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MEK162 for patients with advanced melanoma harbouring
NRAS or Val600 BRAF mutations: a non-randomised,
open-label phase 2 study
Paolo A Ascierto*, Dirk Schadendorf*, Carola Berking, Sanjiv S Agarwala, Carla M L van Herpen, Paola Queirolo, Christian U Blank, Axel Hauschild,
J Thaddeus Beck, Annie St-Pierre, Faiz Niazi, Simon Wandel, Malte Peters, Angela Zubel, Reinhard Dummer

Summary
Background Patients with melanoma harbouring Val600 BRAF mutations beneﬁt from treatment with BRAF
inhibitors. However, no targeted treatments exist for patients with BRAF wild-type tumours, including those with
NRAS mutations. We aimed to assess the use of MEK162, a small-molecule MEK1/2 inhibitor, in patients with
NRAS-mutated or Val600 BRAF-mutated advanced melanoma.
Methods In our open-label, non-randomised, phase 2 study, we assigned patients with NRAS-mutated or BRAF-mutated
advanced melanoma to one of three treatment arms on the basis of mutation status. Patients were enrolled at university
hospitals or private cancer centres in Europe and the USA. The three arms were: twice-daily MEK162 45 mg for
NRAS-mutated melanoma, twice-daily MEK162 45 mg for BRAF-mutated melanoma, and twice-daily MEK162 60 mg
for BRAF-mutated melanoma. Previous treatment with BRAF inhibitors was permitted, but previous MEK inhibitor
therapy was not allowed. The primary endpoint was the proportion of patients who had an objective response (ie, a
complete response or conﬁrmed partial response). We report data for the 45 mg groups. We assessed clinical activity in
all patients who received at least one dose of MEK162 and in patients assessable for response (with two available CT
scans). This study is registered with ClinicalTrials.gov, number NCT01320085, and is currently recruiting additional
patients with NRAS mutations (based on a protocol amendment).
Findings Between March 31, 2011, and Jan 17, 2012, we enrolled 71 patients who received at least one dose of MEK162
45 mg. By Feb 29, 2012 (data cutoﬀ), median follow-up was 3·3 months (range 0·6–8·7; IQR 2·2–5·0). No patients
had a complete response. Six (20%) of 30 patients with NRAS-mutated melanoma had a partial response (three
conﬁrmed) as did eight (20%) of 41 patients with BRAF-mutated melanoma (two conﬁrmed). The most frequent
adverse events were acneiform dermatitis (18 [60%] patients with NRAS-mutated melanoma and 15 [37%] patients
with the BRAF-mutated melanoma), rash (six [20%] and 16 [39%]), peripheral oedema (ten [33%] and 14 [34%]), facial
oedema (nine [30%] and seven [17%]), diarrhoea (eight [27%] and 15 [37%]), and creatine phosphokinase increases
(11 [37%] and nine [22%]). Increased creatine phosphokinase was the most common grade 3–4 adverse event (seven
[23%] and seven [17%]). Four patients had serious adverse events (two per arm), which included diarrhoea, dehydration,
acneiform dermatitis, general physical deterioration, irregular heart rate, malaise, and small intestinal perforation.
No deaths occurred from treatment-related causes.
Interpretation To our knowledge, MEK162 is the ﬁrst targeted therapy to show activity in patients with NRAS-mutated
melanoma and might oﬀer a new option for a cancer with few eﬀective treatments.
Funding Novartis Pharmaceuticals.

Introduction
Treatment of metastatic melanoma has evolved substantially in recent years. Traditionally, treatment was
restricted to chemotherapy (eg, with dacarbazine or
temozolomide) and non-speciﬁc immunotherapy (eg,
with interleukin 2), which controlled disease in 20% or
less of patients and was associated with median overall
survival of about 8–10 months.1–4 An improved understanding of the genetic mutations in melanoma and the
role of the immune system in combating of malignant
disease has resulted in advancements in the treatment
of melanoma, including selective BRAF inhibitors and
the antibody ipilimumab, which blocks the cytotoxic
T-lymphocyte antigen 4.5

The discovery of mutations in large subsets of
melanomas has also led to the development of rational
targeted therapies.6 Several mutations have been identiﬁed in melanoma that might aﬀect downstream
signalling to decrease apoptosis and increase cell
proliferation. The MAPK pathway (also termed the RAS–
RAF–MEK–ERK pathway) is a key signalling cascade
driving cell proliferation, diﬀerentiation, and survival,
and has a key role in pathogenesis of melanoma.7 Constitutive MAPK pathway activation can occur through
several mechanisms, including mutations in RAS and
BRAF.8 Mutations in BRAF are noted in 40–60% of
melanomas and mutations in NRAS are noted in 15–25%
of these cancers.9–12 Several inhibitors of BRAF and
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downstream mediators of RAF activation (especially
MEK and ERK) are under investigation in clinical trials.
Targeting of the MAPK pathway has shown clinical
beneﬁt in trials that compared the selective BRAF
inhibitors vemurafenib or dabrafenib with dacarbazine in
patients with previously untreated Val600 BRAF-mutated
melanoma.9,13 In the frontline BRIM-3 trial,9,14 vemurafenib
improved response rates compared with dacarbazine
(57% for vemurafenib vs 9% for dacarbazine), median
progression-free survival (PFS; 5·3 months vs 1·9 months),
and median overall survival (13·6 months vs 9·7 months).
In the frontline BREAK-3 trial,13 dabrafenib also improved
response rates compared with dacarbazine (50% with
dabrafenib vs 6% with dacarbazine) and median PFS
(5·1 months vs 2·7 months). In the phase 3 METRIC
trial,15 patients were treated with trametinib, a MEK
inhibitor, or dacarbazine after failure of at least one
previous regimen of chemotherapy. In the study, which
excluded patients who had previously received a BRAF
inhibitor, oral trametinib signiﬁcantly improved median
PFS compared with intravenous chemotherapy
(4·8 months for trametinib vs 1·5 months for chemotherapy; p<0·001), response rates (22% vs 8%), and
6 month overall survival (81% vs 67%; hazard ratio 0·54,
p=0·01) in patients with advanced melanoma carrying
Val600 BRAF mutations.15 Furthermore, two recent trials
showed signiﬁcant clinical beneﬁts for combined BRAF
inhibitors and MEK inhibitor therapy with dabrafenib
plus trametinib and vemurafenib plus GDC-0973.16,17
Resistance to BRAF-targeted therapy is not fully understood, but one potential mechanism involves reactivation
of the MAPK pathway, including upregulation of BRAF
protein, BRAF splice variants, activation of other kinases,
and MEK mutation.18–20 Several clinical studies support inhibition of other targets within the MAPK pathway as treatment for patients with BRAF-mutated melanoma, either
alone or in combination with BRAF-targeted therapy.15–17,21–23
NRAS mutations are mutually exclusive to BRAF
mutations.10,24 The most common NRAS mutations are
noted in the Gln61 codon (about 80–90%).25 Patients with
NRAS-mutated tumours are older at diagnosis than are
patients with BRAF mutations (median age 55·7 years
for NRAS vs 49·8 years for BRAF) and more frequently
have melanoma due to chronic sun damage.24,26,27 NRAS
mutations are also associated with thicker primary
tumours and increased rates of mitosis compared with
NRAS wild-type and Val600Glu BRAF-mutated melanomas.28 NRAS mutations are an independent predictor of
poor overall survival and are associated with an increased
incidence of CNS metastases.11 Some NRAS-mutated cell
lines are sensitive to MEK inhibition in vitro.29
Unlike for patients with BRAF mutations, no approved
targeted therapies exist for patients with NRAS-mutated
melanoma.11 Such patients are treated with chemotherapy
(eg, dacarbazine) or ipilimumab, and none of these treatments has been speciﬁcally investigated in NRAS-mutated
melanoma.11,12
2

