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Neuro-ophthalmic manifestations of cancer: a narrative review
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Background and Objective: Neuro-ophthalmic manifestations of cancer are vast and early recognition
of a serious ocular condition due to either cancer or its therapy is important for both vision preservation as
well as providing valuable treatment and prognostic information regarding the underlying malignancy. This
review focuses on direct and indirect effects of cancer on the eye and its adnexa, hematologic malignancy,
complications of traditional and novel oncologic therapies, and paraneoplastic syndromes as they relate to
the eye as these disorders can lead to potentially devastating or irreversible vision loss.

Methods: PubMed was searched primarily for the following topics: optic nerve infiltration, primary
vitreoretinal lymphoma (PVRL), ocular paraneoplastic disorders, and ophthalmic complications of cancer
therapeutics. Literature was selected based on historical significance and landmark studies (e.g., Cross ez al.
series of paraneoplastic optic neuritis patients; Chan’s textbook on primary intraocular lymphoma) as well
as publications published after 2000. References from select studies were additionally included. Given the
sparsity of literature on many subjects, most publications were included during this time frame in our review.
Key Content and Findings: There are several ophthalmic entities that the oncologist should be aware of
including leukemic optic nerve infiltration, PVRL, paraneoplastic syndromes as they related to the eye, and
adverse effects of therapeutics. Unfortunately, given the rarity of some of these entities [e.g., paraneoplastic
optic neuropathy (PON), cancer-associated retinopathy (CAR)], diagnosis can be difficult and treatment
options are often limited.

Conclusions: Oncologists can develop a set of basic ophthalmology examination skills that will help
to triage and manage patient eye complaints. In certain instances, oncologists have the potential to avert

devastating vision loss with early recognition of neuro-ophthalmic complications.
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Introduction

With an increasing number of novel cancer therapies
and the subsequent prolonged lifespan of cancer patients,
ophthalmic complications due to therapy, primary or
metastatic disease, and paraneoplastic syndromes are
encountered by the oncologist and ophthalmologist alike.
In order to avoid vision loss, early and close collaboration

between the ophthalmologist and the oncologist is
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necessary for recognition and proper management of
neuro-ophthalmic complications of cancer. Often, ocular
symptoms provided by patients are nonspecific (e.g.,
blurry vision, redness, etc.) and could represent a range of
pathology from benign to potentially vision threatening.
Therefore, it is important for the oncologist to recognize
situations and develop some basic ophthalmic skills and
vocabulary to triage ocular complaints. For instance,
leukemic infiltration of the optic nerve can present with
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ltems

Specification

Date of search (specified to date, month and year)
Databases and other sources searched

Search terms used (including MeSH and free text
search terms and filters)

Timeframe

Inclusion and exclusion criteria (study type,
language restrictions, etc.)

Selection process (who conducted the selection,
whether it was conducted independently, how
consensus was obtained, etc.)

Any additional considerations, if applicable

5/01/2021-8/01/2021
PubMed

“neuro-ophthalmology, cancer”; “optic nerve malignancy”; “neuro-ophthalmology,
lymphoma”; “primary vitreoretinal lymphoma”; “primary intraocular lymphoma”;
“ophthalmic paraneoplastic syndromes”; “paraneoplastic optic neuropathy”; “cancer
associated retinopathy”; “immunotherapy ocular side effects”; “ocular side effects
cancer therapeutics”

2000-present

All study types from case reports to randomized trials were included

All studies were selected based on their relevance to each subsection within the
review article. Studies were initially chosen by the primary author (TMJ) and were
reviewed by contributing and senior authors (SS, NJV)

N/A

N/A, not available.

blurry vision, and if not recognized promptly and treated
can lead to rapid, irreversible vision loss (1). Neuro-
ophthalmic signs and symptoms of malignancy are vast

additional primary sources. Lastly, a select few landmark
publications were included [e.g., Chan’s textbook on
primary vitreoretinal lymphoma (PVRL)].

but can broadly be categorized into direct effects due

to primary or metastatic disease, indirect paraneoplastic
syndromes, and findings secondary to therapies used for
malignancy control. This review aims to comprehensively
describe these neuro-ophthalmic complications of
oncologic disease with a special emphasis on hematologic
malignancy, complications of traditional and novel
oncologic therapies, and paraneoplastic syndromes as these
areas represent potentially devastating or irreversible visual
loss as well as have prognostic and treatment implications
for the underlying disorder. We present the following
article in accordance with the Narrative Review reporting
checklist (available at https://cco.amegroups.com/article/

view/10.21037/cco-21-137/rc).

Methods

A literature review was conducted using the criteria
specified in Table 1. Pertinent articles and their reference
lists were manually reviewed for relevance to the
subsections within this article. Article search strategy
included all articles based on the search criteria in
Table 1 filtered for publication after 2000. References
were reviewed within each article and were selected for
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Direct effects on the visual pathway

