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Abstract
Purpose: This phase I expansion study assessed safety, pharmacodynamic effects, and antitumor activity
of RO4987655, a pure MEK inhibitor, in selected patients with advanced solid tumor.
Experimental Design: We undertook a multicenter phase I two-part study (dose escalation and cohort
expansion). Here, we present the part 2 expansion that included melanoma, non–small cell lung cancer
(NSCLC), and colorectal cancer with oral RO4987655 administered continuously at recommended doses of
8.5 mg twice daily until progressive disease (PD). Sequential tumor sampling investigated multiple markers
of pathway activation/tumor effects, including ERK phosphorylation and Ki-67 expression. BRAF and KRAS
testing were implemented as selection criteria and broader tumor mutational analysis added.
Results: Ninety-five patients received RO4987655, including 18 BRAF-mutant melanoma, 23 BRAF wildtype melanoma, 24 KRAS-mutant NSCLC, and 30 KRAS-mutant colorectal cancer. Most frequent adverse
events were rash, acneiform dermatitis, and gastrointestinal disorders, mostly grade 1/2. Four (24%) of 17
BRAF-mutated melanoma had partial response as did four (20%) of 20 BRAF wild-type melanoma and two
(11%) of 18 KRAS-mutant NSCLC. All KRAS-mutant colorectal cancer developed PD. Paired tumor biopsies
demonstrated reduced ERK phosphorylation among all cohorts but significant differences among cohorts in
Ki-67 modulation. Sixty-nine percent showed a decrease in fluorodeoxyglucose uptake between baseline
and day 15. Detailed mutational profiling confirmed RAS/RAF screening and identified additional aberrations (NRAS/non-BRAF melanomas; PIK3CA/KRAS colorectal cancer) without therapeutic implications.
Conclusions: Safety profile of RO4987655 was comparable with other MEK inhibitors. Single-agent
activity was observed in all entities except colorectal cancer. Evidence of target modulation and early
biologic activity was shown among all indications independent of mutational status. Clin Cancer Res;
20(16); 1–11. 2014 AACR.

Introduction
The RAS/RAF/MEK/ERK pathway (MAPK pathway) plays
a central role in regulating proliferation, differentiation,
and survival. MAPK pathway activation can occur through
several mechanisms, including mutations in RAS or BRAF

(1, 2). Mutated, oncogenic forms of RAS are found in 30%
of all human cancers, 45% of colorectal cancer, 20% of
non–small cell lung cancer (NSCLC), 15% to 20% of
melanomas, and 90% of pancreatic cancers (3). BRAF
mutations are reported in approximately 50% of cutaneous
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Translational Relevance
This multicenter phase I expansion (part 2) study has
demonstrated that the MEK inhibitor RO4987655 has
clinical activity in patients with BRAF V600-mutated
melanoma, BRAF wild-type melanoma, and KRASmutated non–small cell lung cancer (NSCLC), but not
in KRAS-mutated colorectal cancer. The safety profile of
RO4987655 was at the level predicted from the dose
escalation in phase I, with no new safety signals being
identified. Evidence of target modulation and early
biologic activity was shown among all indications independent of mutational status. Further development
of RO4987655 based on its toxicity/efficacy profile
and early clinical results in this expansion phase may
potentially be pursued in BRAF wild-type melanoma in
combination with other emerging signal transduction
inhibitors after immunotherapy failure. Initial observations of clinical activity in NRAS-mutated melanoma
need further confirmation. In KRAS-mutated NSCLC,
combinations with taxanes, other cytostatics or PI3K
inhibitors and/or mTOR inhibitors may be rational
approaches for the future.

melanomas, in 40% to 70% of papillary thyroid carcinomas, in 5% to 20% of colorectal cancer, in 10% to 20% of
cholangiocarcinoma, 1% to 5% of NSCLC, and in the vast
majority of hairy cell leukemia (4–6).
MEK 1/2 is the only enzyme known to activate ERK 1/2,
ERK 1/2 being the only known substrate of MEK; therefore,
MEK inhibition represents an attractive mechanism for
blocking MAPK pathway activation (7). Recently, the MEK
inhibitor trametinib has been shown to improve overall
survival in BRAF V600-mutated metastatic melanoma (8)
compared with dacarbazine or paclitaxel chemotherapy
and has been approved by the Food and Drug Administration. Other small-molecule inhibitors of MEK are currently
under clinical investigation (9–20). RO4987655 is a potent,
highly selective adenosine triphosphate noncompetitive
oral MEK inhibitor with manageable toxicity profile, favorable pharmacokinetics/pharmacodynamics characteristics,
and preliminary antitumor activity in a phase I dose escalation (part 1) study in advanced solid cancers (21). Doselimiting toxicities (DLT) were blurred vision (n ¼ 1) and
elevated creatine phosphokinase (CPK; n ¼ 3), all of which
were reversible without treatment. The MTD of RO4987655
was 8.5 mg twice daily. At the MTD, high (mean 75%) and
sustained (90% of time >IC50) pERK inhibition was
observed in peripheral blood mononuclear cells, and plasma drug concentrations were in the range predicted to be
efficacious in preclinical models. Therefore, a dose regime
of 8.5 mg twice daily was recommended for the phase I
expansion (part 2) study. The significant incidence of RAS
and/or RAF mutations in colorectal cancer, in NSCLC, and
in melanoma (3–5) associated with favorable preclinical
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data (12, 14, 18, 20, 21) was the rationale to choose these
specific tumor types for the expansion study. The relatively
low response rate expected in each tumor type based on
previous study data (18, 22) was the rationale for the chosen
number of patients treated in each cohort.
The objective of this multicenter part 2 expansion study
was to investigate the safety, the pharmacokinetics/pharmacodynamic profile, and single-agent antitumor activity
of RO4987655 given at defined MTD (21) in diagnostically
preselected cohorts with RAS or RAF driver mutations,
including BRAF V600 mutation carrying melanoma, melanoma without BRAF V600 mutation (including possible
other pathway-specific aberrations, i.e., NRAS), KRASmutated NSCLC, and KRAS- and/or BRAF V600-mutated
colorectal cancer. The study was supported by extensive
translational/imaging investigations to evaluate biologic
activity and to identify potential predictive markers for
single-agent efficacy of RO4987655 in tumors bearing activating mutations in the MAPK pathway.

