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Introduction: The purpose of this study was to evaluate the progression of hydroxychloroquine (HCQ) retinopathy following
parafoveal loss of the ellipsoid zone (EZ) without retinal pigment epithelium damage (RPE).

Methods: This was a single-center retrospective case series of patients with hydroxychloroquine retinopathy who presented between
2012 and 2023 and in whom the drug was stopped prior to damage of the RPE. Patient imaging from the time of HCQ discontinuation
to the most recent follow up appointment was reviewed to assess for retinopathy progression, and spectral domain optical coherence
tomography (SD-OCT) images were analyzed using ImageJ2 to quantify ellipsoid zone damage.

Results: Five patients met the criteria for inclusion in this study. All patients were female, with a mean age of 69.5 + 12.2 years.
Patients had been taking HCQ for 18.2 years on average (range: 5-32 years). 40% of patients were overdosed according to real weight
guidelines and 60% by ideal weight guidelines. All patients demonstrated worsening of retinopathy following drug discontinuation.
The length of parafoveal zones of EZ hyporeflectivity on SD-OCT increased by an average of 26.8 + 8.6% in right eyes and 22.5 +
15.0% in left eyes over an average follow-up period of 31.4 months (range 8—71 months).

Conclusion: Progression of HCQ retinopathy can occur even when HCQ is discontinued before RPE damage. Ophthalmologists
should be aware of the risks associated with HCQ use following damage to the EZ. The acknowledged threshold at which
irreversible progression of retinopathy is predicted despite cessation of the drug may need to be reconsidered and shifted earlier
than RPE loss.

Plain Language Summary: Parafoveal hyporeflectivity of the ellipsoid zone signals irreversible progression of hydroxychloroquine
retinopathy even in the absence of retinal pigment epithelium loss.
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Introduction

Hydroxychloroquine (HCQ) is a disease-modifying antirheumatic drug widely used for the treatment of autoimmune
diseases such as rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE)."? In the United States, RA affects
an estimated 1.3 million individuals, while the overall prevalence of SLE is estimated at 72.8 per 100,000, or 204,295
individuals.>* Over half of patients with RA and nearly two-thirds of patients with SLE start HCQ within one year of
diagnosis.” HCQ is typically well-tolerated; however, irreversible retinal toxicity is a known adverse effect that affects an
estimated 1.5 to 2% of lifetime users.®” Prescribed dosages of HCQ have steadily decreased in recent decades due to this
risk.® Nevertheless, HCQ retinopathy remains problematic, as an estimated 30% of patients continue to receive higher
than recommended doses.’
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Risk of Toxicity
The toxicity of HCQ is believed to be due to the drug’s disruptive effects on lysosomal autophagy. Lysosomes exposed to
HCQ may accumulate dysfunctional proteins that prevent breakdown of waste products such as lipofuscin.'®'? The
accumulation of these materials prevents lysosomes from binding autophagic vacuoles and disrupts retinal recycling.''
Previous studies have reported numerous risk factors associated with the development of HCQ retinopathy. HCQ is
primarily cleared by the kidneys; therefore, patients with renal disease are at a higher risk of HCQ buildup in the
plasma.'® Older individuals, female patients, and those with concurrent tamoxifen use are also more likely to develop
toxicity.'* Additional risk factors include a daily dose greater than 5.0 mg/kg/day by real body weight (RBW), 6.5 mg/
kg/day by ideal body weight (IBW), a cumulative dose greater than 1000 mg, and long term use greater than five
years.'*

Characteristics of Hydroxychloroquine Retinopathy

Advanced HCQ retinopathy manifests as a visible “bull’s eye” maculopathy on fundus photography. However, this is
a late finding associated with irreversible and progressive retinal damage and visual loss.'*'> On 10-2 visual fields (10-2
VF), HCQ toxicity presents as a paracentral scotoma.'®'® Spectral domain optical coherence tomography (SD-OCT)
typically shows parafoveal thinning of the outer nuclear layer and decreased reflectivity followed by focal loss of the
ellipsoid zone (EZ), along with disruption of the retinal pigment epithelium (RPE).>'®!” Notably, the fovea is resilient
against toxicity, evidenced by an intact foveal external limiting membrane (ELM) and photoreceptor layer until the last
stages of retinopathy.'®

