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Abstract

Introduction and Objective Serous retinopathy can be associated with MEK inhibitors, including cobimetinib. We pre-
sent results of an integrated safety analysis to further characterize ocular functional and structural changes due to serous
retinopathy.

Methods Four studies evaluating cobimetinib at the approved dose and schedule in combination with other oncology drugs
were included. Study CO39721 incorporated standardized ophthalmologic assessments to fully characterize serous retin-
opathy events over time and was the primary study for analysis. Supporting information was provided by studies GO28141,
W029479, and GO30182.

Results In total, 655 patients received one or more doses of cobimetinib and comprised the safety-evaluable population.
Overall, 117 patients (17.9%) had one or more serous retinopathy events, 24 (3.7%) had two or more events, and four (0.6%)
had three or more events. Grade 3 events occurred in < 2.5% of patients. In CO39721, the median time to onset was 15
days (range 7-111); median time to resolution of first occurrence was 26 days (range 6-591 + days). Twelve of 25 patients
(48.0%) recovered without a dose modification and 4/25 (16.0%) were recovered/recovering following a dose modification.
The most frequent presentation of serous retinopathy was focal subretinal fluid on optical coherence tomography (62.8% of
cases); in some instances (25.7% of cases), subretinal fluid was multifocal. There was no loss of visual function or visual
acuity at serous retinopathy onset or resolution.

Conclusions Results from this integrated safety analysis indicate that cobimetinib-associated serous retinopathy can be
managed with or without a dose modification of cobimetinib at the discretion of the treating physician. No visual loss or
permanent retinal damage was identified on comprehensive ophthalmologic assessments.

Clinical Trial Registration ClinicalTrials.gov identifiers: NCT03178851, NCT01689519, NCT02322814, and NCT02788279.

Among patients treated with cobimetinib at the approved
dose and schedule in combination with other oncology
drugs, the incidence of serous retinopathy was 17.9%;
most events were asymptomatic or mildly symptomatic
and recurrence was infrequent.

Serous retinopathy typically occurred within the first
few cycles after initiation of cobimetinib treatment and
Yogesh Patel: At the time of the analysis; no current affiliation. resolved within a few weeks after onset with either a
dose modification or without any change in dosing.
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1 Introduction

The mitogen-activated protein kinase, or
RAS-RAF-MEK-ERK, pathway regulates cell prolifera-
tion, differentiation, and survival and is aberrantly activated
in more than a third of all cancers and approximately 90%
of cutaneous melanomas [1]. Several MEK inhibitors have
been developed and have been evaluated in a variety of can-
cers, but focus has increasingly turned to the evaluation of
combinatorial strategies because of limited single-agent
efficacy [2]. Cobimetinib is a reversible inhibitor of MEK1
and MEK?2 that is approved for use in combination with
vemurafenib for the treatment of BRAFY®®-mutated locally
advanced or metastatic melanoma [3, 4].

The mitogen-activated protein kinase pathway plays an
important role in the maintenance, protection, and repair of
the retina [5], and serous retinopathy (SR) has been iden-
tified as a class effect with MEK inhibitors [6, 7]. Symp-
tomatic ocular toxicity has been reported in 0.5-19% of
patients with other MEK inhibitors (trametinib, binimetinib,
or refametinib) [8—12]. Higher incidences have been reported
in studies that incorporated prospective screening for ocu-
lar toxicity, which frequently detects asymptomatic events
[7, 13]. Although initially described as resembling central
SR, clinical and morphologic characteristics of MEK inhib-
itor-associated SR are distinct from those of classic central
serous chorioretinopathy [6, 7]. Although the mechanism of
MEK inhibitor-associated SR is not well understood, evi-
dence suggests that mitogen-activated protein kinase signal-
ing can regulate the density of aquaporins between retinal
pigment epithelium cells [14]. Inhibition of MEK may alter
the permeability of the retinal pigment epithelium, allowing
accumulation of subretinal fluid that can lead to retinal pig-
ment epithelial detachment (RPED) [5].

