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Background: Synovitis is believed to play a role in producing
symptoms in persons with hand osteoarthritis, but data on slow-
acting anti-inflammatory treatments are sparse.

Objective: To determine the effectiveness of hydroxychloro-
quine versus placebo as an analgesic treatment of hand
osteoarthritis.

Design: Randomized, double-blind, placebo-controlled clinical
trial with  12-month follow-up. (ISRCTN registry number:
ISRCTN91859104)

Setting: 13 primary and secondary care centers in England.

Participants: Of 316 patients screened, 248 participants (82%
women; mean age, 62.7 years) with symptomatic (pain =4 on a
0- to 10-point visual analogue scale) and radiographic hand os-
teoarthritis were randomly assigned and 210 (84.7%) completed
the 6-month primary end point.

Intervention: Hydroxychloroquine (200 to 400 mg) or placebo
(1:1) for 12 months with ongoing usual care.

Measurements: The primary end point was average hand pain
during the previous 2 weeks (on a 0- to 10-point numerical rating
scale [NRS]) at 6 months. Secondary end points included self-
reported pain and function, grip strength, quality of life, radio-
graphic structural change, and adverse events. Baseline ultra-
sonography was done.

Results: At 6 months, mean hand pain was 5.49 points in the
placebo group and 5.66 points in the hydroxychloroquine
group, with a treatment difference of —0.16 point (95% Cl,
—0.73 to 0.40 point) (P = 0.57). Results were robust to adjust-
ments for adherence, missing data, and use of rescue medica-
tion. No significant treatment differences existed at 3, 6, or 12
months for any secondary outcomes. The percentage of partici-
pants with at least 1 joint with synovitis was 94% (134 of 143) on
grayscale ultrasonography and 59% on power Doppler. Baseline
structural damage or synovitis did not affect treatment response.
Fifteen serious adverse events were reported (7 in the hydroxy-
chloroquine group [3 defined as possibly related] and 8 in the
placebo group).

Limitation: Hydroxychloroquine dosage restrictions may have
reduced efficacy.

Conclusion: Hydroxychloroquine was no more effective than
placebo for pain relief in patients with moderate to severe hand
pain and radiographic osteoarthritis.
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ymptomatic hand osteoarthritis affects 4% to 31% of

adults older than 70 years and 3% to 15% older
than 60 years (1-7). Patients report chronic persistent
pain and considerable difficulty with daily activities (8).
However, few therapies are effective, and their use is
often limited by patients' comorbid conditions or toxic-
ities (9-11). Consequently, primary and secondary care
physicians seek alternatives to improve quality of life for
persons with this painful, disabling disease. Anecdotal
reports suggest hydroxychloroquine (HCQ) as one
such therapy. It has been used as an unlicensed treat-
ment in many countries when other options have failed,
mainly for patients with “inflammatory” hand osteoar-
thritis (12, 13). An established drug treatment of inflam-
matory arthritides, such as rheumatoid arthritis (RA),
HCQ is supported by placebo-controlled trials showing
its efficacy (as monotherapy and in combination with
other RA drugs) and acceptable safety profile (14, 15).
Increasing evidence that inflammation is prevalent in
osteoarthritis and may have a role in symptoms (16-20)

and 3 small pilot studies suggesting reduction in hand
pain with HCQ (21-23) provide a rationale for exploring
the efficacy of HCQ in treating hand osteoarthritis.

The objective of the HERO (Hydroxychloroquine Ef-
fectiveness in Reducing symptoms of hand Osteoarthri-
tis) trial was to test the hypothesis that HCQ is an effec-
tive symptomatic treatment when used in persons with
at least moderate symptomatic hand osteoarthritis and
an inadequate response to current therapies, including
nonsteroidal anti-inflammatory drugs (NSAIDs) and
opioids.
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METHODS
Design Overview

HERO was an investigator-led, pragmatic, multi-
center, superiority, randomized, 1:1 placebo-controlled
trial. The research protocol (Part 1 of the Supplement,
available at Annals.org) was approved by the Leeds
East Research Ethics Committee and the U.K. Medi-
cines and Healthcare Products Regulatory Agency and
registered on ISRCTN (ISRCTN91859104). Participants
were recruited from 24 September 2012 until 27 May
2014 and followed up for 12 months after randomiza-
tion (follow-up completed 25 April 2015). All partici-
pants gave written informed consent before screening.
One was recruited before protocol registration (24
September 2012 vs. 17 October 2012); however, no
changes were made to the protocol between these
time points, so this participant is similar to all others.
Full trial design details are in the Supplement.

Setting and Participants

The trial involved 13 National Health Service hospi-
tals in England, with recruitment through musculoskel-
etal clinics in primary and secondary care settings. Eli-
gible patients were aged 18 years or older; reported
inadequate response or adverse effects with existing
medication (including acetaminophen, oral NSAIDs,
and opioids); had moderately severe symptoms (hand
pain =4 on a 0- to 10-point visual analogue scale) for
more than half of days in the past 3 months; fulfilled
American College of Rheumatology criteria for osteo-
arthritis (24); had hand radiographs in the past 5 years
with changes consistent with osteoarthritis; had stable,
no change to, or no use of analgesics (including
NSAIDs) for at least 4 weeks or glucosamine or chon-
droitin for at least 4 months; and were able and willing
to give consent and adhere to the study protocol. Ex-
clusion criteria were inflammatory arthritis; psoriasis; in-
volvement of only the carpometacarpal joint (CMCJ) or
predominant CMCJ pain; use of oral, intramuscular,
intra-articular, or intravenous steroids, other antisyno-
vial agents, or any new hand osteoarthritis therapies
during the past 2 months; intra-articular hyaluronans in
the past 6 months; uncontrolled disease states in which
flares are commonly treated with corticosteroids; seri-
ous uncontrolled medical conditions; unexplained vi-
sion impairment; pregnancy or lactation; melanoma or
nonskin cancer in the past 3 years; or significant hema-
tologic or biochemical abnormalities (Part 4 of the
Supplement). Rheumatoid factor and anticyclic citrulli-
nated peptide were measured in all eligible partici-
pants to exclude inflammatory arthritis.

