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ABSTRACT
Background  Programmed death-1 (PD-1) and 
programmed death-ligand 1 (PD-L1) inhibitors can cause 
unique immune-related adverse effects due to non-
specific immunological activation. However, less is known 
about adverse effects of these drugs in the eye.
Methods  Two adverse event databases were 
retrospectively reviewed. The two databases consisted of 
a routine adverse event database and a serious adverse 
event database of expeditiously submitted reports. Patients 
with any malignancy who had ocular adverse events while 
on PD-1/PD-L1 inhibitor treatment were included. Patients 
received nivolumab, pembrolizumab, atezolizumab or 
durvalumab alone or in combination with other anticancer 
agents per each trial’s protocol. Databases were queried 
up to May 19, 2020.
Results  In the routine adverse event database, 272 
adverse events from 213 patients were reported and in 
the serious adverse event reporting database, 59 ocular 
adverse events from 47 patients were reported. A lower 
estimate of the prevalance from the routine adverse event 
database showed 259/7727 patients on study treatment 
arms reporting ocular adverse events (3.3% prevalence). 
Excluding trials that do not report lower grade adverse 
events to the routine adverse event database results in 
a higher end estimate of 242/3255 patients on study 
treatment arms reporting ocular adverse events (7.4% 
prevalence). Ocular events occurred early after drug 
initiation (routine database: median 6 weeks, IQR 0–16, 
serious adverse events database: median 11 weeks, IQR 
6–21). The median Common Terminology Criteria for 
Adverse Events grade was grade 1 (mild) (IQR 1–2) and 
grade 2 (moderate) (IQR 2–3) for the routine database 
and the serious adverse events database, respectively. 
In-depth analysis of the serious adverse event reports 
revealed varying degrees of clinical workup, with 30/47 
patients (64%) receiving ophthalmological evaluation and 
16/47 (34%) of patients having to delay or discontinue 
treatment. However, 16/47 (34%) patients experienced 
resolution and 14/47 (30%) patients experienced at least 
some improvement.
Conclusions  This is one of the largest analyses of ocular 
adverse events in patients treated with PD-1/PD-L1 
inhibitors in the USA. We found ocular adverse events are 
rare complications of PD-1/PD-L1 inhibitor therapy, can 
be severe enough to cause treatment discontinuation/
delay, and may not always be appropriately evaluated by 
eye specialists. Standardized plans for ophthalmology 
evaluation and management of ocular toxicities are needed 
in studies of patients treated with PD-1/PD-L1 inhibitors.

BACKGROUND
The programmed death-1 (PD-1) and 
programmed death-ligand 1 (PD-L1) inhib-
itors are a class of checkpoint inhibitors 
approved to treat a variety of malignancies, 
including melanoma, Hodgkin lymphoma, 
non-small-cell lung carcinoma and other 
advanced-stage cancers.1 The first PD-1/
PD-L1 drugs to be approved were pembroli-
zumab and nivolumab in 2014 for mela-
noma, followed by atezolizumab in 2015 for 
non-squamous small cell lung cancer, and 
durvalumab in 2017 for urothelial carcinoma.2 
Since then, the number of clinical trials inves-
tigating these drugs have increased dramati-
cally. An April 16 2020, search of ​clinicaltrials.​
gov reveals 3097 clinical trials testing the 
PD-1/PD-L1 inhibitors nivolumab, pembroli-
zumab, atezolizumab and durvalumab.

The PD-1/PD-L1 inhibitors are known to 
cause unique immune-related adverse effects 
in almost every organ system due to their 
non-specific immune activation. Common 
immune-related adverse effects include 
pneumonitis, colitis and hepatitis.1 3 Endo-
crinopathies such as type 1 diabetes mellitus 
and neurotoxicity have also been reported.3 
PD-1/PD-L1 inhibitor-associated adverse 
events (AEs) in the eye are also known to 
occur, but are rare and therefore less well-
studied. Case reports, case series, safety anal-
yses, and some observational studies have 
shown that these drugs can cause inflamma-
tory eye disease, such as uveitis,3–9 scleritis,8 
dry eye syndrome,4 5 9 10 optic neuropathy9 and 
orbital myopathy.11 Additionally, ipilimumab, 
a cytotoxic T-lymphocyte-associated protein 
4 (CTLA-4) checkpoint inhibitor in a similar 
class as PD-1/PD-L1 inhibitors, has been 
documented to cause potentially blinding 
conditions such as optic neuropathy,12 13 
orbital inflammation,14 15 ophthalmopathy,16 
and orbital apex syndrome.17 Though uveitis 
is a potentially blinding condition, only a few 
large-scale studies focusing on ocular AEs 
have been performed to date.7 11 18 19 So far, 
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these studies have shown that inflammatory eye disease 
AEs tend to be rare, ranging from a prevalence of <1% 
of uveitis in drug manufacturers prescribing informa-
tion20–24 to 3.6% in a large retrospective review of a large 
ophthalmology electronic health record registry.19

