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A B S T R A C T

Background

This is an updated version of the original Cochrane review published in Issue 3, 2012. That review considered both fibromyalgia and
neuropathic pain, but the efficacy of milnacipran for neuropathic pain is now dealt with in a separate review.

Milnacipran is a serotonin-norepinephrine (noradrenaline) reuptake inhibitor (SNRI) that is licensed for the treatment of fibromyalgia
in some countries, including Canada, Russia, and the United States.

Objectives

To assess the analgesic efficacy of milnacipran for pain in fibromyalgia in adults and the adverse events associated with its use in clinical
trials.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, and EMBASE to 18 May 2015, together
with reference lists of retrieved papers and reviews, and two clinical trial registries. For the earlier review, we also contacted the
manufacturer.

Selection criteria

We included randomised, double-blind studies of eight weeks’ duration or longer, comparing milnacipran with placebo or another
active treatment in fibromyalgia in adults.

Data collection and analysis

We extracted efficacy and adverse event data, and two review authors examined issues of study quality independently.

Main results

We identified one new study with 100 participants for the pooled analysis. We identified two additional reports of a study using an
enriched enrolment randomised withdrawal (EERW) design that included participants from earlier randomised controlled trials and
an open-label study. Because this study used the same participants already included in our main analysis, and a different design, we
dealt with it separately.

The main analysis included six studies (five from the earlier review; 4238 participants in total), all of which were placebo-controlled,
and used titration to a target dose of milnacipran 100 or 200 mg, with assessment after 8 to 24 weeks of stable treatment. There were

1Milnacipran for pain in fibromyalgia in adults (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

mailto:m.cording@hotmail.com


no studies with active comparators. Study quality was generally good, although the imputation method used in analyses of the primary
outcomes could overestimate treatment effect.

Both doses of milnacipran provided moderate levels of pain relief (at least 30% pain intensity reduction) to about 40% of participants
treated, compared to 30% with placebo, giving a number needed to treat for an additional beneficial outcome (NNT) of 6 to 10 (high
quality evidence). Using a stricter definition for responder and a more conservative method of analysis gave lower levels of response
(while maintaining a 10% difference between milnacipran and placebo) and increased the NNT to 11 (high quality evidence). One
EERW study was broadly supportive.

Adverse events were common in both milnacipran (86%) and placebo (78%) groups (high quality evidence), but serious adverse events
did not differ between groups (less than 2%) (low quality evidence). Nausea, constipation, and headache were the most common events
showing the greatest difference between groups (number needed to treat for an additional harmful outcome (NNH) of 5.7 for nausea,
13 for constipation, and 29 for headache) (moderate quality evidence).

Withdrawals for any reason were more common with milnacipran than placebo, and more common with 200 mg (NNH 9) than 100
mg (NNH 23), compared with placebo. This was largely driven by adverse event withdrawals, where the NNH compared with placebo
was 14 for 100 mg and 7.0 for 200 mg (high quality evidence). Withdrawals due to lack of efficacy were less common with milnacipran
than placebo but did not differ between doses (number needed to treat to prevent an additional unwanted outcome (NNTp) of 41)
(moderate quality evidence).

Authors’ conclusions

The evidence available indicates that milnacipran 100 mg or 200 mg is effective for a minority in the treatment of pain due to
fibromyalgia, providing moderate levels of pain relief (at least 30%) to about 40% of participants, compared with about 30% with
placebo. There were insufficient data to assess substantial levels of pain relief (at least 50%), and the use of last observation carried
forward imputation may overestimate drug efficacy. Using stricter criteria for ’responder’ and a more conservative method of analysis
gave lower response rates (about 26% with milnacipran versus 17% with placebo). Milnacipran was associated with increased adverse
events and adverse event withdrawals, which were significantly greater for the higher dose.

P L A I N L A N G U A G E S U M M A R Y

Milnacipran for fibromyalgia in adults

Fibromyalgia is characterised by persistent, widespread pain and tenderness, sleep problems, and fatigue. Common pain-relieving
medicines such as paracetamol and ibuprofen are not usually considered effective. Medicines used to treat epilepsy or depression can be
effective in some people with fibromyalgia and other forms of chronic (persistent, long-lasting) pain where there may be nerve damage.
Milnacipran is an antidepressant, and antidepressants are widely recommended for treating fibromyalgia. Milnacipran is licensed to
treat fibromyalgia only in some parts of the world, particularly the USA.

This review is an update of one originally published in 2012, which examined how well milnacipran worked in both fibromyalgia and
neuropathic pain conditions (pain from damage to nerves or disease affecting the nerves). Here we examine only fibromyalgia. The
earlier review showed that milnacipran worked, but only in a small proportion of people with fibromyalgia. This is the same as all other
fibromyalgia treatments to date, and for chronic pain conditions generally. We use a definition of ’worked’ that involved both a high
level of pain relief and the ability to take the tablets over a longer time without side effects being intolerable.

We search scientific databases for studies that looked at the effects of milnacipran in adults with fibromyalgia who were had moderate
or severe pain. The treatment had to last at least eight weeks. The evidence is current to May 2015.

We identified six studies that satisfied the inclusion criteria, including one new study for this update. Over 4000 participants were
treated with milnacipran 100 or 200 mg, or placebo, for 8 to 24 weeks at the target dose. Overall study quality was good, although the
method of analysis for our primary outcomes of pain relief could overestimate treatment effect.

Milnacipran at either dose provided moderate pain relief (at least 30% reduction in pain intensity) to 1 in 10 (10%) more people than
did placebo (high quality evidence). This relatively modest effect may be clinically important in this difficult-to-treat condition. Adverse
events were reported by most participants in all treatment groups, but were more common with milnacipran than placebo (high quality
evidence), with nausea (feeling sick) and constipation showing the greatest differences (moderate quality evidence). Serious adverse
events were uncommon, fewer than 1 in 50 (2%) participants, and did not differ between treatment groups (low quality evidence). The
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numbers of participants dropping out of the studies (withdrawals) because of adverse events were also more common with milnacipran
than placebo, and were more common with 200 mg than 100 mg (high quality evidence), while withdrawals due to lack of effect were
less common with milnacipran, with no difference between doses (moderate quality evidence).

Milnacipran gives good pain relief to some people with fibromyalgia, but only a minority; it will not work for most people.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Milnacipran compared with placebo for fibromyalgia

Patient or population: adults with fibromyalgia

Settings: community

Intervention: milnacipran 100 and 200 mg/day

Comparison: placebo

Outcomes Probable outcome with

placebo

Probable outcome with

intervention

Risk ratio (95% CI) and

NNT or NNH

No of studies and partic-

ipants

Quality of the evidence

(GRADE)

Comments

Milnacipran 100 mg/day

At least 50% reduction in

pain or equivalent (sub-

stantial)

180 in 1000 270 in 1000 RR 1.6 (1.3 to 2.0)

NNT 10 (7.0 to 20)

2 studies, 1250 partici-

pants

Moderate Only 2 studies, 1 much

smaller than other

Downgrade because of

LOCF analysis

At least 30% reduction in

pain or equivalent (mod-

erate)

300 in 1000 410 in 1000 RR 1.4 (1.2 to 1.6)

NNT 9.0 (6.5 to 15)

3 studies, 1925 partici-

pants

High Downgrade because of

LOCF analysis, but up-

grade as the result is sup-

ported by Composite out-

come 1 giving a very sim-

ilar result; this is a BOCF

analysis for the outcome

plus PGIC much or very

much improved

Adverse event with-

drawals

120 in 1000 190 in 1000 RR 1.6 (1.3 to 2.0)

NNH 14 (10 to 24)

4 studies, 2379 partici-

pants

High -

Serious adverse events 16 in 1000 15 in 1000 RR 0.90 (0.47 to 1.7)

NNH not calculated

4 studies,

2378 participants

Low Few events (36)

Death None reported
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Milnacipran 200 mg/day

At least 50% reduction in

pain or equivalent (sub-

stantial)

140 in 1000 280 in 1000 Not calculated 1 study, 125 participants Very low 1 study, few participants

At least 30% reduction in

pain or equivalent (mod-

erate)

290 in 1000 390 in 1000 RR 1.4 (1.2 to 1.5)

NNT 10 (7.0 to 18)

3 studies, 1798 partici-

pants

High Downgrade because of

LOCF analysis, but up-

grade as the result is sup-

ported by composite out-

come 1 giving a very sim-

ilar result; this is a BOCF

analysis for the outcome

plus PGIC much or very

much improved

Adverse event with-

drawals

95 in 1000 240 in 1000 RR 2.5 (2.0 to 3.1)

NNH 7.0 (5.8 to 8.7)

4 studies, 2470 partici-

pants

High -

Serious adverse events 21 in 1000 19 in 1000 RR 0.91 (0.52 to 1.6)

NNH not calculated

4 studies, 2463 partici-

pants

Low Few events (49)

Death None reported

BOCF: baseline observation carried forward; CI: confidence interval; LOCF: last observation carried forward; NNT: number needed to treat for an additional beneficial outcome; NNH: number

needed to treat for an additional harm outcome; RR: risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.
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B A C K G R O U N D

This is an updated version of the original Cochrane review pub-
lished in Issue 3, 2012 (Derry 2012). That review considered both
fibromyalgia and neuropathic pain, but the efficacy of milnacipran
for neuropathic pain is now dealt with in a separate review (Derry
2015).