Randomization and Interventions

Patients were randomly assigned to either HCQ
(200, 300, or 400 mg, with dosage calculated accord-
ing to ideal body weight for a maximum of 6.5 mg/kg
per day) or placebo. Randomization (1:1) was
computer-generated (with PRISYM ClinTrial [PRISYM
ID]) in advance by the contract manufacturer using ran-
dom permuted blocks without stratification. The con-
tract manufacturer prepared the trial drug with over-
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encapsulation to create identical intervention and
placebo-control products with no involvement from the
research team and assigned intervention and control
drug packs in sequence to recruiting sites. All parties
remained blinded to treatment allocation throughout
the trial. Adverse events (AEs), vital signs, and blood
monitoring were assessed on an ongoing basis during
follow-up. All elements of participant care were at the
discretion of the site research team, in line with the
pragmatic nature of the HERO trial, except that steroids
and new or experimental interventions were not per-
mitted during follow-up. Adherence to trial medication
was collected using several methods to provide an es-
timate of compliance, including site-reported nonad-
herence, a Brief Medication Questionnaire completed
by participants (25), and pharmacy records of returned
medication. Quality of adherence data was reviewed
before unblinding to determine nonadherence criteria
for analysis (Part 4 of the Supplement). Staff asked par-
ticipants about AEs at all visits, and physicians reviewed
AEs for severity, duration, and relatedness to the inves-
tigational medicinal product. Serious AEs were defined
according to prespecified criteria, as detailed in the
protocol (Part 1 of the Supplement); assessed for cau-
sality and expectedness by a physician; and reported
within 24 hours.

Outcomes and Follow-up

Data were collected using standardized case re-
port forms at screening; baseline; and 3, 6, and 12
months. The primary outcome was overall hand pain
severity over the past 2 weeks, measured on an 11-
point (0-to-10) numerical rating scale (NRS) at 6 months
(26). This outcome was also assessed at baseline, 3
months, and 12 months. Secondary outcomes included
pain severity in the most painful joint (over the past 2
weeks on the NRS), Australian/Canadian Osteoarthritis
Hand Index pain and function scales (27), grip strength
(using a dynamometer) (28), structural damage (using
bilateral hand radiograph data) (29), Osteoarthritis
Quality of Life (30), and Short Form-12 Physical and
Mental Component Summary scores (31). Bilateral
hand radiographs (baseline and 12 months) were cap-
tured according to a standardized protocol (Part 4 of
the Supplement) and scored in pairs at the end of the
study by a musculoskeletal radiologist who was blinded
to participant identity and treatment allocation. Base-
line ultrasonography was done for the dominant hand
of all participants enrolled at the 7 ultrasonography
substudy centers using a standardized protocol (Part 4
of the Supplement) and after a group training day for
the ultrasonographers.

A full list of secondary outcomes is in Part 4 of the
Supplement and Supplement Table 1 (available at Annals
.org). Cost-effectiveness data, collected at baseline and
12 months, will be presented in a separate publication.

Statistical Analysis

The HERO trial was powered to detect a standard
effect size of 0.4, (equal to the reported effect size of
NSAIDs as a treatment of hand osteoarthritis [32, 33])
and a reduction in pain of 0.8 point (or 15%) on the
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NRS (32, 33), which lies within the minimal clinically im-
portant difference for change in pain in a randomized
trial (10% to 20%) (34). To detect a standard effect size
of 0.4 with 80% power and 5% 2-sided significance, we
needed 99 patients per group. Allowing for 20% drop-
out and equal numbers per center, the total target sam-
ple size was 252 patients.

The analyses followed a prespecified statistical
analysis plan, endorsed by the data and safety monitor-
ing committee, and were done using Stata, version 13
(StataCorp). The statistician remained blinded to treat-
ment allocation until verification of the primary analysis.
The primary analysis was intention-to-treat, analyzing
participants in their randomization groups. A linear
mixed-effects model was used to analyze overall hand
pain NRS over time. The model assumed an exchange-
able covariance structure to account for the repeated
measures over time and included fixed effects of
time (3, 6, and 12 months), treatment group, time-by-
treatment interaction, and prespecified covariates
(baseline hand pain severity, average grip strength,
concomitant analgesic use, age, sex, and body mass
index). The model estimate of group differences at 6
months was the primary end point. Because the mixed-
effects analysis model incorporated follow-up data
from all available time points simultaneously, partici-
pants with valid outcome data at 1 or more follow-up
visits and complete baseline covariate data were in-
cluded. Secondary analyses explored robustness to ad-
justments based on treatment adherence up to 6
months (binary variables based on self-reported non-
adherence, treatment withdrawals, and receipt of corti-
costeroids; analysis using complier-average causal ef-
fect; implemented using instrumental variable analysis
[35]), “missingness” (using multiple imputation by
chained equations), and receipt of rescue medication
during follow-up (increased dose or addition of any
NSAIDs, opioids, or acetaminophen or steroid injection
to the hand, added as a time-varying covariate [36]), all
detailed in Part 4 of the Supplement. The primary anal-
ysis was repeated for participants with osteoarthritis
confirmed by imaging. To account for deviations be-
tween intended and achieved follow-up timing, pre-
dicted effects at 3, 6, and 12 months were obtained
from a mixed-effects model, including time of response
since randomization as a continuous variable with a
random slope.

