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Efficacy and Safety of Diclofenac-Hyaluronate Conjugate
(Diclofenac Etalhyaluronate) for Knee Osteoarthritis:
A Randomized Phase Il Trial in Japan

Yoshihiro Nishida,' “=/ Kazuyuki Kano,” Yuji Nobuoka,” and Takayuki Seo”

Objective. To confirm the efficacy and safety of intraarticular (IA) injection of diclofenac covalently linked to
hyaluronic acid (diclofenac etalhyaluronate [DF-HA]; ONO-5704/SI-613) in patients with knee osteoarthritis (OA).

Methods. In a phase Il multicenter, randomized, double-blind, placebo-controlled trial, eligible subjects ages
40-75 years with symptomatic knee OA (Kellgren/Lawrence score of 2 or 3) were randomly assigned to receive IA
injections of DF-HA 30 mg or placebo (citric acid—sodium citrate buffered solution; 1:1) once every 4 weeks for 20
weeks (a total of 6 injections). Subjects were followed up for 24 weeks. The primary end point was the mean change
from baseline to 12 weeks in Western Ontario and McMaster Universities Osteoarthritis Index version 3.1 (WOMAC)
pain subscale scores, measured on a 100-mm visual analog scale. Safety was evaluated by adverse event monitoring.

Results. All 440 subjects received investigational products (220 received placebo and 220 received DF-HA).
The full analysis set and safety population comprised 438 subjects (220 in the placebo group and 218 in the DF-
HA group) and 440 subjects, respectively. At 12 weeks, subjects receiving DF-HA showed significant improvement
from baseline in the WOMAC pain subscale score (-23.2 mm) compared to subjects receiving placebo ( -17.1 mm),
with a difference of —-6.1 mm (95% confidence interval -9.4, -2.8; P < 0.001). The difference between groups was
significant as early as week 1, and a difference was maintained for 24 weeks, although the difference at week 24 was
not significant. Anaphylactic reactions were observed in 2 subjects receiving DF-HA.

Conclusion. Our findings indicate that treatment with DF-HA results in significant improvement in the WOMAC
pain subscale score compared to placebo over 12 weeks. Anaphylactic reactions were observed, and further safety

evaluation is needed.

INTRODUCTION

Osteoarthritis (OA) is the most common degenerative joint
disease, occurring frequently in the elderly (1). Current dis-
ease management mainly focuses on the treatment of symptoms
(pain relief) to improve joint function and quality of life until the late
stages of arthritis leading to knee replacement (2). The selection
of knee OA treatment depends on disease severity, comorbidity,
and patient preference (1,3-5). Main treatment options include
conservative therapies such as exercise therapy, physiother-
apy, and pharmacotherapy. Pharmacotherapies include oral or
topical nonsteroidal antiinflammatory drugs (NSAIDs), selective
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cyclooxygenase 2 (COX-2) inhibitors, and intraarticular (IA) injec-
tion of glucocorticoids or hyaluronic acid (HA). NSAIDs are most
commonly used for the symptoms of knee OA (6); however, upper
and lower gastrointestinal (Gl) tract disorders, adverse cardiovas-
cular (CV) reactions, and renal dysfunction are associated with the
long-term use of oral NSAIDs (7—10). Therefore, lower dosing of
oral NSAIDs for a shorter period is recommended in patients at
risk of these adverse events (1,4). In addition, topical NSAIDs are
recommended for patients with knee OA who have these comor-
bid conditions (4).

Although IA injection of glucocorticoids or HA is used for the
conservative treatment of knee OA, these agents are a subject
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of controversy. IA glucocorticoids should be used for short-term
pain relief because of their short-lived efficacy and safety issues
(1,11-13). The benefits of HA have been reported in multiple
studies, although there is conflicting data. Clinical and nonclinical
reports suggest that IA HA has antiinfammatory and analgesic
effects, suppresses joint cartilage degeneration, and normalizes
synovial fluid. HA also functions as a lubricant due to its viscoe-
lasticity (14,15). Nevertheless, treatment of knee OA with 1A HA
has not yet been established, and most guidelines do not cur-
rently recommend the use of IA HA based on poor evidence of its
benefits (1,3,5).

In pursuit of OA treatments, Seikagaku Corporation devel-
oped a novel compound, diclofenac etalhyaluronate (DF-HA;
ONO-5704/S1-613), which is DF covalently linked to HA. It is a
high molecular weight fermented HA (600-1,200 kd) combining
the purported advantages of IA HA injection and NSAIDs: anti-
inflammatory and analgesic effects, suppression of joint cartilage
degeneration, and normalization of synovial fluid function (16,17).
Compared with oral DF therapy, IA injection of DF-HA is thought
to reduce systemic exposure to DF because the amount of DF
released from DF-HA is ~3.5 mg/dose. Indeed, in rabbits with
antigen-induced arthritis, systemic exposure to DF was much
lower after a single effective IA dose of DF-HA than after a sin-
gle effective oral dose of diclofenac sodium (16). Furthermore, the
sustained release of DF from DF-HA after 1 injection into the joint
tissue has potential analgesic effects lasting up to 28 days (16).
The efficacy and safety of DF-HA in patients with knee OA was
confirmed in a previous trial (18), in which patients who received
a total of 3 injections of DF-HA, one every 4 weeks for 12 weeks,
showed significant improvements in the Western Ontario and
McMaster Universities Osteoarthritis Index 3.1 (WOMAC) (19) pain
subscale score compared to patients who received placebo, with
no major safety concerns.

