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Abstract

Introduction: Fibromyalgia is characterized by widespread pain and is often accompanied by accessory symptoms.
There are limited treatment options for this condition in Japan. Therefore, we conducted a phase Il study to assess
the efficacy and safety of duloxetine in Japanese patients with fibromyalgia.

Methods: This randomized, double-blind, placebo-controlled, parallel-group trial was conducted in Japan. Outpatients

and QoL in Japanese patients with fiboromyalgia.

who met the American College of Rheumatology 1990 criteria for fioromyalgia and whose Brief Pain Inventory (BPI)
average pain score was >4 were randomized to duloxetine 60 mg or placebo once daily for 14 weeks. The primary
efficacy measure was the change in the BPI average pain score from baseline. Secondary efficacy, quality of life (Qol),
and safety outcomes were also evaluated. Mixed-effects model repeated-measures (MMRM) analysis and last
observation carried forward (LOCF) analysis of covariance were used to evaluate the primary efficacy measure.

Results: Overall, 393 patients were randomized to receive either duloxetine (n = 196) or placebo (n = 197). The MMRM
analysis revealed no significant difference between duloxetine and placebo regarding the change in BPI average pain
scores at week 14. Based on LOCF analysis, a statistically significant improvement in the change in BPI average pain scores
at week 14 was observed for patients treated with duloxetine compared with placebo. Duloxetine treatment was
associated with improved outcomes in nearly all secondary and post hoc analyses. The treatment was generally well
tolerated. Somnolence, nausea, and constipation were the most common treatment-emergent adverse events in the
duloxetine group. The discontinuation rates due to treatment-emergent adverse events were similar in both groups.

Conclusions: Although the MMRM analysis did not demonstrate superiority of duloxetine over placebo, duloxetine
treatment was associated with improved outcomes in secondary and post hoc analyses of the mean change in the BPI
average pain score and most of the secondary outcomes, including analgesia and Qol. Duloxetine treatment was safe
and well tolerated. These results suggest that duloxetine treatment could be associated with improvements in pain relief

Trial registration: ClinicalTrials.gov Identifier. NCT01552057. Registered 9 March 2012.

Introduction

Fibromyalgia is a disorder characterized by widespread
pain. In addition to widespread pain, patients with fibro-
myalgia frequently experience other troublesome symp-
toms, such as fatigue, sleep disturbances, and cognitive
disturbances; other specific painful conditions such as
chronic headache, temporomandibular disorders, and
irritable bowel syndrome; and psychiatric comorbid
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conditions, including anxiety and depression. Further-
more, fibromyalgia often has negative effects on personal
relationships, careers, and daily activities [1-7]. Accord-
ing to the 1990 American College of Rheumatology
(ACR) criteria for the classification of fibromyalgia [2],
the diagnosis consists of two components: presence of
widespread pain for at least 3 months and presence of
tenderness at 11 or more of the 18 specific tender point
sites. The presence of associated symptoms was included
as a required component of fibromyalgia diagnosis in
the preliminary diagnostic criteria for fibromyalgia
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published by the ACR in 2010 [8] and in revised form in
2011 [9].

In an epidemiological survey conducted in 2004, the
Ministry of Health, Labour and Welfare of Japan re-
ported a prevalence of fibromyalgia in Japan of 1.7 %, ac-
counting for approximately 2 million individuals [1, 10],
which is similar to the prevalence (2.0 %) reported in a
U.S. study [3]. This prevalence rate in Japan is consistent
with the results of an internet survey conducted in 2011
[6]. The male-to-female ratio of affected individuals was
1:4.8, and the mean (SD) age was 51.5 (16.9) years. Thus,
in Japan, fibromyalgia predominantly affects middle-
aged and elderly women. However, there are few clini-
cians in Japan who are aware of this disease and are able
to diagnose it correctly. Reportedly, it can take approxi-
mately 4 years to establish a definitive diagnosis of fibro-
myalgia in Japan [1, 10]. In the same survey, patients
reported dissatisfaction with current treatment.

Three agents (duloxetine, milnacipran, and pregabalin)
have been approved for treatment of fibromyalgia in the
United States [11]. Conversely, in Japan, the Diagnostic
Guidelines for Fibromyalgia 2013 document [1] lists a
wide variety of agents for treatment, including antide-
pressants (tricyclic antidepressants, serotonin (5-HT)
and noradrenaline (NA) reuptake inhibitors, and selective
5-HT reuptake inhibitors), anticonvulsants, and Neurotro-
pin (an extract obtained from cutaneous tissue of rabbits
inoculated with vaccinia virus; Nippon Zoki Pharmaceut-
ical Co., Ltd., Osaka, Japan). Currently, however, only preg-
abalin is approved for the treatment of fibromyalgia in
Japan, and the lack of other options is considered an obs-
tacle in the treatment of this condition. Both 5-HT and NA
have been thought to mediate the endogenous pain-
inhibitory mechanisms via the descending pain inhibitory
pathways in the brain and spinal cord [12, 13]. In chronic
pain states, the net inhibitory effect of these monoamines
appears to be reduced or lost, shifting the descending pain
modulatory system from a state of inhibition toward a state
of pain facilitation [14]. Duloxetine is a potent and selective
inhibitor of 5-HT and NA reuptake in vitro and in vivo in
the central nervous system (CNS). The analgesic effects of
duloxetine are believed to result from increased activity of
5-HT and NA within the CNS, presumably either by enhan-
cing the descending pain inhibitory pathways in the brain
and spinal cord or via other unknown CNS actions [15, 16].
Clinical studies conducted in other countries in patients
with fibromyalgia have demonstrated the safety and efficacy
of duloxetine compared with placebo [17-22]. Furthermore,
duloxetine has been approved for the treatment of pain as-
sociated with diabetic peripheral neuropathic pain, chronic
pain caused by osteoarthritis, and chronic low back pain.

In Japan, duloxetine has been approved for treatment
of major depressive disorder and diabetic peripheral
neuropathic pain after its efficacy for these conditions

Page 2 of 13

was validated in phase III studies [23, 24]. Despite the
lack of clinical study evidence of the efficacy of duloxe-
tine among Japanese patients with fibromyalgia, there is
a strong demand from the Japan College of Fibromyalgia
Investigation and the Ministry of Health, Labour and
Welfare to develop an indication for using duloxetine to
treat fibromyalgia. Therefore, we conducted a phase III
study to formally assess the efficacy and safety of du-
loxetine at 60 mg once daily compared with placebo in
Japanese patients with fibromyalgia.

Methods

Overview

This randomized, multicenter, double-blind, placebo-
controlled, parallel-group, phase III trial was conducted
in 42 outpatient clinics and hospitals (listed in the
Acknowledgments) in Japan between March 2012 and
December 2013. An institutional review board for each
site (listed in the Appendix) approved the protocol, and
all patients provided written informed consent before
study commencement. The study was conducted in compli-
ance with the International Conference on Harmonisation
Good Clinical Practice guidelines. All monitoring activities
for this study were outsourced to SRL Medisearch, Inc.,
Tokyo, Japan. This study was registered at ClinicalTrials.gov
under the identifier NCT01552057 on 9 March 2012.
There were no changes to the methods or planned
endpoints after study initiation.

Eligibility criteria

The criteria used in a previous study of duloxetine [25]
were adopted. Briefly, male and female outpatients aged
between 20 and 75 years who met the ACR 1990 criteria
for fibromyalgia [2] and had a Brief Pain Inventory (BPI)
average pain score >4 [26, 27] at visits 1 and 2 were
included. Exclusion criteria were as follows: past duloxe-
tine treatment; serious or medically unstable disease,
clinically significant abnormal laboratory values, or ab-
normal electrocardiogram (ECG) findings; pain caused
by non-fibromyalgia diseases; poorly controlled thyroid
dysfunction; rheumatoid, inflammatory, or infectious
arthritis; autoimmune disorders other than thyroid dys-
function; psychiatric disorders other than major de-
pressive disorder within the past year; and suicidal
tendencies as assessed using the Columbia-Suicide
Severity Rating Scale (C-SSRS) [28].