A recent review estimated that approximately 50% of
patients with an intracranial mass from any etiology will
develop a neuro-ophthalmic sign or symptom (2). Direct
effects on the visual pathway from intracranial malignancy
are secondary to direct compression of the ocular structures
or intracranial visual pathway, or secondary mass effects
causing increased intracranial pressure (ICP). Glioblastoma
multiforme is the most common primary malignancy, but
metastatic disease comprises the majority of intracranial
lesions (3). Additionally, meningeal infiltration can cause
increased ICP and papilledema, as well as lead to direct
optic nerve involvement (4,5). It is important to note that
any lesion involving the visual pathway, including infectious,
inflammatory, ischemic, or demyelinating, can cause similar
signs and symptoms and therefore understanding clinical
context, obtaining imaging, and monitoring progression
of symptoms become invaluable. Signs and symptoms of
increased ICP include nausea, vomiting, altered mental
status and papilledema on fundoscopic examination.
Involvement within the orbit, most commonly due
to breast, prostate, or lung metastases, can present with
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signs of orbital congestion, proptosis, and double vision.
Vision loss can be due to a compressive optic neuropathy
or corneal exposure due to proptosis. Involvement of
the prechiasmatic optic nerve leads to monocular visual
decline and can produce an afferent pupillary defect (APD)
in the eye with the affected optic nerve. An acute optic
neuropathy is more likely secondary to a demyelinating,
ischemic, or inflammatory process whereas a gradual
decline in vision would be more consistent with a
malignant compressive lesion. At the chiasm, a malignant
lesion would characteristically present with a bitemporal
hemianopia and progressive bilateral vision loss; 15-20%
of all cranial malignancies are located in the sellar region
and may cause chiasmal compression (6). Posterior to the
chiasm, compression of the optic tract, optic radiations,
or the occipital cortex can demonstrate a contralateral
homonymous hemianopsia. Those within the optic tract
can also produce a contralateral APD. Visual hallucinations
may occur in occipital lobe tumors, whereas auditory or
gustatory hallucinations due to seizure can be seen with
temporal lobe tumors. Other neuropsychiatric symptoms
such as panic attacks, depression, anxiety, and personality
changes can be present (7,8).

Lastly, involvement of the nerves that supply the
extraocular muscles (e.g., cranial nerves 3, 4, and 6) can
cause diplopia and an ocular misalignment that will be
demonstrated with testing extraocular movements or
simple observation of the position of the patient’s eyes
in primary gaze. Ophthalmoplegia involving multiple
cranial nerves is likely to involve the cavernous sinus or
orbit. Multiple cranial neuropathies is also a frequent
finding in leptomeningeal metastasis (LM), also known
as carcinomatous meningitis, a typically late complication
of malignancy (9). The clinical presentation of LM can
be nonspecific with symptoms related to increased ICP
and meningeal irritation. Cranial nerves 6, 7, and 8 are
the most frequently affected leading to diplopia, facial
weakness, and loss of hearing. Diagnosis of LM is difficult.
Magnetic resonance imaging (MRI) of the brain and spine
can show nodular leptomeningeal enhancement and high-
volume lumbar puncture (LP) with cytology can reveal
the malignant cells, but there are frequent false negatives
depending on the technique (10). LM confers a poor
prognosis with an average lifespan of two to four months.

Leukemic and lymphomatous infiltration of the optic nerve

Any metastatic optic nerve lesion or primary optic nerve
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tumor (e.g., meningioma, glioma) can lead to a progressive
optic neuropathy. However, involvement of the nerve
in leukemia and lymphoma is of particular concern as it
can cause rapid, irreversible vision loss if not recognized
early. Hematologic malignancies can cause a variety
of manifestations within the orbit and intraocularly.
Briefly, leukemic retinopathy is a term applied to the
vascular changes within the retina that can cause variable
degrees of vision changes (e.g., blurred vision, scotomas)
secondary to hematologic abnormalities such as severe
anemia, thrombocytopenia or hyperviscosity (11). Direct
involvement of the optic nerve due to leukemia or
lymphoma, in particular, deserves special mention as it can
lead to devastating vision loss and is regarded as a neuro-
ophthalmic emergency. It is also unfortunately an elusive
diagnosis in which a delay may lead to permanent vision
loss, though treatment is also not benign.

A new optic neuropathy in the presence of a systemic
leukemia or lymphoma should always raise suspicion
of nerve infiltration; however, infection, compressive
lesions, and inflammation due to medication side effects of
therapeutic agents are also all possible in such patients. The
treatment and prognosis is unique for each condition (1).
Whether or not an optic neuropathy or objective findings
of optic nerve damage develops in patients with systemic
leukemia or lymphoma, infiltration to some degree is not
uncommon; one autopsy study noted a frequency of 18%
and 16% of optic nerve infiltration in acute and chronic
leukemias respectively (11). Other studies have placed the
number between one and 13% in some forms of leukemia
(12,13). Overall, however, the prevalence of optic nerve
infiltration only comprises 5% of secondary optic nerve
tumors (14,15). Additionally, although not common, disease
relapse in the central nervous system can present with
isolated optic nerve infiltration (16) and has been reported
most frequently in patients with acute lymphoblastic
leukemia (ALL) (2.2% of relapse cases) (17,18). The orbit
and optic nerve are potential sanctuary sites for leukemic
relapse even with initial systemic central nervous system
treatment.

A recent review was completed on 92 cases of optic
neuropathy in the setting of leukemia and lymphoma (1).
Thirty-six cases (39%) were attributed to leukemic
infiltration with most cases secondary to ALL [although
acute myeloid leukemia (AML), chronic lymphocytic
leukemia (CLL), or chronic myeloid leukemia (CML) cases
were reported as well]. In these patients, malignant cells
were present in 64% of cerebrospinal fluid (CSF) analysis,
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and 43% of neuroimaging studies (either CT or MRI)
were normal, with the remainder showing thickening or
enhancement of the nerve. Two cases were biopsy proven.
30 cases were attributed to lymphomatous infiltration
with the majority (67%) of cases due to a B-cell non-
Hodgkin’s lymphoma (NHL), although both T-cell NHL
and Hodgkin’s disease were also represented. Twelve of
these cases required biopsy to confirm the diagnosis. CSF
and MRI findings were similar to that of the leukemia cases.
The clinical presentation was variable with optic disc edema
and hemorrhage being the most frequent presentation.
However, four cases had normal fundoscopic examinations
likely representing more posterior involvement of the
optic nerve. The remainder of the 92 cases were eventually
attributed to infection or inflammation. This case series
illustrates the poor sensitivity of CSF cytology. CSF
cytology has a sensitivity of less than 50% due to lack of
cells and even with repeated LP the false-negative rate can
still be high (19-21).