This review is based on a template for reviews of drugs used to
relieve fibromyalgia. The aim is for all reviews to use the same
methods, based on new criteria for what constitutes reliable evi-
dence in chronic pain (Moore 2010a; Appendix 1).

Description of the condition

Fibromyalgia has been defined as widespread pain that lasts for
longer than three months, with pain on palpation at 11 or more
of 18 specified tender points (Wolfe 1990). It is frequently asso-
ciated with other symptoms such as poor sleep, fatigue, and de-
pression (Wolfe 2014). More recently, a definition of fibromyalgia
has been proposed based on symptom severity and the presence
of widespread pain, and which does not require palpation of ten-
der points for diagnosis (Wolfe 2010). While some rheumatolo-
gists have thought of fibromyalgia as a specific pain disorder, other
investigators have characterised it as a bodily distress syndrome
or a physical symptom disorder, or somatoform disorder (Wolfe
2014). Our understanding of fibromyalgia is growing. It is a het-
erogeneous condition in which there is abnormal processing of
the sensation of pain. Central nervous system (CNS) dysfunction
appears to be the primary pathogenic problem (Schmidt-Wilcke
2014). It has some features in common with neuropathic pain,
and people with these conditions experience similar sensory phe-
nomena (Koroschetz 2011).
Many people with fibromyalgia are significantly disabled, and ex-
perience moderate or severe pain for many years. Chronic painful
conditions comprised five of the 11 top-ranking conditions for
years lived with disability in 2010 (Vos 2012), and are responsible
for considerable loss of quality of life, employment, and increased
health costs (Moore 2014a).
Fibromyalgia is common. Numerous studies have investigated
prevalence in different settings and countries. The Queiroz 2013
review gives a global mean prevalence of 2.7% (range 0.4% to
9.3%), and a mean in the Americas of 3.1%, in Europe of 2.5%,
and in Asia of 1.7%. Fibromyalgia is more common in women,
with a female to male ratio of 3:1 (4.2%:1.4%). The change in
diagnostic criteria does not appear to have significantly affected
estimates of prevalence (Wolfe 2013a). Estimates of prevalence
in specific populations vary greatly, but have been reported to be
as high as 9% in female textile workers in Turkey and 10% in
metalworkers in Brazil (59% in those with repetitive strain injury;
Queiroz 2013).
Fibromyalgia pain, like other chronic pain conditions, is known
to be difficult to treat effectively, with only a minority of indi-

viduals experiencing a clinically relevant benefit from any one in-
tervention. A multidisciplinary approach is now advocated, com-
bining pharmacological interventions with physical or cognitive
interventions, or both. Conventional analgesics are usually not
effective. Treatment is often by so-called unconventional anal-
gesics (or pain modulators), such as antidepressants like duloxetine
and amitriptyline (Lunn 2014; Moore 2012a; Sultan 2008), or
antiepileptics like gabapentin or pregabalin (Moore 2009; Moore
2011a; Wiffen 2013). The proportion of people who achieve
worthwhile pain relief (typically at least a 50% reduction in pain
intensity; Moore 2013a) is small, generally only 10% to 25% more
than with placebo, with numbers needed to treat for an additional
beneficial outcome (NNT) usually between 4 and 10 (Kalso 2013;
Wiffen 2013). Those who do experience good levels of pain relief
may well benefit from substantial reductions in other symptoms,
such as fatigue, function, sleep, depression, anxiety, and ability
to work, with significant improvement in quality of life (Moore
2010b; Moore 2014a; Straube 2011). Fibromyalgia is not particu-
larly different from other chronic pain in that only a small propor-
tion of trial participants have a good response to treatment (Moore
2013b).

Description of the intervention

Milnacipran (trade names Ixel, Savella) is a serotonin-nore-
pinephrine (noradrenaline) reuptake inhibitor (SNRI), used to
treat depression and fibromyalgia. It is licensed for major depres-
sive disorder in many countries, and for the treatment of fibromyal-
gia in some countries including Canada, Russia, and the United
States, but not as yet in the United Kingdom.

How the intervention might work

5-hydroxytryptamine (5-HT or serotonin) and norepinephrine
(NE) are involved in the modulation of endogenous analgesic
mechanisms via descending inhibitory pain pathways in the brain
and the spinal cord (Suzuki 2004). Disinhibition and imbalance
of 5-HT and NE in endogenous pain inhibitory pathways could
contribute to persistent pain. An increase in 5-HT and NE may
increase inhibition of painful signals, improving pain relief, but
the exact mechanism of action is not fully understood.

Why it is important to do this review

Milnacipran is a recent addition to the pharmacological interven-
tions available in some countries to treat fibromyalgia. It is im-
portant to establish its efficacy compared with placebo or other
active interventions to understand its place among the available
treatment options.
Like the earlier Cochrane review, this update assessed evidence
in ways that make both statistical and clinical sense, and used
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developing criteria for what constitutes reliable evidence in chronic
pain (Appendix 1; Moore 2010a). It followed standards set out
in the PaPaS Author and Referee Guidance for pain studies of the
Cochrane Pain, Palliative and Supportive Care Group (PaPaS
2012).

O B J E C T I V E S

To assess the analgesic efficacy of milnacipran for pain in fi-
bromyalgia in adults and the adverse events associated with its use
in clinical trials.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs) with double-
blind assessment of outcomes, and reported after eight weeks of
treatment or longer. Full journal publication was required, with
the exception of extended abstracts of otherwise unpublished clin-
ical trials. Short abstracts (usually meeting reports) were not in-
cluded. We excluded non-randomised studies, studies of experi-
mental pain, case reports, and clinical observations.

Types of participants

We included adults with fibromyalgia diagnosed using the 1990 or
2010 criteria (Wolfe 1990; Wolfe 2010), aged 18 years and above,
and with initial pain of at least moderate intensity.

Types of interventions

Milnacipran in any dose, by any route, administered for the relief
of fibromyalgia, and compared to placebo, no intervention, or any
other active comparator. We excluded studies using milnacipran
to treat pain resulting from the use of other drugs.

Types of outcome measures

We expected that a variety of outcome measures would be used
in the studies, based on standard subjective scales for pain inten-
sity or pain relief, or both. Acceptable scales for measurement of
pain intensity were 100 mm visual analogue scale (VAS) (no pain
to worst pain imaginable) or four-point categorical scale (none,
mild, moderate, severe), and for pain relief were 100 mm VAS (no
relief to complete relief ) or five-point categorical scale (none, a lit-
tle, some, a lot, complete, or similar wording). We paid particular

attention to Initiative on Methods, Measurement, and Pain As-
sessment in Clinical Trials (IMMPACT) definitions for moderate
and substantial benefit in chronic pain studies (Dworkin 2008).
These are defined as at least 30% pain relief over baseline (mod-
erate), at least 50% pain relief over baseline (substantial), much
or very much improved on Patient Global Impression of Change
(PGIC) (moderate), and very much improved on PGIC (substan-
tial). These outcomes are different from those set out in an earlier
review of antidepressants for fibromyalgia (Saarto 2007), concen-
trating on dichotomous outcomes where pain responses are not
normally distributed.

Primary outcomes

• Participant reported pain relief of 30% or greater
• Participant reported pain relief of 50% or greater
• PGIC much or very much improved
• PGIC very much improved

Secondary outcomes

• Any pain-related outcome indicating some improvement
• Withdrawals due to lack of efficacy
• Participants experiencing any adverse event
• Participants experiencing any serious adverse event. Serious

adverse events typically include any untoward medical
occurrence or effect that at any dose results in death, is life-
threatening, requires hospitalisation or prolongation of existing
hospitalisation, results in persistent or significant disability or
incapacity, is a congenital anomaly or birth defect, is an
’important medical event’ that may jeopardise the person, or may
require an intervention to prevent one of the above
characteristics or consequences.

• Withdrawals due to adverse events
• Specific adverse events, particularly somnolence and

dizziness

Search methods for identification of studies

Two review authors carried out searches independently; we settled
any disagreements or uncertainty by discussion, with a third review
author if necessary.

Electronic searches

We searched the following databases.
• Cochrane Central Register of Controlled Trials

(CENTRAL) (to 18 May 2015).
• MEDLINE (via Ovid) (1946 to 18 May 2015).
• EMBASE (via Ovid) (1974 to 18 May 2015).

See Appendix 2 for the CENTRAL search strategy, Appendix 3 for
the MEDLINE search strategy, and Appendix 4 for the EMBASE
search strategy.
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There were no language restrictions.

