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Abstract

Purpose: To report the clinical features, severity, and management of ocular immune-related
adverse events (irAEs) in the setting of immune checkpoint inhibitor therapy for metastatic
malignancies.

Methods: Retrospective chart review at three tertiary ophthalmology clinics. Electronic medical
records were reviewed between 2000 and 2017 for patients with new ocular symptoms while
undergoing checkpoint inhibition therapy.

Results: Eleven patients were identified. Ocular irAEs ranged from keratoconjunctivitis sicca to
Vogt-Koyanagi -Harada-like findings. Average timing of irAEs from starting checkpoint inhibitor
therapy was 15.7 weeks. Ocular inflammation was successfully controlled with corticosteroids in
most cases, however three patients discontinue treatment as a result of ocular inflammation with
decreased visual acuity, two discontinued due to progression of metastatic disease, and one
discontinued due to severe systemic irAEs.

Conclusion: We found a wide spectrum of ocular irAEs associated with immune checkpoint
inhibitors. In most cases, ocular AEs did not limit ongoing cancer treatment.
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INTRODUCTION

Immune checkpoint inhibition is an emerging therapeutic approach for metastatic or
recurrent cancer with promising clinical efficacy. Checkpoint proteins are expressed on
activated T, B, and NK cells and serve to down-regulate cellular apoptosis and inflammation.
Therapeutics targeting this pathway act through antibody blockade and can be categorized
by their inhibitory targets: programmed cell death protein 1 (PD-1) inhibitors nivolumab and
pembrolizumab are FDA approved for melanoma of the skin, non-small cell lung cancer,
kidney cancer, bladder cancer, head and neck cancers, and Hodgkin lymphoma; programmed
cell death ligand 1 (PD-L1) inhibitors atezolizumab, avelumab, and durvalumab are used to
treat bladder cancer, non-small cell lung cancer, and Merkel cell carcinoma; and cytotoxic T-
lymphocyte-associated antigen 4 (CTLA-4) inhibitor Ipilimumab is used in the treatment of
malignant melanoma.l

Blockade of these receptors upregulates the body’s immune system against these malignant
processes. However, these checkpoint inhibitors are associated with a unique set of side
effects through unbridled inflammation termed immune-related adverse events (irAEs).2™®

The newness of these medications and limited reports of their ocular complications pose
challenges amongst ophthalmologists and oncologists as to the appropriateness of referrals
and management regimens for these patients. The aim of this case series is to describe the
spectrum and severity of ocular irAEs seen at three tertiary ophthalmology centers in the
United States (US) and to highlight management approaches.

METHODS

Cases were identified by retrospective chart review at three tertiary ophthalmology clinics in
the US (National Eye Institute, The Washington D.C. Veterans Hospital, and Massachusetts
Eye and Ear Institute). Institutional Review Board and Ethics Committee approval was
obtained at each of the individual centers in compliance with the Declaration of Helsinki.
Electronic medical records were reviewed between 2000 and 2017 using search terms
“atezolizumab, avelumab, durvalumab nivolumab, pembrolizumab or immune check point
inhibitors” (ICI) in order to identify patients seen in the eye clinics while undergoing
checkpoint inhibition therapy for metastatic or recurrent malignancies with particular
attention to consults initiated by oncology services at each institution. All patients were
referred to the eye clinic by the oncology teams when they experienced eye-related
symptoms. All patients underwent standard comprehensive ophthalmic examination and
were treated according to standard of care practices at those clinics. Ophthalmology clinical
reports and imaging were reviewed to identify those patients who experienced irAEs.
Subjects were excluded if there was a preexisting uveitis and if their inflammation was not
worse or more frequent than prior to initiation of checkpoint inhibitor and was therefore
deemed likely unrelated to the medication.

The National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE)
v5 grades adverse events from medications based on their severity into five categories.
According to this classification, uveitis irAEs are specified as: grade 1, mild and
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asymptomatic; grade 2, moderate presenting as anterior uveitis; grade 3, severe with
posterior or panuveitis; grade 4, life threatening; which in ophthalmology would be
blindness (VA of 20/200 or worse) in the affected eye.5

A total of 11 patients were identified with ocular irAEs while being treated with a
checkpoint inhibitor. Table 1 displays patient’s age at presentation, gender, ethnicity,
primary malignancy being treated, type of checkpoint inhibitor at time of AE, timing of the
event in weeks after starting medication, initial presenting ocular symptoms, ocular
diagnosis, treatment course, and checkpoint inhibitor discontinuation status. Each AE per
eye was grouped based on location of ocular inflammation, using standardization of uveitis
nomenclature criteria where applicable.”

Nine of the 11 patients presented with intraocular inflammation (anterior, intermediate,
posterior, or panuveitis) and the others with keratoconjunctivitis sicca (dry eye syndrome)
and optic neuropathy.

One patient (two eyes) in our cohort experienced new onset dry eye syndrome. A 34-year-
old female with metastatic colon cancer presented with foreign body sensation, eye redness,
and blurry vision. On exam she was noted to have inflammation of the lid margins and
superficial punctate keratitis and diagnosed with blepharitis and dry eye syndrome 9 weeks
after starting pembrolizumab therapy. The patient’s symptoms were managed with topical
artificial tears and conservative measures and she was able to continue treatment with
pembrolizumab.

