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Paraneoplastic Visual Syndromes
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Abstract A paraneoplastic visual syndrome is a syndrome of cancer-related ocular
dysfunction that is not due to either direct effects of primary or metastatic tumor
or treatment or treatment-related complications. Paraneoplastic visual syndromes
are thought to be principally autoimmune conditions in which the tumor expresses
a neuronal antigen that triggers an immune response against cross-reacting ocular
antigens. Carcinoma-associated retinopathy (CAR), the most common paraneoplas-
tic visual disorder, results in visual loss that is usually bilateral, rapid, and painless,
with both cone and rod dysfunction. The carcinoma-associated cone dysfunction
syndrome, part of the CAR spectrum, is very rare; patients with this syndrome have
antibodies primarily directed against cones. Melanoma-associated retinopathy is
distinguished by symptoms such as sudden shimmering and night blindness; usually,
there is near normal color vision, visual acuity, and central vision. Paraneoplastic
optic neuropathy is a syndrome of visual loss that is usually characterized by bilat-
eral optic disc swelling, nerve fiber layer hemorrhages, and vitritis; sometimes there
are abnormal findings on electroretinography. Treatments that have been tried in
patients with paraneoplastic visual syndromes include immunotherapies and mono-
clonal antibodies. Though temporary improvement in vision has been reported, a
progressive decline to severe visual loss is the usual course, even with treatment.

33.1 Introduction

Paraneoplastic visual syndrome is the term used to refer to cancer-related ocular
dysfunction that is not due to either direct effects of primary or metastatic tumor
or treatment or treatment-related complications. Paraneoplastic visual syndromes
include paraneoplastic retinopathies and paraneoplastic optic neuropathy.

A. Raghunath (B)
Section of Ophthalmology, Department of Head and Neck Surgery, The University of Texas M. D.
Anderson Cancer Center, Houston, TX, USA
e-mail: anitha.raghunath@gmail.com

407B. Esmaeli (ed.), Ophthalmic Oncology, M.D. Anderson Solid Tumor
Oncology Series 6, DOI 10.1007/978-1-4419-0374-7_33,
C© Springer Science+Business Media, LLC 2011



408 A. Raghunath and J.S. Schiffman

Paraneoplastic retinopathies are retinal disorders that present with a constellation
of symptoms, few if any ocular signs, abnormal findings on electroretinogra-
phy (ERG), and usually circulating antiretinal antibodies. The diagnosis is often
missed initially, particularly in the absence of an established history of malignancy.
Carcinoma-associated retinopathy is the term used for an autoimmune retinopathy
associated with a cancer other than melanoma. Melanoma-associated retinopa-
thy is the term used for an autoimmune retinopathy associated specifically with
melanoma. Paraneoplastic optic neuropathy is a rare disorder characterized by pain-
less visual loss, most commonly associated with optic disc edema. Occasionally
there is also retinal dysfunction.

Evidence supports an autoimmune basis for the ocular dysfunction associated
with paraneoplastic visual syndromes, which are characterized by the presence
of circulating autoantibodies and a lack of obvious cancer metastasis causing the
structural and functional damage to the retina or nerve [1, 2].

Paraneoplastic neurologic and ophthalmologic syndromes affect the eye as well
as other parts of the nervous system, including the cerebellum, limbic system, and
peripheral nerves. These syndromes may become apparent before the oncologic
diagnosis. Many of these syndromes have antibodies associated with a specific
malignancy, which allows targeting the workup to specific organs and/or tissue
types. Paraneoplastic neurologic and ophthalmologic syndromes often cause severe
and permanent neurologic and ocular morbidity. In general, it is not uncommon
for more than one paraneoplastic neurologic syndrome and antibody to coexist
in the same patient. However, paraneoplastic retinopathies usually occur without
other neurologic autoimmune syndromes and, therefore, the presentation is usually
that of vision loss alone. In contrast, paraneoplastic optic neuropathy is commonly
associated with cerebellar, cognitive, and other neurological deficits.

33.2 Pathogenesis

Paraneoplastic visual syndromes are thought to be principally autoimmune con-
ditions in which the tumor expresses a neuronal antigen that triggers an immune
response against cross-reacting ocular antigens. Antibodies implicated in causing
central nervous system paraneoplastic phenomena have been well described and
include antineuronal nuclear antibody (ANNA-1 (anti-Hu) and ANNA-2 (anti-Ri)),
to name just a couple.

