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Abstract 65  66 Hydroxychloroquine (HCQ; Plaquenil®) is used increasingly in the management of a variety of 67 autoimmune disorders, with well established and emerging roles in dermatology and oncology. 68 Hydroxychloroquine has demonstrated a survival benefit in patients with systemic lupus 69 erythematosus; some clinicians advocate its use in all such patients. However 70 Hydroxychloroquine and chloroquine (CQ) have been associated with irreversible visual loss 71 due to retinal toxicity. Hydroxychloroquine retinal toxicity is far more common than previously 72 considered; an overall prevalence of 7.5% was identified in long-term hydroxychloroquine 73 users, rising to almost 20% after 20 years of treatment. 74  75 This review aims to provide an update on HCQ/CQ retinopathy. We summarise emerging 76 treatment indications and evidence of efficacy in systemic disease, risk factors for retinopathy, 77 prevalence amongst HCQ users, diagnostic tests, and management of HCQ retinopathy. We 78 highlight emerging risk factors such as tamoxifen use, and new guidance on safe dosing, 79 reversing the previous recommendation to use ideal body weight, rather than actual body 80 weight. We summarise uncertainties and consensus recommendations on the details of HCQ 81 screening programmes. Asian patients with HCQ retinopathy demonstrate an extra-macular 82 pattern of disease: visual field testing and retinal imaging should include a wider field for 83 screening in this group. 84  85 Hydroxychloroquine is generally a safe and effective for the treatment of systemic disease but 86 because of the risk of HCQ retinal toxicity, modern screening methods and ideal dosing should 87 be implemented. Guidelines regarding optimal dosing and screening regarding HCQ need to be 88 more widely disseminated. 89 
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Methodology 98 

 99 We used the following databases and search terms to research this review:  100  101 MEDLINE/PubMed: 102 “Hydroxychloroquine retinopathy” 103 “Hydroxychloroquine maculopathy” 104 “Hydroxychloroquine[title], SLE” 105 “Chloroquine retinopathy” 106  107 Original research studies 108 Non-English papers excluded 109  110 
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Introduction 131 

 132 Hydroxychloroquine (HCQ: trade name, Plaquenil®) and chloroquine (CQ: trade name, 133 Aralen®) are drugs established in the treatment of autoimmune disease and skin disorders, but 134 are also emerging as a treatment option in oncology and paediatric inflammatory disorders. 135 The expanding indications for HCQ, adjunctive use with biologic drugs and other disease 136 modifying therapies, its role in the maintenance of disease remission, and favourable safety 137 profile during long-term use, predict a large and growing patient cohort on long-term HCQ 138 therapy in developed nations. It is crucial therefore that Ophthalmologists are aware of the 139 indications for HCQ, identify risk factors for disease, request appropriate tests and know how 140 to interpret them. The appropriate delivery of screening in accordance with a nationally agreed 141 consensus recommendation is likely to minimize the risk of irreversible visual loss in this 142 patient group.  143  144 

Indications for HCQ 145  146 Chloroquine was developed in 1939, and through additional of an hydroxyl group, its analogue, 147 HCQ was developed soon after and has been used since the 1960s.1 Chloroquine was originally 148 developed and used to treat malaria. For this clinical indication, higher doses of chloroquine 149 were used over a shorter period. Since then the use of chloroquine in the treatment of 150 falciparum malaria has declined on account of widespread chloroquine resistance. HCQ was 151 found to be less toxic and more effective than chloroquine. Hydroxychloroquine is now 152 commonly used in a range of disorders (Table 1), most commonly non-organ specific 153 autoimmune diseases such as systemic lupus erythematosus (SLE), rheumatoid arthritis, and 154 mixed connective tissue disorders2-4. HCQ may be used as a primary treatment for such 155 disorders, or as an adjunctive therapy to reduce the required doses of other potentially more 156 toxic drugs, such as biologic therapies.  157  158 HCQ modulates immune responses through several mechanisms. HCQ inhibits toll-like 159 receptors 7 and 9 in dendritic cells, inhibiting interferon-alpha production.5 HCQ has been 160 shown to reduce extracellular oxidants from neutrophils, without reducing direct neutrophil 161 cell counts6, and disrupts the T-cell receptor dependent calcium signalling within T-cells and 162 thereby, antigen processing.7 HCQ also preferentially induces apoptosis of a subset of effector 163 
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T-cells by inhibiting autophagy: a mechanism that is being explored through use of high dose 164 HCQ in oncology trials.8 HCQ increases the pH within intracellular vacuoles and interferes with 165 lysosomal function, with consequent interference with the processing of antigenic peptides 166 required to trigger autoimmune responses.9 167  168 The use of HCQ in patients with SLE is becoming more common. One study found that up to 169 50% of patients with SLE were prescribed HCQ, and this rate increased to up to 90% in tertiary 170 centres10. Positive predictors of HCQ treatment in SLE were black race, haemodialysis, and 171 being under the care of a rheumatologist; negative predictors were male gender and older age 172 (over 45 years).11 It is likely that the use of HCQ in SLE will increase significantly following 173 publication of the LUMINA study, which demonstrated a clear survival benefit of HCQ therapy 174 in patients with SLE.2-4 175  176 The indications for HCQ use are expanding: it is increasingly used in photosensitive 177 dermatological disorders such as discoid lupus, porphyria cutanea tarda12, 13. Experience with 178 HCQ, and its favourable safety profile has encouraged its use in paediatric inflammatory 179 disorders, such as juvenile idiopathic arthritis, discoid lupus and SLE.12 It is used occasionally 180 in paediatric interstitial lung disease as an unlicensed treatment.14  181  182 HCQ inhibits autophagy, a property that may reduce resistance to chemotherapeutic agents in 183 oncology.15, 16 At least five phase 1 clinical trials have been undertaken which combine high 184 dose HCQ (800-2,000 milligrams daily) in combination with erlotinib17, vorinostat18, 185 temsirolimus19, temozolamide20, or bortezomib21 to determine whether autophagy inhibition is 186 a useful strategy to overcome chemotherapeutic resistance.16  187  188 The use of HCQ is increasing due to: a growing list of clinical indications, increasing confidence 189 amongst physicians to start treatment, few systemic adverse effects necessitating treatment 190 cessation and adjunctive use in conjunction with a range of primary therapies (such as biologic 191 agents). The LUMINA study is likely to significantly increase the number of individuals with 192 SLE taking long-term HCQ. After 5 years, these patients will require screening.2, 22-25 Regardless 193 of the threshold at which screening is advocated, the number of patients referred for 194 ophthalmological evaluation will inevitably increase, as will the numbers of patients 195 developing HCQ retinopathy. 196 
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 197 

Contraindications to Hydroxychloroquine 198  199 There are relatively few contraindications to HCQ. The manufacturer lists them as follows: 200 known hypersensitivity to 4-aminoquinolone compounds, pre-existing maculopathy, and 201 pregnancy.12 The use of HCQ in pregnancy is controversial; although HCQ is known to cross the 202 placenta, it has been associated with improved outcomes for mother and child in the context of 203 maternal SLE.26 A cohort study demonstrated reduced neonatal morbidity in mothers with SLE 204 by reducing the rate of prematurity and intrauterine growth restriction27. This has led to the 205 recommendation by some authors that HCQ be continued during pregnancy and lactation, 206 although it is unlicensed in this context.5  207 

 208 

 209 

Dosing 210 

 211 HCQ is available in 200mg or 400mg film-coated tablets. The manufacturer12, and previous 212 best practice clinical guidelines22, 24, have traditionally suggested dosing based on ideal body 213 weight (IBW), rather than actual body weight (ABW), to reduce the risk of retinal toxicity. The 214 maximum dose of HCQ of less than 6.5 milligrams per kilogram of IBW per day (mg/kg of 215 IBW/day) has traditionally been considered as safe for most adults. However, recent evidence 216 suggests that dosing based on actual body weight is more predictive of toxicity and is more 217 accurate over a broad range of body habitus.25, 28 Melles and co-authors suggested that 218 5.0mg/kg of ABW/day corresponded approximately to a dose of 6.5mg/kg of IBW/day because 219 of average body habitus of the study population.28 This change in prescribing recommendation 220 for HCQ may be more practical in rheumatology clinics, as it has been shown that calculating 221 dose of HCQ based on IBW is not undertaken on the majority of HCQ patients (Worth et al, 222 2016 – under review in Eye). Very thin patients are at risk of receiving a higher than the 223 recommended dose of HCQ if IBW is used (at dose of 6.5mg/kg of IBW/day), and obese 224 individuals or those of short stature, in particular, are at risk of retinal toxicity if ABW is used 225 (at dose of 6.5mg/kg of ABW/day).24 The subsequent dose will either be 200mg or 400mg per 226 day. Paediatric patients with an IBW of less than 31kg cannot take HCQ as the 200mg tablet 227 will exceed 6.5mg/kg of IBW/day, and a safe dose cannot be prescribed.12 The 2016 AAO 228 
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guidelines do not suggest changing the dose of HCQ for children, and this should continue to be 229 calculated based on IBW.25  230  231 Serum levels of HCQ can be measured in patients with known hepatic or renal failure, where 232 the levels of HCQ are more difficult to predict based on ABW or IBW calculations alone. The 233 drug dose can then be adjusted accordingly.12 234  235 

Systemic toxicity 236  237 The manufacturer lists reported adverse events attributed to HCQ therapy.12 They suggest 238 caution in patients with known hepatic or renal dysfunction, or drugs known to compromise 239 function of these organs. HCQ has been reported to cause severe hypoglycaemia in patients 240 with diabetes taking hypoglycaemic drugs, and rarely with bone marrow suppression, and 241 skeletal muscle weakness12 There have been reports of fulminant hepatic failure in patients 242 with no pre-existing liver disease soon after the initiation of HCQ treatment.29, 30 It is 243 considered that less than 1% of patients taking conventional doses of HCQ suffer elevation of 244 liver enzymes on serum evaluation, and taken together, these reported cases are considered to 245 represent idiosyncratic drug reactions.29  246  247 

Efficacy of HCQ in systemic disease 248  249 HCQ has been demonstrated to reduce the risk of diabetes, thrombosis and dyslipidaemia in 250 patients with SLE5, and demonstrates a protective effect on renal function in lupus nephritis.3, 5 251 A landmark clinical study in the U.S. (LUMINA) identified a survival benefit with HCQ in 252 patients with SLE, perhaps due to a combination of these effects.2 Some clinicians now 253 advocate its use in all patients with SLE.5 Its use has been demonstrated to reduce the risk of 254 thrombosis in patients with anti-phospholipid antibodies.31 The clinical evidence for HCQ 255 therapy across all listed indications is referenced in Table 1. 256  257 

Duration of therapy  258 

 259 The duration of HCQ therapy for most rheumatic diseases is not clearly defined. The general 260 principles of managing rheumatoid arthritis are to achieve disease control as rapidly as 261 
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possible, usually with combinations of different disease modifying agents, often including HCQ.  262 Subsequently, once patients achieve remission, the aim is to minimise drug doses where 263 feasible, but this is usually applied to reducing doses of the more potent and potentially more 264 toxic anti-rheumatic drug therapy, rather than changing the dose of HCQ. In a recent study, the 265 use of long-term triple therapy of HCQ, sulfasalazine and methotrexate was compared with use 266 of a biologic agent in combination with methotrexate and showed the advantages of using a 267 biologic drug in combination; no significant toxicity from the use of HCQ in 1160 patients.32 A 268 large Cochrane review supports the role of triple disease modifying anti-rheumatic therapy 269 (including HCQ) in the management of rheumatoid arthritis.33 A large Finnish study of 270 combination therapy including HCQ has reported effective control of rheumatoid arthritis 271 without any significant increase in drug toxicity over an 11-year period comparing 272 monotherapy with combination therapy.34 The implication from these studies and in clinical 273 practice is that rheumatologists favour long-term use of combination therapy for disease 274 control in rheumatoid arthritis. 275 

 276 

HCQ retinopathy 277  278 

Mechanism of retinal toxicity 279  280 The mechanism of HCQ related retinal toxicity is uncertain. One recent study identified that 281 both chloroquine and HCQ strongly inhibit the uptake activity of an organic anion transporting 282 polypeptide 1A2 (OATP1A2), expressed in human retinal pigment epithelium (RPE) cells, 283 which is involved in the recycling of all-trans-retinol, suggesting a possible effect of HCQ on the 284 visual cycle. HCQ markedly inhibited the uptake of all-trans-retinol in human embryonic 285 kidney cells (HEK293) and primary human RPE cells35. Increased permeability of the RPE in 286 response to HCQ was also demonstrated in vitro36.  287  288 An evaluation of ocular tissues after long term administration of chloroquine in rhesus 289 monkeys revealed widespread binding of chloroquine in pigmented ocular tissues: the RPE, 290 iris, choroid and ciliary body with eventual accumulation observed in the retina.39 Drug 291 accumulation within the RPE may explain the progression of HCQ retinopathy after drug 292 cessation in some patients. This may result in outer retinal and photoreceptor degeneration 293 
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with later, secondary degeneration of the RPE. It is currently unclear why the photoreceptors 294 in the parafovea/ perifovea are most vulnerable to the toxic effects of HCQ seen clinically. 295  296 An alternative explanation is that the primary site of toxicity in HCQ/CQ retinopathy is the 297 photoreceptor layer with secondary degeneration of the RPE.37 Spectral domain optical 298 coherence tomography (OCT) data suggests degeneration in HCQ retinopathy is localised to the 299 outer retina/ photoreceptor layer,38 before any structural RPE damage is apparent. This is a 300 finding seen in experimental studies of HCQ/CQ retinopathy.39 HCQ is known to affect the pH 301 and function of lysosomes, and it may be that phagocytosis of outer segments of 302 photoreceptors, lysosomal function with the RPE and autophagy are impaired within the RPE, 303 affecting photoreceptor cell membrane stability and, ultimately, function. Further work is 304 required to establish the exact sequence of events in HCQ retinal toxicity. 305  306  307  308 

Risk factors 309  310 The risk factors detailed below are recognised to increase the risk of HCQ retinopathy. The sum 311 of risk factors can provide an estimation of risk for a given individual.40 Some risk factors are 312 preventable: the most important of these is appropriate drug dosing of HCQ, especially 313 chloroquine.40  314  315 The American Academy of Ophthalmology (AAO) in their 2016 recommendations defined 316 “major risk factors” on the basis of new data from a landmark epidemiological study of 2,361 317 patients who had used HCQ continuously for greater than 5 years.28 The overall prevalence of 318 HCQ retinopathy in this study was 7.5%, but increased to around 20% after 20 years of 319 therapy.28 “Major risk factors” listed by AAO (2016) include HCQ dose >5.0mg/kg ABW or CQ 320 dose >2.3mg/kg ABW, duration of use >5 years (assuming no other risk factors), renal 321 impairment (defined as reduced glomerular filtration rate), tamoxifen use, and macular 322 disease.25  323  324 