Planned subgroup analyses explored differences in
treatment response by level of structural damage (mild
or moderate vs. severe, based on Kallman score ter-
tiles) and treatment differences in the presence or ab-
sence of synovitis confirmed by ultrasonography (as-
sessed by grayscale, power Doppler, and total synovitis
[defined as positive for grayscale or power Doppler])
and osteophytes. Analyses were done by adding an in-
teraction term between treatment allocation and the
subgroups to the primary analysis model. In the interest
of planning future research, effectiveness was explored
across 4 more subgroups hypothesized to affect the
treatment mechanism of HCQ, specifically average grip
strength (low [<13.6 kg] or high [>13.6 kg], based on
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median strength at baseline) and thumb pain (present
or absent).

Because of the large number of secondary out-
comes, only outcomes of primary clinical interest were
analyzed using mixed-effects models, giving treatment
effect estimates and P values at each follow-up point.
The remaining secondary outcomes are reported only
descriptively.

Role of the Funding Source

HERO was funded by an Arthritis Research UK clin-
ical studies grant (reference 19545). Arthritis Research
UK was not involved in the study design, conduct, anal-
ysis, data interpretation, manuscript preparation, or de-
cision to submit the manuscript for publication.

RESULTS

Of 316 patients screened, 248 participants (74.5%;
124 in each trial group) with hand osteoarthritis from 13
centers in England were recruited and 68 were ex-
cluded (Appendix Figure 1, available at Annals.org).
Baseline characteristics (Table 1) were balanced across
treatment groups. Participants had had hand pain for a
median of 5 years. The participants were predomi-
nantly white, 81.9% were women, and the average age
was 62.7 years (SD, 9.1). Nearly all (89.9%) were receiv-
ing analgesic medication for hand osteoarthritis, and
median hand pain over the past 2 weeks was 7 points
on the 0- to 10-point NRS. Five participants had ele-
vated levels of rheumatoid factor, and 1 had elevated
levels of anti-cyclic citrullinated peptide. Site principal
investigators determined all 6 cases to be non-clinically
significant and not indicative of inflammatory arthritis.

Most participants (70.6%) were prescribed a
300-mg daily dose of investigational medicinal product
(HCQ: 85 participants; placebo: 90 participants) (Sup-
plement Table 2, available at Annals.org), with all but 1
continuing to receive the same dose throughout the
trial. Balance in characteristics was maintained for pa-
tients included in the intention-to-treat analysis. In total,
45 participants (18.1%; HCQ: 24 participants; placebo:
21 participants) did not adhere to the treatment, which
is likely to be a conservative estimate, assuming un-
known, unreported nonadherence. Those who did not
adhere tended to be slightly younger (mean age, 61.2
vs. 63.0 years), with greater average grip strength (16.4
kg vs. 14.2 kg). Follow-up was 84.7% at 6 months and
76.6% at 12 months. A total of 134 participants (54.0%)
received rescue medication during the trial (HCQ: 63
participants; placebo: 71 participants).

Primary Outcome

Hand pain severity improved for participants with
observed data in both groups by around 1 point be-
tween baseline and 3 months, and this was maintained
up to 12 months (Figure, top). Outcome data were not
available for 20 patients at 3 months, 38 at 6 months,
and 58 at 12 months (Appendix Figure 1).

We included 232 participants (93.5%; HCQ: 113
participants; placebo: 119 participants) in the primary
intention-to-treat analysis. Differences in hand pain
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Table 1. Baseline Characteristics*