Screening

For patients without major risk factors for HCQ toxicity, current screening guidelines recommend a baseline fundus
examination to evaluate for preexisting retinopathy, followed by annual screening beginning after five years of
continuous use.’ Preferred screening techniques include 10-2 VF, SD-OCT, fundus autofluorescence (FAF), and multi-
focal electroretinogram (ERG). Some authors recommend the use of 30-2 visual fields (30-2 VF) in Asian patients due
to its greater sensitivity in detecting pericentral retinopathy compared to 10-2 VE.'*2% Of these techniques, SD-OCT is

the most reproducible.'®*!-*2

Purpose

Because HCQ retinopathy can result in irreversible and progressive retinal damage despite drug cessation, early
discontinuation of the drug is essential to preventing significant functional deficits. Disagreement exists regarding the
threshold at which damage to the retina becomes irreversible. The presence of RPE loss is a well-recognized marker of
HCQ toxicity that some identify as the point of no return.”>** However, other studies suggest that this threshold may be
too advanced.'®?* To date, limited research has explored whether damage to more superficial retinal layers portends
irreversible retinal damage. The purpose of this study was to evaluate the progression of retinopathy in eyes in which
HCQ toxicity was diagnosed and the drug was stopped prior to RPE loss. It was hypothesized that eyes would experience
worsening of retinopathy despite the patient no longer taking the drug. Special attention was given to the ellipsoid zone,
a layer of the inner segment of photoreceptors composed primarily of mitochondria. This layer is believed to determine
photoreceptor integrity and appears as a hyperfluorescent line on SD-OCT. It was hypothesized that damage to the EZ
in the absence of RPE loss would still result in irreversible progression of HCQ toxicity.

Methods

This was a retrospective case series of all eyes diagnosed with HCQ retinopathy between 2012 and 2023 at a large
academic medical center in North Carolina, United States. Institutional Review Board (IRB) approval was obtained prior
to data collection (protocol number 00115910), and the research process was conducted in accordance with the tenets put
forward in the Declaration of Helsinki.
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Patient Recruitment

Patients with HCQ retinopathy were identified through an I12B2 query of ICD-9 and ICD-10 codes. Eyes were included
once HCQ toxicity was confirmed through a manual review of patient charts and ancillary testing, including 10-2 VF,
SD-OCT, and FAF. Inclusion in this study required HCQ discontinuation, SD-OCT, VF, and FAF imaging available at the
time of drug cessation and follow up imaging available from a minimum of two visits after drug cessation. Importantly,
an intact RPE at the time HCQ was stopped was necessary for inclusion. Eyes were excluded if they possessed a prior
diagnosis of retinopathy, exhibited evidence of RPE damage before HCQ cessation, lacked baseline imaging, or were lost
to follow up.

Data Collection

Demographic and treatment characteristics were collected from patient charts within the electronic medical record.
Baseline patient data included age, self-reported race, sex, height, RBW, IBW, kidney disease, liver disease, tamoxifen
use, date of HCQ initiation, date of HCQ cessation, and daily HCQ dose. IBW was calculated using the National Heart,
Lung, and Blood Institute (NHLBI) table and its equivalent algorithm.?’ Patient dosing was compared with the 2016
American Academy of Ophthalmology (AAO) guidelines, which recommend a daily dose less than 5.0 mg/kg/day based
on RBW.'

Image Analysis

Patient images were reviewed from the time of HCQ cessation until the most recent follow up appointment. Visual field
testing was recorded using a Zeiss Humphrey Field Analyzer (Zeiss Meditec, Dublin, California). Four patients received
10-2 VF while one patient received 30-2 and 24-2 VF. Early retinopathy was defined as fragments of a ring scotoma
while advanced retinopathy was defined as a complete ring scotoma.

FAF imaging was obtained with an Optos widefield scanning microscope (Optos, Dunfermline, United Kingdom).
Early HCQ retinopathy was defined as parafoveal hyperfluorescence without parafoveal hypofluorescence, while
advanced retinopathy was defined as both parafoveal hyperfluorescence and focal hypofluorescence, indicating RPE
loss.”®?? Identification of the characteristic “bull’s eye maculopathy” was also considered to be indicative of severe
progression. Progression was assessed through qualitative comparison of images over time, with judgments made only on
tests in which the same FAF imaging camera was used.”’