In lieu of large prospective observational studies, retro-
spective analyses of large ocular AE databases can be 
performed, such as the recent analysis of the Food and 
Drug Administration’s Adverse Events Reporting System 
Database (FAERS) conducted by Fang et al.18 or the anal-
ysis of the American Academy of Ophthalmology Intel-
ligent Research in Sight Registry (IRIS).19 The FAERS 
database has a large sample size, but is limited by its lack 
of clinical and demographic information, while the IRIS 
registry has detailed ophthalmologic notes but less infor-
mation on non-ocular conditions. In this study, we analyze 
two databases of AEs from the US National Cancer Insti-
tute’s Cancer Therapy Evaluation Program (CTEP), the 
largest public sponsor of oncology clinical trials globally. 
This study, therefore, aims to analyze ocular AEs associ-
ated with PD-1/PD-L1 inhibitors submitted to the two 
separate and overlapping CTEP databases.

METHODS
CTEP databases
Study sites report AEs to CTEP through two path-
ways, resulting in two distinct and partially overlapping 
AE databases. The first database is composed of AEs 
submitted expeditiously to the National Cancer Institute 
as serious AEs (SAEs) and will be hereafter referred to as 
the SAE Database. The second database is composed of 
AEs reported as part of required clinical data submissions 
for routine general study monitoring and will hereafter 
be referred to as the routine AE database. Study sites use 
the Common Terminology Criteria for Adverse Events 
(CTCAE) as a guide when making AE submissions, and 
can submit reports of AEs such as watering eyes or blind-
ness. These terms have strict definitions (eg, blindness is 
defined as 20/200 vision or worse in the affected eye).25

The SAE database is derived from the CTEP Adverse 
Event Reporting System (CTEP-AERS). CTEP-AERS is the 
formal mechanism for study sites to expeditiously report 
serious SAEs, for sponsor oversight of clinical trial safety 
and for determination of expedited reporting to the 
United States Food and Drug Administration. AEs that 
study sites consider to be serious are reported to CTEP-
AERS within 24 hours to 10 days of the site learning of the 
AE. Reporting time frames vary based on severity and are 
defined in each trial’s protocol. Clinical trials of all phases 
submit AE reports through CTEP-AERS. For simplicity, 
events that were expeditiously reported to CTEP-AERS 
will be subsequently referred to as SAEs.

The SAE database is composed of reports that include 
clinical information such as patient demographics, brief 
oncological history, description of the SAE and select 
clinical notes, imaging, pathology and laboratory reports 
provided by the study site. Each report can include 

multiple AEs, for example, ‘uveitis’ and ‘eye pain’. In 
addition, investigators can include lower-severity ocular 
AEs in these reports if they occurred in conjunction with 
other serious events that required expeditious reporting.

In contrast to the SAE database, the routine AE data-
base is derived from the CTEP Clinical Data Update 
System (CDUS), which obtains a full clinical trial dataset 
from most phase 1 and phase 2 trials conducted within 
the CTEP-supported networks on a quarterly basis. This 
dataset includes treatment, response, and AE data. The 
routine AE database includes patient demographics, the 
start date of the treatment course on which the ocular 
AE occurred, grading of its severity (see ‘AE Severity 
grading’), and the patient’s assigned treatment arm. If 
a patient experiences an AE event across multiple study 
visits and the study site reports them, multiple entries will 
appear in the CDUS database. Of note, there is partial 
overlap between the two databases. While not all studies 
submit routine AEs to CTEP, for those that do, the 
routine AE database includes both the AEs not requiring 
expeditious reporting as well as the SAEs submitted expe-
ditiously through CTEP-AERS. Both databases were used 
for this analysis with duplicate AEs reconciled.

