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Abstract

Introduction To measure the prevalence of hydroxychloroquine retinopathy in patients attending a hydroxychloroquine
monitoring service using 2018 Royal College of Ophthalmologists diagnostic criteria.

Methods A service evaluation audit of a hydroxychloroquine retinopathy monitoring service was undertaken.
Results of Humphrey 10-2 field tests, spectral-domain optical coherence tomography and fundus autofluorescence were
collected with data on dose, weight, duration of treatment, estimated glomerular filtration rate, and concurrent tamoxifen
therapy. Visual field tests were assessed as reliable or unreliable, and classified as normal, hydroxychloroquine-like,
poor test or related to other pathology. Cases of definite and possible retinopathy were identified using the 2018 RCOphth
criteria.

Results There were 1976 attendances over two years of 1597 patients. Seven hundred and twenty-eight patients had taken
hydroxychloroquine for less than 5 years and 869 had taken hydroxychloroquine for 5 years or more. Fourteen patients were
identified with definite hydroxychloroquine retinopathy (1.6%), and 41 patients with possible retinopathy (4.7%). Sixty-
seven per cent of 861 visual fields were performed reliably, with 66.9% classified as normal, 24.9% as poor test, 5.2%
hydroxychloroquine-like and 3.0% abnormal due to other pathology.

Conclusions The 1.6% prevalence of hydroxychloroquine retinopathy is lower than the previously reported prevalence of
7.5% as reported by Melles and Marmor JAMA Ophthalmol 132: 1453-60 (2014). This is because of a difference in the
diagnostic criteria. Both definite and possible retinopathy would meet the diagnostic criteria of the Melles and Marmor
study; 6.3% in our data, compared with 7.5%, a much smaller difference and likely to be explained by differences in the risk
characteristics of the two groups.

Introduction

Hydroxychloroquine (HCQ) is derived from quinine, an
extract from the bark of the cinchona tree. Pharmacologi-
cally, it has multiple intracellular effects and is multimodal
in its actions [1].

It is licensed in the UK for active systemic lupus ery-
thematosus (SLE), discoid lupus, active rheumatoid arthritis
and dermatological conditions aggravated by sunlight [2].
The use of hydroxychloroquine as an immunomodulatory
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agent is increasing, the number of patients taking the drug
in 2016 was estimated at 166,673 with an additional 36,444
newly started in the same year [3]. Up to 67% of patients
diagnosed with SLE start hydroxychloroquine within the
first year as do 52% of those with newly diagnosed rheu-
matoid arthritis [4].

In SLE, hydroxychloroquine has been shown to have
multiple benefits [5] including increased life expectancy [6],
reduced risk of renal failure [7], protection against throm-
botic events, diabetes mellitus, dyslipidaemia [8—11] and it
has been shown to reduce arterial stiffness [12]. It has
antibacterial and antiviral properties [13] and reduces
infection rates in SLE [14].

Hydroxychloroquine can also be used in the treatment of
antiphospholipid antibody syndrome [15], is safe in preg-
nancy [16], and may improve pregnancy outcome [17] in
affected patients. A randomised controlled trial in preg-
nancy in mothers with antiphospholipid antibody syndrome
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is underway [18]. It may also be of benefit in ANCA-
positive vasculitis [19] with a randomised clinical trial
starting soon [20], in breast cancer [21] and other neoplasia
[22]. There is in vitro evidence of effectiveness against
COVID-19 viral infection [23].

Hydroxychloroquine has a better side effect profile than
other disease-modifying agents and rarely causes renal and
hepatic dysfunction, cardiotoxicity or skeletal muscle side
effects at the appropriate (recommended) dosage.

The well-characterised retinal toxicity caused by hydro-
xychloroquine can lead to permanent vision loss. Studies on
animals suggested that the earliest detectable change is in
retinal ganglion cells and photoreceptors, with retinal pig-
ment epithelium (RPE) changes occurring later [24, 25].
Hydroxychloroquine is concentrated into melanin-
containing cells and reduces the internal pH of lysosomes,
resulting in accumulation of lipofuscin [26], which may be
partly responsible for the retinal toxicity.

