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Abstract

Ocular adverse events (OAEs) including vision-threatening intraocular inflammation after immune checkpoint inhibitor (ICT)
treatment have been increasingly reported; however, the risk factors associated with OAEs remain elusive. Here, we deter-
mined the factors associated with OAEs after ICI treatment. We analyzed 40 consecutive patients who experienced OAEs
after ICI treatments. The OAEs included anterior uveitis, chorioretinitis, papillitis, foveal interdigitation zone thickening/
serous retinal detachment (IZT/SRD), retinal vascular occlusion, and strabismus and ptosis. Of 40 patients, 18 (45%) were
treated with atezolizumab, 13 (33%) with pembrolizumab, 7 (18%) with nivolumab, 1 (3%) with ipilimumab/nivolumab, and
the other 1 (3%) with durvalumab/tremelimumab. BRAF/MEK inhibitors were concurrently used in 19 (48%) patients. Occur-
rence of intraocular inflammation was significantly associated with previous ocular surgery and trauma history (P =0.015)
and pembrolizumab use (P =0.031). Neuro-ophthalmic complications and IZT/SRD were associated with brain metastasis
(P=0.005) and treatment with BRAF/MEK inhibitor (P <0.001), respectively. In extensive literature review for clinical
cases, we identified seven cases with intraocular inflammation, which were not observed with ipilimumab treatment, that
occurred after a change of the drug to pembrolizumab. Collectively, these findings provide better understandings of OAEs
after ICI treatment.
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Abbreviations one of the mainstays of cancer treatment [1, 2]. Currently, six
ICI  Immune checkpoint inhibitor FDA-approved ICIs are widely used to treat various cancers.
IQR Interquartile range These are monoclonal antibodies that activate the immune
IZT Interdigitation zone thickening system by targeting CTLA-4 [Ipilimumab (Yervoy®)], PD-1
OAE Ocular adverse event [pembrolizumab (Keytruda®), nivolumab (Opdivo®)], and
SRD Serous retinal detachment PD-L1 [avelumab (Bavencio®), durvalumab (Imfinzi®), and

atezolizumab (Tecentriq)] [3]. CTLA-4 and PD-1 are recep-
tors on the surface of activated T cells, while PD-L1 resides
Introduction on cancer cells [4]. PD1/PD-L1 and CTLA4/B7-1 or B7-2
interactions suppress T-cell function, and ICIs counteract
Since the remarkable effects of pembrolizumab on advanced  this inhibitory process, resulting in T-cell activation [5, 6].
melanoma and non-small cell lung cancer have been pub- By increasing T-cell activity, systemic inflammatory side
lished, immune checkpoint inhibitors (ICIs) have become  effects associated with ICI treatment have been reported [3].
Possible mechanisms underlying immune-related adverse
events include increasing T-cell activity against antigens that

< Christopher Seungkyu Lee

sKlee219@yuhs.ac are present in tumors and healthy tissues, increasing levels
of preexisting autoantibodies, increasing levels of inflam-
1 Department of Ophthalmology, Institute of Vision Research, matory Cytokines’ and enhancing comp]ement-mediated

Severance Hospital, Yonsei University College of Medicine,

' . inflammation [7]. Since Robinson et al. described the uvei-
Yonsei-ro 50-1, Seodaemun-gu, Seoul, Republic of Korea

tis developed during anti-CTLA-4 therapy in 2004, many

Department of Ophthalmology, Konyang University College ocular adverse events (OAEs) affecting orbit and ocular
of Medicine, Daejeon, Republic of Korea

@ Springer


http://orcid.org/0000-0001-5054-9470
http://crossmark.crossref.org/dialog/?doi=10.1007/s00262-020-02635-3&domain=pdf

2442

Cancer Immunology, Immunotherapy (2020) 69:2441-2452

adnexa, ocular surface, optic nerve, uvea, and retina have
also been reported [3, 8]. The clinical features of OAEs have
been described in case reports and small case-series studies;
however, the factors associated with OAEs remain elusive
[9-35]. In the present study, we analyzed the characteris-
tics and statistically associated factors of the development
of OAEs after ICI treatment, and have comprehensively
reviewed the literature reporting intraocular inflammation
with posterior segment complications or Vogt—Koyan-
agi—Harada (VKH)-like features after ICI treatment.

