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Retinopathy is a well-recognized toxic effect of hydroxychloroquine treatment. 
As hydroxychloroquine retinopathy is potentially a vision-threatening condition, 
early detection is imperative to minimize vision loss due to drug toxicity. 
However, early detection of hydroxychloroquine retinopathy is still challenging 
even with modern retinal imaging techniques. No treatment has been established 
for this condition, except for drug cessation to minimize further damage. In this 
perspective article, we  aimed to summarize the knowledge gaps and unmet 
needs in current clinical practice and research in hydroxychloroquine retinopathy. 
The information presented in this article may help guide the future directions of 
screening practices and research in hydroxychloroquine retinopathy.

KEYWORDS

hydroxychloroquine, perspectives, retinal toxicity, screening, unmet needs, natural 
history, definition

1. Introduction

Hydroxychloroquine, a widely used drug for the treatment of numerous rheumatologic 
and dermatologic disorders (e.g., rheumatoid arthritis and systemic lupus erythematosus), 
may cause a form of retinal toxicity called hydroxychloroquine retinopathy. The pathogenic 
mechanism of retinal toxicity is poorly understood. Impaired autophagy and defective 
phagocytosis of photoreceptor outer segments has been suggested as the pathogenic 
mechanism of chloroquine/hydroxychloroquine toxicity (1, 2), whereas the role of melanin, 
whether harmful or protective, remains controversial. Hydroxychloroquine retinopathy is 
reported to be irreversible, progressive, and vision threatening if detected late. Substantial 
progress has been made in the diagnosis of hydroxychloroquine retinopathy with modern 
retinal imaging techniques such as spectral-domain optical coherence tomography (OCT) 
and fundus autofluorescence (FAF) imaging. National guidelines also play a crucial role in 
retinopathy detection by identifying high-risk patients and providing recommendations 
on screening modalities and frequency. The guidelines recommend four screening tests: 
OCT, FAF, automated visual fields, and multifocal electroretinogram (mfERG). The most 
recent AAO guidelines designated OCT and automated visual fields as primary screening 
tests (3).

Despite efforts to standardize screening practices and improved knowledge of disease 
phenotypes and natural disease course, early detection and management of hydroxychloroquine 
retinopathy remain challenging. This perspective article aimed to highlight the unmet needs in 
hydroxychloroquine retinopathy, including the consensus definition of retinal toxicity, 
hydroxychloroquine blood levels and pharmacogenomics, animal models of disease, roles of 
ophthalmologists, and use of artificial intelligence (AI) in screening.
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2. Toward a consensus definition for 
retinal toxicity

Published studies and clinical guidelines provide substantially 
different definitions for retinal toxicity and discrepant data on the 
sensitivity of screening tests. In particular, previous studies have 
shown disparities in the role of visual field testing (4, 5), leading to 
divergent recommendations. Elucidating the early natural history of 
the disease and its manifestations in mainstream diagnostic tests are 
central in reaching a consensus on the definition of retinal toxicity.

The most recent American Academy of Ophthalmology (AAO) 
guidelines (2016) specify a broad diagnostic criterion for toxicity: “at 
least one objective test abnormality confirming a subjective test 
abnormality.” However, the most recent Royal College of 
Ophthalmologists criteria require two abnormal test results to identify 
“definite toxicity,” which must include at least one objective structural 
test result but need not include visual field testing if both OCT and 
FAF imaging provide objective evidence of toxicity. This disparity is 
based on the role and cost of visual field testing, with recent data 
suggesting that automated visual field testing may fail to detect 
scotomas despite structural changes on OCT (4). In contrast, some 
reported cases showed characteristic ring scotoma on visual field 
testing with no or subtle changes on OCT (5). As FAF imaging may 
not detect very early disease, visual field testing remains an important 
primary test in the 2016 AAO guideline (3, 6).

Because OCT is highly sensitive in detecting characteristic outer 
retinal changes in the parafoveal or pericentral areas, it has a central 
role in defining toxicity. According to recent evidence, retinal toxicity 
can be recognized using OCT alone, through the identification of 
outer retinal thinning on several OCT systems, as well as typical 
photoreceptor or retinal pigment epithelial damage on B-scans. Given 
the rapid image acquisition of OCT without the need for pupil 
dilation, its acceptability to patients, and its relatively low cost, future 
definitions of toxicity will likely be  mainly based on objective 
structural data from OCT images. Consequently, establishing an 
OCT-based consensus definition for toxicity may be an important 
short-term goal.