MEK162, manufactured by Almac Pharma Services
(Craigavon, UK) for Novartis, is a potent, selective, non-ATPcompetitive allosteric inhibitor of MEK1 and MEK2.
MEK162 inhibited growth of NRAS-mutated and Val600Glu
BRAF-mutated melanoma in preclinical studies that used
in-vitro and in-vivo models.30 The safety proﬁle of MEK162
and preliminary signs of antitumour activity were
previously reported in a phase 1 trial in patients with
advanced solid tumours.31,32 On the basis of these preclinical
and clinical data, we aimed to assess the use of MEK162 in
an open-label phase 2 study of patients with NRASmutated or Val600 BRAF-mutated advanced melanoma.

Methods
Study design and patients
In this non-randomised, open-label, phase 2 study,
we assessed patients with unresectable, locally advanced,
or metastatic stage IIIB–IV cutaneous melanoma. We
enrolled adults (aged ≥18 years) who had tumours
harbouring NRAS or Val600 BRAF mutations, WHO
performance status 0–2, and adequate organ function.
Previous treatment, including ipilimumab, was permitted if it had ended at least 4 weeks (or more than one
cycle) before initiation of MEK162. Previous treatment
with a BRAF inhibitor was also allowed, but previous
treatment with a MEK inhibitor was not permitted.
Progression on previous systemic therapies was deﬁned
by the participating investigator according to local
procedures. However, we collated information about best
response to previous therapies in a clinical database.
Exclusion criteria were present or historical evidence of
central serous retinopathy or retinal vein occlusion;
impaired cardiac function; HIV, hepatitis B, or hepatitis C
infection; and pregnancy. Patients with CNS metastases
were ineligible unless their lesions were previously treated
with surgery, whole-brain radiation, or stereotactic radiosurgery, and had remained stable for at least 2 months
without steroid use or they had been receiving a stable
dose of steroids for at least 1 month before the ﬁrst dose of
MEK162.
This study was designed, undertaken, and reported in
accordance with the Declaration of Helsinki and the ICH
Harmonised Tripartite Guidelines for Good Clinical Practice. The protocol was approved by an institutional review
board, independent ethics committee, or research ethics
board at each institution. All patients provided written
informed consent before screening and additional consent
if participating in an exploratory biomarker analysis.

Procedures
Patients were enrolled at ten university hospitals or
private cancer centres in Europe and the USA into one of
three open-label treatment arms according to baseline
NRAS or BRAF status, identiﬁed from mutation
documentation from local laboratories or from samples
sent to a central laboratory (Molecular MD, Portland, OR,
USA) for analysis with a bidirectional Sanger sequencing

www.thelancet.com/oncology Published online February 13, 2013 http://dx.doi.org/10.1016/S1470-2045(13)70024-X

Articles

assay. The three arms were: twice-daily MEK162 45 mg
for BRAF-mutated tumours, twice-daily MEK162 45 mg
for NRAS-mutated tumours, and twice-daily MEK162
60 mg for BRAF-mutated tumours. Patients received the
study drug until disease progression, unacceptable
toxicity, investigator discretion, or withdrawal of consent
by the patient. Each treatment cycle lasted 28 days. This
analysis reports data from patients in the 45 mg arms
because at the time of data cutoﬀ, too few patients would
have been eligible for analysis in the 60 mg arm. Future
analyses and publications will report these data.
Dose adjustments from 45 mg twice-daily to 30 mg
twice-daily were permitted for patients who did not tolerate
the protocol-deﬁned dosing schedule. In patients treated
with the 60 mg twice-daily dose, two dose reductions were
permitted: one from 60 mg to 45 mg twice-daily and a
subsequent reduction to 30 mg twice-daily if needed.
The primary endpoint was the proportion of patients
who achieved an objective response (ie, complete or
partial response). Secondary endpoints included PFS,
time to response, duration of response, safety, tolerability,
pharmacokinetics, and change in pharmacodynamics
parameters from baseline. We classiﬁed tumour response according to Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.0 criteria. We assessed
responses at the end of every second cycle of treatment.
Patients who had not progressed at the time of
discontinuation of MEK162 were followed up every
8 weeks until progression, start of subsequent cancer
treatment, or death. We assessed outcomes in a full
analysis set, deﬁned as patients who received at least one
dose of MEK162, and in an analysis set for objective
responses, which included patients who had at least two
CT scans (ie, a conﬁrmed response).
We monitored adverse events until 30 days after the
last dose of study drug or until resolution. If an adverse
event was ongoing after 30 days, it was followed up until
resolution or until it was deemed to be permanent.
We classiﬁed adverse events according to the National
Cancer Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE) version 4. We summarised
tolerability from the number of dose interruptions and
reductions in each study group and calculated relative
dose intensity of MEK162 by study group. We assessed
safety in all patients receiving at least one dose of
MEK162 with at least one valid safety assessment after
baseline. All patients were monitored by an experienced
ophthalmologist supported by optical coherence
tomography.
Blood samples for pharmacokinetic analysis were
obtained before and after dosing. Serial blood samples
were obtained from at least 12 patients receiving MEK162
45 mg twice-daily; sparse blood samples were collected
from the remaining patients. Plasma concentrations of
MEK162 and its active metabolite AR00426032 were
analysed at QPS (Newark, DE, USA) with high-performance
liquid chromatography tandem mass spectrometry.