Methods
Study population and approval

The medical records of consecutive patients treated
with FDA-approved ICIs (ipilimumab, pembrolizumab,
nivolumab, avelumab, durvalumab, and atezolizumab) and
visited the ophthalmology department after ICI treatment
between January 2011 and April 2019 were retrospectively
reviewed. The patients who met the following criteria were
included: (1) completed an ophthalmic examination, and
(2) had newly developed ocular signs during ICI treatment.
Patients with only mild dry eye/cataract or no newly devel-
oped ophthalmic abnormalities were excluded from the
study. The recorded parameters included the primary tumor
for ICI treatment, the use of other chemotherapeutic agents
including BRAF/MEK inhibitors, and tumor metastasis.
This research adhered to the tenets of the Declaration of
Helsinki. The institutional Review Board/Ethics Commit-
tee approved this retrospective study (Severance Hospital,
Yonsei University Health System, IRB no. 4-2019-1100).

Ophthalmic examinations

Each patient underwent a comprehensive ophthalmic
examination including best-corrected visual acuity, slit-
lamp biomicroscopy, tonometry, fundus photography, and
a detailed fundus examination. Ancillary testing was per-
formed with spectral-domain optical coherence tomog-
raphy (Spectralis, Heidelberg Engineering, Heidelberg,
Germany), fluorescein angiography, and indocyanine green
angiography. Depending on the case, the visual field test,
cover-uncover test, prism cover test, or measurement of mar-
ginal reflex distance were performed. At the initial visit, the
patients were asked for detailed personal history including
ocular trauma and surgery.

Statistical analysis

All statistical analyses were performed using SPSS statisti-
cal software for Windows, version 25.0 (SPSS, Chicago, IL,
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USA). The Kruskal-Wallis test and Pearson’s chi-square test
were used to study the differences in clinical characteristics
and features of OAEs among ICIs. Binomial logistic regres-
sion analysis was performed to identify factors associated
with different types of OAEs. The odds ratios of the factors
detected in the univariate and multivariate analyses were
calculated. P <0.05 was considered to indicate statistical
significance.

Literature review

A comprehensive search of the electronic database including
PubMed and Embase was performed from inception to July
2019. The searches were conducted using the combination of
the following keywords in the title or abstract of the article:
“ipilimumab”, “pembrolizumab”, “nivolumab”, “atezoli-
zumab”, “durvalumab”, “avelumab”, “immune checkpoint
inhibitor”, “uveitis”, “ocular”, “eye”, “adverse event”, and
“ophthalmology”. The case reports, case-series, and review
articles addressing intraocular inflammation with posterior
segment complications or VKH-like features after ICI treat-
ment were reviewed. Bibliographies of the reviewed articles
were checked manually to prevent missing potentially rel-
evant studies.

Results
Study population

Forty patients met the inclusion criteria and were included
in the analyses. Of 40 patients, 18 (45%) were treated with
atezolizumab, 13 (33%) with pembrolizumab, 7 (18%) with
nivolumab, 1 (3%) with ipilimumab/nivolumab, and the
other 1 (3%) with durvalumab/tremelimumab. The most
common primary tumor for ICI treatment was lung can-
cer (15 patients), followed by skin melanoma (7 patients).
Notably, 19 (48%) patients were treated with BRAF/MEK
inhibitors during the ICI treatments. The details of the
demographic characteristics are presented and summarized
in Table 1.