A recent study of 2361 patients in USA suggested that
the prevalence of toxicity overall was 7.5% when using
central visual field (VF) testing or spectral-domain optical
coherence tomography (SD-OCT) to detect early changes
[27]. Hydroxychloroquine toxicity was identified as either
anatomical abnormality (on SD-OCT or fundus auto-
fluorescence (FAF)) or ring-like or partial ring-like scotoma
on central 10-2 visual field assessment. Risk factors for
toxicity were identified as dose >5mg/kg actual body
weight, duration, concurrent tamoxifen therapy and poor
renal function.

In February 2018 the Royal College of Ophthalmologists
(RCOphth) published new recommendations for the
screening of patients taking hydroxychloroquine [28]. A
diagnosis of definite retinal toxicity requires both function
and anatomy to be abnormal, and abnormality in one test
alone is classified as possible retinopathy.

St Thomas’ Hospital in London cares for a large number
of patients being prescribed hydroxychloroquine by medical
specialists including rheumatologists, dermatologists, and
haematologists. A new service was started in October 2017
using draft guidance from the RCOphth and the formal
guidance from Feb 2018 [28]. This paper discusses the
findings in the first two years of the service.

Methods

The work was registered with the NHS Trust as a service
evaluation audit. All patients referred were seen in an
assessment clinic, staffed by a medical imaging specia-
list and ophthalmic technicians. Anonymised data with
no personal identifiers were collected on indication, dose
of drug, duration of treatment and current body weight.
Patient age, gender, racial origin and estimated
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glomerular filtration rate (eGFR) were noted from the
most recent result on the hospital electronic patient
record system or calculated from the most recent crea-
tinine level using a regression formula [29]. Data were
collected for the time period 1st December 2017 to 30th
November 2019 and analysed as per the 2018 guidelines
[28]. A statistical comparison was made for the ratio data
of age, duration, dose and eGFR. Tests of skewness and
kurtosis were used to assess for normality and unpaired
Student’s ¢ test used for statistical comparison. Three
tests were performed for each parameter (normal vs
possible, possible vs definite, normal vs definite) and the
Bonferroni correction indicates statistical significance
should be set at p =0.017.

Patients were separated into two groups, those who had
been taking HCQ for less than 5 years and those taking for 5
years or more. All images and field tests were assessed for
signs of hydroxychloroquine toxicity and for other
pathology.

The 10-2 VF tests were noted as reliable or unreliable
(based on the reliability indices) and the result graded as
either normal or abnormal. Abnormal fields were sub-
classified into three groups ‘poor test’, ‘ring-like/partial
ring-like’ or ‘other field pathology’. A test was classified as
poor if there were scattered points of reduced sensitivity not
in a ring-like distribution nor suggestive of other pathology
or demonstrated artefact such as late starter or early finisher
patterns. If the first visual field test was suspicious of
hydroxychloroquine retinopathy the patient was recalled to
repeat the test.

A diagnosis of definite HCQ toxicity was made if the
patient had abnormalities of 10-2 visual field in a ring-like
or partial ring-like scotoma accompanied by thinning/dis-
ruption of the outer nuclear layer and/or ellipsoid in the
parafoveal area on SD OCT and changes on the blue
autofluorescence images. Diagnosis was also made if the
patient had repeated field tests suspicious of toxicity which
was subsequently confirmed on multifocal electro-
retinography (mERG) testing.

Possible HCQ toxicity was diagnosed if the patient had
an abnormal OCT or autofluorescence in the presence of a
normal visual field test, or a ring-like or partial ring-like
scotoma on the 10-2 field test which was persistent on a
reliable second field test, in the presence of normal anato-
mical assessment.

Results

There were 1976 attendances in the 2-year period. Some
patients attended on more than one occasion, either for
annual review or for a repeat field test. To establish the
correct denominator for prevalence calculation, the repeat
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Table 1 Attendances over two years.

Table 2 Underlying conditions for all patients.