NRAS 45 mg
(n=30)

BRAF 45 mg
(n=41)

59·5 (45–68)

57 (45–65)

Age (years)
Median
Sex
Male

20 (67%)

22 (54%)

Female

10 (33%)

19 (46%)

0

18 (60%)

33 (80%)

1

9 (30%)

8 (20%)

2

3 (10%)

0

WHO performance status

AJCC disease stage
Stage III

0

2 (5%)

Stage IIIb

0

1 (2%)

Stage IIIc

0

Stage IV
Stage IV

39 (95%)

19 (63%)

20 (49%)

Stage IVa

0

Stage IVb

0

Stage IVc

1 (2%)

30 (100%)

11 (37%)

3 (7%)
1 (2%)
15 (37%)

Mutation subtypes (by central read)
NRAS exon 2 assessed

27 (90%)*

NA

NRAS exon 2 mutation

25 (83%)

NA

Gln61Leu NRAS

1 (3%)

NA

Gln61Lys NRAS

9 (30%)

NA

Gln61Arg NRAS

15 (50%)

NA

2 (7%)

NA

No mutation detected†
BRAF exon 15 evaluated

NA

41 (100%)

BRAF exon 15 mutation

NA

40 (98%)

Val600Glu BRAF

NA

33 (80%)

Val600Glu/Lys601Glu BRAF

NA

1 (2%)

Val600Lys BRAF

NA

5 (12%)

Val600Arg/Gly606Glu BRAF

NA

1 (2%)

Unknown‡

NA

Patients with previous anticancer therapy§
BRAF inhibitor

23 (77%)
0

1 (2%)
27 (66%)
7 (17%)

Chemotherapy

16 (53%)

14 (34%)

Immunotherapy (including ipilimumab)

14 (47%)

18 (44%)

Ipilimumab

9 (30%)

6 (15%)

Interferon

2 (7%)

11 (27%)

Interleukin 2

1 (3%)

3 (7%)

Other therapy

1 (3%)

2 (5%)

Radiotherapy

9 (30%)

10 (24%)

1 (0–6)

1 (0–4)

Number of previous systemic anticancer
therapies (range)
0

7 (23%)

14 (34%)

1–2

18 (60%)

21 (51%)

≥3

5 (17%)

6 (15%)

Data are median (IQR) or n (%), unless otherwise stated. AJCC=American Joint
Committee on Cancer. NA=not applicable. *One patient had Gln61Leu mutation
and two patients had exon 3 codon 61Arg mutations documented by a local
laboratory. †One patient had a Gln61Lys NRAS mutation and one patient had an
NRAS exon 3 codon 61Arg mutation documented by a local laboratory. ‡One
Val600Glu BRAF mutation was documented by a local laboratory. §Patients with
more than one previous line of therapy are counted more than once.

Table 1: Baseline characteristics
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Statistical analysis

See Online for appendix

Analyses were descriptive and exploratory in nature and no
formal hypotheses were tested. Statistical inference was
done only to estimate clinical activity. We calculated exact
95% CIs with the Clopper-Pearson method for partial
responses (conﬁrmed and unconﬁrmed), conﬁrmed
responses, the proportion of patients who achieved disease
control (deﬁned as a best response of at least stable disease),
and disease stabilisation (deﬁned as a best overall response
of stable disease excluding unconﬁrmed partial responses).
All complete responses and partial responses had to be
conﬁrmed by a second assessment no less than 4 weeks
after diagnosis to be regarded as a conﬁrmed response. We
regarded best response as stable disease if at least one
assessment showed stable disease more than 6 weeks after
start of treatment and the response did not qualify as a
complete or partial response. To be deemed to have stable
disease, a patient also needed to have stable disease of
NRAS 45 mg (n=30)

BRAF 45 mg (n=41)

All grades

Grade 3–4

All grades

Grade 3–4

6 (20%)

1 (3%)

16 (39%)

0

18 (60%)

1 (3%)

15 (37%)

3 (7%)

Skin-related
Rash
Acneiform dermatitis
Pruritus

7 (23%)

0

2 (5%)

0

Oedema
Peripheral

10 (33%)

1 (3%)

14 (34%)

9 (30%)

1 (3%)

7 (17%)

Diarrhoea

8 (27%)

2 (7%)

15 (37%)

Nausea

7 (23%)

0

Facial

1 (2%)
0

Gastrointestinal-related

Vomiting

6 (20%)

Increase in blood creatine phosphokinase

11 (37%)

7 (17%)

1 (2%)
0

0

3 (7%)

0

7 (23%)

9 (22%)

7 (17%)

Fatigue

4 (13%)

0

10 (24%)

Dysgeusia

0

0

8 (20%)

0

Retinal events*

8 (27%)

0

5 (12%)

0

2 (5%)

Data are n (%). *Includes retinal detachment, retinal pigment epitheliopathy, retinoschisis, retinal oedema,
chorioretinopathy, retinopathy, and retinal exudates.

Table 2: Treatment-related adverse events occurring in ≥10% of patients

NRAS 45 mg (n=30)

BRAF 45 mg (n=41)

All grades

Grade 3–4

All grades

Grade 3–4

Total serious adverse events*

2 (7%)

2 (7%)

2 (5%)

2 (5%)

Diarrhoea

2 (7%)

2 (7%)

1 (2%)

1 (2%)

Dehydration

1 (3%)

1 (3%)

1 (2%)

1 (2%)

Acneiform dermatitis

0

0

1 (2%)

0

General physical health deterioration

0

0

1 (2%)

1 (2%)

Irregular heart rate

1 (3%)

0

0

0

Malaise

0

0

1 (2%)

1 (2%)

Small intestinal perforation

1 (3%)

1 (3%)

0

0

Data are n (%). *Patients could have more than one serious adverse event.

