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Abstract

Purpose: To analyse ophthalmological adverse events associated with mitogen-activated protein
kinase kinase (MEK) inhibition with pimasertib treatment for metastatic cutaneous melanoma (CM).
Methods: In this prospective observational, cohort-based, cross-sectional study, 8 patients treated with
the MEK inhibitor pimasertib received a complete ophthalmic examination. This included Early
Treatment of Diabetic Retinopathy Study best-corrected visual acuity, visual field testing, color vision
testing, slit-lamp examination, applanation tonometry, indirect ophthalmoscopy, digital color fundus
photography, and optical coherence tomography (OCT). In selected cases fluorescein angiography
was performed.

Results: Serous subretinal fluid (SRF) developed in all patients, within a time frame of 92-267 days
after the start of treatment. The fovea was involved in 6/8 patients (75%). None of the patients with
foveal SRF (excluding a patient who developed a bilateral retinal vein occlusion (RVO)) experienced
visual symptoms. SRF decreased or resolved in all patients, despite continuation of study medication

in 6/8 patients (75%). Complaints in the CM patient (13%) consisted of experiencing a dark fleck in

the inferior part of the visual field of the right eyeunitateral-visiontoss 1 week after the start of

treatment, due to an RVO. Subsequent intravitreal bevacizumab treatment resulted in functional and
anatomical improvement.

Conclusions: Patients with metastatic CM who are treated with the MEK inhibitor pimasertib are at
high risk of development of ocular adverse events including serous retinopathy and possibly RVO,
stressing the need of adequate ophthalmological follow-up including OCT during the-administration

of pimasertib, despite the fact that SRF generally does not lead to ophthalmological complaints.

Key words

MEK inhibitor; ophthalmological adverse events; pimasertib; retinal vein occlusion; serous

retinopathy
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Introduction
Spectral-domain optical coherence tomography (OCT) is a sensitive means to detect serous

retinopathy, which is defined as retinal lesions on ophthalmoscopy corresponding to a localized

separation of the neuroretina and retinal pigment epithelium (RPE).(van Dijk et al. 2015) Sereus

tractional-or-exudative(Ghazi- & Green2002)-It may occur as an independent entity, but may also be

associated with a broad spectrum of other diseases or may follow the use of certain drugs.(Ghazi &
Green 2002) We and others recently described that serous retinopathy is seen in patients with
metastatic melanoma during the treatment with mitogen-activated protein kinase kinase (MEK)
inhibitors such as binimetinib,(van Dijk et al. 2015; Weber et al. 2016) cobimetinib,(McCannel et al.
2014) trametinib,(Infante et al. 2012) and RO5126766.(Martinez-Garcia et al. 2012) Eor-many-drags;
itis-unknewn-hew-oftenthis-complicationeeeurs—Luckily, in many cases vision is not affected by the
treatment, but serious problems including retinal vein occlusion (RVO) may occur.(LoRusso et al.

2010; Leijen et al. 2012)

As treatment options for metastatic malignant cutaneous melanoma (CM) are scarce, much
effort is being put into the development of possible new treatments for this patient group. One of the
target pathways for treatment is the mitogen-activated protein kinase (MAPK) signalling (Ras - Raf -
MEK - extracellular signal-regulated kinase) pathway. A broad spectrum of cellular processes is
coordinated by this pathway;which-ean-be-activated-by-various-stimuli;-such-as-hormones; growth
factors;stress;-and-by-ischemic-and-inflammatery-injuries. Activation of the MAPK pathway

influences processes such as cell differentiation and metabolism, cell migration, and cell
death.(Krishna & Narang 2008) Although visual symptoms may be absent or relatively mild in
patients to whom MEK inhibition is prescribed, OCT imaging has shown that some of the MEK
inhibitors induce retinal changes in a high percentage of patients.(Flaherty et al. 2012; Ascierto et al.
2013; McCannel et al. 2014; Urner-Bloch et al. 2014; van Dijk et al. 2015)

Preliminaryresults-ef pPreclinical studies have shown that the new MEK inhibitor pimasertib

displays activity against #RAS and BRAF mutated cell lines.(Kim et al. 2010; Yoon et al. 2011)

Page 3 of 20



©CoO~NOUTA,WNPE

e
[Ny

U OO AR DMBEMDRAMDIMBAEADIAEMDIMNDMNWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOURRWNRPOOO~NOUORRWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOODWN

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

Acta Ophthalmologica

Moreover, induction of apoptosis in BRAF mutated human malignant melanoma cell lines has been

described after the administration of a combination of pimasertib and the BRAF inhibitor PLX4032,

whereas either drug alone did not.(Park et al. 2013) In the first human trial IMP28062, activity against
NRAS mutated tumors could be detected after prescription of pimasertib. In a recently published
report of a patient with metastatic ovarian cancer bilateral multifocal retinal detachments were
described 2 days after the start of pimasertib.(AlAli et al. 2016) This patient developed complaints of
blurred vision, and treatment was discontinued. Three days after stopping pimasertib treatment, ocular
complaints and lesions had disappeared.(AlAli et al. 2016) The occurrence of serous retinal
detachments in patients, to whom pimasertib was prescribed, was not further specified in another

studyies.(Houede et al. 2011; Macarulla et al. 2015) In 1 of these studies, the occurrence of an RVO

in a patient was also not discussed in detail.(Houede et al. 2011) No other ocular adverse events

during the prescription of pimasertib have been reported so far.

during- MEK—inhibitien;-wWe hypothesized that this drug may also lead to subretinal fluid (SRF) and
wondered whether SRF would occur in only in a sensitive subset of patients, or that it might be a
general phenomenon. As patients are in quite a good general condition when using this treatment, we
were able to perform a prospective study of patients using the new MEK inhibitor pimasertib, and

included high resolution OCT imaging to examine the macular area in detail.

Materials and methods

Patient characteristics

Eight patients from an academic medical center (Erasmus University Medical Center, Rotterdam, the
Netherlands) were included in this study. All patients were diagnosed with a measurable,
histologically or cytologically confirmed, locally advanced or metastatic NRAS mutated malignant
CM. Patients with a medical history of retinal degenerative disease, uveitis, or RVO were excluded.
Local ethics committee approved the study. Each patient gave written informed consent-after
explanation-of the-nature-and-pessible-consequences-of the-study, and the study was performed in
accordance with the Declaration of Helsinki. The clinical trial was registered in the Clinical Trial
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Register with number NCT01693068. Patients were included in this trial from September 2013 to

June 2014.

Treatment

All patients received the- MEK—inhibitorpimasertib in a randomized phase II trial, in which the
comparator arm was chemotherapy with dacarbazine (intravenous administration at dose of 1000 mg
per square meter of body surface area, every 3 weeks). Patients received 60 mg of pimasertib orally
twice a day, continuously for 21 days (defined as a 1 treatment cycle, for scheduling purposes).
Within this trial 7 patients were primarily randomized to pimasertib, whereas 1 patient made a cross-
over to treatment with pimasertib after having developed progressive disease upon chemotherapy with
dacarbazine. n-allpatientsstady-treatment-was-continneduntil-either disease-progressienor

Ophthalmic examinations

All patients received complete ophthalmic examination, including Early Treatment of Diabetic
Retinopathy Study (ETDRS) best-corrected visual acuity (BCVA) testing, visual field testing, color
vision testing using the Desaturated Panel D-15 test, slit-lamp examination, intraocular pressure
measurement, indirect ophthalmoscopy, digital color fundus photography (Topcon Corporation,
Tokyo, Japan), and OCT using the spectral-domain OCT (Spectralis HRA+OCT (Heidelberg

Engineering, Heidelberg, Germany)), before the-start of the study. Part of these examinations was

performed after dilation of pupils by topical administration of 1% tropicamide and 5% phenylephrine

drops. Moreover, study protocol instructed the BCVA measurement OCT seanning-was-at every
evaluation visit: performed-at the beginning of treatment cycle 2; and at the beginning of every
subsequent odd treatment cycle. At these evaluation visits, PapHs-were-dilated-by-topical
administration-of 1 %-tropicamide-and 5% phenylephrine-dropsslit-lamp examination and assessment

of the posterior pole using indirect ophthalmoscopy were also prescribed to be executed, together with

OCT scanning. When ETDRS BCVA testing was not available, Snellen BCVA was determined and a
previously-established conversion method was used to achieve ETDRS values.(Gregori et al. 2010)
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In patients with visual disturbances or abnormal retinal findings on ophthalmological
assessments, fluorescein angiography was performed with the spectral-domain OCT. Treatment had to
be interrupted when a serous retinal detachment with a decrease in ETDRS BCVA of >15 letters
occurred. A serous retinal detachment was defined as a localized separation of the neuroretina and
RPE on OCT, with an accumulation of SRF between these layers. Restart of treatment could only be
scheduled after full resolution of the detachment and full recovery of vision within 2 weeks, after
weekly follow-up visits. In case of the occurrence of an RVO the study medication had to be stopped,

unless the event resolved within 2 weeks.