Patients were prohibited from using analgesics and
drugs with analgesic effects, including nonsteroidal anti-
inflammatory drugs, anticonvulsants, pregabalin, neuro-
tropin, anesthetics, opioids, and adrenocorticosteroids.
The use of analgesics for up to 3 consecutive days and
for up to a total of 10 days was permitted only for the
treatment of adverse events (AEs). Coadministration of
acetaminophen at doses up to 1500 mg/day was permitted
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to treat AEs and as rescue treatment for fibromyalgia, ex-
cept on the day before efficacy was evaluated after visit 2
and until just before the evaluation. The use of prophylac-
tic aspirin at doses up to 325 mg/day to prevent cardiac
events was also permitted. Patients taking mood-affecting
drugs such as antidepressants, sedatives, and benzodiaze-
pines were also excluded. Zopiclone and zolpidem were
the only hypnotics permitted during the study, as long as
their use began before the participant entered the screen-
ing phase (i.e., before visit 1), without dosing changes.
Tender point injections and nerve blocks were to be
stopped before visit 1. Non-drug therapies (e.g., exercise
therapy and cognitive behavioral therapy) received at least
14 days before visit 1 were permitted during the study, as
long as no changes were made.

Study design
This randomized, multicenter, double-blind, placebo-
controlled, parallel-group phase III trial consisted of
four phases. The study lasted 17-18 weeks and included
a 1- to 2-week screening phase, a 14-week treatment
phase, a 1-week dose-tapering phase, and a 1-week follow-
up observation phase (Fig. 1). After the screening phase,
patients were assigned randomly to receive duloxetine or
placebo in a 1:1 ratio, using a web-based patient regis-
tration system (ACRONET Corp., Tokyo, Japan) with a
stochastic minimization procedure. The following alloca-
tion factors were used: (1) BPI average pain score at visit 2
(<6 vs. 26) and (2) presence or absence of concomitant
major depressive disorder diagnosed on the basis of
the M.LNLL International Neuropsychiatric Interview—
Japanese version 5.0.0 [29]. It was ensured that the maxi-
mum between-group difference in the number of subjects
in each medical institution did not exceed two. Blinding
was maintained until the end of the study by the person
responsible for the study drug assignment.

Duloxetine or placebo was orally administered once
daily after breakfast on a double-blind basis. In the
duloxetine group, patients received 20 mg for 1 week,
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followed by 40 mg for 1 week and then 60 mg for
12 weeks during the treatment phase. In the placebo
group, subjects received placebo for 14 weeks through-
out the treatment phase. Down-titration was performed
after completion of the treatment phase or if the patient
discontinued after at least 2 weeks of treatment with
duloxetine (i.e., if the patient was taking 40 or 60 mg at
the time of discontinuation). The drug allocation con-
troller confirmed the study drugs were undiscernible in
terms of appearance, packaging, and labeling, and mock
titration of placebo pills was also performed to maintain
blinding. Only the drug allocation controller was aware
of the type of drugs being dispensed.

Outcome measures

Primary efficacy outcomes

The primary efficacy measure was the change in the BPI
average pain score from baseline (visit 2) to the end of
the 14-week treatment phase (visit 7). The pain score
was based on a scale from 0 (no pain) to 10 (pain as bad
as patient can imagine).

Secondary efficacy outcomes

Secondary outcomes included the “worst pain severity,”
“least pain severity,” and “pain right now” items of the
BPL pain interference with seven daily activities (general
activity, walking, work, mood, enjoyment of life, rela-
tionships with others, and sleep); data reported in patient
diaries; and scores on the Patient Global Impression of
Improvement (PGI-I) and the Clinical Global Impressions—
Global Improvement (CGI-I) [30]. Pain interference was
assessed on a 0 (does not interfere) to 10 (completely
interferes) rating scale. Items corresponding to the average
and worst pain severity items of the BPI were recorded
daily by each patient in the patient diary. The average
weekly values were calculated based on the diary. PGI-I
and CGI-I [30] were assessed separately by the subjects
and physicians on a scale ranging from 1 (very much

Dose-  Follow-up
Screening taper observation
phase Treatment phase . phase |phase
L
60 mg
40 mg
Duloxetine
group 20 mg
Placebo N EEE NN NN NN NN NN NN NN NN NN NN NN EEEEEEN
group
Visit 1 2 3 4 5 6 7 8
Week -2to -1 0o 1 2 4 6 8 10 12 14 15 16
Fig. 1 Study design
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better/improved) to 7 (very much worse) regarding disease
improvement from baseline.

Health outcomes

Patients responded to the Fibromyalgia Impact Question-
naire (FIQ; Japanese version) [31, 32], consisting of 20
questions about the symptoms and discomforts of fibro-
myalgia. Responses were summed to yield a total score
ranging from 0 (no impact) to 100 (maximum impact).

Using the 36-Item Short-Form Survey (SF-36; Japanese
version 2) [33, 34], patients assessed their health status
by answering 36 questions measuring the following eight
subscales, rated 0-100 (with higher scores indicating
better health status): physical functioning, physical role
functioning, emotional role functioning, general health
perceptions, social role functioning, bodily pain, vitality,
and mental health.

Using the Beck Depression Inventory II (BDI-II) [35, 36],
patients assessed 21 items related to symptoms of depres-
sion on a 4-point (0-3) scale. Responses were summed to
yield a total score that ranged from 0 to 63 (with higher
scores indicating more severe depressive symptoms). The
widespread pain index (WPI) and symptom severity (SS)
scale of the ACR 2010 criteria [8, 37] were assessed, with
maximum scores of 19 and 12, respectively.

Safety outcomes

Safety was assessed on the basis of the presence or ab-
sence and incidence of AEs and adverse drug reactions
(ADRs) reported during the treatment phase until the
end of the follow-up observation phase. Additionally,
laboratory tests (hematology, clinical chemistry, and
urinalysis), ECG, body weight, and vital signs were mea-
sured. The presence or absence of suicidal tendencies
was assessed using the C-SSRS.

Statistical analyses

Based on clinical data from three previous studies [20-22],
the between-group difference in the change in the
BPI average pain score from baseline was estimated
to be -0.70 between the duloxetine and placebo groups,
with a standard deviation of 2.38 for the change in pain
score. Therefore, this study required a total of 370 patients
to have a power of at least 80 % at a significance level of
0.05 (two-sided). All efficacy analyses were conducted
using the full analysis set (FAS), which comprised all ran-
domized patients who received at least one dose of the al-
located study drug and had a baseline and at least one
postbaseline BPI average pain score. Safety analyses were
conducted using the safety analysis set, which was defined
as all randomized patients who were administered the
study drugs at least once. Unless otherwise noted, the
treatment effects were tested at a two-sided significance
level of 0.05.
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The primary efficacy measure was analyzed using a mixed-
effects model repeated-measures (MMRM) approach to
compare the change from baseline in BPI average pain score
at week 14 of study treatment between the duloxetine and
placebo groups. The model included treatment, week, and a
treatment x week interaction as fixed effects, as well as the
baseline pain score and presence or absence of concomitant
major depressive disorder diagnosed as covariates. The
change in BPI average pain score from baseline to week 14
of treatment was also compared between the groups by ana-
lysis of covariance (ANCOVA) with the baseline value and
presence or absence of major depressive disorder as covari-
ates. The missing data at week 14 of treatment were imputed
based on the last observation carried forward (LOCF) ap-
proach. Post hoc ANCOVA was used for additional sensitiv-
ity analyses of the primary efficacy measure. In these post
hoc analyses, the baseline observation carried forward
(BOCF) or worst observation carried forward (WOCF)
values were carried forward to impute missing data instead
of the LOCF method being used. The proportions of re-
sponders were calculated for patients with a reduction in the
BPI average pain score of 230 % from baseline to endpoint
or =50 % from baseline to endpoint, and also for patients
with a sustained response. Sustained response was defined
as 230 % reduction from baseline to endpoint in the BPI
average pain score with a 30 % reduction from baseline at
an earlier visit (at least 2 weeks prior) and >20 % reduc-
tion from baseline for every visit in between if there were
any intervening visits. These proportions were compared
between the groups using a Mantel-Haenszel test ad-
justed for the allocation factors.