Therefore, any leukemia or lymphoma patient
presenting with signs and symptoms of a new optic
neuropathy (decreased vision, APD in the affected eye)
requires immediate ophthalmology consultation as
fundoscopic examination can help to guide the differential
and the order of imaging and laboratory studies to help
with a timely diagnosis. If optic disc edema is present, the
differential diagnosis of new optic disc edema is long, and
a prompt diagnosis of optic nerve infiltration has both
visual and systemic implications. Rosenthal described
two distinct patterns and clinical manifestations of optic
nerve infiltration (22): prelaminar (superficial) infiltration
of the optic nerve head associated with a fluffy white
superficial infiltrate seen on fundoscopic exam causing a
variable amount of optic nerve edema and minimal changes
in visual acuity, or retrolaminar (posterior to the nerve
head) infiltration associated with disc edema and causing
severe vision loss. If infiltration is obvious on examination,
treatment can be initiated immediately. Typical treatment
includes orbital radiation with a course of 2,000 cGy to the
orbit over a couple of weeks, which may restore vision and
resolve clinical findings (16). Treatment with intrathecal
or systemic cytotoxic drugs alone are generally considered
insufficient given the optic nerve is a pharmacologic
sanctuary. If used in combination with irradiation, however,
radiation may synergistically allow drug therapy to act on
the optic nerve (23). The goal is to preserve vision.

The diagnosis ultimately involves neuroimaging, CSF
analysis, and fundoscopic examination. However, even
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with these tools, the diagnosis is usually still unclear and
radiation treatment is not benign. Optic nerve biopsy can
help establish the diagnosis, but this procedure comes
with risks of complete vision loss and may not be reliable
in the setting of corticosteroid treatment (which patients
may be placed on in the setting of disc edema and optic
nerve enhancement) (1,24,25). Figure 1 demonstrates a
16-year-old male with T-cell ALL who developed bilateral
blurry vision (20/40 in the right eye and light perception in
the left eye). The patient’s chemotherapy regimen included
cyclophosphamide, vincristine, pegaspargase, intrathecal
methotrexate, and nelarabine. MRI of the brain and orbits
demonstrated bilateral left worse than right enhancement
and enlargement of the optic nerves and tracts. The patient
was treated with intravenous (IV) corticosteroids and
intravenous immune globulin (IVIG) for possible vincristine
associated optic neuropathy with mild improvement
in vision. Ophthalmology evaluation demonstrated
moderate optic disc swelling in the right eye. The left eye
demonstrated significant disc swelling with a central retinal
artery occlusion. Given the fundoscopic findings, there was
concern for leukemic optic nerve infiltration and the patient
underwent whole brain radiation (total 1,200 c¢Gy). Vision
improved to 20/20 in the right eye and remained LP in the
left eye, fundoscopic findings improved with development
of optic disc pallor in the left eye, and MRI imaging showed
improvement in the nerve enhancement and enlargement.

PVRL

Uveal metastases, most commonly from breast or lung
primary, can present with discrete choroidal masses, and
indicate a poor prognosis. Shields et /. reported on 2,214
uveal metastases in 1,111 patients (26). The primary tumor
was known at presentation in two-thirds of cases with a
S-year survival rate of 23%. The choroidal masses can lead
to exudative retinal detachments, causing central vision loss
or a visual field defect.

Lymphoma can also metastasize to the uvea, retina,
and vitreous, particularly from the testes, cutaneous T-cell
lymphoma, or the nasopharynx, all of which have been
well documented. Patients with known systemic lymphoma
complaining of floaters or decreased vision should have
an ophthalmologic consultation to exclude this possibility
(27-29). PVRL, on the other hand, is a subset of primary
central nervous system lymphoma (PCNSL) and is most
often of the diffuse large B-cell lymphoma type. Rarely,
T-cell lymphoma occurs. The majority of patients are over
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Figure 1 Bilateral ALL optic nerve infiltration in a 16-year-old male. (A) Right optic disc fundus photography demonstrating a swollen optic

nerve at presentation. Vision was 20/40. (B) Left optic disc fundus photography demonstrating a swollen optic nerve with nerve hemorrhage

and findings consistent with a central retinal artery occlusion at presentation. Vision was light perception. (C) Right optic disc fundus

photography demonstrating interval decrease in disc swelling two weeks post whole brain radiation. Vision had improved to 20/20. (D) Left

optic disc fundus photography demonstrating decreased optic disc swelling and hemorrhages. The disc developed pallor. Vision remained at

light perception. ALL, acute lymphoblastic leukemia.

the age of 50 at presentation, but younger patients have
been described as well—indeed, the first case described was
in a 27-year-old male (30,31).

Clinical presentation most frequently involves bilateral
disease with slowly progressive vision loss and floaters
(32,33). The disease is often misdiagnosed as uveitis as
vitreous cells may predominate the clinical findings.
Additionally, the symptoms and clinical findings can
respond to corticosteroid treatment, with relapse after
treatment discontinuation (34-36). In this sense, PVRL
is considered a masquerade syndrome and the time from
clinical symptoms to a definitive diagnosis is approximately
a year. The characteristic ophthalmic lesions of PVRL are
sub-retinal pigment epithelium (sub-RPE) sharply defined,
yellow-white, tumors. However, the disease can present
with multiple manifestations. For instance, it can simulate
a multifocal choroiditis, multiple evanescent white-dot
syndrome, an acute retinal necrosis with retinal vasculitis
and branch arterial occlusions, optic neuritis, or an isolated
vitritis to name a few (31). Therefore, the diagnosis is
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difficult to make. MRI of the brain with gadolinium
enhancement, CSF analysis with cytology, and vitrectomy
are usually all necessary to establish a diagnosis but can
often produce inconclusive results.