We conducted a phase |l trial to confirm the efficacy and
safety of IA injection of DF-HA 30 mg every 4 weeks into the
knee joint cavities of patients with knee OA. The primary objective
was to verify the superiority of DF-HA over placebo by showing a
greater change from baseline in the WOMAC pain subscale score
over 12 weeks. The primary end point was the 12-week mean
change from baseline in WOMAC pain subscale score to verify
the results of the phase |l trial. The secondary objective was to
evaluate the safety of DF-HA when injected 6 times, once every
4 weeks, up to 24 weeks compared with placebo.

PATIENTS AND METHODS

Study design and characteristics of the subjects.
A phase Il multicenter, randomized, double-blind, placebo-
controlled trial was performed at 50 sites in Japan. The study was
conducted in accordance with the Declaration of Helsinki and the
International Council for Harmonisation Guidelines for Good Clin-
ical Practice and was approved by the institutional review boards

at the central boards or at each local site. All subjects provided
written informed consent.

Eligible subjects were ages 40-75 years and had knee OA
(not secondary OA caused by trauma or another disease) with a
Kellgren/Lawrence (K/L) grade of 2 or 3 diagnosed radiographi-
cally, pain for at least 1 year in the target knee, and a WOMAC
pain subscale score and pain score on the 50-foot walking test
of 50-90 mm (on a 100-mm visual analog scale [VAS)) in the tar-
get knee and <80 mm in the contralateral knee at the time of
screening. Patients with lower extremity pain caused by other dis-
eases; inflammation, infection, skin disease, or systemic disease
at the target knee; body mass index (BMI) >35.0 kg/m?, which
indicates a high risk of complications; hypersensitivity to DF, HA,
or acetaminophen; aspirin-induced asthma; surgical or invasive
treatment within 1 year; or joint effusion removal within 7 days
prior to screening were excluded.

Randomization and blinding. Subjects were allocated to
receive either DF-HA (30 mg/3 ml in a prefilled syringe; Seikagaku
Corporation) or placebo (citric acid—sodium citrate buffered solution
[3 mlin a prefiled syringe; Seikagaku Corporation]) at a 1:1 ratio, and
randomization was performed using an interactive web response
system. Balance between the treatment groups at each site was
achieved using a minimization method (20). Groups were stratified
by K/L grade, mean baseline WOMAC pain subscale score, and
Sex.

Both treatments were clear, colorless, and identical in
appearance; however, the force needed to inject them differed
because DF-HA has a greater viscosity. To maintain blinding, an
investigator other than the one who administered the injection
performed all postinjection evaluations. Moreover, the investiga-
tor who administered the injection was prohibited from divulging
information about the treatment to the investigators conducting
the assessments or the subjects.

Procedures. Screening was conducted 1 week before ran-
domization and on the day of randomization. The entire volume
(8 ml) of study drug or placebo was injected IA into the target knee
of each subject a total of 6 times, once every 4 weeks (at weeks
0, 4,8, 12, 16, and 20). Although the administration method was
not specified, IA injection was given by an orthopedist or a general
physician who routinely performs IA injections, following the same
procedure as in their normal clinical practice. The observation
period began on the day of the first injection and ended at week
24. Efficacy and safety were assessed on the day of the first injec-
tion (week 0), and at weeks 1, 2, 4, 6, 8, 10, 12, 16, 20, and 24.

Analgesic agents (IA HA products, NSAIDs, glucocorticoids,
opioid analgesics, and psychotherapeutic drugs), which are
known to affect the underlying disease and its assessment, were
prohibited from the specified washout period prior to the screen-
ing through the end of the study. Acetaminophen was provided for
all subjects as a rescue medication from 7 days prior to screening
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through the end of the study and permitted at a dosage of up to
3,600 mg/day but was proscribed starting 2 days before each
visit.

Outcome measures. The primary outcome measure was
the WOMAC pain subscale score, measured on a 100-mm VAS,
and the primary end point was the mean change from baseline
in WOMAC pain subscale score at 12 weeks. The secondary
outcome measures were WOMAC index score (stiffness sub-
scale score, physical function subscale score, and total score on
a 100-mm VAS), pain score on a 100-mm VAS after a 50-foot
walking test, daily pain score on an 11-point numerical rating scale
as recorded in the subject’s diary, rates of responders and strict
responders according to the Outcome Measures in Rheumatol-
ogy (OMERACT)-Osteoarthritis Research Society International
(OARSI) response criteria (21), patient global assessment, phy-
sician global assessment, Medical Outcomes Study Short Form
36 (SF-36) health survey (22—24), EuroQol 5-domain (EQ-5D) (25),
and acetaminophen consumption.