Materials and Methods
Patients
Eligibility criteria included histologic or cytologic evidence of advanced or metastatic melanoma carrying BRAF
V600 mutation, melanoma without BRAF V600 mutation,
NSCLC with KRAS mutation, colorectal cancer with KRASand/or BRAF V600 mutation. Inclusion was restricted to
two prior systemic therapies for melanoma and colorectal
cancer, and three prior regimens for NSCLC. All prior
systemic therapies were permitted. Additional requirements
included age 18 years, Eastern Cooperative Oncology
Group (ECOG) performance status 1, life expectancy of
12 weeks, measurable disease according to RECIST 1.1
(23), adequate bone marrow, renal, hepatic, and cardiac
function. Mandatory tumor biopsies were obtained at baseline and on day (D) 15/cycle (C) 1. Patients with history of
retinal vein occlusion, glaucoma, central serous retinopathy, corneal erosion, or risk factors for these ocular disorders
were excluded. Patients with asymptomatic, corticosteroidfree, and radiographically stable previously treated brain
metastases (4 weeks after radiation treatment) were
eligible.
Study design
We performed this multicenter, open-label, phase I study
in two parts. In part 1 (dose escalation), the MTD, DLTs, the
pharmacokinetics/pharmacodynamic profile, safety, and
preliminary antitumor activity of RO4987655 in patients
with solid tumors were identified. The results of part 1 were
reported after completion (21). Part 2 (first patient in)
started 8 months after completion of part 1. In part 2
(cohort expansion), we assessed the safety, the pharmacokinetics/pharmacodynamic profile, and single-agent antitumor activity of RO4987655 given at defined MTD in
patients with RAS/RAF mutations in melanoma, NSCLC,
and colorectal cancer. This part 2 expansion study was
conducted at 12 European sites, approved by institutional
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ethics committees, and conducted in accordance with Declaration of Helsinki/Good Clinical Practice. All patients
gave written inform consent. RO4987655 was administered
twice daily at 8.5 mg, using a 28-day cycle, until progressive
disease (PD), intolerable toxicity, or patient withdrawal. For
any given patient, a maximum of 1 dose reduction or
interruption was allowed after day 28 of cycle 1. Dose
reductions were made for grade 3 or other intolerable
drug-related toxicity. Re-escalation was permitted for grade
3 skin toxicity and/or isolated CPK elevation, which
improved to grade 2, and for diarrhea or any other toxicity
which improved to grade 1 within 14 days.
Assessments
Regular assessments, including fundoscopy and of cardiac function, were carried out at baseline and throughout treatment. Disease assessment was performed at
baseline and every 8 weeks according to RECIST version
1.1. (23). Adverse events (AE) were graded according to
NCI Common Toxicity Criteria (CTC version 3.0).
Pharmacokinetics
Blood samples (4 mL in potassium EDTA vacutainers) for
pharmacokinetics analysis were collected predose, 0.5 and
10 hours on D1/C1 following drug administration; predose
on D8/C1 and predose, 1 and 3 hours postdose on D15/C1.
RO4987655 levels were determined by validated LC/MSMS (24). Pharmacokinetic parameters were calculated via
standard noncompartmental methods using WinNonlin
V6.1 (Pharsight Corporation).
Pharmacodynamics
Tumor biopsies. RO4987655 effects on cellular proliferation (Ki67 labeling) and target/pathway inhibition
(pERK expression) were investigated by immunohistochemistry (IHC) in paired tumor biopsies (at baseline
and D15/C1). A 20% change in biomarkers between
baseline and D15/C1 was considered relevant.
IHC. Tumor biopsies were formalin fixed and paraffin
embedded following standard procedures. IHC for Ki67
and pERK was conducted using the ultraView detection Kit
(Ventana Medical Systems Inc.) and the iView detection Kit
(Ventana) on the Ventana Benchmark XT platform according to the manufacturer’s instructions (21).
Tumor-DNA mutation analysis. Mutational analysis for
patient selection was performed centrally using formalinfixed archival tissue samples which were collected
before the start with R04987655. Biopsies were microscopically assessed to ensure 50% tumor content and
manually microdissected. RT-PCR with fluorescencelabeled, sequence-specific probes was used to distinguish
wild-type BRAF (V600) sequence (GTG) from mutant
sequence (GAG). KRAS mutations were identified using
an investigational assay based on PCR/melting point
analysis, with fluorescence-labeled, sequence-specific
probes to distinguish wild-type sequence from mutation-bearing sequences in exon 2 (codons 12/13) and
exon 3 (codon 61). All assays were performed on Cobas
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4800 system (Roche Molecular Systems, Inc.) according
to the manufacturer’s instructions. Mutational analysis
for 19 oncogenes and 225 somatic mutations (Supplementary Fig. S1) was also conducted in available DNA
from fresh tumor biopsies and/or archival tumor samples
at baseline using the Sequenom OncoCarta panel v1.0
(25). All 19 genes/selected 225 somatic mutations were
tested in all samples and called as "non-mutated" if not
otherwise reported.
Fluorodeoxyglucose positron emission tomography. Metabolic activity was investigated by 2[18F]fluoro-2-deoxy-Dglucose positron emission tomography (FDG-PET) at baseline, D15/C1, and D1/C3. Baseline and follow-up PET scans
were conducted on the same scanner under identical conditions. Low-dose CT scans for all PET scans served for
attenuation correction. Independent analysis of PET images
was conducted centrally based on European Organisation
for Research and Treatment of Cancer (EORTC) guidelines
(26). Lesions ( 5) with highest FDG uptake were selected
at baseline for quantitative analysis using 10-mm circular
regions of interest centered on maximum FDG uptake to
define standardized uptake value (SUV). Changes in SUV
between baseline and D15/C1 were calculated for each
patient. Patients with recent history of diabetes were excluded from FDG-PET.
Statistical methods
This report includes results based on the data cutoff of
September 21, 2012. The effective dose and antitumor
activity were evaluated based on clinical benefit rate [CBR;
defined as complete response (CR), partial response (PR),
and stable disease (SD)], objective response rate (defined as
CR/PR), and duration of response. Duration of response
lasted from date of PR/CR to date of PD or date of death.
Best overall response of SD was defined as SD lasting 16
weeks for melanoma/colorectal cancer and 8 weeks for
NSCLC. Duration on treatment was defined as the time
from first dose to the earlier date of last dose or data cutoff
(September 21, 2012), whichever came first. Pharmacokinetics, pharmacodynamics, safety, and tumor response
were analyzed by descriptive statistics. Predictive/correlative analyses were performed comparing antitumor activity
and biomarkers assessed by logistic regression and ANOVA.
All analyses were stratified by tumor type/mutational status.
Two-sided P values were evaluated, and a P value of <0.05
was considered statistically significant.

