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Purpose: To describe a case of bilateral, multiple branch retinal artery occlusions (BRAO) in a woman on pembrolizumab 
immunotherapy for metastatic uterine cancer.
Methods: Case report of one patient and literature review.
Case Presentation: A female in her mid-40s with obesity, hypertension, type 2 diabetes, and metastatic uterine cancer status post 
chemotherapy, debulking surgery, and whole-brain radiation presented with bilateral worsening of vision and a symptomatic scotoma 
in her right eye. Ten months prior to presentation, she was found to have recurrence of her cancer and was started on immunotherapy 
with pembrolizumab and lenvatinib. Dilated fundus examination showed vascular tortuosity, intraretinal hemorrhages, microaneur
ysms, and macular edema in both eyes. The macular edema was attributed to diabetic retinopathy and was treated with intravitreal 
bevacizumab. Although there was improvement of edema on optical coherence tomography, her vision did not significantly improve. 
Over sixteen months, her vision worsened from 20/40 and 20/50 to 20/200 and 20/150 in the right and left eye, respectively. 
Fluorescein angiography was performed and revealed multiple, bilateral branch retinal artery occlusions, symmetrically involving the 
superior arterial vessels in both eyes. Extensive imaging and laboratory work-up was negative. Her BRAOs were attributed to 
pembrolizumab.
Conclusion: Pembrolizumab can be associated with multiple branch retinal artery occlusions. Fluorescein angiography is a useful 
tool in distinguishing between etiologies of retinal vascular disease. Oncologic and ophthalmologic providers should be cognizant of 
this rare cause of vision loss and screen appropriately.

Plain Language Summary: This case reports an unusual ophthalmic complication attributed to an immune checkpoint inhibitor 
(ICI), a class of medications which are increasingly used to treat refractory solid organ tumors. In this case, our patient had been on an 
ICI for sixteen months with excellent response of her metastatic uterine cancer. However, her vision progressively worsened in both 
eyes. Additional ophthalmic testing with fluorescein angiography, a test that highlights the vasculature in the posterior segment of the 
eye, revealed multiple branch retinal artery occlusions. ICIs are more commonly known to cause autoimmune and inflammatory 
conditions within the eye, more broadly termed uveitis. They have rarely been reported in association with retinal vascular occlusion, 
which could potentially be related to vasculitis and occlusion of the retinal arterial lumen. The case presented here shows multiple 
branch retinal artery occlusions in both eyes, which could not be associated with another ophthalmic condition and ultimately was 
attributed to her ICI. This report highlights the need for providers to refer appropriately for patients on ICIs with vision loss and for 
ophthalmologists to consider additional imaging for patients on ICIs with unexplained vision loss. 

Keywords: Immune checkpoint inhibitor, immunotherapy, PD-1 inhibitor, PD-1/PD-L1 immunotherapy, retinal artery occlusions

Introduction
Immune checkpoint inhibitors (ICI) have revolutionized the treatment of a growing list of solid organ malignancies by 
activating the body’s own immune system to target tumor cells. However, this disinhibition of the immune system can 
cause immune-related adverse events throughout multiple organs.1–3 Pembrolizumab is an ICI that targets programmed 
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cell death protein 1 (PD-1) and can cause ocular inflammation ranging from uveitis to optic neuritis.1–3 Narala et al 
described a case of giant cell arteritis with retinal arterial occlusion and paracentral acute middle maculopathy secondary 
to pembrolizumab therapy4 Here we report a case of a young female on pembrolizumab for metastatic uterine cancer who 
developed multiple, bilateral BRAOs.