Characteristic All Randomly Assigned Patients Included in the
Patients (n = 248) Primary Analysis (n = 232)
HCQ Placebo HCQ Placebo
(n=124) (n=124) (n=113) (n=119)
Age, y
Mean (SD) 62.8(9.1) 62.5(9.2) 63.1(9.3) 62.6(9.1)
Median (range) 64 (41-88) 62 (40-83) 64 (41-88) 62 (40-83)
Sex, n (%)
Male 27 (22) 18(15) 26(23) 17 (14)
Female 97 (78) 106 (85) 87 (77) 102 (86)
BMI, kg/m?
Mean (SD) 28.4(5.4) 29.3(6.2) 28.5(5.4) 29.4(6.3)
Median (range) 28 (15-45) 28 (19-45) 28 (15-45) 28 (19-45)
Ethnicity, n (%)
Caucasian 119 (96) 120 (97) 109 (96) 116 (97)
South Asian 1(1) 1(1) 1(1) 1(1)
East Asian 2(2) 1(1) 2(2) 1(1)
Afro-Caribbean 1(1) 0(0) 1(1) 0(0)
Other 1(1) 2(2) 0(0) 1(1)
Duration of hand pain, y
Mean (SD) 7.4(6.4) 7.9(6.7) 7.7 (6.5) 7.8(6.8)
Median (range) 5(0.4-30) 5.5(1-30) 6(0.4-30) 5.5(1-30)
NRS score for hand pain during the
past 48 ht
Patients, n 124 121 113 17
Mean (SD) 6.9(1.7) 6.8(1.8) 6.9 (1.6) 6.8(1.8)
Median (range) 7(2-10) 7(2-10) 7(3-10) 7(2-10)
Grip strengtht
Patients, n 124 123 113 119
Mean (SD), kg 15.6(8.7) 13.6(8.8) 15.7 (8.9) 13.3(8.6)
Median (range), kg 14.2 (0-51.8) 12.4(0.5-43.1) 14.3(0-51.8) 12.2(0.5-43.1)
AUSCAN
Pain score§
Patients, n 124 121 113 117
Mean (SD) 12.3(2.6) 12.7 (3.0) 12.4(2.6) 12.7 (3.0)
Median (range) 12.5(4-18) 13 (4-20) 13 (4-18) 13 (4-20)
Function score||
Patients, n 123 122 112 118
Mean (SD) 20.9 (6.5) 21.7 (6.1) 21.1(6.4) 21.8(6.1)
Median (range) 22 (1-34) 21.5 (4-35) 22 (1-34) 22 (4-35)
OAQol scoref
Patients, n 123 121 112 17
Mean (SD) 9.5(9.5) 10.8 (9.5) 9.8(9.6) 10.5(9.5)
Median (range) 7 (0-33) 8 (0-38) 7 (0-33) 7 (0-38)
Total painful joints, n**
Mean (SD) 8.3(5.9) 8.8(7.1) 8.5(5.9) 8.6 (7.0)
Median (range) 7 (0-30) 7 (0-30) 7 (0-30) 6(0-30)
Swollen joints, n**
Mean (SD) 3.8(4.2) 3.4(4.4) 4.0 (4.3) 3.4(4.4)
Median (range) 3(0-20) 1(0-22) 3(0-20) 1(0-22)
Tender joints, n**
Mean (SD) 10.4 (6.3) 10.9(7.3) 10.4 (6.3) 10.8(7.3)
Median (range) 10(0-27) 9 (0-30) 10(0-27) 9 (0-30)
Pain in other joints, n (%) 114 (92) 107 (86) 103 (91) 102 (86)
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Table 1-Continued

Characteristic

All Randomly Assigned
Patients (n = 248)

Patients Included in the
Primary Analysis (n = 232)

HCQ Placebo HCQ Placebo
(n=124) (n=124) (n=113) (n=119)
Other painful joints, ntt
Patients 124 123 113 119
Mean (SD) 5.8(2.8) 5.9(3.1) 5.9(2.7) 5.8(3.0)
Median (range) 6(0-12) 5(0-14) 6(0-12) 5(1-14)
Kallman total radiographic scorett
Patients, n 94 94 89 93
Mean (SD) 42.7 (25.9) 47.2(27.4) 43.9 (25.8) 47.3(27.5)
Median (range) 40 (0-100) 39 (2-113) 41 (0-100) 40 (2-113)
Medication for hand OA, n (%)
NSAIDs
Oral 50 (40) 53 (43) 49 (43) 50 (42)
Topical 22(18) 25 (20) 22 (19) 23(19)
Acetaminophen 77 (62) 75 (60) 69 (61) 70 (60)
Opioids 14(11) 16 (13) 12 (11) 14 (12)
Codeine-acetaminophen 23(19) 26(21) 22(19) 26 (22)
Other 15(12) 20(16) 14 (12) 19 (16)
Any concomitant analgesic use, n (%) 111 (90) 112 (90) 101 (89) 107 (90)
Currently receiving glucosamine 20(16) 17 (14) 19(17) 15(13)

and/or chondroitin, n (%)

AUSCAN = Australian/Canadian Osteoarthritis Hand Index; BMI = body mass index; HCQ = hydroxychloroquine; NRS = numerical rating scale;
NSAID = nonsteroidal anti-inflammatory drug; OA = osteoarthritis; OAQoL = Osteoarthritis Quality-of-Life scale.

* Percentages may not sum to 100 due to rounding.

1 0 indicates no pain and 10 indicates worst pain.

T Average for both hands.

§ Range, 0-20; higher score indicates worse pain.

|| Range, 0-36; higher score indicates worse functioning.

9 Range, 0-38; higher score indicates greater effect of OA symptoms.

** Range, 0-30.
11 Range, 0-14.
11 Range, 0-220.

severity between treatment groups were small at each
follow-up and not statistically significant (Table 2 and
Figure [top]). At the 6-month primary end point, the
estimated treatment difference was —0.16 point on the
pain NRS (95% CI, —0.73 to 0.40 point) (P = 0.57), that
is, participants in the HCQ group reported worse pain
by 0.16 point, equal to a standard effect size of 0.07.
The Cl excludes a clinically meaningful difference in im-
provement of 0.8 point, on which the trial was pow-
ered. Improvements of this magnitude or greater were
reported by 58 of 107 patients in the HCQ group and
59 of 103 patients in the placebo group with an NRS
pain score reported at 6 months.