SD-OCT images were collected with Zeiss (Zeiss Meditec, Dublin, California) or Heidelberg (Heidelberg
Engineering, Heidelberg, Germany) instruments. Early retinopathy on SD-OCT was defined as an intact RPE with
decreased reflectivity of the parafoveal ELM, EZ, or interdigitation zone, or an intact RPE with a normal ELM, EZ, and
interdigitation zone but three to five paracentral Early Treatment Diabetic Retinopathy Study (ETDRS) sectors falling
outside 99% of norms.?” Advanced retinopathy was defined as parafoveal ELM, EZ, and interdigitation zone disconti-
nuity and parafoveal RPE loss, indicated by choroidal transmission of the illuminating beam.** HCQ discontinuation in
the setting of RPE damage has already been associated with disease progression.** In contrast, this study identified eyes
in which the drug was stopped earlier than this point.

Retinopathy progression on SD-OCT was quantified using ImageJ2.°%' The Java-based software has good inter-rater
reliability when analyzing OCT images and has been employed previously to evaluate OCTs of human patients and
mouse models.*>***? Using this tool, progression of HCQ toxicity was quantified by the relative increase in length of EZ
hyporeflectivity; a greater percent change indicated worsening of disease. As an intact RPE was a prerequisite for
inclusion in this study, evidence of choroidal transmission on SD-OCT also signaled disease progression.

Results

An initial 12B2 query yielded 59 patients with ocular toxicity due to HCQ. After manual review, 54 patients were
excluded due to insufficient imaging (n = 33), lack of follow up (n = 2), other comorbid retinopathy at baseline (n = 6), or
pre-existing RPE damage at the time of HCQ discontinuation (n = 13). This left 5 patients who met the criteria for
inclusion.
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Patient Demographics

Table 1 displays the characteristics of patients included in this study. All patients were female, with a mean age of 69.5 +
12.2 years (range: 50—84 years). Four patients were White, and one patient was Black. SLE was the most common reason
for HCQ prescription (n = 3). On average, patients had taken HCQ for 18.2 + 14.1 years (range: 5-32 years). Four
patients took 400 mg/day and one patient took 200 mg/day. Mean daily dose by RBW was 5.0 + 1.0 mg/kg/day (range:
3.8-6.1 mg/kg/day). Two patients were overdosed according to the revised 2016 AAO guidelines, which use RBW
dosing. If adjusted for IBW, the mean daily dose was 5.8 + 1.5 mg/kg/day (range: 3.1-6.7 mg/kg/day), with three patients
overdosed by IBW guidelines and receiving a daily dose greater than 6.5 mg/kg/day.’* Three patients were diagnosed
with kidney disease while taking HCQ; no patients had liver disease and no patients were taking tamoxifen. Mean follow
up after HCQ cessation was 31.4 months (range: 8—72 months) Table 1.

Patient Imaging

All patients underwent visual fields, SD-OCT, and FAF imaging. All patients had visual fields and SD-OCT abnormal-
ities characteristic of HCQ retinopathy. Three of five patients had FAF imaging abnormalities consistent with HCQ
retinopathy at the time of drug cessation. Visual fields revealed scotoma progression in all eyes, with eight eyes
developing full scotomas and two eyes developing partial scotomas. During the follow up period, SD-OCT showed
mean increases in EZ hyporeflectivity of 20.2 £ 8.6% in the right eye and 22.5 £ 15.0% in the left eye. HCQ retinopathy
progression on FAF was unable to be assessed in all patients due to insufficient imaging.

Case Reports

Case |

Patient 1 was a 74-year-old female who had been taking HCQ for 18 years to manage SLE and RA. She was 65 inches
tall and weighed 65.6 kg. Her daily HCQ dose and daily dose based on RBW were 400 mg/day and 6.1 mg/kg/day,
respectively. Daily dose based on IBW was also 6.1 mg/kg/day. She had no history of kidney or liver disease.

The patient’s baseline visual acuity after correction was 20/30 in the right eye and 20/20 in the left eye. Figure 1
displays ancillary testing at the time HCQ was stopped. HCQ retinopathy was identified by the presence of a full ring
scotoma in both eyes on 10-2 VF and a bull’s eye pattern with a hyperfluorescent ring on FAF. SD-OCT revealed EZ loss
without choroidal transmission of the illuminating light, indicating an intact RPE.