In a previous analysis of the phase III coBRIM study,
which incorporated a prospective evaluation of SR signs and
symptoms, cobimetinib in combination with vemurafenib
was associated with symptomatic or asymptomatic SR in
26% of patients with BRAFY*_mutated melanoma [15].
Previous studies of cobimetinib, including coBRIM, have
not incorporated standardized eye examination schedules
for patients who developed SR. Consequently, the CO39721
study was designed to include a comprehensive ocular exam-
ination schedule with fixed eye exams to fully characterize
SR events and their sequelae [16]. We present the results
of an integrated safety analysis to further characterize SR/
RPED with cobimetinib at the approved dose and schedule
in combination with various oncology drugs across different
cancer types.
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2 Methods
2.1 Included Studies

Four studies were included in the analysis (Table 1).
Detailed methods for each of the studies have been previ-
ously reported. In brief, CO39721 (NCT03178851) was
a phase 1b, multicenter, open-label study evaluating cobi-
metinib in combination with atezolizumab in patients with
BRAFV% wild-type advanced melanoma who had pro-
gressed on prior anti-programmed death 1 therapy [16].
GO28141 (coBRIM; NCT01689519) was a phase III, mul-
ticenter, randomized, double-blind study evaluating cobi-
metinib in combination with vemurafenib in patients with
previously untreated, BRAF®% mutation-positive, advanced
melanoma [3, 4]. W0O29479 (COLET; NCT02322814)
was a phase II, multicenter, randomized, open-label study
evaluating cobimetinib in combination with paclitaxel, or
atezolizumab and paclitaxel or nab-paclitaxel, in patients
with previously untreated advanced triple-negative breast
cancer [17]. Finally, GO30182 (COTEZO; NCT02788279)
was a phase III, multicenter, randomized, open-label study
evaluating cobimetinib in combination with atezolizumab in
patients with previously untreated, advanced colorectal can-
cer [18]. In all four studies, cobimetinib was administered
at the approved dose and schedule (60 mg once daily for
21 days followed by 7 days off in each 28-day cycle). Dose
modifications for the management of SR were mandated by
the protocol in each of the included studies (Table 1).

To fulfill a post-marketing requirement to the US FDA,
C039721 was designed to incorporate standardized ophthal-
mologic assessments to fully characterize the visual and ana-
tomical impact of SR events over time and was considered
the primary study for this analysis. Detailed ophthalmologic
data were collected using prespecified standardized eye
exams for patients who presented with SR, including visual
acuity, indirect ophthalmoscopy, spectral-domain optical
coherence tomography (OCT), and automated visual field
testing (10-2 threshold if SR was detected only within the
macula; 24-2 threshold if SR was extramacular or extended
beyond the macula) until resolution of the SR event. Sup-
porting information was provided by studies GO28141,
W029479, and GO30182, which incorporated prospective
monitoring of SR and/or RPED, but on a less rigorous and
well-defined schedule than study CO39721 (Table 1).

Each of the included studies was approved by the institu-
tional review board or ethics committee at each participating
institution and were conducted in accordance with the pro-
visions of the Declaration of Helsinki and the International
Conference on Harmonisation guidelines for Good Clinical
Practice. All patients provided written informed consent.
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2.2 Outcomes and Analysis

The analysis population for evaluation of SR and/or RPED
comprised all patients in each study who received any
amount of cobimetinib. Serous retinopathy and/or RPED
reported as adverse events in any of the included studies
was identified using a standardized list of Medical Diction-
ary for Regulatory Activities preferred terms for SR and/or
RPED (Table S1 of the Electronic Supplementary Material
[ESM]). Only SR and/or RPED events that occurred during
or after the first dose of study treatment were included in
the analysis.

Verbatim descriptions of adverse events were mapped
to Medical Dictionary for Regulatory Activities thesaurus
terms and graded according to National Cancer Institute
Common Terminology Criteria for Adverse Events version
4.0. Grade 1 events were defined as mild (asymptomatic
or mild symptoms; clinical or diagnostic observations only;
intervention not indicated). Grade 2 events were defined as
moderate (minimal, local, or noninvasive intervention indi-
cated; limiting age-appropriate instrumental Activities of
Daily Living). Grade 3 events were defined as severe (severe
or medically significant but not life-threatening; hospitaliza-
tion or prolongation of hospitalization indicated; disabling;
limiting self-care Activities of Daily Living). Grade 4 events
were defined as life threatening (urgent intervention indi-
cated), and grade 5 events were defined as events leading to
death. Multiple occurrences of the same event were counted
only once using the highest grade.

