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Abstract

Background
Immune checkpoint inhibitors (ICIs) cause ICI-related adverse events (irAEs) such as dry eye and uveitis,
sometimes necessitating the suspension of ICI treatment. To the best of my knowledge, this is the �rst
prospective study on ocular irAEs. In this study, we aimed to identify early changes in ocular irAE and
control conditions without suspending ICI treatment.

Methods
22 participants who began ICI treatment between July 2020 and July 2021 in Keiyu Hospital, Japan (3
women and 19 men; age, 69.1 ± 7.9 years, range, 53–83 years) were prospectively evaluated. The patients
underwent ocular examinations before and 1, 3, and every 2 months after the initial dose of ICI.
Examinations included measurement of aqueous �are and central choroidal thickness (CCT).

Results
Among the 22 participants, 6 developed systemic irAEs. Of these 6 patients, one experienced ocular pain
after ICI treatment, likely due to dry eye disease. We did not observe any change in CCT or aqueous �are,
even in patients with systemic AEs. This result suggests that ocular irAE is dose- independent, and we
cannot predict whether the patient have risks of presenting irAE by following up ocular �ndings.

Conclusions
Ocular irAEs occur dose-independently.

Introduction
Immune checkpoint inhibitors (ICIs) are immunologic agents that prevent the growth of cancer cells by
blocking inhibitory receptors, such as programmed death 1 (PD-1) and programmed death protein ligand
1 (PD-L1)1 2. Ocular side effects secondary to ICIs are rare and reportedly occur in < 1% of patients, with
dry eye and uveitis being the most frequent1 3. The characteristics of ocular side effects have gradually
been recognized, and some cases of uveitis after ICI use resemble Vogt-Koyanagi-Harada disease
(VKH)4–7. Some cases have severe visual disturbance so that ICI treatment have to be halted. However,
the frequency, timing of onset, and clinical characteristics have yet to be determined.

In previous reports about the prevalence of ocular immune checkpoint inhibitor-related adverse events
(irAEs), ophthalmologic examinations were performed only when patients had ophthalmic complaints.
Therefore, there is a possibility that only symptomatic changes were recognized as irAEs.
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As ICIs might be the only treatment left for some patients, it is ideal that irAEs can be predicted, identi�ed
early, and well controlled. This prospective study aimed to determine the clinical patterns of ocular irAEs,
including slight and subclinical ocular changes, so that patients can continue cancer treatment without
suspending ICI treatment.

Materials And Methods
Patients:

Recruited patients were those who began ICI treatment between July 2020 and July 2021 at Keiyu
Hospital, Japan. The patients were referred to the ophthalmology department by their physician. The
study protocol adhered to the tenets of the Declaration of Helsinki and was approved by the Institutional
Ethics Committee (approval number R2-57). Written informed consent was obtained from every patient.

Eye examinations:

A total of 29 participants were recruited for this study. All patients underwent ocular examinations,
including measurement of best-corrected visual acuity (BCVA) using a Landolt C chart, intraocular
pressure (non-contact tonometer), fundus biomicroscopy, fundus photography, and spectral domain
optical coherence tomography (OCT; Swept Source OCT, Triton, Topcon, Japan). OCT angiography and
anterior segment OCT were done as well as fundus OCT.

Central choroidal thickness (CCT) was de�ned as the distance between the retinal pigment epithelium
and the choroid–sclera boundary and was measured using the built-in scale of the OCT system. All
measurements were recorded with reference to the scale bars in the OCT system. In the previous reports,
CCT increases in VKH-like uveitis eyes as in�ammation occurs in choroid7.

Aqueous �are was measured using an FM-600 laser �are meter (Kowa Co., Osaka, Japan). Seven
consecutive �are readings with a background scatter of < 15% were acquired and averaged after
excluding the minimum and maximum measurements. The results are presented as photon counts per
millisecond (pc/ms). Increase in aqueous �are indicates in�ammation in the anterior chamber.

Before ICI treatment, fundus biomicroscopy, fundus photography, OCT, and �are meters were performed
with dilated pupils with tropicamide 0.5% and phenylephrine 0.5%. All recruited patients underwent
systemic ophthalmologic examinations 1, 3, and every 2 months after the beginning of ICI treatment.
Considering the physical condition of each patient, ophthalmologic examinations were performed with
non-dilated pupils after the treatment began, if there was no subjective or objective change.

Statistical analysis:

Patient anonymity was maintained throughout the data collection and statistical analysis.
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All data are expressed as the mean ± standard deviation. A comparative analysis between participants
was performed using a paired t-test. Statistical signi�cance was set at P < 0.05. The paired t-test was
performed using Prism for Windows, version 9.1.0 (GraphPad Software, Inc., USA).