Duration of HCQ use 325  326 
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The Royal College of Ophthalmologists (RCOphth) joint guidelines from 2009 suggest referral 327 to an Ophthalmologist for patients who have received continuous HCQ therapy for more than 5 328 years.22 It is made clear in the AAO guidelines (2011 and 2016), that the screening schedule 329 should begin after 5 years of HCQ/CQ therapy, and that it is a “major risk factor” that increases 330 the risk of retinal toxicity.24, 25 The AAO guidelines also state that screening may begin before 5 331 years of therapy if additional risk factors are present (renal failure, tamoxifen use etc). The 332 manufacturers of HCQ do not specify a duration of drug use after which ophthalmological 333 evaluation should be sought.12 Table 2 details the differences in screening recommendations 334 and risk factors for HCQ/CQ retinopathy. 335 

 336 

 337 

Daily dose of HCQ 338 

 339 HCQ has been traditionally prescribed at doses below 6.5mg/kg of IBW/day (below 3.0mg/kg 340 IBW/day for chloroquine), calculated from ideal body weight (IBW) using the patient’s height 341 and one of a number of specific algorithms.41 Dosing by IBW may be a source of uncertainty 342 amongst clinicians, and has led to many patients receiving a dose in excess of the correctly 343 optimised value.42 In a retrospective review of 675 patients on HCQ, Walvick and co-authors 344 identified that 56% of females and 46% of males were receiving higher than the recommended 345 dose of HCQ.42 This may be related to the fact that 88.5% of patients using HCQ had a body 346 weight in excess of their IBW in the largest series of 3,995 patients, and 53.6% of patients were 347 taking a HCQ dose greater than 6.5mg/kg IBW/day.43 In the accompanying audit to this article 348 we report 10% of patients taking a dose of HCQ in excess of the recommended dose on the 349 basis of ABW, and 30% based on IBW (Worth et al, 2016, Eye).  350  351 However it is now accepted that ABW is the best method rather than IBW and this is largely 352 based on the influential epidemiological study of HCQ retinopathy undertaken by Melles and 353 Marmor, who determined that ABW is a better predictor of retinal toxicity than IBW.28 Since 354 patients were typically 25-30% heavier than their IBW; 6.5mg/kg of IBW/day translates to 355 approximately 5.0mg/kg ABW/day, which the authors defined as the threshold between 356 judicious and excessive HCQ use. The sensitivity and specificity of ABW was greater than IBW 357 in predicting toxicity, and the size of the study permitted risk stratification based on dose of 358 HCQ/ kg ABW/day: the risk of HCQ retinopathy is 2-3 times higher with doses of 5.0 compared 359 
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to 4.0 mg/kg ABW/day. Dosing based on ABW rather than IBW has now become the 360 recommended means of calculating the safe dose of HCQ as per the recent AAO guidelines 361 2016.25  362  363 Ophthalmologists and rheumatologists should be aware of this important change in best 364 practice for drug dosing. Dosing by ABW is more practical and eliminates the need to select an 365 appropriate formula and calculate the IBW. It is likely that dosing by ABW will gain popularity 366 amongst screening guideline variations worldwide, given this data, although care must still be 367 taken when prescribing HCQ/CQ for patients at extremes of height and weight: very thin, short 368 or obese individuals are at most risk of being prescribed a higher than recommended dose.24, 41, 369 42  370  371 

Cumulative dose of HCQ 372 

 373 Cumulative dose has traditionally been used in research studies as a risk factor for HCQ/CQ 374 retinopathy, and is therefore considered separately here. The 2011 AAO guidelines stated that 375 a cumulative dose of greater than 1,000 grams increases the risk of retinopathy (equating to 376 6.85 years of treatment at 400mg, and 13.7 years of treatment at 200mg).24 However, the 377 conclusions drawn on the significance of the cumulative dose are inconsistent. It was omitted 378 entirely from the pivotal epidemiological study by Melles and Marmor, and was consequently 379 omitted as a major risk factor in the recent 2016 AAO guidelines, which are based heavily on 380 this study.25 It may be argued that defining greater than 1,000 grams of cumulative HCQ dose 381 as high risk does not add to these guidelines, as a patient taking greater than 1,000 grams of 382 HCQ will have been treated for longer than 5 years in any case unless the traditionally accepted 383 maximum daily dose of HCQ (<6.5mg/kg of IBW/day) is exceeded. 384  385  386 

Ocular  387 

 388 The manufacturers of HCQ suggest that pre-existing maculopathy is a contraindication to 389 treatment,12 and the AAO criteria state it as a risk factor for the development of HCQ 390 retinopathy.24, 25 There are no specific data to demonstrate that patients with pre-existing 391 macular disease are more susceptible to HCQ retinopathy, although subtle parafoveal 392 
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structural and functional abnormalities secondary to HCQ may be difficult or impossible to 393 detect with SD-OCT, AF or mfERG in the context of pre-existing macular disease. Macular 394 disorders should be identified at baseline by Ophthalmologists as part of AAO (2011) 395 guidelines24 and baseline examination within the first year of treatment is advised in the 2016 396 guidelines.25 This will only be identified, according to RCOphth joint guidelines (2009) if the 397 patient has visual symptoms at baseline and is then encouraged to see an Optometrist to 398 determine whether the macula is affected, with an onward referral to an ophthalmologist if 399 so.22 The authors of RCOphth joint guidelines advocate Amsler’s screening from Rheumatology 400 clinics by the prescribing physician.22 Interestingly this has been omitted from the more 401 recently published AAO guidelines (2011 & 2016).24, 25 Isolated drusen with good 402 photoreceptor function should not be considered a contraindication to HCQ treatment: a 403 baseline SD-OCT, and AF imaging with a visual field test should be carried out in this context.25  404  405  406 

Systemic  407  408 

Age 409 

 410 Age was excluded as an independent “major risk factor” in the AAO revised guidelines, 2016,25 411 although was considered a major risk factor the 2011 AAO guidelines.40 Several reports have 412 documented HCQ retinopathy occurring in elderly individuals despite a dosing regimen within 413 the therapeutic guidelines.44 One study of 32 individuals taking HCQ found that 414 electroretinography was able to detect changes over the course of treatment in elderly patients 415 (over 65 years), not present in younger patients.45 Maculopathy, and deteriorating renal 416 function may be associated with increasing age; both considered major risk factors in isolation.  417  418  419 

Renal failure 420  421 HCQ is renally excreted and consequently renal impairment is likely to increase the circulating 422 concentration of the drug and risk of toxicity. In a large study evaluating the systemic factors 423 that determine serum concentration of HCQ, renal failure was associated with a significantly 424 higher serum HCQ concentration46. Melles and Marmor were the first to quantify the risk of 425 
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HCQ retinopathy by the degree of renal failure (using glomerular filtration rate: GFR): a 50% 426 decline in the GFR was associated with a doubling of the rate of HCQ retinopathy (odds ratio: 427 2.08).28 SLE may result in lupus nephritis in some patients, and end-stage renal failure. 428 However, HCQ has a protective effect on lupus nephritis in this patient group.3 Interestingly, 429 although HCQ is partially metabolised by the liver, liver disease was not associated with 430 increased risk of HCQ retinopathy.28 431 

 432 

Tamoxifen 433  434 Tamoxifen has come under scrutiny as potentially causing a dose-dependent maculopathy that 435 may concurrently increase the risk of HCQ toxicity. A retrospective case-control series of 2,361 436 patients taking HCQ for at least 5 years found that there was a significant increased risk of 437 retinopathy in patients taking tamoxifen (odds ratio: 4.59). It is notable that tamoxifen use was 438 found to have a greater odds ratio than renal impairment (odds ratio – 2.08), duration of use 439 (O.R. – 3.22) but not daily dose (O.R. – 5.67).28 HCQ retinopathy in this patient group correlated 440 with cumulative tamoxifen dose.28 Tamoxifen use is mentioned specifically as a “major risk 441 factor” for HCQ retinopathy in the recent revised AAO guidelines, 2016.25 Tamoxifen is often 442 used for up to 10 years or more following the diagnosis of oestrogen receptor positive breast 443 cancer, and licensed for the prevention of breast cancer in women considered high risk.  444  445 Crystalline retinopathy, macular oedema, pigmentary retinopathy and reversible corneal 446 changes have been described in patients taking tamoxifen.47 The mechanism of retinal toxicity 447 of tamoxifen is uncertain. One study evaluated the effect of tamoxifen on cultured RPE cells, 448 finding lysosomal destabilization and cathepsin release prior to regulated cell death in cultured 449 RPE cells48 A further study identified a profound decrease in the activity of lysosomal enzymes 450 in cultured RPE cells with both tamoxifen and chloroquine.49 These drugs in combination may 451 act synergistically therefore to further adversely affect the phagocytosis of the retinal outer 452 segments as a common disease mechanism.  453 

  454 
High dose HCQ in oncology trials 455  456 HCQ is often used at higher doses than is typical in inflammatory disease in oncology trials 457 (800mg-2,000mg daily)16, albeit in short courses with an intermittent dosing schedule. Rapid 458 
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onset toxic retinopathy has been reported in two out of seven patients being treated with 459 erlotinib and high dose HCQ (1,000mg daily) for non-small cell lung cancer.50 The affected 460 patients developed HCQ retinopathy at 11 and 17 months of exposure and were detected by 461 screening in the pre-symptomatic stage of disease.50  462  463 In a series of 12 patients who underwent HCQ therapy (800mg/day) for chronic Graft versus 464 Host disease, three developed retinal toxicity with scotomata on Amsler’s grid, central visual 465 field testing (10-2) and mfERG. Median duration of treatment in this series was 22.8 months, 466 and median adjusted daily dose was 11.5mg/kg/day. This small series suggests a potential 467 increased incidence of HCQ retinopathy in the context of pre-existing graft-versus-host disease 468 and earlier development of retinal toxicity51. Graft-versus-host disease has itself been 469 associated with a microvascular retinopathy, and this observation of suggested HCQ toxicity in 470 this series should be interpreted in this context.52 471  472 

Pharmacogenomics 473 

 474 As a bull’s eye maculopathy phenotype is also described in inherited retinal degeneration, it 475 could be possible that genetic variants in gene(s) involved in retinal function or structure could 476 be contributing to the phenotype rather than HCQ, or HCQ might be potentiating the effects of 477 an underlying genetically determined disorder. This could explain the apparent idiosyncratic 478 retinal reaction of patients presenting with retinal toxicity. The bull’s eye maculopathy 479 phenotype has been described in association with ABCA4 pathogenic variants.  Shroyer et al 480 carried out mutational analysis of the ABCA4 gene in 8 patients taking HCQ. Five patients were 481 found to have variants in this gene.53 Interestingly a different study reported a protective effect 482 in association with 3 common ABCA4 variants and reported that they appeared to reduce 483 susceptibility to HCQ/ CQ maculopathy.54 This finding, in combination with the discovery of 484 

ABCA4 gene mutations in the majority of patients with HCQ/CQ retinopathy in a single series 485 could mean variants in this gene may have a modifier role.53 However ABCA4 486 polymorphisms/variants are common55 and their relevance to HCQ toxicity is not yet proven. A 487 large study would be required to investigate this further.  488  489 Of course if there unusual features are present, such as the presence of flecks as seen in some 490 ABCA4 retinopathies56, or any other features suggestive of an inherited retinal dystrophy 491 
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genetic analysis should be considered.53, 57 In the future, pharmacogenomics may well play an 492 important role in increasing the safety of HCQ treatment by excluding those genetically 493 predisposed to macular toxicity. 494  495  496 

Epidemiology 497  498 Studies evaluating the incidence of HCQ/CQ retinopathy are typically retrospective, cohort 499 studies of populations of patients taking HCQ in a single centre, or registry data from multiple 500 centres58. Cross comparison of the incidence of HCQ retinopathy in different study populations 501 is problematic; definitions of HCQ retinopathy and techniques used to identify retinopathy vary 502 and susceptibility to HCQ retinopathy may also differ between study populations. 503  504 Older studies are thought to have underestimated the prevalence of HCQ retinopathy as cases 505 were usually detected when apparent on fundus examination and included those on short-term 506 HCQ/CQ treatment who are at low risk of disease. New diagnostic tools and improved 507 recognition of abnormal results has permitted more sensitive detection of retinopathy before 508 fundus abnormalities become manifest.28  509  510 Melles and Marmor published the most influential epidemiological study of HCQ retinopathy in 511 201428 and the AAO produced update guidance on HCQ screening in 2016.25 Their case-control 512 study identified a study population of 3.4 million individuals, with 2,361 patients who had 513 taken HCQ for more than 5 years, and were evaluated by SD-OCT and visual field testing. A 514 large study population permitted detailed analysis of risk factors with sub-group analysis 515 (such as risk of retinopathy in different ranges of doses by weight). The overall prevalence of 516 HCQ retinopathy was 7.5%, but this increased to around 20% after 20 years of use for those 517 taking 4.0-5.0mg/kg ABW/day and can exceed 50% at 20 years for those taking greater than 518 5.0mg/kg ABW/day. Odds ratios were attributed to risk factors: daily dose (OR: 5.67), duration 519 of use (OR: 3.22), kidney disease (OR: 2.06) and tamoxifen use (OR: 4.59). These data have led 520 to an evidence-based update of the AAO HCQ guidelines, and thus promoted the safe 521 prescribing and screening of HCQ retinopathy by allowing a risk calculation for each patient 522 according to daily dose, duration of therapy and other major risk factors.28 These estimates are 523 helpful for Rheumatologists, Ophthalmologists and patients. Providing an evidence-based 524 
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argument for dosing according to ABW rather than IBW is one of the key outcomes of this 525 study adopted by the AAO guidelines.28 526  527  528 