Table 3: Serious adverse eﬀects suspected to be related to treatment
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target lesion, non-progressive disease or unknown eﬀects
on non-target lesions, and no new lesions.
We deﬁned follow-up as time from date of ﬁrst treatment
to the date of ﬁnal study follow-up visit for patients who
ﬁnished the study before the cutoﬀ date, or as time from
date of ﬁrst treatment to the cutoﬀ date for patients who
were ongoing at the time of data cutoﬀ.
We calculated PFS with the Kaplan-Meier method as per
RECIST, with all patients included in the calculation. We
calculated 95% CIs for median PFS with the Brookmeyer
and Crowley method.33 We censored patients without a
PFS event at the time of last tumour assessment before the
cutoﬀ date. We summarised time to response and duration
of response as median and range, and we summarised
other endpoints as mean (SD), median (range) for
continuous data and n (%) for categorical data. No
statistical testing was done to compare groups. Analyses
were done with SAS version 9.2 and R version 2-13.2.
We chose the sample size to ensure a low probability
(<5%) of observing a particular response rate (25% for
NRAS and 30% for BRAF) under a truly ineﬀective
scenario, while ensuring a high probability (about 90%)
of observing this particular response rate under a truly
eﬀective scenario (see appendix for details).
We estimated pharmacokinetic parameters with
WinNonlin (Pharsight, Mountain View, CA, USA) using
non-compartmental methods, if feasible. We calculated
median drug exposure including median relative dose
intensity by study arm.
This study is registered with ClinicalTrials.gov, number
NCT01320085.

Role of the funding source
This study was designed by Novartis with input from the
investigators. Data were collected by the sponsor using a
web-based remote data capture system and analysed by the
sponsor’s statistical team. The data was interpreted with
the study management committee and in collaboration
with the senior academic authors (RD, PAA, and DS). RD,
PAA, and DS wrote the report with editorial support
funded by the study sponsor. The corresponding author
had full access to all the data in the study and had ﬁnal
responsibility for the decision to submit for publication.
RD, PAA, SW, AZ, and FN had full access to the raw data.

Results
By data cutoﬀ on Feb 29, 2012, 71 patients had been
enrolled into the 45 mg groups of the trial (30 patients
with NRAS-mutated melanoma and 41 patients with
BRAF-mutated melanoma; table 1). The ﬁrst patient was
treated on March 31, 2011, and the last patient received
their ﬁrst treatment on Jan 17, 2012. Median follow-up
was 3·3 months (range 0·6–8·7; IQR 2·2–5·0). By data
cutoﬀ, only ten patients had been enrolled in the MEK162
60 mg BRAF mutant melanoma group; thus, these data
were restricted and preliminary. We report data from the
45 mg group unless otherwise stated.
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Full analysis set
NRAS 45 mg
(n=30)

Analysis set for response rate*
BRAF 45 mg
(n=41)

NRAS 45 mg
(n=28)

BRAF 45 mg
(n=35)

CR

0

0

0

0

Total PR

6 (20%)

8 (20%)

6 (21%)

8 (23%)

Conﬁrmed PR

3 (10%)

2 (5%)

3 (11%)

2 (6%)

Unconﬁrmed PR

3 (10%)†

6 (15%)‡

3 (11%)†

6 (17%)‡

Overall response rate (CR or conﬁrmed PR)

3 (10%)

2 (5%)

3 (11%)

2 (6%)

13 (43%)

13 (32%)

13 (46%)

13 (37%)

Progressive disease

9 (30%)

12 (29%)

9 (32%)

12 (34%)

Unknown§

2 (7%)

8 (20%)

0 (0%)

2 (6%)

19 (63%)

21 (51%)

19 (68%)

21 (60%)

Stable disease

Disease control rate (CR, PR, or SD)

Data are n (%). CR=complete response. PR=partial response. SD=stable disease. *Includes only patients who had two CT
scans available for assessment of response; we excluded two patients in the NRAS group who were not enrolled for
enough time to assess eﬃcacy and were in follow-up at time of data cutoﬀ (at the next available CT scan after data
cutoﬀ, one of these patients had SD and one had PD); six patients in the BRAF group were excluded because of death
(two patients), discontinuation due to an adverse event (three), and withdrawn consent (one). †One patient had
progressive disease, one had an adverse event, and one was too early to conﬁrm (PR was conﬁrmed at the next
available CT scan after data cutoﬀ). ‡Three patients had PD and three had an adverse event. §Unknown response in
non-target lesion or because target lesions were not measured.

Table 4: Clinical activity

A

Patients with NRAS mutations
Progressive disease (PD)
Stable disease (SD)
Partial response (PR)
Unconfirmed PR
Unknown