AE severity grading
For both databases, AEs are classified according to 
the organ system they affect (eg, ‘EYE DISORDERS’), 
and severity is graded per the CTCAE,25 a standard AE 
grading system in oncology drug development. The 
attribution of the study drug to the AE is assessed on a 
scale of ‘unrelated’, ‘unlikely’, ‘possible’, ‘probable’ or 
‘definite’. In the SAE database, study investigators and 
CTEP physicians assess AE grading and attribution for 
trials conducted under CTEP sponsorship. Attribution 
is assessed on the level of the individual study agents. As 
per US Food and Drug Administration regulations, ulti-
mate determination of attribution for an event requiring 
expeditious reporting is the responsibility of the sponsor, 
but site investigators are required to make an initial 
assessment. For the routine AE database, study investiga-
tors assess AE grading and attribution, and attribution is 
assigned to the study treatment in its entirety. However, 
these AE reports are regularly reviewed by the investiga-
tors and CTEP physicians overseeing the trial.

Eligibility criteria
We queried both CTEP AE databases for studies using at 
least 1 PD-1/PD-L1 inhibitor (search terms ‘nivolumab’, 
‘pembrolizumab’, ‘atezolizumab’ and ‘durvalumab’) up 
to May 19 2020.

RESULTS
At the time of database queries, CTEP had opened 116 
clinical trials using at least 1 PD-1/PD-L1 inhibitor as 
study drugs, either as monotherapy or in combination 
with other agents. From these 116 trials, 7727 patients 
were enrolled in interventional arms with at least one 
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PD-1/PD-L1 inhibitor. Demographic information for the 
7727 patients exposed to the PD-1/PD-L1 inhibitors is 
presented in table  1. A total of 272 unique ocular AEs 
from 213 patients were found in the routine AE database 
and a total of 59 unique SAEs from 47 patients were found 
in the SAE database (table 1, figure 1). The prevalence of 
all persons with reported ocular AEs is potentially as low 
as 259/7727 persons (3.3%).

An adjustment to the denominator of patients within 
the CDUS database is necessary for assessment of the 
prevalance of ocular AEs of any grade. As the denomi-
nator of 7727 does not generally include AEs from phase 
III trials, (unless those AEs were expeditiously reported 
to CTEP-AERS) the 3.3% prevalence likely underreports 
the true prevalance. Excluding trials that do not report 
routine AEs to the CDUS database results in a total patient 
population of 3255 patients on treatment arms involving 
the study drugs of interest. Since the number of patients 
who had ocular AEs on this subset of trials is 242 patients, 
the estimate of the prevalence of ocular AEs could be as 
high as 242/3255 (7.4%).

Within the routine AE database, the most common 
study drug associated with ocular AEs was nivolumab, 
reflecting the higher number of trials sponsored by CTEP 
using this agent. In the routine ocular AE group, 103 
patients (48%) were exposed to both nivolumab and ipili-
mumab, a CTLA-4 inhibitor. Sixty-three patients (30%) 
were exposed to nivolumab alone. Twenty-seven patients 
(13%) were on pembrolizumab, 20 (9%) were on atezoli-
zumab and 0 patients were on durvalumab. The median 
CTCAE grade was 1 (IQR 1–2).

In the serious ocular AE group, 10/47 patients (21%) 
were on nivolumab and 15/47 patients (32%) were on 
both nivolumab and ipilimumab. Fourteen patients 
(30%) were on pembrolizumab, six (13%) were on 
atezolizumab and two (4%) were on durvalumab. The 
median CTCAE toxicity grade for the events in the SAE 
database was 2 (moderate) (IQR 2–3).

For patients in the routine AE database, the median 
age at time of study enrollment was 58 (IQR 40–69). 
107 (50%) patients were female and 175 (82%) were 
white (table  1). For the 47 patients in the SAE data-
base, the median age at the time of ocular AE onset was 
59 years (IQR 40–66). Of these 47 patients, 24 (51%) 
were female and 36 were white (77%) (table 1). Most 
patients in the SAE database had metastatic disease 
(32/47, 68%) and patients had a wide variety of malig-
nancies (table  1). The most common malignancy was 
melanoma (eight patients), followed by invasive breast 
carcinoma (five patients). Ocular AEs occurred fairly 
early during PD-1/PD-L1 inhibitor treatment. In the 
routine AE database, the ocular AE occurred a median 
of 6 weeks (IQR 0–16) after starting the study treat-
ment, and in the SAE database, the ocular AE occurred 
a median of 11 weeks (IQR 6–21) after study drug initi-
ation (table 1).