Safety and efficacy monitoring

After clinical assessment at the evaluation visits at the Department of Oncology, the dose of study

medication was reduced or medication was discontinued, when either unacceptable signs of toxicity
or disease progression had developed. Subjects with documented tumor progression on the

dacarbazine arm could choose to switch to receiving pimasertib. Every2-treatment-eyeles;aCTsean

Statistical analysis
Both ETDRS BCVA at the time point of most pronounced SRF on OCT and at final follow-up were
compared to ETDRS BCVA at initial screening, using an independent t-test in IBM SPSS Statistics,

version 23.0 (IBM Corp., Armonk, NY, United States).

Results
The 8 CM patients (4 male, 4 female) had a mean age of 62.9 years (median: 64 years; range, 56-67
years). The clinical patient characteristics efthe-CMpatients-are summarized in Table 1.

During this study, 1 patient (13%) developed visual complaints, consisting of experiencing a
dark fleck in the inferior part of the visual field of the right eye. These complaints started 1 week after
the restart of pimasertib treatment, after a previous discontinuation because of a reversible decrease in
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left ventricular ejection fraction. In the right eye, ETDRS BCVA had dropped from 95 to 67 letters,
while ETDRS BCVA of the left eye had not changed at the time of visual complaints-n-therighteye.
Indirect ophthalmoscopy and fluorescein angiography led to the diagnosis of a hemi-RVO of the
superior temporal vein of the right eye and an asymptomatic mild hemi-RVO of the inferior temporal
retinal vein of the left eye (Fig. 1 A-L). Because of cystoid macular edema, a single intravitreal
injection of bevacizumab in the right eye was given to this patient, after which ETDRS BCVA
recovered to 89 letters at follow-up visit 8 days later (Fig. 1M-P). Because of the need for palliative
care, which this patient preferred to receive in another hospital, and because of the good functional
and anatomical result of this single injection, no additional follow-up was scheduled.

OCT indicated that SRF developed in 16/16 eyes (100%). None of the patients (excluding the
patient with RVO) experienced visual symptoms-during-the-onset-orpresence-of SRE. Moreover, no
measurable significant influence on visual acuity could be detected, as (converted) median BCVA
ETDRS was 88 letters (range, 77-93 letters) at screening, 87 letters (range, 66-98 letters) at the
moment of most prominent SRF on OCT, and 89 letters (range, 75-98 letters) at the final follow-up
visit. Differences in ETDRS BCVA were not statistically significant (p=0.58 (screening versus most
prominent SRF), p=0.31 (most prominent SRF versus final follow-up visit), and p=0.51 (screening
versus final follow-up visit)).

Ophthalmoscopy revealed transparent to yellowish vitelliform lesions at the time that SRF

was observed on OCT (Fig. 1D, 1K-L, 2A), whereas either no abnormalities or mild RPE changes

were observed after disappearance of SRF. The SRF-detected-on-OCTinal-CM-patients; was

bilateral and fairly symmetrical (Fig. 2K-T). These lesions were seen in all patients at the time of their - [ Formatted: Font:

first OCT after the start of the study medication, which was performed after 92-207 days (median: ++

i I - - [ Formatted: Font:

20 days). Foveal SRF accumulation was present in 6/8 patients (75%)):

allpatients. The center of these lesions was hyperreflective on infrared reflectance HRR}-imaging, and
the lesions were surrounded by a hyporeflective zone. On OCT, SRF was detected extrafoveally in all
8 patients (Fig. 1K-L, 2D, 21-]). In2-efthesepatients(25%)-only-extrafoveal SRE-could-be-detected
(Eig21-5-The median total number of extrafoveal lesions in the posterior pole, based on a 30°
infrared reflectance photograph, was 6 (mean: 5, range, 3-13 lesions) in the 16 eyes.
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At last ophthalmological follow-up at 14-126 days (median: 81 days) after the first
appearance of SRF, the SRF had disappeared in both eyes in 5/8 patients (63%). In the patient who
received intravitreal bevacizumab-fereystoid-maecularedemaassoeciatedwith-hemi-RVO, resolution
of both cystoid macular edema and SRF had occurred. Administration of pimasertib had been
discontinued in this patient. In the other 4 patients, SRF disappeared spontaneously while pimasertib

was either still administered according to the original dose te-(2 efthese-patients)-whe-shewed

spentaneousresolutiontpatienthad received pimasertib-or dose of pimasertib was reduced (1

patient)tien, and-or int-patient-pimasertib was discontinued because of a decrease in left ventricular
ejection fraction (1 patient). Three patients had persistent SRF, during treatment with 60, 60, and 30
mg of pimasertib twice a day, respectively. Fhese-patients-were-seentorfoHowup-after 564 and 34
days-afterthe(re)start-of pimasertib;respeetively—However, during follow-up the amount of SRF had

decreased in all 3 patients. Color vision testing and visual field testing revealed no significant

changes, despite macular SRF accumulation during pimasertib treatment. For all patients, information

on the occurrence and evolution of SRF, and the possible relationship with orally administered dose

of pimasertib has been depicted in Fig. 3.

During the period of the administration of the-study medication; in 1 patient who had
previously been diagnosed with bilateral diabetic macular edema, (Fig. 43A-D) edema had increased
unilaterally at ophthalmological follow-up, 9 days after the start of study medication (Fig. 34E-F).
This patient also developed bilateral foveal SRF;-but-did-notrepert-visual-complaints. No signs of
other ophthalmological diseases were detected during follow-up. Eleven days later, SRF and edema
had decreased spontaneously (Fig. 34G-H). At final follow-up 106 days later, only minimal unilateral
foveal SRF remained (Fig. 341-J). Ophthalmic characteristics of all patients are summarized in Table

1.

Discussion

Spectral-domain OCT is a sensitive means to detect a typical serous retinopathy in patients treated
with MEK inhibitors such as pimasertib. Despite these striking MEK inhibitor-associated retinal
abnormalities in all 8 metastatic CM patients, all but 1 patient remained asymptomatic. This patient
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experienced central vision loss due to bilateral RVO, which responded to intravitreal bevacizumab
treatment. Lesions occurred both foveally and extrafoveally in most of the & patients, indicating a
more extensive dysfunction of the retina and/or RPE that extended beyond the fovea. Serous
retinopathy had either disappeared or decreased at the last ophthalmological follow-up in all patients.
The exact pathogenesis of both serous retinopathy and RVO associated with MEK inhibitor
treatment is as yet unclear. A time-dependent and reversible serous retinopathy, resembling the
clinical picture we present in the current study, was previously described in association with several
other MEK inhibitors such as cobimetinib,(McCannel et al. 2014) trametinib,(Infante et al. 2012) and
RO5126766.(Martinez-Garcia et al. 2012) We described this specific phenotype by a mildly
symptomatic, time-dependent, and reversible accumulation of both foveal and extrafoveal serous
SRF, with abnormalities on electro-oculography but without any evidence of choroidal
abnormalities.(van Dijk et al. 2015) This serous retinopathy is most probably related to a class effect
of this type of drugs, and thereby an on-target side effect of treatment,(Duncan et al. 2015; Kurbel et
al. 2015) although pharmacological differences between several MEK inhibitors exist.(Hatzivassiliou
et al. 2010) We have previously described prolonged abnormalities on electro-oculography in patients
with transient binimetinib-associated serous retinopathy, indicating panretinal RPE dysfunction and

dysfunction of the RPE pump.(McCannel et al. 2014; van Dijk et al. 2015) In addition, anti-RPE and

anti-retinal autoantibodies may play a role-in-the-pathegenesis-of MEKinhibitor-asseciated-serous
retinopathy.(van Dijk et al. 2015)

