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Abstract.

Unusual neuro-ophthalmologic symptoms and signs that go unexplained should warrant a

thorough investigation for paraneoplastic syndromes. Although these syndromes are rare, these clinical
manifestations can herald an unsuspected, underlying malignancy that could be treated early and
aggressively. This point underscores the importance of distinguishing and understanding the various,
sometimes subtle, presentations of ocular paraneoplastic syndromes. Outlined in this review article are
diagnostic features useful in differentiating cancer-associated retinopathy, melanoma-associated retin-
opathy, and paraneoplastic optic neuropathy. These must also be distinguished from non-—cancer-
related eye disorders that may clinically resemble cancer-associated retinopathy. The associated anti-
bodies and histopathology of each syndrome are presented to help in the understanding of these
autoimmune phenomena. Treatment outcomes from reported cases are summarized, and some poten-

tial novel immunotherapies are also discussed.
vier Science Inc. All rights reserved.)
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I. Cancer-Associated Retinopathy

Cancer-associated retinopathy (CAR) has been
thought to be one of the most common paraneo-
plastic retinopathies. Its incidence is equal among
women and men. At least 55 cases have been re-
ported in the literature so far (Table 1). Although
the CAR syndrome is believed to be more common
that the melanoma-associated retinopathy (MAR)
syndrome, review of the current literature shows
more documented cases of MAR than CAR. A possi-
ble explanation for this unexpected increased fre-
quency of MAR relative to CAR could be related to a
greater decrease in the incidence of invasive lung
cancer compared to invasive skin melanomas in men
and women in the past 30 years in the United States.
According to the Surveillance, Epidemiology, and
End Results (SEER) Cancer Statistics Review, the an-
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nual percent change (based on rates age-adjusted to
the 2000 U.S. standard population) for invasive lung
and bronchial cancer decreased from 3.0 to —0.9
from 1973 to 1999. During the same time period
trends in the SEER incidence for invasive skin mela-
nomas showed less of a decline from 6.1 to 2.8 an-
nual percent change.'” Further epidemiologic stud-
ies will be needed to confirm this hypothesis.

Any adult with unexplained visual loss, with rod or
cone dysfunction, or with known or suspected malig-
nancy in the absence of other neurologic symptoms
should undergo a thorough investigation for CAR.”’

Symptoms usually present bilaterally, and rarely se-
quentially, over a period of several weeks or months
before the underlying malignancy is diagnosed. Small-

cell lung cancer is most commonly associated with
CAR 5,19,22,41,43,44,45,55,60,62,69,78,89,96,101,103,108,115,120,123,126,128,129,131
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TABLE 1

Frequency of Malignancies Associated with Cancer-Associated Retinopathy

Types of Malignancies Associated with CAR

Number of Reported Cases in the
Current Literature

Lung5,19,22,/1 1,44,45,55,60,62,69,78,89,96,101,103,108,115,119,120,123,126,128,129,131

Endome[ria13,34,12(),122,129
Cervical*™'?

Breast2l 7117122
Ovarian
Lymphoma®

Colon™

Pancreatic®

Prostate®

Bladder”

Laryngeal®”

Metastases of unknown primary”

47,139

38
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Gynecologic?*#H:A4766100.122186.10.13 31 breast cancers™"™'#

are the second most common malignancies and less
commonly, non-small-cell lung cancer,"? pancreatic
cancer,” lyrnphoma,66 prostate, bladder, and laryngeal
cancers.” Most recently, colon cancer has been found
to be associated with CAR (Table 1).”® Patients may
experience transient monocular dimming or loss of
vision in both eyes at the onset, and even transient
entoptic symptoms, such as flickering lights. They
may even report that their vision is better if they
wear dark sunglasses.”

CAR affects both cones and rods. Photosensitivity
and prolonged glare following light exposure, re-
duced visual acuity, decreased color perception, and
central scotomas are all features of cone dysfunc-
tion. Whereas rod dysfunction is represented as nyc-
talopia, prolonged dark adaptation, midperipheral
(ring) scotomas, and more extensive peripheral vi-
sual field deficits. CAR is a subacute, progressive au-
toimmune retinopathy in which the patient will
ultimately lose vision in both eyes.”

Although the retina may appear normal early in
CAR, attenuated arterioles, thinned and mottled ret-
inal pigment epithelium, and minimally pale optic
disks usually appear within several months.” Vitre-
ous cells, arteriolar sheathing, and periphlebitis
suggestive of inflammation can also be seen later.”