Ocular AEs
Ocular AEs ranged from specific diagnoses, such as 
‘uveitis (Vogt-Koyanagi-Harada syndrome, VKH)’, to 
descriptions of symptoms, such as ‘eye pain’. Ocular AEs 
that were attributed to the study treatment (as assessed 
by the study investigators and CTEP physicians, see the 
Methods section), are presented in more detail in online 
supplemental table 1.

An analysis of the eight melanoma patients with serious 
ocular AEs found three patients on nivolumab and ipili-
mumab, one on nivolumab only and four on pembroli-
zumab. Of these eight melanoma patients, one patient 
had eye pain and blindness, one patient had eye pain and 
uveitis, one patient had anterior uveitis, two patients had 
rhegmatogenous retinal detachments requiring surgical 
repair, one patient had diplopia and two patients had 
blurred vision. No melanoma patients in this cohort were 
diagnosed with VKH disease.

A total of 52 patients from both databases had multiple 
ocular AEs, though only 10 patients had multiple ocular 
AEs that were definitive ophthalmological diagnoses 
(not merely visual symptoms). For the serious ocular AEs 
dataset, 7/47 patients had multiple serious ocular AEs, and 
only two patients had more than one definitive ophthal-
mologic diagnosis. Most patients with SAEs (28/47, 60%) 
had both ocular AEs and AEs from other organ systems. 
Their non-ocular AEs had a median CTCAE grade of 
3 (IQR 2–3) and included a wide variety of conditions 
(online supplemental table 2). Three patients with 
serious ocular AEs died—one due to progressive disease, 
one due to a duodenal hemorrhage and one whose cause 
of death was not definitively determined but likely due to 
cancer progression.

Within the routine AE database, a total of 229/272 
(84%) AEs were ‘possibly’, ‘probably’ or ‘definitely’ 
attributed to the study treatment. Meanwhile, 35/59 
(59%) of the ocular events in the SAE database were 
‘possibly’, ‘probably’ or ‘definitely’ attributed to the PD-1 
or PD-L1 inhibitor.

In the routine AE database, the most common ocular 
AE attributed to study treatment was blurred vision (58 
patients), followed by dry eye (44 patients), eye pain (15 
patients), conjunctivitis (13 patients), periorbital edema 
and watering eyes (10 patients) and uveitis (9 patients) 
(online supplemental table 1). In the SAE database, the 
most common ocular AE attributed to a PD-1/PD-L1 
inhibitor was uveitis (four patients), though patients 
also had other inflammatory ocular conditions such as 
episcleritis (three), scleritis (one), sclerouveitis (one), 
neuroretinitis (one) and filamentary keratitis (one) 
(online supplemental table 1).

Serious ocular AE clinical course
As patients had a wide variety of serious ocular AEs, 
their workup and treatment varied significantly (table 2, 
figure 2). A total of 31/47 patients (66%) required hospi-
talization or urgent intervention due to the ocular AE. 
However, though all patients with serious ocular AEs 
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Table 1  Patient characteristics

All Patients exposed to 
PD-1/PD-L1 inhibitor 
(n=7727)

Patients with routine 
ocular AEs
(n=213)

Patients with serious 
ocular AEs
(n=47)

Age, median (IQR), years 62 (51–70) 58 (44–69) 59 (40–66)

No. (%) female 3801 (49) 107 (50) 24 (51)

No. (%) male 3924 (5) 105 (49) 23 (49)

No. unknown 2 1 0

Race

 � No. (%) white 6474 (84) 175 (82) 36 (77)

 � No. (%) black or African American 599 (8) 14 (7) 5 (11)

 � No. (%) Asian or Pacific Islander 267 (3) 8 (4) 3 (6)

 � No. (%) American Indian or Alaska Native 38 (0.5) 0 0

 � No. (%) more than one race 25 (3) 2 (1) 0

 � No. (%) unknown or not reported 324 (4) 14 (7) 3 (6)