Dijket-al-2045)-In a cell model of RPE and neuroretina, binimetinib administration resulted in

inactivation of the MAPK pathway, and discontinuation of administration of the MEK inhibitor
binimetinib led to reactivation, mimicking the mild and reversible retinopathy.(van Dijk et al. 2016)
The occurrence of an RVO, during the prescription of MEK inhibition has also been described
previously in up to 5% of patients.(LoRusso et al. 2010; Houede et al. 2011; Leijen et al. 2012) MEK
inhibitors could influence the vasculature of the retina, leading to both this serous retinopathy and

RVO.(van der Noll et al. 2013; van Dijk et al. 2015) The RVO that occurred in 1 of our patients could
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have been associated with the previous reversible decrease in left ventricular ejection fraction in this

case, which had been detected 3 weeks before the diagnosis of RVO had been established. Moreover

Aafter oral administration of the MEK inhibitor PD0325901 to rats, retinal gene expression suggested
an increase in inflammatory and oxidative stress response, endothelial and blood-retinal barrier
damage, and effects on blood coagulation, possibly characteristic for RVO.(Huang et al. 2009) Effects
of oxidative stress and endothelial cell inflammation could lead to vascular hyperpermeability and
damage to the blood-retinal barrier.(Huang et al. 2009) Moreover, an imbalance between thrombosis
and fibrinolysis has previously been described to play an active role in the development of RVO.(Lip

et al. 1998; Rehak & Rehak 2008) However,-the-administration-of PDO325901torats-did-netresultin

MEK-associated serous retinopathy has to be discerned from several other retinal diseases. In
contrast to central serous chorioretinopathy, in which lesions usually start unilaterally or bilateral
asymmetrically, the MEK-associated serous retinopathy is not associated with RPE detachments on
OCT, and there are no “hot spots” of trans-RPE subretinal leakage on fluorescein
angiography.(McCannel et al. 2014; Urner-Bloch et al. 2014) In cancer-associated retinopathy,
melanoma-associated retinopathy, or non-neoplastic autoimmune retinopathy, symptoms may include
a relatively rapid-onset photopsia, night blindness, scotomas, and progressive visual field
loss.(Heckenlively & Ferreyra 2008) Interestingly, this spectrum of autoimmune retinopathy is
associated with anti-retinal and/or anti-RPE antibodies, which we have also described in association
with MEK inhibitor-associated serous retinopathy.(van Dijk et al. 2015) Hereditary retinal dystrophies
such as autosomal dominant inherited Best vitelliform macular dystrophy and autosomal recessive
bestrophinopathy usually have an earlier onset in combination with typical fundus lesions and a
markedly abnormal electro-oculogram.(Boon et al. 2009)

In conclusion, we show that serous retinopathy associated with MEK inhibition treatment
such as pimasertib is very common. This MEK-inhibiter-asseeiated-serous retinopathy generally does
not lead to marked ophthalmological complaints,(van Dijk et al. 2015) and lesions may resolve
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despite continuous treatment. Therefore, discontinuation of MEk—irhibitien-treatment in most patients
with metastatic cancer is not necessary. As ophthalmological complaints due-te-sereusretinepathy
may occur in a noteworthy number of patients,(van Dijk et al. 2015) and as survival may increase in
these patients because of the use of this new type of treatment for metastatic melanoma, performing
OCT scanning before, during, and after MEK inhibition treatment may be advisable for monitoring
and follow-up of fundus lesions-in-relationto-possible-visual-complaints. Another ophthalmological
side effect of MEK inhibition is RVO, which can cause visual complaints that requires therapeutic
intervention. Especially OCT follow-up was-is able to precisely monitor such abnormalities even in
patients that remain asymptomatic. It is currently unclear if MEK inhibitor-associated serous
retinopathy correlates with other clinical parameters of MEK inhibition treatment such as treatment
response of metastases.(van Dijk et al. 2015) Further studies are needed to unravel the exact
pathogenesis and clinical consequences of MEK inhibitor-associated ophthalmological adverse

events.

Page 11 of 20



©CoO~NOUTA,WNPE

e
[Ny

U OO AR DMBEMDRAMDIMBAEADIAEMDIMNDMNWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOURRWNRPOOO~NOUORRWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOODWN

288

289

290

291

292

293

294

295

296

297

Acta Ophthalmologica

Acknowledgement

This research was supported by the following foundations: MaculaFonds, Retina Netherlands,
BlindenPenning, and Landelijke Stichting voor Blinden en Slechtzienden, which contributed through
UitZicht, as well as Rotterdamse Stichting Blindenbelangen, Haagse Stichting Blindenhulp, ZonMw
VENI Grant, and Gisela Thier Fellowship of Leiden University (CJFB). The funding organizations

had no role in the design or conduct of this research.

None of the authors have any financial/conflicting interests to disclose.

Page 12 of 20

Page 12 of 43



Page 13 of 43 Acta Ophthalmologica

©CoO~NOUTA,WNPE

e
[Ny

U OO AR DMBEMDRAMDIMBAEADIAEMDIMNDMNWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOURRWNRPOOO~NOUORRWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOODWN

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

References

AlAli A, Bushehri A, Park JC, Krema H & Lam WC (2016): PIMASERTIB AND SEROUS
RETINAL DETACHMENTS. Retinal cases & brief reports 10: 191-196.

Ascierto PA, Schadendorf D, Berking C, et al. (2013): MEK 162 for patients with advanced melanoma
harbouring NRAS or Val600 BRAF mutations: a non-randomised, open-label phase 2 study.
The lancet oncology 14: 249-256.

Boon CJ, van de Kar NC, Klevering BJ, et al. (2009): The spectrum of phenotypes caused by variants
in the CFH gene. Molecular immunology 46: 1573-1594.

Duncan KE, Chang LY & Patronas M (2015): MEK inhibitors: a new class of chemotherapeutic
agents with ocular toxicity. Eye (London, England) 29: 1003-1012.

Flaherty KT, Infante JR, Daud A, et al. (2012): Combined BRAF and MEK inhibition in melanoma
with BRAF V600 mutations. The New England journal of medicine 367: 1694-1703.

Ghazi NG & Green WR (2002): Pathology and pathogenesis of retinal detachment. Eye (London,
England) 16: 411-421.

Gregori NZ, Feuer W & Rosenfeld PJ (2010): Novel method for analyzing snellen visual acuity
measurements. Retina (Philadelphia, Pa.) 30: 1046-1050.

Hatzivassiliou G, Song K, Yen [, et al. (2010): RAF inhibitors prime wild-type RAF to activate the
MAPK pathway and enhance growth. Nature 464: 431-435.

Heckenlively JR & Ferreyra HA (2008): Autoimmune retinopathy: a review and summary. Seminars
in immunopathology 30: 127-134.

Houede N, Faivre SJ, Awada A, et al. (2011): Safety and evidence of activity of MSC1936369, an
oral MEK1/2 inhibitor, in patients with advanced malignancies. Journal of Clinical Oncology
29:3019-3019.

Huang W, Yang AH, Matsumoto D, Collette W, Marroquin L, Ko M, Aguirre S & Younis HS
(2009): PD0325901, a mitogen-activated protein kinase kinase inhibitor, produces ocular
toxicity in a rabbit animal model of retinal vein occlusion. Journal of ocular pharmacology
and therapeutics : the official journal of the Association for Ocular Pharmacology and
Therapeutics 25: 519-530.

Page 13 of 20



©CoO~NOUTA,WNPE

e
[Ny

U OO AR DMBEMDRAMDIMBAEADIAEMDIMNDMNWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOURRWNRPOOO~NOUORRWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOODWN

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

Acta Ophthalmologica

Infante JR, Fecher LA, Falchook GS, et al. (2012): Safety, pharmacokinetic, pharmacodynamic, and
efficacy data for the oral MEK inhibitor trametinib: a phase 1 dose-escalation trial. The lancet
oncology 13: 773-781.