Sawyer et al'*’ were the first to correlate the histo-
pathologic processes underlying these clinical changes
in three postmenopausal women, of which two had
small-cell lung carcinoma and one had metastatic oat-
cell lung carcinoma. Diffuse photoreceptor degener-
ation of both cones and rods are present with or
without any inflammation (Fig. 1). Scattered mel-
anophages in the outer retina can also occasionally
be seen. Ganglion cells in the inner retina, the optic
nerve, and the geniculocalcarine pathway are all
spared.”*'

Cross reactivity between cancerous and retinal
proteins is responsible for initiating the immune-
mediated cascade of events that ultimately leads to
photoreceptor degeneration, thus participating in
the pathogenesis of CAR.#*%12 Pglans et al'®
demonstrated that recoverin, initially isolated and
cloned by Thirkill et al,”®” was expressed in small-cell
lung cancer cells in a patient with CAR who had cir-
culating anti-recoverin antibodies. CAR is a hetero-
geneous group of autoimmune processes associated
with several antigens expressed by rods, cones, or
retinal ganglion cells. One of these antibodies first
characterized by Thirkill et al'® is directed against a
specific photoreceptor protein, the 23-kDa retinal
CAR antigen that has 90% homology with the amino
acid sequence of bovine recoverin. It is the most
common antigen associated with CAR.'"”” The hu-
man gene for recoverin has been localized to chro-
mosome 17.” A single mutation inactivating a copy
of p53 tumor suppression gene could possibly lead
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Fig. 1. Hematoxylin-eosin-stained sections through the
retina revealed loss of the retinal outer nuclear and photo-
receptor layers (black solid arrow) with inflammatory cells
(open arrow) in a patient with cancer-associated retinopa-
thy associated with small cell lung carcinoma (original
magnification X 50).
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to an increase of recoverin expression outside of the
eye. The circulating antibodies would also be directed
against retinal recoverin. This inactivated form of reti-
nal recoverin could then cause closure of ion chan-
nels, depolarization of cells, and photoreceptor cell
death.” Adamus et al®” demonstrated that antirecov-
erin antibodies lead to apoptotic photoreceptor cell
death in the CAR syndrome. As early as 24 hours,
anti-recoverin Ab mediates DNA fragmentation and
nuclear condensation in photoreceptor and bipolar
cells in vivo.*” In vitro and intravitreal injection of
antibodies showed that anti-recoverin autoantibod-
ies of patients with CAR could penetrate into living
retinal cells, become localized inside the cell, and
trigger cell death through apoptosis.®” This antibody-
mediated destruction of retinal cells was indepen-
dent of complement. It has been proposed that the
calcium-binding properties of recoverin could be in-
volved in the process of penetration into retinal cells.’
Recoverin is a calcium-binding protein located within
retinal photoreceptor cells and bipolar cells.®’ It has
been shown that the conformational changes in-
duced by bound calcium enhances the binding of anti-
bodies to recoverin.'”” The calcium-bound form of
recoverin activates and regulates the enzyme that
phosphorylates rhodopsin.*” Blocking recoverin could,
therefore, cause an increase in free calcium and lead
to the activation of a nuclear endonuclease, a cal-
cium-sensitive molecule, resulting in DNA fragmen-
tation and nuclear condensation.””?"**'* In vitro evi-
dence from a study done by Maeda et al*® in 2001
suggests that anti-recoverin antibody is incorporated
into rod photoreceptor cells and modulates rhodop-
sin phosphorylation, which then leads to activation
of caspase-dependent apoptotic pathways. Other evi-
dence also exists to support the idea of antibodies
triggering calcium-mediated apoptotic cell death in
specific neurons. It has been shown that immuno-
globulins could trigger calcium entry through neu-
ronal calcium channels to result in the motor neu-
ron cell death of patients with amyotrophic lateral
sclerosis without any evidence of an inflammatory
response.'!

In addition to recoverin, other antibodies reactive
against retinal antigens with different molecular
weights have been found in patients with CAR. The
second most common autoimmune retinal antibody
is a 46-kDa protein® followed by a 45-kDa'* and a
60-kDa®™ protein. Antibodies against 65-kDa heat shock
cognate protein 70 (hsc 70) have also been identi-
fied in some patients with CAR.” The hsc 70 family of
proteins are synthesized in response to various cellu-
lar stresses and present in normal unstressed cells.
They play a role as chaperons, to help proteins trans-
locate into organelles and to aggregate and degrade
proteins. Elevated levels of heatshock proteins in pe-
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ripheral monocytes and serum autoantibodies against
heat-shock proteins have been identified in patients
with autoimmune diseases, such as lupus and rheu-
matoid arthritis. It is unclear how autoimmune reac-
tions involving these various antibodies affect the onset
and course of CAR, and what relationship exists
between recoverin and hsc 70 in its pathogenesis.”