The definition of toxicity may be formed on the basis of a few 
critical points in the disease course (Figure 1): (i) the threshold at 
which structural (e.g., OCT) abnormalities are detected; (ii) the 
threshold at which functional deficits are detectable. A consensus on 
the definition of retinopathy would enable standardized testing 
protocols, diagnostic criteria and comparisons between study 
populations. Further, the threshold for management should 
be carefully defined for patients with hydroxychloroquine retinopathy. 
Clinicians may allow the continuation of hydroxychloroquine for the 
primary treatment indication until the agreed threshold is reached, 
even if retinal toxicity is present on the basis of retinal imaging 
findings alone. In clinical practice, the drug may be discontinued at a 
threshold at which disease progression does not occur, provided that 
functional deficits are early or mild and do not affect daily activities 
such as driving and reading.

Further discussion is required to reach a consensus on the terms 
used to describe hydroxychloroquine retinopathy, particularly in early 
disease. A clearer description of the early natural history of disease, in 
particular relating to distribution and progression in the context of 
mainstream diagnostic tests, may help to further refine the 
classification system.

A few studies have noted discrepancies in retinopathy severity 
when using different imaging modalities (7). Currently, the degree of 
photoreceptor damage around the fovea is used for distinguishing 
between early and moderate stages; however, the appropriate test for 
classification and whether the degree of damage precisely corresponds 
to the extent of retinopathy are unclear. The staging of disease severity 
also depends on the sensitivity of diagnostic tests. Currently, no single 
test can be  universally applied for the precise classification of 
retinopathy. For example, subtle outer retinal changes may not 
be identifiable using FAF imaging (8), and distinguishing between early 
and moderate stages solely based on OCT B-scans may be challenging. 
Alternatively, the area or extent of outer retinal damage can be used to 
classify the severity of retinopathy. A consensus should be reached on 
disease classification based on commonly used modalities to 
standardize the nomenclature among studies and further characterize 
the disease, thereby allowing a more direct comparison of study results.

3. Hydroxychloroquine levels in blood

Serum hydroxychloroquine levels have been evaluated with 
respect to adverse drug effects. A previous study measured blood 
hydroxychloroquine levels after a loading phase with variable doses in 
three groups of patients with rheumatoid arthritis (9). The results 
revealed a correlation between serum hydroxychloroquine levels and 
gastrointestinal adverse events (9).

Although measurement of blood hydroxychloroquine levels is 
relevant in determining clinical efficacy, its role in ascertaining the 
chronic toxic effects of drugs is unclear. A single high measurement 
of serum hydroxychloroquine level may not necessarily reflect steady-
state pharmacokinetics; therefore, a series of measurements 
prospectively performed over many years is required to evaluate the 
utility of blood hydroxychloroquine levels as a risk factor for 
hydroxychloroquine retinopathy. However, in patients undergoing 
extremely high-dose hydroxychloroquine adjuvant chemotherapy 
over shorter durations, often as part of clinical trials (10–15), 
measurement of blood hydroxychloroquine levels may be valuable in 
the short term for evaluating whether a particular measurement may 
predict hydroxychloroquine retinopathy development.

Two recent studies on the relationship between serum 
hydroxychloroquine level and retinopathy development reported 
conflicting results (16, 17). In a case–control study involving 23 patients 
with confirmed hydroxychloroquine retinopathy and 547 controls, blood 
hydroxychloroquine levels were not significant predictors in univariate 
analysis (16). However, in another study that identified 23 (of 537) 
patients with confirmed retinopathy, serum hydroxychloroquine levels 
(mean or maximum) predicted later retinopathy (17). Further data 
analysis revealed that patients in the lowest tertile of time-adjusted serum 
hydroxychloroquine levels (0–739 ng/mL) had a 1.2% risk of retinopathy, 
those in the middle tertile (740–1,180 ng/mL) had a 3.1% risk, and those 
in the highest tertile (1,181–3,466 ng/mL) had an 8.5% risk, and the 
differences were statistically significant for the trend. Logistic regression 
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analysis identified that the relationship between serum 
hydroxychloroquine levels and retinopathy remained significant after 
adjustment for therapy duration (18). Although the level was reported to 
be useful for prediction of retinopathy development, its clinical utility for 
prediction of future progression after drug cessation has not been 
validated. As the retinopathy is known to progress in advanced stages 
even after drug cessation, its predictive role in eyes with advanced disease 
stages may be limited and should be investigated further in future studies.