Results
Patients
Between March 2011 to September 2012, 96 patients
were enrolled, 95 of whom received RO4987655 (Table 1).
All had received previous anticancer treatment, including
chemotherapy, immunotherapy, targeted agents, surgery,
and radiotherapy (Table 1). None had previously received
MEK inhibitor but 2 patients with BRAF-mutant melanoma
and 1 patient with BRAF wild-type melanoma had undergone previous BRAF inhibitor treatment.
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Table 1. Patients characteristics
Melanoma
BRAF V600-mutated
(n ¼ 18)

Melanoma
Not mutated for
BRAF V600 (n ¼ 23)

NSCLC
KRAS-mutated
(n ¼ 24)

Colorectal cancer
KRAS-mutated
(n ¼ 30)

Characteristics

Number (%)

Number (%)

Number (%)

Number (%)

Age, years [median (range)]
Weight, kg (median (range)]
Sex (male/female)
Race (White/Black)
ECOG baseline
0/1/2/NK
Number of metastatic sites
0/1/2/3
Previous brain metastases
Prior anticancer treatments
Surgery
Radiation
Prior systemic therapiesa
0/1/2/3
Previous BRAF inhibitor
Previous anti-CTLA4 antibodyb

47 (20–47)
71 (52–94)
7/11 (39/61)
18/0 (100/0)

55 (29–80)
67 (51–98)
10/13 (43/57)
23/0 (100/0)

55 (44–69)
67 (45–102)
5/19 (21/79)
24/0 (100/0)

57 (36–86)
70.5 (43–166)
14/16 (47/53)
29/1 (97/3)

10/8/0/0 (56/44/0/0)

16/7/0/0 (70/30/0/0)

0/2/2/14 (0/11/11/78)
3 (17)
17 (94)
8 (44)
6/4/4/4 (33/22/22/22)
2 (11)
5 (28)

0/2/6/15 (0/9/26/65)
0 (0)
18 (78)
11 (48)

7/14/1/2 (30/58/4/8)
1/1/5/17 (4/4/21/71)
6 (250
8 (33)
11 (46)

5/7/10/1 (22/30/43/4)
1 (4)
3 (13)

13/16/0/1 (43/54/0/3)
0/2/13/15 (0/7/43/50)
0 (0)
24 (80)
5 (17)

0/2/12/10 (0/8/50/42)
0 (0)
0 (0)

0/1/24/5 (0/3/80/17)
0 (0)
0 (0)

Abbreviation: NK, not known.
a
Including prior chemotherapy and/or immunotherapy and/or targeted agents.
b
Deﬁned as previous therapy with ipilimumab or tremelimumab.

Toxicities/dose modifications/interruptions
Ninety-three patients (98%) experienced one or more
treatment-related AEs. Table 2 shows the most common
AEs (10% of patients). Most common treatment-related
AEs were skin related—rash and acneiform dermatitis,
gastrointestinal disorders—diarrhea, nausea, and vomiting,
general symptomatic disorders—peripheral edema and
asthenia, and eye disorders—in particular serous retinal
detachment (SRD) and blurred vision (Table 2). Forty-three
patients (45%) developed SRD. Grade 1 chorioretinopathy
and retinal vein occlusion were reported in 2 patients (2%)
each. The majority of AEs were mild or moderate in severity,
and their incidence was comparable across all four cohorts.
Sixty-one patients (64%) of 95 had treatment-related grade
3 AEs, the majority of which were asymptomatic blood CPK
increase (n ¼ 16; 17%), rash (n ¼ 15; 16%), diarrhea (n ¼ 8;
8%), folliculitis (n ¼ 7; 7%), and SRD (n ¼ 6; 6%). Eight
(8%) had treatment-related grade 4 AEs [asymptomatic
blood CPK increase in six (6%), SRD in one (1%), and
superinfected dermatitis in one (1%)]. Overall, 57 serious
adverse events (SAE) were reported in 46 patients (48%).
Treatment-related SAEs were noted in 24 (25%), including
pulmonary embolism, mucosal inflammation, SRD, and
hypokalemia in two each. All other treatment-related SAEs
were reported only one each. AEs leading to withdrawal of
RO4987655 were noted in 12 patients (13%), including
intolerable rash (n ¼ 3; 3%), observed grade 2 decrease
in left ventricular ejection fraction (n ¼ 3; 3%), and dyspnea
(n ¼ 3; 3%). Sixty-four patients (67%) of 95 had dose
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modifications and/or temporary drug interruptions due to
AEs, most frequently asymptomatic blood CPK increase
(n ¼ 20; 21%), rash (n ¼ 18; 19%), SRD (n ¼ 14; 15%),
and diarrhea (n ¼ 8; 8%). There were no treatment-related
deaths.
Pharmacokinetics
Pharmacokinetics results were in line with those reported
earlier (21). Plasma concentrations of RO4987655
increased rapidly following oral administration. The apparent systemic clearance was approximately 3.7 L/hour. Plasma exposure seems to be dose-linear, with a coefficient of
variation of approximately 50%. Mean terminal half-life
was approximately 12 hours. The effective half-life of
RO4987655 was about 9 hours.
Pharmacodynamics
In total, 81 predose and 62 postdose tumor samples were
available for pharmacodynamic analysis. However, only 45
paired biopsies of 95 treated patients (47%) were assessable
for pERK expression and 38 paired biopsies (40%) assessable for Ki67. Thus, tumor biomarker results could only be
obtained from about 50% of the treated patients. A significant downregulation of pERK was observed across all four
cohorts between baseline and D15/C1 (BRAF-mutant melanoma, P < 0.007; BRAF wild-type melanoma, P < 0.002;
NSCLC, P < 0.009; and colorectal cancer, P < 0.0002).
However, a significant reduction of Ki67 expression
between baseline and D15/C1 was only seen in BRAF-
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Table 2. Severity of drug-related AEs reported in more than 10% of the study patients
Related AEs, n (%)

Skin-related toxic effects
Rash, folliculitis, dry skin
Gastrointestinal disorders
Diarrhea, nausea, vomiting
General disorders
Edema, asthenia, fatigue, mucosal inﬂammation
Eye disorders
SRD, blurred vision
Laboratory abnormalities
CPK increased
Respiratory, thoracic, and mediastinal disorders
Cough, dyspnea, pleural effusion, pulmonary embolism
Infections
Oral candidiasis, subcutaneous abscess, cellulitis
Nervous system disorders
Headache, dysgeusia
Metabolism and nutrition disorders
Decreased appetite, hypocalcaemia

mutant (P < 0.02) and BRAF wild-type melanoma (P <
0.02; Fig. 1; Supplementary Fig. S2).
FDG-PET analyses
FDG-PET analysis was conducted in 74 patients. A
decrease in FDG uptake between baseline and D15/C1 was
observed in 51 patients (69%) but in only 15 of 57 patients
(26%) studied at D1/C3. The largest FDG uptake reduction
was observed in melanoma (Fig. 1 and Supplementary Fig.
S2). Larger FDG response was indicative of higher RECIST
response rate. Patients without FDG-PET response on D15/
C1 were also not responding per RECIST at a later time point
(high negative predictor value). D15/C1 FDG-PET response
was not predictive of later RECIST response with only 10 of
51 patients (20%) showing a decrease in FDG uptake D15/
C1 achieving a RECIST response (low positive predictor
value).
DNA mutational analysis
Exploratory mutational analyses were conducted for 78
tumor samples: 17 BRAF V600-mutant melanoma, 18 BRAF
wild-type melanoma, 18 KRAS-mutant NSCLC, and 25
KRAS-mutant colorectal cancer. Sixty-eight samples
revealed mutations (Fig. 2, Table 3): eight NRAS mutations
were additionally identified among the 18 BRAF wild-type
melanoma patients; 13 BRAF V600 single mutations were
confirmed plus four additional concomitant mutations
(located on the CDK, EGFR, MET, and RET genes, respectively) were identified in 17 BRAF V600-mutant melanomas; fourteen KRAS single mutations plus seven KRAS/
PIK3CA double mutations were detected in 21 of 25
KRAS-mutant colorectal cancers (4 samples did not provide

www.aacrjournals.org

All AEs,
n (%)

