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Abstract

We examined the efficacy, safety, and tolerability of ONO-4474 in Japanese patients with osteoarthritis (OA) of the knee. In this multicenter, placebo-
controlled, randomized, double-blind, parallel-group comparative study, patients with moderate to severe OA who were refractory to nonsteroidal
anti-inflammatory drugs were orally administered 100 mg of ONO-4474 twice daily for 28 days. The primary end point was knee pain during walking,
assessed by visual analog scale over 24 hours (VAS24). Treatment-emergent adverse events (TEAEs) and adverse drug reactions were reported for
safety. In total, 110 patients were randomized (1:1) to receive placebo or ONO-4474. The mean (standard deviation) change in VAS24 scores at week
4 was −26.9 (25.0) mm in the ONO-4474 group and −19.5 (19.6) mm in the placebo group. The difference (ONO-4474 group − placebo group)
in posterior mean change in VAS24 at week 4 was −5.8 (posterior standard deviation, 4.4; 95% confidence interval,−14.3 to 2.8) mm. TEAEs were
reported in 41.8% of patients in the ONO-4474 group and 18.2% of patients in the placebo group.The most common TEAEs in the ONO-4474 group
related to the musculoskeletal system and the peripheral and central nervous systems were myalgia (7.3%), arthralgia (5.5%), dizziness (3.6%), and
hypoesthesia (3.6%). Four patients from the ONO-4474 group and 1 patient from the placebo group discontinued treatment because of AEs; however,
none were judged to be serious, and all patients recovered or were recovering after discontinuation. ONO-4474 is a novel tropomyosin receptor
kinase inhibitor that has an analgesic effect in patients with OA.
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Nonsteroidal anti-inflammatory drugs (NSAIDs) and
opioids are the main therapies prescribed for os-
teoarthritis (OA) pain. However, caution is advised, as
the long-term use of NSAIDs significantly increases
the risk of gastrointestinal, cardiovascular, and renal
adverse effects, especially in elderly patients.1,2 In Japan,
opioids are not generally prescribed due to concerns
about opioid abuse and addiction, and physicians often
report difficulty in the safe administration of opioids
because of the potential for abuse.1,2 Additionally,
adverse events (AEs) such as nausea, vomiting, consti-
pation, and dizziness are common. Thus, more effective
and safer analgesics for the long-term treatment of
moderate to severe pain in OA are needed.

Nerve growth factors (NGFs) have recently been
identified as important mediators of pain. These en-
dogenous ligands are substrates for tropomyosin re-
ceptor kinase (Trk), a receptor-type tyrosine kinase

expressed in cells of the peripheral and central ner-
vous systems.3 Increased expression of NGF has

1Department of Orthopedic Surgery, Nagoya University Graduate
School & Faculty of Medicine, Nagoya, Japan
2Data Science, Ono Pharmaceutical Co., Ltd., Osaka, Japan
3Translational Science, Translational Medicine Center, Ono Pharma-
ceutical Co., Ltd., Osaka, Japan

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial License, which permits use, distribution
and reproduction in any medium, provided the original work is properly
cited and is not used for commercial purposes.

Submitted for publication 21 February 2019; accepted 30 May 2019.

Corresponding Author:
Naoki Ishiguro, MD, PhD, Department of Orthopedic Surgery, Nagoya
University Graduate School & Faculty of Medicine, 65 Tsurumai-cho,
Showa-ku, Nagoya 466-8550, Japan
Email: n-ishi@med.nagoya-u.ac.jp

https://orcid.org/0000-0003-2041-4035


Ishiguro et al 29

been reported in cartilage and synovial membrane
tissue in patients with OA.4–6 Several clinical trials
have demonstrated the analgesic effects of anti-NGF
antibodies.7–10 For example, tanezumab,9 fulranumab,7

and fasinumab8 have shown potent analgesic effects
in patients with moderate to severe OA of the knee
and hip. However, the long half-life of anti-NGF
antibodies presents a challenge for dose titration,
which may be necessary in managing adverse effects.
Furthermore, concerns were raised in 2010 regarding
events of unanticipated joint deterioration in anti-
NGF-treated patients that were initially reported to
be osteonecrosis; however, subsequent analyses showed
that these events instead were a result of a rapidly
progressive form of OA. Although there was a dose-
response relationship with anti-NGF treatment and
incidence of rapidly progressing OA, it is notable
that the incidence of OA increased 3-fold when anti-
NGF drugs were concomitantly administered with
NSAIDs.11