Kim K, Kong SY, Fulciniti M, et al. (2010): Blockade of the MEK/ERK signalling cascade by
AS703026, a novel selective MEK1/2 inhibitor, induces pleiotropic anti-myeloma activity in
vitro and in vivo. British journal of haematology 149: 537-549.

Krishna M & Narang H (2008): The complexity of mitogen-activated protein kinases (MAPKs) made
simple. Cellular and molecular life sciences : CMLS 65: 3525-3544.

Kurbel B, Golem AZ & Kurbel S (2015): Are predictions of cancer response to targeted drugs, based
on effects in unrelated tissues, the 'Black Swan' events? Future oncology (London, England)
11: 2307-2314.

Leijen S, Middleton MR, Tresca P, et al. (2012): Phase I dose-escalation study of the safety,
pharmacokinetics, and pharmacodynamics of the MEK inhibitor RO4987655 (CH4987655) in
patients with advanced solid tumors. Clinical cancer research : an official journal of the
American Association for Cancer Research 18: 4794-4805.

Lip PL, Blann AD, Jones AF & Lip GY (1998): Abnormalities in haemorheological factors and
lipoprotein (a) in retinal vascular occlusion: implications for increased vascular risk. Eye
(London, England) 12 ( Pt 2): 245-251.

LoRusso PM, Krishnamurthi SS, Rinehart JJ, et al. (2010): Phase I pharmacokinetic and
pharmacodynamic study of the oral MAPK/ERK kinase inhibitor PD-0325901 in patients
with advanced cancers. Clinical cancer research : an official journal of the American
Association for Cancer Research 16: 1924-1937.

Macarulla T, Cervantes A, Tabernero J, et al. (2015): Phase I study of FOLFIRI plus pimasertib as
second-line treatment for KRAS-mutated metastatic colorectal cancer. British journal of
cancer 112: 1874-1881.

Martinez-Garcia M, Banerji U, Albanell J, et al. (2012): First-in-human, phase I dose-escalation study

of the safety, pharmacokinetics, and pharmacodynamics of RO5126766, a first-in-class dual

Page 14 of 20

Page 14 of 43



Page 15 of 43 Acta Ophthalmologica

©CoO~NOUTA,WNPE

e
[Ny

U OO AR DMBEMDRAMDIMBAEADIAEMDIMNDMNWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOURRWNRPOOO~NOUORRWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOODWN

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

MEK/RAF inhibitor in patients with solid tumors. Clinical cancer research : an official
journal of the American Association for Cancer Research 18: 4806-4819.

McCannel TA, Chmielowski B, Finn RS, Goldman J, Ribas A, Wainberg ZA & McCannel CA
(2014): Bilateral subfoveal neurosensory retinal detachment associated with MEK inhibitor
use for metastatic cancer. JAMA ophthalmology 132: 1005-1009.

Park SJ, Hong SW, Moon JH, et al. (2013): The MEK /2 inhibitor AS703026 circumvents resistance
to the BRAF inhibitor PLX4032 in human malignant melanoma cells. The American journal
of the medical sciences 346: 494-498.

Rehak J & Rehak M (2008): Branch retinal vein occlusion: pathogenesis, visual prognosis, and
treatment modalities. Current eye research 33: 111-131.

Urner-Bloch U, Urner M, Stieger P, et al. (2014): Transient MEK inhibitor-associated retinopathy in
metastatic melanoma. Annals of oncology : official journal of the European Society for
Medical Oncology / ESMO 25: 1437-1441.

van der Noll R, Leijen S, Neuteboom GH, Beijnen JH & Schellens JH (2013): Effect of inhibition of
the FGFR-MAPK signaling pathway on the development of ocular toxicities. Cancer
treatment reviews 39: 664-672.

van Dijk EH, Duits DE, Versluis M, et al. (2016): Loss of MAPK Pathway Activation in Post-Mitotic
Retinal Cells as Mechanism in MEK Inhibition-Related Retinopathy in Cancer Patients.
Medicine 95: ¢3457.

van Dijk EH, van Herpen CM, Marinkovic M, et al. (2015): Serous Retinopathy Associated with
Mitogen-Activated Protein Kinase Kinase Inhibition (Binimetinib) for Metastatic Cutaneous
and Uveal Melanoma. Ophthalmology 122: 1907-1916.

Weber ML, Liang MC, Flaherty KT & Heier JS (2016): Subretinal Fluid Associated With MEK
Inhibitor Use in the Treatment of Systemic Cancer. JAMA ophthalmology 134: 855-862.

Yoon J, Koo KH & Choi KY (2011): MEK1/2 inhibitors AS703026 and AZD6244 may be potential
therapies for KRAS mutated colorectal cancer that is resistant to EGFR monoclonal antibody

therapy. Cancer research 71: 445-453.

Page 15 of 20



©CoO~NOUTA,WNPE

e
[Ny

U OO AR DMBEMDRAMDIMBAEADIAEMDIMNDMNWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOURRWNRPOOO~NOUORRWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOODWN

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

Acta Ophthalmologica

Figure legends

Figure 1. Bilateral retinal vein occlusion associated with pimasertib treatment

A-B, Optical coherence tomography (OCT) scan of the right (A) and left eye (B) of a 60-year-old
male patient with-metastatic cutaneous-melanemarevealed an-entirely normal macular structure at the
baseline examination;-before-the-firstadministration-of pimasertib. C-D, Fundus photography of the
right (C) and left eye (D), 41 days after the start of pimasertib treatment, revealed bilateral foveal and
extrafoveal yellowish lesions. E-F, Foveal OCT scanning of both the right (E) and left eye (F) showed
a serous neuroretinal detachment-at-thattime. Pimasertib-tTreatment was discontinued 22 days later.
because-of a-decrease-in-left-ventricular ejectionfraction—Nine days after discontinuation, treatment
with 45 mg pimasertib twice daily could be restarted and patient attended a follow-up visit 12 days
later. At that time, the-patient experienced had-visual-complaints-of experieneing-a dark fleck in the

inferior part of the visual field of the right eye.- Visual-acuity-had-droppedfrom95-to-67 Early

eye-was-stable. G-J, Fluorescein angiography and fundus photography revealed a hemi-retinal vein

occlusion (RVO) efthesuperiortemporal-vein-in the right eye(G, 1), and a-hemi- RVO-of the-inferior

tempeoralretinal-veinin-the-left eye (H, J). K, OCT of the right eye showed cystoid macular edema;

_and both foveal

and extrafoveal neuroretinal detachments were also present. L, OCT scanning of the left eye revealed
both foveal and extrafoveal neuroretinal detachments;-but-ne-eystoid-maeularedema. At this time,

administration of pimasertib was discontinued. M-N, At follow-up 8 days after a single intravitreal

injection of bevacizumablater, fundus photography of the right (M) and the-left eye (N) revealed

persistent cotton-wool spots and haemorrhages associated with the RVO in the right eye, and an

increase of haemorrhages and cotton-wool spots in the left eye. At-that-timein-the richteye ETDRS

eye-O-P, On an

OCT scan during this feew-up-visit, both cystoid macular edema and SRF had resolved in the right

eye (0), and resolution of the neuroretinal detachment had occurred in the left eye (P). Ne-additional
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Figure 2. Spectrum of ophthalmological findings in pimasertib-associated serous retinopathy

A, Fundus photography of the right eye of a 67-year-old male patient with-metastatie-eutaneous
melanoma{EM)-who developed foveal and extrafoveal yellowish lesions, at 13 days after the start of
the-mitogen-activated proteinkinase kinase-inhibiter pimasertib treatment. B, Infrared reflectance
(IRR) imaging showed a-hyperreflective foveal and extrafoveal lesions, which were surrounded by a a

hyporeflective zone..

gebhostimee eleeneton s eonll e oaetedheonebon e oo ol C) Oplical coherence

tomography (OCT) had showedn a normal macular structure at the-baseline-examination;-before-the
administration-of pimasertib. D, Thirteen days after the start of study treatment, both foveal and
extrafoveal serous neuroretinal detachments on OCT had developed;-but-the-patient-experienced-no

visual-complaints. E, At final follow-up, 63 days after the start of the prescription-ef pimasertib,

resolution of beth-the foveal andextrafoveal-lesions had occurred. Atthisfinal examination;

