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Purpose: To examine the efficacy and safety of duloxetine in Japanese patients with knee pain 

due to osteoarthritis.

Patients and methods: Patients were randomized to receive duloxetine 60 mg/day or placebo 

for 14 weeks in a double-blind manner (ClinicalTrials.gov Identifier: NCT02248480). The pri-

mary efficacy endpoint was mean change in Brief Pain Inventory pain severity (BPI-Severity) 

average pain. Secondary endpoints included improvement in other BPI-Severity scales, Patient 

Global Impression of Improvement, Clinical Global Impressions of Severity, health-related 

quality of life (HRQoL) scales, range of motion of the knee joint, safety and tolerability, and 

structural changes on X-ray images.

Results: Of the 354 randomized patients, 161 in the duloxetine group and 162 in the placebo 

group completed the study. BPI-Severity average pain improved significantly with duloxetine vs. 

placebo (−2.57 vs. −1.80; adjusted mean difference: −0.77; 95% CI: −1.11 to −0.43; P<0.0001). 

Secondary efficacy endpoints and most HRQoL scales showed greater improvements in the 

duloxetine group than the placebo group. Adverse events observed in ≥5% of patients that were 

more frequent in the duloxetine than placebo group were somnolence, constipation, dry mouth, 

nausea, malaise, and decreased appetite. There were no marked changes in range of motion of 

the knee joint (efficacy), X-ray images, or Kellgren–Lawrence grade (safety) in either group.

Conclusion: Duloxetine reduced pain and improved function in patients with knee osteoarthritis, 

without causing X-ray abnormalities or altered knee joint mobility. Reduced pain was associated 

with improved HRQoL. Adverse events were consistent with duloxetine’s known safety profile.
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Introduction
Osteoarthritis (OA) is a common, chronic degenerative disease associated with 

cartilage degeneration and joint deformity that leads to pain and subsequent impair-

ments in health-related quality of life (HRQoL). Knee OA, a very common form 

of OA, is a leading cause of disability worldwide.1 Symptomatic knee OA from 

population-based studies in the USA has been reported in 12.1%–16.3% of older 

adults, which is similar to rates in Europe2 and Japan.3 However, the prevalence of 

knee OA increases with age and is higher in women, people with obesity, and in 

non-urban populations.2,3

Pain is a strong predictor of disability associated with knee OA4,5 and reduced 

HRQoL.6 In addition, pain experienced with OA can be further exacerbated by pain 

avoidance strategies that result in maladaptive movement and patients’ psychosocial 
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responses to pain and the disability that ensues.7 Thus, 

improving physical function and reducing pain in patients 

with knee OA are important treatment goals.8 

Duloxetine is a serotonin and norepinephrine reuptake 

inhibitor with antidepressant, central pain inhibitory, and 

anxiolytic activities that is approved in the USA and other 

countries for chronic musculoskeletal pain, including pain 

associated with knee OA. In addition, the Osteoarthritis 

Research Society International guidelines recommend 

duloxetine for treatment of multiple-joint OA with or with-

out comorbidities, and for knee-only OA in patients without 

comorbidities.8 Several studies conducted in the US/Europe 

and China have shown significant improvements in pain for 

patients with knee OA who were treated with duloxetine 

compared with placebo.9–11 However, these studies focused 

on pain, knee function, and HRQoL, without evaluating 

X-ray images, knee range of motion (ROM), or whether the 

analgesic effect of duloxetine could aggravate or prolong the 

pathological condition of OA. Further, no studies have been 

conducted in Japan, where the number of people with knee 

OA is growing with the aging society. 

This Phase III clinical study was conducted to evaluate 

the efficacy and safety of duloxetine in Japanese patients 

with knee OA. The primary objective was to determine 

whether duloxetine was superior to placebo in the Japanese 

population.

Materials and methods
Study design
This multicenter, randomized, placebo-controlled, double-

blind study was conducted at 47 medical institutions in 

Japan from October 2014 to June 2015 (ClinicalTrials.gov: 

NCT02248480).

The protocol and informed consent were approved by 

the Institutional Review Board of each medical institution 

(Box S1). The study was conducted in compliance with 

Good Clinical Practice, the ethical standards of the respon-

sible committee on human experimentation (Institutional 

and National) and the Helsinki Declaration of 1975 (2000 

revision). Written informed consent was obtained from all 

patients before participation.

The study phases (17–18 weeks) comprised screening 

(1–2 weeks), treatment (14 weeks), tapering (1 week), and 

follow-up (1 week; Figure 1). Tapering was conducted to 

avoid symptoms resulting from abrupt discontinuation of 

duloxetine.12 After screening, eligible patients were random-

ized 1:1 to receive duloxetine (Cymbalta®; Eli Lilly and 

Co., Indianapolis, IN, USA) or placebo with an Interactive 

Web Response System and stochastic minimization method 

using the baseline Brief Pain Inventory (BPI) pain severity 

(BPI-Severity) average pain (<6, ≥6) as an allocation factor. 

Allowed and prohibited treatments/interventions are 

described in Supplementary Materials. Analgesics (including 

non-steroidal anti-inflammatory drugs [NSAIDs]) and other 

therapeutic agents for knee OA were washed out during the 

screening phase; their concomitant use was prohibited during 

the study. Drugs with analgesic effect (e.g., NSAIDs) were 

permitted as rescue medication for up to 3 consecutive days 

and a cumulative total of 20 days. 