ONO-4474 is a selective and orally available TrkA,
TrkB, and TrkC inhibitor with low blood-brain bar-
rier penetration.12 In preclinical studies, ONO-4474
dose-dependently inhibited NGF-induced increases in
vascular permeability, and dermal blood flow and
hyperalgesia in rats12,13 and monkeys (unpublished
data). Furthermore, in a rat model of monosodium
iodoacetate-induced OA, ONO-4474 demonstrated po-
tent analgesic effects, comparable with the effects
of morphine, at the dose required to control spon-
taneous motor activity.12,13 Safety, tolerability, and
pharmacokinetics were also investigated in a phase
1 study conducted in adult Japanese men, in which
healthy volunteers underwent a 14-day repeat oral
administration of twice-daily ONO-4474 100 mg,
200 mg, or placebo (data not shown). Plasma ONO-
4474 trough concentrations reached steady state after
the second dose at both dose levels. Moreover, 12 hours
after the final dose of twice-daily 100mg, plasmaONO-
4474 concentrations exceeded or were comparable to
the trough concentration at which ONO-4474 showed
an adequate pharmacodynamic response in a rat OA
model or a monkey NGF-induced pharmacodynamic
response model. Although the incidence of AEs was
higher in the ONO-4474 group than in the placebo
group, there were no deaths, serious AEs, or AEs
leading to withdrawal of the study drug.

Based on the above findings, a twice-daily 100-mg
dose of ONO-4474 was selected for the present study
involving OA patients. The objectives of this study
were to determine the efficacy, safety, and tolerability
of repeated oral dosing of ONO-4474 in Japanese
OA patients with insufficient response to NSAID
therapy.

Methods
Ethics
This study was conducted in compliance with the ethi-
cal principles derived from the Declaration of Helsinki;
the protocol stipulated by the Japanese Pharmaceutical
andMedicalDeviceAct; the standards stipulated inAr-
ticle 14, Paragraph 3, Article 80-2 of the Pharmaceuti-
cal Affairs Law; and Good Clinical Practice guidelines.
This study was approved by the institutional review
boards of the participating centers. All participants
provided written informed consent before entering the
study.

Study Design
This was a multicenter, placebo-controlled, random-
ized, double-blind, parallel-group comparative study
across 8 sites (listed in the Acknowledgments). The
study design is shown in Figure S1. In brief, this
consisted of 3 periods: a 2-week screening period, fol-
lowed by a 4-week double-blind treatment period and a
2-week observational follow-up period. ONO-4474 was
administered as 100 mg twice daily after meals, for a
total daily dose of 200 mg. The dose was selected to
exceed a trough plasma concentration of ONO-4474
that demonstrated a sufficient pharmacologic effect in
a preclinical rat OA model and NGF-induced monkey
model (unpublished data).

The randomization manager performed randomiza-
tion using a permuted block method with a 1:1 ratio.
The patient and provider were blinded, as the study
drugs were sealed individually before allocation at the
registration center, and patient eligibility was confirmed
by the principal investigator or subinvestigator.

Patients
This early phase 2 study included adult Japanese pa-
tients with OA who met all of the inclusion criteria.
Eligible patients were Japanese, aged 40 to <75 years;
had a bodymass index of 18.5 to<39.0 kg/m2; had knee
symptoms for �6 months and were diagnosed with OA
�6 months prior to the start of the screening period;
had knee pain caused by OA for �4 days a week in
�3 months before the start of the screening period; met
the clinical criteria of OA as defined by the American
College of Rheumatology Criteria14 at the time of
screening; were classified as Kellgren-Lawrence Grade
2-4 according to X-ray radiography at the time of
screening; with insufficient analgesic effects of NSAIDs
used continuously at a consistent dose and adminis-
tered�14 days prior to the start of the screening period;
and had average knee pain (visual analog scale over
24 hours [VAS24])15 during walking of �40 mm and
<80 mm (100-mm scale) when using an e-patient diary
at the start of the screening period. At the time of
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randomization, patients also had to have knee pain
(VAS24) during walking of �50 mm and <90 mm.
Additionally, for patients who discontinued pain med-
ication during the screening period, an increase in the
VAS24 of �10 mm was required between screening and
randomization.

