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abstract

PURPOSE Low-grade serous ovarian carcinomas (LGSOCs) have historically low chemotherapy responses.
Alterations affecting theMAPK pathway, most commonly KRAS/BRAF, are present in 30%-60% of LGSOCs. The
purpose of this study was to evaluate binimetinib, a potent MEK1/2 inhibitor with demonstrated activity across
multiple cancers, in LGSOC.

METHODS This was a 2:1 randomized study of binimetinib (45 mg twice daily) versus physician’s choice
chemotherapy (PCC). Eligible patients had recurrent measurable LGSOC after $ 1 prior platinum-based
chemotherapy but# 3 prior chemotherapy lines. The primary end point was progression-free survival (PFS) by
blinded independent central review (BICR); additional assessments included overall survival (OS), overall
response rate (ORR), duration of response (DOR), clinical-benefit rate, biomarkers, and safety.

RESULTS A total of 303 patients were randomly assigned to an arm of the study at the time of interim analysis
(January 20, 2016). Median PFS by BICRwas 9.1months (95%CI, 7.3 to 11.3) for binimetinib and 10.6months
(95%CI, 9.2 to 14.5) for PCC (hazard ratio,1.21; 95%CI, 0.79 to 1.86), resulting in early study closure according
to a prespecified futility boundary after 341 patients had enrolled. Secondary efficacy end points were similar in
the two groups: ORR 16% (complete response [CR]/partial responses[PRs], 32) versus 13% (CR/PRs, 13);
median DOR, 8.1 months (range, 0.03 to $ 12.0 months) versus 6.7 months (0.03 to $ 9.7 months); and
median OS, 25.3 versus 20.8 months for binimetinib and PCC, respectively. Safety results were consistent with
the known safety profile of binimetinib; the most common grade$ 3 event was increased blood creatine kinase
level (26%). Post hoc analysis suggests a possible association between KRAS mutation and response to
binimetinib. Results from an updated analysis (n 5 341; January 2019) were consistent.

CONCLUSION Although the MEK Inhibitor in Low-Grade Serous Ovarian Cancer Study did not meet its primary
end point, binimetinib showed activity in LGSOC across the efficacy end points evaluated. A higher response to
chemotherapy than expected was observed and KRAS mutation might predict response to binimetinib.
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INTRODUCTION

Serous carcinoma accounts for approximately 70%-
80%of epithelial ovarian, tubal, and peritoneal cancers.1

Low-grade serous ovarian carcinoma (LGSOC) is
a unique tumor that is distinguished from high-grade
serous ovarian cancer not only by immunohistochemical
profile but also by molecular characteristics, epidemi-
ologic features and clinical behavior.2

Aberrant signaling through the RAS/RAF/MEK/ERK
pathway is a characteristic feature of many cancers,

including LGSOC, with, 5%-16% and 16%-47% of
LGSOCs having alterations in BRAF and RAS,
respectively.3-7

Binimetinib is an oral, potent, selective, allosteric,
small-molecule inhibitor of MEK1/2 and is approved in
multiple countries in combination with encorafenib for
the treatment of patients with unresectable or metastatic
BRAF V600E or V600K mutation-positive melanoma.8,9

Inhibiting both basal and induced levels of ERK phos-
phorylation in numerous BRAF-mutated cancer cell
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lines (half maximal inhibitory concentration [IC50] values as
low as 5 nM), binimetinib has nanomolar activity against
purified MEK enzyme (IC50, 12 nM). Binimetinib has also
demonstrated a decrease in pERK when tested in multiple
cell lines, regardless of their mutational status and in vitro
sensitivity.10 A prior single-arm, phase II study of the MEK
inhibitor selumetinib showed promising activity in recurrent
LGSOC.11

This phase III study was designed to evaluate the efficacy
and safety of binimetinib in recurrent or persistent LGSOC.
Patients were not selected on the basis of molecular profile;
however, archival tumor tissue was collected at the time of
enrollment for retrospective mutational analysis. Blinded
independent central radiology review (BICR) was used to
control for potential investigator variance in assessing
response.