Unless otherwise noted, the MMRM approach was used to
evaluate the differences in the changes in other secondary
endpoints from baseline between the duloxetine and placebo
groups. PGI-I and CGI-I scores were analyzed using a
MMRM model without baseline as a covariate. In post hoc
analyses, PGI-I and CGI-I at week 14 were compared between
the treatment groups using Wilcoxon’s rank-sum test with the
LOCEF approach. For SF-36, changes from baseline to week 14
of treatment were compared between the duloxetine and
placebo groups using the LOCF ANCOVA approach.

Path analysis, which consists of the following two
regression models, was performed to estimate a direct an-
algesic effect relative to an indirect effect on pain reduc-
tion through an improvement in depressive symptoms:

Yl =ay + 0’1X1 + 0{2Y2 + 6[321 + (X4Zz

and
Yy =By + BiX1 + Bz + B3 2o,

where Y] is the change from baseline in BPI average pain
score, Y is the change from baseline in BDI-II total score,
X, is treatment, Z; is baseline BDI-II total score, and Z, is
baseline BPI average pain score. The direct and indirect
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effects of the duloxetine were estimated by a; and oy x fy,
respectively. Then, the contribution (as a percentage) of
each effect to the total effect, which was defined as the sum
of the direct and indirect effects, was calculated if feasible.

Incidences of AEs and ADRs were compared between
the treatment groups using Fisher’s exact test. The AEs
and ADRs reported were coded with MedDRA (version
16.1; Medical Dictionary for Regulatory Activities, McLean,
VA, USA), and the incidences were tabulated for each pre-
ferred term by treatment group.

Results

Patient disposition and characteristics

In total, 393 patients were enrolled and assigned randomly
to receive placebo (7 = 197) or duloxetine (n = 196). In the
placebo and duloxetine groups, 2 and 5 patients, respect-
ively, were excluded from the FAS and 149 and 166
patients, respectively, completed the study treatment.
Although more patients withdrew because of a lack of effi-
cacy in the placebo group (placebo, 23 [11.7 %]; duloxe-
tine, 8 [4.1 %]), a similar proportion of patients withdrew
from each group because of AEs (placebo, 15 [7.6 %];
duloxetine, 14 [7.1 %]) (Fig. 2). The majority of pa-
tients were women (83.2 %), with a mean + SD age of
48.7 £ 11.9 years. Both groups were balanced in terms
of baseline demographic characteristics (Table 1).
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Table 1 Patient characteristics (full analysis set)

Placebo (n=195) Duloxetine (n=191) p Value
Age, yr 495+11.7 478+120 0.1373°
Females 164 (84.1) 157 (82.2) 0.6837
Weight, kg 56.28 + 1047 5800+ 11.23 0.1219°
Height, cm 15961+ 7.76 15941 +7.40 0.7922
Major depressive 7 (3.6) 8 (4.2) 0.7980
disorder diagnosis
Duration of 57+66 55+59 0.6968
fibromyalgia, yr
Number of tender 155+23 154423 0.8740
points
BPI average pain 6.13+1.35 6.05+1.29 0.5456
score (0-10)
FIQ total 56.82+16.14 5595+ 16.25 0.5950
score (0-100)
BDI-II total 14.89 +9.62 1534+973 06533

score (0-63)

BDI-Il Beck Depression Inventory I, BPI Brief Pain Inventory, FIQ Fibromyalgia
Impact Questionnaire

Values are means + standard deviation or n (%). Continuous variables were
analyzed using Welch’s t test, and categorical variables were analyzed using
Fisher's exact test

SStatistically significant at a two-sided significance level of 0.15

n =149 (75.6%)

Screened
n=458
Screening failure
n=65
Randomized
n=393
1
v v
Placebo Duloxetine
n=197 n=196
Discontinued the study n = 48 Discontinued the study n = 30
(24.4%) (15.3%)
-Adverse event n = 15* -Adverse event n = 14*
-Withdrew consentn =8 -Withdrew consentn =5
-Exclusion criteria n = 2 - Exclusion criteria n = 2
-Lack of efficacy n = 23 -Lack of efficacy n =8
-Lost to follow up n =0 -Lost to followup n =0
+Othern =0 - Othern =1
Completed Completed

n =166 (84.7%)

Placebo FAS
n=195

Duloxetine FAS
n=191

Excluded from FAS n = 2
-Did not take study drugs n =1
No post-baseline BPI score n = 11

Fig. 2 Patient disposition. *Includes discontinuations due to serious adverse events, adverse events, or adverse drug reactions (some patients
discontinued because of multiple events). "These patients were included in the safety analysis. BPI Brief Pain Inventory; FAS full analysis set

Excluded from FAS n=5
-Did not take study medication n = 2
No post-baseline BPI score n = 3t
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Efficacy and health outcomes

Although there was no statistically significant difference
between the duloxetine and placebo groups in the reduc-
tion of the BPI average pain score at week 14 (p = 0.0988)
in the MMRM analysis, a statistically significant improve-
ment in BPI average pain scores at week 14 was observed
for patients treated with duloxetine compared with pla-
cebo when we used the LOCF ANCOVA approach
(Table 2, Fig. 3). The post hoc BOCF and WOCEF analyses
also showed that the change in average pain score
was significantly greater in the duloxetine group (both
p =0.0132) than in the placebo group (Table 2). Ana-
lyses of the proportion of responders with pain reduc-
tion >30 % (p=0.0130) or =50 % (p =0.0318) and the
sustained response rate (p=0.0139) in the BPI average
pain score indicated that the reduction in pain was signifi-
cantly greater in the duloxetine group than in the placebo
group (Fig. 4).

Regarding the secondary outcome measures of pain,
duloxetine treatment was associated with significant
reductions in BPI worst pain, BPI least pain, BPI pain
right now, worst pain in patient diary, FIQ pain score,
and SF-36 bodily pain score (Table 2). General illness,
measured using the CGI-I and PGI-I, was also significantly
improved in the duloxetine group in terms of both the
mean scores (Table 2) and the proportions of clinicians
and patients reporting improvements in CGI-I and PGI-I
(Fig. 5). Duloxetine treatment was also associated with a
significant improvement in the patients’ quality of life
(QoL) as measured by the patient-related health outcomes
BPI interference, FIQ score, and SF-36 score (Table 2). A
significant improvement with a between-group difference
of -1.64 (95 % CI, -2.74, -0.54; p = 0.0037) was also ob-
served in the total WPI and SS scores (Table 2). The pro-
portion of patients matching ACR 2010 criteria (WPI >7
and SS =5 or WPI 3—-6 and SS >9) in the FAS was 85.0 %.

The path analysis of BPI average pain score performed
to estimate the direct analgesic effect indicated that
treatment effect at the study endpoint did not corres-
pond to a sizable portion of the total effect (Table 3).
The direct reduction of the BPI average pain score by
duloxetine accounted for 28.3 % of the total treatment
effect, whereas the indirect treatment effect through im-
provement of depressive symptoms accounted for 71.7 %
of the total treatment effect.