Duration Less than 5 years 5 years or more Indication <5 years >5 years Possible Definite
Attendance Lupus (SLE) 217 522 29 10
All Rheumatoid arthritis 168 106 10 3
Total 876 1100 Connective tissue 26 43 2
Female 743 1004 diseases
Male 133 96 Unknown 93 42
First attendance Sjogren’s syndrome 43 29
Total 728 869 Antiphospholipid 17 26
Femal 617 793 antibody syndrome
€male
Mal 11 76 Vasculitis 12 11
ale
S idosi 17 8
Second attendances ?ICOI OS18
Total 148 231 Lichen planus 57 6
Alopecia 37 4
Female 126 211
Mal 2 20 Bechet’s 0 4
ale
Dermatomyositis 11 3
Fibromyalgia 1 2
visits were excluded and the information from the first visit Seroge%ativg N 3 2
used. The breakdown is shown in Table 1. Sp(lm yloarthropathy )
Seven hundred and twenty-eight patients had been taking Scleroderma ) _ 3
hydroxychloroquine for less than 5 years, and 869 patients Ad"llt'(?nset still’s disease 1 1
had been taking hydroxychloroquine for 5 years or more, a Umc_a“a_ _ 4 1
total of 1597 patients. Indications for treatment are shown in ~ Panniculitis 2 1
Table 2. Pemphigoid 2 1
In the group taking HCQ for 5 years or more, 14 patients ~ Granuloma annulare 3 0
were identified as having definite toxicity. Twelve had  Churg strauss 1 0
abnormalities in both anatomy (OCT and FAF) and func-  Cryoglobulinaemia 1 0
tion; two were diagnosed after persistent field defects and  Psoriatic arthritis 3 0
assessment with mERG. Folliculitis 3 0
A total of 41 were diagnosed with possible retinopathy:  Polyangiitis 3 0

10 with abnormal anatomy on OCT (FAF was normal) and a
normal visual field test; 31 had field defects persistent on
second testing, in the presence of normal anatomy.

The prevalence of definite HCQ toxicity using the 2018
RCOphth criteria was 1.6%, of possible retinopathy was
4.7% and the overall prevalence of definite and possible
retinopathy was 6.3%.

Data for age, duration of treatment, dose mg/kg and
eGFR for patients taking HCQ for 5 years or more and the
statistical comparison are shown in Table 3.

All tests of skewness were within 43 to —3. Kurtosis
tests show values less than 3 except for duration in the
possible group (k =4.0) and unpaired Student’s ¢ test was
used to calculate p values. Given the Bonferroni correction,
the group with definite retinal toxicity were taking a sta-
tistically  significantly  higher dose  (mg/kg) of
hydroxychloroquine.

Visual field tests were available for 861 of 869 patients
taking HCQ for more than 5 years. Of these 576 (66.9%)
were performed reliably, the remaining 285 (33.1%) had
fixation losses, false positives and/or false negatives suffi-
cient to be classified as unreliable.

Five hundred and seventy-six (66.9%) were classified as
normal, 214 (24.9%) were deemed poor tests, 26 (3.0%) had
field defects related to pathology other than HCQ and 45
(5.2%) had HCQ-like field defects.

Discussion

In the first two years of the hydroxychloroquine service, we
found a prevalence of definite toxicity of 1.6% and 4.7%
possible toxicity with duration of treatment 5 years or more.
The Melles and Marmor study [27] reported a prevalence of
7.5% for patients taking hydroxychloroquine for over 5
years. Their criteria used either a ring-like scotoma or SD
OCT changes to diagnose retinopathy. This equates to the
sum of both definite and possible retinopathy using the
2018 RCOphth criteria, which for these data is 6.3%. This
much smaller difference is likely to be related to differences
in the groups in terms of dose, duration of treatment and
weight. Dose variation and compliance with the medication

SPRINGER NATURE



346

E. Marshall et al.

Table 3 Mean, Standard Deviation and Median for age, duration of
treatment, dose mg/kg and eGFR for patients with normal assessment,
possible and definite hydroxychloroquine retinopathy.

Parameter

Age (years) Normal n = 814 Possible n = 41 Definite = 14
Mean 484 51.9 55.4
SD 13.7 15.8 11.3
Median 49 51 55

Duration (years) Normal n = 814 Possible n = 41 Definite = 14
Mean 11.1 12.7 15.9
SD 5.7 7.7 7.5
Median 10 10 14.5

Dose (mg/kg)  Normal n = 772 Possible n = 38 Definite n =14
Mean 39 4.2 53
SD 1.5 1.4 1.6
Median 35 3.8 5.9

eGFR (ml/min) Normal n = 513 Possible = 32 Definite = 13
Mean 84.8 81.2 76.4
SD 24.8 252 20.5
Median 82 83.5 75

p values Normal vs Possible Possible vs Definite  Normal vs Definite
Age 0.17 0.37 0.04
Duration 0.2 0.18 0.03
Dose 0.27 0.03 0.01
eGFR 0.44 0.51 0.17

may also be important over a long period. The apparent
larger difference between the observed prevalence of defi-
nite retinopathy and the US study is therefore due to the
different diagnostic criteria used, rather than a difference in
the clinical findings.