Investigators enrolled patients and dispensed the study 

drugs, which were identical in appearance, odor, and taste. 

Patients received duloxetine (20 mg capsule for 1 week, 

two 20 mg capsules for 1 week, three 20 mg capsules 

for 12 weeks) or placebo (matching placebo capsules for 

14 weeks) once daily after breakfast. Following completion 

of treatment or discontinuation after 2 weeks of treatment, 

Screening

20 mg

40 mg

60 mg

Treatment Taper Follow-up

Duloxetine

Placebo

Visit 1 2

Enrollment

Week –2 to –1 0 1 2 4 6 8 10 12 14 15 16

3 4 5 6 7 8

Figure 1 Study design.
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patients underwent tapering and then entered either the long-

term extension study or the 1-week follow-up phase.

There were no changes to the study design or statistical 

analyses after starting enrollment and unblinding. A post 

hoc analysis was performed to assess the potential effect of 

age on BPI-Severity average pain among patients aged <65 

and ≥65 years.

Patients
Male and female outpatients aged 40–<80 years were eligible 

if they had experienced pain for ≥14 days/month during the 

3-month period before Visit 1 and had a BPI-Severity aver-

age pain score of ≥4. Patients needed to satisfy the American 

College of Rheumatology criteria13 for idiopathic knee OA 

(knee pain, bone spurs detected on plain X-ray images, and 

at least one of age >50 years, morning stiffness resolving 

within 30 minutes, or crepitus).

Key exclusion criteria were as follows: previous admin-

istration of duloxetine; inflammatory arthritis (e.g., rheuma-

toid arthritis) or autoimmune diseases (except Hashimoto’s 

disease and type 1 diabetes); invasive treatment (e.g., joint 

lavage or intra-articular hyaluronic acid or steroid injections) 

in either knee within 1 month before Visit 1; arthroscopic 

surgery of the affected joint within 1 year before Visit 1 or 

a history of joint replacement or osteotomy; end-stage OA 

(e.g., patients with loss of joint space or loss of articular 

cartilage) or patients scheduled to undergo surgery of the 

affected joint during the study; major depressive disorders 

based on the Mini International Neuropsychiatric Interview;14 

and suicidal tendencies according to the Columbia-Suicide 

Severity Rating Scale (C-SSRS).15

Study objectives and evaluation methods
The primary objective was to assess the efficacy of duloxetine 

compared with placebo in the reduction in BPI-Severity aver-

age pain. At each visit, patients evaluated their pain for each 

item during the past 24 hours on an 11-point rating scale (0 

[“no pain”] to 10 [“pain as bad as you can imagine”]).16 The 

BPI is validated in patients with chronic non-malignant pain17 

and has been used previously with duloxetine.18

Secondary efficacy endpoints included BPI-Severity 

(30%, 50%, and sustained reductions in average pain, worst 

pain, least pain, and pain right now); 24-hour BPI-Severity 

weekly average pain from patient diaries (30%, 50%, and 

sustained reductions, and 24-hour BPI-Severity worst pain); 

BPI-Interference (general activity, mood, walking ability, 

normal work, relations with others, sleep, and life enjoy-

ment); Clinical Global Impressions of Severity (CGI-S);19 

Patient’s Global Impressions of Improvement (PGI-I);19 the 

European Quality of Life Questionnaire-5 Dimension (EQ-

5D);20 the 36-Item Short Form Health Survey (SF-36);21 and 

HRQoL specific to OA assessed using the Western Ontario 

and McMaster Universities Osteoarthritis Index (WOMAC).22 

The Outcome Measures in Rheumatology Clinical Trials–

Osteoarthritis Research Society International (OMERACT-

OARSI) response rate23 was calculated using the 24-hour 

BPI-Severity average pain score, the WOMAC subscale score 

for “difficulty in performing daily activities,” and the Patient 

Global Assessment of Illness. 

Safety was evaluated based on treatment discontinuation 

rate, adverse events (AEs), serious AEs, adverse drug reac-

tions (ADRs), clinical laboratory tests, body weight, blood 

pressure, pulse rate, electrocardiography, C-SSRS, and Fall 

Questionnaire (fall scores) from Visit 1 to the end of follow-

up. Investigators assessed the severity of AEs/ADRs and the 

possibility of a causal relationship to the study drug.

Exploratory outcomes were knee ROM (measured by 

goniometer) as an efficacy outcome and Kellgren–Lawrence 

(K-L) Grading Scale for knee OA severity (evaluated in one 

knee by examination of radiographs) as a safety outcome 

(Supplementary Materials). 

Statistical methods
The sample size calculation is presented in the Supplemen-

tary Materials. 

The primary efficacy analysis (change in BPI-Severity 

average pain from baseline to Week 14 of treatment) was 

performed using the full analysis set, which included all 

randomized patients who received at least one dose of the 

study drug and who had BPI-Severity average pain recorded 

at baseline and at least once during treatment. The safety 

analysis set included all patients who received at least one 

dose of study drug.

A mixed-effects model repeated measures approach 

was used for the primary analysis of the primary endpoint. 