Ocular adverse events associated with ICls

The details of the OAEs are presented in Table 1. The
median time between the OAE and initial ICI treatment was
42.0 days [interquartile range (IQR), 28.0-111.5 days]. The
median observation period after the OAE was 157.0 days
(IQR, 47.0-265.5 days). Twenty-nine patients (73%) devel-
oped OAEs within 60 days of the initial ICI infusion. Nota-
bly, all patients treated with atezolizumab were treated with
BRAF/MEK inhibitors.
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We divided the OAEs into four categories: (1) intraocular
inflammation, (2) neuro-ophthalmic complications without
intraocular inflammation, (3) foveal interdigitation zone
thickening/serous retinal detachment (IZT/SRD) without
visible intraocular inflammation, and (4) others. Intraocu-
lar inflammation developed in five patients. One patient
who had nivolumab and ipilimumab combination treatment
developed bilateral anterior uveitis. Panuveitis or neurore-
tinitis developed in four patients who had pembrolizumab
treatment (Fig. 1a—d). In these four patients, pembrolizumab
was discontinued, and periocular/systemic steroid was used
to control inflammation. Neuro-ophthalmic complications
included one bilateral nonarteritic anterior ischemic optic
neuropathy, one ptosis, one papilledema, one internuclear
ophthalmoplegia, one third nerve palsy, and four exotropia.
Eight (89%) out of nine patients with neuro-ophthalmic com-
plications had brain metastasis of the primary tumor. Brain
magnetic resonance imaging (MRI) of one patient (Patient
13) without brain metastasis revealed posterior cerebral
artery territory infarction. Foveal IZT/SRDs were observed
in 18 patients (Fig. 1e—j). Comprehensive and ancillary oph-
thalmic examinations did not reveal any intraocular inflam-
mation in most patients; one patient, however, differed mark-
edly from the rest. Patient 15 had unilateral anterior uveitis
refractory to steroid treatment, but aqueous humor cytology
showed many skin melanoma cells, suggesting metastasis.
Other OAE:s included central retinal vein occlusion, branch
retinal vein occlusion, newly developed ellipsoid zone
disruption and cotton wool spots, rhegmatogenous retinal
detachment, neurotrophic keratitis, and preseptal cellulitis.

Factors associated with the types of ocular adverse
events

The details of factors associated with different types of OAE
are presented in Table 2. Using multivariate analysis, ocular
trauma/surgery (P=0.001) and pembrolizumab (P =0.001)
were associated with intraocular inflammation. Only brain
metastasis (P =0.005) and the treatment with BRAF/MEK
inhibitor (P =0.021) were associated with neuro-ophthalmic
complications and foveal IZT/SRD, respectively. Atezoli-
zumab was significantly associated with foveal IZT/SRD
using univariate binomial logistic regression, but not using
multivariate analysis.

Literature review for clinical cases presenting
intraocular inflammation with posterior segment
complications or VKH-like features associated
with immune checkpoint inhibitors

Intraocular inflammation with posterior segment complica-
tions or VKH-like features has been considered as immune-
related sight-threatening OAEs. We reviewed the literature

and found 48 cases from 28 studies, including the present
study. The clinical features of the cases are summarized and
presented in Table 3. The most common primary tumor was
skin melanoma (38 cases, 79%), followed by lung cancer (5
cases, 10%), and choroidal melanoma (3 cases, 6%). Four
(8%) cases presented unilaterally. Eighteen (44%), fourteen
(23%), eight (17%), six, and one case were treated with pem-
brolizumab, ipilimumab, nivolumab, nivolumab/ipilimumab,
and pembrolizumab/ipilimumab infusion, respectively. Nota-
bly, only one case (Case 20) developed unilateral uveal effu-
sion and SRD accompanied by shallow anterior chamber and
closed angle after atezolizumab infusion. Nine patients had
a history of ocular surgery, and one patient had metastatic
choroidal melanoma. Nineteen patients showed co-occurring
adverse events such as poliosis/vitiligo, preceding headache,
hypophysitis, aseptic meningitis, and hearing abnormalities.
ICI treatments were discontinued in 31 (65%) cases. In seven
cases (Case 8, 9, 35, 36, 37, 41, and 42), the OAEs were
not observed in the previous ipilimumab treatments, which
occurred after pembrolizumab infusions. In case 42, bilateral
panuveitis developed 1 week after unilateral cataract surgery
during pembrolizumab treatment. Panuveitis recurred after
reinfusion of pembrolizumab in this case.

Discussion

The use of ICIs has led to great advances in cancer therapy.
They reverse the immune evasion of cancer cell by blocking
the innate immune inhibitory process of T cells [1, 2, 5, 6].
Enhanced T-cell activity has been known to induce various
immune responses in other parts of the body, called immune-
related complications [7]. These adverse events have also
been found in the eye. Intraocular inflammation (uveitis) and
dry eye are common, and Graves’s ophthalmopathy is known
to occur [3, 36]. In the present study, intraocular inflamma-
tion, foveal IZT/SRD, neuro-ophthalmic complications, and
retinal vein occlusion were observed.