Case Presentation
A female in her mid-40s with obesity (body mass index 40), well controlled hypertension off medication, type 2 diabetes 
mellitus (DM) (glycated hemoglobin (HbA1C) 7.5), and metastatic uterine cancer presented to the ophthalmology clinic 
with bilateral blurry vision and a scotoma in her right eye. Due to the metastatic uterine cancer, her medical course had 
been complicated by transient renal failure which resolved with percutaneous nephrostomy and brain metastases, which 
led to vasogenic cerebral edema, seizures, and a left parietal mass. She had already completed treatment with six cycles 
of carboplatin, paclitaxel, and bevacizumab chemotherapy, as well as tumor debulking surgery and 30 grays (Gy) of 
whole-brain radiation. Given cancer recurrence, she was started on pembrolizumab and lenvatinib 10 months prior to 
presenting to ophthalmology clinic. Her only other medications included metformin and levetiracetam.

Her baseline visual acuity (VA) was 20/30 in the right eye and 20/40 in the left eye. Her intraocular pressures were 
normal. She had dot blot hemorrhages and cotton wool spots in both eyes consistent with severe non-proliferative 
diabetic retinopathy and bilateral center-involving diabetic macular edema (DME) with early subretinal fluid on optical 
coherence tomography (OCT) (Figure 1). She was regularly monitored for non-proliferative diabetic retinopathy and 
center-involving diabetic macular edema without significant change in vision.

After 15 months and 20 cycles of treatment with pembrolizumab and lenvatinib, she was noted to have worsening of 
her VA to 20/80 in both eyes. Fundus exam revealed increase in severity of intraretinal hemorrhages, cotton wool spots 

Figure 1 Optical Coherence Tomography (OCT) of the (a) right and (b) left eye demonstrating center-involving diabetic macular edema (yellow arrows) with trace 
subretinal fluid. At this visit, best corrected visual acuity was 20/30 in the right eye and 20/40 in the left eye.
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and vascular tortuosity. OCT also showed worsening center-involving intraretinal fluid (Figure 2). Intravitreal anti- 
vascular endothelial growth factor (anti-VEGF) therapy was recommended, but the patient elected to monitor.

One month after the patient deferred intravitreal anti-VEGF therapy, her vision declined further to 20/200 in the right 
eye and 20/150 in the left eye. At this point, she agreed to bilateral intravitreal injection of bevacizumab for diabetic 
macular edema, which improved her intraretinal fluid but did not improve vision. Dilated fundus examination showed 
sclerotic vessels in the superior retina. Fluorescein angiography (FA) revealed multiple, bilateral branch retinal artery 
occlusions involving the superior retina in both eyes in a relatively symmetric pattern (Figures 3 and 4). At this time, 
Magnetic Resonance Imaging (MRI) of the brain and neck and echocardiography were negative for stroke, white matter 
disease, carotid occlusive disease, and sources of cardiac thrombus or emboli. Infectious (Tuberculosis, Syphilis), 
hypercoagulability, and inflammatory workup (erythrocyte sedimentation rate, C-reactive protein, human leukocyte 

Figure 2 Optical Coherence Tomography (OCT) of the (a) right and (b) left eye showing worsening center-involving intraretinal fluid (yellow arrows) following fifteen 
months and twenty cycles of pembrolizumab and lenvatinib therapy. At this time, visual acuity was 20/80 in both eyes. Subsequently, the right and left eye improved from 
before intravitreal bevacizumab with visual acuity 20/200 in the (c) right eye and 20/150 in the (d) left eye to 20/80 in the (e) right eye and 20/100 in the (f) left eye.
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antigen B27, angiotensin-converting enzyme, lysozyme, antinuclear antibody) were also negative. Her presentation of 
bilateral, relatively symmetric, BRAOs was attributed to pembrolizumab therapy.

Following extensive discussion with the patient and her oncologist, the decision was made to discontinue pembro
lizumab and lenvatinib. The patient has been in remission and continues systemic surveillance every three months. 
Systemic steroids were considered to treat possible inflammation to the retinal vessels causing subsequent vascular 
occlusion from pembrolizumab, but the patient has deferred. Her macular edema has been managed with intravitreal anti- 
VEGF injections, and her vision has improved. At her most recent visit, her best corrected visual acuity was 20/60 in the 
right eye and 20/125 in the left eye.