Ethnicity

 � No. (%) Hispanic or Latino 431 (6) 19 (9) 4 (9)

No. (%) metastatic disease – – 32 (68)

Type of cancer –

 � No. (%) melanoma – – 8 (17)

 � No. (%) lung – – 7 (15)*

 � No. (%) breast – – 5 (11)†

 � No. (%) lymphoma – – 5 (11)‡

 � No. (%) sarcoma – – 3 (6)§

 � No. (%) other solid tumor – – 19 (40)¶

Study drug

 � No. (%) nivolumab 2101 (27) 63 (30) 10 (21)

 � No. (%) nivolumab+ipilimumab 2058 (27) 103 (48) 15 (32)

 � No. (%) pembrolizumab 2190 (28) 27 (13) 14 (30)

 � No. (%) atezolizumab 1042 (13) 20 (9) 6 (13)

 � No. (%) durvalumab 336 (4) 0 2 (4)

 �  Routine ocular AEs
(n=272)

Serious ocular AEs
(n=59)

Ocular AE CTCAE grade

 � No. (%) grade 1 – 202 (74) 9 (15)

 � No. (%) grade 2 – 55 (20) 21 (36)

 � No. (%) grade 3 – 12 (4) 20 (34)

 � No. (%) grade 4 – 3 (1) 9 (15)

Study drug cycles to onset of ocular AE, median (IQR) – 3 (1–5) 3 (2–6)

Time to onset of ocular AE, median weeks (IQR) – 6 (0–16) 11 (6–21)

*Lung cancers in this group included: Small cell lung cancer (2), non-small cell lung cancer NOS (2), squamous cell lung carcinoma, 
alveolar soft part carcinoma, lung cancer NOS.
†All breast cancers in this group were invasive breast carcinoma.
‡Lymphomas in this group included: Hodgkin lymphoma NOS (2), cutaneous T-cell lymphoma/mycosis fungoides (2), AIDS-related non-
Hodgkin's lymphoma.
§Sarcomas in this group included: Ewing sarcoma/peripheral primitive neuroectodermal tumor (2), liposarcoma.
¶Other solid tumors in this group included: cervical cancer (2), endometrioid adenocarcinoma (2), Leydig cell tumor of testicle, Merkel 
cell tumor, carcinosarcoma, neuroblastoma, nasopharyngeal squamous cell carcinoma, cholangiocarcinoma, apocrine adenocarcinoma, 
adenoid cystic carcinoma, head and neck squamous cell carcinoma, transitional cell carcinoma of the urothelial tract, ovarian cancer, 
anal cancer, testicular cancer, colorectal cancer NOS, meningioma NOS.
AE, adverse event; CTCAE, Common Terminology Criteria for Adverse Events; NOS, Not Otherwise Specified; PD-1, programmed 
death-1; PD-L1, programmed death-ligand 1.
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had eye-related concerns, only 64% were evaluated by 
an ophthalmologist. A total of 22/47 patients (45%) 
received some form of head, brain or eye imaging (MRI, 
CT, CT angiography, fluorescein angiography), 8 (17%) 
received a lumbar puncture and 2 (4%) received some 
form of eye biopsy. A total of 4/47 patients (9%) under-
went special laboratory testing (table 2).

Focusing on the 25 patients in the SAE database whose 
ocular AE was attributed to the PD-1/PDL-1 inhibitor, 
13/25 (52%) required hospitalization or urgent inter-
vention for their ocular AE, and 19/25 (74%) patients 
were seen by an ophthalmologist (table  2). Of the 35 
ocular AEs experienced by these 25 patients, over half 
(18/35, 51%) were potentially vision threatening. Corti-
costeroids (whether in intravenous, oral or steroid eye-
drop form) were the most common treatment. A total of 
6/25 patients (24%) had to discontinue and 5 patients 
(20%) had to delay their PD-1/PD-L1 inhibitor treatment 
because of the ocular AE (table  2). Fortunately, most 
patients (16/25, 64%) with ocular AEs attributed to the 
study drug had resolution or improvement in their symp-
toms, with 8 patients having resolution and 8 patients 
having some improvement. More detailed summaries of 

the clinical courses for these 25 patients can be found in 
online supplemental table 3.