PCNSL (disease involving the brain, spinal cord, or
meninges) will develop in most patients diagnosed with
PVRL (estimated at 90%), and therefore MRI of the brain
is mandatory in any patient with a diagnosis of PVRL.
Conversely, 25% of patients with a diagnosis of PCNSL
have ocular involvement at the time of diagnosis, and
approximately 25% of PCNSL patients without initial
ocular involvement will develop PVRL. There is usually a
three-month delay between central nervous system (CNS)
disease onset and diagnosis (36). Symptoms are typically
related to increased ICP such as headache, nausea, as
well as personality changes; similar to PVRL, PCNSL
may partially respond to corticosteroid treatment, further
delaying the diagnosis (37).

There is no universally accepted treatment protocol
for isolated PVRL without CNS involvement (35). Local
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treatment involves intravitreal methotrexate, rituximab,
or external beam radiotherapy. CNS disease necessitates
systemic chemotherapy. Currently it is debated whether
isolated PVRL without CNS involvement requires systemic
chemotherapy to delay CNS involvement or increase
overall survival. Studies attempting to evaluate this question
have shown conflicting results (38-44).

Paraneoplastic disorders of the visual pathway

Paraneoplastic syndromes can affect both the efferent and
afferent visual pathway (45). Although true incidence is
unknown, one estimate placed the burden at only 0.01% of
oncologic patients evaluated at a tertiary care center (46).
Afferent symptoms can range from painless, progressive
vision loss or, in the case of retinal disease, photopsias
(positive visual phenomena), scotomas and night blindness.
Efferent disorders include myasthenic-like symptoms, or
opsoclonus/myoclonus syndromes. Afferent involvement
can lead to vision loss and will be the focus of this section.
Often, there are other associated neurologic signs
including encephalitis, sensory neuropathies, and cerebellar
dysfunction that will prompt the consultant to consider
a paraneoplastic syndrome. Pathophysiology of these
disorders is likely due to immune-mediated cross-reactivity
of tumor producing antigens causing collateral damage
[paraneoplastic optic neuropathy (PON), cancer-associated
retinopathy (CAR)] or due to production of ectopic peptides
such as growth factors by the tumor causing systemic effects
[bilateral diffuse uveal melanocytic proliferation (BDUMP),
and polyneuropathy, organomegaly, endocrinopathy,
monoclonal gammopathy, and skin changes syndrome
(POEMS)] (47).

PON

PON is rare, and the signs, symptoms, and radiographic
workup is variable. Most cases are related to an underlying
small-cell lung carcinoma, although many other case
reports have been described in the literature associated with
other malignancy including hemopoietic cancers (48-66).
Visual acuity can be reduced by any degree, and there are
other signs of optic nerve dysfunction such as color vision
defects and visual field defects (67). Inflammation of the
vitreous is often present. Optic disc edema or atrophy may
be present on fundoscopic examination. In 2003, Cross et 4.
described a cohort of 16 patients with suspected PON (48).
Fifteen had optic disc edema and subacute vision loss. Nine
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had vitreous inflammation with vitrectomy showing reactive
lymphocytosis, and five had an associated retinitis. CSF
analysis demonstrated lymphocytosis, elevated protein, and
oligoclonal bands. Most patients had multifocal neurologic
complaints, with three patients having a syndrome
specifically resembling neuromyelitis optica. Eleven of these
patients had confirmed small-cell lung carcinoma, with the
remainder having renal or thyroid carcinoma. Cross et al.
placed patients into two groups: those with an inflammatory
optic neuropathy with multifocal manifestations of encephal
omyeloradiculoneuropathy and those with optic neuropathy
and a myelopathy resembling neuromyelitis optica. All
were found to have an antibody directed against collapsing
response-mediating protein 5 (CRMP-5). This antigen is
expressed throughout the central and peripheral nervous
system and is abundantly expressed in small-cell lung
carcinoma; molecular mimicry is thought to play a role (64).
Given its wide expressivity throughout the nervous system,
other neurologic symptoms are common. Thromboembolic
phenomena were also noted in 14% of patients. Indeed,
isolated PON is rarely reported (64). There have been
multiple other paraneoplastic antibodies identified since
CRMP-5 including anti-Hu, anti-Tr, anti-Yo, anti-Ri, anti-
Ma2/TA, and antiamphiphysin which have led to variable
phenotypes (68-74). A more recent series of seven patients
found that the majority presented with severe vision loss
and optic disc edema. These patients had anti-Ma2/Ta,
anti-CRMP-5, anti-Yo, and antiamphiphysin antibodies
and two patients had concurrent anti-AQP#4 (the antibody
implicated in neuromyelitis optica) (75).

There remains no clear treatment algorithm for this rare
entity. Treatment with corticosteroids has produced variable
results (49,76). One case described successful treatment with
mycophenolate mofetil, prednisone, and plasmapheresis in
a patient with cutaneous melanoma (77). As this entity is
rare, it is important to rule out other more frequent cases
of optic neuropathies such as optic neuritis, compressive,
toxic, nutritional, or ischemic optic neuropathies as well as
leptomeningeal metastases (75).