Figure 3 Optos Fundus Photos of the (a) right and (b) left eye showing posterior intraretinal hemorrhages and cotton wool spots (white arrowheads), as well as bilateral 
superior branch retinal artery occlusions and superior vascular sclerosis (yellow arrows).

Figure 4 Fluorescein angiography (FA) of the right eye in (a) arterial phase (b) arteriovenous phase and (c) late phase and (d) of the left eye in arteriovenous phase 
demonstrating delayed filling of the superior retinal arterioles and superior filling defect from retinal artery occlusion (red arrows), as well as late central macular capillary 
leakage (yellow arrowheads).
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Discussion
In older patients and those with known cardiovascular risk factors such as smoking, diabetes, hypertension, coronary artery 
disease, and carotid occlusive disease, retinal arterial occlusions (RAO) are attributed to embolic events. However, when 
multiple BRAOs present in a younger individual (such as in those under the age of 50), hypercoagulable conditions and 
inflammatory states from autoimmune or infectious disease should be suspected. In this case, an extensive work-up with 
laboratory evaluations and neuroimaging was unrevealing. Hence, we attributed her multiple, bilateral BRAOs in both eyes in 
a relatively symmetric pattern to pembrolizumab, an immune checkpoint inhibitor which is known to cause various ocular 
adverse events.1–4 However, several other key diagnoses were considered. Radiation retinopathy is rare at treatment doses of 
30 Grays but has been reported.5,6 After discussion with the radiation oncology team, radiation retinopathy at such low doses 
(3 Grays per fraction over 10 fractions) seemed unlikely but cannot be fully excluded. In addition, her ischemia progressed 
rapidly over the time she was being monitored while on pembrolizumab treatment but 2.5 years after she completed whole- 
brain radiation treatment. Given that the patient had retinal hemorrhages throughout the fundus in both eyes with retinal 
vascular occlusions and widespread non-perfusion, occlusive retinal vasculitis was also considered. Vasculitis and uveitis are 
known side effects of pembrolizumab.1,2,7,8 However, the patient lacked vascular sheathing and other inflammatory evidence 
on fluorescein angiography and examination such as disc hyperemia, vascular leakage, and vitreous cell. The rate of 
progression and symmetric pattern in a patient with well-controlled diabetes and hypertension would also be unusual for 
occlusive retinal vasculitis. Her angiographic findings suggested multiple BRAOs in the superior arterioles, and OCT through 
the superior macula showed inner retinal thinning consistent with superior BRAOs involving the papillomacular bundle, 
which may have contributed to the reduction in visual acuity.

Pembrolizumab is a recombinant monoclonal IgG antibody which acts at the programmed cell death protein 1 (PD-1) 
receptor. Other ICIs which target the PD-1 receptor include nivolumab and cemiplimab.2 Together, the PD-1 inhibitors 
have received US Food & Drug Administration (FDA) approval for a growing list of metastatic, unresectable, and 
refractory malignancies.

Under normal circumstances, the PD-1 receptor induces T-cell apoptosis when bound by programmed cell death- 
ligand 1 (PD-L1). In malignancy, tumor cells evade detection by the host’s immune system by co-opting immune 
checkpoint systems such as that between PD-1 and PD-L1. ICIs modulate the immune host system to recognize tumor 
cells; however, these same pathways can non-specifically activate the entire immune system, increasing the risk of 
autoimmune adverse events.1–3 Systemic immune-related adverse events are known to include pneumonitis, colitis, 
hepatitis, nephritis, dermatologic side effects (pruritus, rash, vitiligo), and endocrinopathies such as diabetes mellitus, 
thyroiditis, hypo-pituitarism, and adrenal insufficiency.1

