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Abstract

Autoimmune retinopathy (AIR) is a rare inflammatory condition characterized by progressive 

visual loss, abnormalities in visual fields and electroretinographic exams, along with presence of 

circulating anti-retinal antibodies. There are two main forms of AIR: paraneoplastic AIR (pAIR) 

and presumed non-paraneoplastic AIR (npAIR). NpAIR is considered a diagnosis of exclusion, 

since it is typically made after other causes of retinopathy have been investigated and the absence 

of malignancy is confirmed. Work-up of a npAIR case is challenging since there are no 

standartizaded protocols for diagnosis and treatment. The treatment regimen may vary from case 

to case, and it can be best guided by a set of parameters including electrophysiological responses, 

visual outcomes, and presence of anti-retinal antibodies. The purpose of this review is to 

summarize the principal clinical features, investigation, and management of npAIR.
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1. INTRODUCTION

Autoimmune retinopathy (AIR) is a rare inflammatory condition caused by serum 

autoantibodies that are cross-reactive with retinal and retinal-like antigens, also known as 

anti-retinal antibodies (ARAs).1 There are two main forms of AIR: paraneoplastic AIR 

(pAIR) and presumed non-paraneoplastic AIR (npAIR).2 In the pAIR category, there are 
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cancer-associated retinopathy (CAR) and melanoma-associated retinopathy (MAR). NpAIR 

can be considered a diagnosis of exclusion, because it is typically made after other causes of 

retinopathy have been investigated and the absence of malignancy confirmed.

The first case report of paraneoplastic AIR (specifically, cancer-associated retinopathy) was 

published in 1976 by Sawyer et al.3, but the term “paraneoplastic retinopathy” was coined to 

describe malignancy-associated AIRs by Klingele et al. later in 1984.4 In 1987, Thirkill et 

al. suggested a relationship between CAR and a 23-kDa band on western blot which was 

later revealed to be recoverin.5 In 1988, the first case of MAR in a patient with a cutaneous 

melanoma and night blindness was reported by Berson and Lessl.6 In 1997, the first case of 

npAIR was described and its clinical similarity to CAR was noted.7

Although the condition has been known for the past four decades, AIR is still challenging to 

diagnose and treat. It is important to appropriately suspect the disease based on clinical 

evidence, because it can lead to irreversible blindness.8

2. EPIDEMIOLOGY AND CLINICAL FEATURES

Since there are no population-based epidemiological data on AIR in the literature, the 

prevalence of AIR is currently unknown. AIR diseases are assumed to be rare, with nPAIR 

constituting less than 1% of cases seen at our tertiary uveitis clinic.9 Underestimation of the 

prevalence of AIR could be due to the fact that AIR shares clinical features with other retinal 

degenerations. npAIR is probably more common than pAIR. CAR is more common than 

MAR, though the prevalence of MAR is increasing, while the prevalence of CAR is 

decreasing.7

In a large case series of 141 npAIR patients, the mean age at presentation was reported to be 

55.9 years, which is younger than the reported mean age at presentation for MAR and CAR 

patients. In another case series, the mean age at diagnosis for CAR and MAR patients 

ranging from 24–85 years old was reported to be 65 years.10 npAIR is more prevalent in 

females (63–66%) and is associated with a family history of autoimmune disease.11,12

Although there is no uniform set of ARAs which circulate in all AIR patients, the many 

forms have common clinical features. ARAs affect the health and function of retinal cells 

(e.g. bipolar cells, cones, and rods) in both pAIR and npAIR. Depending on the retinal 

proteins targeted by ARAs, cell types in AIR patients will be affected to different degrees. 