Safety and tolerability

There were no deaths reported during the study. Two
serious AEs (pneumonia and asthma) were reported in
one patient in the placebo group. One serious AE (liver
injury) was reported in one patient in the duloxetine
group, and the investigator could not exclude the possi-
bility of a relationship between the AE and the study
drug. That patient recovered after discontinuation of the
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study drug. The number of patients who discontinued
treatment because of AEs was similar in both groups,
with 15 and 14 patients in the placebo and duloxetine
groups, respectively. Somnolence (placebo, 10.7 % vs.
duloxetine, 26.3 %), nausea (4.6 % vs. 21.6 %), constipa-
tion (4.1 % vs. 14.9 %), decreased appetite (0.5 % vs.
6.7 %), and dizziness (1.0 % vs. 5.7 %) were significantly
more frequent in the duloxetine group than in the pla-
cebo group (Table 4). Most of the adverse effects were
mild in severity, and patients either recovered immedi-
ately or promptly after treatment discontinuation. No
distinct changes attributable to duloxetine were observed
in laboratory test results, blood pressure and pulse rate,
body weight, or ECG. None of the patients had an ap-
parent suicide risk according to the C-SSRS.

Discussion

Analgesic effect of duloxetine on fibromyalgia

In this randomized, multicenter, double-blind, placebo-
controlled phase III trial of duloxetine in Japanese patients
with fibromyalgia, the MMRM analysis of the primary effi-
cacy measure, in which we compared the change in BPI
average pain scores from baseline to week 14 between
duloxetine and placebo groups, did not demonstrate super-
iority of duloxetine over placebo. However, when the change
in BPI average pain score at each evaluation time point was
examined, a significant improvement was observed at all the
evaluation time points (from weeks 2 to 10) in the duloxe-
tine group compared with the placebo group.

The efficacy and safety of duloxetine in the treatment of
fibromyalgia was previously investigated in four randomized,
double-blind, placebo-controlled trials in other countries [17,
20-22]. A pooled analysis of the results of these trials showed
that 12 weeks of treatment with duloxetine significantly re-
duced pain compared with placebo beginning in the first
week of treatment and that this reduction continued at each
subsequent week throughout the 12 weeks of therapy [18].

Furthermore, analysis of the change in BPI average pain
score from baseline to week 14 using ANCOVA (with
missing data imputed by LOCF) showed a significant
improvement in the duloxetine group compared with the
placebo group. These results are consistent with those of
earlier international studies [20, 21] in which researchers
evaluated once-daily duloxetine 60 mg and reported a signifi-
cant improvement in the change from baseline to study end-
point (using LOCEF) in the duloxetine group compared with
the placebo group, based on ANCOVA. In these countries,
including the United States, once-daily duloxetine 60 mg
was approved for the treatment of fibromyalgia on the basis
of such clinical study data.

Moreover, in post hoc analyses of the results of our
present study, the change from baseline to week 14 in
BPI average pain scores was compared when missing
data due to discontinuations were imputed using the
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Table 2 Changes in efficacy measures from baseline to endpoint or at endpoint
Variable Placebo (n=195) Duloxetine (n=191) Difference (95 % Cl) p Value

Baseline Change Baseline Change

BPI average pain score

MMRM 6.13£1.35 -158+0.23 6.05+1.29 -190+0.23 —0.32 (=0.70, 0.06) 0.0988
LOCF 6.13+135 -122+026 6.05+1.29 -1.60+0.26 —0.38 (-0.74, —0.02) 0.0408°
BOCF 6.13+135 -092+025 6.05+1.29 -138+025 —-045 (-0.81, -0.10) 0.0132°
WOCF 6.13£1.35 -0.88+0.26 6.05+1.29 -135+£0.26 —047 (-0.84, =0.10) 0.0132°
BPI other pain
Worst 744 +140 -135+026 736+128 -191+£026 —-0.56 (-0.99, -0.12) 0.0126°
Least 446 +1.81 -123+0.22 468+1.70 -172+0.22 -049 (-0.87, -0.12) 0.0092°
Right now 590+ 1.69 -120+£026 599+152 -1.77+£026 —-0.57 (=1.00, =0.15) 0.0083°
Patient diary
Average pain 598+1.39 -148+0.18 579+£135 -182+0.18 —-0.33 (-0.70, 0.03) 0.0755
Worst pain 723+1.28 -134+0.19 705+1.24 -181+0.19 —-047 (-0.88, —0.06) 0.0232°
BPI interference scores
General activities 582£231 -176+032 582+2.14 -2.22+031 —0.46 (-0.98, 0.06) 0.0807
Mood 533£253 -142+033 565+ 240 -217+032 -0.75 (-1.29, -0.22) 0.0057°
Walking ability 4.08£2.85 -1.29+030 429+2.73 -167+029 —0.38 (-0.84, 0.09) 0.1114
Normal work 550+ 246 -176+032 561+£242 -2.18+0.31 —042 (-0.94, 0.09) 0.1081
Relationships with people 354+297 -0.53+030 390+ 289 -1.09+030 —-0.55 (~1.04, -0.07) 0.0264°
Sleep 5224291 -157+036 530+ 281 -182+035 —-0.24 (-0.81,0.32) 0.3959
Enjoyment of life 513£275 -124+032 512+£265 -190+0.31 —0.66 (-1.18, =0.15) 001197
Average of all 7 items 495+2.09 -144+027 5104207 -1.95+027 —-0.52 (-0.96, —0.07) 0.0222°
FIQ
Physical functioning 3.85£232 -037+0.26 336+£235 -0.84+0.25 -047 (-0.86, —0.09) 0.0160°
Feeling good 711+£273 -0.79+ 041 717 +£2.72 -1.59+040 —-0.80 (-1.39, -0.21) 0.0082°
Missing work 244+279 -048+0.28 233+3.09 -097+027 —049 (-0.93, —0.06) 0.0270°
Housework 586+239 -1.69+0.36 586+245 -214+035 —045 (-0.97, 0.08) 0.0932
Pain 701£167 -1.76+035 6.83+1.52 —237+034 -062 (-1.11,-0.12) 0.0148°
Fatigue 727 +£2.08 -145+035 7.08+197 -196+034 —-0.52 (-1.03, 0.00) 0.0479°
Morning tiredness 6.81£241 -1.68+0.39 6.86 =240 -1.80+037 3 (069, 0.44) 0.6618
Stiffness 6.26 £2.56 -159+035 620+257 -2.10+£034 —-0.51 (-1.03, 0.02) 0.0577
Anxiety 5431267 -1.18+036 533+259 -1.86+035 —068 (-1.20, -0.15) 0.0114°
Depression 479+271 -096+0.35 491276 -1.62+034 —0.66 (-1.18, -0.14) 0.0129°
Total score 56.82 £ 16.14 —13.05+265 5595 +16.25 —1841+257 —5.35(-9.26, —1.45) 0.0073°
SF-36

Physical functioning 62.51+19.82 304215 63.72+1875 740£2.13 436 (1.35,7.37) 0.0046"
Physical role limitations 4913+ 2560 044 +2.98 4925+ 2557 8.20+2.96 7.76 (3.57, 11.94) 0.0003°
Bodlily pain 3660+ 11.71 528+208 36.53+1240 10.95 £ 207 5.67 (2.76, 8.59) 0.0002°
General health perceptions 3876 +14.77 331+1.94 3937 +17.67 6.55+1.92 3.25(0.53, 5.96) 0.0192°
Vitality 3196 +18.80 335+253 3243+21.03 1005+ 251 6.70 (3.15, 10.25) 0.0002°
Social functioning 5571 +£26.54 3.28+3.06 55.76 +27.53 10.32£3.04 7.04 (2.74,11.34) 0.0014°
Emotional role limitations 61.24 +26.80 —3.63+3.36 60.34 +29.16 550+3.35 9.12 (441, 13.83) 0.0002°
(

