/KAs, multiple excisions may not be fea-

sible, and clinicians should be sensitive to resultingmorbid-

ity and possible functional consequences. Alternative

surgical procedures (e.g., saucerization), nonsurgical mo-

dalities (e.g., curettage, electrodessication, cryosurgery,

photodynamic therapy), and other medical therapies (e.g.,

topical fluorouracil, systemic acitretin) have been reported

[33, 34] and can be considered; however, there are no con-

clusive data on the safety of these treatments. Of the 34 pa-

tients in BRIM-2 in whom cuSCC/KA lesions were reported,

the majority of patients (76%) developed only one (20 pa-

tients) or two (6 patients) lesions [8]. Four patients devel-

oped three lesions, and one patient each developed four,

five, six, and seven lesions.

In summary, although cutaneous toxicities are common

with vemurafenib therapy, themajority of patients areable to

tolerate and continue therapy following symptomatic (e.g.,

for rash, photosensitivity, PPE) and/or local (e.g., cuSCC, KA)

management. Clinicians should be aware of these AEs to bet-

tereducateandmanage theirpatients, aswell asminimize im-

pact on patient quality of life.

Figure 2. Management strategies for vemurafenib-associatedmacular rash, keratosis-pilaris rash, and hand–foot syndrome.
Abbreviations: BID, twice daily; GABA, �-aminobutyric acid; NSAID, nonsteroidal anti-inflammatory drug.
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