CAR

CAR is a paraneoplastic retinopathy characterized by
autoimmune loss of retinal photoreceptors. Symptoms
are related to loss of cones (e.g., photosensitivity, glare,
scotomas, decreased visual acuity) and rods (e.g., nyctalopia,
photopsias) and specialized retinal testing is necessary to
make a diagnosis. Frequently, the suspected diagnosis of
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CAR may occur in the absence of a known malignancy,
and therefore a thorough systemic workup is necessary
if suspected. The pathophysiology of CAR involves
molecular mimicry with antibodies directed against retinal
proteins. However, the diagnostic utility of antibody
testing is variable. For instance, a large series of suspected
CAR patients showed only 61% positivity to antibodies
targeted against retinal proteins, with only 10% having
antibodies against recoverin, the most well characterized
antibody in CAR (78). On the other hand, out of nearly
all 3,000 retinopathy samples in a large study, only those
associated with cancer were found to have anti-recoverin
antibodies (79). Techniques for antibody detection include
Western blot, enzyme-linked immunosorbent assay
(ELISA), and immunohistochemistry which all require a
donor protein scaffold. Fresh human tissue within six hours
of death may be optimal, although many other techniques
are described which likely influences laboratory reliability
(80,81). A positive result may be more meaningful than a
negative result in this disease.

Recoverin is a protein located within the retinal
photoreceptor cells, and this gene has been mapped to
several oncogenic loci, including the p53 tumor suppressor
gene, leading to increased expression within tumor cells (82).
In several series of CAR patients with small-cell lung
carcinoma, recoverin or recoverin-like peptides have been
found in tumor tissue on histopathology (83-86). Other
antigens found to be associated with CAR include enolase,
Tubby-like protein 1, aryl hydrocarbon receptor interacting
protein-like 1, interphotoreceptor retinoid binding protein,
photoreceptor cell-specific nuclear receptor, glyceraldehyde
3-phosphake dehydrogenase, aldolase, transducin-a, and
heat shock cognate protein 70 and 60, among others (87-91).
The phenotype of CAR may be dependent on the specific
autoantibody. For instance, anti-recoverin CAR presents
with degeneration of both rods and cones leading to severe
loss of retinal function with rapid progression to blindness
whereas anti-enolase or anti-transducin-a retinopathy can
have a more indolent course with preserved visual function.
An underlying malignancy is only found in a minority of
cases with the latter two (78,92,93). Treatment for CAR
attempts to reduce tumor burden in combination with
immunosuppression including the use of cyclosporine,
azathioprine, rituximab, and corticosteroids (94-96).
The primary tumor in CAR is most often small-cell lung
carcinoma, but reports of different malignancies, including
hematologic, are in the literature (97). Women may be
more susceptible than men (78).
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Melanoma-associated retinopathy (MAR) is a separate
entity with retinal antibodies directed against retinal ON-
bipolar cells, although an antibody specific to the disease is
not well-defined. Melanoma tumors are known to produce
visual phototransduction proteins, with presumed multiple
targets in this condition. Prior reports have identified
antibodies directed against transducin-a, transducin-b,
arrestin, rhodopsin, and TRPM1 (98-102). TRMP1 is a
protein specifically found in retinal ON-bipolar cells in the
inner nuclear and outer plexiform layers of the retina. This
disease causes more rod cell dysfunction and symptoms
include bilateral peripheral photopsias and nyctalopia.
Unlike in CAR, the diagnosis of cancer (melanoma) often
precedes the diagnosis of MAR. These patients typically do
not respond to corticosteroids and there is limited evidence
for use of IVIG in treatment of the disease (103).

BDUMP

BDUMP is characterized by sudden bilateral vision loss due
to massive proliferation of melanocytes in the uveal tract,
often leading to exudative retinal detachments and cataract
development. The disease is associated with reproductive
tract, lung, colon, or pancreatic tumors. In contrast
to the previously discussed paraneoplastic disorders,
the pathophysiology of BDUMP is hypothesized to be
caused by production of tumor-expressed growth factors,
specifically melanocytic growth factors, leading to ectopic
proliferation of melanocytes. The disease often precedes
the diagnosis of cancer, and once identified prognosis is
typically poor with an average expected lifespan of less than
15 months (104,105).

Polyneuropathy, organomegaly, endocrinopathy,
monoclonal gammopathy, and skin changes syndrome

POEMS is thought to be due to production of
proangiogenic growth factors, specifically vascular
endothelial growth factor (VEGF) causing multisystem
dysfunction (106-108). Patients also have higher levels
of circulating inflammatory cytokines. By definition, this
disorder is due to an underlying plasma cell neoplasm. The
diagnostic criteria require a demyelinating polyneuropathy
and a monoclonal plasma cell-proliferative disorder, in
addition to one other major criterion (VEGF elevation,
Castleman disease, or sclerotic bone lesions) and one
minor criterion (organomegaly, extravascular volume
overload, endocrinopathy, skin changes, papilledema, or
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thrombocytosis/polycythemia). The disease is defined by a
symmetric, bilateral, proximal peripheral neuropathy that
typically starts as a sensory neuropathy and then leads to
motor involvement. Papilledema, a minor criterion of the
disease, can be asymptomatic. In a series of 33 patients
diagnosed with POEMS, 17 had bilateral disc edema, with
only five patients complaining of ocular symptoms (e.g.,
blurry vision, diplopia, pain) (109). Cystoid macular edema
has also been reported in this entity which causes blurry
vision (110-113). One report described bilateral serous
retinal detachments associated with the condition (114).
The etiology of disc edema and macular edema is unknown
and there is no agreed upon treatment. Anti-VEGF
treatments have not yet been evaluated (109).