Safety was evaluated by monitoring treatment-emergent
adverse events (TEAEs) after the initial injection, based on the
definitions listed in Supplementary Table 1, available on the

Arthritis & Rheumatology website at http://onlinelibrary.wiley.com/
doi/10.1002/art.41725/abstract. AEs that led to study drug with-
drawal were considered important AEs, while those that occurred
at the injection site, and were associated with Gl disorders, CV
disorders, renal dysfunction, anaphylactic reaction, or hypersensi-
tivity were considered AEs of special interest.

Clinical laboratory tests (hematology, blood biochemistry, and
urine test), measurement of vital signs (body temperature, blood
pressure, and pulse rate), examination of the target knee (for joint
effusion, swelling, redness, and warmth) to assess the injection
site reaction, and radiography, including anteroposterior standing,
lateral standing, and patellar axial radiographs to observe struc-
tural changes (worsening) in the target knee (osteophytes, joint
space narrowing, osteosclerosis, or deformity of epiphysis) were
conducted based on the protocol at preinjection and at 24 weeks
or at the time of study discontinuation. To prevent variations in
evaluation at each site, instructions for radiography were distrib-
uted (Supplementary Table 2, available on the Arthritis & Rheu-
matology website at http://onlinelibrary.wiley.com/doi/10.1002/
art.41725/abstract). Imaging evaluation was performed by the
investigator. Findings that were judged by the investigator to be
unfavorable or unintended were considered AEs.

:?: Assessed for eligibility (n=539) Excluded (n=99)
% »l® Not meeting eligibility criteria (n=90)
i v = Withdrawal by subject (n=8)
Randomized (n=440) * Other (n=1)
I
v v
c Allocated to Placebo (n=220) Allocated to DF-HA (n=220)
% » Received allocated drug (n=220) = Received allocated drug (n=220)
[
% = Did not receive allocated drug (n=0) = Did not receive allocated drug (n=0)
' '
Discontinued study (n=11) due to Discontinued study (n=15) due to
g = Withdrawal by subject (n=3) = Withdrawal by subject (n=7)
=g = Adverse events (n=3) = Adverse events (n=7)
- = Lack of efficacy (n=3) = Lack of efficacy (n=1)
» Loss to follow-up (n=1)
= Physician decision (n=1)
Completed (n=209) Completed (n=205)
' '
Full analysis set (FAS) (n=220) Full analysis set (FAS) (n=218)
é = Excluded from FAS (n=0) = Excluded from FAS (n=2)
g Safety population (n=220) Safety population (n=220)
= Excluded from Safety population (n=0) | |* Excluded from Safety population (n=0)

Figure 1. Disposition of the study subjects. Details are given according to the Consolidated Standards of Reporting Trials (CONSORT)
statement for reporting randomized controlled trials. DF-HA = diclofenac etalhyaluronate.
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Statistical analysis. We estimated that a sample size of 220
subjects per group would be needed to attain at least 90% power
to detect a significant difference between groups with a 2-sided sig-
nificance level of 5%, assuming that the difference between groups
in the change from baseline in WOMAC pain subscale score was
—7.5 mm, with an SD of 23 mm and a dropout rate of ~10% (18).

Efficacy analyses were conducted in the full analysis set, which
included subjects who received >1 injection and were evaluated
for efficacy. For the primary analysis, the mean change from base-
line in the WOMAC pain subscale score over 12 weeks was ana-
lyzed using a mixed-effects model for repeated measures (MMRM)
at each time point from weeks 1 through 12. The model included
treatment group, time point, treatment group—by-time point inter-
action, baseline WOMAC pain subscale score, K/L grade, sex,
and pooled site as fixed effects. The covariance structure was
assumed to be unstructured. The Kenward-Roger method was
used to calculate degrees of freedom. For the secondary analysis,
the change from baseline in WOMAC pain subscale score at each
time point of weeks 1 through 24 was compared between the
groups using the same MMRM as used in the primary analysis.
To evaluate the impact of missing data, a sensitivity analysis was
conducted using the pattern-mixture model approach to muilti-
ple imputation under the missing-not-at-random assumption by
creating control-based pattern imputation. Mean changes from
baseline in WOMAC pain subscale score over 12 weeks in the
subgroups were analyzed using the same MMRM model without
K/L grade, sex, and pooled site.

Secondary continuous outcomes expected for EQ-5D
and mean daily acetaminophen consumption were analyzed
using the same MMRM as used for analyses of the primary out-
come. The responder rate and strict responder rate were ana-
lyzed using a generalized estimating equation. The odds ratio
over 12 weeks and at each time point were calculated using
the model that included treatment group, time point, treatment
group-by-time point interaction, baseline WOMAC pain subscale
score, K/L grade, sex, and pooled site. The covariance structure
was assumed to be unstructured. The change from baseline in
the mean daily acetaminophen consumption at each time point
was compared with that in the placebo group using Wilcoxon’s
rank sum test.