PATIENTS AND METHODS

Patients

Patients were. 18 years of age with a diagnosis of LGSOC,
fallopian tube or primary peritoneum, confirmed histolog-
ically and verified by central pathology review. Archival
tissue was also collected for biomarker testing using the
FoundationOne Panel (Foundation Medicine, Cambridge,
MA). Eligible patients had measurable recurrent or per-
sistent disease (as defined by RECIST V1.1, per BICR) that
had progressed (defined as radiologic and/or clinical
progression; an increase in CA-125 alone was not suffi-
cient) on or after last therapy, and was not amenable to
potentially curative intent surgery, as determined by the
investigator. Patients were required to have received $ 1
prior platinum-based chemotherapy regimen but # 3 prior
chemotherapy regimens in total, with no limit to the number
of lines of prior hormonal therapy. Patients had an Eastern
Cooperative Oncology Group performance status of 0 or 1.

Patients were excluded if they had previous treatment with
an MEK or BRAF inhibitor. Additional details regarding
inclusion and exclusion criteria are provided in the Data
Supplement.

The study was approved by the institutional review board for
each site. All clinical work was conducted in compliance
with current Good Clinical Practices as referenced in the
International Conference on Harmonization of Technical
Requirements for Registration of Pharmaceuticals for
Human Use. All patients enrolled in the study provided
written, informed consent prior to their participation.

Study Design and Treatments

The MEK Inhibitor in Low-Grade Serous Ovarian Cancer
(MILO)/ARRAY-162-311/ENGOT-ov11 study was a multi-
national, randomized, two-arm, open-label, phase III study
conducted at 102 sites in 20 countries (ClinicalTrials.gov
identifier: NCT01849874; Appendix Table A1, online only).
MILO was conducted in collaboration with European
Network of Gynecologic Oncological Trial groups (ENGOT)
according to the ENGOT Model C.12 Patients were stratified
by their last platinum-free interval (# v . 182 days) and
number of prior systemic regimens (1 to 2 v 3) and then
randomly assigned 2:1 to receive binimetinib or physician’s
choice chemotherapy (PCC; pegylated liposomal doxoru-
bicin [PLD], paclitaxel, or topotecan). Patients randomly
assigned to binimetinib received 45 mg orally twice daily
with water irrespective of food, continuously, starting on day
1. Patients randomly assigned to PCC received one of the
following: PLD (40 mg/m2 intravenously [IV] on day 1 of
every 28-day cycle), paclitaxel (80 mg/m2 IV on days 1, 8,
and 15 of every 28-day cycle), or topotecan (1.25 mg/m2 IV
on days 1-5 of every 21-day cycle). Treatment continued
until one of the following: locally determined progressive
disease (PD) unacceptable toxicity, or inability to continue
on protocol-directed therapy (additional information is

CONTEXT

Key Objective
The objective of the MEK Inhibitor in Low-Grade Serous Ovarian Cancer (MILO)/ENGOT-ov11 study was to evaluate the

MEK1/2 inhibitor binimetinib in patients with low-grade serous ovarian carcinomas (LGSOCs).
Knowledge Generated
This study did not meet its primary end point; however, binimetinib showed activity in LGSOC across the efficacy end points

evaluated. Chemotherapy responses were higher than predicted. The safety results observed in this study are generally
consistent with the known safety profile of binimetinib and with MEK inhibitor class effects.

Relevance
Currently, treatment options are limited for patients with LGSOC, and few offer objective decreases in disease burden or

tumor-progression delays. Although this trial did not meet its primary end point, binimetinib did display a clinically
meaningful progression-free survival and overall response rate and, therefore, should be considered a viable treatment
option in this setting. Forthcoming biomarker analysis may ultimately identify a subset of patients who selectively benefit
from binimetinib.
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provided in the Data Supplement). Patients randomly
assigned to PCC who developed PD (by local and BICR
assessment) were allowed to crossover to treatment with
binimetinib provided they met the crossover eligibility re-
quirements (Data Supplement).