Time to onset of SR and/or RPED was defined as the time
from the first dose of the study drug to the start date of SR
and/or RPED. Duration of SR and/or RPED was defined
as the time from the event start date to the resolution date.
Time to first occurrence and duration of the first occurrence
of SR and/or RPED were analyzed separately from subse-
quent occurrences. Median time to resolution was estimated
by Kaplan—Meier methodology with censoring of patients
whose events did not resolve. Serous retinopathy and/or
RPED events leading to a dose modification or a discontinu-
ation of cobimetinib were summarized descriptively.

Potential risk factors for SR and/or RPED were assessed
in the total pooled safety population and were summarized
using descriptive statistics. Baseline ophthalmology con-
founders were identified through a review of ocular medical
and surgical history, and baseline medical conditions were
reviewed for risk factors identified as associated with retin-
opathy in a literature review (Table S2 of the ESM).
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3 Results

Across the four included studies, 655 patients received at
least one dose of cobimetinib and comprised the safety-
evaluable population for analysis.

3.1 Incidence and Severity

A total of 117 patients (17.9%) had at least one SR and/or
RPED event, with a total of 164 events reported (Table 2).
Second and third occurrences were infrequent, with 24
patients (3.7%) having two or more events, and four patients
(0.6%) having three or more events. The most frequently
reported events by Medical Dictionary for Regulatory
Activities preferred terms were chorioretinopathy (n = 42;
6.4%), MEK inhibitor-associated SR (n = 17; 2.6%), retinal
detachment (n = 15; 2.3%), retinopathy (n = 13;2.0%), and
detachment of retinal pigment epithelium (n = 15; 2.3%).

The majority of SR/RPED events were grade 1 or 2.
Grade 3 events were uncommon, occurring in ten patients
(1.5%), and included chorioretinopathy (n = 4), retinal
detachment (n = 2), retinopathy (n = 2), macular detachment
(n = 1), and detachment of the retinal pigment epithelium
(n = 1). There were no grade 4 or 5 events. Serious events
occurred in four patients (0.6%): grade 1 retinal detachment
(n=1), grade 2 chorioretinopathy (n = 2), and grade 3 cho-
rioretinopathy (n = 1).

3.2 Time to Onset of First SR/RPED Event

First occurrence of SR/RPED typically occurred within the
first two cycles of treatment (Table 3). Median time to onset
was 15 days (range 7-111) in the CO39721 study and 25-80
days (range 2-988) across the three supporting studies. In
the CO39721 study, median time to onset for the second
occurrence was 18.5 days (range 15-126) and median time
to third occurrence was 20.5 days (range 14-27).