Responder analyses were performed post hoc to interpret
clinically meaningful treatment benefits of group differences (26).
These analyses were conducted using the percentages of sub-
jects with an improvement in WOMAC pain subscale score from
baseline of >20%, >30%, or >50%, who were considered to have
clinically meaningful pain reduction, and subjects whose WOMAC
pain subscale score reached <40 mm, <30 mm, or <20 mm
based on different levels of response on ratings of treatment sat-
isfaction at 1, 4, 12, and 24 weeks.

TEAEs and other safety outcomes were summarized in the
safety population, which included subjects who received treat-
ment at least once. The incidences of TEAEs were calculated for

each treatment group. TEAEs were coded using the Medical Dic-
tionary for Regulatory Activities (MedDRA) version 21.1. TEAEs
associated with Gl disorders, CV disorders, renal dysfunction,
anaphylactic reaction, or hypersensitivity were categorized using
a standardized MedDRA query.

SAS software, version 9.4 (SAS Institute) was used for all
statistical analyses. P values less than 0.05 (2-sided) were con-
sidered significant.

RESULTS

Between March 24, 2017 and July 30, 2018, 539 subjects
were screened (Figure 1). Of the 539 subjects, 440 were deter-
mined to be eligible for the study, randomized, and received treat-
ment (220 received placebo and 220 received DF-HA). The safety

Table 1. Baseline characteristics of the subjects with knee OA*

Placebo DF-HA 30 mg
(n=220) (n=218)
Age, years 62.4+ 8.1 63.3+87
Sex, no, (%) male/female 75 (34.1)/ 75 (34.4)/
145 (65.9) 143 (65.6)
BMI, kg/m’ 25.61+3.95 2546 +3.75
Duration of current pain, weeks  268.3 + 257.8 252.4+262.0
K/L grade, no. (%)
2 124 (56.4) 122 (56.0)
3 96 (43.6) 96 (44.0)
WOMAC pain score, mmt 65.2+76 64.9+79
WOMAC pain score category,
no. (%)t
<70 mm 163 (74.1) 162 (74.3)
>70 mm 57 (25.9) 56 (25.7)
WOMAC stiffness score, mmt 575+ 214 56.6 +20.9
WOMAC physical function 61.3+12.8 59.8£12.8
score, mmt
WOMAC total score, mmt 61.8+11.0 60.6 +11.3
50-foot walking test pain score, 68.0+76 68.0+8.5
mmT
Daily pain score 6.69 + 1.20% 6.60 £ 1.27
Patient global assessment 701 +£12.7 69.7+129
score, mmt
Physician global assessment 62.5+ 14.1 629+ 14.0
score, mmt
SF-36 summary score
MCS score 55.8+8.3 554 +81
RCS score 451 +£13.0 472 +13.1
PCS score 25.8+10.5 259+116
EQ-5D
QOL score 0.6778 + 0.6906 +
0.1354 0.1254
VAS score 66.3+16.2 67.0+16.3
Daily acetaminophen dosage, 220.5+390.0  230.2+3995
mg/day

* Except where indicated otherwise, values are the mean + SD. OA =
osteoarthritis; DF-HA = diclofenac etalhyaluronate; BMI = body mass
index; K/L = Kellgren/Lawrence; WOMAC = Western Ontario and
McMaster Universities Osteoarthritis Index; SF-36 = Short Form 36;
MCS = mental component summary; RCS = social role component
summary; PCS = physical component summary; EQ-5D = EuroQol
5-domain; QOL = quality of life.

t On a 100-mm visual analog scale (VAS).

t Data were available for 219 patients.
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population comprised 440 subjects (220 in the placebo group and
220 in the DF-HA group), and the full analysis set comprised 438
subjects (220 in the placebo group and 218 in the DF-HA group),
which was the safety population minus 2 subjects who had no
efficacy evaluation data. Demographic and other baseline charac-
teristics were similarly distributed between the treatment groups
(Table 1).

The least squares mean (LSM) change from baseline in the
WOMAC pain subscale score at 12 weeks was —=17.1 mm for
placebo and —23.2 mm for DF-HA (Table 2). The difference in LSM
between the groups was —6.1 mm (95% confidence interval [95%
Cl] -9.4, -2.8; P < 0.001), which demonstrates the superiority of
DF-HA over placebo. Results of the MMRM sensitivity analysis
using placebo multiple imputation were similar to the results of
the primary analysis without imputation of missing data. Figure 2
shows forest plots of the difference in LSM between the groups
and the 95% ClI for all subjects and for subgroups of subjects.
The change from baseline in WOMAC pain subscale score over
12 weeks was greater in all DF-HA subgroups than in all placebo
subgroups. The between-group differences in LSM were similar
for all subgroups.

Table 2 also shows the results of the secondary out-
comes over 12 weeks. Significant differences were observed
for all outcomes except for the mental component summary
score and social role component summary score of the SF-36.