A linear model with an unstructured covariance structure 

of the error variance was applied, using the change in BPI-

Severity average pain from baseline as a response variable. 

Treatment group, time point, and treatment group-by-time 

point interaction were modeled as fixed effects, and baseline 

BPI-Severity average pain was the covariate. The degree of 

freedom was adjusted by a Kenward–Roger approximation. 

Methods used for all other efficacy and safety endpoints are 

presented in the Supplementary Materials.

Changes from baseline within groups are presented as 

the adjusted mean and 95% CI, and between groups as the 
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adjusted mean difference (duloxetine minus placebo) with 

95% CI. All statistical tests were performed at a two-sided 

significance level of 0.05, unless otherwise noted. All analy-

ses were conducted using SAS software (version 9.2; SAS 

Institute, Cary, NC, USA).

Results
Patient disposition and characteristics
Of the 395 patients screened, 354 were randomized to dulox-

etine (178 randomized, 177 analyzed for efficacy) or placebo 

(176 randomized and analyzed), and 336 patients entered 

the taper phase. One patient in the duloxetine group did not 

undergo clinical assessments after starting the study drug. 

During treatment, 17 patients discontinued duloxetine and 

14 discontinued placebo; one patient (placebo) discontinued 

from the taper phase (Figure 2).

Baseline characteristics were balanced between groups 

(Table 1), except for prior drug therapy, which was slightly 

more frequent in the placebo group.

Efficacy
The adjusted mean change (95% CI) in BPI-Severity average 

pain at Week 14 was −2.57 (−2.81 to −2.33) for duloxetine 

and −1.80 (−2.05 to −1.56) for placebo (adjusted mean dif-

ference [95% CI]: −0.77 [−1.11 to −0.43]; P<0.0001), dem-

onstrating superiority of duloxetine over placebo (Table 2, 

Figure 3). These findings were consistent for all missing data 

imputation methods (data not shown) and between groups at 

all other time points (Figure 3). The response to duloxetine 

was similar in men (adjusted mean difference from placebo 

[95% CI]: −0.79 [−1.50 to −0.09]; P=0.0276) and women 

(−0.75 [−1.14 to −0.36]; P=0.0002).

Reductions in all secondary measures of BPI-Severity, 

including the proportions of patients achieving 30%, 50%, 

Registered for the
screening phase
(pre-registered)

n=395

Registered for the treatment
phase (registered)

n=354

Placebo group
n=176

Duloxetine group
n=178 Discontinued during

treatment phase n=17

Discontinued during the
screening phase n=41

Completed
treatment phase

n=162

Completed
treatment phase

n=161

Discontinued during
treatment phase n=14
• Ineligible n=1
• Patient request n=4
• Adverse event n=2
• Lack of efficacy or
  worsening disease n=6

• Patient request n=2
• Adverse event n=11
• Lack of efficacy or
  worsening disease n=4

• Other reason n=1

Figure 2 Patient disposition.

Table 1 Baseline characteristics (full analysis set)

Characteristic Placebo
(n=176)

Duloxetine
(n=177)

P-valuea

Age, years 66.4±8.4 65.5±8.0 0.3133b

Male
Female

44 (25.0%)
132 (75.0%)

35 (19.8%)
142 (80.2%)

0.2526c

Weight, kg 62.56±11.53 62.71±12.85 0.9113b

Height, cm 155.89±8.20 155.71±8.26 0.8402b

BMI, kg/m2 25.7±3.9 25.8±4.4 0.8339b

Duration of osteoarthritis, years 4.5±4.3 4.0±4.2 0.2637b

BPI-Severity average pain 5.1±1.0 5.0±1.0 0.8252b

Use of NSAIDs ≥14 days/
month for 3 months prior to 
study entry

100 (56.8%) 98 (55.4%) 0.8304c

Prior drug therapy 167 (94.6%) 158 (89.3%) 0.0747c

Kellgren–Lawrence grade
Grade 0 0 (0.0%) 0 (0.0%) 0.3944d

Grade 1 10 (5.7%) 14 (7.9%)
Grade 2 84 (47.7%) 87 (49.2%)
Grade 3 74 (42.0%) 69 (39.0%)
Grade 4 8 (4.5%) 7 (4.0%)

Notes: Values are presented as the mean ± SD or n (%). aTested at the significance 
level of 0.15. bWelch’s t-test. cFisher’s exact test. dWilcoxon rank-sum test.
Abbreviations: BMI, body mass index; BPI, Brief Pain Inventory; NSAIDs, 
nonsteroidal anti-inflammatory drugs.
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Table 2 Primary and secondary efficacy outcomes

Placebo
(n=176)

Duloxetine
(n=177)

Adjusted mean 
difference/risk ratio for 
duloxetine vs. placebo

P-value

BPI-Severity
Average pain (primary endpoint) −1.80 (−2.05 to −1.56) −2.57 (−2.81 to −2.33) −0.77 (−1.11 to −0.43) <0.0001a

30% reduction (average pain) 88 (50.0% [42.4% to 57.6%]) 124 (70.1% [62.7% to 76.7%]) 1.40 (1.17 to 1.67) 0.0001b