Ocular manifestations secondary to therapeutic
agents

New developments in immunotherapy and chemotherapy
have come with a variety of new side effects, many of which
involve the ocular adnexa. The initial clinical trials of these
agents as well as post market studies often have inconsistent
reporting of adverse events making the incidence and type
of ocular side-effects difficult to determine (115,116).
However, there is now an abundance of case reports and
patient series identifying several trends within categories of
agents, though the incidence of these side effects is often
difficult to determine with newer drugs. It is also important
to note that many of the reported side effects are from
case reports in patients with metastatic malignancy and
therefore causation of some presentations may be difficult
to determine. Given the breadth of reported side effects of
malignancy treatments, focus for this review has been placed
on immune modulators, checkpoint inhibitors, epidermal
growth factor receptor (EGFR) inhibitors, BCR-ABL
inhibitors, anaplastic lymphoma kinase (ALK) inhibitors,
mitogen-activated protein kinase (MEK) inhibitors, and
several traditional chemotherapy agents.

Monoclonal antibodies directed against EGFR such as
cetuximab and trastuzumab have reported ocular side effects.
EGEFR is present in corneal epithelial cells and is paramount
in corneal and meibomian gland epithelial health and
proliferation (117,118). EGFR is also involved in hair follicle
formation and is expressed in conjunctival goblet cells
which produce the mucin layer of the ocular surface (119).
As such, EGFR inhibitors can lead to symptoms of severe
dry eye, blepharitis, or eyelid and eyelash malposition
and disorders. Eyelash abnormalities such as overgrowth
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(trichomegaly) and misdirected eyelashes (trichiasis) has
been frequently reported (120-124). This most frequently
manifests with swollen lids, tearing, irritation, and redness.
Additionally, in a recent review, trastuzumab has been
associated with papilledema, retinal hemorrhages, artery,
and vein occlusions (125). Small molecule EGFR inhibitors
(afatinib, erlotinib, gefitinib, lapatinib and vandetanib) have
shown similar side effects. Uveitis has also been reported
with this class of agents (125).

Bevacizumab, a monoclonal antibody targeted against
VEGE, has been consistently associated with a higher risk
of hemorrhagic cerebral stroke (126,127). The development
of posterior reversible encephalopathy syndrome leading to
cortical blindness has also been implicated with this drug.
Purely ocular side effects are less frequent with few reports
of serous retinal detachments. One case series of six patients
who were being treated with bevacizumab, radiation
therapy, and temozolomide for glioblastoma developed
optic neuropathy, however causation is difficult to discern
in these cases (128).

Checkpoint inhibitors are novel monoclonal antibodies
that target cytotoxic T lymphocyte antigen 4 (CTLA4),
programmed death-1 (PD-1), or programmed death-ligand
1 (PD-L1) (129). These agents are fundamentally different
from other therapeutics in that they upregulate T-cell
activity by blocking tumor induced inhibitory pathways.
The CTLA4 inhibitor, ipilimumab, acts at the level of the
lymph nodes to block the T-cell CTLA4 interaction with
antigen presenting cell (APC) receptors CD80 and CD86,
which would typically downregulate T-cell activation. This
inhibition allows for activation of T-cells presented with
tumor antigen by allowing T-cell CD28 receptor interaction
with CD80 and CD86. In contrast, PD-1 and PD-L1
inhibitors function at the level of the tumor cell. PD-L1 is
expressed on tumor cells and binds with PD-1 on T-cells
causing deactivation and immune evasion of the cancer.
PD-1 inhibitors, nivolumab and pembrolizumab, and PD-
L1 inhibitors, atezolizumab, avelumab, and durvalumab,
therefore function to increase T-cell activity at the level of
the tumor. The eye is considered to have immune privilege
and RPE cells have been shown to express both CD86 and
PD-L1, leading to downregulation of T-cell activity (130).

Upregulation of T-cell activity is often related to
autoimmune related side effects. Adverse events are
common with immune checkpoint inhibitors, occurring
in up to 90% of patients and involving nearly every organ
system (131,132). Development of autoimmune conditions
such as rheumatoid arthritis, Graves thyroiditis, myasthenia
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gravis, giant cell arteritis, multiple sclerosis, lupus, and the
ocular syndrome Vogt-Koyanagi-Harada disease have all
been described (133-136). Ocular specific side effects are
much more infrequent with estimates of an incidence of
1% (137). They often start within weeks of commencing
therapy. The most common side effects include ocular
surface irritation such as dry eyes, followed by inflammatory
conditions. Combination therapy results in the highest
incidence of adverse events, and is typically higher with the
CTLA4 inhibitor ipilimumab (138). In terms of ophthalmic
complications, however, a recent systematic review
identified pembrolizumab as the most common cause of a
neuro-ophthalmic complication (32.1%) (139).

Nearly every inflammatory ocular toxicity has been
described with the use of ipilimumab ranging from
conjunctivitis, keratitis, scleritis, retinal vasculitis and
uveitis to serous retinal detachments and the development
of choroidal neovascularization (125,137,140-142). Many
cases are related to an inflammatory process or orbital
inflammation (143,144). Bilateral optic neuropathy has
also been described in one case report associated with
ipilimumab treatment for metastatic melanoma (145).
Therefore, nearly any ocular complaint can be induced
by immune checkpoint inhibitors and ophthalmology
consultation is recommended to document the severity of
the ocular condition and need for treatment. Additionally,
in patients with newly diagnosed metastatic disease, ocular
metastasis, CAR, and PON should also be on the differential
and ophthalmology examination is needed to investigate
these entities. Typically, local therapy with topical or
periocular corticosteroids can treat many inflammatory
conditions induced by immune checkpoint inhibitors while
continuing the immune checkpoint therapy (146-148).
Severe, vision threatening side effects may require cessation
of therapy (138,149). Dry eye symptoms can be effectively
managed with artificial tears and cyclosporine eye drops.