Table 2. Primary and secondary outcomes at 12 weeks*

OMERACT-OARSI responder analysis indicated that the responder
and strict responder rates at week 12 were 63.7% for placebo
versus 76.7% for DF-HA and 41.0% for placebo versus 54.3%
for DF-HA, respectively (Supplementary Table 3, available on the
Arthritis & Rheumatology website at http://onlinelibrary.wiley.com/
doi/10.1002/art.41725/abstract). The odds ratios for achieving a
response or a strict response at week 12 with DF-HA versus pla-
cebo were 1.69 (95% Cl 1.24, 2.30; P < 0.001) and 1.74 (95% ClI
1.25, 2.43; P = 0.001), respectively (Table 2).

Figure 3 shows the time course of the WOMAC pain sub-
scale score, WOMAC function subscale score, and patient global
assessment score, which improved after each DF-HA injection.
The between-group difference was significant beginning at week
1, and a difference was maintained for 24 weeks, although the
difference at week 24 was not significant. The between-group dif-
ferences in LSM in WOMAC pain subscale score were —7.2 mm
at week 1 (95% CI -10.5, -3.9; P < 0.001), —6.2 mm at week
4 (95% Cl 9.9, -2.5; P = 0.001), —-6.1 mm at week 12 (95%
Cl -10.3, —2.0; P = 0.004), and —4.0 mm at week 24 (95% ClI
-8.6, 0.5; P = 0.082) (Supplementary Table 4, available on the
Arthritis & Rheumatology website at http://onlinelibrary.wiley.com/
doi/10.1002/art.41725/abstract). Similar effects were observed
for the secondary outcomes (Supplementary Tables 4-10,
available on the Arthritis & Rheumatology website at http://online
library.wiley.com/doi/10.1002/art.41725/abstract).

LSM change from baseline (95% Cl)

Difference
Placebo DF-HA (95% Cl) P
Primary outcome

WOMAC pain score, mmt

Primary analysis =171 (-19.8, -14.4) —23.2(-25.9,-20.4) -6.1(-94,-2.8) <0.001

Sensitivity analysis -17.2(-19.9, -14.4) -23.2(-25.9,-20.4) -6.0(-9.3,-2.7) <0.001

Secondary outcomes

WOMAC stiffness score, mmt -13.3(-16.1, -10.5) -17.9 (-20.7, -15.1) -4.6(-8.0,-1.2) 0.008
WOMAC physical function score, mmt -13.2 (-15.8, -10.5) -18.9 (-21.5, -16.2) -5.7(-8.9,-2.5) <0.001

Total score -14.0 (-16.6, =11.4) =19.6 (-22.2, -16.9) -5.6 (8.7, -2.4) <0.001
50-foot walking test pain score, mmt -21.3(-24.3,-18.2) -28.1(-31.1,-25.1) -6.8(-10.5, -3.2) <0.001
Mean daily pain score -1.20(-1.41, -0.99) =1.76 (=1.97, =1.55) -0.56 (-0.82, -0.31) <0.001
Patient global assessment score, mmT -18.1 (=20.7, =15.4) —24.6 (=27.2,-22.0) -6.5(-9.7, -3.3) <0.001
Physician global assessment score, mmt -16.4(-18.6, —=14.2) -20.9 (-23.1,-18.7) -4.5(-7.2,-1.9) <0.001
SF-36 summary score

MCS -0.1(-1.0,0.7) 0.5(-0.3,1.4) 0.6(-04,1.7) 0.209

RCS 2.5(1.2,3.8) 2.1(0.8,3.4) -0.4(=2.0,1.1) 0.588

PCS 4.3(3.0,5.6) 59(4.5,72) 1.6(0.0,3.2) 0.049
OMERACT-OARSI response

Respondert -0.11 (-0.36, 0.14)8 0.41 (0.15,0.67)8 1.69 (1.24, 2.30)9] <0.001

Strict responder# -1.26 (-1.56, -0.97)§ -0.71 (=0.99, -0.43)§ 1.74.(1.25, 2.43)9 0.001

* OMERACT-OARSI = Outcome Measures in Rheumatology-Osteoarthritis Research Society International (see Table 1 for other
definitions).

T On a 100-mm visual analog scale.

¥ Responders were defined as subjects with >20% improvement from baseline and an absolute change of 210 mm in >2 of the
following 3 measures: WOMAC pain subscale score, WOMAC physical function subscale score, and/or patient global assessment
score.

8 Values are the log odds (95% confidence interval [95% Cl]).

€] Values are the odds ratio (95% Cl).

# Strict responders were defined as subjects with 250% improvement from baseline and absolute change of 220 mm in the WOMAC
pain subscale score or WOMAC physical function subscale score.
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Difference in LSM change

Subgroup
from baseline [95% CI]

Overall I—I.—| 438 -6.1[-9.4, -2.8]
Age <65 years I L 217 6.9 [-11.7, -2.1]

265 years ' h . 221 5.7[-10.4, -1.1]
Sex Male } K 1 150 -8.3[-13.8,-2.8]

Female —— 288 -491[-91,-07]
K-L grade Grade 2 ._._i_. 246 7.3[-11.8, -2.8]

Grade 3 I L B 1 192 -4.4[-9.4,0.5]
WOMAC pain subscores <70 mm —— 325 -6.1[-9.9, -2.3]
at baseline 270 mm ' .{ 13 -6.8[-13.7, 0.1]

1
-16 -10 -5 0 5 10
Favor DF-HA Favor Placebo

Difference of DF-HA - Placebo

Figure 2. Forest plot showing the change from baseline over 12 weeks in Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) pain subscale score in the full analysis set (overall) and in the indicated subgroups of subjects with knee osteoarthritis receiving
diclofenac etalhyaluronate (DF-HA) or placebo. Values are the least squares mean (LSM) change from baseline (95% confidence interval [95%
Cl]). Values were estimated using a mixed-effects model for repeated measures. K/L = Kellgren/Lawrence.