50% reduction (average pain) 69 (39.2% [31.9% to 46.8%]) 114 (64.4% [56.9% to 71.4%]) 1.64 (1.33 to 2.03) <0.0001b

Sustained reduction (average 
pain)

77 (43.8% [36.3% to 51.4%]) 112 (63.3% [55.7% to 70.4%]) 1.45 (1.18 to 1.77) 0.0002b

Worst pain −2.13 (−2.42 to −1.84) −2.92 (−3.21 to −2.63) −0.79 (−1.20 to −0.38) 0.0002a

Least pain −1.05 (−1.27 to −0.83) −1.61 (−1.83 to −1.40) −0.56 (−0.87 to −0.26) 0.0003a

Pain right now −1.52 (−1.78 to −1.26) −2.29 (−2.55 to −2.04) −0.77 (−1.14 to −0.41) <0.0001a

Weekly 24-hour BPI-Severity (patient diaries)
24-hour average pain score −1.79 (−2.02 to −1.57) −2.45 (−2.68 to −2.22) −0.66 (−0.98 to −0.33) <0.0001a

30% reduction 93 (52.8% [45.2% to 60.4%]) 128 (72.3% [65.1% to 78.8%]) 1.37 (1.16 to 1.62) 0.0002c

50% reduction 68 (38.6% [31.4% to 46.3%]) 98 (55.4% [47.7% to 62.8%]) 1.43 (1.14 to 1.80) 0.0020c

Sustained reduction 88 (50.0% [42.4% to 57.6%]) 126 (71.2% [63.9% to 77.7%]) 1.42 (1.20 to 1.70) <0.0001c

24-hour worst pain score −1.97 (−2.23 to −1.70) −2.73 (−3.00 to −2.46) −0.76 (−1.14 to −0.39) <0.0001a

BPI-Interference
General activity −1.52 (−1.79 to −1.25) −2.42 (−2.68 to −2.15) −0.89 (−1.27 to −0.52) <0.0001a

Mood −1.43 (−1.67 to −1.18) −1.95 (−2.19 to −1.70) 0.52 (−0.86 to −0.17) 0.0036a

Walking ability −1.74 (−2.01 to −1.47) −2.58 (−2.85 to −2.31) −0.84 (−1.23 to −0.46) <0.0001a

Normal work −1.67 (−1.94 to −1.41) −2.48 (−2.75 to −2.22) −0.81 (−1.18 to −0.44) <0.0001a

Relations with people −0.81 (−1.03 to −0.60) −1.23 (−1.44 to −1.01) −0.41 (−0.72 to −0.11) 0.0070a

Sleep −1.19 (−1.41 to −0.97) −1.65 (−1.87 to −1.43) −0.46 (−0.78 to −0.15) 0.0039a

Enjoyment of life −1.16 (−1.39 to −0.93) −1.78 (−2.01 to −1.55) −0.62 (−0.94 to −0.30) 0.0002a

Average of 7 questions −1.34 (−1.56 to −1.12) −2.01 (−2.22 to −1.79) −0.67 (−0.97 to −0.36) <0.0001a

CGI severity −1.22 (−1.36 to −1.08) −1.71 (−1.85 to −1.56) −0.49 (−0.69 to −0.28) <0.0001a

PGI-I 2.84 (2.67 to 3.02) 2.23 (2.06 to 2.40) −0.61 (−0.86 to −0.37) <0.0001a

EQ-5D 0.07 (0.05 to 0.09) 0.12 (0.10 to 0.14) 0.05 (0.02 to 0.08) 0.0006d

SF-36
Physical functioning 6.23 (3.72 to 8.73) 12.62 (10.12 to 15.12) 6.39 (2.85 to 9.94) 0.0004d

Physical role limitations 3.66 (1.11 to 6.21) 11.44 (8.90, 13.98) 7.78 (4.18 to 11.39) <0.0001d

Bodily pain 9.63 (7.24, 12.03) 16.32 (13.93 to 18.72) 6.69 (3.30 to 10.08) 0.0001d

General health perceptions 1.82 (−0.03 to 3.66) 5.58 (3.75 to 7.42) 3.77 (1.16 to 6.37) 0.0047d

Vitality 3.16 (1.12 to 5.20) 3.99 (1.96 to 6.03) 0.83 (−2.05 to 3.72) 0.5698d

Social functioning 2.54 (0.28 to 4.80) 5.66 (3.41 to 7.92) 3.12 (−0.07 to 6.31) 0.0550d

Emotional role limitations 0.70 (−1.81 to 3.21) 6.32 (3.82 to 8.82) 5.62 (2.06 to 9.17) 0.0020d

Mental health 1.48 (−0.47 to 3.43) 3.02 (1.08 to 4.97) 1.55 (−1.21 to 4.30) 0.2697d

OMERACT-OARSI response rate 109 (61.9% [54.3% to 69.1%]) 148 (83.6% [77.3% to 88.7%]) 1.35 (1.18 to 1.54) <0.0001c