100

Best percentage change from baseline

80
60
40
20
0
–20
*
–40

* *

*
*

–60
–80
–100

B

Patients with BRAF mutations

100
80
Best percentage change from baseline

Most patients had received at least one previous
anticancer therapy (range 0–6; table 1). Seven (17%) of
41 patients in the BRAF-mutated group had previously received a BRAF inhibitor. Nearly half of patients had received
previous chemotherapy, and about half had received
immunotherapy (including ipilimumab; table 1). However,
a greater proportion of patients with NRAS-mutated
melanoma had previously received ipilimumab than had
those with BRAF-mutated melanoma (table 1). Eight (20%)
patients with BRAF-mutated melanoma had had either
stable disease or a partial response in response to last
previous therapy compared with three (10%) of 30 patients
with NRAS-mutated melanoma.
The most common treatment-related adverse events
were peripheral oedema and increased creatine phosphokinase concentrations or aﬀected the skin and
gastrointestinal tract (table 2). Increases in creatine
phosphokinase concentration were the most common
grade 3–4 adverse event related to treatment, although
they were mostly asymptomatic. The most frequent
symptoms of increased creatine phosphokinase concentrations were muscle weakness in four patients and
myalgia in two patients. 13 (18%) of 71 patients had
central serous retinopathy-like events, none of which was
grade 3–4 in severity (table 2). Most retinal events were
transient in nature and resolved without treatment
discontinuation, after dose reduction, or after interruption of treatment. Ophthalmoscopical presentations,
including large yellowish spots and detachment and
thickening of the pigment and photoreceptor complex,
resembled central serous retinopathy.34 However, most
patients had no symptoms and the alterations were selflimiting despite treatment continuation. Three patients
had asymptomatic decreases in left ventricular ejection
fraction (two grade 2 and one grade 3 in a patient with a
history of hypertension). At data cutoﬀ, the adverse event
proﬁle was much the same for the ten patients enrolled
in the 60 mg BRAF-mutated group (appendix).
15 patients (four [13%] in the NRAS-mutated group and
11 [27%] in the BRAF-mutated group) discontinued treatment because of adverse events, most commonly because of peripheral oedema (one patient with NRAS
mutations and one patient with BRAF mutations) and
skin-related toxicity (one patient and two patients).
17 patients (57%) in the NRAS group and 16 (39%)
patients in the BRAF group had at least one dose
reduction. The most common cause of dose reduction
was an increase in blood creatine phosphokinase
concentration (seven patients and ﬁve patients). Two
patients in each group had serious adverse events related
to treatment (table 3). All these patients had two to three
serious adverse events that included cardiac arrhythmia,
dehydration, diarrhoea, malaise, reduced performance
status, small intestinal perforation, and rash. We noted
no deaths related to treatment. In the NRAS group, both
patients had to permanently discontinue study drug due
to serious adverse events. In the BRAF group, one patient

Missing data
for best
percentage
change from
baseline

60
40
20
0

SD
†

† †

–20

SD
PD

Unknown
PD
SD

Unknown

†
†

–40
–60
–80
–100

Figure 1: Waterfall plot of best percentage change from baseline in the analysis set for response
(A) 28 patients with NRAS mutations. (B) 35 patients with Val600 BRAF mutations. *Patients in follow-up.
†Previous treatment with a BRAF inhibitor. Unknown shows patients not qualifying for conﬁrmed complete
response or PR but without SD after more than 6 weeks, or early progression within the ﬁrst 12 weeks.
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had to permanently discontinue study drug due to
serious adverse events.
Pharmacokinetic proﬁling of 22 patients showed that
MEK162 was absorbed rapidly, with a median time to
maximum plasma concentration (Tmax) of 1·48 h on
day 15 and with moderate variability between patients
(appendix). The median relative dose intensity was
1 (range 0·5–1·0) in the BRAF group and 0·81
(range 0·4–1·0) in the NRAS group.
Data for clinical activity were available for 71 patients in
the full analysis set (table 4). Six (20%, 95% CI 8–39) of
30 patients with NRAS-mutated melanoma had a partial
response, as did eight (20%, 9–35) of 41 patients with
BRAF-mutated melanoma. We conﬁrmed partial responses
for three patients (10%, 2–27) with NRAS-mutated
melanoma and two patients (5%, 1–17) with BRAF-mutated
melanoma. We noted no partial responses in the seven
patients with BRAF mutations who were previously treated
with a BRAF inhibitor. We also assessed clinical eﬃcacy in
63 patients (28 patients with NRAS-mutated melanoma
and 35 with BRAF-mutated melanoma) who had at least
two CT scans available at data cutoﬀ (table 4).
Three patients had target brain lesions (two NRASmutated and one BRAF-mutated). Two of these patients
(both with NRAS mutations) had shrinkage of the target
brain metastases (decreasing from 2·3 cm to 1·6 cm in
one patient and from 3·4 cm to 3·0 cm in the other
patient). Two patients had non-target brain lesions; the
Patients with NRAS mutations
Patients with BRAF mutations

100

Progression-free survival (%)

80

60

40

Discussion

20

0
0

2

4

Number at risk
NRAS mutations 30
BRAF mutations 41

21
22

7
7

6
Time (months)
1
1

9

12

0
0

0
0

Figure 2: Kaplan-Meier estimates of progression-free survival
22 patients had documented events in the NRAS-mutation group; 26 patients had documented events in the
BRAF-mutation group. 20 patients were censored (12 patients in the BRAF group and eight patients in the NRAS
group) because either consent was withdrawn (two patients in the BRAF group), the patient started new treatment
(nine patients in the BRAF group and one in the NRAS group), analysis was ongoing at the time of data cutoﬀ (six
patients in the NRAS group), or no follow-up data were available (one patient in the BRAF group and one patient in
the NRAS group).

6

brain lesion remained stable for three CT assessments
(six cycles) for one patient and one CT evaluation (two
cycles) for the other patient. One patient with an irradiated
brain lesion, classiﬁed by investigator as the target lesion,
was recorded as a protocol deviation. Five of ten patients
enrolled in the 60 mg arm were assessable; two of these
patients had unconﬁrmed partial responses by data cutoﬀ
and one patient had stable disease (appendix).
Median time to response (conﬁrmed or unconﬁrmed)
was 7·9 weeks (range 7·0–14·7) for patients with NRASmutated melanoma and 8·5 weeks (7·6–13·6) for patients with BRAF-mutated melanoma. Median duration
of response was 7·6 weeks (0·1–17·3) for patients with
NRAS-mutated melanoma and 9·2 weeks (0·1–16·1) for
patients with BRAF-mutated melanoma.
Most patients achieved disease control in both groups
(19 patients [63%, 95% CI 44–80] in the NRAS-mutated
group and 21 [51%, 35–67] in the BRAF-mutated group;
table 4) and most patients had some degree of tumour
shrinkage (ﬁgure 1). Several patients with disease
stabilisation (13 patients [43%, 25–63] in the NRAS
group and 13 [32%, 18–48] in the BRAF group) showed
durable disease control (range 6·4–26·1 weeks for those
in the NRAS group and 7·9–33·0 weeks for those in the
BRAF group), with several patients with ongoing disease
control at the time of analysis.
Median PFS was 3·7 months (95% CI 2·5–5·4) for
patients with NRAS-mutated melanoma and 3·6 months
(2·0–3·8) for patients with BRAF-mutated melanoma
(ﬁgure 2). Median PFS for the seven patients pretreated
with a BRAF inhibitor was 1·7 months (1·6–2·0). In the
NRAS group, median PFS for the nine patients who
received previous treatment with ipilimumab was
3·7 months (3·6–7·6) and 3·3 months (1·9–5·4) for the
21 patients who did not receive such treatment. In the
BRAF group, median PFS for the six patients who
received previous treatment with ipilimumab was
5·5 months (2·0–5·6) and 3·2 months (2·0–3·7) for the
35 patients who did not receive such treatment. Five of
the seven patients who had previously been treated with a
BRAF inhibitor had not received ipilimumab. PFS for the
ten patients in the 60 mg group is shown in the appendix.