Nongranulomatous anterior uveitis (NGAU) was the most common type of ocular
inflammation seen in our cohort with four patients (seven eyes) who presented with typical
complaints of eye redness, blurry vision, light sensitivity or ocular discomfort and who were
found to have anterior chamber cell ranging from +0.5 to 3+ grade. The average age of the
patients with NGAU was 55 years (range 42—63 years), with ocular inflammation occurring
on average 18.5 weeks (range 1-52 weeks) after the initiation of ICI treatment. The most
common checkpoint inhibitor used in this category was nivolumab (noted in 75% of patients
receiving either monotherapy or in combination with ipilimumab). All eyes with anterior
uveitis were managed with topical corticosteroid therapy, however one patient also received
intravenous corticosteroids following the advent of cranial nerve VI palsy (in addition to her
anterior uveitis). One patient had low-grade inflammation that completely resolved with
topical corticosteroids and was continued on checkpoint inhibitor therapy. Two patients had
their treatment discontinued due to ocular inflammation, one in the setting of decreased
visual acuity and cranial nerve VI palsy while the other experienced marked decrease in
visual acuity related to cystoid macular edema, lastly one patient had their treatment stopped
due to poor response with progression of metastatic disease.

Intermediate uveitis occurred in one patient, a 40-year-old male who experienced mild
unilateral intermediate uveitis with no associated vasculitis or cystoid macular edema 24
weeks after starting pembrolizumab. The patient responded to topical corticosteroid
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treatment; however, checkpoint inhibitor therapy was stopped due to ineffectiveness with
progression of metastatic disease.

Panuveitis occurred in one patient in our cohort. A 56-year-old male with biopsy-proven
pulmonary sarcoidosis with no previous ocular involvement, presented with panuveitis and
cystoid macular edema in the right eye; and NGAU in the left eye that started 20 weeks after
initiation of nivolumab and ipilimumab therapy for metastatic melanoma. The patient’s
inflammation and cystoid macular edema resolved with topical and sub-tenons
corticosteroids and cessation of nivolumab and ipilimumab therapy due to ocular toxicity.
However, 18 months later the patient presented with subacute vision loss in his right eye
with vitritis and recurrent cystoid macular edema on exam and OCT imaging despite
remaining off checkpoint inhibitor.

Choroidal inflammation was noted in three patients (four eyes) in a pattern often referred to
as a Vogt-Koyanagi-Harada (VKH)-like reaction (Figure 1). The average age at presentation
in this category was 52 years (range 30-63 years), and average timing of adverse event was
10 weeks (range 4-18 weeks) following initiation of treatment. All patients in this category
were being treated for malignant melanoma and all three patients had resolution of choroidal
inflammation with oral and topical corticosteroids. Two patients were able to continue
checkpoint inhibitor therapy while one patient had treatment stopped due to severe systemic
adverse events to include rash, myalgias, diarrhea, and transaminitis.

One patient in our cohort experienced unilateral optic neuropathy. A 65-year-old male being
treated with durvalumab for metastatic prostate cancer developed acute scotoma in the left
eye with demonstration of grade 4 optic nerve edema and near complete inferior altitudinal
defect on Humphrey Visual Field 30-2 testing. The patient had a normal brain MRI with and
without contrast as part of his work up, and was treated with intravenous high dose
corticosteroids with significant improvement in his subjective visual complaints and visual
field testing and was able to continue treatment with durvalumab. Duration of durvalumab
therapy prior to the incident was not documented.

DISCUSSION

Cancer immunotherapy when successful helps prolong life expectancy of patients with
metastatic malignancy. Ipilimumab was the first checkpoint inhibitor to demonstrate
improved overall survival rate from 5% to 18% for malignant melanoma when compared to
controls in 2010.8 In 2015, the KEYNOTE-002 trial showed that pembrolizumab when
compared to ipilimumab improved overall survival rate at 33 months from 39% to 50%.°
More recently in 2017, the Checkmate 067 trial demonstrated improved survival at 3 years
for advanced melanoma with combination nivolumab and ipilimumab compared to
nivolumab alone (58% versus 52%).10

Targeting CTLA-4 and PD-1 are used in combination in investigational trials as they have
distinct targets with potential synergistic anti-tumor effects. However, there does appear to
be increased risk of severe systemic irAEs when these agents are used in combination.10-12
Systemic irAEs are reported in up to 96% of patients while on combination therapy of
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Nivolumab and Ipilimumab with 59% consisting of grade 3 or 4 inflammation. Single
therapy is only marginally safer with 28% of patients experiencing a grade 3 or 4
inflammation. The most common systemic irAEs are fatigue, infusion reaction, diarrhea,
colitis, and skin rashes, however severe and life-threatening AEs like fatal myocarditis have
been reported as well.19:13 |n our study 55% of patients had reported non-ocular systemic
irAEs, with only one experiencing severe grade 3 irAE. Since patients with severe systemic
irAEs are taken off the medication, it is likely that they were not referred to us for ocular
symptoms that began after cessation of the drug. Additionally, this patient cohort has a high
mortality and morbidity rate off chemotherapy; thus, it is likely that ocular symptoms may
have gone unreported or uninvestigated.