Consequently, signs and symptoms can differ depending on which retinal cells are affected.
13

Symptoms and ocular findings can be asymmetric between eyes and also nonspecific, 

overlapping with other entities. NpAIR patients usually have a family history of autoimmune 

disease and the majority do not have previous history of visual disorders but they present 

with sudden photopsia, night blindness, visual field loss, scotomata, diminished central 

vision and loss of contrast sensitivity.14

Non-paraneoplastic autoimmune retinopathy affects cones, rods or both, CAR affects both 

rods and cones, and MAR typically affects bipolar cells and rods. Thus, photosensitivity, 
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loss of color vision, hemeralopia and decreased visual acuity and central vision can be 

attributed to cone dysfunction, while symptoms like nyctalopia, prolonged dark adaptation, 

and peripheral field loss can be attributed to rod dysfunction.15

At presentation, the fundus can appear normal, including relatively preserved central vision 

with minimal or no signs of ocular inflammation. Over time, however, fundus changes such 

as retinal epithelial abnormalities, vascular attenuation and nerve pallor may develop.8,14–17

There are no known pathognomonic electrophysiological features for AIR, and generally, 

there is not much literature about the electrophysiological findings in AIR patients.16,18 As a 

result, it is thought that electrophysiological features of AIR are heterogeneous. 

Electroretinogram (ERG) is an important auxiliary test to identify, quantify and monitor 

retinal dysfunction because it produces objective data. For AIR patients, the full-field ERGs 

show abnormal results which depend on the predominance of cone, rod and other neural 

elements dysfunctioning. Generally, most patients present with greater rod than cone 

dysfunction, and as the disease progresses over time, the ERG recording becomes 

extinguished in most patients. The deterioration of visual outcomes and ERG results tend to 

be more rapid in AIR than in retinal degenerative diseases; patients with retinitis pigmentosa 

show a slow mean decrease of 10% per year on 30 Hz flicker ERG response.13

There are typically significant electroretinographic changes and a rapid onset of symptoms 

for CAR and MAR, whereas symptoms are slower to progress and electroretinographic 

changes are slower to manifest for npAIR.8

Auxiliary tests can be useful for diagnosing AIR. Visual field testing shows constriction and 

paracentral or central scotomas. Fluorescein angiography rarely shows leakage in the 

macula. OCT can show cystoid macular edema, typically in the form of cystic spaces9 and 

thinning of the inner retinal layers.15 Pepple et al. described autofluorescence (AF) and OCT 

abnormalities in AIR patients such a hyper-AF surrounding a parafoveal region of normal 

AF which corresponds to the loss of outer retinal complex components as revealed by SD-

OCT.19

3. DIAGNOSIS

Autoimmune retinopathy is one of the most difficult ophthalmic diagnoses to establish as 

there is no standard diagnosis consensus, no definitive test available, and in some cases at 

the onset of disease, patients have normal findings on fundus examination. A patient with no 

apparent cause for visual dysfunction, an abnormal ERG, and serum ARAs should be highly 

suspected of having AIR13. All patients with suspected AIR but with no past medical history 

of cancer need to be investigated for occult malignancy before a diagnosis of npAIR can be 

considered. The work up can be done by assistance of a primary care physician or internist. 

The investigation should include an extensive interrogatory of patient’s history and system, 

complete physical exam, laboratory investigation, and imaging such as mammography, CT 

of the abdomen, pelvis, and chest, brain MRI, colonoscopy or endoscopy.

The differential diagnosis includes other causes of retinal dysfunction or retinal degeneration 

such as white-dot syndrome spectrum disorders, mainly acute zonal occult outer retinopathy 
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(AZOOR), inherited retinal diseases particularly retinitis pigmentosa and cone-rod 

dystrophy, and retinal toxicities secondary of chemotherapy agents and vitamin A 

deficiency. The ophthalmic work-up should be complemented with fundus autofluorescence, 

perimetry, and angiography to help rule out other causes of retinopathy.

Retinal autoantibodies have been known to target many retinal antigens in AIR patients. 