Clinical features 529  530 HCQ and chloroquine retinopathies, once symptomatic, are characterised by abnormalities of 531 the retinal pigment epithelium, which are detectable clinically, and may later develop into the 532 classic appearance of “bull’s eye maculopathy” with central potentially extensive, concentric, 533 parafoveal retinal pigment epithelial loss. This clinical state is associated with severe and 534 irreversible visual loss that may be complicated by secondary cystoid macular oedema, 535 epiretinal membrane and other sequalae.59 536  537 Screening for HCQ/CQ retinopathy may detect structural or functional changes in the macula 538 prior to the development of symptoms or fundus abnormalities. Although drug cessation, 539 partly due to long half-life of the drug, does not always arrest progression of toxicity, it can 540 limit the extent of structural and functional deficits and reduce the risk of irreversible visual 541 loss.60 One study identified improvement of visual function in HCQ retinopathy following drug 542 cessation, but no improvement in structural parameters.61 543  544 A key recent finding was the identification of variable distributions of disease in HCQ/CQ 545 retinopathy on the basis of race.62 Patients of European descent exhibit a classic parafoveal 546 pattern (2-6 degrees from the fovea) of structural and functional deficits, whereas those of 547 Asian descent may manifest an extramacular or pericentral (more than 8 degrees from the 548 fovea) pattern of disease in the early stages with structural and functional abnormalities 549 identified near the vascular arcades.62 Pericentral HCQ retinopathy was seen in 50% of Asian 550 patients in this series, but only 2% of Caucasian patients.62 Black and Hispanic patients 551 demonstrated a predominantly parafoveal distribution of disease, although the pericentral 552 distribution or mixed distribution of disease in these two racial groups was seen slightly more 553 often than in Caucasian subjects.62   The reason for the different disease phenotype in these 554 different ethnic groups is unclear, but not thought to be related to ocular pigmentation alone.62 555 This distinction is clinically noteworthy: Asian patients undergoing screening for HCQ 556 retinopathy will require wider field structural (wide-field or off-axis SD-OCT & AF imaging) 557 
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and functional investigation (24-2 or 30-2 visual field rather than 10-2) than Caucasian 558 patients (Figure 1). 559  560 HCQ is associated with the development of vortex keratopathy or corneal verticillata, which 561 can rarely result in visual disturbance. This change is entirely reversible on drug cessation, and 562 is reported to be more common with CQ than HCQ. It bears no direct relevance to the severity 563 of retinal disease. 564  565 

Screening and Monitoring in HCQ/CQ patients 566 

 567 

Baseline screening 568 

 569 Baseline screening is suggested by the AAO guidelines of 2011 and 2016 within one year of 570 starting HCQ/CQ, and by the manufacturers before starting HCQ in order to exclude pre-571 existing maculopathies, with visual fields and SD-OCT recommended at baseline in the 2016 572 criteria if any abnormalities are found. RCOphth do not recommend baseline screening, unless 573 there are visual symptoms when HCQ/CQ is started, or if the patient has been referred by an 574 Optometrist. There is no specific guidance about the tests that Optometrists in this context 575 should undertake (visual acuity, fundus examination, visual field examination etc.) Advice and 576 practice differs in different centres.  If the patient is referred for an Ophthalmic review, 577 functional and image based screening is undertaken. Table 2 compares screening protocols, 578 including what is suggested as a baseline assessment. 579  580 

Ongoing monitoring/ screening 581 

 582 Ongoing monitoring or screening refers to continued, usually annual surveillance of an 583 individual taking HCQ who is considered to be at risk of retinopathy in which a pre-designated 584 protocol of investigations are undertaken. Table 2 highlights the differences between 585 screening schedules for HCQ retinopathy. It is important that patients are aware that 586 monitoring for HCQ retinopathy cannot prevent the occurrence of retinopathy but timely 587 cessation of therapy at the earliest sign of any potential damage is expected to help limit either 588 development or progression of loss of visual function. Patients taking HCQ/CQ must be 589 informed about the risk of retinopathy by the prescribing physician, and the proposed 590 
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schedule for baseline screening and ongoing monitoring for that individual taking into 591 consideration their specific ocular and systemic risk factors. This should be in accordance with 592 the most recent evidence and their current ocular and systemic status, which should be 593 reviewed if there are changes in health and medication.25, 28  594 

 595 More recent guidelines have favoured objective testing where possible (SD-OCT, AF, mfERG)25, 596 although subjective testing (visual field analysis) remains of great value; data suggest that 597 subtle scotomata on 10-2 visual fields may be evident before structural changes are evident on 598 SD-OCT (Figure 1). Guidelines suggest that at least one objective test should confirm findings 599 on subjective testing before a diagnosis of HCQ retinopathy is made. Amsler grid testing, colour 600 vision testing, fluorescein angiography, full-field ERG, time domain OCT and fundus 601 photography have been removed from recommended protocols for screening as they are not 602 considered sufficiently sensitive or specific to detect early disease.25 There are new 603 technologies that may provide more sensitive objective structural (adaptive optics imaging), 604 and functional (microperimetry) evaluation although these are essentially research based tools 605 at this time and not widely available, nor validated for screening purposes. 606 

 607 

Visual field testing: Subjective, functional evaluation 608 

 609 Automated threshold visual field analysis has become a key tool in the evaluation of patients at 610 risk of HCQ retinopathy. Visual field analysis remains the most sensitive subjective 611 investigation for the diagnosis of this disorder. The interpretation of scotomata may be 612 challenging: whilst isolated points of reduction in sensitivity might be considered insignificant 613 and more suggestive of patients without HCQ retinopathy63, they may also represent the 614 earliest evidence of HCQ retinopathy.25 Repeating visual field testing in this patient group is 615 advisable. Contiguous scotoma points, and those identified in an annular zone between 2 and 8 616 degrees from fixation were found to be more likely to represent HCQ retinopathy in one study, 617 with white targets considered more discriminating than red.63, 64 Parafoveal scotomata are 618 typical of HCQ retinopathy: superonasal scotomata are the most common abnormality as the 619 inferotemporal paramacular region is often affected first. However, this observation is not 620 absolute.25 Recent data have suggested that Asian patients should receive 30-2 or 24-2 visual 621 field testing rather than 10-2, as wider-field visual field analysis is more likely to detect 622 extramacular disease.62 Any central scotoma in 24-2 or 30-2 field testing should be taken 623 
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seriously and further clarified with 10-2 visual fields. Any persistent or convincing scotoma 624 should prompt evaluation by SD-OCT, AF or mfERG, with the mfERG particularly helpful where 625 SD-OCT and AF do not detect objective evidence of HCQ toxicity suspected from visual field 626 testing (Figure 1). 627  628  629 

Spectral-Domain Optical Coherence Tomography (SD-OCT): Objective, structural evaluation 630  631 Spectral-domain OCT (SD-OCT) is a widely available technology that permits objective, 632 structural evaluation of the macula in patients at risk of HCQ retinopathy. Typical findings of 633 HCQ retinopathy on SD-OCT are parafoveal abnormalities of the outer segment, particularly 634 thinning or loss of the photoreceptor layer, outer nuclear layer and/or ellipsoid zone (inner 635 segment/ outer segment junction), and retinal pigment epithelium.65 These signs are 636 considered strongly suggestive of HCQ toxicity. Focal disruption of outer segment structures is 637 a typical finding of HCQ retinopathy, rather than widespread, progressive thinning. Asian eyes 638 may manifest an extra-macular pattern of disease with SD-OCT abnormalities identified 639 towards or beyond the vascular arcades: wide-field SD-OCT may be necessary for screening in 640 this patient group.62  641  642 The inner retina did not demonstrate any abnormalities in early disease, in a study comparing 643 SD-OCT images in both short term (<5 years) and long term (>15 years) user prior to the 644 development of retinopathy.66 This is true both before and after drug cessation,38 although 645 high cumulative doses may cause thinning of the ganglion cell/inner plexiform thickness67. SD-646 OCT abnormalities persist on imaging after the cessation of HCQ/CQ, despite evidence of some 647 visual field recovery.68 648  649  650 

Fundus Auto-fluorescence (AF): Objective, structural evaluation 651  652 Fundus autofluorescence (AF) using the blue light of 488nm wavelength, exploits the 653 fluorescent property of lipofuscin within the retinal pigment epithelium (RPE). AF has been 654 demonstrated to detect HCQ retinopathy, although was found to be less sensitive than 655 mfERG.69 A parafoveal increased autofluorescence signal is detected in the early stages of 656 
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disease, with mottled decrease in parafoveal autofluorescence as RPE degeneration becomes 657 established in later stages of disease.69 AF may identify a sub-clinical bulls-eye maculopathy in 658 patients with HCQ who demonstrate only fine RPE changes on fundoscopic examination,70 659 although modern screening techniques should identify HCQ before this stage.71 The wider, 660 diffuse parafoveal autofluorescence signal seen in early disease is subtle,71 and quantitative 661 autofluorescence may increase the objectivity of this early feature. Increased signal on AF may 662 precede SD-OCT features in this disorder.37 Widefield AF is required in Asian patients with 663 suspected HCQ retinopathy to detect extramacular disease.62 664  665  666 

Multi-focal Electroretinography (mfERG): Objective, functional evaluation 667 

 668 Multifocal electroretinography produces a topographic representation of retinal responses and 669 can identify local areas of depressed retinal sensitivity in early HCQ retinopathy. It has in some 670 series been considered the gold standard test for the detection of suspected HCQ retinopathy.72 671 Comparing rings of responses about the foveal centre can increase the sensitivity of mfERG in 672 detecting parafoveal disease. Asian patients will require wider-field mfERG for the purposes of 673 screening; those extending to 20 degrees eccentricity in this patient group have been 674 presented.62  675  676 MfERG has gained favour as more informed guidelines have emphasized the value of objective 677 tests (OCT, mfERG, AF), over subjective ones (visual field analysis).24, 25 A recent systematic 678 review suggested that mfERG may have the ability to detect HCQ retinopathy earlier than other 679 tests used in HCQ screening (visual field, AF, OCT) (Table 3).73 However, screening guidelines 680 must be practical to promote compliance across ophthalmic units;25 local access to 681 electrodiagnostic testing is unlikely for the majority of HCQ patients undergoing screening. It is 682 likely that mfERG will be indicated in patients with reproducible, suggestive visual field 683 abnormalities in whom SD-OCT/AF imaging is unremarkable to establish objective evidence of 684 HCQ retinopathy (Figure 1). Referral to a regional unit may be required to provide reliable 685 electrodiagnostic testing in accordance with International Society for the Clinical 686 Electrophysiology of Vision standards, which may involve pattern and full-field 687 electroretinography in addition to mfERG. 688 

 689 
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 690 

Whether to implement a monitoring programme for all patients on HCQ 691  692 Screening for HCQ/CQ retinopathy has been advocated by the American Academy of 693 Ophthalmology (AAO) since 2002.23-25, 74 In the U.K., the Royal College of Ophthalmologists, the 694 British Society of Rheumatology and British Association of Dermatologists published joint 695 guidelines in 2009 (updated from 1998 and 2004), prior to the revised AAO guidelines in 2011 696 and 2016.22 The U.K. guidelines advise against routine screening for HCQ toxicity.22 The panel’s 697 opinion was that the screening criteria were not met: in particular that the occurrence of 698 “clinically significant maculopathy was very rare” and that there is no reliable test for detecting 699 it at a reversible stage.22 Under these guidelines, referral to an Ophthalmologist is 700 recommended only when visual symptoms develop and are not correctable by an Optometrist. 701 HCQ/CQ retinopathy is now considered far more common (overall prevalence of 7.5%, 702 increasing to 20-50% after 20 years of therapy)28 than previous epidemiological studies 703 suggested. These data suggest HCQ/CQ retinopathy is a significant public health problem. 704 Additionally, diagnostic tools required to detect HCQ/CQ retinopathy at an early stage are now 705 widely available (SD-OCT, visual field testing, AF), and are proven to detect HCQ/CQ toxicity 706 before the onset of symptoms and fundus abnormalities are visible.24, 25 We strongly 707 recommend that these guidelines should be reviewed and the advice against ongoing screening 708 (monitoring) for HCQ/CQ retinopathy is updated to advise regular monitoring. The form that 709 this should take needs to be the subject of revised guidelines.   710  711 

Screening Schedule 712  713 Most screening guidelines recommend screening for HCQ/CQ retinopathy after 5 years of drug 714 therapy (Table 2) with annual screening. Baseline evaluation, in some form, is widely 715 recommended to identify those with pre-existing maculopathy and to establish baseline 716 measures from which to identify change. In patients with unusual risk factors, screening may 717 be indicated before 5 years (Table 2).25 The duration of screening is not specified by most 718 guidelines but is likely to be required indefinitely, particularly as new data suggest prevalence 719 of toxicity in those with greater than 20 years of therapy to be as high as 20 to 50%.28 720  721  722 
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Screening Protocol: How to screen/monitor 723  724 Screening/Monitoring for HCQ should use diagnostic instruments that are widely available 725 with easily interpretable images to ensure compliance with screening guidelines. Visual field 726 analysis (10-2, 24-2 or 30-2 as appropriate), and SD-OCT are widely available and the 727 consensus is emerging that they should, in combination, be performed on every patient 728 presenting for HCQ screening. One study identified ring scotomata on visual field testing with 729 normal SD-OCT appearance was present in 10% of patients; conversely, all patients with SD-730 OCT abnormalities had scotomata on visual field testing thus suggesting that visual field testing 731 is a sensitive test to elicit early signs of potential toxicity.75  732  733 Fundus autofluorescence (AF) may be a useful additional tool to provide objective, structural 734 evidence of disease that may correlate with findings on SD-OCT imaging and visual field 735 analysis. AF imaging (wide-field AF in Asian patients) should be considered in HCQ patients 736 where available.  737  738 Multifocal ERG may provide objective, functional evidence of disease, and may be useful when 739 the diagnosis of HCQ is uncertain: in particular when visual field analysis demonstrates 740 scotomata in the absence of structural evidence on SD-OCT or AF. 741  742 The efficacy of screening is dependent on the relative sensitivity and specificity of screening 743 tests used to detect pre-symptomatic disease. One study found the sensitivities of 10-2 HVF, 744 mfERG and SD-OCT in detected HCQ retinopathy were 85.7%, 92.9%, and 78.6% respectively, 745 with specificities of 92.5%, 86.9%, and 98.1% (Table 3).76 Negative predictive values were 746 greater than 99% for all tests: confident exclusion of retinopathy is possible when a 747 combination of diagnostic tests are negative. However, when isolated tests are positive, they 748 are less useful in predicting disease: the positive predictive value may be as low as 30% for 749 some diagnostic tests (such as 10-2 HVF, mfERG and SD-OCT) in HCQ/CQ retinopathy.76 750  751 

Figure 1 presents a suggested algorithm for the interpretation of diagnostic tests in patients 752 with HCQ/CQ who are referred for screening. 753  754  755 



24 
 

Cost of screening 756  757 The economic cost of providing HCQ screening in any country will depend on the number of 758 individuals in the population, the total number of individuals taking HCQ, and the prevalence of 759 risk factors for screening within that population of HCQ users. Screening may involve at least 760 an annual ophthalmological assessment for patients taking HCQ/CQ and may be indefinite 761 whilst the patient remains on the drug.25 HCQ screening may require additional outpatient 762 capacity for diagnostic tests, and training on their interpretation: this may take place in virtual 763 clinics in which the tests are performed by technicians and interpreted by those trained to do 764 so. MfERG will usually need a referral to a regional unit if required. If the decision to institute 765 screening for HCQ is established, a full economic evaluation will be required on a national level 766 to determine if screening for HCQ is cost-effective. 767  768 When reviewing the need to implement screening for HCQ/CQ retinopathy, the potential 769 drawbacks should be considered. It may cause harm: anxiety to patient groups potentially at 770 risk of retinopathy; and false positive results may lead to inappropriately stopping HCQ – an 771 effective drug with a demonstrated survival benefit. It is likely that incidental ocular co-772 pathology will be detected through any screening programme and require further investigation 773 and/or treatment. 774  775 