Results were robust to secondary analyses of hand
pain severity (Table 2). When we used an analysis that
accounted for nonadherence, the treatment effect be-
came positive (0.21 point in favor of HCQ), with wide
confidence limits (—0.44 to 0.86) that did not exclude
the potentially meaningful clinical difference of 0.8
point. When multiple imputation was used to address
missing outcome and baseline grip strength data, re-
sults were similar to those of the primary analysis of
hand pain severity, with similar Cl widths (Table 2).
Treatment effects of the analysis accounting for rescue
medication closely resembled those of the primary
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analysis of hand pain severity. A repeated analysis for
participants with osteoarthritis confirmed on imaging
(n =171 of 182 with imaging data and analysis covari-
ates), as well as estimates treating response time con-
tinuously, showed no significant treatment differences
(Supplement Table 3, available at Annals.org), with Cls
excluding a clinically meaningful difference.

Safety

Fifteen patients reported a total of 15 serious AEs
(HCQ: 7 serious AEs; placebo: 8 serious AEs) (Supple-
ment Table 4, available at Annals.org). No deaths were
reported. Of the 15 serious AEs, 3 were assessed as
being related to HCQ: prolonged QT interval with ven-
tricular arrhythmias, erythema multiforme, and acute
generalized erythematous pustulosis.

Secondary Outcomes, Subgroup Analyses, and
Ultrasonography Findings

Hand pain and most self-reported symptom out-
comes improved in the short term in both groups and
then plateaued over follow-up. Mental functioning, grip
strength, and structural damage remained unchanged.
We found no systematic treatment differences between
HCQ and placebo for any secondary outcome (Table 3
and Supplement Table 5, available at Annals.org). A
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Figure. Unadjusted hand pain on the NRS in the past 2 weeks, with 95% Cls.
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Table 2. Estimated Treatment Differences in Mean Hand Pain on the NRS in the Past 2 Weeks*

Analysis and HCQ Placebo Mean P Value
Follow-up Difference
Patients,n Mean Score Patients,n Mean Score (95% ClI)
(95% CI) (95% CI)
Primary analysist
3 mo 113 5.54(5.01to 6.07) 119 5.78(5.26 t0 6.29)  0.24(-0.31t0 0.78) 0.40
6 mot 113 5.66(5.13t0 6.19) 119 5.49 (4.96 t0 6.02) -0.16(-0.73to 0.40) 0.57
12 mo 113 5.39(4.83t05.92) 119 5.51(4.98t0 6.04) 0.13(-0.45t00.72) 0.66
Adherence-adjusted analysis (CACE)§
6 mo 107 5.53(5.12t0 5.94) 103 5.74(5.29t0 6.19)  0.21(-0.44t0 0.86) 0.52
Analysis including all randomly assigned
participants using multiple imputationt||
3mo 124 5.53(4.98t0 6.08) 124 5.76(5.22t0 6.30)  0.23(-0.31t0 0.78) 0.40
6 mo 124 5.65(5.11t0 6.18) 124 5.45(4.89 to 6.00) -0.20(-0.80t0 0.41) 0.52
12 mo 124 5.38(4.79t0 5.97) 124 5.55(5.02t0 6.08) 0.17(-0.43t0 0.77) 0.58
Analysis adjusted for receipt of rescue medication|
3 mo 113 5.63(5.09t0 6.17) 119 5.87(5.341t0 6.39) 0.23(-0.31t00.78) 0.40
6 mo 113 5.70(5.16t0 6.23) 119 5.52(4.99 to0 6.05) -0.18(-0.74t0 0.38) 0.53
12 mo 113 5.36(4.82t0 5.91) 119 5.48(4.95t0 6.01) 0.12(-0.47t0 0.70) 0.69

CACE = complier average causal effect; HCQ = hydroxychloroquine; NRS = numerical rating scale.

* Measured using an 11-point scale ranging from 0-10.

T Linear mixed-effects model with fixed effects of treatment, time, treatment-by-time interaction, baseline hand pain, age, sex, body mass index,

baseline grip strength, and baseline concomitant analgesic use.
¥ Primary end point.

§ Instrumental variable regression (35) (Part 4 of the Supplement, available at Annals.org) of the outcome at 6 mo accounting for adherence to the
active treatment, baseline hand pain, age, sex, body mass index, baseline grip strength, and baseline concomitant analgesic use.

[| Any missing data were imputed from analysis covariates using multiple imputation by chained equations (Part 4 of the Supplement).

9l Linear mixed-effects model with fixed effects of treatment, time, treatment-by-time interaction, baseline hand pain, age, sex, body mass index,
baseline grip strength, baseline concomitant analgesic use, and receipt of rescue medication (time varying) (36) (Part 4 of the Supplement).

difference of borderline statistical significance (Short
Form-12 Physical Component Summary score at 12
months [P = 0.053]) could be spurious in light of the
number of outcomes and time points assessed.

Radiographic data at baseline, recorded as Kall-
man scores, were available for 188 participants (75.8%),
94 in each group. We used data tertiles to group ob-
servations into mild to moderate damage (score, 0 to
57) and severe damage (score, 58 to 113). Groups did
not differ substantially in response to treatment, and
the value of a group-by-treatment interaction term
added to the primary analysis model was not statisti-
cally significant (P = 0.25) (Figure, middle). A significant
interaction term with treatment allocation (P = 0.033)
indicated that participants with greater grip strength
may benefit more than weaker participants from HCQ
treatment (Appendix Figure 2, available at Annals.org).
A treatment interaction with baseline thumb pain did
not show meaningful group differences (P = 0.136)
(Appendix Figure 3, available at Annals.org). Because
the latter 2 analyses were exploratory, results may be
considered spurious.