Recent advances in the understanding of melanoma
biology have strikingly changed the treatment landscape
(panel). Characterisation of the MAPK pathway in
melanoma, including BRAF and MEK1/2, has led to the
development of new drugs with encouraging phase 3
data.9,13,15,16,21,23 Although these studies represented a
substantial advance in therapy, improvements were
restricted to patients with BRAF mutations24 and few
treatment options exist for patients with NRAS-mutated
melanoma. 15–25% of patients with melanoma have
NRAS-mutated tumours and generally have poor overall
prognosis compared with those without such mutations.11,24
In this phase 2 study, monotherapy with the MEK1/2
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inhibitor MEK162 showed early signs of activity in patients
with NRAS-mutated metastatic melanoma.
Other MEK inhibitors (selumetinib and trametinib)
have been assessed retrospectively in patients with
NRAS-mutated melanoma. In a phase 2 study35 of
selumetinib in 104 patients with metastatic melanoma,
none of ten patients with NRAS-mutated tumours
responded to treatment. Similarly, in a subanalysis of
97 patients enrolled in a phase 1 trial testing trametinib
in melanoma, none of seven patients with NRASmutated tumours responded to treatment, and only two
(2%) patients had stable disease.36 Pimasertib, another
MEK inhibitor in clinical development, reportedly
showed activity in 17 patients with NRAS-mutated
melanoma including two partial responses and one
complete response (response rate 18%).37 In a
retrospective study38 aimed to identify possible molecular
characteristics that predict response to high-dose
interleukin 2 in a subset of 103 patients with an NRASmutated melanoma prevalence of 15%, patients with
NRAS mutation had improved outcomes compared with
patients with NRAS wild-type melanoma, with a relative
risk of 47% (p=0·05) and a non-statistically signiﬁcant
increase in PFS (214 days for NRAS-mutated melanoma
vs 70 days for wild-type melanoma; p=0·13) and overall
survival (5·3 years vs 2·4 years; p=0·30).38
Consistent with the previous reports for trametinib,15
we also noted activity of MEK162 in patients with BRAFmutated melanoma.19 However, the rate of conﬁrmed
responses (22%) and median PFS (4·8 months) was
greater in the trametinib study than in our study with
MEK162. However, several key diﬀerences exist between the populations assessed. Previous chemotherapy,
ipilimumab, and BRAF inhibitors were allowed in this
study, but previous treatment with BRAF inhibitors and
ipilimumab were exclusion criteria from the trametinib
study.15 In our study, no responses were reported in
patients previously treated with a BRAF inhibitor, which
is consistent with the trametinib data reported in a
phase 1 study35 of advanced melanoma. Clinical activity of
the combination treatment of MEK and BRAF inhibitors
shown in patients with Val600 BRAF-mutated melanoma who received previous BRAF inhibitor treatment
suggests that dual MAPK blockade might abrogate some
mechanisms of acquired BRAF inhibitor resistance.16,17,39–41
BRAF and MEK inhibition after BRAF inhibitor failure is
not well understood.
Overall, MEK162 was well tolerated and adverse events
were manageable with standard treatments and dose
modiﬁcations, as needed. The most common toxicities
were skin-related42 or gastrointestinal-related and ﬂuid
retention. Grade 3–4 adverse events were not common and
the incidence of such adverse events was not substantially
diﬀerent from rates reported for other MEK inhibitors in
melanoma. The most common grade 3–4 adverse event
was an asymptomatic rise in creatine phosphokinase. The
safety proﬁle of MEK162 was much the same as the phase

Panel: Research in context
Systematic review
We searched PubMed and recent melanoma congresses to identify recent clinical trials of MEK
inhibitors in melanoma. The search parameter was not limited by time or language; however,
most research in this area has been published in the previous 5 years. Several clinical trials
have reported beneﬁt of MEK inhibitors for treatment of melanoma in patients with BRAF
mutations. Data from in-vitro studies suggest that the growth of some NRAS-mutated
melanoma cells can be reduced by MEK inhibition but little information exist about the
eﬃcacy of MEK inhibitors in patients with NRAS-mutated melanoma.
Interpretation
Our data provide an early signal of activity for MEK inhibition in patients with
NRAS-mutated melanoma and this ﬁnding justiﬁes a phase 3 randomised trial for MEK162
as ﬁrst-line therapy in patients with stage IV NRAS-mutated melanoma and additional
studies in subpopulations such as patients with brain metastases. The data in our study
correspond well with ﬁndings from in-vitro studies and our ﬁndings support the role of
NRAS mutation status testing, particularly in patients with BRAF wild-type tumours,
because there is now an option to refer patients with NRAS-mutated tumours to clinical
trial centres that oﬀer therapies based on MEK inhibitors.