Adherence to screening 776  777 Adherence to published guidelines on HCQ/CQ retinopathy screening is challenging. One study 778 determined that only 54.8% of patients received appropriate evaluation in a US cohort, when 779 audited against the recommendations of the AAO (this study was published in 2015, 4 years 780 after the updated AAO guidelines, published 2011). In this study, 25.7% received fewer than 781 the recommended investigations; SD-OCT and 10-2 visual field testing were often performed, 782 but AF and mfERG often omitted77.  783  784 Should a screening programme for HCQ retinopathy be instituted, additional administrative 785 support and regional organisation, similar to that used to organise retinal screening for 786 patients with diabetes in the UK, may be required to introduce quality control into the process 787 of screening: ensuring patients are assessed, and recalled when required. The caring physician 788 
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– either Rheumatologist or General Practitioner – and patients on HCQ will need to be aware of 789 the schedule for screening so that patients requiring screening receive it.  790 

 791 

Management 792  793 There is no currently proven effective treatment for visual restoration in patients with HCQ/CQ 794 retinopathy. Management centres around identification of definite HCQ/CQ retinopathy, drug 795 cessation in consultation with a rheumatologist and visual rehabilitation as required.  796  797 

Hydroxychloroquine drug cessation  798  799 The decision to stop HCQ/CQ therapy will depend on the certainty of toxic retinopathy: the 800 definitions of “possible”, “likely” and “definite” HCQ/CQ retinopathy would be helpful in 801 guiding discussions with patient and Rheumatologist about whether drug cessation with a 802 switch to alternative treatment is recommended, or HCQ/CQ continued whilst further testing is 803 awaited.24 Given the long half-life of HCQ/CQ12, systemic clearance is delayed for months after 804 drug cessation, and some degree of ongoing toxicity is likely to continue for this period.78 It has 805 been suggested that the continuing toxic effects following drug cessation are likely to be 806 related to the severity of toxic maculopathy at the time HCQ/CQ was stopped.25, 59 One 807 longitudinal study evaluated visual acuity, SD-OCT imaging data and mfERG of patients on HCQ, 808 and 6 months following drug cessation finding improved visual acuity and mfERG responses, 809 but not OCT appearances.61 A further study evaluating only SD-OCT imaging characteristics 810 before and for 4 years after drug cessation in 11 patients with HCQ retinopathy found that if 811 HCQ is stopped before RPE damage, progression of disease on SD-OCT is limited to the first 812 year and diffuse in distribution without parafoveal localisation.38 There is some evidence that 813 preservation of the external limiting membrane is a favourable prognostic sign in HCQ 814 retinopathy.78  815  816  817 

Role of the Rheumatologist 818  819 The clinical decision to initiate or stop treatment with HCQ, or to change the treatment dose is 820 likely to be made by a Rheumatologist. It is important that Rheumatologists are aware of the 821 
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updated evidence that ABW (less than 5.0mg/kg of ABW/day) should be prescribed to patients 822 as current best practice, and is more strongly correlated with retinal toxicity than IBW when 823 prescribing HCQ.25, 28 Similarly, emerging risk factors for HCQ/CQ retinopathy and updated 824 screening schedules (Table 2) may prompt screening before 5 years of drug therapy (i.e. 825 Tamoxifen use).25 Rheumatologists are likely to be the most common route of referral of at risk 826 patients taking HCQ who require screening to Ophthalmologists: patients in a U.S. study cared 827 for by a rheumatologist had a greater likelihood of regular eye screening.79  828  829 

Future directions 830 

 831 

Prevention of retinal toxicity 832 

 833 The most important means of reducing harm from HCQ/CQ is accurate dosing based on current 834 data on retinal toxicity using ABW at less than 5.0mg/kg of ABW/day rather than IBW at a dose 835 of less than 6.5mg/kg of IBW/day. However, in certain patients such as those who are obese, 836 very short or very thin, there may be a significant difference between these ABW and IBW dose 837 calculations.25, 28 Electronic prescribing systems, and more rigorous and universal prescribing 838 protocols for HCQ may prevent cases of retinal toxicity. All prescribing clinicians should ensure 839 dosing is optimised, and rechecked if large changes in weight or renal function occur. One 840 retrospective audit found that of 675 patients treated with HCQ in a single centre, around 46% 841 of males and 56% of females were receiving higher doses of HCQ than recommended.42 In our 842 audit, approximately 10% of patients were overdosed when ABW was used and 30% when 843 IBW was used to calculate optimal HCQ dose based on conventional dosing recommendations 844 of less than 6.5mg/kg/day (Worth et al, Eye, 2016). Accurate dosing of HCQ/CQ may reduce the 845 risk of toxicity on a population level. 846  847 

Serum hydroxychloroquine monitoring 848  849 Serum monitoring of HCQ may be used in patients with renal or hepatic dysfunction who may 850 exhibit variable metabolism or excretion of HCQ, or to differentiate treatment compliance and 851 treatment failure.80, 81 In some cases, sub-therapeutic serum HCQ concentrations were due to a 852 lower than optimal dose, and higher doses associated with fewer flares in patients in 853 remission.81 The large, randomized, placebo-controlled clinical trial (PLUS study) with 573 854 
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patients with SLE found that although low serum concentration of HCQ was associated with 855 increased disease activity in SLE, it did not translate to disease flares over a 7 month follow-up 856 period.82 HCQ dosing may therefore reflect a balance between short-term systemic efficacy and 857 long-term ocular safety. Serum HCQ monitoring has not demonstrated any clear role in 858 predicting the risk of retinopathy in any published study.  859  860  861 

Objective, structural evaluation: Adaptive optics imaging  862 

 863 Adaptive optics (AO) technology permits the evaluation of photoreceptor density and 864 morphology.83 Interest has been expressed in the potential of this technology to detect very 865 early structural abnormalities in HCQ retinopathy,25 particularly since the photoreceptor layer 866 is considered the primary site of toxicity. AO technology has identified patch cone mosaic 867 lesions in which cone photoreceptors were either missing or lost with atypical morphology of 868 residual cones in two patients with symptomatic HCQ retinopathy.84 This structural deficit 869 corresponded to scotomata identified on visual field testing. OCT appearances have been 870 correlated with photoreceptor appearances using AO technology in various maculopathies83, 871 and it is suggested that the relationship between outer retinal reflectivity on SD-OCT and 872 photoreceptor density on adaptive optics imaging may be helpful.85 AO technology may find a 873 role in providing objective structural evidence of disease in the early detection of HCQ 874 retinopathy. A larger series correlating the structural changes on AO technology with 875 functional tools such as mfERG and visual field analysis is required to evaluate the sensitivity 876 and specificity of AO imaging. The limited availability of this technology is likely to exclude it 877 from any screening protocols in the near future, although it may be useful as a research tool in 878 cases of suspected HCQ retinopathy.86 879  880  881 

Subjective, functional evaluation: Microperimetry 882 

 883 Microperimetry is a technique of visual field testing where light stimuli are projected onto 884 specific points on a subject’s retina at which the threshold of retinal sensitivity is established. 885 Reduced overall macular sensitivity on microperimetry was detected in patients taking HCQ 886 versus healthy controls87, 88, but no difference in foveal sensitivity was detected in one study.88 887 
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A further study also identified reduced overall macular sensitivity in patients taking HCQ 888 despite normal mfERG, 10-2 visual fields, OCT and AF.89 The role of microperimetry in HCQ 889 screening is as yet unknown90; further studies are required to determine the specificity and 890 sensitivity of microperimetry in suspected HCQ retinopathy, and whether it exceeds that of 891 standard automated visual field testing. 892 

 893 

 894 

Conclusion 895 

 896 This subject of this review article is chloroquine and HCQ retinopathy and it is clear that with 897 long-term use and in susceptible patients that some patients may develop severe visual loss. 898 What is emerging from the literature over the last few years, and has been incorporated into 899 the latest AAO 2016 guidelines, is that regular monitoring is important when using this 900 extremely useful medication. In addition, those involved in the care of patients taking this drug 901 need to be aware of accurate dosing by using the ABW, and to take particular care in obese, or 902 short individuals. Concomitant medication may have an additive deleterious effect; and that 903 long term use, particularly in the elderly is associated with retinopathy in a significant number 904 of patients. Emerging data have shown a prevalence of HCQ retinopathy of 7.5% in long-term 905 HCQ users with between 20-50% for those who have taken it over 20 years.43 The knowledge 906 that tamoxifen use has emerged as a significant risk factor and that there may be variable 907 expression of disease according to race62 suggests that a review of the RCOphth joint guidelines 908 on HCQ screening should be considered. The AAO guidelines in 2011 suggested a shift towards 909 more objective tests of visual function (SD-OCT, mfERG or AF), in addition to subjective tests 910 (10-2 visual field testing),24 and the recent updated AAO guidelines (2016) acknowledged that 911 a more realistic protocol might improve compliance within ophthalmic units.25 Automated 912 visual field testing, together with SD-OCT and AF, should be achievable and practical for most 913 ophthalmic units; those requiring mfERG testing could be referred to a regional centre. Clinical 914 criteria to define possible, likely or definite HCQ toxicity on the basis of diagnostic testing 915 would be helpful for both the general Ophthalmologist to interpret diagnostic results, and to 916 the Rheumatologist to determine whether HCQ cessation is justified, particularly given a 917 proven survival benefit of HCQ therapy has been identified in patients SLE.2  918  919 
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A national case-finding study evaluating the incidence of HCQ retinopathy would assist greatly 920 in understanding the burden of disease and modelling the cost-effectiveness of any screening 921 programme; there are limitations on the inferences that can be made from cohort studies and 922 across study populations. Ophthalmologists, Rheumatologists and General Practitioners should 923 be aware of the best practice in safe prescribing of HCQ, and any consensus screening criteria 924 to ensure those who require screening for HCQ retinopathy are appropriately referred. Audit of 925 ophthalmic screening practice will be required to ensure that the recommendations for 926 screening are being met. We initiated an audit of our current service as a consequence of 927 identifying 3 patients on long-term HCQ who developed HCQ retinopathy (Latasiewicz et al, 928 Eye, 2016) and have implemented change as a consequence of this (Worth et al, Eye, 2016). 929 Patient education about the risks of visual loss with HCQ or CQ therapy is crucial: risks of visual 930 loss may be minimized, but not altogether eliminated, with regular ophthalmic screening. 931 Original epidemiological data identifying the prevalence of HCQ retinopathy in 7.5% of long-932 term HCQ users may now suggest a medico-legal imperative to screen those patients 933 considered at high risk of HCQ retinopathy.  In addition in this review article we have proposed 934 a practical protocol for screening these patients to detect any sign of HCQ retinopathy as early 935 as possible.   936  937 
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Figures 1279  1280 

Table 1. Indications for Hydroxychloroquine treatment 1281  1282 
Rheumatological disorders Systemic Lupus Erythematosus2, 4, 91-96 Rheumatoid arthritis  Sjogrens syndrome Antiphospholipid syndrome Osteoarthritis Dermatomyositis Juvenile idiopathic arthritis Psoriatic arthritis Chemotherapy-related arthropathy97  
Dermatological disorders13 Porphyria cutanea tarda (unlicensed use) Discoid lupus Cutaneous sarcoidosis98 Granuloma annulare13 Lichen planus (erosive)99 Cutaneous pseudolymphoma100  
Oncology15* Graft versus host disease (prophylaxis of acute disease)101 Non-small cell lung cancer17 Chronic lymphocytic leukaemia (B-cell)102, 103 Adjuvant use as inhibitor of autophagy15, 19-21, 104, 105  *Hydroxychloroquine is often used in higher doses in oncology (800-2000mg daily may be used for short courses)  
Paediatrics Interstitial lung disease in children (unlicensed use)14 Systemic Lupus Erythematosus  Discoid lupus  1283 

 1284 
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Table 2. Comparison of screening guidelines for HCQ/CQ retinopathy. American Academy 1285 of Ophthalmology (AAO) screening guidelines from 2016,25 AAO guidelines screening 1286 guidelines from 2011,24 Royal College of Ophthalmologists joint guidelines (2009),22 and those 1287 from the manufacturer, Sanofi (2014)12 are summarised.   1288 
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Table 3. 1318 Sensitivity and specificity of diagnostic tests in HCQ retinopathy.76 1319  1320  1321  1322  1323  1324  1325  1326  1327  1328  1329  1330  1331  1332  1333  1334  1335  1336  1337  1338  1339  1340  1341  1342  1343  1344  1345  1346  1347  1348  1349 
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Figure 1. Algorithm for the interpretation of diagnostic tests performed during 1350 

screening for HCQ/CQ retinopathy. 1351 
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Abstract 65  66 Hydroxychloroquine (HCQ; Plaquenil®) is used increasingly in the management of a variety of 67 autoimmune disorders, with well established and emerging roles in dermatology and oncology. 68 Hydroxychloroquine has demonstrated a survival benefit in patients with systemic lupus 69 erythematosus; some clinicians advocate its use in all such patients. However 70 Hydroxychloroquine and chloroquine (CQ) have been associated with irreversible visual loss 71 due to retinal toxicity. Hydroxychloroquine retinal toxicity is far more common than previously 72 considered; an overall prevalence of 7.5% was identified in long-term hydroxychloroquine 73 users, rising to almost 20% after 20 years of treatment. 74  75 This review aims to provide an update on HCQ/CQ retinopathy. We summarise emerging 76 treatment indications and evidence of efficacy in systemic disease, risk factors for retinopathy, 77 prevalence amongst HCQ users, diagnostic tests, and management of HCQ retinopathy. We 78 highlight emerging risk factors such as tamoxifen use, and new guidance on safe dosing, 79 reversing the previous recommendation to use ideal body weight, rather than actual body 80 weight. We summarise uncertainties and consensus recommendations on the details of HCQ 81 screening programmes. Asian patients with HCQ retinopathy demonstrate an extra-macular 82 pattern of disease: visual field testing and retinal imaging should include a wider field for 83 screening in this group. 84  85 Hydroxychloroquine is generally a safe and effective for the treatment of systemic disease but 86 because of the risk of HCQ retinal toxicity, modern screening methods and ideal dosing should 87 be implemented. Guidelines regarding optimal dosing and screening regarding HCQ need to be 88 more widely disseminated. 89 
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Methodology 98 

 99 We used the following databases and search terms to research this review:  100  101 MEDLINE/PubMed: 102 “Hydroxychloroquine retinopathy” 103 “Hydroxychloroquine maculopathy” 104 “Hydroxychloroquine[title], SLE” 105 “Chloroquine retinopathy” 106  107 Original research studies 108 Non-English papers excluded 109  110 
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Introduction 131 