Anti-enolase antibodies (46-kDa) play a role in medi-
ating retinal degeneration in CAR.* Alpha-enolase is
a ubiquitous glycolytic enzyme (2-phospho-D-glycer-
ate hydrolase) existing in three heterodimeric forms:
alpha (non-neuronal enolase), beta, and gamma (neu-
ronalspecific enolase). Enolase is a product of sev-
eral types of tumors and enolase enzymatic activity
has been detected in sera of some cancer patients.”***°
In addition to its enzymatic activity, enolase may play
a role in promoting cell survival. It has been suggested
that neuron-specific enolase is associated with ¢-myc
oncogene involved in the control of cell prolifera-
tion. Neuron-non-specific enolase may also serve to
promote endothelial cell survival in hypoxia. The hy-
poxia-associated protein (HAP47) shares a signifi-
cant homology with alpha-enolase.! The blocking of
this yet unknown function of this protein by anti-
enolase antibodies could reduce cell survival. Anti-
enolase antibodies are further involved in immune-
mediated cytotoxicity, leading to apoptosis in neuronal
cells. It has been shown that this apoptotic effect de-
pends on the presence of the antigen rather than
the cell type, and the efficacy of the antibody could
be related to the concentration of enolase in the
cell.! Therefore, this evidence supports that anti-
enolase-alpha may be potentially pathogenic to the
retina.

In contrast to anti-recoverin antibodies directed
against the outer segment of photoreceptor cells, an-
tibodies to TULP-1 (tubby-like protein 1) protein are
directed against the inner segment of these cells.”
TULP-1 protein is localized in the inner segment
from the myoid to the synaptic terminal regions of
the outer plexiform layer in both rods and cones.
The dominant autoepitopes are restricted to 18 amino
acid residues at the N-terminus of TULP-1. This amino
acid sequence of TULPI has no homology with the
calcium-binding site determinants of recoverin that
react to the sera of CAR patients.” The anti-TULP-1
protein has been identified in a CAR patient with en-
dometrial cancer.” Because TULP-1 is also one of
the candidate genes for autosomal recessive retinitis
pigmentosa, the TULP-1 antibodies may cause reti-
nal degeneration in a similar mechanism to that in
retinitis pigmentosa.”

More recently, antibodies against the photorecep-
tor cell-specific nuclear receptor (PNR) gene prod-
uct has been identified in a 72-year-old woman with
paraneoplastic retinopathy and lung cancer. The PNR
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gene product is a nuclear receptor, a ligand-depen-
dent transcription factor that mediates a wide variety
of physiologic and regulatory processes.””* Kobayashi
et al”® reported that the PNR gene was expressed in
the outer nuclear layer whereas Chen et al* found
expression in the inner nuclear layer and retinal pig-
ment epithelium. PNR could be involved in suppress-
ing genes whose expression is refractory to photore-
ceptor function.*” PNR mutations play a role in retinal
degenerations. PNR mutations have been found in
patients with enhanced S-cone syndrome (ESCS) who
develop enhanced sensitivity to blue light because of
increased numbers of S cones and eventually progress
to retinal degeneration.**"* These data suggest that
anti-PNR antibodies interfere with PNR function by
blockade of ligand binding leading to retinal degen-
eration. The anti-PNR antibodies in paraneoplastic
retinopathies could have resulted from an immuno-
logic reaction triggered by the tumor. The exact
mechanism of how tumor breaks immune tolerance
for retinal or neuronal proteins is still unkown.”

Other antibodies identified in patients with CAR
and small-cell lung cancer have also been found to
react against neurofilaments and retinal ganglion
cells.”

The diagnosis of CAR requires the demonstration
of anti-recoverin antibody in the serum, but its pres-
ence has recently been shown not to be specific for
CAR, as will be explained later in the section on
non-paraneoplastic autoimmune retinopathies. The
electroretinogram usually reveals a markedly attenu-
ated or absent photopic and scotopic response.”
Cerebrospinal fluid reveals a nonspecific finding of
a mild lymphocytic pleocytosis and an increased con-
centration of protein. If there is no family history of
retinitis pigmentosa or similar disease, then such pa-
tients should also undergo a CT of the chest and a
CT of the pelvis for lung, breast, and gynecologic
cancers.”

Various immunotherapies have resulted in mild to
moderate visual recovery. Steroids can transiently
improve some vision if started before severe visual
loss. Keltner et al reported the first case of steroid-
responsive CAR.” Klingele et al then showed that
prednisone given postoperatively at a dose of 60 mg
qd could arrest the visual deterioration of CAR in a
43-year old woman with breast cancer.” Yoon et al'®
treated a 35-year-old woman with ovarian cancer-
related CAR syndrome with systemic steroids and che-
motherapy directed at the ovarian cancer. Although
her vision temporarily stabilized, she eventually ex-
perienced photoreceptor degeneration, suggesting
that once cell death has occurred, therapy is no
longer of any benefit."” Keltner et al* demonstrated
that although prednisone reduced CAR-related anti-
body titers to normal levels, visual function could

only be stabilized. Monitoring antibody responses to
retinal antigens therefore appeared to be useful in
the decision whether to initiate prednisone therapy.
He concluded that the increasing antibody titers to
the CAR antigen probably occurs before progressive
visual field loss and may be used as an indication for
steroid therapy.”