Notes: Values are presented as the adjusted mean final change (95% CI) or n (% [95% CI]), adjusted mean difference vs. placebo (95% CI), risk ratio vs. placebo (95% CI). 
aMixed-effect model for repeated measures analysis (adjusted mean difference). bMantel–Haenszel test (risk ratio). cFisher’s exact test (risk ratio). dAnalysis of covariance with 
last observation carried forward (adjusted mean difference).
Abbreviations: BPI, Brief Pain Inventory; CGI, Clinical Global Impressions; EQ-5D, European Quality of Life Questionnaire-5 Dimension; OMERACT-OARSI, Outcome 
Measures in Rheumatology Clinical Trials-Osteoarthritis Research Society International; PGI-I, Patient Global Impression of Improvement; SF-36, Medical Outcomes Study 
36-Item Short Form Health Survey.

and sustained reductions in average pain; BPI-Severity worst 

pain, least pain, and pain right now; 24-hour BPI-Severity 

weekly average pain, including the proportions of patients 

achieving 30%, 50%, and sustained reductions in 24-hour 

BPI-Severity average pain and 24-hour BPI-Severity worst 

pain were significantly greater for patients treated with 

duloxetine compared with placebo (Table 2).

Compared with placebo, there were significantly greater 

improvements for patients treated with duloxetine in CGI-S 

and PGI-I at Week 14 (Table 2), adjusted mean changes in 

EQ-5D, five of the SF-36 subscales (Table 2), BPI-Inter-

ference (Table 2), WOMAC total score (−17.41 [95% CI: 

−19.21 to −15.61] vs. −10.45 [95% CI: −12.25 to −8.65]; 

P<0.0001), and WOMAC subscale scores (pain, stiffness, 
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and physical function; Figure 4). No significant differences 

between groups were reported for the SF-36 vitality, social 

functioning, and mental health subscales.

The OMERACT-OARSI response rate was significantly 

greater for patients treated with duloxetine compared with 

placebo (Table 2).

No difference was found in the change in knee ROM 

between groups. At Week 14, the adjusted mean change from 

baseline (95% CI) in knee ROM was 3.31° (2.15° to 4.46°) 

for duloxetine-treated patients and 3.05° (1.89° to 4.21°) 

for placebo-treated patients (P=0.7592, post hoc analysis of 

covariance, last observation carried forward). 

Potential effect of age on BPI-Severity 
average pain
The change in BPI-Severity average pain from baseline to 

Week 14 was examined in a post hoc analysis of patients 

subdivided by age (<65 and ≥65 years). The adjusted mean 

change (95% CI) was significantly greater for patients treated 

with duloxetine compared with placebo among patients aged 

<65 years (−2.34 [−2.72 to −1.97] vs. −1.80 [−2.18 to −1.43]; 

P=0.0452) and among patients aged ≥65 years (−2.71 [−3.03 

to −2.40] vs. −1.81 [−2.12 to −1.49]; P<0.0001).

Safety
The incidences of AEs and ADRs were significantly greater 

for patients treated with duloxetine than with placebo 

(Table 3). Compared with placebo, significantly more patients 

on duloxetine discontinued because of an AE during the treat-

ment phase (2 [1.1%] vs. 11 [6.2%], respectively, P=0.0202). 

The most common AE leading to study discontinuation in 

the duloxetine group was malaise (3/11 patients); all cases 

were of moderate severity and resolved.

Somnolence, constipation, dry mouth, nausea, malaise, 

and decreased appetite were more frequent with duloxetine 

than placebo (Table 3). All were mild to moderate in severity 

(mostly mild). There was one serious AE in the duloxetine 

group (cancerous peritonitis) and one in the placebo group 

(cerebellar tumor). A causal relationship with the study drug 

was ruled out in both cases. No patients died during the study. 

In the duloxetine treatment group, the frequency and type 

of AEs were similar in patients aged <65 years (65.3%; 47/72) 

and ≥65 years (68.9%; 73/106; Table S1).

No difference was found between groups in the change from 

baseline in K-L grade. At Week 15, K-L grade had worsened 

in four (duloxetine) and six (placebo) patients and improved in 

three (duloxetine) and five (placebo) patients (Table 4).
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Figure 3 Primary endpoint: change in BPI-Severity average pain. 
Notes: Values are shown as the adjusted mean changes from baseline for duloxetine and placebo. Error bars indicate 95% CI and values in brackets indicate standard error. 
Abbreviation: BPI, Brief Pain Inventory.
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Figure 4 Changes in WOMAC total (A), pain (B), stiffness (C), and physical function (D) scores.
Notes: Values are shown as the adjusted mean changes from baseline for duloxetine and placebo. Error bars indicate 95% CI and values in brackets indicate standard error. 
Abbreviation: WOMAC, Western Ontario and McMaster Universities osteoarthritis index.

Table 3 Adverse events and adverse drug reactions

Total
(n=354)

Placebo
(n=176)

Duloxetine
(n=178)

P-valuea

All AEs 98 (55.7%) 120 (67.4%) 0.0287
All ADRs 26 (14.8%) 77 (43.3%) <0.0001
AEs in ≥5% of patients in either group

Nasopharyngitis 55 (15.5%) 28 (15.9%) 27 (15.2%) 0.8841
Somnolence 30 (8.5%) 6 (3.4%) 24 (13.5%) 0.0009
Constipation 22 (6.2%) 3 (1.7%) 19 (10.7%) 0.0006
Dry mouth 22 (6.2%) 3 (1.7%) 19 (10.7%) 0.0006
Nausea 19 (5.4%) 1 (0.6%) 18 (10.1%) <0.0001
Malaise 14 (4.0%) 2 (1.1%) 12 (6.7%) 0.0113
Contusion 16 (4.5%) 7 (4.0%) 9 (5.1%) 0.7991
Decreased appetite 10 (2.8%) 1 (0.6%) 9 (5.1%) 0.0198

Notes: aFisher’s exact test.
Abbreviations: ADR, adverse drug reaction; AE, adverse event.
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All other safety assessments were consistent with the 

known safety profile of duloxetine (data not shown).