Assessments

The primary end point was BICR progression-free survival
(PFS). Secondary end points included overall survival (OS),
overall response rate (ORR; RECIST v1.1), duration of
response (DOR), disease control rate (best response of
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FIG 1. CONSORT diagram (data cutoff date: January 20, 2016). BICR, blinded independent central review; LGS, low-grade serous. (*) Patientsmay
be counted as not meeting. 1 criterion; most common reasons provided. (**) These patients had signed ICF prior to the data cutoff date but the
outcome of their screening process was still pending as of the cutoff date.
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complete response [CR] or partial response [PR], or stable
disease [SD] documented $ week 24) and safety.

Tumors were assessed every 8 weeks for the first 72 weeks,
then every 12 weeks until PD per BICR, irrespective of the
days of study- drug administration. Safety was evaluated by
ongoing monitoring, including ophthalmic examinations,
dermatologic examinations, electrocardiograms, and car-
diac scans of ejection fraction.

Statistical Methods

For efficacy, all randomly assigned patients were included
in the analyses. For safety, all patients who received

binimetinib or PCC were included. PFS was defined as the
date of randomization to the date of first documented BICR
PD or death due to any cause, whichever occurred first. If
a patient had not experienced an event at the time of the
analysis cutoff or at the start of any new therapy, PFS was
censored at the date of last adequate tumor assessment.
PFS and OS were summarized by treatment arm using the
Kaplan-Meier method with 95% CIs for medians. The
primary end point was compared between treatment arms
using a stratified log-rank test, and a hazard ratio [HR] from
the stratified Cox model was used to summarize the
treatment effect estimate.

ORR was assessed and compared between arms using the
Fisher exact test. Median DOR with 95% CIs was provided,
with minimum, maximum, and the number still in response
(censored) at the time of data cutoff.

A total of 195 events (PD or death) provided 90% power for
testing the null hypothesis of no difference in PFS distri-
bution functions between the two treatment arms assuming
a true HR of 0.60 using a stratified log-rank test, a 1-tailed a
of 0.025, and a 2:1 binimetinib arm to control arm ran-
domization ratio. The HR required to achieve the final
critical value was approximately 0.74. Historical evidence
suggests that the median PFS in recurrent LGSOC is ap-
proximately 7 months.6,7 For exponential PFS, a HR of 0.60
translates to a median PFS of approximately 11.7 months in
the binimetinib arm. A total of approximately 360 patients
were planned. An interim analysis for early stopping for futility
was planned at 40% information fraction (ie, n 5 78 total
progression events per BICR or deaths). The futility boundary
was from the unified family of group sequential test designs
with parameter P 5 0.5.13 At 40% information fraction, this
corresponds to an approximate boundary of 0.90 on the HR
scale. A data cutoff date was set by the sponsor in advance of
the occurrence of the 78th event. FoundationOne Panel
genes that were prevalent in at least 5% of sequenced pa-
tients were tested for association with binary response (CR or
PR v SD or PD) using two-sided Fisher exact tests.

RESULTS

Patient Characteristics and Drug Exposure

Patients were enrolled from June 28, 2013, to April 1,
2016. Per recommendation of the data monitoring com-
mittee, enrollment was discontinued after the planned
interim analysis showed the HR for PFS crossed the pre-
defined futility boundary. The interim analysis was con-
ducted with 303 patients and then, at the time of the
decision to discontinue enrollment for the study, 341 pa-
tients. Results presented here include an assessment of
end points during the randomized period, up to the data
cutoff date for the interim analysis of January 20, 2016, for
a total of 303 patients (n 5 201 patients receiving bini-
metinib; n5 102 receiving PCC) in the full analysis set and
294 patients (n 5 200 receiving binimetinib; n 5 94

TABLE 1. Baseline Demographics and Disease Characteristics

Characteristic
Binimetinib
(n 5 201)

PCC
(n 5 102)

Age, median (range), years 51.6 (23-79) 50.2 (22-78)

Race

White 184 (92) 93 (91)

Black or African American 2 (, 1) 3 (3)

Asian 6 (3) 2 (2)

American Indian/Alaskan Native 0 1 (, 1)

Other 0 1 (, 1)

Missing 9 (4) 2 (2)

Region

United States/Canada 84 (42) 45 (44)

Australia 6 (3) 6 (6)

Europe 111 (55) 51 (50)

ECOG PS 0 124 (62) 66 (65)