Searching other resources

We searched reference lists of retrieved articles and reviews for
any additional studies, and two clinical trial registries (Clinical-
Trials.gov (ClinicalTrials.gov) and the World Health Organiza-
tion (WHO) ICTRP (apps.who.int/trialsearch/)) to identify ad-
ditional published or unpublished data. For the earlier review, we
asked the manufacturer of milnacipran to provide additional un-
published dichotomous outcome data to complement published
reports.

Data collection and analysis

Selection of studies

Two review authors read the abstract of each study identified by
the search, eliminated studies that clearly did not satisfy the in-
clusion criteria, and obtained full copies of the remaining studies.
The same review authors then independently read these studies to
determine eligibility; any disagreements or uncertainty were set-
tled by discussion, with a third review author if necessary. Studies
were not anonymised in any way before assessment.

Data extraction and management

Two review authors extracted data using a standard form and
agreed data before entry into Review Manager 5 (RevMan 2014),
or any other analysis method. Data extracted included informa-
tion about the pain condition and number of participants treated,
drug and dosing regimen, study design (placebo or active control),
study duration and follow-up, analgesic outcome measures and
results, withdrawals, and adverse events (participants experiencing
any adverse event, or a serious adverse event).

Assessment of risk of bias in included studies

We used the Oxford Quality Score (Jadad 1996) as the basis for
inclusion, limiting inclusion to studies that were randomised and
double-blind as a minimum.
Two review authors independently assessed the risk of bias for
each study, using the criteria outlined in the ’Risk of bias’ tool
in the Cochrane Handbook for Systematic Reviews of Interventions

(Higgins 2011), and adapted from those used by the Cochrane
Pregnancy and Childbirth Group. We resolved any disagreements
by discussion. We assessed the following for each study.

• Random sequence generation (checking for possible
selection bias). We assessed the method used to generate the
allocation sequence as: low risk of bias (any truly random process
such as random number table or computer random number
generator); unclear risk of bias (method used to generate

sequence not clearly stated). We excluded studies using a non-
random process (for example, odd or even date of birth; hospital
or clinic record number).

• Allocation concealment (checking for possible selection
bias). The method used to conceal allocation to interventions
prior to assignment determines whether intervention allocation
could have been foreseen in advance of, or during, recruitment,
or changed after assignment. We assessed the methods as: low
risk of bias (for example, telephone or central randomisation;
consecutively numbered sealed opaque envelopes); unclear risk
of bias (method not clearly stated). We excluded studies that did
not conceal allocation (for example, open list).

• Blinding of outcome assessment (checking for possible
detection bias). We assessed the methods used to blind study
participants and outcome assessors from knowledge of which
intervention a participant received. We assessed the methods as:
low risk of bias (study stated that it was blinded and described
the method used to achieve blinding, for example, identical
tablets; matched in appearance and smell); unclear risk of bias
(study stated that it was blinded but did not provide an adequate
description of how it was achieved). We excluded studies that
were not double-blind.

• Incomplete outcome data (checking for possible attrition
bias due to the amount, nature, and handling of incomplete
outcome data). We assessed the methods used to deal with
incomplete data as: low risk of bias (less than 10% of
participants did not complete the study or used ’baseline
observation carried forward’ (BOCF) analysis, or both); unclear
risk of bias (used ’last observation carried forward’ (LOCF)
analysis); high risk of bias (used ’completer’ analysis).

• Size (checking for possible biases confounded by small size).
Small studies have been shown to overestimate treatment effects,
probably because the conduct of small studies is more likely to be
less rigorous, allowing critical criteria to be compromised
(Dechartres 2013; Kjaergard 2001; Nüesch 2010). Small studies
with limited data are subject to large chance effects (Moore
1998). Studies were considered to be at low risk of bias if they
had 200 participants or more, at unclear risk of bias if they had
50 to 200 participants, and at high risk of bias if they had fewer
than 50 participants.

Measures of treatment effect

We used dichotomous data to calculate risk ratio (RR) with
95% confidence intervals (CI) using a fixed-effect model unless
we found significant statistical heterogeneity (see Assessment of
heterogeneity). We calculated numbers needed to treat for an addi-
tional beneficial outcome (NNTs) as the reciprocal of the absolute
risk reduction (McQuay 1998). For unwanted effects, the NNT
becomes the number needed to treat for an additional harmful
outcome (NNH), and is calculated in the same manner. Where
the unwanted effect is less common with treatment than control,
we used the term number needed to treat to prevent (NNTp).
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We did not use continuous data because it is inappropriate where
there is an underlying skewed distribution, as is usually the case
with analgesic response.

Unit of analysis issues

We accepted randomisation to individual participant only.

Dealing with missing data

We used intention-to-treat (ITT) analysis, where the ITT pop-
ulation consisted of participants who were randomised, took the
assigned study medication, and provided at least one post-baseline
assessment. Where possible we assigned missing participants zero
improvement.

Assessment of heterogeneity

We dealt with clinical heterogeneity by combining studies that
examined similar conditions, while we assessed statistical hetero-
geneity visually (L’Abbé 1987), and using the I2 statistic.

Assessment of reporting biases

The aim of this review was to use dichotomous data of known
utility and of value to patients (Moore 2010b; Moore 2010c;
Moore 2010d; Moore 2013a). The review did not depend on what
authors of the original studies chose to report or not, though clearly
difficulties arose with studies failing to report any dichotomous
results. We planned to extract and use continuous data, which
probably poorly reflect efficacy and utility, if useful for illustrative
purposes only.
We assessed publication bias using a method designed to detect the
amount of unpublished data with a null effect required to make
any result clinically irrelevant (usually taken to mean an NNT of
10 or higher) (Moore 2008).

Data synthesis

We carried out meta-analysis using a fixed-effect model. A random-
effects model for meta-analysis was also carried out where there was
significant clinical heterogeneity and we considered it appropriate
to combine studies.
We determined that we would analyse data for each painful condi-
tion in three tiers, according to outcome and freedom from known
sources of bias.

• The first tier used data meeting current best standards,
where studies reported the outcome of at least 50% pain
intensity reduction over baseline (or its equivalent), without the

use of LOCF or other imputation method other than BOCF for
drop-outs, reported an ITT analysis, lasted eight or more weeks,
had a parallel-group design, and had at least 200 participants
(preferably at least 400) in the comparison (Moore 2010a;
Moore 2012b). We planned to report these top-tier results first,
but in this review outcomes satisfying these criteria were not pre-
specified primary outcomes, so they are reported after the
primary outcomes.

• The second tier used data from at least 200 participants,
but where one or more of the above conditions was not met (for
example, reporting at least 30% pain intensity reduction, using
LOCF or a completer analysis, or lasting four to eight weeks).

• The third tier of evidence used data from fewer than 200
participants, or where there were expected to be significant
problems because, for example, of very short duration studies of
less than four weeks; where there was major heterogeneity
between studies; or where there were shortcomings in allocation
concealment, attrition, or incomplete outcome data. For this
third tier of evidence, no data synthesis is reasonable, and may be
misleading, but an indication of beneficial effects might be
possible.

Subgroup analysis and investigation of heterogeneity

We planned a subgroup analysis for dose of milnacipran.

Sensitivity analysis

We planned no sensitivity analyses.

R E S U L T S

Description of studies

Results of the search

Searches identified 58 potentially relevant studies in CENTRAL,
141 in MEDLINE, and 288 in EMBASE. In addition to the five
studies included in the earlier review, we identified 10 additional
potentially relevant reports from the searches. After reading the
full reports, we included one new study in the main analysis (
Bateman 2013), and two separate reports of an enriched enrolment
randomised withdrawal (EERW) trial (Clauw 2013). We excluded
seven studies (Ang 2013; Arnold 2012; Häuser 2014; Kim 2013;
Matthey 2013; Mease 2014; Spera 2012) (Figure 1).
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Figure 1. Study flow diagram. EERW: enriched enrolment randomised withdrawal; RCT: randomised

controlled trial.