Discussion
Findings from this double-blind randomized controlled trial 

comparing duloxetine and placebo for treatment of pain 

associated with knee OA demonstrated superior efficacy 

for duloxetine in the reduction in BPI-Severity average pain 

at Week 14. Compared with placebo, patients treated with 

duloxetine had significant improvements in all measures of 

pain, stiffness, and physical function (BPI-Severity, 24-hour 

BPI-Severity, WOMAC scores, and OMERACT-OARSI 

response rate). The reduction in pain with duloxetine was 

associated with improvements in most HRQoL total and com-

ponent scores, including HRQoL specific to OA (WOMAC). 

Importantly, improvements in pain and physical function with 

duloxetine were not associated with any X-ray abnormali-

ties (K-L grade), which might indicate overuse after pain 

reduction. In addition, the AEs observed were consistent 

with the known safety profile for duloxetine and no new 

safety concerns were reported. Together, these data suggest 

that duloxetine is an effective treatment for pain in Japanese 

patients with knee OA.

Overall, our findings in this Japanese population are not 

discrepant with, and extend, findings from placebo-controlled 

clinical trials of duloxetine conducted in US/Europe and 

China, although our patients were older than in those stud-

ies, reflecting Japan’s aging society.9–11,24 Improvements 

in pain severity in our 14-week study of up to 60 mg/day 

duloxetine were similar to those in US/Europe, which were 

shorter (10–13 weeks) and included higher duloxetine doses 

(up to 120 mg/day).9,10 Improvements in pain severity in our 

study were also similar to a 13-week study of knee and hip 

OA in China, with an upper limit of 60 mg/day duloxetine.11 

To further explore the effect of duloxetine on pain sever-

ity in patients with knee OA, we compared effect sizes for 

duloxetine from this study with previous studies.9,10 Effect 

size was calculated as the adjusted mean difference in the 

change in BPI-Severity average pain from baseline between 

duloxetine and placebo divided by the estimated SD in each 

study, where the estimated SD was based on the number of 

patients in each group at the last visit and the standard error 

of the adjusted mean in each study. The effect size in our 

study (0.51) was similar to those from previous studies with 

duloxetine (0.55, 0.43).9,10

Similar to previous studies,9–11 treatment with duloxetine 

was associated with significant improvements in physician- 

and patient-reported physical functioning and HRQoL. These 

results suggest that alleviation of pain with duloxetine had 

positive effects on patients’ physical functioning, and sub-

sequently on patients’ mental, emotional, and social QoL. 

However, no significant differences were found between the 

duloxetine and placebo groups for vitality, social functioning, 

and mental health SF-36 subscales. The relevance of this find-

ing is unclear. In contrast to our study, the US/Europe studies 

found no differences compared with placebo in the SF-36 

subscales of general health perceptions and emotional role 

limitations, and several BPI-Interference subscales (mood, 

relations with people).9,10 In addition, one study10 found sig-

nificant improvement in the SF-36 mental health subscale. 

Compared with the study conducted in China,11 there were 

significant improvements in a larger number of HRQoL items 

in our study. For example, significant improvements in the 

BPI-Interference items “relations with people,” ”sleep,” and 

“enjoyment of life” were observed in our study, but not in 

the study from China. The reasons for observed differences 

in HRQoL among the various studies are likely multifacto-

rial and related to, but not limited to, differences in patient 

demographic and clinical characteristics, ethnic and cultural 

differences, and treatment duration and dose.

Overall, the frequency and severity of AEs in duloxetine-

treated patients in this study were consistent with the known 

safety profile of duloxetine and the AEs observed in clinical 

trials of duloxetine for knee OA in other populations.9–11 

Among the most frequent AEs, somnolence, constipation, 

dry mouth, nausea, malaise, and decreased appetite were 

more frequent in the duloxetine group. Moreover, no appar-

ent differences were found in the frequency or type of AEs 

between patients aged <65 and ≥65 years. This finding is 

particularly relevant given the aging population in Japan 

and that pain relief is more likely to be required in patients 

Table 4 Kellgren–Lawrence grade at baseline and at Week 15

Week 15 Baseline

Grade 1 Grade 2 Grade 3 Grade 4

Placebo
(n=176)

Grade 0 0 0 0 0
Grade 1 9 0 1 0
Grade 2 1 79 4 0
Grade 3 0 4 67 0
Grade 4 0 0 1 8
No observation 0 1 1 0

Duloxetine
(n=178)

Grade 0 0 0 0 0
Grade 1 12 2 0 0
Grade 2 2 79 1 0
Grade 3 0 2 67 0
Grade 4 0 0 0 7
No observation 0 5 1 0

Note: Shading indicates no change in Kellgren–Lawrence grade.
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with knee OA as they age.3 However, the incidences of AEs 

and ADRs were significantly greater and significantly more 

patients discontinued treatment because of an AE in the 

duloxetine group than in the placebo group.