Based on the reported cases of CAR in the current
literature, treatment with steroids, especially with high-
dose intravenous methylprednisolone more so than
oral prednisone, have resulted in mild to moderate
transient improvement in visual acuity and visual fields
(Table  2),51930:41.60.6260.69.75,89.90,100.101103,115,123129.130 (-
even no improvement. che-
motherapy, and radiation therapy to treat the pri-
mary tumor did not alter the visual prognosis (Table
2) 213455 66T8I0II5131 Progressive worsening of vision
despite removal of tumor cells suggests that the cir-
culating antibodies persist to support ongoing in-
flammation that could eventually end in apoptosis.
Prednisone and plasmapheresis together improved
vision in one patient.”” Plasmapheresis alone did not
prevent progression of visual loss (Table 2)."*° In
one study by Guy and Aptsiauri,” three patients with
CAR were treated with Ivlg. One patient had im-
provement in both visual acuity and visual fields; one
had improvement in only visual field defects; and
the other had only stabilization of vision (Table 2).
In all of the above reported cases the very limited
lifespan of the patients precluded observation of any
long-term effects of treatment on visual function.

Potential therapeutic interventions for CAR have
only recently been investigated. Chen et al*’ in 2001
demonstrated in vitro that elevated extracellular po-
tassium levels could inhibit anti-recoverin IgG-medi-
ated death of photoreceptors. The neuroprotective
effects of elevated extracellular postassium was time-
and dose-dependent. Their study suggests that mo-
bilization of intracellular calcium protects cells by
interfering with apoptotic signal transduction path-
ways. Therefore, therapeutic agents that mobilize
intracellular calcium may potentially be able to pre-
vent photoreceptor cell death in CAR.*” Another po-
tential immunotherapeutic approach involves the
peripheral activation of recoverin-specific antitumor
cytotoxic T-lymphocytes by injecting recoverin-derived
HLA (human leukocyte antigen)-A24 binding pep-
tides. Future design of immunotherapy based upon this
mechanism could improve the prognosis of pa-
tients with CAR.*

30,96,119,120,122,123,139 Surgery,

II. Cancer-Associated Cone Dysfunction

Cancer-associated cone dysfunction is a subset of
CAR syndrome. Only three cases have been reported
so far in the literature (Table 3). Only cones are af-
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fected, and the presence of anti-recoverin antibodies
is required for its diagnosis.”

As described in several case reports in the literature,
the typical clinical presentation includes decreased vi-
sual acuity with vision better when wearing dark sun-
glasses, loss of color perception, central scotomas, and
attenuated retinal vessels.*” The electroretinogram
shows absent cone responses. The neurological ex-
amination and MRI of the brain is usually normal.
The cerebrospinal fluid is remarkable for only a mild
lymphocytic pleocytosis.” Postmortem examination
of the retina in one patient described by Cogan® re-
vealed diffuse loss of cones, mostly in the macula with
pigmented macrophages infiltrating the other layers
of the retina. Jacobson and Thirkill* demonstrated
the presence of a 23-kDa protein and a 50-kDa pro-
tein in their patient. In both of the above patients vi-
sion remained stable without any treatment (Table
2).28% But in another case of cancer-associated cone
retinopathy with antibodies against neuron-specific
enolase, a 72-year-old woman with rare small-cell car-
cinoma of the endometrium continued to lose vision
despite treatment with steroids and radiation ther-
apy (Table 2).* Compared to CAR which often
progresses to total visual loss within a few months,
cancer-associated cone dysfunction appears to have
a more variable course.

III. Other Autoimmune Retinopathies
Mimicking the CAR Syndrome

The CAR syndrome must be differentiated from
other non-paraneoplastic autoimmune-associated ret-
inopathies that may clinically present with similar
symptoms and signs. The presence of anti-recoverin
antibody is not specific for the diagnosis of CAR.
These antibodies can exist in patients with a CAR-like
syndrome but without any underlying malignancy.

Since the discovery of the CAR syndrome, anti-
bodies against recoverin and other retinal antigens
of different molecular weights have been found in a
wide spectrum of autoimmune retinopathies, even
in retinal degenerative diseases. It was first hypothe-
sized by Keltner et al” in 1983 that an autoimmune
mechanism could play a role in the pathogenesis of
retinal degenerative diseases, such as retinitis pig-
mentosa. He reported a 61-year-old woman with un-
differentiated cervical carcinoma who took 10 months
to progress to blindness. She developed ring scotomas,
a flat ERG pattern, and serum antibodies reactive
against normal photoreceptors. Ocular histopathol-
ogy confirmed the loss of retinal photoreceptors.
Her vision later improved with prednisone. Her para-
neoplastic retinopathy had clinical features of slowly
progressive visual loss, ring scotomas, and flat ERG
pattern, which were similar to those with retinitis
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pigmentosa.® In 2000, Heckenlively et al* also iden-
tified anti-recoverin antibodies and other yet uni-
dentified antiretinal protein antibodies in 10 patients
who presented with clinical findings consistent with
retinitis pigmentosa. This antibody-mediated inflam-
mation in retinitis pigmentosa was supported by the
strong correlation between antiretinal IgG reactivity
and the retinal vascular edema seen on fluorescein
angiogram.”’