A subset of participants had ultrasonography at
baseline (n = 143 [57.7%]; HCQ: 74 participants; pla-
cebo: 67 participants). Most participants had positive
findings for synovitis assessed by grayscale (93.7%) and
more than half for synovitis assessed by power Doppler
(58.7%). All participants had osteophytes in at least 1
joint. We found no significant treatment differences in
participants with positive versus negative power Dopp-
ler status (P = 0.85 for the interaction term with treat-

Annals.org

ment) (Figure, bottom). Meaningful subgroup analyses
were not possible for synovitis assessed by grayscale
(only 9 negative cases), total synovitis (power Doppler
did not add new cases), or osteophytes.

DiscuUsSION

HERO was designed as a pragmatic trial aiming to
replicate anecdotal reports of HCQ use in clinical prac-
tice and powered to detect a moderate effect equal to
that for NSAIDs in this population. We found that HCQ
was not a more effective analgesic than placebo when
added to usual care in persons with moderate to severe
hand osteoarthritis. The patient population had no de-
mographic differences that might explain the lack of
efficacy. Background analgesic use did not differ be-
tween groups, and baseline inflammation and struc-
tural damage did not affect response to HCQ. The
study therefore presents no evidence that HCQ should
be considered within the management plan of patients
with hand osteoarthritis.

In terms of age, sex, and body mass index, our
population reflects that of recent community-based co-
horts of hand osteoarthritis in the United Kingdom and
Europe (37-40). We deliberately excluded participants
with isolated first CMCJ involvement or predominant
first CMCJ pain because of the potential differences in
mechanism of disease between first CMCJ and distal
and proximal interphalangeal joint osteoarthritis. Al-
though slightly more than half of participants had con-
comitant thumb pain, in line with previous community
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studies (37-40) this was not the primary site of hand
pain, and treatment effect did not differ between those
with and without CMCJ involvement. Consistent with
recent imaging studies, synovitis detected by grayscale
ultrasonography was common, with nearly all partici-
pants having moderate-grade synovitis in at least 1
joint. Power Doppler-detected synovitis, although less

Hydroxychloroquine to Reduce Symptoms of Hand Osteoarthritis

ences. On the basis of the additional subgroup analy-
ses, weaker grip strength may predispose persons to
tenosynovitis or enthesitis, alternative causes of hand
pain in this population. This suggests a need to con-
sider grip strength when planning further studies.

A growing body of imaging and experimental evi-
dence suggests that synovitis has a role in the patho-

common, was present in slightly more than half of par-
ticipants and was not associated with treatment differ-

genesis of osteoarthritis and is associated with pain.
Ultrasonography-detected synovitis is independently

Table 3. Key Secondary Outcomes: Mean Estimates From Analysis Models

Mean Difference P Value

(95% ClI)

Outcome and Follow-up HCQ Placebo

Patients,n Mean (95% CI) Patients,n Mean (95% CI)

Pain severity in the most painful joint
by NRS score over the past 2 wk*

3 mo 112 5.85(5.31 to 6.40) 119 5.49 (4.96 to 6.02) 0.19(-0.37 t0 0.75)  0.51
6 mo 112 6.20 (5.66 to 6.75) 119 5.85(5.31 to 6.40) -0.30(-0.88t0 0.28) 0.31
12 mo 112 5.83(5.27 to 6.40) 119 6.20 (5.66 to 6.75) -0.09 (-0.70t0 0.51)  0.76
AUSCAN
Pain scoret
3 mo 113 11.29(10.48 t0 12.11) 117 11.22(10.42t0 12.02)  -0.07 (-0.91t0 0.77)  0.87
6 mo 113 11.14(10.32t0 11.96) 117 10.99(10.17t0 11.81)  -0.15(-1.02t0 0.71) 0.73
12 mo 113 10.92(10.08 to 11.76) 117 10.38 (9.55 to 11.20) -0.55(1.44 t0 0.35) 0.23
Function scoret
3 mo 112 19.61(18.191t021.03) 118 20.04 (18.64 t0 21.43) 0.43(-1.05t0 1.90) 0.57
6 mo 112 19.51(18.07 t0 20.94) 118 19.19(17.76 10 20.61)  -0.32(-1.84to 1.20) 0.68
12 mo 112 19.72(18.241t0 21.20) 118 18.74(17.30t0 20.18)  -0.98(-2.55t0 0.59) 0.22

Grip strength, kg§

Left hand
6 mo 105 16.76 (15.09 to 18.43) 104 17.23(15.56 to 18.89) 0.47 (-1.25t02.19) 0.59
12 mo 105 16.82(15.11t0 18.53) 104 17.62(15.93 to0 19.31) 0.80(-0.97 t0 2.58) 0.38
Right hand
6 mo 105 16.94(15.29t0 18.58) 103 16.90(15.25t0 18.54) -0.04 (-1.76to 1.67) 0.96
12 mo 105 16.69 (15.01t0 18.37) 103 17.64(15.98t019.30)  0.95(-0.82t0 2.72) 0.29