The OMERACT-OARSI response rates were higher in the DF-

HA group than the placebo group at all time points until week

24

Change from baseline in subject global evaluation (mm)

Change from baseline in WOMAC pain subscore (mm)

. The response rates for placebo versus DF-HA were 26.9%
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versus 45.0% at week 1 and 71.8% versus 81.1% at week 24,
and the response rates in each group increased after injection
(Supplementary Table 3). The decrease from baseline in mean

WOMAC physical function subscores
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Figure 3. Time course of change from baseline in Western Ontario and McMaster Universities Osteoarthritis Index version 3.1 (WOMAC) pain
subscale, WOMAC physical function subscale, and patient global assessment scores up to week 24 in the full analysis set of patients with
knee OA receiving diclofenac etalhyaluronate (DF-HA) or placebo. Values are the least squares mean (LSM) change from baseline with 95%
confidence interval (95% Cl). * = P < 0.05 versus placebo.



1652

NISHIDAET AL

daily acetaminophen consumption at each time point was greater
in the DF-HA group than in the placebo group, and the difference
was significant at all time points through week 12 (Supplemen-
tary Table 11, available on the Arthritis & Rheumatology website
at http://onlinelibrary.wiley.com/doi/10.1002/art.41725/abstract).

Post hoc responder analyses showed that the DF-HA group
had a higher proportion of subjects with improved pain than the
placebo group at all cutoffs and time points in terms of the per-
centages of subjects with clinically meaningful pain reduction
(improvement of >20%, >30%, or >50%), and subjects report-
ing different levels of response on ratings of treatment satisfac-
tion (pain level of <40 mm, <30 mm, or <20 mm) (Supplementary
Table 12, available on the Arthritis & Rheumatology website at
http://onlinelibrary.wiley.com/doi/10.1002/art.41725/abstract).
The proportions of subjects with improvement from baseline of
>20%, >30%, and >50% at week 12 in the placebo group ver-
sus the DF-HA group were 66.5% versus 78.1%, 56.1% versus
71.0%, and 38.2% versus 51.9%, respectively, and the pro-
portions of subjects with a pain level of <40 mm, <30 mm, and
<20 mm at week 12 in the placebo group versus the DF-HA group
were 49.5% versus 61.4%, 37.3% versus 48.6%, and 26.9% ver-
sus 38.1%, respectively (Supplementary Table 12, available on the
Arthritis & Rheumatology website at http://onlinelibrary.wiley.com/
doi/10.1002/art.41725/abstract).

Table 3 shows that the incidence of TEAEs was 126 (57.3%)
in the placebo group and 134 (60.9%) in the DF-HA group. No
severe TEAEs occurred in either group. The incidence of serious
TEAEs was 1 (0.5%) in the placebo group and 5 (2.3%) in the
DF-HA group. Serious TEAEs were nausea and vomiting in 1 sub-
ject in the placebo group and anaphylactic shock, anaphylactic
reaction, autonomic seizure, unstable angina, and strabismus cor-
rection in 1 subject each in the DF-HA group. All serious TEAEs
were moderate in severity and were resolved with complete recov-
ery except for unstable angina (resolving). Anaphylactic shock and
anaphylactic reaction occurred on the first day of DF-HA injection.
The subject with anaphylactic shock was not hospitalized, and the
subject with anaphylactic reaction was hospitalized. Anaphylactic
shock and anaphylactic reaction were mitigated on the day the
subjects received various antianaphylaxis therapies or medica-
tions and were resolved at 6 and 8 days after onset, respectively.
Autonomic seizure was caused by pain during puncture and was
judged to be a serious TEAE based on symptoms such as SpO,
decline. Emergency treatment was performed, and recovery was
confirmed 2 hours after the onset. Unstable angina and strabis-
mus correction were judged to be serious TEAEs because of hos-
pitalization for treatment (Supplementary Table 13, available on
the Arthritis & Rheumatology website at http://onlinelibrary.wiley.
com/doi/10.1002/art.41725/abstract).