No. of prior systemic regimens

Median (range) 2 (1-8) 2 (1-6)

1 86 (43) 42 (41)

2 60 (30) 30 (29)

3 34 (17) 22 (22)

$ 4 21 (10) 8 (8)

Prior treatment

Radiation 15 (7) 7 (7)

Surgery 201 (100) 102 (100)

Hormonal therapy 69 (34) 34 (33)

Response to prior platinum-based therapy 83 (46) 59 (58)

Response to prior paclitaxel 61 (30) 43 (43)

PCCa

Pegylated liposomal doxorubicin — 64 (68)

Paclitaxel — 25 (27)

Topotecan — 5 (5)

NOTE. Data are reported as No. (%) unless otherwise indicated.
Abbreviations:—, characteristic is not relevant for the binimetinib arm; ECOG PS,

Eastern Cooperative Oncology Group performance status; PCC, physician’s choice
chemotherapy.

aData are from the Safety Set. All other data from the Full Analysis Set
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receiving PCC) in the safety population (Fig 1). At the time
of data cutoff, (January 20, 2016), 107 patients (53%) and
48 patients (47%) had discontinued treatment of bini-
metinib and PCC, respectively. The most common reasons
for discontinuing initial treatment were disease progression
(binimetinib, 24%; PCC, 20%) and adverse events (bini-
metinib, 20%; PCC, 11%; Fig 1). Patient baseline de-
mographics and disease characteristics were generally well
balanced between the two groups (Table 1).

The median duration of exposure to binimetinib was
4.1 months (range, 0-24 months) and the median relative
dose intensity was 67.6% (range, 6%-100%). The median
duration of exposure to any of the PCC was 4.1 months
(range, 0-18 months). Patients in the PCC group received
PLD (n 5 64 patients; 68%); paclitaxel (n 5 25 patients;
27%), or topotecan (n 5 5 patients; 5%). The median
(range) relative dose intensity was 71.3% (40%-100%) for
topotecan, 95.9% (0%-116%) for PLD, and 89.4% (33%-
102%) for paclitaxel.

Efficacy

The primary end point of PFS by BICR is shown in Figure 2.
The median PFS was 9.1 months (95% CI, 7.3 to 11.3) in
the binimetinib group and 10.6 months (95% CI, 9.2 to
14.5) in the PCC group. The HR from the stratified Cox
model was 1.21 (95% CI, 0.79 to 1.86). Based on a point-
estimate futility boundary of HR . 0.84 for the 103 events
observed in the interim analysis, the futility boundary was
crossed, indicating a low probability of reaching statistical
significance in favor of binimetinib with continued follow-
up. In the local investigator assessment, patients in the
binimetinib arm had a median PFS of 12.5 months
(95% CI, 9.1 to 17.7) compared with 11.6 months (95% CI,

10.0 to 16.1) in the PCC group. The stratified HR was 0.87
(95% CI, 0.56 to 1.34).

The OS results are depicted in the Data Supplement. They
were similar between groups, with 164 patients (82%) in
the binimetinib group alive at the time of data cutoff for interim
analysis compared with 82 patients (80%) in the PCC group.
The median OS was 25.33 months (95% CI, 18.46 to not
reached [NR]) in the binimetinib group and 20.83 months
(95% CI, 17.45 to NR) in the PCC group. The HR from the
stratified Cox model was 0.85 (95% CI, 0.49 to 1.48).

The response analysis is shown in Table 2. The ORR by
BICR was 16% in the binimetinib group and 13% in the
PCC group. The median DOR in the binimetinib group was
8.05 months (95% CI, 5.55 to NR) compared with
6.67 months (95% CI, 3.71 to NR) in the PCC group; 23
patients in the binimetinib group and 8 patients in the PCC
group had responses ongoing at the data cutoff date. For
the response assessment by local investigator, the ORR
was 18% in the binimetinib group and 13% in the PCC
group. Median DOR was 15.84 months (95% CI, 10.41 to
NR) in the binimetinib group and 9.89 months (95% CI,
6.41 to 9.89) in the PCC group. A waterfall plot displaying
percent change in sum of longest diameters per BICR is
displayed in the Data Supplement.