3 study of trametinib and suggests a class eﬀect of MEK
inhibition in patients with metastatic melanoma.
Our ﬁndings support clinical activity of MEK162
in patients with NRAS-mutated and BRAF-mutated
metastatic melanoma. To our knowledge, these ﬁndings
are the ﬁrst prospective data of a targeted drug to show
clinical activity in patients with NRAS-mutated melanoma. The protocol of this trial was amended in
September, 2012, to enrol an additional 70 patients with
NRAS-mutated melanoma to gain more robust eﬃcacy
and safety data in this population of patients; as of
December, 2012, ten further patients had been enrolled.
Further clinical assessment of MEK162 in a randomised
trial in patients with NRAS mutations is planned.
Contributors
PAA, CB, CUB, RD, AH, DS, and AZ did the literature search. AH, RD,
and SW developed the ﬁgures. PAA, JTB, FN, MP, AS-P, CMLvH, SW,
and AZ designed the study. PAA, SSA, CB, CUB, JTB, RD, AH, FN, PQ,
and CMLvH collected data. PAA, CB, CUB, JTB, RD, AH, FN, MP, PQ,
DS, AS-P, CMLvH, SW, and AZ analysed and interpreted data. All
authors drafted and approved the report.
Conﬂicts of interest
SSA, JTB, PQ, and CMLvH declare that they have no conﬂicts of interest.
PAA has consulted for Bristol-Myers Squibb, MSD, Roche-Genentech,
GlaxoSmithKline, Amgen, Celgene, and Novartis and received honoraria
from Bristol-Myers Squibb, MSD, and Roche-Genentech. CB has consulted
and received travel grants from Roche and Bristol-Myers Squibb and
received honoraria from Roche, Bristol-Myers Squibb, GlaxoSmithKline,
MSD, and Novartis. CUB has consulted and received honoraria from
Novartis. AH has consulted, received honoraria, and been on speakers’
bureaux for Amgen, AstraZeneca, Biovex, Bristol-Myers Squibb,
Boehringer Ingelheim, Celgene, Eisai, GlaxoSmithKline, IGEA, Eli Lilly,
Medac, MelaSciences, MSD/Merck, Novartis, Roche, SOBI, Vical, and
Janssen. RD has consulted for Novartis, Bristol-Myers Squibb, Roche, and
GlaxoSmithKline. DS has consulted and received honoraria from Novartis,
Amgen, GlaxoSmithKline, Bristol-Myers Squibb, and Roche. FN, MP,
AS-P, SW, and AZ are employed by Novartis. MP owns stock in Novartis.
Acknowledgments
We thank Coleen Calviello, Nassim Sleiman, and Markus Boehm who
helped with the execution and analysis of the study and Tara Ruest for

www.thelancet.com/oncology Published online February 13, 2013 http://dx.doi.org/10.1016/S1470-2045(13)70024-X

7

Articles

8

medical editorial assistance (in the form of development of an outline of
the ﬁrst and subsequent drafts, collection of comments, and graphical
services), which was funded by Novartis.

22

References
1
Hill GJ 2nd, Krementz ET, Hill HZ. Dimethyl triazeno imidazole
carboxamide and combination therapy for melanoma. IV. Late
results after complete response to chemotherapy (Central Oncology
Group protocols 7130, 7131, and 7131A). Cancer 1984; 53: 1299–305.
2
Atkins MB, Lotze MT, Dutcher JP, et al. High-dose recombinant
interleukin 2 therapy for patients with metastatic melanoma:
analysis of 270 patients treated between 1985 and 1993. J Clin Oncol
1999; 17: 2105–16.
3
Middleton MR, Grob JJ, Aaronson N, et al. Randomized phase III
study of temozolomide versus dacarbazine in the treatment of
patients with advanced metastatic malignant melanoma.
J Clin Oncol 2000; 18: 158–66.
4
Patel PM, Suciu S, Mortier L, et al, and the EORTC Melanoma
Group. Extended schedule, escalated dose temozolomide versus
dacarbazine in stage IV melanoma: ﬁnal results of a randomised
phase III study (EORTC 18032). Eur J Cancer 2011; 47: 1476–83.
5
Hodi FS, O’Day SJ, McDermott DF, et al. Improved survival with
ipilimumab in patients with metastatic melanoma. N Engl J Med
2010; 363: 711–23.
6
Friedlander P, Hodi FS. Advances in targeted therapy for
melanoma. Clin Adv Hematol Oncol 2010; 8: 619–27.
7
Chappell WH, Steelman LS, Long JM, et al. Ras/Raf/MEK/ERK and
PI3K/PTEN/Akt/mTOR inhibitors: rationale and importance to
inhibiting these pathways in human health. Oncotarget 2011; 2: 135–64.
8
Röring M, Brummer T. Aberrant B-Raf signaling in human cancer—
10 years from bench to bedside. Crit Rev Oncog 2012; 17: 97–121.
9
Chapman PB, Hauschild A, Robert C, et al, and the BRIM-3 Study
Group. Improved survival with vemurafenib in melanoma with
BRAF V600E mutation. N Engl J Med 2011; 364: 2507–16.
10 Goel VK, Lazar AJ, Warneke CL, Redston MS, Haluska FG.
Examination of mutations in BRAF, NRAS, and PTEN in primary
cutaneous melanoma. J Invest Dermatol 2006; 126: 154–60.
11 Jakob JA, Bassett RL Jr, Ng CS, et al. NRAS mutation status is an
independent prognostic factor in metastatic melanoma. Cancer
2012; 118: 4014–23.
12 Eggermont AM, Robert C. New drugs in melanoma: it’s a whole
new world. Eur J Cancer 2011; 47: 2150–57.
13 Hauschild A, Grob JJ, Demidov LV, et al. Dabrafenib in
BRAF-mutated metastatic melanoma: a multicentre, open-label,
phase 3 randomised controlled trial. Lancet 2012; 380: 358–65.
14 Chapman P, Hauschild A, Robert C, et al. Updated overall survival
(OS) results for BRIM-3, a phase III randomized, open-label,
multicenter trial comparing BRAF inhibitor vemurafenib (vem)
with dacarbazine (DTIC) in previously untreated patients with
BRAFV⁶⁰⁰E-mutated melanoma. Proc Am Soc Clin Oncol 2012;
30 (suppl): abstr 8502.
15 Flaherty KT, Robert C, Hersey P, et al, and the METRIC Study
Group. Improved survival with MEK inhibition in BRAF-mutated
melanoma. N Engl J Med 2012; 367: 107–14.
16 Flaherty KT, Infante JR, Daud A, et al. Combined BRAF and MEK
inhibition in melanoma with BRAF V600 mutations. N Engl J Med
2012; 367: 1694–703.
17 Gonzalez R, Ribas A, Daud A, et al. Phase IB Study of vemurafenib
in combination with the MEK inhibitor, GDC-0973, in patients (pts)
with unresectable or metastatic BRAFV600 mutated melanoma
(BRIM7). ESMO 2012 Congress; Vienna, Austria; Sept 28–Oct 2,
2012: abstr LBA28_PR.
18 Dummer R, Flaherty KT. Resistance patterns with tyrosine kinase
inhibitors in melanoma: new insights. Curr Opin Oncol 2012;
24: 150–54.
19 Emery CM, Vijayendran KG, Zipser MC, et al. MEK1 mutations
confer resistance to MEK and B-RAF inhibition.
Proc Natl Acad Sci USA 2009; 106: 20411–16.
20 Zipser MC, Eichhoﬀ OM, Widmer DS, et al. A proliferative melanoma
cell phenotype is responsive to RAF/MEK inhibition independent of
BRAF mutation status. Pigment Cell Melanoma Res 2011; 24: 326–33.
21 Falchook GS, Long GV, Kurzrock R, et al. Dabrafenib in patients
with melanoma, untreated brain metastases, and other solid
tumours: a phase 1 dose-escalation trial. Lancet 2012; 379: 1893–901.