Early signs of RPE damage were observed 12 months after HCQ cessation. Figure 2 illustrates the progression of
RPE damage in the left eye on SD-OCT and focal loss on near infrared reflectance (NIR) imaging. The right eye similarly
showed signs of HCQ retinopathy progression during the follow up period (Figure 3).

Final ancillary testing is displayed in Figure 4. Over 72 months, the length of EZ hyporeflectivity increased by 12.0%
in the right eye and 11.7% in the left eye. Focal loss of the RPE was present in addition to loss of the outer nuclear layer,
in contrast to baseline SD-OCT that showed an intact RPE. NIR imaging displayed significant hyperfluorescent changes
in both eyes. Visual fields testing also showed more advanced retinopathy bilaterally. FAF of both eyes revealed annular
hyperfluorescent lesions and new hypofluorescent lesions. At the patient’s most recent appointment, visual acuity after
correction was 20/25 and 20/25 in the right and left eyes, respectively.

Case 2

Patient 2 was a 64-year-old female who had been taking HCQ for 32 years for management of SLE. She was 62 inches
tall and weighed 106 kg, with a daily HCQ dose of 400 mg/day, corresponding to a 3.8 mg/kg/day dose based on RBW.
Daily dose based on IBW was 6.7 mg/kg/day. She had no history of kidney or liver disease.

The patient’s visual acuity after correction was 20/25 in the right eye and 20/45 in the left eye. Early signs of HCQ
toxicity were present three years before HCQ cessation, evidenced by a total scotoma bilaterally on 10-2 VF, despite
normal retinal imaging (Figure 5A). However, the 10-2 VF was misinterpreted as normal at that time, and by drug
cessation severe parafoveal deficits were visible in both eyes (Figure 5B). During the three years leading up to HCQ
discontinuation, NIR imaging demonstrated increased hyperreflectivity, suggestive of retinopathy progression (Figure 6).
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Table | Patient Demographic and Treatment Characteristics

Patient Sex Age | Height Real Ideal Daily Dose by Daily Dose by Kidney Liver Years Length of Shrinkage of Scotoma
(in) Weight | Weight Real Weight Ideal Weight Disease | Disease | Taking Follow-Up Ellipsoid Zone
(kg) (kg)* (mglkg) (mglkg) HCQ (Months) (%)

| Female | 74 65 65.6 65.3 6.1 6.1 No No 14 72 OD: 12.0% Full OU
Os: 11.7%

2 Female | 64 62 106.0 59.4 38 6.7 No No 32 36 OD: 26.3% Full OU
OS: 6.9%

3 Female 84 62 84.5 59.4 4.7 6.7 Yes No 12 12 OD: unable Full OU
OS: 43.9%

4 Female | 79 63 68.0 61.4 5.9 6.5 Yes No 18 29 OD: 13.6% Full OU
OS: 30.9%

5 Female | 50 64.5 46.1 64.3 43 3.1 Yes No 2 8 OD: 28.7% Partial
OS: 19.1% ou

Notes: *|deal body weight (IBW) calculated using the National Heart Lung and Blood Institute algorithm (IBW = [(4.28*height in inches) — 134.32]), as reported by Browning D], Lee C, Rotberg D. The impact of different algorithms for
ideal body weight on screening for hydroxychloroquine retinopathy in women. Clin Ophthalmol. 2014;8:1401-1407. doi:10.2147/OPTH.S6653 1.
Abbreviations: HCQ, hydroxychloroquine; OD, right eye; OS, left eye; OU, both eyes.
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A

Figure | Ancillary testing for Case | at the time of HCQ discontinuation. (A) Bilateral complete ring scotomas consistent with advanced retinopathy were present on [0-2
visual fields, worse in the right eye. (B) Annular hyperfluorescent lesions (yellow arrows) were visible in both eyes, left worse than right, on widefield fundus
autofluorescence imaging. (C) Parafoveal hyporeflectivity of the EZ (red arrows) with outer nuclear layer thinning was present in both eyes on spectral domain optical
coherence tomography, with faint parafoveal hypofluorescent changes on near infrared reflectance imaging. The green arrows on the near infrared reflectance images
indicate the position of the associated optical coherence tomography scans.

Thinning of the parafoveal outer nuclear layer and decreased reflectivity of the EZ with an intact RPE were observed on
SD-OCT three years after the first signs of toxicity appeared on 10-2 VF (Figure 7), prompting HCQ discontinuation.
10-2 VF at this time showed more severe parafoveal deficits in both eyes (Figure 5B).