Grade 1/2

Grade 3/4

90 (95)

79 (83)

25 (26)

84 (88)

77 (81)

13 (14)

80 (84)

59 (62)

12 (13)

67 (71)

58 (61)

9 (10)

45 (47)

25 (26)

25 (26)

45 (47)

13 (14)

5 (5)

37 (40)

13 (14)

3 (3)

32 (34)

16 (17)

2 (2)

26 (27)

14 (15)

2 (2)

enough material for analysis; hence, PIK3CA status is
unknown); 17 KRAS mutations and one double KRAS/
AKT1 mutation were found in 18 KRAS-mutant
NSCLCs. Figure 2 and Table 3 show the available mutational status of tumors and their response rate.
Antitumor activity
In total, 80 of 95 patients were evaluable for efficacy
assessment (Table 3). PR was achieved in four (23.6%) of 17
patients with BRAF V600-mutant melanoma (Fig. 2A, Table
3), including one receiving study treatment 52 weeks (Fig.
3). SD for 16 weeks was noted in 5 patients (29%). The 2
patients who were treated previously with vemurafenib
experienced PD (Table 3). In 20 patients with melanomas
without BRAF V600 mutation, four (20%) PRs and four
(20%) SD were reported (Fig. 2B, Table 3). The patient with
NRAS-mutant melanoma who experienced PR received
study treatment for 323 days. In 18 cases of KRAS-mutant
NSCLC, two PRs were confirmed, including one on treatment for 56 weeks, as well as 8 (44%) with SD 8 weeks
(Fig. 2C, Table 3). All 25 patients with KRAS-mutant colorectal cancer had PD (Fig. 2D, Table 3). The median duration of treatment across all subgroups was 63 days (range,
5–394) with the longest median duration of treatment
being in BRAF-mutant melanomas at 113 days (range,
18–366; Fig. 3, Table 3).

Discussion
Our findings show that RO4987655 has clinical activity
in patients with BRAF V600-mutated melanoma, BRAF
wild-type melanoma, and KRAS-mutated NSCLC, but not
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100 Melanoma
90 (BRAF V600)
80
86
70
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60
50
40
30
20
24
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0
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Cycle 1/day 15

Melanoma

NSCLC

CRC

(non-BRAF V600)

(KRAS)

(KRAS)

RECIST % PR

75

71
52

FDG-PET % Best metabolic response
(PR+CR)

46

34

% pERK decrease, cycle 1/day 15

26

20

0

11

Significant

Significant

(P < 0.02)

(P < 0.02)

Not
significant

Not
significant

Figure 1. Biologic activity across the four cohorts. Evidence of early biologic effect, as measured by FDG-PET, was shown for all four cohorts, with markedly
lower effect in colorectal cancer than in other tumor types. Evidence of pathway inhibition effects (%pERK) was observed across all cohorts, with strongest
effect in patients with BRAF V600-mutant melanoma. Early evidence of pharmacodynamic effects and blockade of cellular proliferation (%Ki67 decrease) was
observed only in patients with BRAF V600-mutant melanoma.

Similar to other MEK inhibitors (12, 18, 20), rash and
diarrhea were the most frequent treatment-related AEs. The
most common ocular toxicity was SRD occurring in 45% of
all patients. The incidence of SRD was higher compared
with other MEK inhibitors (17, 18), which may reflect the
high rate and systematic monitoring of eyes disorders in the

in KRAS-mutated colorectal cancer. The safety profile of
RO4987655 was at the level predicted from the phase I/part
1 selection of the MTD with no new safety signals being
identified. Evidence of target modulation and early biologic
activity was shown among all indications independent of
tumor mutation status.
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Figure 2. Tumor percent change from baseline and exploratory genotyping in the four cohorts. A, BRAF V600-mutant melanoma. B, non–BRAF V600-mutant
melanoma. C, KRAS-mutant NSCLC. D, KRAS-mutant colorectal cancer.
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Table 3. Clinical activity
Overall response
Not assessable
Patients,
PR
PR
PD (%) CBRb (%)
n
PR (%) unconﬁrmed conﬁrmed SDa (%) for SD
Melanoma, BRAF V600 mutatedc
Previous BRAF inhibitor
Melanoma, non-BRAF V600
mutated
NRAS
Non-NRAS
NRAS unknown
NSCLC, KRAS mutatedd
Colorectal cancer, KRAS mutated
KRASe
KRAS/PIK3CA
KRAS mutated/PIK3CA
status unknown

17
2
20

4 (24)
0
4 (20)

1

3
3

5 (29)
0
4 (20)

1

8
10
2
18
25
14
7
4

1(13)
2 (20)
1 (50)
2 (11)
0
0
0
0

0
1
0
0
0
0
0
0

0
1

8 (47)
2 (100)
11 (55)

9 (53)

1
1
1
2
0
0
0
0

2 (25)
2 (20)
0
8 (44)
0
0
0
0

0
1
0
0
1
0
0
1

5 (62) 3 (38)
5 (50) 4 (40)
1 (50) 1 (50)
8 (44) 10 (56)
24 (100) 0
14 (100) 0
7 (100) 0
3 (100) 0

8 (40)