DISCUSSION/CONCLUSION
This retrospective review of two AE databases is one of 
the largest analyses of serious ocular AEs due to PD-1 
and PD-L1 inhibitors (nivolumab, pembrolizumab, 
atezolizumab and durvalumab) in the USA to date. Our 
study found a total of 27 AEs that were potentially vision-
threatening inflammatory eye conditions (13 uveitis, 1 
sclerouveitis, 3 episcleritis, 1 scleritis, 1 neuroretinitis, 
1 iritis, 5 keratitis, 1 optic neuritis, 1 eye inflammation) 
from both databases.

The prevalence of uveitis in our cohort is 14/7727 
patients (0.2%), which is higher than the estimated 
uveitis prevalence in general US populations (57–115 
cases/100,000 persons, 0.05%–0.1%).26–28 However, 
we acknowledge that ocular AEs may have been under-
reported in our cohort, as Bitton et al11 report a 0.4% 
prevalence of uveitis in anti-PD-1/PD-L1 immuno-
therapy. Though not directly comparable to an analysis of 
reported AEs, Sun et al19 report that 3.6% of patients seen 

Figure 1  Depiction of CTEP adverse event databases and workflow. *One ocular AE occurred before PD1/PDL1 exposure, 
one ocular AE occurred over 3 years after last PD1/PDL1 exposure.; CTEP-AERS, Cancer Therapy Evaluation-Program Adverse 
Events Reporting system; CDUS, Clinical Data Update System; FDA, Food and Drug Administration; PD-1 Programmed Death 
1; PD-L1, Programmed-Death Ligand 1.

https://dx.doi.org/10.1136/jitc-2020-002119
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in ophthalmology offices on checkpoint inhibitors (both 
anti-CTLA-4 and anti-PD-1/PD-L1) experience immune-
related eye AEs. However, our results are still consistent 
with drug manufacturers’ prescribing information for the 

PD-1/PD-L1 inhibitors, which report a less than 1% inci-
dence of uveitis or <10% of iridocyclitis.20–24

One ocular AE that likely was underreported in our 
cohort was dry eye. We found 50 cases of dry eye (0.6% 

Table 2  Clinical course, workup, treatment and recovery of patients with ocular AEs reported as serious

All Patients with ocular 
AEs reported as serious
(n=47)

Patients with ocular AEs 
reported as serious and 
attributed to study drug
(n=25)

Patients with ocular 
AEs reported as 
serious and not 
attributed to study 
drug (n=22)

No. (%) hospitalized or required urgent intervention 
due to ocular AE

31 (66) 13 (52) 18 (82)

Workup

 � No. (%) evaluated by ophthalmology 30 (64) 19 (74) 11 (50)

 � No. (%) head/brain/eye imaging performed* 22 (45) 10 (40) 12 (55)

 � No. (%) lumbar puncture performed 8 (17) 4 (16) 4 (18)

 � No. (%) eye biopsy performed† 2 (4) 1 (4) 1 (5)

 � No. (%) special laboratory testing‡ 4 (9) 4 (16) 0

Treatment

 � No. eye surgery§ 5 1 4

 � No. plasmapheresis 3 3 0

 � No. intravenous steroids 12 8 4

 � No. oral steroids 14 12 2

 � No. steroid eye-drops 10 8 2

 � No. anti-VEGF injection 1 0 1

 � No. other eye-drops¶ 7 6 1

 � No. other ocular treatments** 1 1 0

PD-1/PD-L1 therapy changes

 � No. (%) discontinued due to ocular AE 7 (15) 6 (24) 1 (5)

 � No. (%) delayed due to ocular AE 9 (19) 5 (20) 4 (18)

 � No. (%) changes to PD-1/PD-L1 treatment 
schedule

11 (23) 4 (16) 7 (32)

 � No. (%) delayed or discontinued to due non-
ocular AE reasons

14 (30) 9 (36) 5 (23)

 � No. unknown 6 1 5

Recovery

 � No. (%) ocular AE resolved 16 (34) 8 (32) 8 (36)

 � No. (%) ocular AE improved 14 (30) 8 (32) 6 (27)

 � No. (%) ocular AE did not improve 11 (23) 4 (16) 7 (31)

 � No. unknown resolution 6 (13) 5 (20) 1 (5)