Results
Patients and clinical/ophthalmologic characteristics:

Of the 29 participants, 7 were excluded as they died before examination one month after the beginning of
the treatment because of primary disease. This prospective study included 44 eyes of 22 participants (3
women and 19 men; mean age 69.1 ± 7.9 years; range, 53–83 years). They were followed up for more
than one month after the beginning of ICI treatment. Among the 22 patients, 11 were followed up for 3
months after the initial treatment, 7 for 5 months, and 6 for 7 months. The study included 5 patients with
a history of cataract surgery more than one year previously. None of the patients had a history of uveitis.

The primary cancers were located in the lungs (n = 8, 36.3%), stomach (n = 8, 36.3%), esophagus (n = 2,
9.1%), kidney (n = 2, 9.1%), pancreas (n = 1, 4.5%), and bladder (n = 1, 4.5%). ICIs included nivolumab (n = 
15, 68.2%, with 2 patients also treated with ipilimumab), durvalumab (n = 3, 13.6%), pembrolizumab (n = 
2, 9.1%), and atezolizumab (n = 2, 9.1%) (Table 2). The interval between each treatment was 2 weeks for
nivolumab and durvalumab, and 3 weeks for pembrolizumab and atezolizumab.

The ophthalmic characteristics of the participants at the baseline are presented in Table 1. For the right
and left eye, the respective mean axial length was 24.4 ± 1.1 mm and 24.4 ± 1.1 mm, mean spherical
equivalent was − 1.6 ± 2.5 and − 1.9 ± 2.9, and mean intraocular pressure was 13.7 ± 3.2 mmHg and 13.7 
± 2.4 mmHg.

The baseline CCT value for the right and left eye was 188.0 ± 74.4 µm and 199.5 ± 75.0 respectively
(Table 1). Respective aqueous �are values were 5.5 ± 2.2 pc/ms and 5.5 ± 2.5 pc/ms (Table 1).

Throughout the observation period, no participant reported visual disturbance. The mean aqueous �are
and CCT showed no signi�cant differences before and after the treatment (Table 3, Fig. 1).
Systemic irAEs: 

Six patients (#1 to #6) experienced systemic irAE. Patient #1 developed interstitial pneumonia after eight
treatments with nivolumab and ipilimumab. ICI treatment was suspended and oral prednisolone was
initiated. The patient complained of ocular pain in both eyes a few days after each treatment, which
persisted even after oral prednisolone was initiated. The patient was diagnosed with dry eye disease prior
to ICI treatment. The tear break-up time was 4 s in both eyes before and after ICI treatment, with slight
super�cial punctate keratopathy. There were no other objective changes in the ocular �ndings.

Patient #2 developed adrenocorticotropic hormone de�ciency 3 months after the last dose of
atezolizumab for stomach cancer. Atezolizumab was discontinued after three doses to evaluate
progressive disease. Oral prednisolone was administered to the patient.
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Patient #3 developed hypothyroidism and pituitary adrenal dysfunction after the second dose of
nivolumab and ipilimumab for lung cancer. ICI was discontinued, and oral corticosteroids were started.
Oral prednisolone was administered to the patient.

Patient #4 developed hypothyroidism after eight treatments with durvalumab. Levothyroxine was
initiated, and durvalumab was continued. Ocular in�ammation was not observed.

Patient #5 developed hypothyroidism, interstitial pneumonia, and sensory neuropathy after the third
treatment with durvalumab. Oral prednisolone was administered to the patient. As lung cancer was
judged as a progressive disease, durvalumab treatment was not continued. Ocular in�ammation was not
observed.

Patients #6 developed hypothyroidism after the �rst treatment with nivolumab. As the performance
status deteriorated, nivolumab was discontinued. Ocular in�ammation was not observed.

These six patients did not show signi�cant changes in CCT and aqueous �are (Fig. 2a-d).

Discussion
By targeting patients with and without ocular symptoms, we aimed to identify subclinical ocular changes
and clinical features of ocular irAEs. The prevalence of ocular irAE anti-PD-(L)1 treatment is reportedly < 
1%1, most frequently manifesting as uveitis (1%) and dry eye (1–24%)2. As most of the reported PD-1
inhibitor-related ocular complications occur within a few weeks to months after infusion2, we performed a
year follow-up.