Included studies

Seven studies fulfilled the inclusion criteria. We included five stud-
ies from the earlier review, and one new study (100 participants)
in the main analysis. We also reported an EERW trial separately
(150 participants entered the randomised withdrawal phase). This
study included participants who had previously been enrolled in a
three-year, open-label, flexible-dosing study of milnacipran for the
treatment of fibromyalgia (Arnold 2013), and before that some of
the RCTs included in this review.
Most participants were women (92% to 97%) and white (84% to
93%), and the mean age was 47 to 50 years. All except Bateman
2013 had fibromyalgia diagnosed according to American College
of Rheumatology (ACR) 1990 criteria (Wolfe 1990) and baseline

pain of 60/100 on a VAS, or 10/20 on the Gracely scale. Bateman
2013 did not provide diagnostic criteria and required baseline pain
between 40 and 90 out of 100. Full details are in the Characteristics
of included studies table.
Arnold 2010: one to four weeks’ screening and washout, four
to six weeks’ flexible dose titration, and 12 weeks of stable dose
milnacipran 100 mg/day (50 mg twice daily) or placebo.
Bateman 2013: stable dose of duloxetine 60 mg/day for a min-
imum of four weeks prior to enrolment, following a two-week
duloxetine 60 mg open-label period. Direct switch to 10 weeks
with milnacipran (100 mg/day with possibility to escalate to 200
mg/day or de-escalate to 50 to 75 mg/day) or placebo (first week
blinded duloxetine 30 mg) (ratio milnacipran:placebo = 4:1).
Branco 2010: similar screening, washout, dose escalation, and sta-
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ble dose to Arnold 2010, except that the stable target dose was
milnacipran 200 mg/day (100 mg twice daily), or placebo. This
study also included a nine-day period of down-titration, with two-
week follow-up.
Clauw 2008: similar screening, washout, dose escalation, and sta-
ble dose to Arnold 2010, except dose escalation was carried out
over three weeks, then 12 weeks at a stable dose of either mil-
nacipran 100 mg/day (50 mg twice daily) or 200 mg/day (100 mg
twice daily), or placebo.
Clauw 2013: recruited adults directly from a long-term, open-la-
bel, flexible-dose, lead-in study in which they received milnacipran
50 to 200 mg/day for up to 3.25 years. They had previously re-
ceived up to 15 months of treatment with milnacipran 100 or 200
mg/day during double-blind studies, resulting in up to 4.5 years of
milnacipran exposure before entering the discontinuation study.
Participants taking milnacipran 100 or 200 mg/day and with at
least 50% pain reduction in the long term were classified as respon-
ders, and were randomised to continuing milnacipran or placebo
after a four-week open run-in. The study then continued for 12
weeks, with loss of therapeutic response (less than 30% reduction
in VAS pain from original baseline) as the primary outcome.
Mease 2009: similar in structure to Arnold 2010, with three weeks
of baseline measurement, followed by 24 weeks at a stable dose
of milnacipran 100 mg/day (50 mg twice daily) or 200 mg/day
(100 mg twice daily), or placebo (ratio 100 mg/day:200 mg/day:
placebo = 1:2:1).
Vitton 2004: similar study to Arnold 2010, with two weeks of
baseline measurement, four weeks dose titration, and eight weeks
stable at a dose of milnacipran 200 mg/day (once daily), mil-
nacipran 200 mg/day (100 mg twice daily), or placebo (ratio once
daily:twice daily:placebo = 3:3:2).
A total of 1220 participants received milnacipran 100 mg, 1383
received milnacipran 200 mg, and 1635 received placebo in the
standard RCTs, and 226 participants received milnacipran (min-
imum 100 mg/day) and 111 received placebo in the EERW trial.
No study used an active comparator. All studies were carried out
over 8 to 24 weeks and all used electronic patient experience di-
aries (PED) to collect data, except Bateman 2013, which did not
give details of the method used to collect data.

Excluded studies

We excluded 10 studies, seven from the updated searches (Ang
2013; Arnold 2012; Branco 2011; Goldenberg 2010; Häuser
2014; Kim 2013; Matthey 2013; Mease 2014; NCT00797797;
Spera 2012). Reasons for exclusion are in the Characteristics of
excluded studies table.

Risk of bias in included studies

Allocation

All the studies were randomised, but only three adequately de-
scribed the method used to generate the random sequence (Clauw
2008; Clauw 2013; Vitton 2004). Arnold 2010, Clauw 2008, and
Clauw 2013 adequately described the methods used to ensure that
allocation of participants to treatment groups was concealed. The
remaining four studies did not report the method used (Bateman
2013; Branco 2010; Mease 2009; Vitton 2004).

Blinding

All studies were described as double-blind, but Mease 2009 and
Bateman 2013 did not describe the methods used to ensure that
participants and interacting investigators were unable to differ-
entiate between the treatment and control tablets. The other five
studies provided adequate information.

Incomplete outcome data

All seven studies used LOCF to input data for participants who
withdrew for any reason in analyses of individual pain outcomes.
The three studies that reported composite outcomes performed
BOCF (any participant who withdrew for any reason was con-
sidered a non-responder) for these analyses (Arnold 2010; Branco
2010; Clauw 2008).

Selective reporting

All seven studies reported the outcomes specified in the methods.

Other potential sources of bias

Bateman 2013 and Vitton 2004 had treatment arms with 51 or
fewer participants, making treatment group size an issue. Studies
with small group sizes tend to overestimate efficacy (Dechartres
2013; Kjaergard 2001; Nüesch 2010).
Bateman 2013 stated that the participants had the opportunity
to escalate to 200 mg/day or de-escalate to 50 to 75 mg/day. The
study did not state if any of the participants used this dose adjust-
ment. For our analyses, we have assumed that all participants were
taking 100 mg/day.
See Figure 2 and Figure 3 for a graph and summary of the risk of
bias in included studies.
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Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias item presented as

percentages across all included studies.
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Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.
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Effects of interventions

See: Summary of findings for the main comparison

Details of results in individual studies are in Appendix 5 (efficacy)
and Appendix 6 (adverse events and withdrawals).

Efficacy

There were no data for our pre-specified primary efficacy outcomes
that satisfied our criteria for first-tier evidence because analyses
were carried out using LOCF. Some studies also reported compos-
ite responder outcomes, which are more difficult to achieve since
two or more criteria must be satisfied. Although these were not
pre-specified individual primary efficacy outcomes for this review,
we have chosen to report them as they used BOCF analyses (par-
ticipants who withdrew were considered to be non-responders and
have no pain relief at end of trial), and satisfy our criteria for first-
tier evidence.

Milnacipran 100 mg/day versus placebo

Moderate benefit: second-tier evidence

Participants experiencing at least 30% improvement from base-
line pain intensity, or reporting a PGIC of “much or very much
improved” are considered to be experiencing moderate pain relief.
Since the same studies reported both outcomes, we used ’at least
30% improvement from baseline’ preferentially, but presented
both results.
Three studies (1925 participants) contributed data for at least 30%
pain relief (Arnold 2010; Bateman 2013; Clauw 2008).

• The proportion of participants with at least 30% pain relief
with milnacipran 100 mg was 41% (406/994, range 34% to
45%).

• The proportion of participants with at least 30% pain relief
with placebo was 30% (277/931, range 29% to 31%).

• The RR for milnacipran compared with placebo was 1.4
(95% CI 1.2 to 1.6), and the NNT was 9.0 (95% CI 6.5 to 15)
for moderate pain relief (Figure 4).

Figure 4. Forest plot of comparison: 1 Milnacipran 100 mg/day versus placebo, outcome: 1.1 At least 30%

pain relief.

Using data for participants reporting PGIC gave an RR of 1.5 (1.3
to 1.7), and the NNT was 7.8 (5.9 to 12) for moderate pain relief
(Analysis 1.2).

Substantial benefit: second-tier evidence

Two studies (1250 participants) reported at least 50% improve-
ment from baseline pain intensity, which is considered equivalent
to substantial benefit (Arnold 2010; Bateman 2013).

• The proportion of participants with at least 50% pain relief
with milnacipran 100 mg was 27% (190/692, range 27% to
28%).

• The proportion of participants with at least 50% pain relief
with placebo was 18% (99/558, range 14% to 18%).

• The RR for milnacipran compared with placebo was 1.6
(1.3 to 2.0), and the NNT was 10 (6.7 to 20) for substantial
pain relief (Analysis 1.3).

Data for at least 30% and at least 50% pain relief and PGIC
were reported using LOCF, an imputation method that has been
shown to overestimate efficacy in circumstances where there is an
imbalance of adverse events withdrawals in test and comparator
treatment arms. Some studies also reported composite responder
outcomes using BOCF (participants who withdrew were consid-
ered to be non-responders and have no pain relief at end of trial).
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Composite outcomes are more difficult to achieve, since two or
more criteria must be satisfied.

Composite 1: at least 30% pain relief plus PGIC much or

very much improved: first-tier evidence

Three studies (2272 participants) contributed data for this two-
part composite outcome (Arnold 2010; Clauw 2008; Mease
2009).

• The proportion of participants achieving Composite 1 with
milnacipran 100 mg was 27% (303/1139, range 23% to 29%).

• The proportion of participants achieving Composite 1 with
placebo was 18% (202/1133, range 18% to 19%).

• The RR for milnacipran compared with placebo was 1.5
(1.3 to 1.7), and the NNT was 11 (8.2 to 19) for ≥ 30% pain
relief plus PGIC much or very much improved (Analysis 1.4).

Composite 2: at least 30% pain relief plus PGIC much or

very much improved plus at least a 6-point improvement in

physical function: first-tier evidence

Three studies (2272 participants) contributed data for the three-
part composite outcome (Arnold 2010; Clauw 2008; Mease
2009).

• The proportion of participants achieving Composite 2 with
milnacipran 100 mg was 18% (206/1139, range 15% to 20%).

• The proportion of participants achieving Composite 2 with
placebo was 10% (118/1133, range 9% to 12%).

• The RR for milnacipran compared with placebo was 1.7
(1.4 to 2.1), and the NNT was 13 (9.5 to 21) for at least 30%
pain relief plus PGIC much or very much improved plus at least
a 6-point improvement in physical function (Analysis 1.5).