The analysis of dose shows a mean 3.9 (SD 1.5) mg/kg
in the normal group and 5.3 (SD 1.6) mg/kg in the group
with toxicity. The normal group had a shorter mean dura-
tion of 11.2 (SD 5.8) years taking hydroxychloroquine than
the group with toxicity of 15.9 (SD 7.5) years. Although no
initial power calculation was made and investigation of
these measures was not a primary aim of the evaluation,
there is a statistically significant difference in the dose
(mg/kg) taken by the small group with retinal toxicity when
compared with the normal group and close to statistical
significance for the group with possible retinopathy com-
pared with the normal; similarly for duration of treatment.

Dose and treatment duration are already established risk
factors and the finding that the patients with toxicity were
taking a higher dose of hydroxychloroquine for a longer
duration than those without is not surprising; it indicates
that the clinical assessment has detected a group of patients
who were at higher risk of developing toxicity.

The results from the visual field tests showed ring-like
scotomas in 5.2% of patients and this diagnosis was only
made with reliable results and after a second field test. Three
per cent (3%) of patients had reduced central visual fields
related to other pathology, such as known glaucoma, previous
retinal vein occlusion, macular scarring, previous optic
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neuritis and one patient had an asymptomatic bitemporal
hemianopia which was related to a non-functioning pituitary
adenoma demonstrated on an urgent magnetic resonance
imaging (MRI) scan. Two patients had mERG performed
because of suspicious field defects, and retinal dysfunction in
the macular region was confirmed to be present.

The visual field test results showed a high proportion of
unreliable and/or poor tests (33.1% and 24.9%, respec-
tively). Repeat testing was needed on many occasions to
identify whether the result was artefact or persistent. Visual
field testing is a noisy investigation and the possibility of
misinterpretation and incorrect classification exists.

Using the 2018 RCOphth criteria it is possible to obtain
the same clinical outcome from the assessment if visual
fields are performed only when the anatomical assessment
is abnormal. If the OCT scan and FAF are normal in the
absence of field testing, the patient has either no retino-
pathy or possible retinopathy, with the outcome being an
annual review in both cases [26]. If the OCT/FAF is
suggestive of hydroxychloroquine toxicity, a field test is
needed to establish whether the patient has either possible
or definite retinopathy. This methodology would result in
the same number of diagnoses of definite retinopathy and
would reduce the number of field tests needed con-
siderably. This should help in reducing the noise in the
investigation.

It seems sensible to suggest that the RCOphth guidance
be revised to introduce a different methodology of deli-
vering the monitoring service: Baseline visits would remain
the same whilst those patients attending for review would
have anatomical investigation with SD-OCT and FAF. If
these tests suggest any degree of HCQ toxicity, the patient
would perform a 10-2 field test. A diagnosis of definite
HCQ toxicity would be made if the field test is reliable and
demonstrates a true partial or full ring-like defect consistent
with the anatomical disturbance. This change would facil-
itate hydroxychloroquine retinopathy monitoring that could
be implemented across the nation without excessive burden
on already-stretched services.

In conclusion, using 2018 RCOphth diagnostic criteria,
we found a prevalence of 1.6% of definite retinopathy and
4.7% of possible retinopathy in a group of 869 patients
taking hydroxychloroquine for more than 5 years. Pro-
spective studies would be beneficial in establishing a more
accurate prevalence measure.

Hydroxychloroquine is an excellent drug with sig-
nificant benefits in autoimmune and other diseases due to
its immunomodulatory, anti-inflammatory, anti-thrombotic
and anti-proliferative effects. A diagnosis of hydroxy-
chloroquine retinopathy should be made using robust
measures as the consequence of treatment cessation is
likely to be reactivation of systemic disease, with the need
for alternative immunosuppression.
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Summary
What was known before

e Hydroxychloroquine is known to cause a maculopathy
in a number of cases, dependent on dose, body mass and
duration of treatment. Recent data from US suggests a
prevalence of 7.5% when diagnosed using either central
visual fields or SD-OCT. New RCOphth guidelines
require both fields and SD-OCT to be abnormal to
diagnose hydroxychloroquine retinopathy.

What this study adds

e The prevalence of definite hydroxychloroquine retino-
pathy measured using RCOphth criteria is 1.6% The
prevalence of possible retinopathy using RCOphth
criteria is 4.7%.
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