TEAEs leading to study drug withdrawal were joint swelling
and injection site pain in 1 subject each in the placebo group,
and anaphylactic shock, anaphylactic reaction, and autonomic
seizure (these 3 events were the serious TEAEs described above)

in 1 subject each in the DF-HA group. The incidence of TEAEs
of special interest at the injection site was 20 (9.1%) in the pla-
cebo group and 19 (8.6%) in the DF-HA group (Supplementary
Table 14, available on the Arthritis & Rheumatology website at
http://onlinelibrary.wiley.com/doi/10.1002/art.41725/abstract).
The incidence of TEAEs associated with Gl disorders was 1
(0.5%) in the DF-HA group and was not reported in the placebo
group; the incidence of TEAEs associated with CV disorders was
3 (1.4%) in the placebo group and 7 (3.2%) in the DF-HA group;
and the incidence of TEAEs associated with renal dysfunction was
1 (0.5%) in both groups (Supplementary Table 14, available on the
Arthritis & Rheumatology website at http://onlinelibrary.wiley.com/
doi/10.1002/art.41725/abstract). TEAEs associated with ana-
phylactic reaction and hypersensitivity were evaluated because
serious TEAEs of anaphylaxis were observed in this study. The
incidence of TEAEs associated with anaphylactic reaction was
6 (2.7%) in the placebo group and 4 (1.8%) in the DF-HA group,
and the incidence of TEAEs associated with hypersensitivity was
12 (56.5%) in both groups (Supplementary Table 14). Overall, there
was no clear between-group difference in the incidence of TEAEs.

Table 3. Overview of treatment-emergent adverse events*

Placebo DF-HA
(n=220) (n=220)
All events 126 (57.3) 134 (60.9)
Severity of events
Mild 107 (48.6) 114 (51.8)
Moderate 19 (8.6) 20(9.1)
Severe 0(0) 0 (0)
Death 0(0) 0(0)
Serious events 1(0.5) 5(2.3)
Events leading to study drug 2(0.9) 3(1.4)
withdrawal
Common events (in >2% of
patients)
Nasopharyngitis 30(13.6) 37(16.8)
Eczema 2(0.9) 5(2.3)
Arthralgia 7(3.2) 10 (4.5)
Back pain 7(3.2) 7(3.2)
Myalgia 1(0.5) 5(2.3)
Osteoarthritis 8(3.6) 7(3.2)
Injection site joint pain 6(2.7) 6(2.7)
Contusion 5(2.3) 4(1.8)
Ligament sprain 1(0.5) 7(3.2)
Events of special interest
Events at injection site 20(9.1) 19 (8.6)
Gastrointestinal disorderst 0(0) 1(0.5)
Cardiovascular disordersT 3(1.4) 73.2)
Renal dysfunctiont 1(0.5) 1(0.5)
Anaphylactic reactiont 6(2.7) 4(1.8)
Hypersensitivityt 12 (5.5) 12 (5.5)

* Adverse events were classified based on the Medical Dictionary for
Regulatory Activities (MedDRA) version. 21.1. Values are the number
(%).

t Standardized MedDRA query (broad scope) term. The term “gas-
trointestinal disorders” indicates gastrointestinal perforation,
ulceration, hemorrhage, or obstruction. “Cardiovascular disorders”
indicates acute cardiac failure, ischemic heart disease, or cardiac
arrhythmias. “Renal dysfunction” indicates acute renal failure or
chronic kidney disease.
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There were no noteworthy changes from baseline in lab-
oratory values and vital signs. The percentage of subjects who
experienced worsening from baseline on target knee examination
was low for each outcome measure in both the placebo and DF-
HA groups. The frequency did not increase with dose and was
similar between groups (Supplementary Table 15, available on the
Arthritis & Rheumatology website at http://onlinelibrary.wiley.com/
doi/10.1002/art.41725/abstract). Some subjects were determined
to have structurally “changed” (worsening) target knees on radiog-
raphy, but there was no between-group difference (Supplemen-
tary Table 16, available on the Arthritis & Rheumatology website
at http://onlinelibrary.wiley.com/doi/10.1002/art.41725/abstract).

DISCUSSION

We achieved the primary objective of a significant improve-
ment in WOMAGC pain subscale score in subjects receiving DF-
HA compared to those receiving placebo for 12 weeks. Sensitivity
analysis demonstrated the robustness of the results. Furthermore,
the results were not influenced by demographic characteristics
according to subgroup analysis, and there were no between-
group differences in demographic or other baseline characteristics.
Similar to the primary outcome, most of the secondary outcomes
indicated the superiority of 12 weeks of treatment with DF-HA
compared to placebo. These results confirmed the efficacy of DF-
HA and reproduced the results of our previous phase Il study (18).

According to Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials (IMMPACT) recommendations (26),
the clinical importance of a group difference should be evalu-
ated by demonstrating a significant improvement in the primary
end point relative to placebo, but also by multiple other factors.
Responder analyses using the percentages of subjects with clin-
ically meaningful pain reduction and subjects reporting different
levels of response on ratings of treatment satisfaction are con-
sidered useful for interpreting between-group differences (26). In
this study, when the percentages of subjects with improved pain
at multiple cutoffs were compared between groups, they were
higher in the DF-HA group than in the placebo group for all cut-
offs at all time points. In addition, the OMERACT-OARSI response
rate was higher in the DF-HA group than the placebo group at all
time points. Improvement was demonstrated in ~50% of DF-HA-
treated subjects at week 1, and this was extended to >80% of
DF-HA-treated subjects at week 24.