 132 Hydroxychloroquine (HCQ: trade name, Plaquenil®) and chloroquine (CQ: trade name, 133 Aralen®) are drugs established in the treatment of autoimmune disease and skin disorders, but 134 are also emerging as a treatment option in oncology and paediatric inflammatory disorders. 135 The expanding indications for HCQ, adjunctive use with biologic drugs and other disease 136 modifying therapies, its role in the maintenance of disease remission, and favourable safety 137 profile during long-term use, predict a large and growing patient cohort on long-term HCQ 138 therapy in developed nations. It is crucial therefore that Ophthalmologists are aware of the 139 indications for HCQ, identify risk factors for disease, request appropriate tests and know how 140 to interpret them. The appropriate delivery of screening in accordance with a nationally agreed 141 consensus recommendation is likely to minimize the risk of irreversible visual loss in this 142 patient group.  143  144 

Indications for HCQ 145  146 Chloroquine was developed in 1939, and through additional of an hydroxyl group, its analogue, 147 HCQ was developed soon after and has been used since the 1960s.1 Chloroquine was originally 148 developed and used to treat malaria. For this clinical indication, higher doses of chloroquine 149 were used over a shorter period. Since then the use of chloroquine in the treatment of 150 falciparum malaria has declined on account of widespread chloroquine resistance. HCQ was 151 found to be less toxic and more effective than chloroquine. Hydroxychloroquine is now 152 commonly used in a range of disorders (Table 1), most commonly non-organ specific 153 autoimmune diseases such as systemic lupus erythematosus (SLE), rheumatoid arthritis, and 154 mixed connective tissue disorders2-4. HCQ may be used as a primary treatment for such 155 disorders, or as an adjunctive therapy to reduce the required doses of other potentially more 156 toxic drugs, such as biologic therapies.  157  158 HCQ modulates immune responses through several mechanisms. HCQ inhibits toll-like 159 receptors 7 and 9 in dendritic cells, inhibiting interferon-alpha production.5 HCQ has been 160 shown to reduce extracellular oxidants from neutrophils, without reducing direct neutrophil 161 cell counts6, and disrupts the T-cell receptor dependent calcium signalling within T-cells and 162 thereby, antigen processing.7 HCQ also preferentially induces apoptosis of a subset of effector 163 
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T-cells by inhibiting autophagy: a mechanism that is being explored through use of high dose 164 HCQ in oncology trials.8 HCQ increases the pH within intracellular vacuoles and interferes with 165 lysosomal function, with consequent interference with the processing of antigenic peptides 166 required to trigger autoimmune responses.9 167  168 The use of HCQ in patients with SLE is becoming more common. One study found that up to 169 50% of patients with SLE were prescribed HCQ, and this rate increased to up to 90% in tertiary 170 centres10. Positive predictors of HCQ treatment in SLE were black race, haemodialysis, and 171 being under the care of a rheumatologist; negative predictors were male gender and older age 172 (over 45 years).11 It is likely that the use of HCQ in SLE will increase significantly following 173 publication of the LUMINA study, which demonstrated a clear survival benefit of HCQ therapy 174 in patients with SLE.2-4 175  176 The indications for HCQ use are expanding: it is increasingly used in photosensitive 177 dermatological disorders such as discoid lupus, porphyria cutanea tarda12, 13. Experience with 178 HCQ, and its favourable safety profile has encouraged its use in paediatric inflammatory 179 disorders, such as juvenile idiopathic arthritis, discoid lupus and SLE.12 It is used occasionally 180 in paediatric interstitial lung disease as an unlicensed treatment.14  181  182 HCQ inhibits autophagy, a property that may reduce resistance to chemotherapeutic agents in 183 oncology.15, 16 At least five phase 1 clinical trials have been undertaken which combine high 184 dose HCQ (800-2,000 milligrams daily) in combination with erlotinib17, vorinostat18, 185 temsirolimus19, temozolamide20, or bortezomib21 to determine whether autophagy inhibition is 186 a useful strategy to overcome chemotherapeutic resistance.16  187  188 The use of HCQ is increasing due to: a growing list of clinical indications, increasing confidence 189 amongst physicians to start treatment, few systemic adverse effects necessitating treatment 190 cessation and adjunctive use in conjunction with a range of primary therapies (such as biologic 191 agents). The LUMINA study is likely to significantly increase the number of individuals with 192 SLE taking long-term HCQ. After 5 years, these patients will require screening.2, 22-25 Regardless 193 of the threshold at which screening is advocated, the number of patients referred for 194 ophthalmological evaluation will inevitably increase, as will the numbers of patients 195 developing HCQ retinopathy. 196 
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 197 

Contraindications to Hydroxychloroquine 198  199 There are relatively few contraindications to HCQ. The manufacturer lists them as follows: 200 known hypersensitivity to 4-aminoquinolone compounds, pre-existing maculopathy, and 201 pregnancy.12 The use of HCQ in pregnancy is controversial; although HCQ is known to cross the 202 placenta, it has been associated with improved outcomes for mother and child in the context of 203 maternal SLE.26 A cohort study demonstrated reduced neonatal morbidity in mothers with SLE 204 by reducing the rate of prematurity and intrauterine growth restriction27. This has led to the 205 recommendation by some authors that HCQ be continued during pregnancy and lactation, 206 although it is unlicensed in this context.5  207 

 208 

 209 

Dosing 210 

 211 HCQ is available in 200mg or 400mg film-coated tablets. The manufacturer12, and previous 212 best practice clinical guidelines22, 24, have traditionally suggested dosing based on ideal body 213 weight (IBW), rather than actual body weight (ABW), to reduce the risk of retinal toxicity. The 214 maximum dose of HCQ of less than 6.5 milligrams per kilogram of IBW per day (mg/kg of 215 IBW/day) has traditionally been considered as safe for most adults. However, recent evidence 216 suggests that dosing based on actual body weight is more predictive of toxicity and is more 217 accurate over a broad range of body habitus.25, 28 Melles and co-authors suggested that 218 5.0mg/kg of ABW/day corresponded approximately to a dose of 6.5mg/kg of IBW/day because 219 of average body habitus of the study population.28 This change in prescribing recommendation 220 for HCQ may be more practical in rheumatology clinics, as it has been shown that calculating 221 dose of HCQ based on IBW is not undertaken on the majority of HCQ patients (Worth et al, 222 2016 – under review in Eye). Very thin patients are at risk of receiving a higher than the 223 recommended dose of HCQ if IBW is used (at dose of 6.5mg/kg of IBW/day), and obese 224 individuals or those of short stature, in particular, are at risk of retinal toxicity if ABW is used 225 (at dose of 6.5mg/kg of ABW/day).24 The subsequent dose will either be 200mg or 400mg per 226 day. Paediatric patients with an IBW of less than 31kg cannot take HCQ as the 200mg tablet 227 will exceed 6.5mg/kg of IBW/day, and a safe dose cannot be prescribed.12 The 2016 AAO 228 
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guidelines do not suggest changing the dose of HCQ for children, and this should continue to be 229 calculated based on IBW.25  230  231 Serum levels of HCQ can be measured in patients with known hepatic or renal failure, where 232 the levels of HCQ are more difficult to predict based on ABW or IBW calculations alone. The 233 drug dose can then be adjusted accordingly.12 234  235 

Systemic toxicity 236  237 The manufacturer lists reported adverse events attributed to HCQ therapy.12 They suggest 238 caution in patients with known hepatic or renal dysfunction, or drugs known to compromise 239 function of these organs. HCQ has been reported to cause severe hypoglycaemia in patients 240 with diabetes taking hypoglycaemic drugs, and rarely with bone marrow suppression, and 241 skeletal muscle weakness12 There have been reports of fulminant hepatic failure in patients 242 with no pre-existing liver disease soon after the initiation of HCQ treatment.29, 30 It is 243 considered that less than 1% of patients taking conventional doses of HCQ suffer elevation of 244 liver enzymes on serum evaluation, and taken together, these reported cases are considered to 245 represent idiosyncratic drug reactions.29  246  247 

Efficacy of HCQ in systemic disease 248  249 HCQ has been demonstrated to reduce the risk of diabetes, thrombosis and dyslipidaemia in 250 patients with SLE5, and demonstrates a protective effect on renal function in lupus nephritis.3, 5 251 A landmark clinical study in the U.S. (LUMINA) identified a survival benefit with HCQ in 252 patients with SLE, perhaps due to a combination of these effects.2 Some clinicians now 253 advocate its use in all patients with SLE.5 Its use has been demonstrated to reduce the risk of 254 thrombosis in patients with anti-phospholipid antibodies.31 The clinical evidence for HCQ 255 therapy across all listed indications is referenced in Table 1. 256  257 

Duration of therapy  258 

 259 The duration of HCQ therapy for most rheumatic diseases is not clearly defined. The general 260 principles of managing rheumatoid arthritis are to achieve disease control as rapidly as 261 
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possible, usually with combinations of different disease modifying agents, often including HCQ.  262 Subsequently, once patients achieve remission, the aim is to minimise drug doses where 263 feasible, but this is usually applied to reducing doses of the more potent and potentially more 264 toxic anti-rheumatic drug therapy, rather than changing the dose of HCQ. In a recent study, the 265 use of long-term triple therapy of HCQ, sulfasalazine and methotrexate was compared with use 266 of a biologic agent in combination with methotrexate and showed the advantages of using a 267 biologic drug in combination; no significant toxicity from the use of HCQ in 1160 patients.32 A 268 large Cochrane review supports the role of triple disease modifying anti-rheumatic therapy 269 (including HCQ) in the management of rheumatoid arthritis.33 A large Finnish study of 270 combination therapy including HCQ has reported effective control of rheumatoid arthritis 271 without any significant increase in drug toxicity over an 11-year period comparing 272 monotherapy with combination therapy.34 The implication from these studies and in clinical 273 practice is that rheumatologists favour long-term use of combination therapy for disease 274 control in rheumatoid arthritis. 275 

 276 

HCQ retinopathy 277  278 

Mechanism of retinal toxicity 279  280 The mechanism of HCQ related retinal toxicity is uncertain. One recent study identified that 281 both chloroquine and HCQ strongly inhibit the uptake activity of an organic anion transporting 282 polypeptide 1A2 (OATP1A2), expressed in human retinal pigment epithelium (RPE) cells, 283 which is involved in the recycling of all-trans-retinol, suggesting a possible effect of HCQ on the 284 visual cycle. HCQ markedly inhibited the uptake of all-trans-retinol in human embryonic 285 kidney cells (HEK293) and primary human RPE cells35. Increased permeability of the RPE in 286 response to HCQ was also demonstrated in vitro36.  287  288 An evaluation of ocular tissues after long term administration of chloroquine in rhesus 289 monkeys revealed widespread binding of chloroquine in pigmented ocular tissues: the RPE, 290 iris, choroid and ciliary body with eventual accumulation observed in the retina.39 Drug 291 accumulation within the RPE may explain the progression of HCQ retinopathy after drug 292 cessation in some patients. This may result in outer retinal and photoreceptor degeneration 293 
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with later, secondary degeneration of the RPE. It is currently unclear why the photoreceptors 294 in the parafovea/ perifovea are most vulnerable to the toxic effects of HCQ seen clinically. 295  296 An alternative explanation is that the primary site of toxicity in HCQ/CQ retinopathy is the 297 photoreceptor layer with secondary degeneration of the RPE.37 Spectral domain optical 298 coherence tomography (OCT) data suggests degeneration in HCQ retinopathy is localised to the 299 outer retina/ photoreceptor layer,38 before any structural RPE damage is apparent. This is a 300 finding seen in experimental studies of HCQ/CQ retinopathy.39 HCQ is known to affect the pH 301 and function of lysosomes, and it may be that phagocytosis of outer segments of 302 photoreceptors, lysosomal function with the RPE and autophagy are impaired within the RPE, 303 affecting photoreceptor cell membrane stability and, ultimately, function. Further work is 304 required to establish the exact sequence of events in HCQ retinal toxicity. 305  306  307  308 

Risk factors 309  310 The risk factors detailed below are recognised to increase the risk of HCQ retinopathy. The sum 311 of risk factors can provide an estimation of risk for a given individual.40 Some risk factors are 312 preventable: the most important of these is appropriate drug dosing of HCQ, especially 313 chloroquine.40  314  315 The American Academy of Ophthalmology (AAO) in their 2016 recommendations defined 316 “major risk factors” on the basis of new data from a landmark epidemiological study of 2,361 317 patients who had used HCQ continuously for greater than 5 years.28 The overall prevalence of 318 HCQ retinopathy in this study was 7.5%, but increased to around 20% after 20 years of 319 therapy.28 “Major risk factors” listed by AAO (2016) include HCQ dose >5.0mg/kg ABW or CQ 320 dose >2.3mg/kg ABW, duration of use >5 years (assuming no other risk factors), renal 321 impairment (defined as reduced glomerular filtration rate), tamoxifen use, and macular 322 disease.25  323  324 

Duration of HCQ use 325  326 
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The Royal College of Ophthalmologists (RCOphth) joint guidelines from 2009 suggest referral 327 to an Ophthalmologist for patients who have received continuous HCQ therapy for more than 5 328 years.22 It is made clear in the AAO guidelines (2011 and 2016), that the screening schedule 329 should begin after 5 years of HCQ/CQ therapy, and that it is a “major risk factor” that increases 330 the risk of retinal toxicity.24, 25 The AAO guidelines also state that screening may begin before 5 331 years of therapy if additional risk factors are present (renal failure, tamoxifen use etc). The 332 manufacturers of HCQ do not specify a duration of drug use after which ophthalmological 333 evaluation should be sought.12 Table 2 details the differences in screening recommendations 334 and risk factors for HCQ/CQ retinopathy. 335 

 336 

 337 

Daily dose of HCQ 338 

 339 HCQ has been traditionally prescribed at doses below 6.5mg/kg of IBW/day (below 3.0mg/kg 340 IBW/day for chloroquine), calculated from ideal body weight (IBW) using the patient’s height 341 and one of a number of specific algorithms.41 Dosing by IBW may be a source of uncertainty 342 amongst clinicians, and has led to many patients receiving a dose in excess of the correctly 343 optimised value.42 In a retrospective review of 675 patients on HCQ, Walvick and co-authors 344 identified that 56% of females and 46% of males were receiving higher than the recommended 345 dose of HCQ.42 This may be related to the fact that 88.5% of patients using HCQ had a body 346 weight in excess of their IBW in the largest series of 3,995 patients, and 53.6% of patients were 347 taking a HCQ dose greater than 6.5mg/kg IBW/day.43 In the accompanying audit to this article 348 we report 10% of patients taking a dose of HCQ in excess of the recommended dose on the 349 basis of ABW, and 30% based on IBW (Worth et al, 2016, Eye).  350  351 However it is now accepted that ABW is the best method rather than IBW and this is largely 352 based on the influential epidemiological study of HCQ retinopathy undertaken by Melles and 353 Marmor, who determined that ABW is a better predictor of retinal toxicity than IBW.28 Since 354 patients were typically 25-30% heavier than their IBW; 6.5mg/kg of IBW/day translates to 355 approximately 5.0mg/kg ABW/day, which the authors defined as the threshold between 356 judicious and excessive HCQ use. The sensitivity and specificity of ABW was greater than IBW 357 in predicting toxicity, and the size of the study permitted risk stratification based on dose of 358 HCQ/ kg ABW/day: the risk of HCQ retinopathy is 2-3 times higher with doses of 5.0 compared 359 
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to 4.0 mg/kg ABW/day. Dosing based on ABW rather than IBW has now become the 360 recommended means of calculating the safe dose of HCQ as per the recent AAO guidelines 361 2016.25  362  363 Ophthalmologists and rheumatologists should be aware of this important change in best 364 practice for drug dosing. Dosing by ABW is more practical and eliminates the need to select an 365 appropriate formula and calculate the IBW. It is likely that dosing by ABW will gain popularity 366 amongst screening guideline variations worldwide, given this data, although care must still be 367 taken when prescribing HCQ/CQ for patients at extremes of height and weight: very thin, short 368 or obese individuals are at most risk of being prescribed a higher than recommended dose.24, 41, 369 42  370  371 