*Imaging included: MRI (20), CT (10), CTA head/neck (2), fluorescein angiography (2).
†Orbital/optic nerve sheath biopsy (1), vitrectomy/vitreous biopsy (1).
‡Special laboratory testing included: cancer-associated retinopathy labs (1), inflammatory arthritis workup (1), paraneoplastic antibody 
panel (1), uveitis laboratory investigation (3) (one patient had ESR, CRP, QuantiFERON-TB Gold, FTA-Abs, Toxoplasmosis Ab, Serum 
CMV testing. 1 patient had gamma interferon, RPR, ACE, ANA, Lupus Ab, ANCA, Toxoplasmosis IgG IgM, Bartonella testing. 1 patient 
had ANA, RF, anti-CCP, ESR, serum uric acid, RPR/VDRL, treponemal testing, ANCA testing).
§Gold-weighted lateral tarsal strip placement (1), retinal detachment repair (4).
¶Artificial tears (4), antibiotic eye-drops (2), NSAID eye-drops (1), antihistamine eye-drops (1), dilating eye-drops (1) glaucoma drops (1). 
Some patients had more than one ‘other’ eye-drop.
**Bandage contact lens (1).
AE, adverse event; ANA, Anti-Nuclear Antibody; anti-VEGF, anti-vascular endothelial growth factor; CCP, Cyclic Citrullinated Peptide; 
CRP, C reactive protein; ESR, Erythrocyte Sedimentation Rate; NSAID, Non-Steroidal Anti-Inflammatory Drug; PD-1, programmed death 
1; PD-L1, programmed death ligand 1; RF, Rheumatoid Factor; RPR, Rapid Plasma Reagin.
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prevalence), though literature suggests the prevalence 
of dry eye in PD-1/PD-L1 inhibitors ranges from 1% to 
24%.4 18 29 Dry eye is usually a CTCAE grade 1 event and 
participating CTEP study sites are not required to report 
grade 1 events if they are not felt to be related to study 
treatment and/or do not meet the definition of ‘serious’. 
Because of this, there may have been underreporting of 
dry eye, especially if patients experienced other AEs with 
higher CTCAE grades.

When looking at serious ocular AEs by each PD-1/
PD-L1 inhibitor in the CTEP-AERS database, we found 
serious ocular AEs in 2 patients on durvalumab, compared 
with 10 patients on nivolumab, 15 patients on nivolumab 
and ipilimumab, 14 patients on pembrolizumab and 6 
patients on atezolizumab. However, these proportions are 

roughly in line with the number of patients treated with 
these particular agents on CTEP-sponsored trials to date.

As noted, 103 patients in the routine AE database and 
15 patients in the SAE database were on combination 
ipilimumab and nivolumab. Ipilimumab is a CTLA-4 
inhibitor that has been previously described to cause 
ocular AEs,3 4 7 18 30 and the combination of nivolumab 
and ipilimumab is known to generally increase the rate of 
AEs.31 As the majority of ipilimumab use is now in combi-
nation with nivolumab, it would be difficult to tease out 
the relative contribution of PD-1/PD-L1 inhibitors versus 
CTLA-4 inhibitors and thus more research is needed.

We found that when ocular AEs were reported as 
serious, patients frequently had to discontinue or delay 
their PD-1/PD-L1 inhibitors. Of the 25 patients whose 

Figure 2  Graphical representation of all patients with serious ocular AEs. *Denotes patients with ocular AEs affecting the 
external eye (patient 9 periorbital swelling, patient 15 paralytic lagophthalmos of left eye, patient 31 right eye swelling, patient 
34 preseptal cellulitis). aPatient 8 also on dacarbazine and doxorubicin, but ocular AE unlikely to be attributed to these agents. 
bPatient 15 was on Bevacizumab and Atezolizumab but their last dose of atezolizumab was 80 days before the ocular AE. Both 
agents were possibly attributed to the ocular AE. cPatient 19 was also on brentuximab vedotin. The ocular AE was probably 
attributed to Nivolumab or Ipilimumab, and possibly attributed to brentuximab vedotin. dPatient 22’s ocular AE also possibly 
attributed to Cabozantinib. ePatient 25’s ocular AE also possibly attributed to Etoposide, Carboplatin, and underlying small cell 
lung cancer. fPatient 35 also on Carboplatin and Etoposide, unrelated to ocular AE. gPatient 37 also on Cabozantinib, unrelated 
to ocular AE. hPatient 41 also on entinostat, entinostat unlikely to be attributed to ocular AE. iPatient 45 also on talimogene 
laherparepvec, unrelated to ocular AE. AE, adverse event; CTCAE, Common Terminology Criteria for Adverse Events.
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serious ocular AEs were attributed to their study agent, 
5/25 (20%) discontinued their study agent due to the 
ocular AE. Though we did not find any studies looking 
at treatment discontinuation due to ocular AEs, previous 
studies report anywhere from 4% to 39% of patients on 
PD-1/PD-L1 inhibitors discontinue their drugs due to any 
treatment-related AEs.31 32