Milnacipran 200 mg/day versus placebo

Vitton 2004 included two groups of participants receiving mil-
nacipran 200 mg/day, one as a divided dose (100 mg twice daily),
and the other as a single dose (200 mg once daily). Since these
groups gave numerically very similar responses and individually
were too small (51 participants in twice daily group and 46 partic-
ipants in once daily group) to show a difference reliably, we have
combined them for analyses in this review.

Moderate benefit: second-tier evidence

Three studies (1798 participants) contributed data for at least 30%
pain relief (Branco 2010; Clauw 2008; Vitton 2004).

• The proportion of participants with at least 30% pain relief
with milnacipran 200 mg was 39% (361/923, range 35% to
40%).

• The proportion of participants with at least 30% pain relief
with placebo was 29% (255/875, range 21% to 30%).

• The RR for milnacipran compared with placebo was 1.4
(1.2 to 1.5), and the NNT was 10 (7.0 to 18) for moderate pain
relief (Analysis 2.1).

Using information from the two studies (1673 participants) with
data for participants reporting PGIC gave an RR of 1.6 (1.3 to
1.8), and the NNT was 7.7 (5.8 to 12) for moderate pain relief
(Branco 2010; Clauw 2008; Analysis 2.2).

Substantial benefit: third-tier evidence

One study (two small treatment arms) reported at least 50% im-
provement from baseline pain intensity, which is considered equiv-
alent to substantial benefit (Vitton 2004); 29% (15/51) of partic-
ipants treated with milnacipran 100 mg/day twice daily, 26% of
participants treated with 200 mg once daily, and 14% (4/28) of
participants treated with placebo experienced this outcome.

Composite 1: at least 30% pain relief plus PGIC much or

very much improved: first-tier evidence

Three studies (2337 participants) contributed data for the two-
part composite outcome (Branco 2010; Clauw 2008; Mease
2009).

• The proportion of participants achieving Composite 1 with
milnacipran 200 mg was 25% (320/1267, range 23% to 27%).

• The proportion of participants achieving Composite 1 with
placebo was 16% (170/1070, range 13% to 19%).

• The RR for milnacipran compared with placebo was 1.6
(1.3 to 1.8). The NNT was 11 (7.9 to 16) for at least 30% pain
relief plus PGIC much or very much improved (Analysis 2.3).

Composite 2: at least 30% pain relief plus PGIC much or

very much improved plus at least a 6-point improvement in

physical function: first-tier evidence

Two studies (1461 participants) contributed data for the three-
part composite outcome (Clauw 2008; Mease 2009).

• The proportion of participants achieving Composite 2 with
milnacipran 200 mg was 17% (141/837, range 14% to 19%).

• The proportion of participants achieving Composite 2 with
placebo was 10% (62/624, range 9% to 12%).

• The RR for milnacipran compared with placebo was 1.6
(1.2 to 2.1). The NNT was 14 (9.7 to 29) for at least 30% pain
relief plus PGIC much or very much improved plus at least a 6-
point improvement in physical function (Analysis 2.4).
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Summary of results A: Efficacy outcomes with different doses of milnacipran in fibromyalgia

Outcome

- daily dose

Number of Per cent with outcome Relative risk

(RR (95% CI))

NNT

(95% CI)

Studies Participants Milnacipran Placebo

Moderate response: ≥ 30% pain relief

100 mg 3 1925 41 30 1.4 (1.2 to 1.6) 9 (6.5 to 15)

200 mg 3 1798 39 29 1.4 (1.2 to 1.5) 10 (7.0 to 18)

Moderate response: PGIC much or very much improved

100 mg 3 1925 38 25 1.5 (1.3 to 1.7) 7.8 (5.9 to 12)

200 mg 2 1673 36 23 1.6 (1.3 to 1.8) 7.7 (5.8 to 12)

Substantial response: ≥ 50% pain relief

100 mg 2 1250 27 18 1.6 (1.3 to 2.0) 10 (7.0 to 20)

200 mg 1 125 28 14 Not calculated Not calculated

Composite outcome 1

100 mg 3 2272 27 18 1.5 (1.3 to 1.7) 11 (8.2 to 19)

200 mg 3 2337 25 16 1.6 (1.3 to 1.8) 11 (7.9 to 16)

Composite outcome 2

100 mg 3 2272 18 10 1.7 (1.4 to 2.1) 13 (9.5 to 21)

200 mg 2 1461 17 10 1.6 (1.2 to 2.1) 14 (9.7 to 29)

Composite 1: ≥ 30% improvement from baseline pain intensity + patient global impression of change (PGIC) much or very much
improved
Composite 2: ≥ 30% improvement from baseline pain intensity + PGIC much or very much improved + ≥ 6-point improvement
in physical function
Moderate and substantial responses analysed using last observation carried forward; composite outcomes analysed using baseline
observation carried forward

Enriched enrolment randomised withdrawal trial

The principal outcome of loss of therapeutic response occurred
in 35% of participants with milnacipran and 64% of participants

with placebo(Clauw 2013).

16Milnacipran for pain in fibromyalgia in adults (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Adverse events

Participants with any adverse event

All the RCTs provided some information on participants experi-
encing adverse events over the study period, which was collected
from spontaneous reports, and clinical observation and evaluation.
Vitton 2004 did not provide data suitable for pooled analysis.
Four studies provided data on the number of participants expe-
riencing one or more adverse events with milnacipran 100 mg
(2378 participants) and 200 mg (2338 participants) (Arnold 2010;
Bateman 2013; Clauw 2008; Mease 2009). Most participants with
both milnacipran and placebo reported at least one adverse event
over the period, with no difference between milnacipran 200 and
100 mg/day.
For milnacipran 100 mg versus placebo, 85% of participants with
active treatment and 78% with placebo had an event, and for
milnacipran 200 mg versus placebo, 87% of participants with
active treatment and 78% with placebo had an event, giving a RR
of 1.1 (1.06 to 1.15) for both doses. The NNH was 15 (10 to 27)
for milnacipran 100 mg/day (Analysis 1.6), and 11 (8.2 to 16) for
milnacipran 200 mg/day (Analysis 2.5). For milnacipran 100 mg/
day, the I2 was 68% using a fixed effect model; using a random-
effects model did not significantly change the estimate.
In the EERW study, adverse events in the double-blind phase were
experienced by 47% of participants taking milnacipran, and 58%

taking placebo (Clauw 2013).

Serious adverse events

Five of the RCTs reported serious adverse events; 1.5% (18/1224)
with milnacipran 100 mg and 1.6% (18/1154) with placebo, and
1.9% (26/1365) with milnacipran 200 mg, and 2.1% (23/1098)
with placebo. There were no significant differences between either
dose of milnacipran and placebo (milnacipran 100 mg/day: RR
0.90 (0.47 to 1.7) Analysis 1.7; milnacipran 200 mg/day: 0.91
(0.52 to 1.6) Analysis 2.6), or the two doses of milnacipran.

Specific adverse events

Five RCTs provided data for numbers of participants experienc-
ing specific adverse events (Arnold 2010; Bateman 2013; Branco
2010; Clauw 2008; Mease 2009). Rates for each event were very
similar for both doses of milnacipran, and are presented below for
both doses combined (see ’Summary of results B’ table), where
there was a significant difference from placebo (Figure 5; Analysis
2.7). Sinusitis, fatigue, diarrhoea, and upper respiratory tract infec-
tion were not more common with milnacipran than with placebo.
With milnacipran 100 mg/day, the I2 was 66% for nausea and
51% for increased heart rate, and with milnacipran 200 mg/day
the I2 was 64% for nausea and 51% for increased heart rate, using
a fixed-effect model; using a random-effects model did not signif-
icantly change the estimate.
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Figure 5. Forest plot of comparison: 1 Milnacipran 100 mg/day versus placebo, outcome: 1.8 Individual

adverse events.
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Summary of results B: Adverse events with different doses of milnacipran in fibromyalgia

Outcome

- daily dose

Number of Per cent with outcome Risk ratio

(RR (95% CI))

NNH

(95% CI)

Studies Participants Milnacipran Placebo

Any adverse event

100 mg 4 2378 85 78 1.1 (1.05 to 1.1) 15 (10 to 27)

200 mg 3 2338 87 78 1.1 (1.06 to 1.15 11 (8.2 to 16)

Serious adverse event

100 mg 4 2378 1.5 1.6 0.90 (0.47 to 1.7) Not calculated

200 mg 4 2463 1.9 2.1 0.91 (0.52 to 1.6) Not calculated

Specific adverse events - 100 and 200 mg combined

Nausea 5 4092 34 18 2.1 (1.8 to 2.3) 5.7 (4.9 to 6.6)

Constipation 4 3986 15 3.3 4.5 (3.4 to 6.0) 13 (10 to 18)

Hot flush 5 4092 11 2 4.9 (3.4 to 6.9) 12 (10 to 14)

Dizziness 5 4092 10 6 1.8 (1.4 to 2.3) 21.5 (16 to 33)

Palpitations 4 3986 7.1 2.5 3.1 (2.2 to 4.3) 25 (17 to 42)

Tachycardia/in-
creased heart rate

4 3986 5.9 0.9 5.2 (3.2 to 8.6) 41 (27 to 67)

Hyperhidrosis 4 3215 8 1 5.6 (3.6 to 9.2) 14.8 (12 to 19)

Vomiting 3 2961 6.0 1.8 3.4 (2.0 to 5.7) 38 (21 to 94)

Hypertension 3 2327 5 1 4.4 (2.3 to 8.2) 25.2 (19 to 38)

Withdrawals

All studies provided data on withdrawals over the study period for
all causes, due to lack of efficacy and due to adverse events.