Mental health 56.10+19.84 —200+£252 5550+ 1885 591£251 791 (439, 11.43) <0.0001°
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Table 2 Changes in efficacy measures from baseline to endpoint or at endpoint (Continued)
cGl-P - 327+0.16 - 283+£0.15 -044 (-0.71, -0.18) 0.0012°
PGP - 332+0.16 - 283+0.16 —0.49 (-0.76, —0.22) 0.0003?
BDH-II score (0-63) 14.89+9.62 -1.19+0.85 1534+973 —-4.09 +0.84 —2.90 (-4.37, -144) 0.0001°
ACR 2010
WPI (0-19) 1208 +3.57 —1.06+0.60 1214 +358 —2.34+058 —1.28 (=2.12, —0.44) 0.0029°
SS (0-12) 6.59+1.88 -1.00+0.28 6.60+1.82 -1.37+£027 —0.36 (-0.79, 0.06) 0.0906
Total (0-31) 1867 £4.53 —224+0.77 18.74+4.36 —3.88+0.74 —1.64 (=2.74, =0.54) 0.0037°

ACR American College of Rheumatology, BDI-Il Beck Depression Inventory II, BOCF baseline observation carried forward, BPI Brief Pain Inventory, CGI-/ Clinical
Global Impressions-Global Improvement, C/ confidence interval, FIQ Fibromyalgia Impact Questionnaire, LOCF last observation carried forward; MMRM mixed-effects
model repeated measures, PGI-/ Patient Global Impression of Improvement, SF-36 36-Item Short Form Survey; SS symptom severity; WOCF worst observation carried

forward, WPI widespread pain index

Values are means + SD (baseline) or least-squares means + SE (change)
Statistically significant at a two-sided level of 0.05

PMean scores at the end of treatment based on a 7-point scale

BOCF or WOCF methods. These results indicate that,
with either of the missing data imputation methods, a
significant improvement was observed in the duloxetine
group compared with the placebo group. In this clinical
trial, there were more patients who discontinued the
trial because of an inadequate improvement in the BPI
average pain score or exacerbation of pain in the placebo
group (11.7 %) compared with the duloxetine group
(4.1 %). Therefore, the MMRM analysis might introduce
a bias toward greater improvement in BPI average pain
score in the placebo group than in the duloxetine group.

Of the seven pain-related items among the secondary ef-
ficacy measures, six (BPI pain scores [worst, least, and
pain right now], worst pain reported in the patient diary,

FIQ pain score, and SF-36 [bodily pain]) showed a signifi-
cant improvement from baseline to week 14 of treatment
in the duloxetine group compared with the placebo group.
Although the superiority of duloxetine over placebo was
not demonstrated in the MMRM analysis of the primary
efficacy measure, a significant improvement in the duloxe-
tine group compared with the placebo group was ob-
served in the secondary and post hoc analyses and several
other secondary efficacy measures. These results suggest
that treatment with duloxetine could be associated with
improvement in pain relief in Japanese patients with
fibromyalgia.

Moreover, the 30 %, 50 %, and sustained pain reduc-
tions based on the change at endpoint in the BPI average
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Fig. 4 Response rates for the Brief Pain Inventory (BPI) average pain scores at the end of treatment. *p < 0.05 vs. placebo. Open bars, placebo;

*
42.9

30.8

Sustained Response Rate

pain score were significantly higher in the duloxetine
group than in the placebo group. According to the
Initiative on Methods, Measurement, and Pain Assessment
in Clinical Trials (IMMPACT) recommendations, patients
with a clinically relevant reduction in the assessment scale
of 30-50 % compared with baseline are considered re-
sponders [38]. Therefore, the rate of responders was sig-
nificantly higher in the duloxetine group than in the
placebo group in the present trial. Considering that we
assessed patients with moderate or severe fibromyalgia,
with characteristics similar to those of the patients enrolled

in Japanese epidemiological studies [10], duloxetine treat-
ment might benefit such individuals.

The path analysis performed in this study suggested
that the direct effect of duloxetine on the reduction of
the BPI average pain was smaller than the indirect
treatment effect, as evidenced by the improvement in
depressive symptoms at study endpoint. The changes in
both BPI average pain score and BDI-II score indicated
improvements in these symptoms. Because the between-
groups difference at the last evaluation was large for
BDI-II and small for BPI average pain score, we estimate
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Fig. 5 Patient Global Impression of Improvement (PGl-l) and Clinical Global Impressions-Global Improvement (CGI-) ratings at the end of treatment.
PGI-I'and CGH scores were recorded on a 7-point scale where 1 = very much better/improved, 2 = much better/improved, 3 = a little better/improved,
4 =no change, 5 = a little worse, 6 = much worse, and 7 = very much worse. *p < 0.05 vs. placebo
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Table 3 Path analysis for direct analgesic effect on the
reduction of the BPI average pain score

Week Direct effect Indirect effect
Week 2° 84.3 15.7
Week 4° 838 16.2
Week 6° 63.1 369
Week 10° 432 56.8
Week 14° 416 584
Endpoint® 283 717

Values are the percentages of direct and indirect effects
“Observed case
BLast observation carried forward

that the contribution of improved mood (ie., the in-
direct analgesic effect) to the whole analgesic effect was
high. In the present clinical study, however, the propor-
tion of patients with a complication of major depressive
disorder was small compared with the proportions ob-
served in other studies: major depressive disorder was
diagnosed in only eight patients (4.2 %) in the duloxetine
group and seven patients (3.6 %) in the placebo group in
our study. Thus, an evaluation of exactly how much of
the analgesic effect of duloxetine was due to its anti-
depressant effect was considered difficult. A subgroup

Table 4 Adverse events (safety analysis set)

Placebo (n=196) Duloxetine (n=194) p Value®
AEs 123 (62.8) 148 (76.3) 0.0042°
ADRs 70 (35.7) 125 (64.4) <0.0001°
Serious AEs 1(0.5) 1(0.5) 1.000
Serious ADRs 0 (0.0) 1 (0.5) 0.4974
Discontinuations 15(7.7) 14 (7.2) 1.000
due to AEs
Discontinuations 10 (5.1) 14 (7.2) 04077
due to ADRs
AEs by preferred
term
Somnolence 21 (10.7) 51 (26.3) <0.0001°
Nausea 9 (4.6) 42 (21.6) <0.0001°
Constipation 8 (4.1) 29 (14.9) 0.0002°
Nasopharyngitis 29 (14.8) 26 (13.4) 0.7715
Dry mouth 7 (3.6) 14 (7.2) 01218
Decreased 1(05) 13 (67) 0.0008"
appetite
Dizziness 2 (1.0) 11 (5.7) 00112
Headache 6 (3.1 9 (4.6) 0.4437
Fatigue 6 (3.1) 9 (4.6) 04437
Diarrhea 7 (3.6) 8 (4.1) 0.7990

ADR adverse drug reaction, AE adverse event
Values are n (%)

?Fisher’s exact test

Bstatistically significant at a two-sided level of 0.05
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analysis using LOCF ANCOVA was performed to exa-
mine the potential effects of the degree of depressive
symptoms (divided into a minimal depression group
with baseline BDI-II scores of 0—13 points and a group
with scores >14 points according to the BDI-II manual
[35]) and the presence or absence of complications of
major depressive disorder on the improvement of pain.
The between-groups difference in the change in the
BPI average pain score tended to be greater in patients
with a baseline BDI-II score <14 (between-groups dif-
ference, —0.51; 95 % CI, -1.03, 0.02; p = 0.0586) than in
patients with a baseline BDI-II score of >14 (between-
groups difference, —-0.27; 95 % CI, -0.78, 0.24; p = 0.2946).
In patients without major depressive disorder, the reduction
in the BPI average pain score was significantly greater in
the duloxetine group (between-groups difference, -0.38;
95 % CI, -0.75, 0.00; p = 0.0494). Therefore, treatment with
duloxetine could be associated with an improvement in pa-
tients with very mild depressive symptoms as well as in
those without major depressive disorder.