Furthermore, the presence of anti-recoverin anti-
bodies is not always diagnostic of CAR syndrome. Whit-
cup et al'” reported a 62-year-old woman who had
rapidly progressive visual loss despite treatment with
prednisone. Fundus findings revealed optic atrophy
and retinal vascular attenuation, with some punctate
areas of retinal pigment epithelial atrophy. Elec-
troretinogram was flat and visual fields showed mild
peripheral constriction. This patient had anti-recov-
erin antibodies suggestive of a CAR-like syndrome
without any evidence of an underlying malignancy
for a period of 3 years.'®

Another group of retinopathies involves autoim-
mune reactions directed against the ¢nner plexiform
layer of the retina, as shown by indirect immunochem-
istry staining techniques, and not specifically against
the recoverin antigen or the enolase antigen. Mi-
zener et al” in 1997 described two cases of autoim-
mune retinopathies in which vision deteriorated very
slowly, from 5-10 years, unlike the visual loss in CAR
occuring over several weeks. Clinical features that
were similar to CAR included photopsias, relatively
normal-appearing fundi, abnormalities on electrore-
tinogram, and the presence of an autoimmune reac-
tion against the retina. These young patients, with a
family history of autoimmune diseases and visual field
defects more paracentral than ring-like, had no evi-
dence of malignancy after follow up for at least 5
years. Although visual loss was bilateral, involvement
of the fellow eye was much delayed compared to
that in the CAR syndrome.” Peek et al'” found
that the autoimmune reaction against the inner
retinal layer could be directed against the 35-kDa
retinal Muller cell-associated antigen. He described
a 67-year-old woman who presented with CAR-like
symptoms and signs, but experienced slowly progres-
sive visual loss over many years. In this particular
autoimmune retinopathy the 35-kDa retinal Miller
cell-associated antigen is involved in the degenera-
tion of retinal Miller cells that maintain retinal
structural integrity and ion uptake from the extracel-
lular space. The slower effect of this cellular mem-
brane dysfunction could have lead to a more gradual
visual loss, compared to the more subacute visual
loss from impaired photoreceptors and bipolar
cells that could immediately block retinal signal
transduction.'
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IV. Melanoma-Associated Retinopathy

Previous attempts to explain the MAR syndrome
resulted in its association with non-paraneoplastic
phenomenon. This retinopathy/night-blindness syn-
drome was initially thought to have been induced by
vincristine chemotherapy by Ripps et al''* in 1984.
Gass® described it as an acute Vogt-Koyanagi-
Harada-like syndrome associated with metastatic cu-
taneous melanoma. In 1988 DuBois et al* reported
that this retinopathy involved loss of the inner reti-
nal layer in patients with complicated migraines. It
was not until Berson et al'* in 1988 when this form
of night-blindness was finally classified as a para-
neoplastic retinopathy associated with malignant
melanoma.

Unlike CAR, which usually heralds the onset of a
malignancy, MAR commonly presents after the mel-
anoma is diagnosed, often at the stage of metastases,
and is more common in men than in women. Out of
a total of 64 cases reported in the literature so far, two
patients presented with MAR before the diagnosis of
melanoma and 6 before metastases (Table 4). Unlike
the severe impairment of visual acuity, color vision,
and central visual field in patients with CAR, patients
with MAR often have near normal visual acuity, color
vision (mild abnormalities in red-green axis and/or
blue-yellow axis), and central visual field.” Patients
with MAR often do not develop progression of their
retinal dysfunction. Only the rods are affected. Symp-
toms include sudden shimmering, flickering pho-
topsias, night blindness, and mild peripheral visual
field loss. Typical signs of MAR include peripheral vi-
sual field depression or midperipheral visual field loss
and a normal-appearing fundus,'®!*16:18:20.52.4042.64.67.75.
74,93,95,105,111,113,116,121,136,137 Less Cornmonly, a posterior
uveitis, vitreous reaction, and periphlebitis can occur
later.**% 11111 Borkowski et al'™ in 2001 reported un-
usual fundus changes in two patients not previously
described in association with MAR. One patient had
round and oval white lesions in the outer retina and
retinal pigment epithelium. The other patient had
diffuse retinal pigment epithelial loss of pigment and
small atrophic lesions of the retina, retinal pigment
epithelium, and choroids. These fundus lesions could
be part of the spectrum of presentations of MAR,
but their pathological significance is still unclear.'®

Histopathologic evidence of ganglion cell trans-
synaptic atrophy, a marked decrease of bipolar neu-
rons in the inner nuclear layer with normal photore-
ceptor cells in the outer nuclear layer can be seen
(Fig. 2).*'2 Of all the documented cases of MAR in
the literature, only one patient had normal ocular
pathology.”