All-cause withdrawals

For milnacipran 100 mg versus placebo, 35% (425/1225) of par-
ticipants with active treatment and 30% (349/1154) with placebo
withdrew for any reason, giving a RR of 1.1 (1.01 to 1.3). The
NNH was 23 (12 to 140) (Analysis 1.9).
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For milnacipran 200 mg versus placebo, 36% (488/1364) of par-
ticipants with active treatment and 24% (268/1098) with placebo
withdrew for any reason, giving a RR of 1.4 (1.2 to 1.6). The
NNH was 8.8 (6.7 to 13) (Analysis 2.8).
Z = 2.6068, P = 0.009 for difference between doses.

Lack of efficacy withdrawals

For milnacipran 100 mg versus placebo, 7% (86/1225) of partic-
ipants with active treatment and 9.4% (109/1154) with placebo
withdrew due to lack of efficacy, giving a RR of 0.72 (0.55 to
0.94). The NNTp was 41 (22 to 470) (Analysis 1.10).
For milnacipran 200 mg versus placebo, 7.2% (98/1364) of par-
ticipants with active treatment and 10% (106/1098) with placebo
withdrew due to lack of efficacy, giving a RR of 0.66 (0.51 to
0.87). The NNTp was 41 (21 to 400) (Analysis 2.9).
There was no significant difference between the two doses.

Adverse event withdrawals

For milnacipran 100 mg versus placebo, 19% (229/1225) of par-
ticipants with active treatment and 12% (134/1154) with placebo
withdrew due to an adverse event, giving a RR of 1.6 (1.3 to 2.0).
The NNH was 14 (10 to 24) (Analysis 1.11).
For milnacipran 200 mg versus placebo, 24% (325/1364) of par-
ticipants with active treatment and 9.5% (104/1098) with placebo
withdrew due to adverse events, giving a RR of 2.5 (2.0 to 3.1).
The NNH was 7.0 (5.8 to 8.7) (Analysis 2.10).
For the difference between doses, Z = 3.5314 and P value = 0.0004.

Death

None of the studies reported any deaths.

D I S C U S S I O N

Summary of main results

Participants in these studies were all treated for fibromyalgia symp-
toms, including pain, with milnacipran or placebo.
The review included six randomised, double-blind studies in
which over 4000 participants were titrated to a target dose of mil-
nacipran 100 mg, milnacipran 200 mg, or placebo, and assessed
following a stable dose period of 8 to 24 weeks.
None of the studies reported first-tier evidence for our primary
outcomes because they used LOCF for analyses. Using second-
tier evidence, a moderate response was experienced by 40% of
participants treated with either dose of milnacipran, using either
measurement, while response to placebo was about 10% lower
(30%) using at least 30% pain relief. NNTs were 6.1 to 10, with
no significant difference between doses or outcome measurement

(high quality evidence). Two studies reported an outcome equiv-
alent to substantial improvement for milnacipran 100 mg (NNT
10) (moderate quality evidence).
The single EERW study showed an absolute difference between
milnacipran and placebo of about 30% in terms of loss of thera-
peutic response in responders; as only 44% of the original sam-
ple were responders, this implies an NNT in the whole sample
of about 7 or 8, consistent with the findings in classical placebo
controlled studies. Interpretation is difficult, though, as the time
between baseline and the study while on open-label milnacipran
was around four years.
Some studies reported two further outcomes. These were compos-
ite outcomes, one requiring response to both 30% or greater pain
relief and PGIC (Composite 1) and the other requiring response
to 30% or greater pain relief, PGIC, and a measure of physical
function (Composite 2). These outcomes, while not pre-specified
in the protocol, were analysed because they more closely represent
what people with fibromyalgia want from treatment, and because
they were calculated using BOCF, without imputation for missing
data, which reflects the real world of clinical practice. These out-
comes satisfy our criteria for first-tier evidence. Response rates for
both doses of milnacipran were around 25% for Composite 1 and
18% for composite 2, and 8% or 9% lower with placebo, giving
NNTs of 11 to 14, with no significant difference between doses
or outcome (high quality evidence). The higher (worse) NNTs for
the composite outcomes reflect the fact that these are more diffi-
cult to achieve than the individual components alone, as well as a
potential for overestimation of treatment effect with imputation
of efficacy results from participants who have withdrawn from the
study (Moore 2010a).
Adverse events were experienced by the majority (about 80%) of
participants in all treatment groups, but were slightly more com-
mon with milnacipran than placebo, giving NNHs of 11 to 13
(high quality evidence). There were few serious adverse events
(< 2%) and they were no more frequent with milnacipran than
placebo (low quality evidence). A number of specific adverse events
were more common with milnacipran, and in particular nausea
and constipation, with NNHs of 7 for nausea and 13 for consti-
pation (moderate quality evidence). The range of adverse events
reported was typical of those associated with SNRIs. There was no
difference between the doses. It has been suggested that twice daily
dosing is better tolerated than once daily, but only one treatment
arm in one study used once daily dosing, so we were unable to
evaluate this.
Withdrawals for any reason were more common with milnacipran
than placebo, and more common with 200 mg/day than 100
mg/day (NNH of 8.8 for 200 mg/day and 23 for 100 mg/day,
compared with placebo). This was largely driven by adverse event
withdrawals, where the NNH compared with placebo was 7.0
for 200 mg/day and 14 for 100 mg/day (high quality evidence).
Withdrawals due to lack of efficacy were more common with mil-
nacipran than placebo but did not differ between doses (NNTp
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of 45 for 200 mg/day and 41 for 100 mg/day) (moderate quality
evidence).

Overall completeness and applicability of
evidence

Included studies were not of sufficient duration to determine long-
term use, but extension studies have demonstrated efficacy and
tolerability for some participants up to three years (Arnold 2013;
Branco 2011; Goldenberg 2010). Studies have not been conducted
across all ethnic groups and have excluded participants with other
major medical and mental disorders. This may limit applicability
in clinical practice.

Quality of the evidence

Studies, with the exception of Vitton 2004 and Bateman 2013, had
large sample sizes (more than 200 in each arm), thereby minimis-
ing the effects of randomisation by chance and small-study bias.
While these studies reported our preferred dichotomous outcome
measures, the individual outcomes were analysed using LOCF as
the imputation method for missing data. Where there is an im-
balance of withdrawals due to lack of efficacy or adverse events
between active and placebo treatment arms, this may lead to an
overestimate of efficacy (Moore 2010a). For this reason, we chose
also to review data on two composite outcomes where present,
since these were presented using BOCF for withdrawals (ie no
imputation; withdrawal = non-responder).
Other aspects of methodological quality were good.

Potential biases in the review process

We used an extensive search strategy, but we can never be cer-
tain that some studies have not been identified. We calculated the
number of participants who would need to be in trials with zero
effect (RR 1.0) needed for the point estimate of the NNT to in-
crease beyond a clinically useful level (Moore 2008). An additional
642 participants treated with milnacipran 100 mg or 360 treated
with milnacipran 200 mg would need to be in unidentified studies
with zero effect to change the NNT to 12. This is possible, but
somewhat unlikely for the 100 mg dose.
Of greater concern is the use of LOCF as the imputation method
for the primary outcomes of this review. Recent investigations
of the effects of imputation methods in chronic pain trials have
shown that LOCF overestimates efficacy outcomes compared with
calculations where participants who withdraw from treatment are
regarded as not being able to have meaningful pain relief (Moore
2011a). This is particularly the case where there is an imbalance
between comparator groups for withdrawals, especially due to ad-
verse events; this may be particularly important for the 200 mg

dose, where there was a 12% absolute increase in all-cause with-
drawals for milnacipran over placebo. Where NNTs are relatively
large, as here with milnacipran, results using LOCF can overstate
the efficacy of the drug.