Cumulative dose of HCQ 372 

 373 Cumulative dose has traditionally been used in research studies as a risk factor for HCQ/CQ 374 retinopathy, and is therefore considered separately here. The 2011 AAO guidelines stated that 375 a cumulative dose of greater than 1,000 grams increases the risk of retinopathy (equating to 376 6.85 years of treatment at 400mg, and 13.7 years of treatment at 200mg).24 However, the 377 conclusions drawn on the significance of the cumulative dose are inconsistent. It was omitted 378 entirely from the pivotal epidemiological study by Melles and Marmor, and was consequently 379 omitted as a major risk factor in the recent 2016 AAO guidelines, which are based heavily on 380 this study.25 It may be argued that defining greater than 1,000 grams of cumulative HCQ dose 381 as high risk does not add to these guidelines, as a patient taking greater than 1,000 grams of 382 HCQ will have been treated for longer than 5 years in any case unless the traditionally accepted 383 maximum daily dose of HCQ (<6.5mg/kg of IBW/day) is exceeded. 384  385  386 

Ocular  387 

 388 The manufacturers of HCQ suggest that pre-existing maculopathy is a contraindication to 389 treatment,12 and the AAO criteria state it as a risk factor for the development of HCQ 390 retinopathy.24, 25 There are no specific data to demonstrate that patients with pre-existing 391 macular disease are more susceptible to HCQ retinopathy, although subtle parafoveal 392 
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structural and functional abnormalities secondary to HCQ may be difficult or impossible to 393 detect with SD-OCT, AF or mfERG in the context of pre-existing macular disease. Macular 394 disorders should be identified at baseline by Ophthalmologists as part of AAO (2011) 395 guidelines24 and baseline examination within the first year of treatment is advised in the 2016 396 guidelines.25 This will only be identified, according to RCOphth joint guidelines (2009) if the 397 patient has visual symptoms at baseline and is then encouraged to see an Optometrist to 398 determine whether the macula is affected, with an onward referral to an ophthalmologist if 399 so.22 The authors of RCOphth joint guidelines advocate Amsler’s screening from Rheumatology 400 clinics by the prescribing physician.22 Interestingly this has been omitted from the more 401 recently published AAO guidelines (2011 & 2016).24, 25 Isolated drusen with good 402 photoreceptor function should not be considered a contraindication to HCQ treatment: a 403 baseline SD-OCT, and AF imaging with a visual field test should be carried out in this context.25  404  405  406 

Systemic  407  408 

Age 409 

 410 Age was excluded as an independent “major risk factor” in the AAO revised guidelines, 2016,25 411 although was considered a major risk factor the 2011 AAO guidelines.40 Several reports have 412 documented HCQ retinopathy occurring in elderly individuals despite a dosing regimen within 413 the therapeutic guidelines.44 One study of 32 individuals taking HCQ found that 414 electroretinography was able to detect changes over the course of treatment in elderly patients 415 (over 65 years), not present in younger patients.45 Maculopathy, and deteriorating renal 416 function may be associated with increasing age; both considered major risk factors in isolation.  417  418  419 

Renal failure 420  421 HCQ is renally excreted and consequently renal impairment is likely to increase the circulating 422 concentration of the drug and risk of toxicity. In a large study evaluating the systemic factors 423 that determine serum concentration of HCQ, renal failure was associated with a significantly 424 higher serum HCQ concentration46. Melles and Marmor were the first to quantify the risk of 425 
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HCQ retinopathy by the degree of renal failure (using glomerular filtration rate: GFR): a 50% 426 decline in the GFR was associated with a doubling of the rate of HCQ retinopathy (odds ratio: 427 2.08).28 SLE may result in lupus nephritis in some patients, and end-stage renal failure. 428 However, HCQ has a protective effect on lupus nephritis in this patient group.3 Interestingly, 429 although HCQ is partially metabolised by the liver, liver disease was not associated with 430 increased risk of HCQ retinopathy.28 431 

 432 

Tamoxifen 433  434 Tamoxifen has come under scrutiny as potentially causing a dose-dependent maculopathy that 435 may concurrently increase the risk of HCQ toxicity. A retrospective case-control series of 2,361 436 patients taking HCQ for at least 5 years found that there was a significant increased risk of 437 retinopathy in patients taking tamoxifen (odds ratio: 4.59). It is notable that tamoxifen use was 438 found to have a greater odds ratio than renal impairment (odds ratio – 2.08), duration of use 439 (O.R. – 3.22) but not daily dose (O.R. – 5.67).28 HCQ retinopathy in this patient group correlated 440 with cumulative tamoxifen dose.28 Tamoxifen use is mentioned specifically as a “major risk 441 factor” for HCQ retinopathy in the recent revised AAO guidelines, 2016.25 Tamoxifen is often 442 used for up to 10 years or more following the diagnosis of oestrogen receptor positive breast 443 cancer, and licensed for the prevention of breast cancer in women considered high risk.  444  445 Crystalline retinopathy, macular oedema, pigmentary retinopathy and reversible corneal 446 changes have been described in patients taking tamoxifen.47 The mechanism of retinal toxicity 447 of tamoxifen is uncertain. One study evaluated the effect of tamoxifen on cultured RPE cells, 448 finding lysosomal destabilization and cathepsin release prior to regulated cell death in cultured 449 RPE cells48 A further study identified a profound decrease in the activity of lysosomal enzymes 450 in cultured RPE cells with both tamoxifen and chloroquine.49 These drugs in combination may 451 act synergistically therefore to further adversely affect the phagocytosis of the retinal outer 452 segments as a common disease mechanism.  453 

  454 
High dose HCQ in oncology trials 455  456 HCQ is often used at higher doses than is typical in inflammatory disease in oncology trials 457 (800mg-2,000mg daily)16, albeit in short courses with an intermittent dosing schedule. Rapid 458 
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onset toxic retinopathy has been reported in two out of seven patients being treated with 459 erlotinib and high dose HCQ (1,000mg daily) for non-small cell lung cancer.50 The affected 460 patients developed HCQ retinopathy at 11 and 17 months of exposure and were detected by 461 screening in the pre-symptomatic stage of disease.50  462  463 In a series of 12 patients who underwent HCQ therapy (800mg/day) for chronic Graft versus 464 Host disease, three developed retinal toxicity with scotomata on Amsler’s grid, central visual 465 field testing (10-2) and mfERG. Median duration of treatment in this series was 22.8 months, 466 and median adjusted daily dose was 11.5mg/kg/day. This small series suggests a potential 467 increased incidence of HCQ retinopathy in the context of pre-existing graft-versus-host disease 468 and earlier development of retinal toxicity51. Graft-versus-host disease has itself been 469 associated with a microvascular retinopathy, and this observation of suggested HCQ toxicity in 470 this series should be interpreted in this context.52 471  472 

Pharmacogenomics 473 

 474 As a bull’s eye maculopathy phenotype is also described in inherited retinal degeneration, it 475 could be possible that genetic variants in gene(s) involved in retinal function or structure could 476 be contributing to the phenotype rather than HCQ, or HCQ might be potentiating the effects of 477 an underlying genetically determined disorder. This could explain the apparent idiosyncratic 478 retinal reaction of patients presenting with retinal toxicity. The bull’s eye maculopathy 479 phenotype has been described in association with ABCA4 pathogenic variants.  Shroyer et al 480 carried out mutational analysis of the ABCA4 gene in 8 patients taking HCQ. Five patients were 481 found to have variants in this gene.53 Interestingly a different study reported a protective effect 482 in association with 3 common ABCA4 variants and reported that they appeared to reduce 483 susceptibility to HCQ/ CQ maculopathy.54 This finding, in combination with the discovery of 484 

ABCA4 gene mutations in the majority of patients with HCQ/CQ retinopathy in a single series 485 could mean variants in this gene may have a modifier role.53 However ABCA4 486 polymorphisms/variants are common55 and their relevance to HCQ toxicity is not yet proven. A 487 large study would be required to investigate this further.  488  489 Of course if there unusual features are present, such as the presence of flecks as seen in some 490 ABCA4 retinopathies56, or any other features suggestive of an inherited retinal dystrophy 491 



16 
 

genetic analysis should be considered.53, 57 In the future, pharmacogenomics may well play an 492 important role in increasing the safety of HCQ treatment by excluding those genetically 493 predisposed to macular toxicity. 494  495  496 

Epidemiology 497  498 Studies evaluating the incidence of HCQ/CQ retinopathy are typically retrospective, cohort 499 studies of populations of patients taking HCQ in a single centre, or registry data from multiple 500 centres58. Cross comparison of the incidence of HCQ retinopathy in different study populations 501 is problematic; definitions of HCQ retinopathy and techniques used to identify retinopathy vary 502 and susceptibility to HCQ retinopathy may also differ between study populations. 503  504 Older studies are thought to have underestimated the prevalence of HCQ retinopathy as cases 505 were usually detected when apparent on fundus examination and included those on short-term 506 HCQ/CQ treatment who are at low risk of disease. New diagnostic tools and improved 507 recognition of abnormal results has permitted more sensitive detection of retinopathy before 508 fundus abnormalities become manifest.28  509  510 Melles and Marmor published the most influential epidemiological study of HCQ retinopathy in 511 201428 and the AAO produced update guidance on HCQ screening in 2016.25 Their case-control 512 study identified a study population of 3.4 million individuals, with 2,361 patients who had 513 taken HCQ for more than 5 years, and were evaluated by SD-OCT and visual field testing. A 514 large study population permitted detailed analysis of risk factors with sub-group analysis 515 (such as risk of retinopathy in different ranges of doses by weight). The overall prevalence of 516 HCQ retinopathy was 7.5%, but this increased to around 20% after 20 years of use for those 517 taking 4.0-5.0mg/kg ABW/day and can exceed 50% at 20 years for those taking greater than 518 5.0mg/kg ABW/day. Odds ratios were attributed to risk factors: daily dose (OR: 5.67), duration 519 of use (OR: 3.22), kidney disease (OR: 2.06) and tamoxifen use (OR: 4.59). These data have led 520 to an evidence-based update of the AAO HCQ guidelines, and thus promoted the safe 521 prescribing and screening of HCQ retinopathy by allowing a risk calculation for each patient 522 according to daily dose, duration of therapy and other major risk factors.28 These estimates are 523 helpful for Rheumatologists, Ophthalmologists and patients. Providing an evidence-based 524 
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argument for dosing according to ABW rather than IBW is one of the key outcomes of this 525 study adopted by the AAO guidelines.28 526  527  528 

Clinical features 529  530 HCQ and chloroquine retinopathies, once symptomatic, are characterised by abnormalities of 531 the retinal pigment epithelium, which are detectable clinically, and may later develop into the 532 classic appearance of “bull’s eye maculopathy” with central potentially extensive, concentric, 533 parafoveal retinal pigment epithelial loss. This clinical state is associated with severe and 534 irreversible visual loss that may be complicated by secondary cystoid macular oedema, 535 epiretinal membrane and other sequalae.59 536  537 Screening for HCQ/CQ retinopathy may detect structural or functional changes in the macula 538 prior to the development of symptoms or fundus abnormalities. Although drug cessation, 539 partly due to long half-life of the drug, does not always arrest progression of toxicity, it can 540 limit the extent of structural and functional deficits and reduce the risk of irreversible visual 541 loss.60 One study identified improvement of visual function in HCQ retinopathy following drug 542 cessation, but no improvement in structural parameters.61 543  544 A key recent finding was the identification of variable distributions of disease in HCQ/CQ 545 retinopathy on the basis of race.62 Patients of European descent exhibit a classic parafoveal 546 pattern (2-6 degrees from the fovea) of structural and functional deficits, whereas those of 547 Asian descent may manifest an extramacular or pericentral (more than 8 degrees from the 548 fovea) pattern of disease in the early stages with structural and functional abnormalities 549 identified near the vascular arcades.62 Pericentral HCQ retinopathy was seen in 50% of Asian 550 patients in this series, but only 2% of Caucasian patients.62 Black and Hispanic patients 551 demonstrated a predominantly parafoveal distribution of disease, although the pericentral 552 distribution or mixed distribution of disease in these two racial groups was seen slightly more 553 often than in Caucasian subjects.62   The reason for the different disease phenotype in these 554 different ethnic groups is unclear, but not thought to be related to ocular pigmentation alone.62 555 This distinction is clinically noteworthy: Asian patients undergoing screening for HCQ 556 retinopathy will require wider field structural (wide-field or off-axis SD-OCT & AF imaging) 557 



18 
 

and functional investigation (24-2 or 30-2 visual field rather than 10-2) than Caucasian 558 patients (Figure 1). 559  560 HCQ is associated with the development of vortex keratopathy or corneal verticillata, which 561 can rarely result in visual disturbance. This change is entirely reversible on drug cessation, and 562 is reported to be more common with CQ than HCQ. It bears no direct relevance to the severity 563 of retinal disease. 564  565 

Screening and Monitoring in HCQ/CQ patients 566 

 567 

Baseline screening 568 

 569 Baseline screening is suggested by the AAO guidelines of 2011 and 2016 within one year of 570 starting HCQ/CQ, and by the manufacturers before starting HCQ in order to exclude pre-571 existing maculopathies, with visual fields and SD-OCT recommended at baseline in the 2016 572 criteria if any abnormalities are found. RCOphth do not recommend baseline screening, unless 573 there are visual symptoms when HCQ/CQ is started, or if the patient has been referred by an 574 Optometrist. There is no specific guidance about the tests that Optometrists in this context 575 should undertake (visual acuity, fundus examination, visual field examination etc.) Advice and 576 practice differs in different centres.  If the patient is referred for an Ophthalmic review, 577 functional and image based screening is undertaken. Table 2 compares screening protocols, 578 including what is suggested as a baseline assessment. 579  580 