Patients with central nervous system metastases
from malignant melanoma who present with visual

symptoms should be evaluated for MAR syndrome.
Similar abnormalities, such as congenital stationary
night blindness, juvenile retinoschisis, vincristine
toxicity, and central retinal artery or vein occlusion
should be differentiated from MAR by history and
eye examination.” The presence of anti-rod bipolar
cell antibodies helps confirm the diagnosis of MAR
when the patient has a history of malignant mela-
noma. Electroretinogram findings are similar to those
in congenital stationary night blindness, except that
the blue cones are affected in MAR.'** Typical find-
ings include a markedly reduced or absent dark-adapted
b-wave, indicating bipolar and Miller cell dysfunction,
with sparing of a-wave as a mostly negative-appearing
scotopic response.” The reduced cone b-wave repre-
sents a predominant loss of “on,” or depolarizing bi-
polar cells which subserves the rod pathway.*"'*
Neurotransmission between the rods and these de-
polarizing bipolar cells is impaired. The “off” or
cone photoreceptors and hyperpolarizing bipolar
cells are both spared."’

It is thought that an antibody against rod bipolar
cells in the retina cross-reacts with an antigen on
melanoma cells to cause failure of neural transmis-
sion from rods to inner retina.”” Some evidence even
suggest that the bipolar antigen is a lipid, not a pro-
tein.*” Intravitreal injection of human MAR immu-
noglobulin (IgG) into monkeys leading to electrore-
tinogram abnormalities characteristic of that in MAR
syndrome patients provides further direct experi-
mental evidence that these antibodies are directed
against the “on” bipolar cell pathway.”’ Severe de-
fects of the magnocellular pathway with sparing of
the parvocellular pathways was shown by psychophys-
ical testing. These pathways are separated on the
level of the retinal bipolar cells.””®'¥ Serial electrore-
tinograms indicate no progressive retinal degenera-
tion, but macular changes secondary to posterior
uveitis contribute to the later deterioration of visual
acuity.”

The diagnosis of MAR is based upon a positive his-
tory of malignant melanoma and the demonstration
of circulating IgG autoantibodies from the patient,
specifically reacting with human rod bipolar cells on
immunofluorescent stains.”'** It is also important to
note that anti-bipolar cell antibodies are not specific
for MAR. These antibodies were recently found in a
patient with a MAR-like syndrome without any previ-
ous melanoma. Jacobsen et al®® described a 51-year-
old woman who presented with progressive visual
glare for 1 year, normal visual acuity and color vi-
sion, paracentral scotomas, and a normal fundus. Scot-
opic electroretinogram was flat in the right eye and
decreased in the left eye. Although anti-bipolar anti-
bodies were identified, she later was found to have
colon cancer. After resection of the tumor and che-
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Fig. 2. Indirect immunofluorescence stain showing au-
toantibody reactions (arrow) with retinal bipolar cells be-
tween the inner and outer nuclear layers in a patient with
melanoma-associated retinopathy (original magnification
X 160) (Reprinted from Boeck K et al'® with permission of
British_Journal of Dermatology.)

motherapy, no anti-bipolar antibodies were detected
and her scotopic electroretinogram responses signif-
icantly improved.'”’

Based on the reported cases of MAR reviewed in
the current literature, steroids did not improve vi-
sion in 3/64 patients'™'** (Table 4). In 3/64
patients®*""" steroids helped to decrease haze and
improve retinal phlebitis. In only one patient with
probable MAR syndrome, published by Gass in 1994*
as having Vogt-Koyanagi-Harada (VKH) syndrome,
did steroids dramatically improve visual acuity. Plas-
mapheresis alone was ineffective in one patient,'® but
plasmapheresis, oral prednisone, azathioprine, and
gabapentin together improved the visual fields and
ERG in one patient (McCoy D: Ocular Surgery News,
Feb 1 1999). These ineffective treatments could be the
result of irreversible immunologic damage to cells.

Keltner, Thirkill, and Yip™ recently introduced a
new treatment strategy to improve vision in patients

with MAR which involves cytoreduction with surgery
or radiation followed by adjuvant immunotherapy to
decrease the tumor burden. Cytoreduction of me-
tastases by radiation therapy improved vision in one
patient.” They were the first to show that early treat-
ment with IVIg improved the visual acuity and visual
fields of patients with MAR. IVIg alone improved the
visual acuity in one patient, but IV methylpredniso-
lone and plasmapheresis both improved the visual
acuity and visual field of one patient.” Cytoreductive
surgery improved the color vision and visual field in
one patient and the visual acuity and visual field in
another.” Both IVIg and cytoreductive surgery were
effective in improving the color vision, visual field,
and visual symptoms of one patient'*” and the visual
field of another patient.'” Newer adjuvant immuno-
therapies with the combination of CancerVax/bacilli
Calmette-Guerin (BCG) and GMI1 ganglioside/BCG
vaccine have increased survival rate in patients with
metastatic melanoma.*’ Another promising therapy
involves autologous tumor cells transfected with in-
terleukin-2 genes that are used as a vaccine to generate
an immune response against the tumor cells.'”