F, Fundus photography of the right eye of a 63-year-old female EM-patient showed subtle extrafoveal
transparent to yellowish lesions, 27 days after the start of pimasertib treatment. G, IRR imaging
showed corresponding subtle-hyperreflective lesions. H, Before treatmentthe-administration-of
pimasertib, OCT had showedn a normal macular structure. I, An extrafoveal neuroretinal detachment
could be detected on OCT, 27 days after the beginning of pimasertib. Atthatmement-the patienthad

ne-visual-complaints—J, This serous retinopathy was still present at final follow-up 14 days laters+whesn

K-L, In a 66-year-old EM-patient, showing bilateral-and-fairly-symmetrieal pimasertib-associated

serous retinopathy, fundus photography revealed both foveal and extrafoveal yellowish lesions, 20
days after the start of pimasertib. M—-NP-Q, These lesions corresponded to hyperreflective foveal-and

extrafoveal-lesions, surrounded by a hyporeflective zone on IRR imaging. O-PM-N, At baseline

examination, before-thestart-of pimasertib-treatmentno abnormalities had been found were-seen-on
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OCT. QO and -R, Twenty days after the start of pimasertib-treatment, an OCT scan showed a bilateral

foveal neuroretinal detachment;-which-wasnetaccompanied-by-any-visaal-complaints. S-T, Bilateral

fResolution of this serensneuroretinal-detachment was detected-en-OCEF, 62 days after

discontinuation of pimasertib-treatment.

Figure 3. Occurrence and evolution of subretinal fluid over time, and possible relationship with

orally administered dose of pimasertib

For all 8 patients included in this study, the prescribed dose of pimasertib and the occurrence of

subretinal fluid (SRF) on optical coherence tomography (OCT) over time have been depicted. Colors

in the ‘pimasertib dose’ rows correspond to the following doses: black = 60 mg twice daily, dark grey

=45 mg twice daily, light grey = 30 mg twice daily, white = no treatment. ‘STOP’ corresponds to end

of treatment. ‘Y’ in the ‘SRF on OCT’ rows corresponds to presence of SRF on OCT at evaluation

with the maximum amount of SRF over time in bold. ‘N’ corresponds to the absence of SRF on OCT.

Figure 43. Worsening of diabetic macular edema and occurrence of serous retinopathy

associated with pimasertib treatment

A-B, Fluorescein angiography in a 67-year-old male patient with metastatic cutaneous melanoma and
diabetes mellitus type 2 at-baseline-examination-before the start of pimasertib treatment, showed
bilateral microaneurysms and mild fluorescein leakage. C-D, Optical coherence tomography (OCT) at

baseline examination showed very mild diabetic macular edema (DME) without other abnormalities

an-otherwise-normal-maeular struecture-in-the righteye (C), and mild DME in the left eye (D). E, OCT

scanning at 9 days after the start of pimasertib treatment showed a foveal serous neuroretinal
detachment and-reughly-stable DME-in the right eye. F, At this moment, the left eye showed both a

foveal serous neuroretinal detachment and worsening of the DME edema-on OCT. The-patient-did-not

reportany-octlarcomplaints-duringfollow—up-—G-H, Eleven days later the amount of serous subretinal
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Tables

Table 1. Characteristics of the cutaneous melanoma patients.
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Abstract

Purpose: To analyse ophthalmological adverse events associated with mitogen-activated protein
kinase kinase (MEK) inhibition with pimasertib treatment for metastatic cutaneous melanoma (CM).
Methods: In this prospective observational, cohort-based, cross-sectional study, 8 patients treated with
the MEK inhibitor pimasertib received a complete ophthalmic examination. This included Early
Treatment of Diabetic Retinopathy Study best-corrected visual acuity, visual field testing, color vision
testing, slit-lamp examination, applanation tonometry, indirect ophthalmoscopy, digital color fundus
photography, and optical coherence tomography (OCT). In selected cases fluorescein angiography
was performed.

Results: Serous subretinal fluid (SRF) developed in all patients, within a time frame of 9-27 days after
the start of treatment. The fovea was involved in 6/8 patients (75%). None of the patients with foveal
SRF (excluding a patient who developed a bilateral retinal vein occlusion (RVO)) experienced visual
symptoms. SRF decreased or resolved in all patients, despite continuation of study medication in 6/8
patients (75%). Complaints in the CM patient (13%) consisted of experiencing a dark fleck in the
inferior part of the visual field of the right eye 1 week after the start of treatment, due to an RVO.
Subsequent intravitreal bevacizumab treatment resulted in functional and anatomical improvement.
Conclusions: Patients with metastatic CM who are treated with the MEK inhibitor pimasertib are at
high risk of development of ocular adverse events including serous retinopathy and possibly RVO,
stressing the need of adequate ophthalmological follow-up including OCT during administration of

pimasertib, despite the fact that SRF generally does not lead to ophthalmological complaints.

Key words

MEK inhibitor; ophthalmological adverse events; pimasertib; retinal vein occlusion; serous

retinopathy
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Introduction

Spectral-domain optical coherence tomography (OCT) is a sensitive means to detect serous
retinopathy, which is defined as retinal lesions on ophthalmoscopy corresponding to a localized
separation of the neuroretina and retinal pigment epithelium (RPE).(van Dijk et al. 2015) It may occur
as an independent entity, but may also be associated with a broad spectrum of other diseases or may
follow the use of certain drugs.(Ghazi & Green 2002) We and others recently described that serous
retinopathy is seen in patients with metastatic melanoma during the treatment with mitogen-activated
protein kinase kinase (MEK) inhibitors such as binimetinib,(van Dijk et al. 2015; Weber et al. 2016)
cobimetinib,(McCannel et al. 2014) trametinib,(Infante et al. 2012) and RO5126766.(Martinez-Garcia
et al. 2012) Luckily, in many cases vision is not affected by the treatment, but serious problems

including retinal vein occlusion (RVO) may occur.(LoRusso et al. 2010; Leijen et al. 2012)

As treatment options for metastatic malignant cutaneous melanoma (CM) are scarce, much
effort is being put into the development of possible new treatments for this patient group. One of the
target pathways for treatment is the mitogen-activated protein kinase (MAPK) signalling (Ras - Raf -
MEK - extracellular signal-regulated kinase) pathway. A broad spectrum of cellular processes is
coordinated by this pathway. Activation of the MAPK pathway influences processes such as cell
differentiation and metabolism, cell migration, and cell death.(Krishna & Narang 2008) Although
visual symptoms may be absent or relatively mild in patients to whom MEK inhibition is prescribed,
OCT imaging has shown that some of the MEK inhibitors induce retinal changes in a high percentage
of patients.(Flaherty et al. 2012; Ascierto et al. 2013; McCannel et al. 2014; Urner-Bloch et al. 2014;
van Dijk et al. 2015)

Preclinical studies have shown that the new MEK inhibitor pimasertib displays activity
against RAS and BRAF mutated cell lines.(Kim et al. 2010; Yoon et al. 2011) Moreover, induction of
apoptosis in BRAF mutated human malignant melanoma cell lines has been described after the
administration of a combination of pimasertib and the BRAF inhibitor PLX4032, whereas either drug
alone did not.(Park et al. 2013) In the first human trial IMP28062, activity against NRAS mutated

tumors could be detected after prescription of pimasertib. In a recently published report of a patient
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with metastatic ovarian cancer bilateral multifocal retinal detachments were described 2 days after the
start of pimasertib.(AlAli et al. 2016) This patient developed complaints of blurred vision, and
treatment was discontinued. Three days after stopping pimasertib treatment, ocular complaints and
lesions had disappeared.(AlAli et al. 2016) The occurrence of serous retinal detachments in patients,
to whom pimasertib was prescribed, was not further specified in other studies.(Houede et al. 2011;
Macarulla et al. 2015) In 1 of these studies, the occurrence of an RVO in a patient was also not
discussed in detail.(Houede et al. 2011) No other ocular adverse events during the prescription of
pimasertib have been reported so far.