Best overall response of SD was deﬁned as SD lasting 16 weeks for melanoma/colorectal cancer and 8 weeks for NSCLC.
Deﬁned as CR, PR, and SD.
c
Inclusive BRAF V600/CDK, BRAF V600/RET, BRAF V600/EGFR, BRAF V600/MET.
d
Inclusive KRAS/AKT1.
e
Inclusive KRAS/CDK and KRAS/MET.
a

b

study. The mechanism of MEK-related eye disorders
remains unknown and should be monitored closely in
trials with similar compounds.
Evidence of pharmacodynamic drug effect was
observed with a metabolic response in all four cohorts,
with markedly larger effects in those in which objective
tumor shrinkage was observed. Our study confirms the
high negative predictive value of FDG for MEK inhibition
and potential for FDG-PET to predict early nonresponders
(27). We also noted a significant decrease of pERK phosphorylation in all cohorts, but an effect on proliferation
(as measured by Ki67) was only observed in the two
melanoma cohorts. These results may indicate an attenuated effect on the tumor by RO4987655 in KRAS-mutant
NSCLC and particularly in colorectal cancer. However, it
should be taken into consideration that the tumor biomarker results (assessed by IHC) were only obtained from
about 50% of the treated patients due to limitation in the
amount of tumor materials. The high FDG response on
D15/C1 coupled with limited effects on cellular proliferation suggests that change in FDG uptake might not be
related reduction in the number of viable tumor cells but
instead reflects an effect on glucose uptake and utilization. This effect is rapid, reversible, and does not seem
sufficiently sustained to induce apoptosis or necrosis and
generate a response at later time points.
Current treatment progress in advanced melanoma has
been focusing on relatively common BRAF V600 mutations (>50% melanomas; ref. 4). Recently, the BRAF
inhibitors vemurafenib and dabrafenib, the MEK inhibitor trametinib, and the combination of the MEK inhib-

www.aacrjournals.org

itor, trametinib, and the BRAF inhibitor, dabrafenib have
been approved for the treatment of BRAF V600-mutated
metastatic melanoma based on phase II/III clinical trials
(8, 28–30). Besides BRAF inhibition, downstream targeting of the MAPK pathway has evolved as a further interesting target. Recently, the MEK inhibitor MEK162 has
shown activity in melanoma harboring NRAS or V600
BRAF mutation (17). A further MEK inhibitor currently
under investigation in advanced melanoma and in
GNAQ/GNA11-mutant uveal melanoma is selumetinib
(19, 31, 32). Our study demonstrated clinical efficacy
with the MEK inhibitor RO4987655 both in BRAF V600mutated melanoma and in non–BRAF V600-mutated
melanoma, including NRAS-mutated melanoma. However, based on the well-established role of the cytotoxic Tlymphocte antigen 4 (CTLA-4) inhibitor ipilimumab (33,
34) and the emerging data with the new immune checkpoint inhibitors, i.e., programmed death 1 (PD-1;
refs. 35–37) and programmed death ligand 1 (PD-L1)
inhibitors (38, 39), as well as the combination of both
(40), the role of RO4987655 as single agent in patients
with BRAF wild-type melanoma is limited. Further, the
anti–PD-1 antibody, nivolumab, is being tested in a
pivotal registration phase III trial as monotherapy versus
dacarbazine in patients with BRAF wild-type metastatic
melanoma (NCT01721772). If successful, this trial will
establish an attractive future option for patients with
BRAF wild-type melanoma. However, a small window of
opportunity for combinations with MEK inhibitors exists
for BRAF wild-type patients progressing following
initial immunotherapy. Because a recent double-blind
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4103
3703
3351
3358
3151
3361
3362
3357
3502
3155
3501
3252
3355
3356
3704
3051
3153
3054
3251
3160
3156
3905
3902
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3259
3406
4102
3714
3906
3257
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3709
3716
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3601
3055
3603
3402
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3712
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3802
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3253

*
Melanoma BRAF V600
Median:113(18–366)

Melanoma
non-BRAF V600
Median:107(17–323)

*
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Median:58.5(13–394)
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Median:57 (5–269)
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Overall median: 63 (5–394)

Figure 3. Duration of treatment in the four cohorts.

randomized phase II trial of docetaxel with or without the
MEK inhibitor selumetinib in BRAF wild-type melanoma
showed no significant improvement in progression-free
survival compared with docetaxel alone (41), chemotherapy combinations may not be the best choice for this
population. A possible strategy in BRAF wild-type melanoma after immunotherapy failure could be a combination of a MEK inhibitor with other new emerging signal
transduction inhibitors. Moreover, in BRAF V600-mutant
melanoma, the combination of the BRAF inhibitor dabrafenib and the MEK inhibitor trametinib is superior to
single-agent treatment (30).
MEK and BRAF inhibitors are under investigation in
pretreated patients with advanced NSCLC. Single-agent
selumetinib showed limited activity in a randomized phase
II versus single-agent pemetrexed in unselected second-line
patients with NSCLC (42). Data from NSCLC cell lines
strongly suggest that those with RAS mutations are sensitive
to selumetinib (43). Therefore, a signal finding randomized
phase II was performed comparing the combination of
docetaxel and selumetinib in KRAS-mutated NSCLC with
docetaxel alone. The combination gave a better response
rate (40% vs. 0%) and significantly improved progressionfree survival (44). Toxicity of the combination has led to an
ongoing randomized phase II trial (NCT01750281) inves-
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tigating different docetaxel doses in combination with MEK
inhibitor versus docetaxel monotherapy to better understand the toxicity/efficacy ratio of combinations of MEK
inhibition and chemotherapy. The promising CBR  8
weeks of 56% (10/18; 2 PR/8 SD) with the MEK inhibitor
RO4987655 as single agent in 18 patients with KRASmutated NSCLCs in third-line and significant metabolic
responses demonstrated with FDG-PET/CT in this cohort
underline that further investigation of MEK inhibitors preferably in combination with conventional cytotoxics and/or
targeted agents in KRAS-mutated NSCLC may be justified.
However, given the fact that patients with wild-type NSCLC
were excluded from this expansion study, it is not possible
to determine whether activity of RO4987655 in NSCLC is
related to KRAS mutation status. This is particularly important, because in melanoma, activity was also seen in patients
with BRAF wild-type melanoma. Furthermore, a phase I/Ib
study combining the oral MEK inhibitor trametinib with
docetaxel or pemetrexed in KRAS-mutant and wild-type
NSCLC demonstrated tolerability and clinical activity in
both settings (NCT01192165; refs. 45, 46). Of note, 1% to
5% of NSCLCs harbor BRAF V600 mutations (4, 5). In these
patient groups, BRAF inhibitors are currently being investigated (NCT01336634; ref. 47). Combinations of MEK
inhibitors with BRAF inhibitors may also be of interest.
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Despite metabolic responses on FDG-PET/CT, we saw no
clinical activity in KRAS-mutant colorectal cancer. The effect
on Ki67 expression in paired biopsies was also not significant, including a few cases with upregulation of Ki67 in
matched on-treatment samples. Coexistence of KRAS and
PIK3CA mutations has been demonstrated in colorectal
cancer tumors (48). Thus, single-agent administration of
MEK inhibitors in colorectal cancer may not be advisable
based on primary resistance mechanisms, but combinations with other signal transduction inhibitors may yet
prove effective. In our study, we observed that the majority
of tumors bearing double activating PIK3CA/KRAS mutations cluster among the less responsive patients. Despite
insufficient sample size to derive robust conclusions, this
may identify a particular aggressive tumor phenotype
displaying double mutations, and this would indicate combined treatment with PI3K inhibitors. In addition, preclinical results also predict primary resistance of colorectal
cancer cell lines to MEK inhibitors and confirm that there
is a strong biologic rationale to combine these drugs with
PI3K inhibitors or mTOR inhibitors (49, 50).
In conclusion, further development of MEK inhibitor
RO4987655 based on its toxicity/efficacy profile and early
clinical results in this expansion phase I may potentially be
pursued in BRAF wild-type melanoma in combination with
other emerging signal transduction inhibitors after immunotherapy failure. Initial observations of clinical activity in
NRAS-mutated melanoma need further confirmation. In
KRAS-mutated NSCLC, combinations with taxanes, other
cytostatics or PI3K inhibitors and/or mTOR inhibitors may
be rational approaches. In colorectal cancer, MEK inhibitor
monotherapy is not effective and combinations with PI3K
and/or mTOR inhibitors may potentially be of interest.
Disclosure of Potential Conﬂicts of Interest
L. Zimmer and W.E.E. Eberhardt report receiving speakers bureau honoraria from and are consultants/advisory board members for Bristol-Myers
Squibb and Roche. F. Barlesi and J.-C. Soria are consultants/advisory board
members for Roche. J.-P. Spano reports receiving speakers bureau honoraria
from and is a consultant/advisory board member for Roche. M.R. Middleton