The patient was monitored for 36 months after stopping HCQ. During this period, the length of the zone of parafoveal
EZ hyporeflectivity increased by 26.3% in the right eye and 6.9% in the left eye. Final SD-OCT images are displayed in
Figure 8. No choroidal transmission of light rays was observed, suggesting that the RPE remained intact in both eyes,
despite ongoing damage to the EZ. Additionally, final 102 VF revealed worsening total and pattern deviations in both
eyes compared to when HCQ was discontinued (Figure 5C). At the end of the follow up period, the patient’s visual acuity
after correction was 20/40 in the right eye and 20/30 in the left eye.

Case 3

Patient 3 was an 84-year-old female with a 12-year history of daily HCQ use for management of RA. She was 62 inches
tall, weighed 84.5 kg, and had been dosed at 400 mg/day (4.7 mg/kg/day based on RBW, 6.7 mg/kg/day based on IBW).
She possessed a history of renal cell carcinoma and nephrectomy and developed stage III chronic kidney disease during
the time she was on HCQ. Her creatinine was 2.01 at the time HCQ was discontinued.

10-2 VF four years prior to HCQ cessation indicated no major pattern deviations or visual deficits. Her visual acuity
after correction was 20/20 bilaterally. However, 12 months before HCQ discontinuation, a full central scotoma was
apparent on the 10-2 VF pattern deviation plot of the right eye. This 10-2 VF was misinterpreted as normal. Full
scotomas were then subsequently noted on bilateral pattern deviation plots and the right eye’s grayscale display, at which
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Figure 2 Spectral domain optical coherence tomography of the left eye at |, 2, and 5 years after HCQ discontinuation for Case |. Parafoveal hyporeflectivity of the EZ (red
arrows) increased in length over the follow up period, signifying further damage to the outer retina. Increased choroidal light beam transmission (light blue arrows) —
indicative of retinal pigment epithelium damage — appeared | year after HCQ was discontinued. Subsequent progression of RPE damage was evident at 3 and 5 years after
HCQ cessation. Near infrared reflectance imaging also demonstrated focal loss (purple arrows) that progressed after the drug was discontinued.

Figure 3 Spectral domain optical coherence tomography of the right eye at |, 3, and 5 years after HCQ discontinuation for Case |. Like the left eye (Figure 2), spectral
domain optical coherence tomography showed lengthening of parafoveal ellipsoid zone hyporeflectivity with increased transmission of the illuminating light beam into the
choroid (light blue arrows), indicating progressive damage to the outer retina. Despite HCQ cessation, near infrared reflectance imaging demonstrated further progression
of focal loss (purple arrows), worse nasally.
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Figure 4 Ancillary testing for Case | 6 years after HCQ was discontinued. These images should be compared to those in Figure |. (A) 30-2 visual fields demonstrated
bilateral advanced retinopathy worse than that seen on 10-2 visual fields 6 years prior. (B) Fundus autofluorescence showed extensive annular hyperfluorescent lesions with
new hypoautofluorescent lesions (yellow arrows) in both eyes. (C) Spectral domain optical coherence tomography (SD-OCT) and near infrared reflectance (NIR) imaging
showed more severe SD-OCT damage with focal loss of retinal pigment epithelium, signified by transmission of the illuminating beam into the choroid (blue arrows) and
focal collapse of the outer nuclear layer and ellipsoid zone loss (red arrows). NIR displayed significant bilateral parafoveal hyperfluorescent changes (purple arrows) worse
nasally that were more apparent than at the time of HCQ cessation.

3 years before cessation | At cessation 4 years after cessation |

Figure 5 Progression of visual field changes in Case 2. (A) Four quadrant, unconnected paracentral scotomata were present on |0-2 visual fields (10-2 VF) in both eyes 3
years prior to drug cessation, but the testing was mistakenly classified as normal. (B) At the time of HCQ cessation, |0-2 VF demonstrated worse bilateral paracentral
scotomata compared to panel A. (C) At last follow up, the central scotomas demonstrated further progression, despite the drug having been discontinued 4 years prior.
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3 years before cessation

3 years before cessation 1 year before cessation

Figure 6 Near infrared reflectance (NIR) imaging for Case 2 before HCQ cessation. NIR demonstrated increased hyperreflectivity (purple arrows) in the 3 years leading up
to HCQ discontinuation.

point HCQ was discontinued. Both Zeiss Cirrus and Heidelberg SD-OCT showed bilateral parafoveal EZ hyporeflectiv-
ity, left worse than right, at the time of HCQ cessation.