At the time enrollment to the study ended in April 2016,
patients being treated with binimetinib or PCC were notified
of the interim results, but if desired, they were allowed to
continue receiving treatment until treatment discontinua-
tion criteria were met. Crossover was stopped at that time.
An updated analysis was conducted when the remaining
data were collected after the discontinuation of enrollment,
with a data cutoff of January 2019 (n 5 341). In this
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FIG 2. Kaplan-Meier plot of progression-free survival per (A) blinded independent central review and (B) local assessment. HR, hazard ratio; PCC, physician’s
choice chemotherapy; PFS, progression free survival.
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analysis, median PFS by BICR was 10.4 months (95% CI,
7.5 to 12.9) in the binimetinib group and 11.5 months
(95% CI, 9.9 to 14.8) in the PCC group (HR, 1.15;95% CI,
0.76 to 1.74; Data Supplement). Median OS was
34.6 months (95% CI, 28.0 to NR) and 34.2 months
(95% CI, 21.6 to NR) for the binimetinib and PCC groups,
respectively (HR, 0.93; 95% CI, 0.65 to 1.33; Data Sup-
plement). Updated ORR by local investigator assessment

was 24% in both groups (Data Supplement). It is important
to note the median OS estimates in both arms increased at
the follow-up analysis, possibly as a result of the instability
of the median estimates at the time of the initial analysis,
when the potential follow-up was substantially (3 years)
shorter.

Molecular testing was performed on all consenting patients
with adequate archival tissue. At the time of the January

TABLE 2. Summary of Best Overall Response and Duration of Response

Type of Review

Confirmed Best Overall Responsea

Binimetinib (n 5 198) PCC (n 5 101)

BICR

Best overall response

CR1PR (ORR) 32 (16) 13 (13)b

CR 1 (1) 2 (2)

PR 31 (16) 11 (11)

SD 119 (60) 61 (60)

PD 8 (4) 8 (8)

Non-nodal 1 (1) 0

Not done 0 0

Not evaluable for response 19 (10) 11 (11)

Unknown 19 (10) 8 (8)

ORR difference (95% CI) 3.29 (28.78 to 15.26) —

Duration of response, months

Ongoing response 23 (12) 8 (8)

Median (95% CI) 8.05 (5.55 to NR) 6.67 (3.71 to NR)

Range 0.03-11.99 0.03-9.69

Local assessment

Best overall response

CR1PR (ORR) 35 (18) 13 (13)

CR 3 (2) 1 (1)

PR 32 (16) 12 (12)

SD 122 (62) 57 (56)

PD 6 (3) 10 (10)

Not evaluable for response 2 (1) 0

Not done 11 (6) 9 (9)

Unknown 22 (11) 12 (12)

ORR difference (95% CI) 4.81 (27.28 to 16.75) —

Duration of response, months

Ongoing response, No. (%) 29 (15) 9 (9)

Median (95% CI) 15.84 (10.41 to NR) 9.89 (6.41 to 9.89)

Range 0.03-18.73 0.03-9.89

NOTE. Data are reported as No. (%) unless otherwise indicated.
Abbreviations:—, no value; BICR, blinded independent central review; CR, complete response; NR, not reached; ORR, overall response rate;

PD, progressive disease; PR, partial response; SD, stable disease.
aConfirmed responses per RECIST 1.1.
bThe objective response rates in the subgroups of patients who received topotecan, liposomal doxorubicin, and paclitaxel within the PCC arm

were 0% (0/9), 14% (9/66), and 15% (4/26), respectively.