There have been a few reports on the rapid-onset retinal toxicity 
of hydroxychloroquine, in which cases occurred within 3 years of use 
(19, 20). Ozawa et  al. reported abnormally high blood levels of 
hydroxychloroquine in one patient (20). The result suggests that 
hydroxychloroquine blood level may be useful for understanding and 
predicting rapid-onset disease.

Considering the established risk factors for retinal toxicity, 
further studies are required to determine the significance of serum 
hydroxychloroquine levels in definition or prediction of the risk of 
retinopathy. Furthermore, the relationship between the daily dose 
and blood levels of hydroxychloroquine should be validated. If this 
relationship is proven, serum hydroxychloroquine levels may 
be  used to adjust the daily doses to achieve a balance between 
efficacy in treating the primary disease and the risk of retinal 
toxicity. This may help individualize hydroxychloroquine treatment 
to maximize the therapeutic effects while minimizing the 
toxicity risk.

4. Pharmacogenomics

Patients with identical exposure to hydroxychloroquine may have 
differing susceptibility to retinopathy. Some patients may develop 

retinopathy even with low-dose hydroxychloroquine use (5) or at a 
much faster rate than anticipated (21). This disparity in susceptibility 
may be  explained by disease modifiers, including genetic or 
environmental factors. Pharmacogenomics investigates how the 
genetic factors affects a person’s response to drugs and even drug-
related side effects. The identification of risk alleles for retinal toxicity 
may be useful in further reducing the risk of toxicity and the cost of 
screening by seeking alternative medications for high-risk patients.

An initial report suggested that certain ABCA4 missense 
variants associated with Stargardt disease may predispose patients 
to hydroxychloroquine-or chloroquine-induced retinal toxicity 
(22), although a further study demonstrated a protective effect (23). 
In another study, 99 patients with >5 years of hydroxychloroquine 
exposure underwent genetic testing of 960,919 single nucleotide 
polymorphisms, and 13 common macular dystrophy genes were 
sequenced in a separate cohort of 44 cases and 53 controls (24). 
Furthermore, whole-exome sequencing was performed in 16 cases 
and 17 controls for all genes associated with retinal dystrophy, 
chloroquine pathway metabolism, and autophagy. In this large 
series, genetic tests did not reveal an association with 
hydroxychloroquine retinopathy.

Large collaborative studies using an unbiased approach, such as a 
genome-wide association study, may be required to detect genetic 
traits that confer an increased risk. The success of such studies 
depends on the allele frequency of unknown genetic variants that 
influence toxicity, the strength of their effect, and the sample size. Even 
large collaborative studies may fail to identify a genetic locus if the 
effect size is small. Studies will likely require age-matched controls 
treated with hydroxychloroquine but without toxicity as confirmed by 
rigorous screening procedures, as well as age-matched controls 
without hydroxychloroquine exposure.

FIGURE 1

Schematic representation of possible definitions of toxicity in hydroxychloroquine retinopathy. The pragmatic interval of treatment cessation is 
indicated by the white box, defined as the interval between sufficient evidence of retinopathy to the point at which a significant functional deficit 
occurs. This limit is not specified and requires a consensus. Colored boxes represent the most likely disease behavior after treatment cessation, 
although regeneration is not invariable in early disease. The approximate intervals at which disease is detectable using mainstream screening tests is 
indicated. FAF, fundus autofluorescence; OCT, optical coherence tomography; HVF, automated visual fields.
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If a genetic locus that confers risk of hydroxychloroquine-induced 
retinal toxicity is identified, the relative influence of this predictive 
genetic locus should be evaluated with respect to other known risk 
factors for retinopathy (e.g., drug use duration and tamoxifen use). A 
further promise of pharmacogenomic investigation is improved 
understanding of the pathophysiology of hydroxychloroquine 
retinopathy. Identification of candidate loci is likely to motivate a variety 
of functional studies to further delineate the influence of such loci on 
drug pharmacokinetics or on the local effect of hydroxychloroquine on 
retinal pigment epithelial or photoreceptor cells.