Kallman total radiographic score||

12 mo 79 48.14 (47.32 to 48.96) 78 48.30 (47.50 to 49.10) 0.16 (-0.69 to 1.00)  0.72
OAQol scoref|
6 mo 106 8.60 (7.25 to 9.95) 102 8.83(7.50t0 10.17) 0.24(-1.13t0 1.60) 0.74
12 mo 106 8.96 (7.58 to 10.35) 102 9.58(8.23 to 10.94) 0.62(-0.80t0 2.05) 0.39
SF-12**
Physical Component Summary scorett
6 mo 107 39.63(37.50t0 41.77) 104 39.70(37.57 to 41.82) 0.07 (-2.14t0 2.28)  0.95
12 mo 107 38.32(36.11t0 40.53) 104 40.58 (38.44 t0 42.72) 2.26(-0.03to 4.55) 0.053
Mental Component Summary scoretf
6 mo 107 51.52(49.34t0 53.69) 104 52.24 (50.09 to 54.38) 0.72(-1.57t0 3.01)  0.54
12 mo 107 53.15(50.89 to 55.40) 104 52.00(49.83t0 54.17) -1.15(-3.53t0 1.24) 0.35

AUSCAN = Australian/Canadian Osteoarthritis Hand Index; HCQ = hydroxychloroquine; NRS = numerical rating scale; OAQolL = Osteoarthritis
Quality-of-Life scale; SF-12 = Short Form-12 Health Survey.

* Linear mixed-effects model with fixed effects of treatment, time, treatment-by-time interaction, baseline pain severity, age, sex, body mass index,
baseline grip strength, and baseline concomitant analgesic use. Range, 0-10; higher score indicates worse pain.

T Linear mixed-effects model with fixed effects of treatment, time, treatment-by-time interaction, baseline AUSCAN pain score, age, sex, body mass
index, baseline grip strength, and baseline concomitant analgesic use. Range, 0-20; higher score indicates worse pain.

T Linear mixed-effects model with fixed effects of treatment, time, treatment-by-time interaction, baseline AUSCAN function score, age, sex, body
mass index, baseline grip strength, and baseline concomitant analgesic use. Range, 0-36; higher score indicates worse functioning.

§ Linear mixed-effects model with fixed effects of treatment, time, treatment-by-time interaction, baseline grip strength, age, sex, body mass index,
and baseline concomitant analgesic use.

|| Linear regression model with fixed effects of treatment, baseline Kallman radiographic score, age, sex, body mass index, baseline grip strength,
and baseline concomitant analgesic use. Range, 0-220; higher score indicates greater structural damage.

9 Linear mixed-effects model with fixed effects of treatment, time, treatment-by-time interaction, baseline OAQoL score, age, sex, body mass index,
baseline grip strength, and baseline concomitant analgesic use. Range, 0-38; higher score indicates greater effect of osteoarthritis symptoms.

** Range, 0-100; higher score indicates better functioning.

171 Linear mixed-effects model with fixed effects of treatment, time, treatment-by-time interaction, baseline SF-12 Physical Component Summary
score, age, sex, body mass index, baseline grip strength, and baseline concomitant analgesic use.

17 Linear mixed-effects model with fixed effects of treatment, time, and treatment-by-time interaction, adjusted for baseline SF-12 Mental Compo-
nent Summary score, age, sex, body mass index, baseline grip strength, and baseline concomitant analgesic use.
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associated with radiographic progression of hand os-
teoarthritis, painful hand joints are associated with the
presence of ultrasonography- and magnetic resonance
imaging-detected synovitis, and response to intramus-
cular steroids (believed to work by reducing synovitis)
in hand osteoarthritis is associated with higher levels of
ultrasonography-detected synovitis at baseline (19, 41-
44). However, baseline synovitis in HERO was not
linked to treatment effect. Our inclusion criteria may
have yielded participants whose level or type of inflam-
mation was not severe: A previous study suggested
that early osteoarthritis may be more inflammatory than
established osteoarthritis and that molecular pathways
driving inflammation may change as the disease pro-
gresses (45). By selecting participants with moderate to
severe hand osteoarthritis, established radiographic
changes, and inadequate response to existing thera-
pies, we may have missed an early window of opportu-
nity for HCQ to have therapeutic benefit.

Hydroxychloroquine has various known immuno-
modulatory effects, and although it is established as a
treatment of inflammatory arthritides, its specific mech-
anism of action remains unclear. In RA, therapeutic
activity has been linked to modulation of antigen-
processing activity, including inhibition of T-cell
activation and cytokine release (46, 47); increasing evi-
dence of involvement of these pathways in inflamma-
tion and cartilage degeneration in osteoarthritis (48-
50) supported HCQ as a potential therapy. More recent
data implicate intracellular Toll-like receptors, in partic-
ular Toll-like receptor 9, as key mediators of HCQ's
anti-inflammatory properties. This is in keeping with
growing evidence of the innate immune system's role
in rheumatic disease. Although limited evidence sug-
gests that the innate immune system may be important
in osteoarthritis pathogenesis (51)-for example, in-
creased Toll-like receptor expression in osteoarthritis
tissue (52-55)—this work is still in its infancy. Further un-
derstanding of these mechanisms in osteoarthritis may
enable stratification according to a defined inflamma-
tory phenotype.