3758 © 2020 by American Society of Clinical Oncology Volume 38, Issue 32

Monk et al



2019 data cutoff, 215 patients had tumor tests available.
There were 47 mutations detected in at least 5% of pa-
tients, most commonly KRAS, which was found in 33% of
patients. The frequency of KRAS mutation was evenly
distributed between the two groups and was found in 46
patients (32%) treated with binimetinib and 24 patients
(34%) treated with PCC. Unbiased univariate analyses
evaluating best ORR to therapy as a binary response
showed KRAS mutation was significantly associated with
response to treatment with binimetinib (odds ratio [OR],
3.4; 95%CI, 1.53 to 7.66; unadjusted P5 .003; Fig 3A) but
not PCC (OR, 2.13; 95% CI, 0.67 to 6.81; P 5 .2; Fig 3B).
KRAS mutation was also associated with prolonged PFS in
patients treated with binimetinib (median PFS: KRAS
mutant: 17.7 months [95% CI, 12 to NR]; KRAS wild-type
(WT): 10.8months [95%CI, 5.5 to 16.7]; P5 .006), but not
PCC (median PFS: KRAS mutant: 14.6 months [95% CI,
9.4 to NA]; KRAS WT: 11.5 months [95% CI, 5.7 to 26.6];
P 5 .502).Among those patients treated with binimetinib
for whom updated local RECIST 1.1 response data and
molecular data were available (n 5 133), KRAS mutation
status was significantly associated with local best response
(P 5 .004); 44% of patients with KRAS mutation versus

19% of patients with KRAS WT had CR or PR (Table 3).
Mutations identified by Foundation Medicine Foundatio-
nOne Panel in $ 1 tumor sample are listed in the Data
Supplement.

Safety

Grade $ 3 adverse events were reported in 76% and
44% of patients for binimetinib and PCC, respectively
(Table 4). Adverse events that led to permanent discon-
tinuation of study drug were reported by 62 patients (31%)
for binimetinib and 16 patients (17%) in the PCC group.
Adverse events leading to binimetinib discontinuation in
$ 5 patients were decreased ejection fraction (n 5 8 patients;
4%), vomiting (n 5 6 patients; 3%), intestinal obstruction
and retinal vein occlusion (n 5 5 patients; 2% each). The
adverse event leading to discontinuation of PCC in $ 5 pa-
tients was palmar-plantar erythrodysesthesia syndrome (n 5
5 patients; 5%). A total of six patients (3%) in the binimetinib
group experienced a retinal vein occlusion event, all of which
resulted in treatment discontinuation. All events were con-
sidered resolved or resolving, two with sequelae. No per-
manent blindness or permanent loss of vision was observed.

DISCUSSION

Binimetinib did not demonstrate a significant difference in
the primary end point of PFS versus PCC in patients with
recurrent or persistent LGSOC. In addition, the proportion of
patients achieving an objective response and the median
DOR appeared similar between arms. Of note, the re-
sponses to chemotherapy in this study were greater than
anticipated on the basis of previously reported, single-
institution retrospective case series.

Although the MILO/ENGOT-ov11 trial did not meet its
primary end point, binimetinib did display a clinically
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FIG 3. (A) Binimetinib treatment group: univariate analysis of molecular alterations and response to therapy. (B) Physician’s choice chemotherapy
group: univariate analysis of molecular alterations and response to therapy. OR, odds ratio.

TABLE 3. Best Response by Local RECIST 1.1 Radiology Read in those patients
treated with binimetinib
Local Best
Response

KRAS Mutant (n 5 43),
No. (%)

KRAS Wild-Type (n 5 90),
No. (%) P

.004

CR/PR 19 (44) 17 (19)

SD/PD 24 (56) 73 (81)

Abbreviations: CR, complete response; PD, progressive disease; PR, partial
response; SD, stable disease.
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meaningful PFS and ORR and, therefore, should be con-
sidered a viable treatment option in this setting. Themedian
OS for patients with advanced LGSOC approaches
10 years, with patients often experiencing significant
morbidity from their disease during that time.2 Currently,
treatment options are limited for patients with this disease
and few offer objective decreases in disease burden or
delays in tumor progression. Recent results from another
phase II/III trial in 260 patients with recurrent LGSOC
showed trametinib was associated with significantly im-
proved PFS (median, 13.0 v 7.2months; HR, 0.48; 95%CI,
0.36 to 0.64; P , .0001) and ORR (trametinib: 26.2% v
control:6.2%; OR, 5.4; 95% CI, 2.39 to 12.21; P , .0001)
compared with physician’s choice standard of care, also
indicating the potential of MEK inhibition in this patient
population.14 Of note, the control arm in that study did not
appear to perform as well as in the current study, possibly
because of differences in inclusion criteria. The trametinib
study allowed for an unlimited number of prior chemo-
therapies, whereas the binimetinib study was limited to
patients who had received amaximum of three prior lines of
chemotherapy. Differences in study design and inclusion
criteria likely selected for a more chemotherapy-resistant
population in the trametinib study, explaining the similar
activity of MEK inhibitors between the two studies (response
rate of 24% on updated analysis of binimetinib study;