Patients who met any of the following exclusion
criteria were not eligible: secondary OA due to distinct
causes such asmusculoskeletal diseases (eg, rheumatoid
arthritis and fibromyalgia) and other rheumatic dis-
eases; artificial joint replacement before or during the
study period; history of or concurrent articular diseases
accompanied by pain other than OA (eg, inflammatory
arthritis, rapidly progressive OA, osteonecrosis, and
osteoporotic bone fracture); arthroendoscopy within
3 months before screening; concurrent diseases accom-
panied by pain that may influence pain assessment (eg,
hip OA, spinal degenerative disease, sciatica, headache,
or external injury such as bone fracture); previous joint
injection of hyaluronic acid 1month before screening or
a joint injection of an adrenocortical steroid 3 months
prior; strong opioids, oral steroids, analgesics other
than NSAIDs, or pharmaceutical-grade chondroitin
sulfate 28 days before screening; and history of mental
illness/psychosis or related complications.

Prior and Concomitant Medications
Prohibited prior and concomitant medications for
OA patients included any analgesic other than rescue
treatments with acetaminophen. Conditionally allowed
concomitant treatments included acetaminophen at a
dose of 300 to 500 mg (total maximum daily dose of
1500 mg) for the treatment of knee pain from OA
from the start of the screening period until the end of
the follow-up period and at follow-up; pharmaceutical-
grade chondroitin sulfate for the purpose of pain relief
was permitted from �29 days before screening until
completion of all observations in the follow-up period,
if continued without any changes to the dose and mode
of administration.

End Points
The primary end point was average knee pain during
walking assessed by the VAS24. VAS24 was assessed
once daily before bed using the e-patient diary from
the start of the screening period until the penultimate
day of the follow-up period. Efficacy was also analyzed
using the Western Ontario and McMaster Universities
OA Index (WOMAC) questionnaire (Japanese version
11 translated from English version 3.1), the Patient
Global Assessment (PGA) score, and the frequency
of rescue treatment use. WOMAC and PGA were
assessed by VAS at weeks 0, 2, and 4 (or at time of
discontinuation) and at follow-up.

Safety end points included a physical examination,
12-lead electrocardiogram (ECG) measurements, gen-
eral laboratory tests (hematologic, blood biochemistry,
and urine test), the Columbia-Suicide Severity Rating
Scale (C-SSRS, Japanese version finalized July 10,
2015, translated from English version, dated January
14, 2009), a neurological exam, treatment-emergent
adverse events (TEAEs), and adverse drug reactions
(ADRs). Physical examination, 12-lead ECG, general
laboratory tests, and neurological exam were assessed
at weeks 0, 2, 4 (or at time of discontinuation) and at
follow-up. The C-SSRS was assessed at weeks 2 and
4 and at follow-up or at time of discontinuation. TEAEs
and ADRs were assessed from week 0 until the end of
the follow-up period.

Sample Size Calculation
A sample size of 50OApatients per groupwas planned:
100 patients were randomized in a 1:1 ratio to the
ONO-4474 group and the placebo group. If 10% of
patients were excluded from the full analysis set, it was
expected that at least 45 participants in each treatment
group would be included in the VAS24 analysis at
week 4.

A meta-analysis was performed by Ono Phar-
maceutical using the data from clinical studies of
tramadol.16–18 A Bayesian approach was selected to
allow flexible judgment based on 2 criteria of poste-
rior probability, described as follows. The difference
between the tramadol group and the placebo group
at week 4 was −10.8 mm (2-sided 95% confidence
interval [CI], −13.4 mm to −8.2 mm). Assuming that
the difference between the ONO-4474 group and the
placebo group (delta) is the same as the previously
calculated difference (−10.8 mm) and that the standard
deviation (SD) of each treatment group is 25.0 mm,
a Bayesian posterior probability was evaluated based
on the following 2 criteria: that the posterior prob-
ability of a delta value below 0 mm was 90% and
that the posterior probability of a delta value below
−8.2 mm was 50%. The probability of achieving the
first criterion was approximately 78%, the probabil-
ity of achieving the second criterion was approxi-
mately 69%, and the probability of achieving both
criteria was approximately 69%. The assumption of
a 25.0-mm SD for each treatment group was based
on data from Bellamy et al,19 which reported a VAS
score SD of 23.0 mm, and later studies by DeLe-
mos et al17 and Gana et al,18 in which we calculated
the SD (�26-27 mm) based on their standard error
values.