V. Paraneoplastic Optic
Neuropathy Syndromes

Paraneoplastic ophthalmologic syndromes are usu-
ally retinopathies and rarely optic neuropathies. Only
18 cases of paraneoplastic optic neuropathies have
been reported in the literature so far (Table 5).
Paraneoplastic optic neuropathy is a subacute, pro-
gressive, usually bilateral visual loss not associated
with pain. The optic disk is normal or edematous and
can involve the optic chiasm. Direct compression
or infiltration of the optic nerve and acute ischemic
optic neuropathy should be ruled out.”’

Optic neuropathy, as part of a paraneoplastic brain-
stem or cerebellar syndrome, has been reported in
patients with small-cell lung carcinoma,'®!751:$287.155
Hodgkin’s and non-Hodgkin’s lymphoma, neu-
roblastoma,” pancreatic glucagonoma,” nasopha-
ryngeal carcinoma,’ bronchial carcinoma,'” and most
recently, thymoma (Table 5)."" Most cases present
with bilateral optic disk edema and improve with
treatment of the cancer (Table 6).!22%31.7179.8287.135,140
Neuropathological findings have shown either non-
specific perivascular inflammation,'”™*!**!** axonal loss
or demyelination of the optic nerve (Fig. 3).!"5100140
Pillay et al'” reported a case of bilateral visual loss in
a 56-year-old man who had bronchial carcinoma. He
had bilateral optic disk edema and internuclear oph-
thalmoplegia. Neuropathological findings revealed
that he had secondary demyelination of the medial
longitudinal fasciculus with nonspecific lymphocytic
infiltration and adhesive arachnoiditis of the optic
nerve without any evidence of central nervous sys-

29,112
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TABLE 5

Frequency of Malignancies Associated with Paraneoplastic Optic Neuropathies

Types of Malignacies Associated with
Paraneoplastic Optic Neuropathies

Number of Reported Cases in the
Current Literature

Lun 15,31,82,87,124,133

Bronchial'®
Nasopharyngeal®
Neuroblastoma”"
Lymphoma®

T

= O

8/116 patients with lung cancer,
thymoma, other malignancies who tested
positive for CRMP-5 developed optic
neuropathies

fSpecific data for individual patients were not available in the study done by Yu et al.'*’

tem metastasis.'"” In contrast, other cases of parane-
oplastic brainstem or cerebellar syndromes showed
specific demyelination of the optic nerve, in addition
to brainstem gliosis and glial nodule formation and
perivascular lymphocytic infiltration without vasculi-
tis affecting small arterioles in the cranial nerve nu-
clei, the inferior olivary nuclei, the vestibular nuclei,
the basis pontis, or the substantia nigra.'”*'57106.140
Optic neuropathy can be associated with a subacute
paraneoplastic cerebellar syndrome with an underly-
ing small-cell lung carcinoma. Neurological signs
may include dysarthria,”>* ataxia,”"'*” downbeat nys-
tagmus,” horizontal gaze-evoked jerk nystagmus™
from cerebellar degeneration, pain, numbness, and
absent deep tendon reflexes from a sensory periph-
eral neuropathy.'***'* De la Sayette et al’' in 1998
identified a novel autoantibody in a paraneoplastic
cerebellar syndrome with optic neuropathy that was
associated with small-cell lung carcinoma. This optic
neuropathy was identified in only 1 of 12 patients
with anti-CV2 antibody-related paraneoplastic syn-
dromes. Anti-CV2, a 66-kDa protein, is the only para-
neoplastic autoantibody reported to bind exclusively
to oligodendrocytes. The patient was a 62-year old
man who had simultaneously developed a severe cer-
ebellar syndrome and bilateral painless visual loss
greater in the left eye than in the right. Funduscopic
examination revealed bilateral disk edema and fluo-
rescein angiography showed marked leakage in the
area of the optic disks, also greater in the left eye
than in the right. The CV2 antigen was found to be
expressed by oligodendrocytes of the cerebellum,
brainstem, spinal cord, and optic chiasm. Although
a pathological examination was not performed, an
immune-mediated secretion or a toxic secretion of
cytokines, rather than demyelination, was thought to
explain the clinical findings.”’ Nonspecific inflamma-
tory changes and diffuse loss of cerebellar Purkinje
cells were seen in previously reported cases involving
anti-CV2 antibodies.”*"'* CRMP-5 is another recently

characterized autoantibody associated with paraneo-
plastic optic neuropathy in small-cell lung carcino-
mas, and rarely thymomas. This IgG is directed against
a 62-kDa neuronal cytoplasmic protein of the collapsin
response-mediator family. CRMP-5 is expressed in
adult central and peripheral neurons, including syn-
apses, and in small-cell lung carcinomas, and rarely
in thymomas. The CRMP family of proteins is be-
lieved to mediate growth guidance cues during neu-
rogenesis. The CRMP-5 antibody is as frequent as
anti-Yo antibody and second in frequency to anti-Hu
antibody. The neurological deficits include chorea,
cranial neuropathies, peripheral neuropathy, auto-
nomic neuropathy, cerebellar ataxia, subacute de-
mentia, and neuromuscular junction disorders. It is
not associated with any specific neurological syn-
drome. While 8 of 116 CRMP-5 seropositive patients
had optic neuropathy, only three of the eight pre-
sented with optic neuropathy at the onset of the
illness."