BCR-ABL inhibitors (imatinib, bosutinib, dasatinib,
nilotinib, and ponatinib) have been associated with
periorbital edema, conjunctival hemorrhage, epiphora,
and keratitis. Up to 70% of patients on imatinib can
develop periorbital edema that at least in one instance has
led to a compressive optic neuropathy requiring surgical
intervention (150). The mechanism behind this side-effect
is unclear but may be due to inhibition of platelet-derived
growth factor receptor (PDGRF) which is involved in
interstitial fluid balance (151). Optic neuritis with profound
vision loss was reported in one patient on imatinib; vision
recovered after discontinuation of the drug as well as
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treatment with corticosteroids (152). Additionally, bilateral
optic disc edema was reported in one patient; this also
resolved after discontinuation of the medication (153). Of
note, the disc edema did not recur after restarting imatinib
in this case.

ALK inhibitors (brigatinib, lorlatinib, alectinib,
crizotinib, and alectinib) and, in particular, crizotinib have
had a high incidence of reported visual disturbances in
clinical trials (41-71%) (154-156). These tyrosine kinase
inhibitors are used in the treatment of non-small-cell
lung carcinoma. Interestingly, a high percentage (41%) of
patients assigned to a 28-day cycle of 250 mg twice daily
crizotinib in clinical trials reported visual disturbances
of post-flashbulb effects such as brief image persistence
or trails of light following moving objects, which were
particularly bothersome during transitions from dark to
light. In three patients examined during the clinical trial by
ophthalmology, no ocular abnormalities were noted. Other
reported visual changes include photopsias, blurred vision,
accommodation disorders such as presbyopia induction, and
reduced visual acuity. The reported side effects waned with
treatment duration. A more serious side effect of bilateral
optic neuropathy on crizotinib was reported, however the
ocular symptoms continued to progressed to blindness
after the medication was held making causation difficult
to determine (157). Several iz vivo studies on retinal cell
function in rats treated with ALK inhibitors have been
inconclusive on elucidating a mechanism behind these visual
disturbances (158,159). In total, the majority of side effects
appear to be benign, and providers should be aware of post-
flashbulb effects, photopsias, and dark to light adaptations
problems in patients on ALK inhibitors.

The mitogen-activated protein kinase (MAPK) pathway
involves several protein kinases that are oncologic targets
and plays a fundamental role in a diverse set of cellular
processes such as cell proliferation and differentiation,
motility, stress response, and apoptosis (160). In broad
terms, the pathway involves activation of RAS, subsequent
activation of several protein kinases (BRAF, ERK, and
MEK), that then leads to MAPK activation. Mutations
that lead to continuous activation of this pathway have
been shown to be central to oncogenesis of several tumors
such as cutaneous melanoma and lung cancer (161,162).
Additionally, this pathway has been implicated in the
maintenance of RPE cells in the retina (163-166). MEK
inhibitors are one class of therapy in which retinal toxicity
has been frequently reported leading to recognition of
the potential need for routine ocular examinations for
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Figure 2 Radiation optic neuropathy three years post treatment in a 53-year-old male who received 50 Gy in five fractions for a choroidal

melanoma. (A) T'1 post-contrast fat-suppressed MRI of the orbits with gadolinium enhancement demonstrating optic nerve enhancement of

the left eye. (B) Fundus photography of the left optic nerve demonstrating a choroidal melanoma surrounding the optic nerve with overlying

optic disc hemorrhage prior to radiation treatment. The visible portion of the optic nerve appears pink. (C) Fundus photography of the

left optic nerve three years after radiation treatment with subsequent pallor and atrophy of the optic nerve. This eye lost all vision. MRI,

magnetic resonance imaging.

patients on these therapies (167). In the clinical trials for
several MEK inhibitors, a wide variety of ocular toxicities
and orbital inflammation was reported, including uveitis,
episcleritis, scleritis, blepharitis, and conjunctivitis (168-174).
The most well recognized and frequent ocular manifestation
is MEK associated retinopathy. This entity presents most
frequently with bilateral blurred vision, central scotomas,
and photopsias due to subretinal fluid and a disease process
that closely resembles central serous chorioretinopathy
(175,176). Patients may also be asymptomatic. Visual acuity
typically recovers after resolution of the subretinal fluid and
discontinuation of the therapy.

External cranial irradiation can lead to a progressive optic
neuropathy which is usually delayed until month to years
after treatment typically presenting as painless, monocular
(although bilateral cases have been reported), acute,
irreversible visual loss. Radiation induced optic neuropathy
(RON) is rare and usually occurs with cumulative dose of

© Chinese Clinical Oncology. All rights reserved.

at least 50 Gy or a single dose of 10 Gy. Both targeted and
whole brain irradiation can lead to RON. The average
timeframe from treatment to development of symptoms
is estimated at 18 months (177,178). The optic disc may
appear normal or pale at time of diagnosis and MRI imaging
is essential for the diagnosis and to rule out other causes
of optic neuropathy. A recent case series of 12 patients
(15 eyes) with RON identified a characteristic MRI finding
of prechiasmatic optic nerve enhancement accompanied by
expansion and T2 hyperintensity in the enhancing region
that may preceded vision loss, and only rarely develops
after symptoms. Most patients had optic disc pallor at
presentation suggesting subclinical optic nerve damage and
an APD was present in all patients on presentation. Though
several treatments have been pursued (e.g., hyperbaric
oxygen therapy, systemic bevacizumab, corticosteroids,
anticoagulation, among others), there remains no
definitive treatment for RON and vision loss is generally
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Table 2 Neuro-ophthalmic complications of cancer and therapies organized by patient complaint, clinical context, and nonspecialized physical

examination

Diagnosis Ocular complaint

Clinical context

Physical examination

Optic nerve infiltration
(unilateral or bilateral)