Changes in associated symptoms of fibromyalgia
Fibromyalgia is characterized by widespread body pain
as well as a variety of symptoms that affect overall health
status and QoL. Therefore, PGI-I and CGI-I scores were
assessed for comprehensive evaluation of illness im-
provement from baseline to 14 weeks of treatment. The
SF-36 and FIQ were used, in addition to the BPI pain
interference scale, to assess the overall impact of fibro-
myalgia on health status. Because fibromyalgia is asso-
ciated with neuropsychiatric symptoms, the BDI-II was
used to assess improvement in these symptoms. In this
study, illness improvement (PGI-I and CGI-I scores) was
significantly higher in the duloxetine group than in the
placebo group. The BPI interference scores for mood, rela-
tionships with people, and enjoyment of life, as well as the
average score for all seven items, were significantly improved
in the duloxetine group compared with the placebo group.
These improvements in the BPI interference scores are simi-
lar to the results of a study conducted in Japanese patients
with diabetic peripheral neuropathic pain [24] who presented
improvements in the scores for walking ability, relationships
with people, sleep, and enjoyment of life items and improve-
ment of —-0.48 in the average score of the seven BPI interfer-
ence items. In our study, compared with the placebo group,
the duloxetine group showed significant improvements in
seven subscales of the FIQ (motor dysfunction, emotional
well-being, number of days absent from work or housework,
pain, fatigue, anxiety, and depressive state) and in all eight
subscales of the SF-36, indicating that duloxetine treatment
could be associated with improvement in QoL in this cohort
of patients. We also observed a significant improvement in
the BDI-II score, which indicates that duloxetine improved
psychiatric symptoms in our patient cohort.



Murakami et al. Arthritis Research & Therapy (2015) 17:224

The present study suggests that duloxetine treatment
could be associated with a reduction in the pain associated
with fibromyalgia and the improvement of related symp-
toms. Because of the wide array of clinical manifestations
of fibromyalgia, the disease can considerably deteriorate
the QoL of patients. On the basis of the present findings,
duloxetine could potentially improve the QoL of patients
as well as ameliorate depressive symptoms by improving
the symptoms associated with fibromyalgia.

American College of Rheumatology 2010 criteria
Compared with the placebo group, the duloxetine group
showed a significant improvement in WPI and a trend
toward a numerical improvement in SS, indicating an
improvement of clinical symptoms. This result is con-
sistent with the significant improvement in associated
symptoms of fibromyalgia and in several items of the
QoL assessment in patients who received duloxetine in
this study. Moreover, 85.0 % of patients in this study
matched the ACR 2010 criteria for fibromyalgia, which
is consistent with the findings reported by Usui et al.
[37]. The above findings suggest the usefulness of ACR
2010 in the diagnosis of fibromyalgia and the severity as-
sessment of clinical symptoms in clinical studies of
fibromyalgia. Because only a very limited number of
studies evaluating the SS and WPI have been reported to
date, more data are needed to confirm the significance
of the results obtained in the present study.

Onset of effect by once-daily dosing

Generally, patient compliance has been found to in-
crease as dosing frequency decreases [39]. Currently, the
only drug indicated for the treatment of fibromyalgia in
Japan is recommended in a twice-daily administration
regimen. However, on the basis of the results of this and
previous studies, once-daily dosing of duloxetine appears
to be sufficient to improve pain and may improve QoL
outcomes, which may contribute to greater patient com-
pliance and convenience.

Safety

The results of the present short-term study indicate that
there were no significant safety concerns related to
duloxetine treatment. Somnolence, nausea, constipation,
decreased appetite, and dizziness were significantly more
frequent in the duloxetine group than in the placebo
group, which is consistent with previously reported AEs
among patients with approved indications, such as major
depressive disorder [23] and diabetic peripheral neuro-
pathic pain [24]. In addition, comprehensive safety ana-
lysis of studies done in other countries also revealed that
the most common AEs seen during duloxetine treatment
were similar to those observed during treatment with
duloxetine for other indications. Most AEs were mild to
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moderate in severity and were transient [19]. Therefore,
in the present study, there were no new findings that
would change the existing duloxetine safety profile. It
will be important to confirm the long-term safety of
duloxetine because patients with chronic pain, such as
those with fibromyalgia, generally undergo long-term
treatment. We have implemented an open-label, long-
term extension trial of this study to continue evaluating
the safety of duloxetine.

Limitations

Some limitations of this study should be mentioned: we
excluded patients with psychiatric disorders other than
depression, and we did not assess the long-term efficacy
and safety of duloxetine.

Conclusions

Although the MMRM analysis did not demonstrate super-
iority of duloxetine over placebo, duloxetine treatment
was associated with improved outcomes in secondary and
post hoc analyses of the mean change of the BPI average
pain score and most of the secondary outcomes, including
analgesia and QoL. No significant safety concerns were
reported during the duloxetine treatment. These results
suggest that treatment with duloxetine could be associated
with improvement in pain relief and QoL in Japanese
patients with fibromyalgia.

Appendix
List of institutional review boards

Institutional Review Board of Amagasaki Chuo Hospital
Institutional Review Board of Hanna Hospital
Institutional Review Board of Haradoi Hospital
Institutional Review Board of Himeno Tomomi Clinic
Institutional Review Board of Hiroshima Clinic
Institutional Review Board of Juntendo University
Nerima Hospital

Institutional Review Board of Kayaba Dermatology Clinic
Institutional Review Board of Munakata Yasuhiko Clinic
Institutional Review Board of Nakayama Rheumatism
and Allergy Clinic

National Hospital Organization Shimoshizu Hospital
Institutional Review Board

Oita Central Institutional Review Board

Sendai Institutional Review Board

Institutional Review Board of Shinsapporo Seiryou
Hospital

Institutional Review Board of Shinagawa East One
Medical Clinic

Institutional Review Board of Shinonoi General Hospital
Institutional Review Board of Sone Clinic

Japanese Association for the Promotion of State of the
Art in Medicine Institutional Review Board
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Institutional Review Board of Tokyo Medical University
Hachioji Medical Center

Institutional Review Board of Tokyo-Eki Center-Building
Clinic

Institutional Review Board of Tomisaka Clinic
Institutional Review Board of Yokohama Minami
Kyousai Hospital

Institutional Review Board of Yokohama Minoru Clinic
St. Marianna University Group Institutional Review
Board

Abbreviations

ACR: American College of Rheumatology; ADR: Adverse drug reaction;

AE: Adverse event; ANCOVA: Analysis of covariance; BDIHI: Beck Depression
Inventory II; BOCF: Baseline observation carried forward; BP!I: Brief Pain Inventory;
CGl-I: Clinical Global Impressions—Global Improvement; Cl: Confidence interval;
CNS: Central nervous system; C-SSRS: Columbia-Suicide Severity Rating Scale;
ECG: Electrocardiogram; FAS: Full analysis set; FIQ: Fibromyalgia Impact
Questionnaire; 5-HT: Serotonin; IMMPACT: Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials; LOCF: Last observation carried forward;
LS: Least squares; MMRM: Mixed-effects model with repeated measures;

NA: Noradrenaline; PGI-I: Patient Global Impression of Improvement;

Qol: Quality of life; SF-36: 36-Item Short Form Survey; SS: Symptom severity;
WOCF: Worst observation carried forward; WPI: Widespread pain index.