There are various techniques available to investigate the presence of serum autoantibodies 

against retinal antigens such as immunohistochemistry, Western blotting, ELISA, 

cytotoxicity assays and multiplex assays. The presence of serum autoantibodies contributes 

to an AIR diagnosis, but they should not be used in isolation to confirm the diagnosis. Not 

all patients with a clinical phenotype of MAR, CAR and npAIR have detectable 

autoantibodies.20 On the other hand, some healthy subjects may occasionally have 

antibodies even without retinopathy. For example, Shimazaki et al reported that 62% of 

normal serum samples had anti-retinal antibody activity as detected by Western blot.21 In a 

case series of 193 patients, there was a higher incidence of anti-retinal autoantibodies 

present in patients diagnosed with cancer (63.5%) than in patients with retinopathy without 

cancer (41.1%).11

Anti-retinal antibodies have been found in other retinal and systemic diseases, and in 

patients with cancer but without visual symptoms.22,23 With regard to uveitis, antibodies 

against outer segments of photoreceptors and Müller cells have been identified in some 

patients with Vogt-Koyanagi-Harada, sympathetic ophthalmia and Behçet’s desease4, and 

anti-photoreceptor antibodies have also been identified in significantly more patients with 

Toxoplasma retinochoroiditis than in controls.24 There is also data reporting anti-retinal 

antibodies related to degenerative ocular diseases including both dry and exudative age-

related macular degeneration.25–27 Heckenlively et al. reported the presence of antibodies 

against retinal proteins in the range of 23 of 26 kDa in 10% of patients with retinitis 

pigmentosa.28 In a case series of 30 retinitis pigmentosa patients with cystoid macular 

edema, antiretinal antibodies were found in 90% of cases.29

3.1 ANTI-RETINAL ANTIBODIES

So far, at least 17 different kinds of anti-retinal antibodies have been found in patients 

presumed to have AIR, and some of them may be present in more than one specific disease.
20 npAIR’s most common anti-retinal antibodies are against recoverin (23 kDa), α-enolase 

(46kDa), rod transducin-α (38kDa), Carbonic Anhydrase II (30kDa), the inner retinal layer 

(35-kDa antibody against retinal Müller cell–associated antigen), arrestin (48kDa), 

interphotoreceptor-binding protein (141kDa) and unidentified antigen targets (22, 34, 35, 37, 

40, 68 kDa).1,20

Recoverin is a 23-kDa calcium-binding protein localized in photoreceptors, and although it 

is most usually specific for CAR, it can also be related to npAIR.7,29,30 This protein is 

involved in regulating rhodopsin phosphorylation during dark and light adaptation via a 

calcium-dependent process. Anti-recoverin retinopathy has been associated with various 

cancers including small-cell lung, uterine sarcoma, cervical and endometrial carcinomas, 

invasive thymoma, and mixed Mullerian tumors. The clinical phenotype of anti-recoverin-

associated CAR is usually aggressive, with severe dysfunction of both rods and cones and 
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significant vision loss.31 In some cases, patients cannot perceive light at all. Adamus et al. 

demonstrated that peritoneal injection of rat models with recoverin caused photoreceptor cell 

degeneration and the formation of features associated with uveoretinitis such as 

photoreceptor cell layer loss, perivasculitis, vitreous cells, and retinal lesions.32

a-Enolase is a 46-kDa protein found in tumor tissue and in the cell membranes and 

cytoplasm of normal tissue (e.g. Muller cells, rods, cones, and retinal ganglion cells).1 CAR 

secondary to autoantibodies against a-enolase, was reported in patients months to years after 

the development of lung, breast, prostate, uterine, bladder, salivary gland, and gastro-

intestinal tract carcinomas and chronic lymphocytic leukemia.33,34 Anti-enolase antibodies 

have also been described in npAIR patients and have been found in 10% of healthy subjects 

and related to systemic autoimmune diseases such as lupus erythematosus, Behçet disease, 

inflammatory bowel disease, primary sclerosing cholangitis, mixed cryoglobinemia, 

systemic sclerosis, and multiple sclerosis.17,20

Transducin, also known as G-protein, is a 3-subunit guanine nucleotide-binding protein that 

stimulates the coupling of cGMP-phosphodiesterase to cGMP in the photo-transduction 

cascade leading to hyperpolarization of the photoreceptor. Transducins have three protein 

subunits, α, β, and γ.  In rods and cones, the transducin α -subunits are encoded by separate 

genes: GNAT1 in rods and GNAT2 in cones.20 When transducin-α is inactivated by 

autoantibodies, there may be a reduction in photoreceptor signaling as well as changes in 