5. Development of animal or cellular 
models

The development of specific therapies for hydroxychloroquine 
retinopathy, to prevent disease formation or protect against 
further degeneration, has been hampered by the lack of validated 
disease models. Rodents lack an anatomical macula, which is the 
classic site of retinopathy. An experiment with albino rats 
identified a dose-dependent decrease in B-wave amplitude on 
full-field electroretinography after chloroquine exposure (25). In 
the 1970s, rhesus monkeys were intramuscularly injected with 
chloroquine for 4.5 years without causing fundus, retinal 
angiographic, or electrophysiological abnormalities. The use of 
OCT and FAF imaging may enable a more sensitive and earlier 
detection of the disease, considerably shortening the observation 
period of such studies (26). However, primate studies have not 
been repeated, perhaps because the perceived rarity of retinopathy 
does not justify the resources required for these investigations. 
The existence of validated disease models would enable 
investigation into the role of potential therapies in stopping or 
slowing down disease progression. The increasing use of 
hydroxychloroquine, emerging prevalence data, and ability to 
detect retinopathy at earlier stages may together lead to renewed 
interest in establishing disease models to better characterize the 
pathogenesis of hydroxychloroquine retinopathy and to develop 
new therapies.

In vitro or cell-based models (ARPE19) may be useful for determining 
the effect of hydroxychloroquine exposure on cellular omics (gene 
expression) in the short term (27). These models may help elucidate the 
pathways to toxicity. Single-cell expression assays (e.g., RNA-Seq) can 
enhance the understanding of cellular responses to drug exposure. 
However, cell culture techniques cannot be used to model clinically relevant 
chronic exposure to hydroxychloroquine, or the interdepedence of the 
retina and RPE which may be relevant in this disease.

6. Changing roles of ophthalmologists

The role of ophthalmologists in the management of 
hydroxychloroquine retinopathy have not been addressed extensively in 
the literature. Understanding the role of ophthalmologists in 
hydroxychloroquine retinopathy requires considering the unusual nature 
of the disease: (i) hydroxychloroquine retinopathy generally occurs many 
years after therapy initiation (sometimes after >20 years), (ii) 
ophthalmologists do not prescribe hydroxychloroquine, and (iii) 
ophthalmologists are not involved in using hydroxychloroquine for 

treating the primary disease. This scenario helps explain the 
responsibilities of health-care professionals involved from therapy 
initiation to drug cessation and those of ophthalmologists, including 
establishing links with relevant physicians and departments, establishing 
screening services, training colleagues in data interpretation, improving 
patient education, and auditing service outcomes.

As hydroxychloroquine can be  initiated for various clinical 
indications, it may be prescribed by several different specialists. 
Ophthalmologists should provide further information to patients 
about hydroxychloroquine retinopathy at their first involvement 
with screening services, including the nature and timing of 
screening tests.

Ophthalmologists can ensure safe dosing according to the patient’s 
body weight to reduce the risk of toxicity, and this may require 
providing recommendations to the prescribing physician. 
Recommendations on potentially revising the hydroxychloroquine 
dose after any substantial weight loss may also be  helpful. 
Ophthalmologists will determine the timing of annual screening visits 
for the evaluation of dosing, renal function, and concurrent tamoxifen 
use, and this should be communicated to prescribing physicians along 
with the baseline ophthalmological findings.

The results of screening tests should be communicated to the 
patient and prescribing physician. If definite retinopathy exists, a 
recommendation to stop treatment can be made to the prescribing 
physician, who can subsequently discuss treatment options with 
the patient. To facilitate this discussion, a description of disease 
severity (early, moderate, or severe) is helpful. Patients with early 
retinopathy but with severe systemic disease may elect to continue 
hydroxychloroquine because the benefits of systemic treatment 
are immediate (and perhaps more profound) and the toxic effects 
on the retina are slow. Patients should be actively involved in the 
decision to stop hydroxychloroquine therapy as guided by clear 
information from the ophthalmologist and prescribing physician. 
Considering the functional effects of retinopathy (e.g., on the 
ability to drive or work) may be helpful. Clear communication 
between ophthalmologists and patients may also minimize anxiety 
in at-risk patients.

The ophthalmologist’s role extends to understanding the 
organizations and individuals responsible for referrals and referral 
pathways including rheumatologists, dermatologists, and other 
specialist services. Rheumatologists, dermatologists should be able to 
access screening services, track the use of screening services in 
patients at risk under their care, and have access to screening 
outcomes. Ophthalmologists are responsible for ensuring rigorous 
screening procedures, including image quality, controlled reporting, 
and auditing outcomes - as have been established screening for 
diabetic retinopathy.