We hypothesized that this drug may also lead to subretinal fluid (SRF) and wondered whether
SRF would occur in only in a sensitive subset of patients, or that it might be a general phenomenon.
As patients are in quite a good general condition when using this treatment, we were able to perform a
prospective study of patients using the new MEK inhibitor pimasertib, and included high resolution

OCT imaging to examine the macular area in detail.

Materials and methods

Patient characteristics

Eight patients from an academic medical center (Erasmus University Medical Center, Rotterdam, the
Netherlands) were included in this study. All patients were diagnosed with a measurable,
histologically or cytologically confirmed, locally advanced or metastatic NRAS mutated malignant
CM. Patients with a medical history of retinal degenerative disease, uveitis, or RVO were excluded.
Local ethics committee approved the study. Each patient gave written informed consent, and the study
was performed in accordance with the Declaration of Helsinki. The clinical trial was registered in the
Clinical Trial Register with number NCT01693068. Patients were included in this trial from

September 2013 to June 2014.

Treatment
All patients received pimasertib in a randomized phase II trial, in which the comparator arm was
chemotherapy with dacarbazine (intravenous administration at dose of 1000 mg per square meter of
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body surface area, every 3 weeks). Patients received 60 mg of pimasertib orally twice a day,
continuously for 21 days (defined as a 1 treatment cycle, for scheduling purposes). Within this trial 7
patients were primarily randomized to pimasertib, whereas 1 patient made a cross-over to treatment

with pimasertib after having developed progressive disease upon chemotherapy with dacarbazine.

Ophthalmic examinations

All patients received complete ophthalmic examination, including Early Treatment of Diabetic
Retinopathy Study (ETDRS) best-corrected visual acuity (BCVA) testing, visual field testing, color
vision testing using the Desaturated Panel D-15 test, slit-lamp examination, intraocular pressure
measurement, indirect ophthalmoscopy, digital color fundus photography (Topcon Corporation,
Tokyo, Japan), and OCT using the spectral-domain OCT (Spectralis HRA+OCT (Heidelberg
Engineering, Heidelberg, Germany)), before start of the study. Part of these examinations was
performed after dilation of pupils by topical administration of 1% tropicamide and 5% phenylephrine
drops. Moreover, study protocol instructed the BCVA measurement at every evaluation visit: at the
beginning of treatment cycle 2 and at the beginning of every subsequent odd treatment cycle. At these
evaluation visits, slit-lamp examination and assessment of the posterior pole using indirect
ophthalmoscopy were also prescribed to be executed, together with OCT scanning. When ETDRS
BCVA testing was not available, Snellen BCVA was determined and a previously-established
conversion method was used to achieve ETDRS values.(Gregori et al. 2010)

In patients with visual disturbances or abnormal retinal findings on ophthalmological
assessments, fluorescein angiography was performed with the spectral-domain OCT. Treatment had to
be interrupted when a serous retinal detachment with a decrease in ETDRS BCVA of >15 letters
occurred. A serous retinal detachment was defined as a localized separation of the neuroretina and
RPE on OCT, with an accumulation of SRF between these layers. Restart of treatment could only be
scheduled after full resolution of the detachment and full recovery of vision within 2 weeks, after
weekly follow-up visits. In case of the occurrence of an RVO the study medication had to be stopped,

unless the event resolved within 2 weeks.
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Safety and efficacy monitoring

After clinical assessment at the evaluation visits at the Department of Oncology, the dose of study
medication was reduced or medication was discontinued, when either unacceptable signs of toxicity
or disease progression had developed. Subjects with documented tumor progression on the

dacarbazine arm could choose to switch to receiving pimasertib.

Statistical analysis
Both ETDRS BCVA at the time point of most pronounced SRF on OCT and at final follow-up were
compared to ETDRS BCVA at initial screening, using an independent t-test in IBM SPSS Statistics,

version 23.0 (IBM Corp., Armonk, NY, United States).

Results
The 8 CM patients (4 male, 4 female) had a mean age of 62.9 years (median: 64 years; range, 56-67
years). The clinical patient characteristics are summarized in Table 1.

During this study, 1 patient (13%) developed visual complaints, consisting of experiencing a
dark fleck in the inferior part of the visual field of the right eye. These complaints started 1 week after
the restart of pimasertib treatment, after a previous discontinuation because of a reversible decrease in
left ventricular ejection fraction. In the right eye, ETDRS BCVA had dropped from 95 to 67 letters,
while ETDRS BCVA of the left eye had not changed at the time of visual complaints. Indirect
ophthalmoscopy and fluorescein angiography led to the diagnosis of a hemi-RVO of the superior
temporal vein of the right eye and an asymptomatic mild hemi-RVO of the inferior temporal retinal
vein of the left eye (Fig. 1A-L). Because of cystoid macular edema, a single intravitreal injection of
bevacizumab in the right eye was given to this patient, after which ETDRS BCVA recovered to 89
letters at follow-up visit 8 days later (Fig. 1M-P). Because of the need for palliative care, which this
patient preferred to receive in another hospital, and because of the good functional and anatomical
result of this single injection, no additional follow-up was scheduled.

OCT indicated that SRF developed in 16/16 eyes (100%). None of the patients (excluding the
patient with RVO) experienced visual symptoms. Moreover, no measurable significant influence on
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visual acuity could be detected, as (converted) median BCVA ETDRS was 88 letters (range, 77-93
letters) at screening, 87 letters (range, 66-98 letters) at the moment of most prominent SRF on OCT,
and 89 letters (range, 75-98 letters) at the final follow-up visit. Differences in ETDRS BCVA were
not statistically significant (p=0.58 (screening versus most prominent SRF), p=0.31 (most prominent
SREF versus final follow-up visit), and p=0.51 (screening versus final follow-up visit)).

Ophthalmoscopy revealed transparent to yellowish vitelliform lesions at the time that SRF
was observed on OCT (Fig. 1D, 1K-L, 2A), whereas either no abnormalities or mild RPE changes
were observed after disappearance of SRF. The SRF was bilateral and fairly symmetrical (Fig. 2K-T).
These lesions were seen in all patients at the time of their first OCT after the start of the study
medication, which was performed after 9-27 days (median: 20 days). Foveal SRF accumulation was
present in 6/8 patients (75%). The center of these lesions was hyperreflective on infrared reflectance
imaging, and the lesions were surrounded by a hyporeflective zone. On OCT, SRF was detected
extrafoveally in all 8 patients (Fig. 1K-L, 2D, 2I-J). The median total number of extrafoveal lesions in
the posterior pole, based on a 30° infrared reflectance photograph, was 6 (mean: 5, range, 3-13
lesions) in the 16 eyes.

At last ophthalmological follow-up at 14-126 days (median: 81 days) after the first
appearance of SRF, the SRF had disappeared in both eyes in 5/8 patients (63%). In the patient who
received intravitreal bevacizumab, resolution of both cystoid macular edema and SRF had occurred.
Administration of pimasertib had been discontinued in this patient. In the other 4 patients, SRF
disappeared spontaneously while pimasertib was either still administered according to the original
dose (2 patients)or dose of pimasertib was reduced (1 patient), or pimasertib was discontinued
because of a decrease in left ventricular ejection fraction (1 patient). Three patients had persistent
SRF, during treatment with 60, 60, and 30 mg of pimasertib twice a day, respectively. However,
during follow-up the amount of SRF had decreased in all 3 patients. Color vision testing and visual
field testing revealed no significant changes, despite macular SRF accumulation during pimasertib
treatment. For all patients, information on the occurrence and evolution of SRF, and the possible

relationship with orally administered dose of pimasertib has been depicted in Fig. 3.
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During the period of the administration of study medication in 1 patient who had previously
been diagnosed with bilateral diabetic macular edema, (Fig. 4A-D) edema had increased unilaterally
at ophthalmological follow-up, 9 days after the start of study medication (Fig. 4E-F). This patient also
developed bilateral foveal SRF. No signs of other ophthalmological diseases were detected during
follow-up. Eleven days later, SRF and edema had decreased spontaneously (Fig. 4G-H). At final
follow-up 106 days later, only minimal unilateral foveal SRF remained (Fig. 41-J). Ophthalmic

characteristics of all patients are summarized in Table 1.