Pain in patients with knee OA results partly from the 

disease process and partly from pain avoidance strategies, 

such as reduced physical activity and maladaptive movement, 

which further exacerbate pain and contribute to impaired 

HRQoL.7,25,26 Duloxetine may provide an opportunity to 

interrupt this cycle by reducing pain and allowing patients to 

increase their physical activity. Moreover, if pain is reduced 

to a level that enables patients to receive various physical 

therapies, further improvements in motor function, and 

subsequently in HRQoL, may be expected.25 Alternatively, 

alleviation of pain in response to treatment may exacerbate 

joint deterioration by allowing patients to overuse their joints. 

To our knowledge, this is the first study to assess whether 

pharmacological pain therapy may contribute to X-ray abnor-

malities or alterations in knee joint mobility. K-L grading was 

used to examine whether the reduction in pain worsened knee 

OA, potentially as an effect of increased physical activity.27 

However, we did not observe any marked changes in K-L 

grade in patients treated with duloxetine or placebo. Further, 

there were no reports of patients whose condition worsened 

with overactivity after receiving duloxetine. Despite this, it is 

important to note that cartilage thinning cannot be detected 

using plain X-ray images and a 14-week treatment phase may 

not have been sufficient time to observe marked changes in 

X-ray features. 

The strengths of this study are that it was a double-blind 

randomized trial that included multiple measures of efficacy. 

Although randomized trials are designed to minimize bias and 

establish efficacy, the treatment schedule, patient visits, and 

restrictions on concomitant therapy and comorbidities (e.g., 

patients with psychiatric disorders) may not reflect real-world 

clinical practice. In addition, the relatively short-treatment 

duration (14 weeks) did not enable long-term assessment of 

the efficacy or safety of duloxetine. Although the study was 

conducted in a single population, the efficacy and safety find-

ings were consistent with studies conducted in USA/Europe 

and China, suggesting that the findings are generalizable to 

other study populations.

Conclusion
In conclusion, duloxetine showed superior clinical efficacy 

to placebo in pain reduction in Japanese patients with 

knee OA. This study also revealed greater improvements 

in HRQoL in duloxetine-treated patients compared with 

placebo. The safety of duloxetine was consistent with its 

known safety profile. No marked changes were found in 

joint structure on plain X-ray images in duloxetine-treated 

patients within the relatively short study duration. Together, 

these findings suggest that duloxetine may be considered 

for the alleviation of pain in Japanese patients with pain 

due to knee OA.
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Supplementary materials
Allowed and prohibited interventions/
treatments during the study
Concomitant use of analgesics, muscle relaxants, antidepres-

sants, sedatives, and benzodiazepines was prohibited after Visit 

1. However, zopiclone, eszopiclone and zolpidem started before 

Visit 1 were permitted for continued use after Visit 1, provided 

no changes were made in their dosing regimens. Drugs with 

analgesic effects (except for tramadol hydrochloride) were 

permitted between Visits 2 and 8, but only as rescue medication 

for the underlying disease or as treatment for adverse events for 

up to 3 consecutive days and up to a cumulative total of 20 days. 

However, the use of these drugs was prohibited from the day 

before the efficacy evaluation day to the end of the evaluation 

on that day. The upper limit of the daily dose was the approved 

dose. Aspirin could be used after Visit 1, at a maximum daily 

dose of 325 mg, to prevent thrombus or embolism formation. 

Interventions, such as intra-articular hyaluronic acid or steroid 

injections, arthrocentesis and exercise therapy, were prohibited 

after Visit 1. Non-pharmacological medical therapy aimed at 

pain relief or sedation for the underlying disease and started ≥3 

months before Visit 1 was permitted, provided there were no 

changes in the therapy. However, non-orthotic treatment was 

prohibited from the day before the efficacy evaluation day until 

the end of the evaluations.

36-Item Short Form Health Survey 
(SF-36) and European Quality of Life 
Questionnaire-5 Dimension (EQ-5D) 
quality of life scales
In the SF-36, patients evaluated their health status by answer-

ing 36 questions measuring the following eight subscales 

by rating on a 0–100 scale: physical functioning, physical 

role functioning, emotional role functioning, general health 

perceptions, social role functioning, bodily pain, vitality, 

and mental health. In the EQ-5D, patients estimated their 

health status in five domains (mobility, self-care, usual 

activities, pain/discomfort, and anxiety/depression) on a 

3-point rating scale.

X-ray imaging
Plain X-ray images of the knee joints were taken at Visit 1 and 

8 (i.e, after completing the tapering phase) or at discontinu-

ation during the tapering phase. X-ray images were graded 

using the Kellgren–Lawrence classification.1

Assessment of knee joint range of 
motion (ROM)
Knee ROM was evaluated at Visit 1 and 7 (ie, after comple-

tion of the treatment phase) or at discontinuation during the 

treatment phase. The change in the ROM (degrees) after 

treatment was compared between the two groups.