On the diagnosis of hydroxychloroquine retinopathy, the 
ophthalmologist should provide the necessary support depending on 
each patient’s retinopathy stage, social circumstances, visual function, 
emotional distress, and ocular and systemic comorbidities. Low-vision 
services may be  required for patients with substantial visual 
impairment, and registration of visual impairment may be necessary 
for those with advanced visual field loss. Although further visits would 
not change the clinical course after drug cessation, they may 
be necessary for patients who are particularly concerned about disease 
progression and those with moderate-to-advanced disease. Patients at 
risk of retinopathy should not be discharged if they fail to attend an 
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appointment, and a fail-safe mechanism is required to ensure that 
at-risk patients are screened.

7. Role of AI in retinopathy screening

Artificial intelligence (AI) analysis of digital retinal images is a rapid 
and noninvasive method of identifying and characterizing the 
pathological features of macular and retinal diseases (28). In particular, 
deep learning algorithm using convolutional neural networks can 
be developed to extract generalized features from digital images. By 
using training datasets, these tools enable the recognition of pathology 
through supervised and unsupervised methods. However, unsupervised 
techniques may yield novel subclinical imaging biomarkers of disease 
because the methods are not biased by assumptions (29). The use of AI 
is particularly suited to screening in which early disease manifestations 
may be subtle and easily missed by human observers. Convolutional 
neural networks have been trained to perform comparably to human 
graders of diabetic retinopathy images (30). OCT interpretation of 
images has been demonstrated in macular disorders such as age-related 
macular degeneration and diabetic macular edema (28).

Although only one study has evaluated the utility of AI in 
hydroxychloroquine retinopathy detection, it has great potential to 
increase the sensitivity of early retinopathy detection (31). The earliest 
known OCT finding in hydroxychloroquine retinopathy was localized 
outer nuclear layer thinning before the development of qualitative 
changes in the outer retinal layers, more easily detectable by human 
observers. The subjectivity of OCT image interpretation may explain 
the conflicting data on the natural history of hydroxychloroquine 
retinopathy, with some studies indicating that visual field changes may 
precede OCT abnormalities (5) and others reporting the opposite 
finding (4). Recent clinical studies have shown that OCT maps of 
retinal thickness may help human observers detect localized retinal 
thinning in patients relative to age-matched controls (32). Automated 
OCT segmentation tools and software may facilitate this process. 
However, AI may detect the disease at an earlier stage using as yet 
unknown retinal/OCT biomarkers or through integrated observations 
of large populations. Accordingly, AI may play a crucial role in further 
delineating the natural history of early hydroxychloroquine 
retinopathy based on objective structural outcomes.

AI may facilitate the identification of objective thresholds before 
which retinopathy is not progressing, permitting patients to continue 
benefiting from hydroxychloroquine therapy until this threshold is 
reached. This represents a clinically meaningful, evidence-based, 
patient-centered endpoint. The use of AI will also minimize 
inappropriate treatment cessation, which is one of the main risks of 
screening. Furthermore, patients with very early retinopathy may 
continue to benefit from hydroxychloroquine therapy if their retinal 
function is not yet threatened. Moreover, if AI can be harnessed to 
detect the earliest stage of disease, reclassification of retinopathy stages 
(normal, preclinical retinopathy [beyond human detection], 
preperimetric retinopathy [structural deficit but no functional deficit], 
and retinopathy with functional deficit) would be necessary. Further, 
the cost of hydroxychloroquine retinopathy screening can 
be  substantially reduced by personalizing the intervals between 
screening visits, thereby reducing the overall number of screening 
episodes for a given population of at-risk patients.

The major barrier to the development of AI tools for detecting 
hydroxychloroquine retinopathy is the number of OCT images 
required to train an algorithm. Moreover, the clinical manifestations 
of hydroxychloroquine retinopathy seem to be partially dependent on 
ethnicity. A previous study with a multiethnic cohort of patients with 
diabetic retinopathy showed that AI required 100,000 images for 
training (33). However, for hydroxychloroquine retinopathy, acquiring 
a dataset of this size would require multinational collaboration 
and curation.

8. Conclusion

No consensus has been reached on the definition and 
classification of early hydroxychloroquine retinopathy. As early 
detection of retinopathy remains challenging, personalized 
screening according to the retinopathy risk based on 
hydroxychloroquine blood levels or pharmacogenomics could help 
to further refine screening by identifying patients at greater risk. 
The roles of ophthalmologists are changing, and better 
communication with prescribing physicians and patients are 
important for appropriate management and regular monitoring. 
Finally, advances in AI and AI-assisted screening programs for 
retinopathy should be integrated into health-care systems, which 
require future research.
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