3.3 Management and Resolution

Most SR/RPED events resolved without treatment or with a
modification of dosing (Table 4). Of 117 patients with one
or more occurrences of SR/RPED, 40 patients (34.1%) had
a dose modification (dose reduction or interruption) of cobi-
metinib and nine patients (7.7%) discontinued cobimetinib.
At the time of the clinical data cut-off, SR/RPED events
were resolved in 67/117 patients (54.7%). More than a third
of patients (45/117; 38.5%) recovered or were recovering
following no change in dosing. In study CO39721, 12/25
patients (48%) recovered with no dose modification, and
4/25 patients (16%) were either recovered or recovering fol-
lowing dose modification.
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Table 2 Frequency of SR/RPED by MedDRA preferred term
Events C0O39721 (cobi- G0O28141 (cobi- W029479 (cobimetinib + GO30182 (cobi- Total, N = 655
metinib + atezoli-  metinib 4+ vemu- paclitaxel, cobimetinib + metinib + atezoli-
zumab) rafenib) atezolizumab + paclitaxel or  zumab)
n=103 n =248 nab-paclitaxel) n=179
n=125
Patients with > 1 occurrence, 25 (24.3) 66 (26.6) 8 (6.4)° 18 (10.1) 117 (17.9)
n (%)
Patients with > 2 occur- 4(3.9) 17 (6.9) 0 3(1.7) 24 (3.7)
rences, n (%)
Patients with > 3 occur- 2(1.9) 2(0.8) 0 0 4 (0.6)
rences, 1 (%)
Total number of events, n 31 101 9 23 164
MedDRA preferred term, n (%)
Chorioretinopathy 54.9) 33 (13.3) 2 (1.6) 2(1.1) 42 (6.4)
MEK inhibitor-associated 12 (11.7) 0 0 5(2.8) 17 (2.6)
serous retinopathy
Detachment of retinal pig- 1(1.0) 9 (3.6) 1(0.8) 4(2.2) 15(2.3)
ment epithelium
Retinal detachment 0 13 (5.2) 1(0.8) 1(0.6) 15 (2.3)
Retinopathy 54.9) 3(1.2) 0 5(2.8) 13 (2.0)
Macular edema 0 5(2.0) 3.4 0 8(1.2)
Macular detachment 0 6(2.4) 0 0 6(0.9)
Macular fibrosis 0 3(1.2) 1(0.8) 0 4(0.6)
Retinal edema 1(1.0) 0 0 1 (0.6) 2(0.3)
Retinal tear 1(1.0) 0 0 0 1(0.2)
Subretinal fluid 1(1.0) 5(2.0) 0 0 1(0.2)
Detachment of macular reti- 0 1(0.4) 0 0 1(0.2)
nal pigment epithelium
Serous retinal detachment 0 0 0 1 (0.6) 1(0.2)
NCIC CTCAE grade, n (%)*
Grade 1 17 (16.5) 35(14.1) 6 (4.8) 9 (5.0) 67 (10.2)
Grade 2 8(7.8) 25(10.1) 2 (1.6) 5(2.8) 40 (6.1)
Grade 3 0 6(2.4) 0 4(2.2) 10 (1.5)
Grade 4 0 0 0 0 0
Serious events, n (%) 0 4(1.6) 0 0 4(0.6)

MedDRA Medical Dictionary for Regulatory Activities, NCIC CTCAE National Cancer Institute Common Terminology Criteria for Adverse
Events, RPED retinal pigment epithelial detachment, SR serous retinopathy

*Highest severity grade per patient

PSR occurred in 5/63 patients treated with cobimetinib + paclitaxel, 1/32 patients treated with cobimetinib + atezolizumab + paclitaxel, and

2/30 patients treated with cobimetinib + atezolizumab + nab-paclitaxel

Among patients with resolution of SR/RPED, the median
duration of first occurrence was 14 days (range 6-42) in
the CO39721 study. Median time to resolution of the first
occurrence was 26 days (range 6-591 +) in the CO39721
study and 34-97 days (range 3-2234 +) across the three
supporting studies.

3.4 Risk Factors

In a univariate analysis, hypertension, autoimmune disease,
pre-existing ocular confounders, male sex and age >50 years

were identified as significant risk factors for the development
of SR/RPED (Table 5).

3.5 Ophthalmologic Assessments in Patients
with SR in Study C039721

In study CO39721, a total of 31 SR events were reported in
25 patients, with four patients having a second occurrence
and two patients having a third occurrence. Serous retinopa-
thy was bilateral in 15 patients and unilateral in five patients,
for a total of 35 eyes affected.
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Table 3 Time to onset and resolution of SR/RPED