None of the patients had visual impairments. One patient reported ocular pain after the ICI treatment.
Patient #1 (Table 4) had dryness in both eyes before ICI treatment with a tear break-up time (BUT) of 4
seconds in both eyes with slight super�cial punctuate keratopathy. The symptoms were worse for 2
weeks after every ICI treatment. The patient visited our clinic one week after the second ICI treatment,
complaining of ocular pain in both eyes. BUT was also 4 second in both eyes with slight keratopathy at
that time. We cannot conclude that the cause of ocular pain was deterioration of dry eye. However, the ICI
treatment might have been in�uential in causing ocular pain. Including this patient as having dry eye as
an ocular irAE, our result is consistent with the statistics (n = 1, 3.7%)2.

No patient showed in�ammatory change in both anterior or posterior segment. Exudative changes or
retinal pigment epithelium rippling was not observed. We expected that choroidal thickness might
increase in some patients after ICI treatment, as seen in VKH. However, the CCT did not show a signi�cant
change in our study.

Six participants experienced systemic irAEs. One of the patients (#1) complained of ocular pain. The
other patients did not have ocular symptoms. Both CCT and aqueous �are did not show any signi�cant
differences before and after treatment in these six cases (Fig. 2).
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In normal eyes, PD-L1 is detected in corneal epithelial cells, corneal endothelial cells, iris/ciliary body cells,
and retinal pigment epithelial cells8. PD-L1 expressed on human ocular cells is thought to play a role in
controlling ocular in�ammation by inhibiting the production of proin�ammatory and Th2 cytokines by
activated T cells8. There is a possibility that ICI might collapse the immune control system at the blood-
ocular barrier and increase the aqueous �are. This was not observed in this study (Table 3 and Fig. 1).
However, several factors are related to aqueous �are measurements. Application of mydriatic agent9,
pupil size10, and diurnal variation11 of aqueous �ares might have affected the test results. Aqueous �are
intensity reportedly decreased signi�cantly 1 h after the application of a mydriatic agent9. In the present
study, we measured the �are intensity 30 min after the application of tropicamide 0.5% and phenylephrine
0.5%, which may have decreased the �are intensity. We did not dilate the pupil from the second visit, as
the patients were undergoing chemotherapy and were not willing to undergo dilation. We understood the
discomfort of having dilated pupils. Considering that the baseline was measured with a dilated pupil that
decreases aqueous �are and that there were no signi�cant differences in aqueous �are between the
baseline and after ICI treatment, we can suggest that aqueous �are did not increase after ICI treatment.

Most of the reported PD-1 inhibitor-related ocular complications occurred within a few weeks to months
after infusion2, while there was no change in the ophthalmological �ndings in our observation.

The present study has several limitations. One is the small sample size. Inclusion of various types of
cancer and ICIs is another. In addition, some participants died, which shortened the follow-up period. The
timing of the ophthalmologic test after ICI treatment was one month after the treatment. However, this
timing could have missed ocular changes that occurred just after the treatment.

We tested the participants without mydriasis after ICI treatment, considering the patients’ conditions.
However, matching the condition was needed to evaluate the differences in aqueous �are before and
after ICI treatment.

Here, we described a one-year follow-up of the patients after ICI treatment. As long as we know, this is the
�rst study to prospectively observe ophthalmologically. There was no patient who had ophthalmological
change, which suggest that ophthalmological irAE is dose independent. Thus, we might be able to
conclude from this study that we cannot predict whether the patient have risks of presenting irAE by
following up ocular �ndings. However, this is still a study with small sample, so we are continuing this
prospective study to validate the results of the present study using a larger sample size.
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Tables
Table 1. Patients’ characteristics

Data are expressed as the mean ± standard deviation.

Table 2. Immune checkpoint inhibitors used

Number of patients for each ICI treatment is indicated.
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Table 3. Comparisons of ocular �ndings between baseline and different timepoints

Data are expressed as the mean ± standard deviation; Paired t-test.

CCT, central choroidal thickness

Table 4. Demographics, drug regimen, and cancer type of 6 patients with systemic irAEs

Figures

Figure 1

Paired-samples t-test of 22 participants
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a. Differences in �are between baseline and 1, 3, 5, and 7 months after initiation of treatment (right eye).

b. Differences in �are between baseline and 1, 3, 5, and 7 months after initiation of treatment (left eye).

c. Differences in CCT between baseline and 1, 3, 5, and 7 months after initiation of treatment (right eye).

d. Differences in CCT between baseline and 1, 3, 5, and 7 months after initiation of treatment (left eye).

Figure 2

Paired-samples t-test of 6 participants with systemic irAEs

a. Differences in �are between baseline and one month after treatment (right eye).

b. Differences in �ares between baseline and one month after treatment (left eye).

c. Differences in CCT between baseline and one month after treatment (right eye).

d. Differences in CCT between baseline and one month after treatment (left eye).