Statistical Analyses
The safety analysis set included all patients who re-
ceived ONO-4474 at least once. The full analysis set
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Figure 1. Patient disposition. Patients who discontinued treatment were still considered to have completed the study. FAS, full analysis set; SAF, safety
analysis set.

included all enrolled patients who were included in
the safety analysis set and had evaluable efficacy data
collected at least once after the start of the study
treatment. Summary statistics of the number of pa-
tients, mean, and SD were calculated for baseline
characteristics.

The primary efficacy analysis was conducted by
calculating the posterior mean change in VAS24 from
baseline and corresponding 95%CIs using an analysis
of covariance for repeated measures model. Treatment
groups, time points, and the interaction between time
points and treatment groups were factors, with baseline
values as the covariate. Nonstructural covariance was
assumed for correlation among repeatedmeasures data.
The posterior probabilities for a difference between
groups of <0 mm (criterion 1) and <−8.2 mm (crite-
rion 2) were calculated. The least squares mean change
from baseline was calculated for WOMAC and PGA
efficacy end points. Statistical analyses were performed
using SAS software version 9.3 (SAS Institute, Inc.,
Cary, North Carolina).

Results
Patient Baseline Characteristics and Disposition
A total of 153 patients were enrolled, of which 110
patients were randomized (1:1) to receive placebo or
ONO-4474 (n = 55 in each group). The patient dis-
position is shown in Figure 1. The baseline patient
characteristics are shown in Table 1. The mean VAS24
at the time of registration in the ONO-4474 group
(72.8± 9.1mm)was similar to that in the placebo group
(71.2 ± 8.5 mm) (Table 2).

Table 1. Baseline Patient Characteristics

Baseline Demographics
ONO-4474
(n = 55)

Placebo
(n = 55)

Sex, n (%)
Male 18 (32.7) 24 (43.6)
Female 37 (67.3) 31 (56.4)

Age, y
Mean (SD) 61.3 (7.3) 62.5 (8.9)

Body weight, kg
Mean (SD) 67.38 (15.32) 66.16 (14.49)

BMI, kg/m2

Mean (SD) 25.95 (4.16) 25.60 (4.43)
Duration of OA, y
Mean (SD) 4.72 (4.29) 4.84 (5.80)

Kellgren-Lawrence grade, n (%)
2 19 (34.5) 23 (41.8)
3 28 (50.9) 20 (36.4)
4 8 (14.5) 12 (21.8)

Use of rescue treatment in screening
period, n (%)
Yes 28 (50.9) 23 (41.8)
No 27 (49.1) 32 (58.2)

BMI, body mass index; OA, osteoarthritis; SD, standard deviation.

Efficacy Analysis
The change in VAS24 from baseline is shown in
Figure 2. The difference (ONO-4474 group − placebo
group) in the posterior mean change in VAS24 from
baseline was −5.8 (posterior SD, 4.4; 95%CI, −14.3 to
2.8) mm at week 4 (Table 3). The Bayesian posterior
probability with a between-group difference of <0 mm
was 90.6%, which met the expected probability
of 90%. However, the Bayesian posterior probability
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Table 2. Efficacy Analysis of ONO-4474

Week 6 (2 Weeks After
Baseline Week 2 Week 4 Treatment)

ONO-4474 Placebo ONO-4474 Placebo ONO-4474 Placebo ONO-4474 Placebo

VAS24, mm
N 55 55 52 49 49 50 48 48
Mean (SD) 72.8 (9.1) 71.2 (8.5) 56.9 (21.1) 56.7 (18.6) 45.7 (23.6) 51.8 (21.1) 56.4 (20.5) 55.9 (19.0)
Mean change from

baseline (SD)
– – −16.1 (21.0) −14.8 (16.7) −26.9 (25.0) −19.5 (19.6) −16.4 (19.0) −14.8 (16.9)