Primary vitreoretinal
lymphoma

Paraneoplastic optic
neuropathy

Painless, progressive
vision loss

Painless, blurred or lost vision Patient with known metastatic
disease or hematologic
malignancy

Most patients have an
underlying small-cell lung
carcinoma. Most frequently

Decrease visual acuity, afferent pupillary
defect, decreased color vision, abnormal
optic nerve appearance

Bilateral floaters, blurred vision Patient with known primary CNS Abnormal opacities in vitreous or retinal
lymphoma

infiltrate, intraocular inflammation,
decreased vision

Decreased visual acuity, afferent pupillary
defect, decreased color vision, sometimes
mild disc swelling

associated with other neurologic

symptoms

Cancer-associated
retinopathy; melanoma-
associated retinopathy

Photosensitivity, photopsias,
blurred vision, scotomas,
nyctalopia

Bilateral diffuse uveal Bilateral sudden vision loss

melanocytic proliferation

Side effect/toxicity EGFR
inhibitors

Irritation, redness, dry eye,
blurry vision

Side effect/toxicity
Checkpoint inhibitors

Nearly any ocular complaint
is possible due to ocular
inflammation in any
structure of the eye. May be
asymptomatic

Side effect/toxicity
BCR-ABL inhibitors pain

Side effect/toxicity MEK
inhibitors

Blurry vision

Side effect/toxicity ALK
inhibitors

Blurry vision, photopsias,
flashbulb effects, difficulty
reading

History of small-cell lung
carcinoma (most frequent) or
melanoma

History of reproductive tract,
lung, colon or pancreatic tumors detachments, cataracts
EGFR inhibitor use

Checkpoint inhibitor use

Swelling, tearing, red eye, eye BCR-ABL inhibitor use

MEK inhibitor use

ALK inhibitor use

Can have normal examination, decreased
visual acuity, scotomas, abnormalities
detected only on specialized retinal testing

Decreased visual acuity, exudative retinal

Conjunctival injection, discharge, tearing

Dependent on structure which is inflamed.
Nearly any ocular structure can be involved

Periorbital edema, conjunctival hemorrhage

Decreased visual acuity, associated
retinopathy with serous retinal detachments

Can have normal examination, decreased
visual acuity, inability to accommodate

CNS, central nervous system; EGFR, epidermal growth factor receptor; MEK, mitogen-activated protein kinase; ALK, anaplastic lymphoma

kinase.

irreversible (179). Figure 2 demonstrates a 53-year-old with
a choroidal melanoma treated with proton beam irradiation
(50 Gy in five fractions) and subsequent development of
RON three years later.

Lastly, traditional chemotherapy such as alkylating
agents, antimetabolites, and mitotic inhibitors have been
associated with non-infectious bulbar conjunctivitis. This is
presumed secondary to exposure of the conjunctival mucosal
tissue to a toxic concentration of the drug within the tear
film; this subsides with discontinuation of the drug (180).
The lacrimal drainage system can be susceptible to these
agents leading to inflammation and subsequent stenosis.

© Chinese Clinical Oncology. All rights reserved.

Taxanes, such as docetaxel, in particular, can lead to
irreversible canicular stenosis and epiphora. Cessation
should be considered in cases in which patients complain of
epiphora.

Discussion

Ocular complaints can often be nonspecific; for instance, the
symptoms of anterior uveitis induced by immune checkpoint
inhibitors—pain and redness—may be remarkably similar
to those of ocular surface disease or dry eyes. The major
entities described in this review are summarized in Table 2
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to provide a framework for the oncologist to triage ocular
complaints. Additionally, there are several tools that
oncologists can utilize to characterize and triage ocular
complaints in a cancer patient to specifically determine
whether they need an urgent ophthalmology consultation.
First, characterization of the visual complaint in detail can
be vital. For instance, a patient complaint of blurred vision
could be used to describe a visual field defect, a scotoma,
tloaters, or other visual phenomena, and discerning this
information is helpful in determining an etiology. Another
example is double vision. Binocular diplopia (diplopia that
resolves with covering either eye) generally indicates an
ocular misalignment; monocular diplopia (diplopia that does
not resolve with covering either eye) is often related to dry
eyes or refractive error and is rarely a concerning symptom.
Observing extraocular movements and ocular alignment
can reveal cranial nerve palsies. Second, testing pupillary
reactions can immediately reveal a more sinister cause of
visual complaints; optic nerve infiltration, neuropathy, or
neuritis will generally present with an APD. Third, visual
examination of the patient’s orbits can also provide valuable
information. A change or asymmetry such as proptosis
or orbital pressure can indicated a mass lesion. Finally,
evaluating temporal associations between initiation of new
therapies and vision changes may be helpful.

In general, new visual field defects, motility problems
with binocular diplopia, an APD, and/or new complaints
in relation to starting a therapeutic agent should warrant
an urgent ophthalmologic evaluation. Oncologists should
maintain a low threshold to pursue ophthalmic consultation
if there is any concern. An MRI of the brain and orbits with
gadolinium enhancement can also help to identify many
vision threatening conditions as well as provide important
contextual information to the ophthalmologist. The
ophthalmologist should continue to work closely with the
oncologist to monitor and treat ophthalmic manifestations
of systemic disease as well as to monitor response to
therapy. If recognized early as a potential serious ocular
complication of cancer (e.g., optic nerve infiltration),
early treatment and proper management can save vision.
Together, the oncologist and ophthalmologist can best
optimize the patient’s visual potential as well as mitigate the
systemic burden of disease.
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