Progression of retinopathy occurred quickly, with the length of the zone of EZ hyporeflectivity increasing by 43.9% in
the left eye within 12 months of HCQ discontinuation. No choroidal transmission was present, suggesting that the RPE
remained intact. In the right eye, no change was measurable by ImageJ2 on Heidelberg SD-OCT. However, Zeiss Cirrus
imaging performed 22 months after HCQ cessation demonstrated bilateral progression of retinopathy, evidenced by
additional paracentral ETDRS sectors falling less than 99% of population norms. Heidelberg SD-OCT images at HCQ
cessation and after 12 months of follow up are displayed in Figure 9, and Zeiss Cirrus images at HCQ cessation and after
22 months of follow up are displayed in Figures 10 and 11. 10-2 VF showed further worsening pattern deviation. Final
visual acuity after correction was 20/20 and 20/25 in the right and left eyes, respectively.

Case 4
Patient 4 was a 79-year-old female with SLE and RA who had been taking HCQ for 18 years. She was 63 inches tall and
weighed 68.0 kg. Her daily dose was 400 mg/day for the entire treatment period or 5.9 mg/kg/day when adjusted for
RBW and 6.5 mg/kg/day by the IBW method. She had a history of stage III CKD diagnosed 2 years prior to stopping
HCQ, but her dosage was not adjusted at that time. She had no history of liver disease.

The patient’s vision was complicated by steroid-induced glaucoma with advanced vision loss at baseline. The right
eye displayed a superior arcuate defect worst in the superonasal quadrant, consistent with mid-stage glaucoma. The left
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Figure 7 Spectral domain optical coherence tomography at the time HCQ was discontinued in Case 2. Parafoveal hyporeflectivity of the ellipsoid zone can be observed in
both eyes (red arrows). There is no evidence of choroidal transmission of the illuminating beam in either eye, indicating that the RPE was intact at the time of HCQ
cessation. The green arrows on the near infrared reflectance images indicate the position of the associated optical coherence tomography scans.

Figure 8 Final spectral domain optical coherence tomography images for Case 2. The length of parafoveal ellipsoid zone hyporeflectivity increased in both eyes compared to
the state at drug cessation. At the patient’s most recent appointment, no choroidal transmission of light rays was observed, indicating an intact retinal pigment epithelium.
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At HCQ cessation

Figure 9 Spectral domain optical coherence tomography images for Case 3. At the time of HCQ cessation, parafoveal hyporeflectivity of the ellipsoid zone (EZ) was
observed in both eyes, left worse than right. Parafoveal ellipsoid zone (EZ) hyporeflectivity increased in length and continuity in the left eye over 12 months of follow up (red
arrows). We were unable to quantify a change in EZ hyporeflectivity in the right eye using Image)2. In both eyes, no choroidal transmission of light rays was observed,

indicating an intact retinal pigment epithelium despite progression of retinopathy.
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Figure 10 Zeiss optical coherence tomography of both eyes at the time HCQ was discontinued. In the right eye, 5 parafoveal EDTRS sectors are less than 99% of
population norms, indicating early retinopathy. In the left eye, 6 parafoveal EDTRS sectors are less than 99% of population norms, indicating advanced retinopathy.
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Figure || Zeiss optical coherence tomography 22 months after HCQ cessation. These results should be compared to Figure 10. In the right eye, 5 parafoveal EDTRS zones
are less than 99% of population norms and 4 are less than 95% of population norms, indicating worsening since HCQ cessation. In the left eye, all 8 parafoveal EDTRS zones
are less than 99% of population norms, indicating advanced retinopathy worse than 22 months prior.

eye displayed significant nasal step deficits with intact peripheral vision in the lateral visual fields. Visual acuity after
correction was 20/30 in the right eye and 20/30 in the left eye.