is a consultant/advisory board member for and reports receiving speakers
bureau honoraria from Roche and commercial research grants from Astrazeneca, GlaxoSmithKline, and Roche. E. Calvo reports receiving speakers
bureau honoraria from and is a consultant/advisory board member for
Novartis. L. Paz-Ares reports receiving speakers bureau honoraria from
Roche. J. Larkin is a consultant/advisory board member for Bristol-Myers
Squibb, GlaxoSmithKline, Novartis, and Pfizer. M. Paques is a consultant/
advisory board member for Merck Serono. No potential conflicts of interest
were disclosed by the other authors.

Authors' Contributions
Conception and design: J.H.M. Schellens, M.R. Middleton, M. Venturi,
W.E.E. Eberhardt, E. Guarin, V. Meresse, J.-C. Soria
Development of methodology: J.H.M. Schellens, J.J.L. Tessier, E. Guarin,
V. Meresse, J.-C. Soria
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): L. Zimmer, F. Barlesi, M. Martinez-Garcia,
V. Dieras, J.H.M. Schellens, J.-P. Spano, M.R. Middleton, E. Calvo, L. PazAres, J. Larkin, S. Pacey, W.E.E. Eberhardt, M. Paques, E. Guarin, J.-C. Soria
Analysis and interpretation of data (e.g., statistical analysis, biostatistics, computational analysis): L. Zimmer, F. Barlesi, M. Martinez-Garcia,
V. Dieras, J.H.M. Schellens, J.-P. Spano, M.R. Middleton, L. Paz-Ares, J.
Larkin, M. Venturi, F. Kraeber-Bodere, J.J.L. Tessier, W.E.E. Eberhardt, M.
Paques, E. Guarin, V. Meresse, J.-C. Soria
Writing, review, and or revision of the manuscript: L. Zimmer, F. Barlesi,
M. Martinez-Garcia, V. Dieras, J.H.M. Schellens, J.-P. Spano, M.R. Middleton,
E. Calvo, L. Paz-Ares, J. Larkin, S. Pacey, M. Venturi, F. Kraeber-Bodere, J.J.L.
Tessier, W.E.E. Eberhardt, M. Paques, E. Guarin, V. Meresse, J.-C. Soria
Administrative, technical, or material support (i.e., reporting or organizing data, constructing databases): L. Zimmer, J.H.M. Schellens, W.E.E.
Eberhardt, E. Guarin, V. Meresse, J.-C. Soria
Study supervision: M. Martinez-Garcia, J.H.M. Schellens, M.R. Middleton,
E. Calvo, L. Paz-Ares, M. Venturi, E. Guarin, V. Meresse

Acknowledgments
The authors thank patients and staff at the study sites, and the Roche and
Chugai project team.

Grant Support
This work was financially supported by the NIHR Cambridge Biomedical
Research Centre, the Cambridge Experimental Cancer Medicine Centre, and
F. Hoffmann-La Roche Ltd.
The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate
this fact.
Received February 16, 2014; revised May 18, 2014; accepted May 24, 2014;
published OnlineFirst June 19, 2014.

References
1.

2.
3.
4.
5.

6.
7.

Roberts PJ, Der CJ. Targeting the Raf-MEK-ERK mitogen-activated
protein kinase cascade for the treatment of cancer. Oncogene
2007;26:3291–310.
Sullivan RJ, Flaherty K. MAP kinase signaling and inhibition in melanoma. Oncogene 2013;32:2373–9.
Bos JL. Ras oncogenes in human cancer: a review. Cancer Res
1989;49:4682–9.
Flaherty KT, McArthur G. BRAF, a target in melanoma: implications for
solid tumor drug development. Cancer 2010;116:4902–13.
Barlesi F, Blons H, Beau-Faller M, Rouquette I, Ouaﬁk Lh, Mosser J,
et al. Biomarkers (BM) France: results of routine EGFR, HER2, KRAS,
BRAF, PI3KCA mutations detection and EML4-ALK gene fusion
assessment on the ﬁrst 10,000 non-small cell lung cancer (NSCLC)
patients (pts) [abstract]. J Clin Oncol 2013;31:8000.
Tiacci E, Trifonov V, Schiavoni G, Holmes A, Kern W, Martelli MP, et al.
BRAF mutations in hairy-cell leukemia. N Engl J Med 2011;364:2305–15.
Isshiki Y, Kohchi Y, Iikura H, Matsubara Y, Asoh K, Murata T, et al. Design
and synthesis of novel allosteric MEK inhibitor CH4987655 as an orally
available anticancer agent. Bioorg Med Chem Lett 2011;21:1795–801.

www.aacrjournals.org

8.