23

24

25

26
27
28

29
30

31

32

33
34

35

36

37

38

39

40

41

42

Trefzer U, Minor D, Ribas A, Lebbe C, Siegfried A. BREAK-2:
a phase IIA trial of the selective BRAF kinase inhibitor GSK2118436
in patients with BRAF mutation-positive (V600E/K) metastatic
melanoma. Pigment Cell Melanoma Res 2011; 24: 1020.
Sosman JA, Kim KB, Schuchter L, et al. Survival in BRAF
V600-mutant advanced melanoma treated with vemurafenib.
N Engl J Med 2012; 366: 707–14.
Lee JH, Choi JW, Kim YS. Frequencies of BRAF and NRAS mutations
are diﬀerent in histological types and sites of origin of cutaneous
melanoma: a meta-analysis. Br J Dermatol 2011; 164: 776–84.
Colombino M, Capone M, Lissia A, et al. BRAF/NRAS mutation
frequencies among primary tumors and metastases in patients with
melanoma. J Clin Oncol 2012; 30: 2522–29.
Curtin JA, Fridlyand J, Kageshita T, et al. Distinct sets of genetic
alterations in melanoma. N Engl J Med 2005; 353: 2135–47.
Curtin JA, Busam K, Pinkel D, Bastian BC. Somatic activation of KIT
in distinct subtypes of melanoma. J Clin Oncol 2006; 24: 4340–46.
Devitt B, Liu W, Salemi R, et al. Clinical outcome and pathological
features associated with NRAS mutation in cutaneous melanoma.
Pigment Cell Melanoma Res 2011; 24: 666–72.
Solit DB, Garraway LA, Pratilas CA, et al. BRAF mutation predicts
sensitivity to MEK inhibition. Nature 2006; 439: 358–62.
Winski S, Anderson D, Bouhana K, et al. MEK162 (ARRY-162),
a novel MEK 1/2 inhibitor, inhibits tumor growth regardless of
KRas/Raf pathway mutations. Proceedings of the 22nd EORTCNCI-AACR Symposium on Molecular Targets and Cancer
Therapeutics; Berlin, Germany; Nov 16–19, 2010.
Bendell J, Papadopoulos K, Jones S, et al. Phase 1 dose-escalation
study of MEK inhibitor MEK162 (ARRY-438162) in patients with
advanced solid tumors. AACR-NCI-EORTC; San Francisco, CA,
USA; Nov 12–16, 2011: abstr B243.
Finn RS, Javle MM, Tan BR, et al. A Phase 1 study of MEK inhibitor
MEK162 (ARRY-438162) in patients with biliary tract cancer. ASCO
Gastrointestinal Cancers Symposium; San Francisco, CA, USA;
Jan 19–21, 2012: abstr 220.
Brookmeyer R, Crowley J. A conﬁdence interval for the median
survival time. Biometrics 1982; 38: 29.
Eggmann N, Felderer L, Urner U, et al. Self limiting serous
retinopathy-like toxicity during MEK kinase inhibition.
8th European Association of Dermato-Oncology (EADO) Congress;
Barcelona, Spain; Nov 14–17, 2012.
Kirkwood JM, Bastholt L, Robert C, et al. Phase II, open-label,
randomized trial of the MEK1/2 inhibitor selumetinib as
monotherapy versus temozolomide in patients with advanced
melanoma. Clin Cancer Res 2012; 18: 555–67.
Falchook GS, Lewis KD, Infante JR, et al. Activity of the oral MEK
inhibitor trametinib in patients with advanced melanoma: a phase 1
dose-escalation trial. Lancet Oncol 2012; 13: 782–89.
Lebbe C, Lesimple T, Raymond E, et al. Pimasertib (MSC1936369/
AS703026), a selective oral MEK1/2 inhibitor, shows clinical activity
in cutaneous and uveal metastatic melanoma in the phase I
program. 8th European Association of Dermato-Oncology (EADO)
Congress; Barcelona, Spain; Nov 14–17, 2012: abstr C06.
Joseph RW, Sullivan RJ, Harrell R, et al. Correlation of NRAS
mutations with clinical response to high-dose IL-2 in patients with
advanced melanoma. J Immunother 2012; 35: 66–72.
Kim KB, Keﬀord R, Pavlick AC, et al. Phase II study of the
MEK1/MEK2 inhibitor trametinib in patients with metastatic
BRAF-mutant cutaneous melanoma previously treated with or
without a BRAF inhibitor. J Clin Oncol 2013; 31: 482–89.
Kim KB, Lewis KD, Pavlick AC, et al. A phase II study of the
MEK1/MEK2 inhibitor GSK1120212 in metastatic BRAF-V600E or
K mutant cutaneous melanoma patients previously treated with or
without a BRAF inhibitor. Pigment Cell Melanoma Res 2011; 24: 1021.
Flaherty K, Infante J, Falchook G, et al. Phase I/II study of BRAF
inhibitor GSK2118436 + MEK inhibitor GSK1120212 in patients with
BRAF mutant metastatic melanoma who progressed on a prior
BRAF inhibitor. Pigment Cell Melanoma Res 2011; 24: 1022.
Schad K, Baumann Conzett K, Zipser MC, et al. Mitogen-activated
protein/extracellular signal-regulated kinase kinase inhibition results
in biphasic alteration of epidermal homeostasis with keratinocytic
apoptosis and pigmentation disorders. Clin Cancer Res 2010;
16: 1058–64.

www.thelancet.com/oncology Published online February 13, 2013 http://dx.doi.org/10.1016/S1470-2045(13)70024-X