Vision loss and ocular toxicities are rare but known adverse events associated with ICIs. The most reported ocular immune- 
mediated adverse events are dry eyes (1–24%) and uveitis or vasculitis (1%). Ocular surface toxicities associated with ICIs 
include conjunctivitis, episcleritis, keratitis, and corneal graft rejection.1 When uveitis occurs in the setting of PD-1 inhibitor 
treatment, panuveitis (38–46%) and anterior uveitis (30–36%) are more common than intermediate (0–1%) or posterior uveitis 
(14%).2 Known orbital complications of ICIs include myasthenia gravis, thyroid and thyroid-like ophthalmopathy, and optic 
neuritis.1,2,9 PD-1 inhibitors have also been associated with cranial nerve III, VI, and VII palsies.1 Typically, ocular adverse 
events are managed with topical, periocular, and/or systemic immunosuppression.1,2 However, 4% to 39% of patients on PD-1 
or PD-L1 inhibitors need to discontinue the drug due to treatment-related adverse events.3

We believe our patient had bilateral, multiple BRAOs in a superior distribution, which were related to her pembrolizumab. 
Narala et al reported a case of an 86-year-old patient on pembrolizumab for metastatic uveal melanoma who developed 
pembrolizumab-related giant cell arteritis manifesting as retinal arterial occlusion and paracentral acute middle maculopathy4 

Evidence in mouse models and histopathologic specimens suggest that blockade of PD-1/PD-L1 allows unopposed immune 
stimulation, formation of granulomatous lesions in the walls of affected arteries, microvascular angiogenesis, and intimal 
hyperplasia.10,11 Hence, Narala et al posited that the breakdown of PD-1/PD-L1 checkpoints in vessel walls could contribute to 
vasculitis and retinal arterial luminal occlusion4 We postulate a similar mechanism in our patient case. Of note, our patient 
endorsed occasional tinnitus, but this symptom was attributed to a side effect from her chemotherapy. She is awaiting further 
audiologic and vestibular evaluation. Magnetic resonance imaging (MRI) did not show white matter lesions. This negative 
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finding is pertinent since Susac’s syndrome classically presents with a triad of BRAOs, sensorineural hearing loss, and 
encephalopathy and has also been reported as an immune-related adverse event in association with pembrolizumab.12 

Moreover, reports suggest that cisplatin or carboplatin and paclitaxel can cause ischemic retinopathy,13–16 and the role of 
toxicity from her chemotherapy cannot be completely excluded. However, she had completed six cycles of chemotherapy 
relative to the twenty cycles of pembrolizumab and lenvatinib, and her chemotherapy was completed nearly two years prior to 
her vision decline. Finally, although the role of lenvatinib could not be excluded, the case reports on lenvatinib have shown 
retinal vein occlusion,17 but have not reported retinal artery occlusions.

Conclusion
Immune checkpoint inhibitors, which include targeted blockade of the PD-1/PD-L1 checkpoint, allow the host immune 
system to recognize tumor cells for a growing number of metastatic and refractory malignancies. However, immune- 
related adverse events can occur, with ocular adverse events including dry eye syndrome, uveitis or vasculitis, 
conjunctivitis, myasthenia gravis, retinal vasculitis, orbitopathy, and optic neuropathy.1,2 Herein, we report the case of 
a patient with metastatic uterine cancer on pembrolizumab therapy who presented with vision loss from multiple BRAOs. 
Patients on pembrolizumab or other ICIs with visual symptoms should be promptly examined by an ophthalmologist, 
with additional retinal imaging including OCT and FA. Clinical examination or imaging findings suggestive of retinal 
vascular occlusion, uveitis, or vasculitis should prompt a laboratory and systemic work-up. If no other explanation can be 
found for the visual symptoms or ocular findings, pembrolizumab as the cause of arterial occlusion should be considered. 
A discussion should take place between the patient, the ophthalmologist, and the oncologist on treatment options with 
consideration of local or systemic steroid and/or cessation of the ICI.18

Abbreviations
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