WOMAC,mm
N 55 54 51 52 50 52 50 49
Mean (SD) 60.3 (14.0) 59.3 (13.5) 48.5 (23.1) 44.6 (18.7) 38.1 (24.0) 42.8 (18.7) 47.1 (22.3) 44.8 (19.3)
Mean change from

baseline (SD)
– – −11.7 (16.7) −14.3 (16.0) −21.3 (19.2) −16.8 (16.0) −12.7 (16.8) −14.2 (16.5)

WOMAC (pain), mm
N 55 54 51 52 50 52 50 49
Mean (SD) 62.3 (12.4) 61.0 (13.1) 48.7 (22.3) 45.0 (18.2) 38.1 (23.4) 42.6 (18.7) 46.5 (22.0) 45.4 (18.1)
Mean change from

baseline (SD)
– – −13.6 (17.1) −15.1 (18.3) −23.5 (21.1) −18.0 (18.5) −15.0 (18.3) −14.6 (18.3)

PGA, mm
N 55 55 53 52 50 52 51 50
Mean (SD) 68.9 (11.7) 65.7 (11.1) 52.4 (25.8) 50.7 (20.3) 38.8 (25.3) 44.9 (21.4) 53.7 (22.0) 49.0 (21.6)
Mean change from

baseline (SD)
– – −17.2 (24.6) −14.2 (20.0) −29.6 (25.5) −20.6 (21.7) −14.9 (19.4) −16.4 (22.8)

PGA, Patient Global Assessment; SD, standard deviation; VAS24, visual analog scale over 24 hours; WOMAC,Western Ontario and McMaster Universities OA
Index.
n = 51.
n = 48.

Figure 2. Change in VAS24 from baseline. VAS24, visual analog scale over 24 hours.
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Table 3. Mean Change and the Difference (ONO-4474 − Placebo) in
Mean Change From Baseline to Week 4 in VAS24, WOMAC, and PGA
Scales

ONO-4474 Placebo

VAS24, mm
N 49 50
Posterior mean change

(posterior SD)
−25.5 (3.1) −19.8 (3.1)

Difference in posterior mean
change (posterior SD)

−5.8 (4.4)

95%CI for difference in posterior
mean

−14.3 to 2.8

Bayesian posterior probability with
the difference <0 mm

90.6%

Bayesian posterior probability with
the difference <−8.2 mm

29.2%

WOMAC,mm
N 50 51
LS mean change (SD) −20.4 (2.4) −16.8 (2.5)
Difference in LS mean change (SD) −3.6 (3.5)
95%CI for difference in LS mean

change
−10.5 to 3.3

WOMAC (pain), mm
N 50 51
LS mean change (SD) −22.4 (2.7) −18.3 (2.7)
Difference in LS mean change (SD) −4.1 (3.8)
95%CI for difference in LS mean

change
−11.7 to 3.5

PGA,mm
N 50 52
LS mean change (SD) −27.9 (3.2) −21.4 (3.2)
Difference in LS mean change (SD) −6.4 (4.5)
95%CI for difference in LS mean

change
−15.4 to 2.6

CI, confidence interval; LS, least squares; PGA, Patient Global Assessment;
SD, standard deviation; VAS24, visual analog scale over 24 hours; WOMAC,
Western Ontario and McMaster Universities OA Index.
Covariance analysis was performed for repeated measures data with
treatment groups, time points, and the interaction between time points
and treatment groups as factors, and baseline values as the covariate.
Nonstructural covariance was assumed for correlation among repeated
measures data.

for a between-group difference of <−8.2 mm was
29.2%, which did not meet the expected probability
of 50%. Following treatment, the ONO-4474 group
VAS24 score was similar to that of the placebo
group.

The differences (ONO-4474 group − placebo group)
in the least squares mean change in the total WOMAC
score and WOMAC (pain) score from baseline were
−3.6 (SD, 3.5; 95%CI, −10.5 to 3.3) and −4.1 (SD,
3.8; 95%CI, −11.7 to 3.5) mm, respectively, at week 4
(Table 3). The difference (ONO-4474 group − placebo
group) in the least squares mean change in PGA from
baseline was −6.4 (SD, 4.5; 95%CI, −15.4 to 2.6) mm
at week 4 (Table 3).