Events C039721 G028141 W029479 GO0O30182
n=103 n =248 n=125 n=179
Median time to onset of first occurrence, days (range) 15 (7-111) 30 (2-988) 80 (14-294) 25 (8-322)
Median duration of first occurrence, days (range)?
All occurrences (including repeat events) - 82 (6-735) 18 (7-142) 17 (3-92)
First occurrence 14 (6-42) - - -
Second occurrence 16 (14-21) - - -
Third occurrence 29 (15-43) - - -
Median time to resolution of first event, days (range)b 26 (6-591 +) 97 (62234 +) 93 (6-1778 +) 34 (3-910 +)
RPED retinal pigment epithelial detachment, SR serous retinopathy.
In patients with resolved events and an available resolution date
YEstimated by the Kaplan—Meier method with censoring of patients whose events did not resolve; + indicates censored value
Table 4 Dose modifications and g C039721  GO28141  WO029479  GO30182  Total
outcomes in patients with one =25 =66 n=38 n=18 N=117
or more SR/RPED event
Cobimetinib modifications, n (%)
No dose modification 20 (80.0) 35 (53.0) 5(62.5) 8 (44.4) 68 (58.1)
Dose modification 5(20.0) 25(37.9) 2 (25.0) 8 (44.4) 40 (34.1)
Dose reduction 3(12.0) 18 (27.3) 1(12.5) 4(22.2) 26 (23.1)
Dose interruption 2 (8.0) 7 (10.6) 1(12.5) 4(22.2) 14 (12.0)
Treatment discontinuation 0 6(9.1) 1(12.5) 2(11.1) 9(7.7)
Outcome, 1 (%)
Recovered/resolved 14 (56.0) 31 (47.0) 5(62.5) 14 (77.8) 64 (54.7)
Recovered/resolved with sequelae 0 4(6.1) 0 0 4 (3.4)*
Recovering/resolving 4(6.1) 2 (3.0 1(12.5) 1(5.6) 8 (6.8)
Unresolved 7 (28.0) 27 (40.9) 2 (25.0) 13 (16.7) 49 (41.9)
Unknown 0 2 (3.0 0 0 2(1.7)

RPED retinal pigment epithelial detachment, SR serous retinopathy

#Sequelae included: bilateral serous detachment of neuroepithelium on indirect ophthalmoscopy; bilateral
macular central serous retinopathy on indirect ophthalmoscopy; bilateral pseudoexfoliation syndrome and
incipient cataract on slit lamp; and small subretinal serous lesions in the right eye and dry age-related mac-
ular degeneration in the left eye on indirect ophthalmoscopy

Development of SR had no impact on best-corrected
mean visual acuity. Mean visual acuity was similar at base-
line (79.1 letters; n = 35 eyes), the time of first SR onset
(79.1 letters; n = 35 eyes), and at the last result regardless
of SR resolution (80.7 letters; n = 33 eyes).

At baseline, 23/35 eyes (65.7%) had normal indirect oph-
thalmoscopy results and 12/35 (34.3%) had baseline abnor-
malities unrelated to SR. In the 23 eyes with normal readings
at baseline, indirect ophthalmoscopy results were normal in
ten eyes and abnormal in 13 eyes at SR onset. Serous retin-
opathy resolved in 7/13 eyes; at the time of the last SR reso-
lution, indirect ophthalmoscopy findings returned to normal
in two eyes and remained abnormal in five eyes. At the last
available indirect ophthalmoscopy, findings were normal in
12 eyes and abnormal in 11 eyes.

Optical coherence tomography findings of subretinal fluid
were similar to those previously illustrated [15]. Thirty-four
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of 35 eyes (97.1%) had OCT findings related to SR, mostly
as focal subretinal fluid in the fovea (22/35 eyes, 62.8%;
Table S3 of the ESM). Subretinal fluid was multifocal at SR
onset in 9/35 eyes (25.7%). Subretinal fluid was still present
at the last available OCT in 4/35 eyes (11.4%).

At screening, 7/35 eyes (20.0%) had visual field defects
(data missing for five eyes). No new visual field defects were
reported during the study.

4 Discussion

Previously, an incidence of SR of 26% was reported with
cobimetinib in combination with vemurafenib [15] but
the longitudinal impact on visual function and retinal
anatomy from SR was not comprehensively studied. The
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Table 5 Risk factors for SR/RPED

Frequency, n (%) SR No SR X2 p value®
Hypertension 8.9444 0.0028
Yes (n =227) 55(24.2) 172 (75.8)
No (n = 428) 62 (14.5) 366 (85.5)
Autoimmune disease 4.331 0.0374
Yes (n =42) 13 (31.0) 29(69.1)
No (n=613) 104 (17.0) 509 (83.0)
Pre-existing ocular con- 9.6256 0.0019
founders
Yes (n = 48) 17 (35.4) 31 (64.5)
No (n = 607) 100 (16.5) 507 (83.5)
Sex 7.4106 0.0065
Male (n = 320) 71(22.2) 249 (77.8)
Female (n = 335) 46 (13.7) 289 (86.3)
Age, years 6.0641 0.0138
> 50 (n =468) 95(20.3) 373 (79.7)
<50 (n=187) 22 (11.8) 165 (88.2)