However, in paraneoplastic retinopathy, although a large number of antiretinal
antibodies have been reported, only two antibodies have been well characterized
[3–5]: antibodies against recoverin (a 23-kDa protein found in rod and cone pho-
toreceptors) and alpha-enolase (a 46-kDa protein). In addition to these, several other
antibodies have been suggested as pathogenic in carcinoma-associated retinopa-
thy (CAR)—including tubby-like protein, heat shock cognate protein (hsc70), and
22-, 35-, 40-, and 70-kDa proteins—but their exact location and function in
the retina are still being investigated [6–9]. While a few protein antigens, such
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as mitofilin and titin, have been implicated in melanoma-associated retinopathy
(MAR), the immune response characteristically involves antigens within the bipolar
cell layer [10].

In paraneoplastic optic neuropathy, CRMP-5 (anti-CV2) has frequently been
isolated from the optic nerve [11]. A 22-kDa antigen has also been implicated in
paraneoplastic optic neuropathy [6].

33.3 Carcinoma-Associated Retinopathy

CAR is the most common paraneoplastic visual disorder and is most often asso-
ciated with small cell lung carcinoma and less often associated with carcinoma of
the endometrium, ovary, cervix, or breast; hepatocellular carcinoma; gastric cancer;
thymoma; colon cancer; and prostate cancer [12–22].

CAR results in visual loss that is usually bilateral, rapid, and painless, with both
cone and rod dysfunction. CAR must be suspected in patients who complain of
positive visual phenomena like flashing lights, flickering, smoky or swirling vision,
transient visual dimming, loss of color vision, and nyctalopia. CAR usually presents
after the diagnosis of a malignancy, but in some cases, CAR precedes the cancer
diagnosis. On examination, in the early stages of CAR, visual acuity may be pre-
served, or there may be central vision loss or scotoma, dyschromatopsia, and mild
anterior or posterior uveitis; there are few if any fundus changes in the early stages
of the disease. Later examinations may reveal retinal vascular attenuation, retinal
pigment epithelium loss, and, rarely, optic disc pallor. These findings are usually
bilateral, though they may be asymmetric. CAR is associated with abnormalities of
a- and b-waves on ERG, signifying photoreceptor dysfunction.

In CAR, there is usually an autoantibody against a specific retinal antigen.
Antibodies against recoverin and α-enolase are commonly detected. Anti-recoverin
antibodies are almost always associated with a malignancy, whereas anti-enolase
antibodies are associated with a malignancy in only about 40% of cases. This
means that anti-enolase antibodies can be seen in a syndrome that looks like CAR
but no cancer is detectable. In this situation we call the syndrome an autoimmune
retinopathy (see Section 33.6) [23].

Recoverin is believed to be a product of a gene localized to the short arm of
chromosome 17 at p13.1, close to the gene for the p53 tumor suppressor protein
[24]. Recoverin is a 23-kDa calcium-binding protein with 202 amino acid residues.
Recoverin can be found not only in rod and cone cells but also in pineal body,
optic nerve, and optic tectum [5, 26]. It is known to play an important role in light
and dark adaptation by regulating rhodopsin phosphorylation and dephosphoryla-
tion in a calcium-dependent manner. Recoverin has been found to be aberrantly
expressed in cancer cells or cancer cell lines obtained from CAR patients, and this
aberrant expression may trigger the autoimmune reaction, causing progressive reti-
nal degeneration through apoptosis of retinal cells [21, 25]. Expression of recoverin
was also found in 50% of cancer tissues from patients without visual symptoms of
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CAR. To elucidate the functional roles of aberrant recoverin expression, investiga-
tors transfected recoverin into a lung adenocarcinoma cell line (A549) not originally
expressing recoverin and found that this caused a slowdown in cell proliferation
[21]. Further, the investigators found that recoverin-specific cytotoxic T lympho-
cytes exist in the peripheral circulation of CAR patients and that these cytotoxic
T lymphocytes can recognize tumor that expresses recoverin.

These observations along with the identification of serum antiretinal antibodies
point to the autoimmune nature of CAR, which may involve either cell-mediated
or humoral immunity, and form the basis for utilizing autoimmune modulating
therapies for this condition [26, 27].

33.4 Carcinoma-Associated Cone Dysfunction Syndrome

The carcinoma-associated cone dysfunction syndrome, part of the CAR spectrum, is
a rare manifestation of a systemic malignancy, with only a few cases reported in the
literature [28–30]. Patients with carcinoma-associated cone dysfunction syndrome
have antibodies primarily directed against cones (the antibodies reported are against
23-, 40-, and 50-kDa retinal antigens [28–30]) and consequently have decreased
central vision, achromatopsia, central scotomas, glare after light exposure, photo-
sensitivity, positive photostress test, and ERG findings showing marked reduction
in cone responses compared to rod responses. Multifocal ERG would be extremely
helpful in diagnosing this entity. Histopathology shows loss of cones in the macula
and infiltration by macrophages.