Agreements and disagreements with other
studies or reviews

Bernstein 2013 reviewed the use of milnacipran to treat fibromyal-
gia, but did not carry out any pooled analyses, concluding that
it “provides modest fibromyalgia pain relief and is best used as
part of a multidisciplinary treatment approach”. Kyle 2010, Recla
2010, and Ormseth 2010 did not carry out any meta-analyses, but
reported that milnacipran was effective and reasonably well tol-
erated. Häuser 2011 compared pregabalin, duloxetine, and mil-
nacipran (apparently all doses combined), and reported a slightly
higher NNT for at least 30% pain relief (19, versus 10 for 200
mg/day in this review), a lower NNTp for lack of efficacy (31,
versus 41 for 200 mg/day in this review), and a similar NNH for
adverse event withdrawals (7.6, versus 7.0 for 200 mg/day in this
review). These differences can be explained by the fact that fewer
studies were included. In a more recent review, Hauser et al. car-
ried out a combined analysis for duloxetine and milnacipran, and
reported an NNT for at least 30% pain reduction of 11 (95% CI
8 to 14), and an NNT for at least 50% pain reduction of 9 (7 to
11) (Häuser 2013).
Hauser et al also updated their indirect comparisons of duloxetine
and milnacipran to incorporate the two most recent studies, and
to add a comparison with amitriptyline (Häuser 2011). No data
were reported in a way that could be compared with this review.
Two reviews have examined both direct and indirect comparisons
of drug treatments in fibromyalgia. One included only a single
milnacipran study (Choy 2011), and the other included two stud-
ies (Roskell 2011). Neither review had sufficient data to arrive at
any definitive conclusions, other than several treatments, includ-
ing milnacipran, had better results than placebo, although not by
a large margin.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

For people with fibromyalgia

Milnacipran gives good pain relief to some people with fibromyal-
gia, but only a minority of them; it will not work for most people.
This is also the case for other treatments for fibromyalgia, such
as duloxetine and pregabalin. People who take milnacipran are
likely to experience adverse events, which may be troublesome.
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Milnacipran is not available to treat fibromyalgia in many coun-
tries.

For clinicians

Milnacipran gives really good pain relief to some people with fi-
bromyalgia, but only a minority of them; it will not work for most
people. This is also the case for other treatments for fibromyalgia,
such as duloxetine and pregabalin. Milnacipran is not licensed for
fibromyalgia in many countries. Potential benefit is accompanied
by increased numbers experiencing adverse events and stopping
their medication.
Since relatively few participants achieve a worthwhile response
with milnacipran, it is important to establish stopping rules, so
that when someone does not respond within a specified time, they
can be switched to an alternative treatment. This will reduce the
number of participants exposed to adverse events in the absence
of benefit.

For policy-makers

Since no single treatment is effective in a majority of individuals
with fibromyalgia, this relatively small number who benefit may be
considered worthwhile, particularly if appropriate stopping rules
are in place.

For funders

Milnacipran may be worth considering as a potential treatment,
as there are few proven effective treatments.

Implications for research

General

Because the trials in this review used the last observation carried
forward (LOCF) imputation method for study withdrawals, post-
hoc individual participant level analyses using baseline observation
carried forward (BOCF) would be appropriate to strengthen the

findings, especially if the pain reduction were linked to improved
quality of life and function. Future studies should also investigate
the relationship between pain relief and other fibromyalgia symp-
toms using outcomes that are relevant to people with fibromyalgia,
such as the proportion of participants whose sleep or fatigue levels
return to normal values for the population, or by at least 30% or
50%.

Design

The design of trials is adequate, but reporting of clinically relevant
outcomes using appropriate imputation for withdrawal would im-
prove the relevance of the findings for clinical practice.

Measurement (endpoints)

Assessment of fibromyalgia symptoms should be based on dichoto-
mous outcomes of participant reported, proven clinical utility.

Comparison between active treatments

Studies involving other treatments including non-pharmacologi-
cal interventions may be valuable in this context. A multi-compo-
nent approach reflects current practice.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Arnold 2010

Methods Prospective, multicentre, randomised, double-blind, placebo-controlled trial with par-
allel groups. Participants recruited from outpatient clinical/research centres in the USA
and Canada
1- to 4-week screening and washout (all FM therapy stopped), 4- to 6-week flexible
dose titration, 12-week stable dose of milnacipran 100 mg/day (50 mg twice daily).
Participants unable to tolerate 100 mg/day were discontinued from study
Data collected using electronic PED; pain improvement based on time weighted average
of mean weekly 24-h recall pain scores

Participants Inclusion: age 18 to 70 years, ACR criteria for FM; physical function (FIQ) ≥ 4, and
BDI > 25 at screening, mean PI ≥ 40 and ≤ 90/100 mm over 14-day baseline period
Excluded people with various medical and psychiatric conditions/risk factors, and pre-
vious exposure to milnacipran; women not using adequate contraception
N = 1025
Mean age ~ 49 years, M:F 48:977, 91% white, mean duration of symptoms ~ 10.8 years,
baseline pain > 60/100 mm

Interventions Milnacipran 100 mg/day, n = 516
Placebo, n = 509
Permitted analgesics: paracetamol, aspirin, NSAIDs
Short-term rescue medication up to week 4: tramadol, hydrocodone

Outcomes PI using 100 mm VAS: at least 30% and 50% improvement from baseline
PGIC using 7-point scale: much or very much improved
Composite pain scores:
2-part BOCF composite responder criteria: 24-h and weekly recall pain scores using 100
mm VAS ≥ 30% improvement and PGIC score ’much’ or ’very much’ improved on 7-
point scale
3-part BOCF composite responder criteria: 24-h and weekly recall pain scores using 100
mm VAS ≥ 30% improvement, PGIC score ’much’ or ’very much’ improved on 7-point
scale, and SF-36 PCS ≥ 6-point improvement
Adverse events
Withdrawals

Notes Oxford Quality Score: R = 1, DB = 2, W = 1. Total = 4

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk “Randomization assignments generated in
blocks of four”
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Arnold 2010 (Continued)

Allocation concealment (selection bias) Low risk “Assignments to treatment groups was con-
ducted centrally (i.e. at the study level) us-
ing an interactive voice response system”

Blinding of participants and personnel
(performance bias)
All outcomes

Low risk “identical-appearing capsules were used by
all patients during all phases of the study”

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk “Clinical staff, investigators, patients, and
the study sponsor were blinded to treat-
ment allocation”

Incomplete outcome data (attrition bias)
All outcomes

High risk LOCF in analysis of individual outcomes,
but BOCF in analysis of composite out-
comes

Selective reporting (reporting bias) Low risk All relevant outcomes in methods were re-
ported in some way, although not necessar-
ily as our preferred outcome

Size Low risk Both groups > 200 participants

Bateman 2013

Methods Multicentre, randomised, double-blind, placebo-controlled switch study. Participants
recruited from multiple centres in the United States
All participants used stable dosage of duloxetine 60 mg/day for ≥ 4 weeks before enrol-
ment, followed by open-label duloxetine 60 mg for 2 weeks. Participants with PI ≥ 40/
100 then randomised to double-blind treatment for 10 weeks with milnacipran (direct
switch) or placebo (with 1 week blinded taper of duloxetine 30 mg/day)
1 week double-blind down-taper period at end of study

Participants Inclusion: FM (diagnostic criteria not given) with inadequate response to duloxetine 60
mg/day for ≥ 4 weeks, age 18 to 70 years, VAS 1-week pain recall score ≥ 40 mm and
≤ 90 mm
Excluded: people with various medical and psychiatric conditions or risk factors; women
not using adequate contraception; concomitant medication except paracetamol, aspirin,
and NSAIDs
N = 100
Mean age ~ 49 years, M:F 8:92, 91% white, mean baseline pain > 60/100 mm

Interventions Milnacipran 100 to 200 mg/day with option to reduce to 50 mg/day or 75 mg/day
during the first 2 weeks if not tolerated, n = 79
Placebo, n = 21

Outcomes PGIC using 7-point scale: much or very much improved
PI using 100 mm VAS: change from baseline
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Bateman 2013 (Continued)

Notes Oxford Quality Score: R = 1, DB = 1, W = 1. Total = 3

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Method of sequence generation not de-
scribed

Allocation concealment (selection bias) Unclear risk Method not described

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk Method to maintain blinding not described

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Method to maintain blinding not described

Incomplete outcome data (attrition bias)
All outcomes

High risk LOCF in individual outcome analysis

Selective reporting (reporting bias) Low risk No problems detected

Size High risk < 50 participants in each treatment arm

Branco 2010

Methods Prospective, multicentre, randomised, double-blind, placebo-controlled trial with par-
allel groups. Participants recruited from outpatient centres in Europe
1- to 4-week screening and washout (all FM therapy stopped), 4-week dose escalation,
12-week stable dose with target milnacipran 200 mg/day (100 mg twice daily), 9-day
down-titration, 2-week follow-up
Data collected using electronic PED: daily PI averaged for 2 weeks immediately preceding
visit day
Adverse event data collected by spontaneous reporting, non-leading questions, and clin-
ical evaluation

Participants Inclusion: age 18 to 70 years, met ACR criteria for FM; physical function (FIQ) ≥ 3,
BDI > 25 at screening; mean PI ≥ 40 and ≥ 90 over 14-day baseline period
Excluded: people with various medical and psychiatric conditions or risk factors, con-
sidered unlikely to comply with treatment; women not using adequate contraception or
pregnant
N = 884
Mean age ~ 49 years, M:F 58:826, mean duration of symptoms ~ 9.5 years

Interventions Milnacipran 200 mg/day, n = 435
Placebo, n = 449
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Branco 2010 (Continued)