The number of patients with a VAS24 response of
�30%, �50%, or �70% below baseline is shown in

Figure 3. Overall, the responder rate tended to be higher
in the ONO-4474 group compared with the placebo
group.

The rate of patients who received rescue medica-
tion during the treatment period (ONO-4474, 34.5%;
placebo, 41.8%) and the total amount (ONO-4474:
mean, 725.5; SD, 1320.9 mg; placebo: mean, 1285.5;
SD, 2535.3 mg) and average milligrams per day
of rescue medication (ONO-4474: mean, 27.1; SD,
49.3 mg; placebo: mean, 48.1; SD, 95.2 mg) was
greater in the placebo group than in the ONO-4474
group.

Safety Analysis
TEAEs occurred in 23 patients (41.8%) in the ONO-
4474 group and in 10 patients (18.2%) in the placebo
group (Table 4). ADRs occurred in 16 patients (29.1%)
in the ONO-4474 group and 7 patients (12.7%) in the
placebo group (Table 4).

The most frequent TEAE and ADR was myalgia,
which occurred in 4 patients (7.3%) in the ONO-
4474 group (Table 5). The most frequent TEAEs and
ADRs in the placebo group were hematuria and dys-
pepsia, both of which occurred in 2 patients (3.6%)
(Table 5).

TEAEs related to the peripheral and central ner-
vous systems included dizziness (3.6%) and hypoesthe-
sia (3.6%) in the ONO-4474 group, with 1 incidence
(1.8%) of hypoesthesia occurring in the placebo group
(Table S1). All were mild in severity.

TEAEs related to the musculoskeletal system in-
cluded myalgia (7.3%; 5 events in 4 patients), arthralgia
(5.5%; 3 events in 3 patients), and pain in the extremity
(1.8%; 1 event in 1 patient) in the ONO-4474 group
(Table S1). Of the 5 myalgia TEAEs, 3 were mild and
2 were moderate in severity. Of the 3 arthralgia TEAEs,
1 was mild, 1 was moderate, and 1 was severe, with
2 patients requiring treatment. In the placebo group,
1 arthralgia TEAE occurred in 1 patient (1.8%). All
TEAEs were ADRs, except for arthralgia in 1 pa-
tient, and were mild and resolved without further
treatment.

Administration of the study drug was discontinued
due to TEAEs in 4 patients (7.3%) in the ONO-4474
group (2 events of myalgia, 2 events of arthralgia, and
1 event each of herpes zoster, headache, hypoesthesia,
pruritus, and rash) and in 1 patient (1.8%) in the
placebo group (1 event each of diarrhea, dyspepsia, and
nausea).

One serious AE (aortic dissection) occurred in 1
patient (1.8%) in the placebo group, and a relationship
with the study drug was assessed as “not related.” No
clinically significant events regarding vital signs, 12-lead
ECG, laboratory tests, or C-SSRS were observed, and
no deaths occurred in this study.
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Figure 3. Treatment response rates at week 4. Responder rates are shown according to number of patients with VAS24 scores �30%, �50%, and
�70% below baseline. VAS24, visual analog scale over 24 hours.

Table 4. Summary of TEAEs and ADRs

ONO-4474 Placebo
Adverse Event (n = 55) (n = 55)

Total TEAEs, n (%) 23 (41.8) 10 (18.2)
Serious TEAEs, n (%) – 1 (1.8)
Discontinued treatment due to TEAEs, n (%) 4 (7.3) 1 (1.8)
Total ADRs, n (%) 16 (29.1) 7 (12.7)
Serious ADRs, n (%) – –
Discontinued treatment due to ADRs, n (%) 3 (5.5) 1 (1.8)

ADR, adverse drug reaction; TEAE, treatment-emergent adverse event.

Discussion
This study evaluated the efficacy, safety, and tolerability
of the novel tropomyosin receptor kinase inhibitor
ONO-4474 as an analgesic in patients with moderate to
severe OA and who were refractory to NSAID therapy.
Twice-daily administration of 100-mg ONO-4474 was
well tolerated and was confirmed here, for the first time,
to have an analgesic effect in patients with knee OA.
However, a total daily dose of 200 mg of ONO-4474
did not meet the expected efficacy of a weak opioid, as
categorized in Japan.