Competing interests

HM and TO are employees of Shionogi & Co. Ltd. LA is an employee of Eli
Lilly Japan KK. MM, KO, and KN have provided consultancy services and MM
and KO received compensation from Shionogi & Co. Ltd. for their
participation in this study. MM, KO, and KN did not receive any
compensation for their input into this study. The authors confirm that there
are no non-financial competing interests to declare in relation to this article.

Authors’ contributions

MM, HM, LA, KN, and KO contributed to the design of the study. KO was a
principal investigator, and KN was a subinvestigator. TO conducted the
statistical analysis. All authors had full access to the study data, contributed
to the drafting and review of the manuscript, and approved the final version
of the manuscript. In addition, HM supervised the study on behalf of the
sponsor, and MM, KN, and KO provided medical advice and acted as
consultants.

Acknowledgments

We thank the following investigators for their cooperation in this research:
Yuko Morita (Maruyama Lila Clinic), Kazutoshi Seto (Shinsapporo Seiryou
Hospital), Yasuhiro Saito (Kotoni Medical Support Clinic), Eishi Shirasawa
(Shirasawa Orthopedic Clinic), Yukio Sato (Sendai Taihaku Hospital), Hisashi
Date (Sendai Pain Clinic Center), Yasuhiko Munakata (Munakata Yasuhiko
Clinic), Sadahiko Kameda (Kameda Clinic), Ryoichi Yamazaki (Yamazaki
Orthopaedics Clinic), Kimihiro Suzuki (Suzuhiro Clinic), Makoto Sueishi
(National Hospital Organization Shimoshizu National Hospital), Hiroshi Oka
(Tokyo Medical University Hachioji Medical Center), Masanari Omata (Oimachi
Orthopaedic Clinic), Akiko Miyazawa (Miyazawa Clinic), Yasuyuki Watanabe
(Shinkoiwa Watanabe Clinic), Satoe Shimoda (Ginza Internal Medicine Clinic),
Tomomi Himeno (Himeno Tomomi Clinic), Kotaro Hatta (Juntendo University
Nerima Hospital), Chie Usui (Juntendo University Nerima Hospital), Kenya
Nishioka (Kasumigaseki Urban Clinic), Hidehiko Honda (Honda Hidehiko
Clinic), Mikichika Inoue (lkebukuro Internal Medicine), Shohei Nagaoka
(Yokohama Minami Kyousai Hospital), Kenichi Osada (St. Marianna University
School of Medicine Hospital), Hyeteok Kim (Yokohama Minoru Clinic), Yuki
Sekiguchi (Yokohama Motomachi Women'’s Clinic LUNA), Shinichi Aoki

(Aoki Orthopedic), Fusazo Urano (Shinonoi General Hospital), Akihito Mizutani
(Mizutani Pain Clinic), Tomomasa Kimura (Kimura Clinic), Kojiro Kumagai

(Pain lkeshita Clinic), Yosuke Nishioka (Nishioka Clinic), Mami Morimoto
(Morimoto Clinic), Kenji Miki (Amagasaki Chuo Hospital), Shiro Nakayama
(Nakayama Rheumatism and Allergy Clinic), Keizo Kobayashi (Kobayashi
Orthopedics Clinic), Kanzo Amano (Hiroshima Clinic), Nobuo Takubo (Takubo
Rheumatism and Orthopedics Clinic), Toshihiro Nakajima (Daiichi Rehabilitation

Page 12 of 13

Hospital), Masamiki Kimura (Aisakura Clinic), Kenmei Sakata (Kumamoto
Rheumatology Clinic), Toru Fujigaki (Fujigaki Clinic), and Motohiro Oribe (Oribe
Rheumachika-Naika Clinic). This study was sponsored by Shionogi & Co. Ltd,, Eli
Lilly Japan KK, and Eli Lilly & Company. We thank Keyra Martinez Dunn, MD,
and Nicholas Smith, PhD, for providing medical writing assistance, which was
funded by Shionogi & Co. Ltd, Eli Lilly Japan KK, and Eli Lilly & Company.

Source of funding
Shionogi & Co. Ltd,, Eli Lilly Japan KK, and Eli Lilly & Company provided
funding for the study.

Author details

'Department of Psychosomatic Medicine, Nihon University School of
Medicine, 30-1 Oyaguchi Kamicho, Itabashi-ku, Tokyo 173-8610, Japan.
’Department of Neuropsychiatry, St. Marianna University School of Medicine,
2-16-1 Sugao, Miyamae-ku, Kawasaki 216-8511, Japan. 3Shionogi & Co. Ltd,
12F, Hankyu Terminal Bldg, 1-4 Shibata 1-chome, Kita-ku, Osaka 530-0012,
Japan. “Eli Lilly Japan KK, Sannomiya Plaza Building, 7-1-5 Isogamidori,
Chuo-ku, Kobe 651-0086, Japan. ®Institute of Medical Science, Tokyo Medical
University, 6-1-1 Shinjuku, Shinjuku-ku, Tokyo 160-8402, Japan.

Received: 6 April 2015 Accepted: 16 July 2015
Published online: 22 August 2015

References

1. Japan College of Fibromyalgia Investigation. Diagnostic guidelines for
fibromyalgia 2013. Japan Medical Journal Co,, Ltd, 2013. Japanese.

2. Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Goldenberg DL,
et al. The American College of Rheumatology 1990 criteria for the
classification of fibromyalgia: report of the multicenter criteria committee.
Arthritis Rheum. 1990;33:160-72.

3. Wolfe F, Ross K, Anderson J, Russell I, Hebert L. The prevalence and
characteristics of fibromyalgia in the general population. Arthritis Rheum.
1995;38:19-28.

4. Clauw DJ (ed). Fibromyalgia-the evolution of new treatment strategies for
improving patient care. Am J Med. 2009;122(12 Suppl).

5. Bennett RM, Jones J, Turk DC, Russell 1J, Matallana L. An internet survey of
2,596 people with fibromyalgia. BMC Musculoskelet Disord. 2007,8:27.

6. Nakamura I, Nishioka K, Usui C, Osada K, Ichibayashi H, Ishida M, et al.

An epidemiologic internet survey of fibromyalgia and chronic pain in Japan.
Arthritis Care Res (Hoboken). 2014,66:1093-101.

7. Amold LM, Crofford LJ, Mease PJ, Burgess SM, Palmer SC, Abetz L, et al.
Patient perspectives on the impact of fibromyalgia. Patient Educ Couns.
2008;73:114-20.

8. Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz RS, Mease P, et al.
The American College of Rheumatology preliminary diagnostic criteria for
fibromyalgia and measurement of symptom severity. Arthritis Care Res
(Hoboken). 2010;62:600-10.

9. Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Hauser W, Katz RS, et al.
Fibromyalgia criteria and severity scales for clinical and epidemiological
studies: a modification of the ACR preliminary diagnostic criteria for
fibromyalgia. J Rheumatol. 2011;38:1113-22.

10.  Matsumoto Y, Maeda S, Tamakoshi A, Nishioka K. [A nationwide epidemiological
survey for patients with fibromyalgia in Japan]. Clin Rheumatol. 2006;18:87-92.
Japanese.

11. Hauser W, Petzke F, Sommer C. Comparative efficacy and harms of
duloxetine, milnacipran, and pregabalin in fibromyalgia syndrome. J Pain.
2010;11:505-21.

12. Woolf CJ, American College of Physicians; American Physiological Society.
Pain: moving from symptom control toward mechanism specific
pharmacologic management. Ann Intern Med. 2004;140:441-51.