apoptosis and intracellular calcium levels.31

4. MANAGEMENT

There is currently no standardized treatment protocol for AIR. However, since AIR is a 

systemic disease and presumed to be autoimmune, immunomodulatory therapy such as local 

or systemic corticosteroids, intravenous immunoglobulins, plasmapheresis, and systemic 

immunosuppression are often offered as a treatment strategies.17 There is limited literature 

on immunomodulatory strategies based on retrospective case reports and case series. In most 

cases, treatments are reported based on subjective interpretations and some studies have 

been controversial in regards to treatment response.10,11,30,35 Some specialists try a short-

term treatment that can be done with intravitreal triamcinolone or sub-tenon Depomedrol. 

Such drugs help confirm the diagnosis before starting systemic long term 

immunosuppression, which can cause adverse effects and usually lasts over a year.14 

Immunosuppression therapy can be done with corticosteroids and immunomodulatory drugs 

such as mycophenolate mofetil, azathioprine, intravenous immunoglobulin, cyclosporine and 

infliximab.16

Ferreyra et al. conducted a retrospective review of 30 AIR patients treated with 

immunosuppression (local and systemic), including cases of CAR, npAIR, and npAIR with 

cystoid macular edema. There was improvement in 54% (7 of 13) of npAIR patients and 

73% (8 of 11) in npAIR/CME patients. Those who did not respond to immunosuppression 

therapy (nonresponders) were also less tolerant to systemic immunosuppression because 

56% (5 of 9) of nonresponders had adverse effects and stopped the use of at least 1 systemic 

immunosuppressive medication, while this only happened in 25% (5 of 20) of responders.14 
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Although this study had some limitations (e.g. retrospective review), each patient had 

individualized immunosuppression therapy, and thus, the researchers were able to analyze 

heterogeneous treatments and variable patient follow-up.

Davoudi et al. published a retrospective case series of 16 AIR patients (1 MAR, 6 CAR and 

9 npAIR subjects) who were treated with Rituximab. OCT and ERG parameters remained 

stable during treatment and six months after rituximab initiation, 77% of eyes had stable or 

improved visual acuity. Most patients, however, took a concomitant immunosuppressive 

medication with rituximab and had regimens that varied over time.36

Two other case reports published that npAIR patients responded well to rituximab, with 

overall improvements in retinal function.37,38 Maleki et al. conducted a case series for six 

npAIR patients who received rituximab and/or combination therapy. Out of all the patients, 

they found that visual acuity was stable in 66.7%, 50% showed stability in visual field 

testing, 33.3% showed stability or improvement in ERG, and at least one pathogenically 

proven ARA band resolved after treatment. Boudreault et al. performed a retrospective 

visual function analysis of four npAIR cases and concluded that rituximab infusion may 

stabilize the evolution of retinal dysfunction in npAIR patients that are not responsive to 

other immunosuppression treatments13

Periodic reevaluation of ARAs following treatment has been useful in monitoring the 

therapeutic response of AIR patients. However, the clinical significance of this finding is 

unclear.1 Titers of ARAs have previously been shown to decline in response to therapy,20 but 

this outcome is controversial and not well described.39 It is advisable to interpret antibody 

test results in combination with other retinal and visual function parameters including visual 

acuity, visual fields tests, ffERG and multi-modal imaging in order to develop the best 

treatment for AIR patients.

5. CONCLUSION

Currently, besides advances in understanding the clinical aspects and pathophysiology of 

AIR, there are still no standard diagnostics, laboratory and management guidelines for this 

disease. As discussed above, some cases may be difficult to identify, which can delay the 

diagnosis and lead to a worsening prognosis. One challenge is that AIR does not have a 

pattern of presentation and evolution, because patients often present with different 

combinations of anti-retinal antibodies. The specific roles of ARAs in AIR pathophysiology 

also remain unclear. There are many questions about which antibodies are pathogenic and/or 

benign, and further studies are needed to elucidate what triggers would result in autoimmune 

attacks on retinal cells. Additionally, more prospective, randomized controlled trials would 

allow us to better understand the nature and underlying pathophysiology of AIR.
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