Flaherty KT, Robert C, Hersey P, Nathan P, Garbe C, Milhem M, et al.
Improved survival with MEK inhibition in BRAF-mutated melanoma.
N Engl J Med 2012;367:107–14.
9. Lorusso PM, Adjei AA, Varterasian M, Gadgeel S, Reid J, Mitchell DY,
et al. Phase I and pharmacodynamic study of the oral MEK inhibitor CI1040 in patients with advanced malignancies. J Clin Oncol 2005;
23:5281–93.
10. Hoeﬂich KP, Merchant M, Orr C, Chan J, Den Otter D, Berry L, et al.
Intermittent administration of MEK inhibitor GDC-0973 plus PI3K
inhibitor GDC-0941 triggers robust apoptosis and tumor growth inhibition. Cancer Res 2012;72:210–9.
11. O'Neil BH, Goff LW, Kauh JS, Strosberg JR, Bekaii-Saab TS, Lee RM,
et al. Phase II study of the mitogen-activated protein kinase 1/2
inhibitor selumetinib in patients with advanced hepatocellular carcinoma. J Clin Oncol 2011;29:2350–6.
12. Haura EB, Ricart AD, Larson TG, Stella PJ, Bazhenova L, Miller VA,
et al. A phase II study of PD-0325901, an oral MEK inhibitor, in
previously treated patients with advanced non-small cell lung cancer.
Clin Cancer Res 2010;16:2450–7.

Clin Cancer Res; 20(16) August 15, 2014

Downloaded from clincancerres.aacrjournals.org on October 20, 2019. © 2014 American Association for
Cancer Research.

OF9

Published OnlineFirst June 19, 2014; DOI: 10.1158/1078-0432.CCR-14-0341
Zimmer et al.

13. Bekaii-Saab T, Phelps MA, Li X, Saji M, Goff L, Kauh JS, et al. Multiinstitutional phase II study of selumetinib in patients with metastatic
biliary cancers. J Clin Oncol 2011;29:2357–63.
14. Banerji U, Camidge DR, Verheul HM, Agarwal R, Sarker D, Kaye SB,
et al. The ﬁrst-in-human study of the hydrogen sulfate (Hyd-sulfate)
capsule of the MEK1/2 inhibitor AZD6244 (ARRY-142886): a phase I
open-label multicenter trial in patients with advanced cancer. Clin
Cancer Res 2010;16:1613–23.
15. Martinez-Garcia M, Banerji U, Albanell J, Bahleda R, Dolly S, KraeberBodere F, et al. First-in-human, phase I dose-escalation study of the
safety, pharmacokinetics, and pharmacodynamics of RO5126766, a
ﬁrst-in-class dual MEK/RAF inhibitor in patients with solid tumors. Clin
Cancer Res 2012;18:4806–19.
16. Kim KB, Kefford R, Pavlick AC, Infante JR, Ribas A, Sosman JA, 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;31:482–9.
17. Ascierto PA, Schadendorf D, Berking C, Agarwala SS, van Herpen
CML, Queirolo P, et al. MEK162 for patients with advanced melanoma
harbouring NRAS or Val600 BRAF mutations: a non-randomised,
open-label phase 2 study. Lancet Oncol 2013;14:249–56.
18. Infante JR, Fecher LA, Falchook GS, Nallapareddy S, Gordon MS,
Becerra C, et al. Safety, pharmacokinetic, pharmacodynamic, and
efﬁcacy data for the oral MEK inhibitor trametinib: a phase 1 doseescalation trial. Lancet Oncol 2012;13:773–81.
19. Robert C, Dummer R, Gutzmer R, Lorigan P, Kim KB, Nyakas M, et al.
Selumetinib plus dacarbazine versus placebo plus dacarbazine as
ﬁrst-line treatment for BRAF-mutant metastatic melanoma: a phase 2
double-blind randomised study. Lancet Oncol 2013;14:733–40.
20. Adjei AA, Cohen RB, Franklin W, Morris C, Wilson D, Molina JR, et al.
Phase I pharmacokinetic and pharmacodynamic study of the oral,
small-molecule mitogen-activated protein kinase kinase 1/2 inhibitor
AZD6244 (ARRY-142886) in patients with advanced cancers. J Clin
Oncol 2008;26:2139–46.
21. Leijen S, Middleton MR, Tresca P, Kraeber-Bodere F, Dieras V,
Scheulen ME, et al. Phase I dose-escalation study of the safety,
pharmacokinetics, and pharmacodynamics of the MEK inhibitor
RO4987655 (CH4987655) in patients with advanced solid tumors. Clin
Cancer Res 2012;18:4794–805.
22. Falchook GS, Lewis KD, Infante JR, Gordon MS, Vogelzang NJ,
DeMarini DJ, et al. Activity of the oral MEK inhibitor trametinib in
patients with advanced melanoma: a phase 1 dose-escalation trial.
Lancet Oncol 2012;13:782–9.
23. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford
R, et al. New response evaluation criteria in solid tumours: revised
RECIST guideline (version 1.1). Eur J Cancer 2009;45:228–47.
24. Lee L, Niu H, Rueger R, Igawa Y, Deutsch J, Ishii N, et al. The safety,
tolerability, pharmacokinetics, and pharmacodynamics of single oral
doses of CH4987655 in healthy volunteers: target suppression using a
biomarker. Clin Cancer Res 2009;15:7368–74.
25. Biosecience.sequenom.com [Internet]. San Diego: Mutations in the
OncoCarta Panel v1.0; 2013 [cited 2014 June 26]. Available from:
http://agenabioscience.com/oncocarta-panel.
26. Young H, Baum R, Cremerius U, Herholz K, Hoekstra O, Lammertsma
AA, et al. Measurement of clinical and subclinical tumour response
using [18F]-ﬂuorodeoxyglucose and positron emission tomography:
review and 1999 EORTC recommendations. European Organization
for Research and Treatment of Cancer (EORTC) PET Study Group. Eur
J Cancer 1999;35:1773–82.
27. Kraeber-Bodere F, Carlier T, Naegelen VM, Shochat E, Lumbroso J,
Trampal C, et al. Differences in the biologic activity of 2 novel MEK
inhibitors revealed by 18F-FDG PET: analysis of imaging data from 2
phase I trials. J Nucl Med 2012;53:1836–46.
28. Chapman PB, Hauschild A, Robert C, Haanen JB, Ascierto P, Larkin J,
et al. Improved survival with vemurafenib in melanoma with BRAF
V600E mutation. N Engl J Med 2011;364:2507–16.
29. Hauschild A, Grob JJ, Demidov LV, Jouary T, Gutzmer R, Millward M,
et al. Dabrafenib in BRAF-mutated metastatic melanoma: a multicentre, open-label, phase 3 randomised controlled trial. Lancet
2012;380:358–65.