Foveal IZT/SRD was associated with the use of atezoli-
zumab, but multivariate analysis suggested that it was due
to BRAF/MEK inhibitors that were concurrently used.
Serous retinal detachments after ICI therapy have been
mostly reported in skin melanomas and lung cancers. In
these tumors, gain-of-function mutations in members of the
MAPK pathway were common [37, 38]. BRAF/MEK inhib-
itors have been known to cause foveal IZT/SRD without
inflammation; thus, it is likely due to BRAF/MEK inhibi-
tors rather than ICIs in the present study [39-41]. Likewise,
regarding neuro-ophthalmic complications, all patients pre-
senting with strabismus or ptosis had brain metastases or
infarctions in the present study. Foveal IZT/SRD and neuro-
ophthalmic complications have been reported after ICI
therapy [3]. Our findings suggest that the use of concurrent

@ Springer
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Fig. 1 Representative enhanced depth imaging optical coherence
tomography images of patients with ellipsoid zone thickening/
serous retinal detachment or chorioretinitis after immune checkpoint
inhibitor therapy. a, b A 58-year-old female (Patient 2) presented
with bilateral chorioretinitis/papillitis 47 days after pembrolizumab
therapy. ¢, d, A 54-year-old female (Patient 3) presented with chori-
oretinitis/papillitis 51 days after pembrolizumab therapy (c¢). Undu-
lating retinal pigment epithelium, subretinal fluid, and thickened
was resolved after posterior subtenon triamcinolone injection and

@ Springer

systemic steroid treatment (d). e-h A 54-year-old man (Patient 30)
presented with bilateral ellipsoid zone thickening (e, f) 13 days after
atezolizumab/cobimetinib therapy. Serous retinal detachment devel-
oped after five cycles of atezolizumab/cobimetinib therapy (g, h). i,
Jj A 66-year-old woman (Patient 15) presented with bilateral ellipsoid
zone thickening and serous retinal detachment 4 days after pembroli-
zumab/trametinib therapy. No abnormality was detected during pem-
brolizumab monotherapy in this patient
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Table 2 Factors associated with intraocular inflammation, neuro-ophthalmic complications, and foveal interdigitation zone thickening/serous retinal detachment without intraocular inflamma-

tion after immune checkpoint inhibitor treatment

Foveal IZT/SRD

Neuro-ophthalmic complication

Intraocular inflammation

All cases

P value

Odds ratio

Total

P value

Odds ratio

Total

P value

Total QOdds ratio

Total

(95% CI)

18

N=

(95% C1)

N=9

(95% C)

N=5

N=40

0.99

1.143 (0.309-4.234)
0.612 (0.147-2.554)
0.049 (0.006-0.436)

12 (67%)
4 (22%)

1 (6%)
1 (6%)

0.45

2.211 (0.392-12.47)
0.690 (0.540-0.880)

7 (78%)
0 (0%)

0.783 (0.115-5.341) 0.99

3 (60%)
4 (80%)
4 (80%)
1 20%)
0 (0%)
0 (0%)

26 (65%)

Sex (male)

0.72

0.043
0.23
0.35

0.015%
0.031%
0.99
0.05

16.00 (1.537-166.5)
11.56 (1.137-117.4)
1.000 (0.096-10.41)

11 (28%)
13 (33%)
8 (20%)

Ocular surgery/trauma

0.002

0.05
<0.001
<0.001F

3.594 (0.769-16.79)

5 (56%)
3 (33%)
1 (11%)
1 (11%)
8 (89%)
1 (11%)

Pembrolizumab

0.126 (0.014-1.146)

2.600 (0.483-14.01)

Nivolumab

80.00 (10.12-632.3)

16 (89%)
17 (94%)
5 (28%)
2 (11%)

0.027

0.103 (0.011-0.925)
0.090 (0.010-0.813)

0.773 (0.616-0.969)

18 (45%)

Atezolizumab

170.0 (14.15-2042)
0.321 (0.085-1.211)

0.021

0.049
0.37

0.762 (0.600-0.968)
0.297 (0.030-2.932)

19 (48%)

BRAF/MEK inhibitor

Brain metastasis

0.12

0.005+
0.99

19.56 (2.126-179.8)
1.167 (0.106-12.81)

1 20%)
1 20%)

17 (43%)
4 (10%)

0.99

1.250 (0.158-9.879)

0.99

2.670 (0.221-32.18)

Presence of systemic IrAE

Immune related adverse event

interdigitation zone thickening/serous retinal detachment; IrAE =

IZT/SRD

T Statistically significant in multivariate analysis

BRAF/MEK inhibitors and the evaluation of brain lesions
should be carefully considered when determining the asso-
ciation between the use of ICIs and OAEs.