Due to our reliance on investigator-provided clin-
ical information, follow-up data or even ophthalmology 
course notes were frequently unavailable. We did not have 
detailed clinical information in our routine AE dataset, 
and even in our SAE dataset with more detailed clinical 
information, information was sometimes incomplete. We 
acknowledge that this design limited our ability to make 
a detailed assessment of patients’ ocular clinical histories. 
We attempted to rectify this situation by requesting more 
information for 20 patients with ocular AEs reported as 
serious. We ultimately received satisfactory responses 
from 19 study sites.

The fact that NCI uses two overlapping databases 
makes it somewhat challenging to calculate the prev-
alence of ocular AEs. As noted, we identified a total of 
259 ocular AEs out of 7727 patients who were exposed 
to PD-1/PD-L1 inhibitors in trials of all phases. However, 
the CDUS database likely underreports the prevalence, 
as this routine AE database does not generally include 
adverse events from phase III trials unless those AEs were 
expeditiously reported to CTEP-AERS. Thus, we estimate 
the 3.3% prevalence likely represents the lower estimate 
of the true prevalence of ocular AEs. An adjustment to 
the CDUS database denominator was necessary to obtain 
the higher estimate of the true prevalence of ocular AEs. 
By excluding trials that do not report routine AEs to 
the CDUS database, we were able to find a total patient 
population of 3255 on treatment arms involving the study 
drugs of interest. Since the number of patients who had 
ocular adverse events on this subset of trials is 242, an esti-
mate of the prevalence of ocular AEs could be as high as 
242/3255 (7.4%). This range of 3.3% to 7.4% is the best 
estimate of the true prevalence available from the CDUS 
database, but even this range could be affected by under-
reporting, as the database relies on investigator-provided 
data.

We also acknowledge that reporting of ocular AEs 
varies significantly. Because the CTCAE includes several 
descriptions of ocular symptoms and study investigators 
used the CTCAE as the basis for their submission, several 
ocular AEs were descriptions of ocular symptoms and 
not formal ophthalmologic diagnoses (eg, ‘decreased 
vision’, ‘blurred vision’ and ‘eye pain’). Because not 
every patient received a formal ophthalmological exam-
ination, study sites may have only been able to report eye 
symptoms instead of specific diagnoses. Furthermore, 
variability in ocular symptom reporting could have 
led to delays in detection and appropriate treatment. 
For example, one patient had blurry vision for a week 
but only mentioned it during a routine study visit. Her 
nivolumab was held and she underwent an emergency 

ophthalmology consultation where it was found that she 
had a retinal detachment and glaucoma. Though the 
nivolumab was ultimately determined to be unrelated 
to the patient’s ocular AEs, this example illustrates how 
a treatment-related ocular AE could have easily been 
missed. In addition, we found the surprising statistic that 
only 64% of patients with a serious ocular AE were eval-
uated by ophthalmology, indicating that 36% of patients 
were not evaluated by ophthalmology. These points rein-
force the importance of educating patients receiving 
immune checkpoint inhibitors about the necessity of 
monitoring their eyes and vision, and having study sites 
help patients with eye symptoms seek prompt ophthal-
mological evaluation.

Overall, this analysis of two large AE databases found 
that ocular AEs in PD-1/PD-L1 therapy are rare, can 
cause inflammatory ocular disease and can cause treat-
ment delays or treatment discontinuation. Patients’ symp-
toms tended to improve or resolve with corticosteroid 
therapy. However, due to significant variability in ophthal-
mologic consultation, workup, treatment and reporting 
of these AEs, standardized clinical evaluation guidelines 
for ocular events and enhanced protocol guidelines on 
reporting of ocular AEs are needed to guide future PD-1/
PD-L1 clinical trials or clinical use.
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