Treatment of the specific cancer in paraneoplastic
optic neuropathy patients with chemotherapy and/or
radiation therapy resulted in significant visual im-
prOVement (Table 6).15,17,29,31,51,71,79,82,87,106,133,140 Vision
recovered to normal or near normal with improve-
ment of visual fields in 8/11 patients (Table 6).'>%"
SLEZSTI Hoh et al’! showed that treatment with ste-
roids alone also improved vision in a patient with
paraneoplastic optic neuropathy and nasopharyngeal
cancer. The visual defects improved with an increase
in prednisolone and worsened with its decrease
(Table 6).%!

VI. The Spectrum of Autoimmune
Retinopathies and Optic Neuropathies

The spectrum of autoimmune retinopathies and
optic neuropathies have recently been termed au-
toimmune-associated retinopathy and optic neurop-
athy (ARRON) syndrome by Keltner, Thrikill, and
Yip.” There is evidence to suggest overlap syndromes
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Fig. 3. Hematoxylin-phloxine-saffron stain of the right
optic nerve showing mild axonal loss and demyelination in
a patient with paraneoplastic optic neuropathy associated
with thymoma (original magnification X 10).

between paraneoplastic retinopathies and optic neu-
ropathies. A specific autoimmune reaction to a 22-
kDa neuronal antigen was demonstrated in both the
retina and optic nerve of patients who had retinal
degeneration from various causes, including parane-
oplastic retinopathy, macular degeneration, retinitis
pigmentosa, and diabetic retinopathy. One of the 8
patients in this study by Keltner et al*’ 1999 had the
MAR syndrome. Furthermore, superimposed autoim-
mune reaction against a 57-kDa antigen in the RPE
can also be found in some patients with visual loss
due to either paraneoplastic or non-cancer related
retinal degenerations.'®

Paraneoplastic eye disorders represent only part
of a spectrum of autoimmune retinopathies and op-
tic neuropathies. The specific antibodies most com-
monly associated with CAR are not present in all af-
fected patients. A vast array of retinal antibodies
involved in these autoimmune retinopathies and op-
tic neuropathies still remain to be identified. The
anti-recoverin antibodies in the CAR syndrome may
also be detected in other autoimmune-mediated ret-
inal degenerations, such as retinitis pigmentosa.”***
Based upon current evidence in the literature,
these autoimmune reactions in CAR may all lead
to a common pathway of retinal degeneration by
apoptosis.’

Like the CAR syndrome, the MAR syndrome dem-
onstrates diverse clinical and immunological features.
The demonstration of circulating IgG antibodies re-
acting with human rod bipolar cells on immunofluo-
rescent stains is considered diagnostic for the MAR
syndrome in a patient who was or will shortly be di-
agnosed with malignant melanoma. However, anti-
bipolar cell antibodies have also been recently iden-
tified in retinopathies associated with other cancers,
such as colon cancer.”®” Just as an increasing array of
antibodies are being characterized in the CAR syn-
drome, the trend toward finding other antibodies in
the MAR syndrome will also ensue.

Compared to CAR and MAR, the autoimmune op-
tic neuropathies improve with steroids and appear to
have better overall visual prognosis. These demyelinat-
ing optic neuropathies involve reversible inflammatory
changes that do not appear to lead to degenerative
pathways. Steroids transiently improve vision in pa-
tients with CAR, but most continue to progress to to-
tal visual loss within several months,'*!®##9508395105.114
Recent data suggest that therapy for the MAR syn-
drome, cytoreduction by surgery or radiation fol-
lowed by adjunctive immunotherapy, can improve
certain aspects of vision.””?*'* The long-term stabil-
ity of this visual outcome and overall prognosis for
metastatic melanoma are unknown until longer
follow-up data are collected on these patients.

The literature so far has only case reports docu-
menting the treatment outcomes of various conven-
tional agents, such as steroids. Future evaluation of
potential immunotherapies, such as IVIg and vac-
cines, for autoimmune retinopathies and optic neur-
opathies will need to be tested systematically in
clinical trials.

Method of Literature Search

The literature was searched by MEDLINE (up to De-
cember 2001). Broad subject searches were conducted
with headings related to autoimmune retinopathies,
autoimmune optic neuropathies, melanoma-associated
retinopathies, cancer-associated retinopathies, and para-
neoplastic optic neuropathies. Citations within mate-
rial obtained from the Medline search were also used.
Walsh and Hoyt’s Clinical Neuro-ophthalmology text also
provided information.
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