13. Basbaum Al, Fields HL. Endogenous pain control systems: brainstem spinal
pathways and endorphin circuitry. Annu Rev Neurosci. 1984;7:309-38.

14.  Bannister K, Bee LA, Dickenson AH. Preclinical and early clinical
investigations related to monoaminergic pain modulation.
Neurotherapeutics. 2009,6:703-12.

15. Jones CK, Peters SC, Shannon HE. Efficacy of duloxetine, a potent and
balanced serotonergic and noradrenergic reuptake inhibitor, in
inflammatory and acute pain models in rodents. J Pharmacol Exp Ther.
2005;312:726-32.



Murakami et al. Arthritis Research & Therapy (2015) 17:224

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Jones CK, Peters SC, Shannon HE. Synergistic interactions between the

dual serotonergic, noradrenergic reuptake inhibitor duloxetine and the
non-steroidal anti-inflammatory drug ibuprofen in inflammatory pain in
rodents. Eur J Pain. 2007;11:208-15.

Arnold LM, Lu Y, Crofford LJ, Wohlreich M, Detke MJ, lyengar S, et al.

A double-blind, multicenter trial comparing duloxetine with placebo in the
treatment of fibromyalgia patients with or without major depressive
disorder. Arthritis Rheum. 2004;50:2974-84.

Arnold LM, Clauw DJ, Wohlreich MM, Wang F, Ahl J, Gaynor PJ, et al.
Efficacy of duloxetine in patients with fibromyalgia: pooled analysis of 4
placebo-controlled clinical trials. Prim Care Companion J Clin Psychiatry.
2009;11:237-44.

Choy EH, Mease PJ, Kajdasz DK, Wohlreich MM, Crits-Christoph P, Walker DJ,
et al. Safety and tolerability of duloxetine in the treatment of patients with
fibromyalgia: pooled analysis of data from five clinical trials. Clin Rheumatol.
2009;28:1035-44.

Arnold LM, Rosen A, Pritchett YL, D'Souza DN, Goldstein DJ, lyengar S, et al.
A randomized, double-blind, placebo-controlled trial of duloxetine in the
treatment of women with fibromyalgia with or without major depressive
disorder. Pain. 2005;119:5-15.

Russell 1J, Mease PJ, Smith TR, Kajdasz DK, Wohlreich MM, Detke MJ, et al.
Efficacy and safety of duloxetine for treatment of fibromyalgia in patients with
or without major depressive disorder: results from a 6-month randomized,
double-blind, placebo-controlled, fixed-dose trial. Pain. 2008;136:432-44.
Chappell AS, Bradley LA, Wiltse C, Detke MJ, D'Souza DN, Spaeth M.

A six-month double-blind, placebo-controlled, randomized clinical trial of
duloxetine for the treatment of fibromyalgia. Int J Gen Med. 2008;1:91-102.
Higuchi T, Murasaki M, Kamijima K. Clinical evaluation of duloxetine in the
treatment of major depressive disorder—placebo- and paroxetine-controlled
double-blind comparative study. Jpn J Clin Psychopharmacol. 2009;12:1613-34
[In Japanese].

Yasuda H, Hotta N, Nakao K, Kasuga M, Kashiwagi A, Kawamori R. Superiority
of duloxetine to placebo in improving diabetic neuropathic pain: results of
a randomized controlled trial in Japan. J Diabetes Investig. 2011;2:132-9.
Arnold LM, Zhang S, Pangallo BA. Efficacy and safety of duloxetine 30 mg/d in
patients with fibromyalgia: a randomized, double-blind, placebo-controlled
study. Clin J Pain. 2012,28:775-81.

Cleeland CS, Ryan KM. Pain assessment: global use of the Brief Pain
Inventory. Ann Acad Med Singapore. 1994;23:129-38.

Uki J, Mendoza T, Cleeland CS, Nakamura Y, Takeda F. A brief cancer pain
assessment tool in Japanese: the utility of the Japanese Brief Pain Inventory
—BPI-J. J Pain Symptom Manage. 1998;16:364-73.

Posner K, Brown GK, Stanley B, Brent DA, Yershova KV, Oquendo MA, et al.
The Columbia-Suicide Severity Rating Scale: initial validity and internal
consistency findings from three multisite studies with adolescents and
adults. Am J Psychiatry. 2011;168:1266-77.

Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, et al.
The Mini-International Neuropsychiatric Interview (MINI): the development
and validation of a structured diagnostic psychiatric interview for DSM-IV
and ICD-10. J Clin Psychiatry. 1998;59:22-33.

Guy W. ECDEU assessment manual for psychopharmacology. Rev. ed. DHEW
Publication 76-338. Rockville, MD: U.S. Department of Health, Education, and
Welfare; Public Health Service; Alcohol, Drug Abuse, and Mental Health
Administration; National Institute of Mental Health; Psychopharmacology
Research Branch; Division of Extramural Research Programs; 1976.

Osada K, Oka H, Isomura T, Nakamura |, Tominaga K, Takahashi S, et al.
Development of the Japanese version of the Fibromyalgia Impact
Questionnaire (JFIQ): psychometric assessments of reliability and validity.

Int J Rheum Dis. 2011;14:74-80.

Burckhardt CS, Clark SR, Bennett RM. The Fibromyalgia Impact
Questionnaire: development and validation. J Rheumatol. 1991;18:728-33.
Fukuhara S, Bito S, Green J, Hsiao A, Kurokawa K. Translation, adaptation,
and validation of the SF-36 Health Survey for use in Japan. J Clin Epidemiol.
1998;51:1037-44.

Fukuhara S, Ware JE, Kosinski M, Wada S, Gandek B. Psychometric and
clinical tests of validity of the Japanese SF-36 Health Survey. J Clin
Epidemiol. 1998,51:1045-53.

Beck AT, Steer RA, Brown GK. Manual for the Beck Depression Inventory-2.
San Antonio, TX: Psychological Corporation; 1996.

36.

37.

38.

39.

Page 13 of 13

Kojima M, Furukawa TA, Takahashi H, Kawai M, Nagaya T, Tokudome S.
Cross-cultural validation of the Beck Depression Inventory-Il in Japan.
Psychiatry Res. 2002;110:291-9.

Usui C, Hatta K, Aratani S, Yagishita N, Nishioka K, Kanazawa T, et al.

The Japanese version of the 2010 American College of Rheumatology
preliminary diagnostic criteria for fibromyalgia and the fibromyalgia
symptom scale: reliability and validity. Mod Rheumatol. 2012,22:40-4.
Dworkin RH, Turk DC, Wyrwich KW, Beaton D, Cleeland CS, Farrar JT, et al.
Interpreting the clinical importance of treatment outcomes in chronic pain
clinical trials: IMMPACT recommendations. J Pain. 2008,9:105-21.

Claxton AJ, Cramer J, Pierce C. A systematic review of the associations
between dose regimens and medication compliance. Clin Ther.
2001;23:1296-310.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Introduction
	Methods
	Results
	Conclusions
	Trial registration

	Introduction
	Methods
	Overview
	Eligibility criteria
	Study design
	Outcome measures
	Primary efficacy outcomes
	Secondary efficacy outcomes
	Health outcomes
	Safety outcomes

	Statistical analyses

	Results
	Patient disposition and characteristics
	Efficacy and health outcomes
	Safety and tolerability

	Discussion
	Analgesic effect of duloxetine on fibromyalgia
	Changes in associated symptoms of fibromyalgia
	American College of Rheumatology 2010 criteria
	Onset of effect by once-daily dosing
	Safety
	Limitations

	Conclusions
	Appendix
	List of institutional review boards
	Abbreviations

	Competing interests
	Authors’ contributions
	Acknowledgments
	Source of funding
	Author details
	References