26.2% in the trametinib study) but difference in activity
within the control arms. Safety results from this study show
that patients treated with binimetinib had higher rates of
nonserious and serious adverse events overall, as well as
grade $ 3 adverse events compared with the PCC group,
and there were more frequent dose reductions, dose in-
terruptions, and permanent discontinuations due to ad-
verse events experienced by patients in the binimetinib
group, resulting in a lower relative dose intensity for the
binimetinib group compared with any of the drugs in the
PCC group. The majority of adverse events assessed as
related to binimetinib were reversible with or without drug
interruption. The safety profile observed in this study is
consistent with the known binimetinib profile and consis-
tent with those for the class of MEK inhibitors.15

There are several limitations of the study. First, the lack of
suitable, validated biomarkers led to a design with an
unselected patient population. Post hoc analysis suggests
a possible association between KRAS mutation and re-
sponse to binimetinib. Additional exploration is warranted
to determine if patients with KRAS mutation may derive
greater benefit from binimetinib. Although KRAS has been
an elusive target across multiple cancer types, prior early-
phase studies have found promising response rates to
MEK inhibitors and MEK inhibitor combinations in those

TABLE 4. Adverse Events Reported in . 20% of Treated Patients in Either Arm

Eventa

Binimetinib (n 5 200) PCC (n 5 94)

Any Gradeb ‡ Grade 3 Any Grade ‡ Grade 3

Total no. of patients with any adverse eventc 194 (97) 151 (76) 92 (98) 41 (44)

Diarrhea 141 (70) 13 (6) 30 (32) 0

Nausea 110 (55) 9 (4) 43 (46)

Vomiting 107 (54) 20 (10) 23 (24) 2 (2)

Blood creatinine phosphokinase increased 99 (50) 52 (26) 1 (1) 0

Fatigue 97 (48) 7 (4) 43 (46) 4 (4)

Edema peripheral 93 (46) 1 (, 1) 8 (9) 0

Dermatitis acneiform 92 (46) 12 (6) 4 (4) 0

Abdominal pain 63 (32) 9 (4) 21 (22) 0

Ejection fraction decreased 57 (28) 7 (4) 10 (11) 1 (1)

Dry skin 56 (28) 3 (2) 14 (15) 0

Constipation 52 (26) 3 (2) 25 (27) 0

Alopecia 50 (25) 0 25 (27) 0

Stomatitis 46 (23) 2 (# 1) 27 (29) 4 (4)

Decreased appetite 45 (22) 2 (# 1) 17 (18) 2 (2)

Rash, maculopapular 45 (22) 2 (# 1) 16 (17) 2 (2)

Palmar-plantar erythrodysesthesia syndrome 9 (4) 0 31 (33) 5 (5)

NOTE. Data are reported as No. (%) unless otherwise indicated.
Abbreviation: PCC, physician’s choice chemotherapy.
aAny single patient may have experienced adverse events under multiple terms (ie, not mutually exclusive).
bGrade is based on National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.03.
cReported using standard MEDRA dictionary coding.
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patients with KRAS-mutant LGSOC.16-18 This has led to
considerable interest in the use of mutation status when
weighing the expected adverse effects versus benefits of
MEK inhibitor therapy. Adverse events in the binimetinib
group led to study discontinuations and a low dose in-
tensity. The safety events noted in this study were re-
solved with conservative supportive care and could
potentially be mitigated in future protocols with more
proactive management.

In conclusion, although this study did not meet its primary
end point, binimetinib showed activity in LGSOC across the
efficacy end points evaluated. Chemotherapy responses
were greater than predicted. The safety results observed in
this study are generally consistent with the known safety
profile of binimetinib and with MEK inhibitor class effects.
Forthcoming biomarker analysis may ultimately identify
a subset of patients who selectively benefit from binime-
tinib, and additional clinical evaluation is warranted.
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