Intraocular inflammation, an immune-related OAE,
occurs in approximately 1% of patients treated with ICIs
[3, 42]. Most intraocular inflammation is known to present
as anterior uveitis, but vision-threatening posterior segment
complications have been reported [18, 19, 25, 28, 30]. In our
study, patients with intraocular inflammation were associ-
ated with a history of intraocular trauma/surgery. Further-
more, of 48 cases in our literature review, 27 (56%) cases
exhibited a history of ocular surgery or co-occurring sys-
temic immune-related adverse event. These findings suggest
that in patients vulnerable to the development of autoim-
mune disease or sensitized to intraocular antigen, the risk
of ICI-related, vision-threatening posterior uveitis is high.
Notably, there were several cases to support this possibility.
Case 40 had a six-melanoma helper peptide vaccine before
developing panuveitis [31]. Case 42 had severe bilateral
panuveitis after elective unilateral cataract surgery during
pembrolizumab treatment [33].

Distinguishing ICI-related severe uveitis from VKH is
often difficult, because the inflammation also exhibit chori-
oretinitis, exudative retinal detachment, choroidal thicken-
ing, poliosis/vitiligo/hypophysitis, and sensorineural hearing
loss. The difficulty is aggravated by similarity in responses
to steroid treatment. However, in cases of ICI-related com-
plications, the previous reports indicate that discontinuation
of the drug often resolves and re-initiation of the drug re-
induces the inflammatory response. Thus, the evaluation of
underlying medical conditions and evaluation of the pre-
scription will be valuable in distinguishing inflammation
from VKH. Considering that VKH is common among Asian
population and that it is associated with HLA-DR4, further
studies are also needed on racial differences and the role
of HLA subtype in intraocular inflammation following ICI
treatment.

Recent reports indicate that intravitreous metastasis is an
important differential diagnosis to consider in patients sus-
pected to have uveitis following ICI infusion [43, 44]. The
reported cases so far are those patients with skin melanoma;
similarly, the masquerading uveitis observed in Patient 15
of our study also had underlying skin melanoma. Our study
results suggest that in cases of intraocular inflammation after
ICI infusion that do not respond to treatment, further inves-
tigations such as cytology are needed to verify the presence
of vitreoretinal metastasis.

In the present study, all cases involving posterior uvei-
tis occurred after treatment with pembrolizumab, a PD-1
inhibitor. While systemic immune-related adverse events
appear to be more common with ipilimumab, a CTLA-4
inhibitor, than with other ICIs, most published cases
with serous chorioretinitis/papillitis were associated with
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the use of PD-1 inhibitors [7]. A recent study involving
patients with melanoma reported that PD-1 inhibitors
could be safely used after severe ipilimumab-related sys-
temic adverse events [45]. In contrast, we found seven
cases with intraocular complications, which were not
observed with ipilimumab treatment, that occurred after a
change of the drug to pembrolizumab [12, 13, 26-28, 32,
33]. Collectively, these findings suggested that the use of
PD-1 inhibitors may increase the chance of severe intraoc-
ular inflammation when compared with the use of CTLA-4
or PD-L1 inhibitors. Serious posterior uveitis associated
with PD-L1 inhibitors have been rarely reported, which
is likely to be because PD-L1 is expressed on the sur-
face of cancer cells, unlike PD-1 or CTLA-4. Since PD-1
is expressed on T cells, activated T cells following PD-1
inhibition may theoretically be involved with ‘off-target’
inflammation more frequently. In most cases with intraoc-
ular inflammation with posterior segment complication
or VKH-like features, ICI was discontinued, but visual
sequelae remained. We think that the discontinuation of
ICI treatment should be carefully determined over ben-
efits therapeutic responses and costs of systemic immune-
related adverse events.

The use of ICIs is already one of the mainstays of can-
cer treatment, and their use is increasing. Clinicians should
be aware that severe intraocular inflammation can devel-
oped after ICI treatment, particularly in patients who have
undergone ocular surgery/trauma. The use of BRAF/MEK
inhibitors and the presence of brain metastasis should be
also examined in patients with OAEs.
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