Ongoing monitoring/ screening 581 

 582 Ongoing monitoring or screening refers to continued, usually annual surveillance of an 583 individual taking HCQ who is considered to be at risk of retinopathy in which a pre-designated 584 protocol of investigations are undertaken. Table 2 highlights the differences between 585 screening schedules for HCQ retinopathy. It is important that patients are aware that 586 monitoring for HCQ retinopathy cannot prevent the occurrence of retinopathy but timely 587 cessation of therapy at the earliest sign of any potential damage is expected to help limit either 588 development or progression of loss of visual function. Patients taking HCQ/CQ must be 589 informed about the risk of retinopathy by the prescribing physician, and the proposed 590 
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schedule for baseline screening and ongoing monitoring for that individual taking into 591 consideration their specific ocular and systemic risk factors. This should be in accordance with 592 the most recent evidence and their current ocular and systemic status, which should be 593 reviewed if there are changes in health and medication.25, 28  594 

 595 More recent guidelines have favoured objective testing where possible (SD-OCT, AF, mfERG)25, 596 although subjective testing (visual field analysis) remains of great value; data suggest that 597 subtle scotomata on 10-2 visual fields may be evident before structural changes are evident on 598 SD-OCT (Figure 1). Guidelines suggest that at least one objective test should confirm findings 599 on subjective testing before a diagnosis of HCQ retinopathy is made. Amsler grid testing, colour 600 vision testing, fluorescein angiography, full-field ERG, time domain OCT and fundus 601 photography have been removed from recommended protocols for screening as they are not 602 considered sufficiently sensitive or specific to detect early disease.25 There are new 603 technologies that may provide more sensitive objective structural (adaptive optics imaging), 604 and functional (microperimetry) evaluation although these are essentially research based tools 605 at this time and not widely available, nor validated for screening purposes. 606 

 607 

Visual field testing: Subjective, functional evaluation 608 

 609 Automated threshold visual field analysis has become a key tool in the evaluation of patients at 610 risk of HCQ retinopathy. Visual field analysis remains the most sensitive subjective 611 investigation for the diagnosis of this disorder. The interpretation of scotomata may be 612 challenging: whilst isolated points of reduction in sensitivity might be considered insignificant 613 and more suggestive of patients without HCQ retinopathy63, they may also represent the 614 earliest evidence of HCQ retinopathy.25 Repeating visual field testing in this patient group is 615 advisable. Contiguous scotoma points, and those identified in an annular zone between 2 and 8 616 degrees from fixation were found to be more likely to represent HCQ retinopathy in one study, 617 with white targets considered more discriminating than red.63, 64 Parafoveal scotomata are 618 typical of HCQ retinopathy: superonasal scotomata are the most common abnormality as the 619 inferotemporal paramacular region is often affected first. However, this observation is not 620 absolute.25 Recent data have suggested that Asian patients should receive 30-2 or 24-2 visual 621 field testing rather than 10-2, as wider-field visual field analysis is more likely to detect 622 extramacular disease.62 Any central scotoma in 24-2 or 30-2 field testing should be taken 623 
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seriously and further clarified with 10-2 visual fields. Any persistent or convincing scotoma 624 should prompt evaluation by SD-OCT, AF or mfERG, with the mfERG particularly helpful where 625 SD-OCT and AF do not detect objective evidence of HCQ toxicity suspected from visual field 626 testing (Figure 1). 627  628  629 

Spectral-Domain Optical Coherence Tomography (SD-OCT): Objective, structural evaluation 630  631 Spectral-domain OCT (SD-OCT) is a widely available technology that permits objective, 632 structural evaluation of the macula in patients at risk of HCQ retinopathy. Typical findings of 633 HCQ retinopathy on SD-OCT are parafoveal abnormalities of the outer segment, particularly 634 thinning or loss of the photoreceptor layer, outer nuclear layer and/or ellipsoid zone (inner 635 segment/ outer segment junction), and retinal pigment epithelium.65 These signs are 636 considered strongly suggestive of HCQ toxicity. Focal disruption of outer segment structures is 637 a typical finding of HCQ retinopathy, rather than widespread, progressive thinning. Asian eyes 638 may manifest an extra-macular pattern of disease with SD-OCT abnormalities identified 639 towards or beyond the vascular arcades: wide-field SD-OCT may be necessary for screening in 640 this patient group.62  641  642 The inner retina did not demonstrate any abnormalities in early disease, in a study comparing 643 SD-OCT images in both short term (<5 years) and long term (>15 years) user prior to the 644 development of retinopathy.66 This is true both before and after drug cessation,38 although 645 high cumulative doses may cause thinning of the ganglion cell/inner plexiform thickness67. SD-646 OCT abnormalities persist on imaging after the cessation of HCQ/CQ, despite evidence of some 647 visual field recovery.68 648  649  650 

Fundus Auto-fluorescence (AF): Objective, structural evaluation 651  652 Fundus autofluorescence (AF) using the blue light of 488nm wavelength, exploits the 653 fluorescent property of lipofuscin within the retinal pigment epithelium (RPE). AF has been 654 demonstrated to detect HCQ retinopathy, although was found to be less sensitive than 655 mfERG.69 A parafoveal increased autofluorescence signal is detected in the early stages of 656 
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disease, with mottled decrease in parafoveal autofluorescence as RPE degeneration becomes 657 established in later stages of disease.69 AF may identify a sub-clinical bulls-eye maculopathy in 658 patients with HCQ who demonstrate only fine RPE changes on fundoscopic examination,70 659 although modern screening techniques should identify HCQ before this stage.71 The wider, 660 diffuse parafoveal autofluorescence signal seen in early disease is subtle,71 and quantitative 661 autofluorescence may increase the objectivity of this early feature. Increased signal on AF may 662 precede SD-OCT features in this disorder.37 Widefield AF is required in Asian patients with 663 suspected HCQ retinopathy to detect extramacular disease.62 664  665  666 

Multi-focal Electroretinography (mfERG): Objective, functional evaluation 667 

 668 Multifocal electroretinography produces a topographic representation of retinal responses and 669 can identify local areas of depressed retinal sensitivity in early HCQ retinopathy. It has in some 670 series been considered the gold standard test for the detection of suspected HCQ retinopathy.72 671 Comparing rings of responses about the foveal centre can increase the sensitivity of mfERG in 672 detecting parafoveal disease. Asian patients will require wider-field mfERG for the purposes of 673 screening; those extending to 20 degrees eccentricity in this patient group have been 674 presented.62  675  676 MfERG has gained favour as more informed guidelines have emphasized the value of objective 677 tests (OCT, mfERG, AF), over subjective ones (visual field analysis).24, 25 A recent systematic 678 review suggested that mfERG may have the ability to detect HCQ retinopathy earlier than other 679 tests used in HCQ screening (visual field, AF, OCT) (Table 3).73 However, screening guidelines 680 must be practical to promote compliance across ophthalmic units;25 local access to 681 electrodiagnostic testing is unlikely for the majority of HCQ patients undergoing screening. It is 682 likely that mfERG will be indicated in patients with reproducible, suggestive visual field 683 abnormalities in whom SD-OCT/AF imaging is unremarkable to establish objective evidence of 684 HCQ retinopathy (Figure 1). Referral to a regional unit may be required to provide reliable 685 electrodiagnostic testing in accordance with International Society for the Clinical 686 Electrophysiology of Vision standards, which may involve pattern and full-field 687 electroretinography in addition to mfERG. 688 

 689 
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 690 

Whether to implement a monitoring programme for all patients on HCQ 691  692 Screening for HCQ/CQ retinopathy has been advocated by the American Academy of 693 Ophthalmology (AAO) since 2002.23-25, 74 In the U.K., the Royal College of Ophthalmologists, the 694 British Society of Rheumatology and British Association of Dermatologists published joint 695 guidelines in 2009 (updated from 1998 and 2004), prior to the revised AAO guidelines in 2011 696 and 2016.22 The U.K. guidelines advise against routine screening for HCQ toxicity.22 The panel’s 697 opinion was that the screening criteria were not met: in particular that the occurrence of 698 “clinically significant maculopathy was very rare” and that there is no reliable test for detecting 699 it at a reversible stage.22 Under these guidelines, referral to an Ophthalmologist is 700 recommended only when visual symptoms develop and are not correctable by an Optometrist. 701 HCQ/CQ retinopathy is now considered far more common (overall prevalence of 7.5%, 702 increasing to 20-50% after 20 years of therapy)28 than previous epidemiological studies 703 suggested. These data suggest HCQ/CQ retinopathy is a significant public health problem. 704 Additionally, diagnostic tools required to detect HCQ/CQ retinopathy at an early stage are now 705 widely available (SD-OCT, visual field testing, AF), and are proven to detect HCQ/CQ toxicity 706 before the onset of symptoms and fundus abnormalities are visible.24, 25 We strongly 707 recommend that these guidelines should be reviewed and the advice against ongoing screening 708 (monitoring) for HCQ/CQ retinopathy is updated to advise regular monitoring. The form that 709 this should take needs to be the subject of revised guidelines.   710  711 

Screening Schedule 712  713 Most screening guidelines recommend screening for HCQ/CQ retinopathy after 5 years of drug 714 therapy (Table 2) with annual screening. Baseline evaluation, in some form, is widely 715 recommended to identify those with pre-existing maculopathy and to establish baseline 716 measures from which to identify change. In patients with unusual risk factors, screening may 717 be indicated before 5 years (Table 2).25 The duration of screening is not specified by most 718 guidelines but is likely to be required indefinitely, particularly as new data suggest prevalence 719 of toxicity in those with greater than 20 years of therapy to be as high as 20 to 50%.28 720  721  722 
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Screening Protocol: How to screen/monitor 723  724 Screening/Monitoring for HCQ should use diagnostic instruments that are widely available 725 with easily interpretable images to ensure compliance with screening guidelines. Visual field 726 analysis (10-2, 24-2 or 30-2 as appropriate), and SD-OCT are widely available and the 727 consensus is emerging that they should, in combination, be performed on every patient 728 presenting for HCQ screening. One study identified ring scotomata on visual field testing with 729 normal SD-OCT appearance was present in 10% of patients; conversely, all patients with SD-730 OCT abnormalities had scotomata on visual field testing thus suggesting that visual field testing 731 is a sensitive test to elicit early signs of potential toxicity.75  732  733 Fundus autofluorescence (AF) may be a useful additional tool to provide objective, structural 734 evidence of disease that may correlate with findings on SD-OCT imaging and visual field 735 analysis. AF imaging (wide-field AF in Asian patients) should be considered in HCQ patients 736 where available.  737  738 Multifocal ERG may provide objective, functional evidence of disease, and may be useful when 739 the diagnosis of HCQ is uncertain: in particular when visual field analysis demonstrates 740 scotomata in the absence of structural evidence on SD-OCT or AF. 741  742 The efficacy of screening is dependent on the relative sensitivity and specificity of screening 743 tests used to detect pre-symptomatic disease. One study found the sensitivities of 10-2 HVF, 744 mfERG and SD-OCT in detected HCQ retinopathy were 85.7%, 92.9%, and 78.6% respectively, 745 with specificities of 92.5%, 86.9%, and 98.1% (Table 3).76 Negative predictive values were 746 greater than 99% for all tests: confident exclusion of retinopathy is possible when a 747 combination of diagnostic tests are negative. However, when isolated tests are positive, they 748 are less useful in predicting disease: the positive predictive value may be as low as 30% for 749 some diagnostic tests (such as 10-2 HVF, mfERG and SD-OCT) in HCQ/CQ retinopathy.76 750  751 

Figure 1 presents a suggested algorithm for the interpretation of diagnostic tests in patients 752 with HCQ/CQ who are referred for screening. 753  754  755 
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Cost of screening 756  757 The economic cost of providing HCQ screening in any country will depend on the number of 758 individuals in the population, the total number of individuals taking HCQ, and the prevalence of 759 risk factors for screening within that population of HCQ users. Screening may involve at least 760 an annual ophthalmological assessment for patients taking HCQ/CQ and may be indefinite 761 whilst the patient remains on the drug.25 HCQ screening may require additional outpatient 762 capacity for diagnostic tests, and training on their interpretation: this may take place in virtual 763 clinics in which the tests are performed by technicians and interpreted by those trained to do 764 so. MfERG will usually need a referral to a regional unit if required. If the decision to institute 765 screening for HCQ is established, a full economic evaluation will be required on a national level 766 to determine if screening for HCQ is cost-effective. 767  768 When reviewing the need to implement screening for HCQ/CQ retinopathy, the potential 769 drawbacks should be considered. It may cause harm: anxiety to patient groups potentially at 770 risk of retinopathy; and false positive results may lead to inappropriately stopping HCQ – an 771 effective drug with a demonstrated survival benefit. It is likely that incidental ocular co-772 pathology will be detected through any screening programme and require further investigation 773 and/or treatment. 774  775 

Adherence to screening 776  777 Adherence to published guidelines on HCQ/CQ retinopathy screening is challenging. One study 778 determined that only 54.8% of patients received appropriate evaluation in a US cohort, when 779 audited against the recommendations of the AAO (this study was published in 2015, 4 years 780 after the updated AAO guidelines, published 2011). In this study, 25.7% received fewer than 781 the recommended investigations; SD-OCT and 10-2 visual field testing were often performed, 782 but AF and mfERG often omitted77.  783  784 Should a screening programme for HCQ retinopathy be instituted, additional administrative 785 support and regional organisation, similar to that used to organise retinal screening for 786 patients with diabetes in the UK, may be required to introduce quality control into the process 787 of screening: ensuring patients are assessed, and recalled when required. The caring physician 788 
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– either Rheumatologist or General Practitioner – and patients on HCQ will need to be aware of 789 the schedule for screening so that patients requiring screening receive it.  790 

 791 

Management 792  793 There is no currently proven effective treatment for visual restoration in patients with HCQ/CQ 794 retinopathy. Management centres around identification of definite HCQ/CQ retinopathy, drug 795 cessation in consultation with a rheumatologist and visual rehabilitation as required.  796  797 

Hydroxychloroquine drug cessation  798  799 The decision to stop HCQ/CQ therapy will depend on the certainty of toxic retinopathy: the 800 definitions of “possible”, “likely” and “definite” HCQ/CQ retinopathy would be helpful in 801 guiding discussions with patient and Rheumatologist about whether drug cessation with a 802 switch to alternative treatment is recommended, or HCQ/CQ continued whilst further testing is 803 awaited.24 Given the long half-life of HCQ/CQ12, systemic clearance is delayed for months after 804 drug cessation, and some degree of ongoing toxicity is likely to continue for this period.78 It has 805 been suggested that the continuing toxic effects following drug cessation are likely to be 806 related to the severity of toxic maculopathy at the time HCQ/CQ was stopped.25, 59 One 807 longitudinal study evaluated visual acuity, SD-OCT imaging data and mfERG of patients on HCQ, 808 and 6 months following drug cessation finding improved visual acuity and mfERG responses, 809 but not OCT appearances.61 A further study evaluating only SD-OCT imaging characteristics 810 before and for 4 years after drug cessation in 11 patients with HCQ retinopathy found that if 811 HCQ is stopped before RPE damage, progression of disease on SD-OCT is limited to the first 812 year and diffuse in distribution without parafoveal localisation.38 There is some evidence that 813 preservation of the external limiting membrane is a favourable prognostic sign in HCQ 814 retinopathy.78  815  816  817 