Decreased parafoveal reflectivity of the EZ in the left eye and bilateral NIR asymmetry was observable three years
prior to HCQ discontinuation. Subsequent SD-OCT and 24-2 VF exhibited bilateral parafoveal EZ loss and marked
progression of VF loss, at which point HCQ was stopped. At the time of drug discontinuation, 24—2 VF showed near
complete VF loss in the left eye and a severe superior arcuate defect in the right eye that had worsened from previous
imaging. Bilateral damage was apparent on FAF. However, the RPE remained intact, with no choroidal transmission.

After 29 months of follow up, the length of the zone of EZ loss had increased by 13.6% in the right eye and 30.9% in
the left eye. Final 10-2 VF displayed continued worsening of the visual fields. There was diffuse superior and
inferotemporal damage in the right eye and near complete visual field loss in the left eye. Final visual acuity after
correction was 20/30 in the right eye and 20/40 in the left eye.

Case 5

Patient 5 was a 50-year-old female who took HCQ for 2 years to treat juvenile idiopathic arthritis. She was 64.5 inches
tall and 46.1 kg. She had end stage kidney disease on peritoneal dialysis, and no liver disease at the time treatment was
initiated. As a result, she was dosed at 200 mg/day or 4.3 mg/kg/day and 3.1 mg/kg/day when adjusted for RBW and
IBW, respectively. The daily dose of 200 mg was consistent with current recommendations regarding HCQ dose in
patients receiving dialysis treatments.>”

Visual acuity without correction was 20/20 in the right eye and 20/30 in the left eye. Baseline 10-2 VFs were
unreliable, though 10-2 VF collected 12 months after HCQ was initiated showed partial scotomas bilaterally. HCQ was
stopped after 24 months due to abnormal FAF showing hypofluorescence, despite a normal color fundus photograph.
Imaging at this time was also significant for bilaterally decreased reflectivity of the parafoveal EZ on SD-OCT, with the
right eye worse than the left eye.
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She was followed for 8 months after HCQ was stopped, after which the patient was lost to follow up. Final FAF
showed increased parafoveal hyperfluorescence and SD-OCT exhibited 28.7% and 19.1% increases in the length of the
zone of EZ hyporeflectivity. Though increasingly hyporeflective, the EZ remained present in this patient, in contrast to
Patient 1 and Patient 4 whose SD-OCT imaging showed complete EZ loss.

Discussion

All patients in this study were female, consistent with the demographics of other studies.'®'? This is unsurprising, as the
prevalence of SLE and RA — two primary indications for HCQ therapy — is greater among female patients.>*>® The mean
follow-up length of 31.4 months for the patients studied was also similar to that of previous studies examining patients
after cessation of HCQ.>!8:2425:29.39:40

Previous research indicates that HCQ remains in pigmented tissues for years and can lead to retinal toxicity even after
drug cessation.'%*!*? Clinically significant recovery of damaged structures has not been proven.'®** Retinal regeneration
is thought to occur secondary to phagocytosis of damaged cells; however, HCQ exerts its toxicity by interfering with
retinal lysosomes, hindering the clearance of retinal debris and production of new cells in outer segments. Thus, detection
of HCQ retinopathy, regardless of stage, usually necessitates discontinuation of the drug. In this study, no patients
displayed visible regeneration on SD-OCT or meaningful improvements on visual fields or FAF, consistent with previous
studies that suggest regeneration of retinal structures is unlikely.

The risk of disease progression appears to be related to the time of HCQ discontinuation, with early cessation
corresponding to a lower probability of progression.'®'®** Previous research describing the progression of HCQ
retinopathy has focused on the RPE, a layer of the retina deep to the EZ that is damaged only once the EZ is
compromised.”>**** Marmor et al** reported that RPE damage was linked to worsening toxicity on OCT for up to 3
years after HCQ discontinuation, whereas stopping HCQ before RPE damage occurred was associated with significantly
less progression and potential stabilization. In contrast, the results of this study indicate that HCQ retinopathy will
continue to progress once damage to the parafoveal EZ occurs even if the RPE is intact. All patients experienced
expansion of EZ hyporeflectivity during subsequent follow-up appointments despite drug cessation prior to RPE loss, and
one patient experienced worsening of retinopathy to the point of RPE loss with choroidal transmission. These anatomic
changes corresponded with worsening visual deficits in all patients, as measured by visual fields testing, and have
relevance in the discussion regarding whether progression is uncommon or common once focal EZ loss occurs.***’