33.5 Melanoma-Associated Retinopathy

The other well-known paraneoplastic retinopathy is MAR. This syndrome usu-
ally occurs months to years after diagnosis of melanoma when there is advanced
metastatic disease, including brain metastasis [31]. The earliest reports of MAR
were associated with cutaneous melanoma and, in these cases, MAR was detected
at the same time as metastases [32, 33]. While one study found an average time of
3.6 years from the diagnosis of melanoma to the onset of MAR [31], reports in the
literature indicate that latency can range from 2 months to 23 years [31, 34].

MAR is distinguished by symptoms such as sudden shimmering and night blind-
ness; usually, there is near normal color vision, visual acuity, and central vision.
ERG typically shows markedly reduced or absent dark-adapted b-wave with sparing
of a-wave. The fundus findings are initially unremarkable, but subtle abnormali-
ties may be seen by the time a diagnosis is made. In a study of 51 patients with
MAR by Keltner et al. [31], fundus findings were normal in 44% of patients; optic
disc pallor was observed in 23%, retinal vessel attenuation in 30%, and vitreous
cells in 30%. In addition, atypical findings such as serous macular detachment and
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nummular vitelliform lesions resembling Best vitelliform macular dystrophy have
been described [34, 35].

The immune response involves antigens characteristically within the bipolar cell
layer detected by immunohistochemistry. The bipolar cell antigens involved are very
small quantities of proteins, proteoglycans, lipids, or carbohydrates [31]. Other anti-
gens such as neuronal antigen (22 kDa), transducin β, Muller cell protein (35 kDa),
mitofilin, and titin have also been implicated in MAR and can be detected by
Western blotting [6, 10, 36, 37]. MAR has also been reported with uveal melanomas
[34, 35, 38]. In two cases of MAR associated with uveal melanoma, a 120-kDa
antiretinal antibody, anti-enolase (46 kDa), and bestrophin-1 (68 kDa) were isolated
from the serum without any signs of bipolar reactivity.

Unfortunately, melanoma has usually metastasized to the central nervous system
by the time of diagnosis of MAR, and therefore, patients with this condition usually
have a poor prognosis for life.

33.6 Autoimmune Retinopathy

Autoimmune retinopathy is a diagnosis of exclusion established in patients who
present with paraneoplastic retinal symptoms but have no malignancy detected after
an extensive search. Autoimmune retinopathy has been reported in case reports
in the literature [25, 39–42]. In a patient diagnosed with autoimmune retinopathy
and a negative initial cancer workup, it is important to repeat the cancer evaluation
again after a sufficient duration of follow-up since many patients present with visual
symptoms months to years before a malignancy is diagnosed.

The symptoms are generally more subclinical and gradually progressive com-
pared with CAR. However, some patients may have rapid deterioration of vision
[27]. Autoimmune retinopathy appears to be self-limiting [42] and has rarely been
reported to progress to total blindness as is often the case with CAR due to anti-
recoverin [26]. Patients initially complain of central visual loss and photopsia; the
periphery may gradually be involved as the condition progresses. Dyschromatopsia,
relative afferent pupillary defect disproportionate to the loss of vision, visual field
defects, and significant attenuation of amplitude on ERG together with isolation of
one or more antiretinal antibodies support the diagnosis of autoimmune retinopathy.

Treatments with immunosuppressive agents are rarely effective in this condition.
One reason may be that diagnosis is often delayed until there has been irreversible
damage to the neurosensory layers of the retina.

33.7 Paraneoplastic Optic Neuropathy

Paraneoplastic optic neuropathy is a syndrome of visual loss that is usually char-
acterized by bilateral optic disc swelling, nerve fiber layer hemorrhages, and
vitritis; sometimes there are abnormal findings on ERG indicating there is also an
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associated retinopathy. CRMP-5 and anti-CV2 (62 kDa) immunoglobulin, anti-60-
kDa, and antiretinal ganglion cell antibodies have been reported in association
with this syndrome [11, 43, 44]. Neurological problems are often seen, such as
mental status abnormalities, seizures, neuropathies, muscle weaknesses, chorea,
hemiballismus, and cerebellar and autonomic abnormalities. Tumors associated
with paraneoplastic optic neuropathy include small cell carcinoma of the lung and,
less commonly, Hodgkin’s disease, non-Hodgkin’s lymphoma, neuroblastoma, and
thymoma.