Other potential limitations include restriction of
HCQ dosing to the maximum recommended by the
British National Formulary, 6.5 mg/kg per day (56), with
most patients receiving 300 mg daily. In clinical RA
practice, patients may start HCQ therapy at a higher
dose (400 mg), with reduction to a lower maintenance
dose after 3 to 6 months. However, only 5.6% of the
HCQ group were receiving the lowest dose of 200 mg,
and we observed no dose-response relation with treat-
ment effect. The co-occurrence of bone marrow lesions
detected by magnetic resonance imaging with hand sy-
novitis has been found to worsen pain and, as shown in
knee osteoarthritis, may contribute to pain (57, 58). Be-
cause bone marrow lesions cannot be detected by ul-
trasonography or radiography, we could not examine
them. The failure of HCQ as an analgesic in this study
may reflect its mild anti-inflammatory activity, subopti-
mal dosing, or that the level or type of inflammation in
our population did not match the mechanism of HCQ.
However, in light of our results and the previous failure
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of biological disease-modifying antirheumatic drugs, it
is also worth considering that simply treating “macro-
scopic” or imaging-detected synovitis with such drugs
may not be a useful analgesic strategy. Further explo-
ration of the molecular mechanisms of inflammation in
osteoarthritis may provide targets, and better patient
phenotyping may enable exclusion of other causes of
hand pain, such as tenosynovitis.

In summary, HCQ was not more effective than pla-
cebo in reducing symptoms or radiographic progres-
sion in persons selected for moderate to severe hand
pain and radiographic osteoarthritis. Our findings in
this full-scale pragmatic trial do not support the current
practice of off-label use of HCQ in patients with hand
osteoarthritis.
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Appendix Figure 1. Study flow diagram.

Excluded (n = 68)*
No moderately severe hand OA symptoms present at screening: 16
Radiograph (if available) inconsistent with OA: 15
Adequate response to existing hand OA medication: 9
No stable average weekly dose of analgesics: 9
Consent withdrawn: 9
Does not fulfill ACR criteria for OA: 7
Unexplained visual impairment not corrected by glasses: 7
Unable to read print size N8 (with glasses if worn): 5
Significant hematologic or biochemical abnormalities: 5
Symptoms not present for more than half of days in the past 3 mo: 3
Inflammatory arthritis: 3
Timed out: 3
”| Nonpharmacologic hand treatment in the past 2 mo: 2
Psoriasis: 1
OA in the first CMCJ and no symptomatic OA in other hand joints: 1
Use of steroids in the past 2 mo: 1
Sensitivity, anaphylaxis, or allergy to HCQ or any other 4-aminoquinoline
compound: 1
Serious uncontrolled concomitant medical conditions, which make patient
unsuitable for the trial: 1
Lactose intolerance: 1
Member of staff: 1
Protocol violation (patient receiving HCQ): 1

v v

Allocated to placebo (n = 124)
Received placebo: 123
Did not receive placebo (randomly assigned in error): 1

Assessed for eligibility
(n =316)

A

Randomly assigned (n = 248)

Allocated HCQ (n = 124)
Received HCQ: 124
Did not receive HCQ: 0

Withdrawn from trial (n = 2)
Patient felt no benefit: 1
Protocol violation (randomly assigned in error): 1

Withdrawn from trial (n = 5)
Adverse event: 3 —>
Consent withdrawn: 1
Patient felt no benefit: 1

3-mo follow-up (n = 119)
Valid primary outcome: 109
No response: 9
Missing primary outcome: 1

3-mo follow-up (n = 122)
Valid primary outcome: 119
No response: 3

Withdrawn from trial (n = 6)
Adverse event: 2
Consent withdrawn: 3
Patient felt no benefit: 1

Withdrawn from trial (n = 13)
Adverse event: 3
Consent withdrawn: 2
Patient felt no benefit: 4

Protocol violation (steroid use): 3
Protocol violation (surgery): 1

6-mo follow-up (n = 113) 6-mo follow-up (n = 109)
Valid primary outcome: 107 Valid primary outcome: 103
No response: 6 No response: 6

Withdrawn from trial (n = 9)
Adverse event: 1
Consent withdrawn: 4
Increased hand pain: 1
Patient felt no benefit: 2
Protocol violation: 1

Withdrawn from trial (n = 7)
Adverse event: 1
Consent withdrawn: 5
Increased hand pain: 1

4
12-mo follow-up (n = 102)
Valid primary outcome: 92 Valid primary outcome: 98
No response: 12 No response: 4

v v

Included in primary analysis (follow-up data at 3, 6, or 12 mo
and complete covariates) (n = 119)
Excluded (no follow-up data at any point) (n = 5)

12-mo follow-up (n = 104)

Included in primary analysis (follow-up data at 3, 6, or 12 mo
and complete covariates) (n = 113)
Excluded (no follow-up data at any point) (n = 11)

Follow-up categories: valid primary outcome = patient returned questionnaire and primary outcome data were available; missing primary outcome =
patient returned questionnaire and primary outcome data were invalid or missing; no response = patient did not return questionnaire. ACR = American
College of Rheumatology; CMCJ = carpometacarpal joint; HCQ = hydroxychloroquine; OA = osteoarthritis.

* >1 reason per person possible.
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Appendix Figure 2. Hand pain NRS (past 2 weeks), by treatment group and baseline grip strength.

Low grip strength (<13.6 kg) (n = 122) High grip strength (=13.6 kg) (n = 125)
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P for interaction = 0.033. HCQ = hydroxychloroquine; NRS = numerical rating scale.

Appendix Figure 3. Hand pain NRS (past 2 weeks), by treatment group and baseline pain in either thumb.

No pain in thumbs at baseline (n = 101) Pain in either thumb at baseline (n = 145)
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P for interaction = 0.136. HCQ = hydroxychloroquine; NRS = numerical rating scale.
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