OF10

Clin Cancer Res; 20(16) August 15, 2014

30. Flaherty KT, Infante JR, Daud A, Gonzalez R, Kefford RF, Sosman J,
et al. Combined BRAF and MEK inhibition in melanoma with BRAF
V600 mutations. N Engl J Med 2012;367:1694–703.
31. Kirkwood JM, Bastholt L, Robert C, Sosman J, Larkin J, Hersey P, 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.
32. Carvajal RD, Sosman JA, Quevedo F, Milhem MM, Josuha AM,
Kudchadkar R, et al. Phase II study of selumetinib (sel) versus temozolomide (TMZ) in gnaq/Gna11 (Gq/11) mutant (mut) uveal melanoma
(UM) [abstract]. J Clin Oncol 2013;31:9003.
33. Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen
JB, et al. Improved survival with ipilimumab in patients with metastatic
melanoma. N Engl J Med 2010;363:711–23.
34. Robert C, Thomas L, Bondarenko I, O'Day S, M D JW, Garbe C, et al.
Ipilimumab plus dacarbazine for previously untreated metastatic melanoma. N Engl J Med 2011;364:2517–26.
35. Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott DF, et al. Safety, activity, and immune correlates of anti-PD-1
antibody in cancer. N Engl J Med 2012;366:2443–54.
36. Hamid O, Robert C, Daud A, Hodi FS, Hwu WJ, Kefford R, et al. Safety
and tumor responses with lambrolizumab (anti-PD-1) in melanoma.
N Engl J Med 2013;369:134–44.
37. Topalian SL, Sznol M, McDermott DF, Kluger HM, Carvajal RD, Sharfman WH, et al. Survival, durable tumor remission, and long-term safety
in patients with advanced melanoma receiving nivolumab. J Clin Oncol
2014;32:1020–30.
38. Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian SL, Hwu P, et al.
Safety and activity of anti-PD-L1 antibody in patients with advanced
cancer. N Engl J Med 2012;366:2455–65.
39. Hamid O, Sosman JA, Lawrence D, Sullivan RJ, Ibrahim N, Kluger H,
et al. Clinical activity, safety, and biomarkers of MPDL3280A, an
engineered PD-L1 antibody in patients with locally advanced or metastatic melanoma (mM) [abstract]. J Clin Oncol 2013;31:9010.
40. Wolchok JD, Kluger H, Callahan MK, Postow MA, Rizvi NA, Lesokhin
AM, et al. Nivolumab plus ipilimumab in advanced melanoma. N Engl J
Med 2013;369:122–33.
41. Gupta A, Love S, Schuh A, Shanyinde M, Larkin JM, Plummer R, et al.
DOC-MEK: A double blind randomized phase 2 trial of docetaxel with
or without selumetinib in wild-type BRAF advanced melanoma. Ann
Oncol 2014;25:968–74.
42. Hainsworth JD, Cebotaru CL, Kanarev V, Ciuleanu TE, Damyanov D,
Stella P, et al. A phase II, open-label, randomized study to assess
the efﬁcacy and safety of AZD6244 (ARRY-142886) versus pemetrexed in patients with non-small cell lung cancer who have failed
one or two prior chemotherapeutic regimens. J Thorac Oncol
2010;5:1630–6.
43. Garon EB, Finn RS, Hosmer W, Dering J, Ginther C, Adhami S, et al.
Identiﬁcation of common predictive markers of in vitro response to the
Mek inhibitor selumetinib (AZD6244; ARRY-142886) in human breast
cancer and non-small cell lung cancer cell lines. Mol Cancer Ther
2010;9:1985–94.
44. Janne PA, Shaw AT, Pereira JR, Jeannin G, Vansteenkiste J, Barrios C,
et al. Selumetinib plus docetaxel for KRAS-mutant advanced nonsmall-cell lung cancer: a randomised, multicentre, placebo-controlled,
phase 2 study. Lancet Oncol 2013;14:38–47.
45. Gandara DR, Hiret S, Blumenschein GR, Barlesi F, Delord JP, Madelaine J, et al. Oral MEK1/MEK2 inhibitor trametinib (GSK1120212) in
combination with docetaxel in KRAS-mutant and wild-type (WT)
advanced non-small cell lung cancer (NSCLC): a phase I/Ib trial
[abstract]. J Clin Oncol 2013;31:8028.
46. Kelly K, Mazieres J, Leighl NB, Barlesi F, Zalcman G, Gordon MS, et al.
Oral MEK1/MEK2 inhibitor trametinib (GSK1120212) in combination
with pemetrexed for KRAS-mutant and wild-type (WT) advanced nonsmall cell lung cancer (NSCLC): a phase I/Ib trial [abstract]. J Clin Oncol
2013;31:8027.
47. Planchard D, Mazieres J, Riely JG, Rudin CM, Barlesi F, Quoix EA, et al.
Interim results of phase II study BRF113928 of dabrafenib in BRAF
V600E mutation–positive non-small cell lung cancer (NSCLC) patients
[abstract]. J Clin Oncol 2013;31:8009.

Clinical Cancer Research

Downloaded from clincancerres.aacrjournals.org on October 20, 2019. © 2014 American Association for
Cancer Research.

Published OnlineFirst June 19, 2014; DOI: 10.1158/1078-0432.CCR-14-0341
MEK Inhibitor RO4987655 in Patients with Solid Tumors

48. Garrido-Laguna I, Hong DS, Janku F, Nguyen LM, Falchook GS, Fu S,
et al. KRASness and PIK3CAness in patients with advanced colorectal
cancer: outcome after treatment with early-phase trials with targeted
pathway inhibitors. PLoS ONE 2012;7:e38033.
49. Halilovic E, She QB, Ye Q, Pagliarini R, Sellers WR, Solit DB, et al.
PIK3CA mutation uncouples tumor growth and cyclin D1 regulation

www.aacrjournals.org

from MEK/ERK and mutant KRAS signaling. Cancer Res 2010;70:
6804–14.
50. Holt SV, Logie A, Davies BR, Alferez D, Runswick S, Fenton S, et al.
Enhanced apoptosis and tumor growth suppression elicited by combination of MEK (selumetinib) and mTOR kinase inhibitors (AZD8055).
Cancer Res 2012;72:1804–13.

Clin Cancer Res; 20(16) August 15, 2014

Downloaded from clincancerres.aacrjournals.org on October 20, 2019. © 2014 American Association for
Cancer Research.

OF11

Published OnlineFirst June 19, 2014; DOI: 10.1158/1078-0432.CCR-14-0341

Phase I Expansion and Pharmacodynamic Study of the Oral
MEK Inhibitor RO4987655 (CH4987655) in Selected Patients
with Advanced Cancer with RAS−RAF Mutations
Lisa Zimmer, Fabrice Barlesi, Maria Martinez-Garcia, et al.
Clin Cancer Res Published OnlineFirst June 19, 2014.

Updated version
Supplementary
Material

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
doi:10.1158/1078-0432.CCR-14-0341
Access the most recent supplemental material at:
http://clincancerres.aacrjournals.org/content/suppl/2014/06/23/1078-0432.CCR-14-0341.DC1

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://clincancerres.aacrjournals.org/content/early/2014/07/23/1078-0432.CCR-14-0341.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's
(CCC)
Rightslink site.

Downloaded from clincancerres.aacrjournals.org on October 20, 2019. © 2014 American Association for
Cancer Research.