The long-term use of oral NSAIDs and opioids
for the treatment of OA pain comes with significant
safety issues, and therefore the development of a more
suitable therapy is needed.1,2 NSAIDs increase the risk
of ADRs related to the gastrointestinal tract, cardiac
vessels, and kidneys, particularly in elderly patients.
However, opioid use comes with a significant concern
of dependency and addiction, as well as other safety

issues, including nausea, vomiting, constipation, and
dizziness.

In a phase 3 study of combination tramadol and
acetaminophen therapy, AEs were observed in 80.1%
of participants after 2 weeks of administration.20 In
comparison, the incidence of AEs in OA patients
receiving ONO-4474 was only 41.8% in this phase 2
study. Furthermore, 13.4% of patients withdrew after
2 weeks from the phase 3 tramadol and acetaminophen
study (JNS013-JPN-04) because of AEs. In compari-
son, TEAEs, which aremore commonly associated with
oral NSAIDs and opioids, were not common in this
phase 2 study, and the withdrawal rate of the study drug
due to TEAEs was low (7.3%).

In this study, the primary efficacy end point was to
determine the posterior mean change of VAS24 from
baseline between ONO-4474 treatment and placebo.
The posterior probability that the difference between
treatment groups was <0 mm was 90.6%, and this
met the expected probability of 90%. This suggests
that ONO-4474 is likely to have an analgesic effect in
patients with knee OA. However, the Bayesian pos-
terior distribution calculation (29.2%) did not meet
an expected probability of 50%, which is comparable
(−8.2mm)with that of a weak opioid. Furthermore, we
observed that following the treatment period, the VAS24
score in the ONO-4474 groupwas similar to the score in
the placebo group, thus justifying the appropriateness
of the primary end point evaluation. Similar changes
were observed inWOMAC and PGA scores, suggesting
that the analgesic effect of ONO-4474 may lead to
improvements in WOMAC and PGA scores.
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Table 5. Most Common Adverse Events (>3%)

TEAE ADR

Adverse Event ONO-4474 Placebo ONO-4474 Placebo
SOC, Preferred Term (n = 55) (n = 55) (n = 55) (n = 55)

Gastrointestinal disorders
Constipation 2 (3.6) – 2 (3.6) –
Dyspepsia – 2 (3.6) – 2 (3.6)

Infections and infestations
Viral upper respiratory tract infection 3 (5.5) 1 (1.8) – –

Investigations
Blood urine present 1 (1.8) 2 (3.6) 1 (1.8) 2 (3.6)

Musculoskeletal and connective tissue disorders
Arthralgia 3 (5.5) 1 (1.8) 2 (3.6) 1 (1.8)
Myalgia 4 (7.3) – 4 (7.3) –

Nervous system disorders
Dizziness 2 (3.6) – 2 (3.6) –
Hypoesthesia 2 (3.6) 1 (1.8) 2 (3.6) 1 (1.8)

Skin and subcutaneous tissue disorders
Rash 2 (3.6) – 2 (3.6) –

ADR, adverse drug reaction; SOC, system organ class; TEAE, treatment-emergent adverse event.
Medical Dictionary for Regulatory Activities, Japanese Translation, version 20.0.

The study limitations include the small sample
size, short treatment duration, and lack of an active
comparator. In the future, the clinical significance of
twice-daily ONO-4474 at a higher total daily dose of
400 mg in Japanese patients with OA should be studied.
It is hoped that this future study will clarify the efficacy
and safety of ONO-4474 relative to NSAIDs and weak
opioids in the treatment of OA pain.

Conclusions
Based on the results of this small study, ONO-4474
was well tolerated overall and may offer an improved
safety profile compared with NSAIDs or weak opioids,
although further research is necessary to confirm these
findings. ONO-4474was confirmed to have an analgesic
effect in patients with knee OA, as was observed by
the change of VAS24 after 4 weeks of treatment. These
findings suggest that ONO-4474 may be a tolerable and
effective analgesic for the treatment of moderate to
severe knee pain in OA patients.
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