Role of the Rheumatologist 818  819 The clinical decision to initiate or stop treatment with HCQ, or to change the treatment dose is 820 likely to be made by a Rheumatologist. It is important that Rheumatologists are aware of the 821 
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updated evidence that ABW (less than 5.0mg/kg of ABW/day) should be prescribed to patients 822 as current best practice, and is more strongly correlated with retinal toxicity than IBW when 823 prescribing HCQ.25, 28 Similarly, emerging risk factors for HCQ/CQ retinopathy and updated 824 screening schedules (Table 2) may prompt screening before 5 years of drug therapy (i.e. 825 Tamoxifen use).25 Rheumatologists are likely to be the most common route of referral of at risk 826 patients taking HCQ who require screening to Ophthalmologists: patients in a U.S. study cared 827 for by a rheumatologist had a greater likelihood of regular eye screening.79  828  829 

Future directions 830 

 831 

Prevention of retinal toxicity 832 

 833 The most important means of reducing harm from HCQ/CQ is accurate dosing based on current 834 data on retinal toxicity using ABW at less than 5.0mg/kg of ABW/day rather than IBW at a dose 835 of less than 6.5mg/kg of IBW/day. However, in certain patients such as those who are obese, 836 very short or very thin, there may be a significant difference between these ABW and IBW dose 837 calculations.25, 28 Electronic prescribing systems, and more rigorous and universal prescribing 838 protocols for HCQ may prevent cases of retinal toxicity. All prescribing clinicians should ensure 839 dosing is optimised, and rechecked if large changes in weight or renal function occur. One 840 retrospective audit found that of 675 patients treated with HCQ in a single centre, around 46% 841 of males and 56% of females were receiving higher doses of HCQ than recommended.42 In our 842 audit, approximately 10% of patients were overdosed when ABW was used and 30% when 843 IBW was used to calculate optimal HCQ dose based on conventional dosing recommendations 844 of less than 6.5mg/kg/day (Worth et al, Eye, 2016). Accurate dosing of HCQ/CQ may reduce the 845 risk of toxicity on a population level. 846  847 

Serum hydroxychloroquine monitoring 848  849 Serum monitoring of HCQ may be used in patients with renal or hepatic dysfunction who may 850 exhibit variable metabolism or excretion of HCQ, or to differentiate treatment compliance and 851 treatment failure.80, 81 In some cases, sub-therapeutic serum HCQ concentrations were due to a 852 lower than optimal dose, and higher doses associated with fewer flares in patients in 853 remission.81 The large, randomized, placebo-controlled clinical trial (PLUS study) with 573 854 
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patients with SLE found that although low serum concentration of HCQ was associated with 855 increased disease activity in SLE, it did not translate to disease flares over a 7 month follow-up 856 period.82 HCQ dosing may therefore reflect a balance between short-term systemic efficacy and 857 long-term ocular safety. Serum HCQ monitoring has not demonstrated any clear role in 858 predicting the risk of retinopathy in any published study.  859  860  861 

Objective, structural evaluation: Adaptive optics imaging  862 

 863 Adaptive optics (AO) technology permits the evaluation of photoreceptor density and 864 morphology.83 Interest has been expressed in the potential of this technology to detect very 865 early structural abnormalities in HCQ retinopathy,25 particularly since the photoreceptor layer 866 is considered the primary site of toxicity. AO technology has identified patch cone mosaic 867 lesions in which cone photoreceptors were either missing or lost with atypical morphology of 868 residual cones in two patients with symptomatic HCQ retinopathy.84 This structural deficit 869 corresponded to scotomata identified on visual field testing. OCT appearances have been 870 correlated with photoreceptor appearances using AO technology in various maculopathies83, 871 and it is suggested that the relationship between outer retinal reflectivity on SD-OCT and 872 photoreceptor density on adaptive optics imaging may be helpful.85 AO technology may find a 873 role in providing objective structural evidence of disease in the early detection of HCQ 874 retinopathy. A larger series correlating the structural changes on AO technology with 875 functional tools such as mfERG and visual field analysis is required to evaluate the sensitivity 876 and specificity of AO imaging. The limited availability of this technology is likely to exclude it 877 from any screening protocols in the near future, although it may be useful as a research tool in 878 cases of suspected HCQ retinopathy.86 879  880  881 

Subjective, functional evaluation: Microperimetry 882 

 883 Microperimetry is a technique of visual field testing where light stimuli are projected onto 884 specific points on a subject’s retina at which the threshold of retinal sensitivity is established. 885 Reduced overall macular sensitivity on microperimetry was detected in patients taking HCQ 886 versus healthy controls87, 88, but no difference in foveal sensitivity was detected in one study.88 887 
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A further study also identified reduced overall macular sensitivity in patients taking HCQ 888 despite normal mfERG, 10-2 visual fields, OCT and AF.89 The role of microperimetry in HCQ 889 screening is as yet unknown90; further studies are required to determine the specificity and 890 sensitivity of microperimetry in suspected HCQ retinopathy, and whether it exceeds that of 891 standard automated visual field testing. 892 

 893 

 894 

Conclusion 895 

 896 This subject of this review article is chloroquine and HCQ retinopathy and it is clear that with 897 long-term use and in susceptible patients that some patients may develop severe visual loss. 898 What is emerging from the literature over the last few years, and has been incorporated into 899 the latest AAO 2016 guidelines, is that regular monitoring is important when using this 900 extremely useful medication. In addition, those involved in the care of patients taking this drug 901 need to be aware of accurate dosing by using the ABW, and to take particular care in obese, or 902 short individuals. Concomitant medication may have an additive deleterious effect; and that 903 long term use, particularly in the elderly is associated with retinopathy in a significant number 904 of patients. Emerging data have shown a prevalence of HCQ retinopathy of 7.5% in long-term 905 HCQ users with between 20-50% for those who have taken it over 20 years.43 The knowledge 906 that tamoxifen use has emerged as a significant risk factor and that there may be variable 907 expression of disease according to race62 suggests that a review of the RCOphth joint guidelines 908 on HCQ screening should be considered. The AAO guidelines in 2011 suggested a shift towards 909 more objective tests of visual function (SD-OCT, mfERG or AF), in addition to subjective tests 910 (10-2 visual field testing),24 and the recent updated AAO guidelines (2016) acknowledged that 911 a more realistic protocol might improve compliance within ophthalmic units.25 Automated 912 visual field testing, together with SD-OCT and AF, should be achievable and practical for most 913 ophthalmic units; those requiring mfERG testing could be referred to a regional centre. Clinical 914 criteria to define possible, likely or definite HCQ toxicity on the basis of diagnostic testing 915 would be helpful for both the general Ophthalmologist to interpret diagnostic results, and to 916 the Rheumatologist to determine whether HCQ cessation is justified, particularly given a 917 proven survival benefit of HCQ therapy has been identified in patients SLE.2  918  919 
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A national case-finding study evaluating the incidence of HCQ retinopathy would assist greatly 920 in understanding the burden of disease and modelling the cost-effectiveness of any screening 921 programme; there are limitations on the inferences that can be made from cohort studies and 922 across study populations. Ophthalmologists, Rheumatologists and General Practitioners should 923 be aware of the best practice in safe prescribing of HCQ, and any consensus screening criteria 924 to ensure those who require screening for HCQ retinopathy are appropriately referred. Audit of 925 ophthalmic screening practice will be required to ensure that the recommendations for 926 screening are being met. We initiated an audit of our current service as a consequence of 927 identifying 3 patients on long-term HCQ who developed HCQ retinopathy (Latasiewicz et al, 928 Eye, 2016) and have implemented change as a consequence of this (Worth et al, Eye, 2016). 929 Patient education about the risks of visual loss with HCQ or CQ therapy is crucial: risks of visual 930 loss may be minimized, but not altogether eliminated, with regular ophthalmic screening. 931 Original epidemiological data identifying the prevalence of HCQ retinopathy in 7.5% of long-932 term HCQ users may now suggest a medico-legal imperative to screen those patients 933 considered at high risk of HCQ retinopathy.  In addition in this review article we have proposed 934 a practical protocol for screening these patients to detect any sign of HCQ retinopathy as early 935 as possible.   936  937 
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Figures 1279  1280 

Table 1. Indications for Hydroxychloroquine treatment 1281  1282 
Rheumatological disorders Systemic Lupus Erythematosus2, 4, 91-96 Rheumatoid arthritis  Sjogrens syndrome Antiphospholipid syndrome Osteoarthritis Dermatomyositis Juvenile idiopathic arthritis Psoriatic arthritis Chemotherapy-related arthropathy97  
Dermatological disorders13 Porphyria cutanea tarda (unlicensed use) Discoid lupus Cutaneous sarcoidosis98 Granuloma annulare13 Lichen planus (erosive)99 Cutaneous pseudolymphoma100  
Oncology15* Graft versus host disease (prophylaxis of acute disease)101 Non-small cell lung cancer17 Chronic lymphocytic leukaemia (B-cell)102, 103 Adjuvant use as inhibitor of autophagy15, 19-21, 104, 105  *Hydroxychloroquine is often used in higher doses in oncology (800-2000mg daily may be used for short courses)  
Paediatrics Interstitial lung disease in children (unlicensed use)14 Systemic Lupus Erythematosus  Discoid lupus  1283 

 1284 
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Table 2. Comparison of screening guidelines for HCQ/CQ retinopathy. American Academy 1285 of Ophthalmology (AAO) screening guidelines from 2016,25 AAO guidelines screening 1286 guidelines from 2011,24 Royal College of Ophthalmologists joint guidelines (2009),22 and those 1287 from the manufacturer, Sanofi (2014)12 are summarised.   1288 
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Table 3. 1318 Sensitivity and specificity of diagnostic tests in HCQ retinopathy.76 1319  1320  1321  1322  1323  1324  1325  1326  1327  1328  1329  1330  1331  1332  1333  1334  1335  1336  1337  1338  1339  1340  1341  1342  1343  1344  1345  1346  1347  1348  1349 
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Figure 1. Algorithm for the interpretation of diagnostic tests performed during 1350 

screening for HCQ/CQ retinopathy. 1351 

 1352 

 1353 





Table 1. Indications for Hydroxychloroquine treatment  
Rheumatological disordersSystemic Lupus Erythematosus2, 4, 83-88 Rheumatoid arthritis  Sjogrens syndrome Antiphospholipid syndrome Osteoarthritis Dermatomyositis Juvenile idiopathic arthritis Psoriatic arthritis Chemotherapy-related arthropathy89  
Dermatological disorders8Porphyria cutanea tarda (unlicensed use) Discoid lupus Cutaneous sarcoidosis90 Granuloma annulare8 Lichen planus (erosive)91 Cutaneous pseudolymphoma92  
Oncology10* Graft versus host disease (prophylaxis of acute disease)93 Non-small cell lung cancer12 Chronic lymphocytic leukaemia (B-cell)94, 95 Adjuvant use as inhibitor of autophagy10, 14-16, 96, 97  *Hydroxychloroquine is often used in higher doses in oncology (800-2000mg daily may be used for short courses)  
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  AAO, 2016 AAO, 2011 RCOphth, 2009 Sanofi (Manufacturer), 2014 
Screening advocated Yes Yes No  (Guidance for best practice given below) Yes 
Risk 
factors 

Drug duration > 5 years of treatment > 5 years of treatment  > 5 years of treatment for discussion with ophthalmologist  All patients Daily dose HCQ: >5.0mg/kg ABW/day CQ: >2.3mg/kg ABW/day  HCQ >400mg/day (>6.5mg/kg IBW/day*) CQ > 250mg/day (>3.0mg/kg IBW/day*) * - ideal body weight for short individuals 
HCQ: <6.5mg/kg IBW/day suggested as safe prescribing HCQ: <6.5mg/kg IBW/day suggested as safe prescribing 

Cumulative drug dose None specified HCQ: >1,000 grams total CQ: >460 grams total  None stated HCQ: Greater than 200 grams 
Systemic disease Renal impairment  Renal impairment Hepatic impairment Renal and hepatic function to be screened at baseline Renal insufficiency Ocular disease Maculopathy Maculopathy Retinal disease1 Enquiry of visual impairment at baseline and annual review Reading performance at baseline and annual review 

Visual acuity less than 6/8 
Drugs Tamoxifen None specified None specified None specified Age None specified Elderly (>65 years) None specified Elderly (>65 years) more frequent screening 

Screening frequency Baseline: Fundus examination within one year Visual fields and SD-OCT if abnormalities present at baseline 
Annual screening: Begin after 5 years of use Sooner if presence of “major risk factors” 

Baseline: Fundus examination within one year  
Annual screening: Begin after 5 years of use  

Ad hoc examination by an ophthalmologist if: Visual impairment or eye disease detected at baseline, OR Visual symptoms during treatment   Not specified for patients who are referred. 

All patients should have an ophthalmological examination before initiating treatment with HCQ.   Annual screening for all patients  Examination more frequent if defined risk factors as above. 
Screening protocol: 
Essential Non-Asian patients: 10-2 visual fields SD-OCT 

Asian patients: 24-2 or 30-2 visual fields Widefield SD-OCT 
Ocular examination 10-2 visual fields with white target  Central acuity Reading acuity Central visual field: Amsler’s chart or automated perimetry (10-2) Slit lamp examination of cornea and retina 

Visual acuity testing Fundoscopy Central visual field testing with red target Colour vision assessment  
Screening protocol: 
Discretionary mfERG AF (widefield in Asian eyes) SD-OCT mfERG AF Retinal photography OCT Fundus autofluorescence Multifocal ERG 

Not specified 
Screening duration Indefinite Indefinite At the discretion of ophthalmologist (for those >5 years of HCQ therapy) Indefinite follow-up unlikely for most patients 

Not specified 
mfERG – multifocal electroretinography; SD-OCT – spectral domain optical coherence tomography; AF – fundus autofluorescence; HCQ – hydroxychloroquine; CQ – chloroquine; IBW – ideal body weight; ABW – actual body weight; AAO – American Academy of Ophthalmology; RCOphth – Royal College of Ophthalmologists. 



Table 3. Sensitivity and specificity of diagnostic tests in HCQ retinopathy.68   Sensitivity Specificity 

10-2 VF 85.7% 92.5%
SD-OCT 78.6% 86.9%
Multifocal ERG 92.9% 98.1%
SD-OCT & 10-2 VF 85.7% 92.5%
10-2 VF & mfERG 100% 82.2%
SD-OCT & mfERG 100% 86.0%  
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