The incidence of ocular irAEs is rare, and ranges from 0.3% to 6% for uveitis and 1.2% to
24.2% for dry eye syndrome.14 Currently, recommended guidelines for oncologists include
transient stopping of therapy for any grade 3 AE (anterior uveitis with 3+ or greater cells;
intermediate, posterior, or pan-uveitis) until resolved and permanent discontinuation for
grade 4 events which are defined as event resulting in visual acuity of 20/200 or worse in the
affected eye.1516

In our study, the most common ocular finding was anterior uveitis. Due to limited sample
size, we were unable to draw any conclusion regarding specific ocular irAEs being
associated with any specific drug or drug combination. We also were not able to identify
demographic risk factors or associations between time of onset of inflammation with
relation to immunotherapy infusions. However, we noted that many patients with ocular
irAEs responded well to topical and oral corticosteroids, and continuing checkpoint therapy
with close monitoring and treatment by ophthalmology was possible. Most of the patients in
our cohort discontinued treatment due to progression of metastases or systemic adverse
events, however there were a few that were discontinued due to duration and severity of
ocular events, per previously specified clinical trial protocol safety criteria. We presume that
these protocols were written by grouping ocular adverse events and systemic adverse events
as having equal morbidity. We argue that ocular inflammation typically does not resolve
immediately and low grades of ocular inflammation can be managed without discontinuing
immune checkpoint inhibition.

Our cohort included patients that had recurrence of ocular inflammation despite being off
ICI. It is unclear if this finding is incidental or if these patients warrant long-term
surveillance. We also saw a patient with unilateral optic neuropathy, that may have been an
incidental finding, however given the prior reports of optic neuritis with ICI17 we included
the patient in this study. VKH-like reactions represent the more severe end of the spectrum
of ocular AEs with checkpoint inhibitors. Our sample size is limited, however it is
interesting that all three of the patients were being treated for malignant melanoma, with no
clear association with a specific checkpoint medication or subclass. This association
between patients treated for malignant melanoma and VKH like events has anecdotally been
noted in previous published case reports.18-22 The association could stem from the higher
numbers of patients with skin melanoma being treated with ICI as compared to other
malignancies, however it is interesting to hypothesize a relationship between the two disease
processes. While the precise mechanism of inflammation in VKH is still unknown, it is
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thought to involve CD4+ and CD8 + T cell targeting melanocytic antigens. Clinically it is
characterized by bilateral serous detachments, choroiditis, sensorineural hearing loss, and
vitiligo. It is possible that with checkpoint inhibition, the unbridled T-cell activation against
melanoma-related antigens may contribute to the VKH-like clinical picture in a genetically
predisposed patient. There is a known association between VKH and HLA-DR4 and HLA-
AZ2. Indeed, one of these three patients (the only patient who had HLA typing) was HLA-
DRA4 positive. Itoh et al. demonstrated unique ability of T cells from HLA-A2 positive VKH
patients to lyse melanoma cells and Yano et al. demonstrated a possible activation of
melanoma cytotoxic T lymphocytes by peripheral blood leucocytes from patients with HLA-
DR4 VKH phenotypic disease. Further research linking the VKH-like inflammatory
reactions in the setting of checkpoint inhibitors with these HLA markers could provide
greater understanding of the mechanism of VKH.23-25 Systemic corticosteroids, which are
the standard of care for VKH would diminish checkpoint inhibitor, effectively negating the
anti-tumor activity, and hence has to be used with caution. Oftentimes, we were able to
manage our patients’ flares with topical or local corticosteroid injections as needed.

Our study recognizes its limitations. It is a retrospective review of a small unique cohort of
patients. These patients were all seen in tertiary ophthalmology clinics and likely only
represent a subset of this patient population. Current ocular literature is likely skewed due to
the publication bias at reporting only more rare or severe events. While the exact causal
relationship of checkpoint inhibitor therapy and ocular inflammatory events is outside the
scope of this paper, our aim is to demonstrate the various ocular irAEs that can present
during the course of treatment with ICI. We were able to demonstrate resolution of ocular
inflammation with local (topical and periocular) corticosteroid injections, which permitted
some of our patients who have limited treatment options to continue to receive
immunotherapy.

It is increasingly important for ophthalmologists to be aware of this medication class and
their potential ocular complications. Ophthalmologists, whenever possible, should be
involved as these irAEs can be managed with local or oral corticosteroids while continuing
life-saving checkpoint inhibitor therapy. A multidisciplinary approach between
ophthalmologist, oncologist, and internist alongside the patient and family will improve
decision-making by focusing on what is most likely to enhance the patients’ health and
quality of life.

This work was supported by the NEI intramural research support.
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FIGURE 1.
VKH-like syndrome associated with Ipilimumab and Nivolumab. - Optical Coherence

Tomography of the left eye shows pockets of central subretinal fluid with multiple areas of
localized retinal elevation correlating to the subretinal fluid on infrared image in patient 8.
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