The results of this study support previous research that suggests that the threshold of progression occurs prior to RPE
damage. A review of 19 eyes by Scarinci et al*® suggested that using RPE damage as a cut-point was too late. They
reported that a majority of eyes with damage to the external limiting membrane (ELM) developed worsening of
retinopathy, while eyes with an intact ELM remained stable. Mititelu et al'® similarly reported that partial regeneration
was only observed in areas of the retina in which the ELM was preserved. Earlier work from our group suggested that
studies in which the RPE was chosen as the threshold did not follow cases long enough to observe progression when
evaluating earlier thresholds.*’

Furthermore, research utilizing machine-learning algorithms in the quantitative analysis of SD-OCT biomarkers
report that partial hyporeflectivity of the EZ is a sensitive and specific biomarker for drug toxicity. Prediction models that
incorporated EZ integrity into their learning algorithms had high levels of accuracy when predicting progression of HCQ
retinopathy.*®*’

Proper dosage of HCQ has been debated in the past. Widespread agreement exists that retinopathy is related to daily
dose and length of treatment.'*'? Initial guidelines based dosing on IBW and recommended a daily dose less than 6.5 mg/
kg/day.®* However, in 2013, Browning® reported that thin patients were more likely to develop toxicity when dosed
according to IBW rather than real body weight. Melles et al*® later reported similar findings in a larger sample. In light of
these findings, the 2016 AAO guidelines were revised, with a recommended dose less than 5.0 mg/kg/day based on
RBW.! The limitation of this recommendation is that it leads to overdosage of obese patients.’® For example, Cases 2 and
3 received appropriate dosing according to RBW guidelines, but were overdosed based on IBW guidelines. An improved
recommendation would be to dose based on the lesser of real and ideal body weight.”'
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Unfortunately, proper dosage, even based on the lesser of RBW and IBW, does not climinate the risk of HCQ
retinopathy. In this study, Case 5 was appropriately dosed based on both RBW and IBW guidelines yet still developed
retinopathy in the setting of concomitant end-stage renal disease. Modifications of dosing in the presence of renal disease
are based on theory, though these modifications have not yet been tested experimentally.”® Because HCQ is primarily
cleared by the kidneys, expert consensus recommends reducing its dose in patients in whom renal clearance is
diminished. The widely accepted guideline is to decrease the daily dose of a patient with normal renal function by
50% in a patient with a GFR less than 30 mL/min.’*>* Unfortunately, the reality is that despite all efforts toward safe
dosing, some patients will develop retinopathy, making early detection based on ancillary testing necessary.

This case series illustrates that in practice, clinicians often miss early signs of retinopathy. In Cases 2, 3, and 4 early
visual field changes were missed. Another early sign of retinopathy on SD-OCT is decreased parafoveal reflectivity of the
EZ. We emphasize this sign because cessation of HCQ at the time of EZ loss but before RPE loss is associated with
progression of retinopathy and increasing paracentral scotomas.*’

This study has several limitations. To meet the inclusion criteria, patients were required to have an intact RPE at the
time of HCQ discontinuation, resulting in a small sample size that limited statistical power. However, previous studies on
this topic share this limitation due to the relatively low incidence of HCQ toxicity.'®* 2> Patients were followed at
varying intervals, and a variety of tests were used, making it difficult to evaluate the rate of disease progression per unit
of time. Additionally, some patients in this study developed kidney disease while taking HCQ. Renal dysfunction is
a known risk factor for HCQ toxicity, and it is possible that kidney disease may have influenced disease progression in
these patients. However, the likelihood of this association remains unexplored.

In conclusion, definitive markers of HCQ progression are an area of ongoing investigation. The results of this study
suggest that focal EZ loss can portend irreversible functional and anatomic progression of HCQ toxicity in patients
before RPE loss occurs. Current screening guidelines would benefit from acknowledging an earlier threshold predictive
of irreversible damage and use of lesser RBW and IBW in assessing whether a patient’s daily dosing is safe.”> Shifting
the threshold and adding the nuance of body weight choice would not eliminate all cases of HCQ retinopathy; however,
such changes would improve the sensitivity of screening modalities, prevent avoidable occurrence of potentially
reversible toxicity, and reduce the incidence of retinopathy. Ophthalmologists and other providers will benefit from
these findings when considering follow-up schedules, dosing strategies, and ancillary testing. Future studies would
benefit from prospective designs that incorporate larger sample sizes and standardized multimodal imaging at regular
intervals.
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