Moreover, DF-HA improved pain as well as physical function
and global assessment. In a clinical trial conducted in patients with
knee OA, assessment of pain, physical function, and global func-
tion were important outcomes (27). DF-HA also improved the qual-
ity of life and decreased the use of acetaminophen as outcomes for
chronic pain (28). These results suggest that DF-HA improves mul-
tiple symptoms including pain in knee OA. Of note, in the present
study DF-HA decreased WOMAC pain subscale scores from as
early as week 1, and this level of decrease was maintained for 4

weeks. This effect was extended to 24 weeks by injection once
every 4 weeks.

However, WOMAC pain subscale scores were decreased
from baseline after each injection in both the DF-HA and placebo
groups, and there were many responders in the placebo group.
These results may be explained by the placebo effect. The large
placebo effects related to |A injection are likely to be caused by the
invasiveness of the administrative procedure and the physiologic
response to liquid injected into the articular cavity (29,30). In the
present study, injections were administered frequently (6 times),
which may have further increased the placebo effect (30). Indeed,
a large placebo effect is always a concemn in clinical trials using IA
injection, and many trials in OA fail to show a significant difference
between placebo and the study drug. In addition, the between-
group difference in WOMAC pain subscale scores was not sig-
nificant at week 24, which may result from floor effects as well
as large placebo effects. As described above, some benefits of
DF-HA were confirmed, but further studies are needed to evaluate
their clinical importance.

Regarding safety, anaphylactic shock and anaphylactic reac-
tion in 1 subject each were judged to be moderate and were
resolved after pharmacotherapy. Because anaphylactic symptoms
in response to DF-HA may not be ruled out for clinical use, care-
fulmonitoring and immediate treatment with established anaphylaxis
therapies will be required. No clinically important GI- or CV-related
TEAESs, which have been observed with oral NSAIDs and selec-
tive COX-2 inhibitors, or clinically important renal dysfunction, were
observed in the DF-HA group. This promising safety profile may be
related to the lower dose needed and reduced systemic exposure
to DF that occurs when DF-HA is administered via injection.

In a previous phase Il study, joint inflammation at the injection
site was observed in 1 subject. Therefore, we performed examina-
tion of the target knee to evaluate the safety of injection into the local
joint. No clinical issues were revealed on target knee examination,
demonstrating that AEs similar to those in the previous study did
not occur in the present study despite the larger number of DF-HA
injections. No differences in the incidence of TEAEs at the injection
site were observed between the treatment groups, whereas these
local reactions have been reported for other HA preparations (31).
Finally, no clinical issue was observed on radiography. Nevertheless,
NSAIDs have been reported to be deleterious to joint cartilage (32).
Although no particular concern was confirmed by the findings of
this study, further studies are needed to determine the effects of DF-
HA on joint cartilage, since DF-HA, after approval, would be the first
IA preparation of NSAIDs to be injected into human knee cavities.

Some existing |A preparations are effective when injected once
every 3 or 6 months. However, DF-HA requires repeated injections
every 4 weeks to maintain efficacy. This is a limitation of the prac-
tical use of DF-HA. Furthermore, although not confirmed in this
studly, joint infection is a common risk of IA injection, and the risk is
higher with more frequent administration compared with IA prepa-
rations administered once every 3 or 6 months. Given that serious
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safety issues caused by DF-HA were confirmed in this study, it is
necessary to compare the risk/benefit ratio with that of other 1A
preparations. In particular, a head-to-head study of DF-HA versus
an approved HA is required to determine whether there is a great
enough benefit of DF-HA to justify the monthly injection frequency
versus the semiannual injection frequency of most HA preparations.

This study had some limitations. Data were collected from a
limited population that only comprised Japanese patients, there
were no data for the excluded patient population (e.g., patients
with a BMI of =35.0 kg/m?, no information was obtained on
combinations with other analgesics because use of other anal-
gesics was prohibited, and the study did not evaluate safety with
regard to joint tissues, including joint cartilage. Active treatment-
controlled clinical trials are needed to evaluate the clinical use-
fulness of DF-HA, and how long the effect of DF-HA lasts after
IA treatment is stopped should be investigated in future clinical
studies. Additional safety data are needed, since the number
of subjects in this study was relatively small, and the long-term
safety of DF-HA treatment exceeding 24 weeks should be deter-
mined because the treatment term may be longer in actual clinical
practice than that assessed in this study. In addition, evaluation
of safety with regard to the joint tissue including joint cartilage is
needed, using imaging techniques other than radiography by a
central measurement.

In conclusion, DF-HA, a conjugated compound with the
advantages of IA HA and NSAIDs, promoted significant improve-
ments in symptoms, with fast-acting, long-lasting efficacy in knee
OA patients when injected once every 4 weeks. Anaphylactic
reactions were observed, and further safety evaluation is needed.
Although future studies are needed to further demonstrate its clini-
cal usefulness, DF-HA is expected to be a novel therapeutic agent
fulfiling an unmet need for pharmacotherapy for knee OA.
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