Discussion
Spectral-domain OCT is a sensitive means to detect a typical serous retinopathy in patients treated
with MEK inhibitors such as pimasertib. Despite these striking MEK inhibitor-associated retinal
abnormalities in all 8 metastatic CM patients, all but 1 patient remained asymptomatic. This patient
experienced central vision loss due to bilateral RVO, which responded to intravitreal bevacizumab
treatment. Lesions occurred both foveally and extrafoveally in most of the 8 patients, indicating a
more extensive dysfunction of the retina and/or RPE that extended beyond the fovea. Serous
retinopathy had either disappeared or decreased at the last ophthalmological follow-up in all patients.
The exact pathogenesis of both serous retinopathy and RVO associated with MEK inhibitor
treatment is as yet unclear. A time-dependent and reversible serous retinopathy, resembling the
clinical picture we present in the current study, was previously described in association with several
other MEK inhibitors such as cobimetinib,(McCannel et al. 2014) trametinib,(Infante et al. 2012) and
RO5126766.(Martinez-Garcia et al. 2012) We described this specific phenotype by a mildly
symptomatic, time-dependent, and reversible accumulation of both foveal and extrafoveal serous
SRF, with abnormalities on electro-oculography but without any evidence of choroidal
abnormalities.(van Dijk et al. 2015) This serous retinopathy is most probably related to a class effect
of this type of drugs, and thereby an on-target side effect of treatment,(Duncan et al. 2015; Kurbel et
al. 2015) although pharmacological differences between several MEK inhibitors exist.(Hatzivassiliou
et al. 2010) We have previously described prolonged abnormalities on electro-oculography in patients
with transient binimetinib-associated serous retinopathy, indicating panretinal RPE dysfunction and
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dysfunction of the RPE pump.(McCannel et al. 2014; van Dijk et al. 2015) In addition, anti-RPE and
anti-retinal autoantibodies may play a role.(van Dijk et al. 2015) In a cell model of RPE and
neuroretina, binimetinib administration resulted in inactivation of the MAPK pathway, and
discontinuation of administration of the MEK inhibitor binimetinib led to reactivation, mimicking the
mild and reversible retinopathy.(van Dijk et al. 2016) The occurrence of an RVO, during the
prescription of MEK inhibition has also been described previously in up to 5% of patients.(LoRusso
et al. 2010; Houede et al. 2011; Leijen et al. 2012) MEK inhibitors could influence the vasculature of
the retina, leading to both this serous retinopathy and RVO.(van der Noll et al. 2013; van Dijk et al.
2015) The RVO that occurred in 1 of our patients could have been associated with the previous
reversible decrease in left ventricular ejection fraction in this case, which had been detected 3 weeks
before the diagnosis of RVO had been established. Moreover, after oral administration of the MEK
inhibitor PD0325901 to rats, retinal gene expression suggested an increase in inflammatory and
oxidative stress response, endothelial and blood-retinal barrier damage, and effects on blood
coagulation, possibly characteristic for RVO.(Huang et al. 2009) Effects of oxidative stress and
endothelial cell inflammation could lead to vascular hyperpermeability and damage to the blood-
retinal barrier.(Huang et al. 2009) Moreover, an imbalance between thrombosis and fibrinolysis has
previously been described to play an active role in the development of RVO.(Lip et al. 1998; Rehak &
Rehak 2008)

MEK-associated serous retinopathy has to be discerned from several other retinal diseases. In
contrast to central serous chorioretinopathy, in which lesions usually start unilaterally or bilateral
asymmetrically, the MEK-associated serous retinopathy is not associated with RPE detachments on
OCT, and there are no “hot spots” of trans-RPE subretinal leakage on fluorescein
angiography.(McCannel et al. 2014; Urner-Bloch et al. 2014) In cancer-associated retinopathy,
melanoma-associated retinopathy, or non-neoplastic autoimmune retinopathy, symptoms may include
a relatively rapid-onset photopsia, night blindness, scotomas, and progressive visual field
loss.(Heckenlively & Ferreyra 2008) Interestingly, this spectrum of autoimmune retinopathy is
associated with anti-retinal and/or anti-RPE antibodies, which we have also described in association
with MEK inhibitor-associated serous retinopathy.(van Dijk et al. 2015) Hereditary retinal dystrophies
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such as autosomal dominant inherited Best vitelliform macular dystrophy and autosomal recessive
bestrophinopathy usually have an earlier onset in combination with typical fundus lesions and a
markedly abnormal electro-oculogram.(Boon et al. 2009)

In conclusion, we show that serous retinopathy associated with MEK inhibition treatment
such as pimasertib is very common. This serous retinopathy generally does not lead to marked
ophthalmological complaints,(van Dijk et al. 2015) and lesions may resolve despite continuous
treatment. Therefore, discontinuation of treatment in most patients with metastatic cancer is not
necessary. As ophthalmological complaints may occur in a noteworthy number of patients,(van Dijk
et al. 2015) and as survival may increase in these patients because of the use of this new type of
treatment for metastatic melanoma, performing OCT scanning before, during, and after MEK
inhibition treatment may be advisable for monitoring and follow-up of fundus lesions. Another
ophthalmological side effect of MEK inhibition is RVO, which can cause visual complaints that
requires therapeutic intervention. Especially OCT follow-up is able to precisely monitor such
abnormalities even in patients that remain asymptomatic. It is currently unclear if MEK inhibitor-
associated serous retinopathy correlates with other clinical parameters of MEK inhibition treatment
such as treatment response of metastases.(van Dijk et al. 2015) Further studies are needed to unravel
the exact pathogenesis and clinical consequences of MEK inhibitor-associated ophthalmological

adverse events.
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Figure legends

Figure 1. Bilateral retinal vein occlusion associated with pimasertib treatment

A-B, Optical coherence tomography (OCT) scan of the right (A) and left eye (B) of a 60-year-old
male patient revealed a normal macular structure at baseline examination. C-D, Fundus photography
of the right (C) and left eye (D), 41 days after the start of pimasertib treatment, revealed bilateral
foveal and extrafoveal yellowish lesions. E-F, Foveal OCT scanning of both the right (E) and left eye
(F) showed a serous neuroretinal detachment. Treatment was discontinued 22 days later. Nine days
after discontinuation, treatment with 45 mg pimasertib twice daily could be restarted and patient
attended a follow-up visit 12 days later. At that time, patient experienced a dark fleck in the inferior
part of the visual field of the right eye. . G-J, Fluorescein angiography and fundus photography
revealed a hemi-retinal vein occlusion (RVO) in the right (G, I), and left eye (H, J). K, OCT of the
right eye showed cystoid macular edema and both foveal and extrafoveal neuroretinal detachments
were also present. L, OCT scanning of the left eye revealed both foveal and extrafoveal neuroretinal
detachments. At this time, administration of pimasertib was discontinued. M-N, At follow-up 8 days
after a single intravitreal injection of bevacizumab, fundus photography of the right (M) and left eye
(N) revealed persistent cotton-wool spots and haemorrhages associated with the RVO in the right eye,
and an increase of haemorrhages and cotton-wool spots in the left eye. O-P, On an OCT scan during
this visit, both cystoid macular edema and SRF had resolved in the right eye (O), and resolution of the

neuroretinal detachment had occurred in the left eye (P).

Figure 2. Spectrum of ophthalmological findings in pimasertib-associated serous retinopathy

A, Fundus photography of the right eye of a 67-year-old male patient who developed foveal and
extrafoveal yellowish lesions, at 13 days after the start of pimasertib treatment. B, Infrared reflectance
(IRR) imaging showed hyperreflective foveal and extrafoveal lesions, which were surrounded by a
hyporeflective zone. C, Optical coherence tomography (OCT) had shown a normal macular structure

at baseline. D, Thirteen days after the start of study treatment, both foveal and extrafoveal serous
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neuroretinal detachments on OCT had developed. E, At final follow-up, 63 days after the start of the

prescription, resolution of lesions had occurred.