33.8 Diagnostic Testing

Given the usual paucity of findings on retinal examination, additional investiga-
tions are useful in establishing a diagnosis of paraneoplastic visual syndrome.
Electrophysiologic investigations in the form of ERG, visual evoked potential, and
sometimes electrooculography have been found to be useful [33]. Photopic and sco-
topic full-field ERG show extreme attenuation of the electrical response, or even
nonrecordable response, but multifocal ERG is useful in demonstrating localized
involvement, which is often central. In the conventional full-field ERG the response
represents the summed response from different parts of the field; hence, localized
defects can be missed. Particularly in cases in which the macula is involved almost
exclusively, e.g., carcinoma-associated cone dysfunction, the full-field ERG may
not show the extent of the abnormality whereas the multifocal ERG can isolate
focal abnormalities in the latency and amplitude of the response. It also provides
an alternative for patients who cannot reliably perform visual field tests. A decrease
of visual evoked potential that is disproportionate to the decline in visual acuity

Fig. 33.1 Humphrey visual fields (30-2) showing severe scotoma in a 72-year-old woman. She
was diagnosed with autoimmune retinopathy and was diagnosed 1 year later with neuroendocrine
carcinoma of the right fallopian tube. From Raghunath A, Adamus G, Bodurka DC, et al. Cancer-
associated retinopathy in neuroendocrine carcinoma of the fallopian tube. J Neuroophthalmol
2010;30:252–254. Reprinted with permission
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suggests impairment of the macula or the optic nerve as seen in paraneoplastic
syndromes [45]. Amsler’s grid testing, computerized visual field testing, and ocu-
lar coherence tomography (showing thinning of the retina) are other noninvasive
techniques that may aid diagnosis [46].

Computerized tomography, magnetic resonance imaging, and positron emission
tomography are systemic investigations that are done to rule out the presence of
a malignancy when the above investigations point to a diagnosis of paraneoplastic
syndrome but no malignancy has previously been identified (Fig. 33.1) [47].

33.9 Differential Diagnosis

A paraneoplastic syndrome is rarely initially considered when a patient presents
with symptoms of photopsia or visual loss. Bilateral retinal, bilateral optic nerve,
as well as bilateral postchiasmal cortical visual loss should be considered in the
differential diagnosis. The more common diagnoses to be considered are infec-
tious diseases, collagen vascular disorders, sarcoid, vasculitis, uveitic syndromes,
chemotherapy- or radiation-induced retinopathy, and retinal disorders such as acute
zonal occult outer retinopathy (AZOOR) [48, 49]. AZOOR is seen most commonly
in females with myopia [50]. It presents with photopsias and almost always involves
the blind spot; therefore, AZOOR almost always manifests with enlargement of the
blind spot as well as marked areas of visual loss adjacent to the blind spot. The eti-
ology of AZOOR is unknown but may relate to an infectious agent that propagates
from the optic disc to the peripapillary choroid.

33.10 Treatment and Prognosis

Visual deterioration in patients with paraneoplastic visual syndromes is believed to
occur mainly because of photoreceptor and neuronal cell death by apoptosis, which
is permanent once it occurs. This would explain why total recovery of vision has
not been reported either spontaneously or with treatment. This also implies that
early treatment is necessary for salvaging vision. Though temporary improvement
in vision has been reported, a progressive decline to severe visual loss is the usual
course, even with treatment.

Various immunotherapies have been tried in patients with paraneoplastic visual
syndromes to help prevent deterioration of vision. Agents that have been admin-
istered in conjunction with antineoplastic therapy include oral and intravenous
steroids, plasmapheresis, intravenous immunoglobulin, and cyclosporine; these
have resulted in partial or no success in visual stabilization as reviewed by Chan
et al. [51–54].

Other treatments that have been tried include monoclonal antibodies, such
as alemtuzumab, which stabilized vision in a patient with chronic lymphocytic
leukemia for 8 years [55]. We have used rituximab with mixed results in various
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syndromes. We had a patient with potential lymphoma-associated retinopathy who
responded to rituximab and not steroids.

Anti-recoverin antibody, which is the antibody most commonly associated with
CAR, is believed to localize to the photoreceptors and enhance rhodopsin phos-
phorylation in a calcium-dependent manner, which finally leads to apoptosis of the
cell [56]. This prompted some investigators to experimentally use calcium channel
blockers such as nilvadipine to reduce intracellular calcium levels and suppress reti-
nal cellular apoptosis [57]. This approach has not yet been proven to be clinically
effective [46].

33.11 Conclusion

In conclusion, not only are the paraneoplastic visual syndromes difficult to diag-
nose, they are also difficult to treat. There is no particular recommended treatment
that would work for every patient. Patient tolerance, response to therapy, and titers
of circulating antiretinal or anti-optic nerve antibodies could be used as guidelines
to choose the best therapy for trying to limit the devastating visual loss seen with
paraneoplastic visual syndromes.
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