RPED retinal pigment epithelial detachment, SR serous retinopathy
Fisher’s exact test

current report expands on those findings in a larger group
of patients including cobimetinib in combination with other
oncology drugs. Based on the evaluation of 655 patients
who were treated with cobimetinib in combination with
other agents across four studies, the frequency of SR and/
or RPED ranged from 6.4 to 26.6%. Reported incidences of
MEK inhibitor-associated SR with other MEK inhibitors
(alone or in combination with other oncology drugs) vary
widely, with a range from 1 to 2% with trametinib, ~ 2%
with refametinib, 10-40% with selumetinib, and 9-62%
with binimetinib [8—13, 19]. However, a comparison of
the incidence of SR across MEK inhibitors is complicated
by the lack of prospective screening for retinopathy in
the majority of studies, as well as a lack of uniformity in
the description, diagnosis, and reporting of ocular toxic-
ity across studies. Given the lack of randomized studies
that include a MEK inhibitor monotherapy arm, it remains
unclear whether the incidence of MEK inhibitor-associated
SR is altered by combinations with other oncology drugs.
However, SR is infrequently reported with immune check-
point inhibitor or BRAF inhibitor monotherapy [20], and
evidence to date suggests that SR observed with combined
BRAF plus MEK inhibition is largely caused by the MEK
inhibitor [6, 13, 15, 21] .

In the CO39721 study, which incorporated standardized
ocular examinations (visual acuity, indirect ophthalmoscopy,
OCT, and automated visual field testing) to fully character-
ize the visual and anatomical impact of SR events over time,
the most frequent presentation of SR during cobimetinib
treatment was focal subretinal fluid on OCT (62.8% of

cases), mostly in the fovea, which resolved in a large major-
ity of cases. Multifocal spots of subretinal fluid were less
common, present in 25.7% of cases. There was no impact
on visual function by the accumulation of subretinal fluid,
either at the occurrence of the event or at the time of resolu-
tion; more specifically, there was no visual loss on visual
acuity testing and no development of scotomas on automated
visual field testing. Most first events of SR/RPED occurred
within the first few cycles of treatment and resolved within
a few weeks after onset with either a dose modification or
without any change in the dosing regimen. The majority of
patients did not require discontinuation or a dose modifica-
tion of cobimetinib.

Risk factors identified as associated with the develop-
ment of SR were male sex, hypertension, autoimmune dis-
ease, age > 50 years, and pre-existing ocular confounders.
Male sex, hypertension, and autoimmune disease are known
risk factors for the development of central SR in the general
population, which is the most similar ocular pathology to
cobimetinib-induced SR [22-27]. In addition, having pre-
existing ocular confounding factors such as retinal patholo-
gies associated with the development of subretinal fluid
increased the risk of developing SR.

Although this analysis comprises a large cohort of
patients treated with cobimetinib, the analysis is limited by
the less rigorous assessment schedule in the three support-
ing studies relative to the CO39721 study. The more rigor-
ous assessment schedule for CO39721 may have resulted in
the identification of the first events of SR/RPED ~ 2 weeks
earlier than in the supporting studies. Nevertheless, results
of ocular assessments and clinical outcomes were consistent
across the four studies regardless of the monitoring sched-
ule used and the overall management of patients was not
impacted by the frequency of assessments.

5 Conclusions

In this integrated safety analysis, no visual function loss
or permanent retinal damage was detected in patients with
cobimetinib-associated SR who underwent comprehensive
ophthalmologic assessments. Some patients may have a
higher risk of developing SR, especially men and those with
systemic hypertension, an autoimmune disease, age > 50
years, and pre-existing ocular confounders that could lead
to subretinal fluid accumulation. It is advised that patients
undergo an ophthalmologic examination before receiv-
ing cobimetinib as a baseline assessment. After initiation
of cobimetinib treatment, patients who experience new
or worsening visual disturbances should be referred to an
ophthalmologist to check for the development of SR using
conventional functional and structural tests and should be
followed longitudinally until resolution of the event. These
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events can often be managed without any change to dosing
or with a dose modification of cobimetinib at the discretion
of the treating physician.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40264-022-01248-2.
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