F, Fundus photography of the right eye of a 63-year-old female patient showed subtle extrafoveal
transparent to yellowish lesions, 27 days after the start of pimasertib treatment. G, IRR imaging
showed corresponding hyperreflective lesions. H, Before treatment, OCT had shown a normal
macular structure. I, An extrafoveal neuroretinal detachment could be detected on OCT, 27 days after
the beginning of pimasertib. J, This serous retinopathy was still present at final follow-up 14 days

later.

K-L, In a 66-year-old patient, showing pimasertib-associated serous retinopathy, fundus photography
revealed both foveal and extrafoveal yellowish lesions, 20 days after the start of pimasertib. P-Q,
These lesions corresponded to hyperreflective lesions, surrounded by a hyporeflective zone on IRR
imaging. M-N, At baseline examination, no abnormalities had been found on OCT. O and R, Twenty
days after the start of treatment, an OCT scan showed a bilateral foveal neuroretinal detachment. S-T,

Resolution of this detachment was detected, 62 days after discontinuation of treatment.

Figure 3. Occurrence and evolution of subretinal fluid over time, and possible relationship with

orally administered dose of pimasertib

For all 8 patients included in this study, the prescribed dose of pimasertib and the occurrence of
subretinal fluid (SRF) on optical coherence tomography (OCT) over time have been depicted. Colors
in the ‘pimasertib dose’ rows correspond to the following doses: black = 60 mg twice daily, dark grey
=45 mg twice daily, light grey = 30 mg twice daily, white = no treatment. ‘STOP’ corresponds to end
of treatment. Y’ in the ‘SRF on OCT’ rows corresponds to presence of SRF on OCT at evaluation,

with the maximum amount of SRF over time in bold. ‘N’ corresponds to the absence of SRF on OCT.
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Figure 4. Worsening of diabetic macular edema and occurrence of serous retinopathy associated

with pimasertib treatment

A-B, Fluorescein angiography in a 67-year-old male patient with metastatic cutaneous melanoma and
diabetes mellitus type 2 before the start of pimasertib treatment, showed bilateral microaneurysms and
mild fluorescein leakage. C-D, Optical coherence tomography (OCT) at baseline examination showed
very mild diabetic macular edema (DME) without other abnormalities (C), and mild DME in the left
eye (D). E, OCT scanning at 9 days after the start of pimasertib treatment showed a foveal serous
neuroretinal detachment in the right eye. F, At this moment, the left eye showed both a foveal serous
neuroretinal detachment and worsening of the DME on OCT. G-H, Eleven days later the amount of
serous subretinal fluid had decreased spontaneously in the right (G) and the left eye (H). I-J, Despite
the fact that this patient still used pimasertib in a dosage of 60 mg twice daily, the neuroretinal
detachment had almost resolved in both eyes, together with the DME in the left eye, at final

ophthalmological follow-up.
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Tables

Table 1. Characteristics of the cutaneous melanoma patients.
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A-B, Optical coherence tomography (OCT) scan of the right (A) and left eye (B) of a 60-year-old male
patient revealed a normal macular structure at baseline examination. C-D, Fundus photography of the right
(C) and left eye (D), 41 days after the start of pimasertib treatment, revealed bilateral foveal and
extrafoveal yellowish lesions. E-F, Foveal OCT scanning of both the right (E) and left eye (F) showed a
serous neuroretinal detachment. Treatment was discontinued 22 days later. Nine days after discontinuation,
treatment with 45 mg pimasertib twice daily could be restarted and patient attended a follow-up visit 12
days later. At that time, patient experienced a dark fleck in the inferior part of the visual field of the right
eye. . G-J, Fluorescein angiography and fundus photography revealed a hemi-retinal vein occlusion (RVO) in
the right (G, I), and left eye (H, J). K, OCT of the right eye showed cystoid macular edema and both foveal
and extrafoveal neuroretinal detachments were also present. L, OCT scanning of the left eye revealed both
foveal and extrafoveal neuroretinal detachments. At this time, administration of pimasertib was
discontinued. M-N, At follow-up 8 days after a single intravitreal injection of bevacizumab, fundus
photography of the right (M) and left eye (N) revealed persistent cotton-wool spots and haemorrhages
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associated with the RVO in the right eye, and an increase of haemorrhages and cotton-wool spots in the left
eye. O-P, On an OCT scan during this visit, both cystoid macular edema and SRF had resolved in the right
eye (O), and resolution of the neuroretinal detachment had occurred in the left eye (P).
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A, Fundus photography of the right eye of a 67-year-old male patient who developed foveal and extrafoveal
yellowish lesions, at 13 days after the start of pimasertib treatment. B, Infrared reflectance (IRR) imaging
showed hyperreflective foveal and extrafoveal lesions, which were surrounded by a hyporeflective zone. C,
Optical coherence tomography (OCT) had shown a normal macular structure at baseline. D, Thirteen days

after the start of study treatment, both foveal and extrafoveal serous neuroretinal detachments on OCT had

developed. E, At final follow-up, 63 days after the start of the prescription, resolution of lesions had
occurred.

F, Fundus photography of the right eye of a 63-year-old female patient showed subtle extrafoveal
transparent to yellowish lesions, 27 days after the start of pimasertib treatment. G, IRR imaging showed
corresponding hyperreflective lesions. H, Before treatment, OCT had shown a normal macular structure. I,
An extrafoveal neuroretinal detachment could be detected on OCT, 27 days after the beginning of
pimasertib. J, This serous retinopathy was still present at final follow-up 14 days later.

K-L, In a 66-year-old patient, showing pimasertib-associated serous retinopathy, fundus photography
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revealed both foveal and extrafoveal yellowish lesions, 20 days after the start of pimasertib. P-Q, These
lesions corresponded to hyperreflective lesions, surrounded by a hyporeflective zone on IRR imaging. M-N,
At baseline examination, no abnormalities had been found on OCT. O and R, Twenty days after the start of
treatment, an OCT scan showed a bilateral foveal neuroretinal detachment. S-T, Resolution of this
detachment was detected, 62 days after discontinuation of treatment.
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A-B, Fluorescein angiography in a 67-year-old male patient with metastatic cutaneous melanoma and
diabetes mellitus type 2 before the start of pimasertib treatment, showed bilateral microaneurysms and mild
fluorescein leakage. C-D, Optical coherence tomography (OCT) at baseline examination showed very mild
diabetic macular edema (DME) without other abnormalities (C), and mild DME in the left eye (D). E, OCT
scanning at 9 days after the start of pimasertib treatment showed a foveal serous neuroretinal detachment
in the right eye. F, At this moment, the left eye showed both a foveal serous neuroretinal detachment and
worsening of the DME on OCT. G-H, Eleven days later the amount of serous subretinal fluid had decreased
spontaneously in the right (G) and the left eye (H). I-], Despite the fact that this patient still used
pimasertib in a dosage of 60 mg twice daily, the neuroretinal detachment had almost resolved in both eyes,
together with the DME in the left eye, at final ophthalmological follow-up.
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Table 1. Characteristics of the cutaneous melanoma patients.
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Clinical characteristics
Number of patients
Number of males
Number of females
Mean age (years)
Median age (years)

Ophthalmic characteristics

Number of patients developing visual complaints

Ophthalmoscopy images available during ophthalmological follow-up (patients)
Transparent to yellowish fundus lesions (eyes)
Single foveal lesion (eyes)

Multifocal lesions (eyes)

OCT imaging available during ophthalmological follow-up (patients)
SRF on OCT (eyes)
Foveal SRF (eyes)
- Only foveal SRF
- Foveal and extrafoveal SRF
Extrafoveal SRF (eyes)
- Only extrafoveal SRF

- Foveal and extrafoveal SRF

Infrared reflectance imaging available during ophthalmological follow-up
(patients)

Extrafoveal lesions (eyes)

Mean number of extrafoveal lesions

Median number of extrafoveal lesions

Abbreviations: OCT, optical coherence tomography; SRF, subretinal fluid
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8
4/8 (50%)
4/8 (50%)
62.9
64

1/8 (13%)

8
16/16 (100%)
0
16/16 (100%)

8
16/16 (100%)
12/16 (75%)
0/12
12/12
16/16 (100%)
4/16
12/16

8
16/16 (100%)
5
6