Sample size calculation
The target sample size for this study was determined based 

on the results of overseas Phase III clinical studies in patients 

with osteoarthritis of the knee.2,3 In a meta-analysis of the 

results from both studies, the difference in the change in 

Brief Pain Inventory (BPI)-Severity average pain between the 

duloxetine and placebo groups was estimated to be −0.9, with 

a standard deviation of 2.0. Because a dose increase from 

60 to 120 mg was performed in the duloxetine group, this 

estimated size effect may have included the dose-increase 

effect. Therefore, by estimating a 20% smaller effect size in 

the present study and by ensuring a power of ≥90% for the 

between-group comparisons using two-sample t-tests at a 

two-sided significance level of 5%, the target sample size was 

determined to be 340 patients, with 170 patients per group.

Secondary analysis of the primary end 
point
Secondary analysis of the primary endpoint was performed 

using analysis of covariance with the change from baseline 

as a response variable, treatment group as a fixed effect, and 

the baseline value as a covariate. Missing data were imputed 

using the last observation carried forward approach (LOCF), 

baseline observation carried forward approach (BOCF), or 

the modified BOCF. In the modified BOCF approach, the 

BOCF was used for patients who discontinued the study 

Box S1 List of Institutional Review Boards

Ethics Committee on Clinical Trial of Shionogi 
Aino Clinic Institutional Review Board 
Tokyo Midtown Clinic Institutional Review Board 
Medical Corporation EIYUKAI YASUDA Hospital Institutional Review 
Board 
Sakayori Clinic Institutional Review Board 
Sugiura Clinic Institutional Review Board 
Onishi Medical Clinic Institutional Review Board 
Maebashi Hirosegawa Clinic Institutional Review Board 
Clinical Research Hospital Tokyo Institutional Review Board 
Oita Central Institutional Review Board 
Nakatani Hospital Institutional Review Board 
Review Board of Human Rights and Ethics for Clinical Study 
Institutional Review Board 
Fukui General Hospital Institutional Review Board
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because of adverse events or lack of efficacy and the LOCF 

was used for patients who discontinued the study for other 

reasons. Differences between duloxetine and placebo are 

presented as the adjusted mean difference between the two 

groups with 95% CI.

Analyses of secondary efficacy and safety 
endpoints
The 30% pain reduction, 50% pain reduction, and sustained 

pain reduction rates were compared between the duloxetine 

and placebo group, by calculating the number of responders 

and the response rate for each treatment group, and by using 

the Mantel–Haenszel test adjusted for the allocation factors. 

The 30% pain reduction and 50% pain reduction were defined 

as the proportion of patients in whom the BPI-Severity aver-

age pain at the last observation was reduced by 30% and 50%, 

respectively, from baseline. Sustained pain reduction was 

defined as the proportion of patients showing a reduction in 

BPI-Severity average pain of ≥30% from baseline to the last 

observation and at a time point before the last observation, 

with a sustained reduction of ≥20% from baseline at all of 

the intervening time points.

Mixed-effects model repeated measures analysis was used 

to compare the changes from baseline to Week 14 in BPI-

Severity, the extent of interference with functioning using 

the BPI (BPI-Interference), 24 hours average pain severity 

score (weekly average score), 24 hours worst pain severity 

score (weekly average score), Clinical Global Impressions 

severity, Patient’s Global Impression of improvement, and 

Western Ontario and McMaster Universities Osteoarthritis 

Index subscales (pain, stiffness, difficulty in performing 

daily activities) and total scores. The 30% pain reduction, 

50% pain reduction, sustained pain reduction in 24 hours 

average pain severity score (weekly average score), and the 

Outcome Measures in Rheumatology Clinical Trials-Osteo-

arthritis Research Society International response rates were 

compared between the duloxetine and placebo groups using 

a Fisher’s exact test. The changes in SF-36 and EQ-5D from 

baseline to Week 14 of treatment were compared between the 

duloxetine and placebo groups using analysis of covariance. 

Differences between duloxetine and placebo are presented as 

the adjusted mean difference between the two groups with 

95% CI. For BPI/Weekly 24 hours average pain score 30% 

reduction, 50% reduction, sustained reduction, and Outcome 

Measures in Rheumatology Clinical Trials–Osteoarthritis 

Research Society International (OMERACT-OARSI) criteria 

response rates, the 95% CIs in each group were determined 

using the Clopper-Pearson method. A Fisher’s exact test was 

used to compare the rates of adverse events and adverse drug 

reactions between the two groups.
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Table S1 Incidence of adverse events (in ≥2% of patients in any group) according to treatment received and age group

Patients <65 years Patients ≥65 years

Placebo Duloxetine Placebo Duloxetine

(n=68) (n=72) (n=108) (n=106)

Overall 39 (57.4%) 47 (65.3%) 59 (54.6%) 73 (68.9%)
Nasopharyngitis 16 12 12 15
Somnolence 2 12 4 12
Nausea 1 9 0 9
Constipation 1 8 2 11
Malaise 1 6 1 6
Decreased appetite 1 6 0 3
Headache 4 1 1 0
Dry mouth 0 4 3 15
Back pain 3 1 5 0
Diarrhea 1 3 0 3
Contusion 2 1 5 8
Abdominal discomfort 2 1 2 1
ALT increase 0 0 1 8
AST increase 0 0 1 7

Notes: Values are presented as n (%) or n.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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