Outcomes PI using 100 mm VAS: 30% improvement from baseline
PGIC using 7-point scale: much or very much improved
Composite pain score:
2-measure BOCF composite responder criteria: 24-h morning recall pain scores ≥ 30%
improvement using 100 mm VAS, PGIC score of ’very much’ or ’much’ improved
Adverse events
Withdrawals

Notes Oxford Quality Score: R = 1, DB = 2, W = 1. Total = 4

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Method of sequence generation not de-
scribed

Allocation concealment (selection bias) Unclear risk Method not described

Blinding of participants and personnel
(performance bias)
All outcomes

Low risk “In patients receiving placebo, twice-daily
sham dosing was used to maintain blind-
ing”

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk “In patients receiving placebo, twice-daily
sham dosing was used to maintain blind-
ing”

Incomplete outcome data (attrition bias)
All outcomes

High risk LOCF in analysis of individual outcomes,
but BOCF in analysis of composite out-
comes

Selective reporting (reporting bias) Low risk All relevant outcomes in methods were re-
ported in some way, although not necessar-
ily as our preferred outcome

Size Low risk Both groups > 200 participants
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Clauw 2008

Methods Prospective, multicentre, randomised, double-blind, placebo-controlled trial with par-
allel groups. Participants recruited from outpatient centres in United States
1- to 4-week washout (all FM therapy stopped), 3-week dose escalation, 12-week stable
dose with 100 mg/day (50 mg twice daily) or 200 mg/day (100 mg twice daily) mil-
nacipran
Data collected using electronic PED: daily PI averaged for 2 weeks immediately preceding
visit day
Adverse event data collected by spontaneous reporting and clinical evaluation

Participants Inclusion: age 18 to 70 years, met ACR criteria for FM, physical function (FIQ) ≥ 4
and BDI > 25 at screening, baseline PI ≥ 40/100
Excluded: various medical and psychiatric conditions/risk factors, interfering medication
over the last 30 days, women not using adequate contraception or pregnant
N = 1151
Mean age ~50 years, M:F 45:1151, ~ 93% white, mean duration of symptoms ~ 10
years, baseline pain > 60/100 mm

Interventions Milnacipran 100 mg/day, n = 401 (396 for analysis)
Milnacipran 200 mg/day, n = 410 (399 for analyses)
Placebo, n = 405 (401 for analysis)

Outcomes PI using 100 mm VAS: 30% improvement from baseline
PGIC using 7-point scale: much or very much improved
Composite pain scores:
2-measure BOCF composite responder criteria: 24-h and weekly recall pain scores using
100 mm VAS ≥ 30% improvement and PGIC score ’much’ or ’very much’ improved on
7-point scale
3-measure BOCF composite responder criteria: 24-h and weekly recall pain scores using
100 mm VAS ≥ 30% improvement, PGIC score ’much’ or ’very much’ improved on 7-
point scale, and SF-36 PCS ≥ 6-point improvement
Adverse events
Withdrawals

Notes Oxford Quality Score: R = 2, DB = 2, W = 1, Total = 5/5

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk “Randomization lists for each site were gen-
erated by a computer program”

Allocation concealment (selection bias) Low risk “randomization assignments were made via
an interactive voice response system”

Blinding of participants and personnel
(performance bias)
All outcomes

Low risk “Milnacipran and placebo capsules were vi-
sually identical”
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Clauw 2008 (Continued)

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk “Clinical staff, investigators, patients, and
the study sponsor were blinded to treat-
ment allocation”

Incomplete outcome data (attrition bias)
All outcomes

High risk LOCF in analysis of individual outcomes,
but BOCF in analysis of composite out-
comes

Selective reporting (reporting bias) Low risk All relevant outcomes in methods were re-
ported in some way, although not necessar-
ily as our preferred outcome

Size Low risk All groups > 200 participants

Clauw 2013

Methods Double-blind randomisation to placebo or continuing on milnacipran 50 to 200 mg
- the established daily dose for individual participants. Participants recruited from 58
centres in the United States
There was a 4-week maintenance phase, a 12-week randomised withdrawal phase, and
1 week of tapering

Participants Adults meeting the 1990 ACR criteria for FM entered directly from a long-term, open-
label, flexible-dose, lead-in study in which they received milnacipran 50 to 200 mg/day
for up to 3.25 years. They had previously received up to 15 months of treatment with
milnacipran
100 or 200 mg/day during double-blind studies resulting in up to 4.5 years of milnacipran
exposure before entering the discontinuation study. Participants had to be classified as
responders (≥ 50% pain improvement after long-term treatment) and be receiving a
minimum of milnacipran 100 mg/day

Interventions Milnacipran 100 or 200 mg/day, n = 100
Placebo, n = 51

Outcomes Loss of therapeutic response, defined as time from randomisation to the first double-
blind study visit in which a participant had < 30% reduction in VAS pain from pre-
milnacipran exposure or worsening of FM requiring alternative treatment, as judged by
the study’s principal investigator
PGIC
Quality of life (SF-36)

Notes Oxford Quality Score: R = 2, DB = 2, W = 1. Total = 5. Note, though, that this score is
not designed for EERW trials

Risk of bias

Bias Authors’ judgement Support for judgement
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Clauw 2013 (Continued)

Random sequence generation (selection
bias)

Low risk Computer generation implied

Allocation concealment (selection bias) Low risk Remote allocation using “interactive voice
and/or web response system”

Blinding of participants and personnel
(performance bias)
All outcomes

Low risk Medication “sealed and coded to maintain
the double-blinding”

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk Medication “sealed and coded to maintain
the double-blinding”

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk LOCF imputation for missing data

Selective reporting (reporting bias) High risk Participants who did not experience loss of
therapeutic response or withdrew for other
reasons were censored in the primary effi-
cacy analysis

Size Unclear risk 50 to 200 participants per treatment arm

Mease 2009

Methods Prospective, multicentre, randomised, double-blind, placebo-controlled trial with par-
allel groups. Participants recruited from 59 outpatient clinical/research centres in the
United States
Electronic PED used to collect data; 1- to 4-week screening and washout (all FM therapy
stopped), 3-week baseline measurement and PED training, 24-week stable dose with
placebo or milnacipran 100 mg/day (50 mg twice daily) or milnacipran 200 mg/day
(100 mg twice daily) (ratio milnacipran 100 mg/day:milnacipran 200 mg:placebo = 1:
2:1)
Adverse events collected from spontaneous reports, clinical observation, and clinical
evaluation

Participants Inclusion: age 18 to 70 years, met ACR criteria for FM, physical function (FIQ) ≥ 4,
BDI > 25, and PI > 50/100 mm
Exclusion: people with various medical and psychiatric conditions/risk factors; women
not using adequate contraception
N = 888
Mean age ~ 49 years, M:F 39:849, ~ 93% white, mean duration of symptoms ~ 5.5
years, baseline PI > 60/100 at screening
Analgesics prohibited, except for paracetamol, aspirin, stable doses of NSAIDs, and
hydrocortisone
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Mease 2009 (Continued)

Interventions Milnacipran 100 mg/day, n = 224
Milnacipran 200 mg/day, n = 441
Placebo, n = 223

Outcomes Composite pain scores:
2-measure BOCF composite responder criteria: 24-h and 2-week mean recall pain scores
using 100 mm VAS ≥ 30% improvement and PGIC score ’much’ or ’very much’ im-
proved on 7-point scale
3-measure BOCF composite responder criteria: 24-h and weekly recall pain scores using
100 mm VAS ≥ 30% improvement, PGIC score ’much’ or ’very much’ improved on 7-
point scale, and SF-36 PCS ≥ 6-point improvement
Adverse events
Withdrawals

Notes Oxford Quality Score: R = 1, DB = 1, W = 1. Total = 3/5

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Method of sequence generation not de-
scribed

Allocation concealment (selection bias) Unclear risk Method not described

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk Method to maintain blinding not described

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Method to maintain blinding not described

Incomplete outcome data (attrition bias)
All outcomes

High risk LOCF in individual outcome analysis

Selective reporting (reporting bias) Low risk All relevant outcomes in methods were re-
ported in some way, although not necessar-
ily as our preferred outcome

Size Low risk All groups > 200 participants
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Vitton 2004

Methods Prospective, multicentre, randomised, double-blind, placebo-controlled trial with par-
allel groups. Participants recruited from outpatient centres in US with experience in
treating FM
Electronic PED used to collect data; 1- to 4-week screening and washout (all FM therapy
stopped), 2-week baseline measurement and PED training, 4-week dose titration, 8-
week stable dose with milnacipran 200 mg/day (once daily), milnacipran 200 mg/day
(100 mg twice daily), or placebo (ratio once daily:twice daily:placebo = 3:3:2)
Adverse events collected from spontaneous reports, clinical observation, and clinical
evaluation

Participants Inclusion: age 18 to 70 years, met ACR criteria for FM; baseline PI ≥ 10/20 (Gracely
log-scale)
Exclusion: people with various medical and psychiatric conditions/risk factors, women
not using adequate contraception
N = 125 participants
Mean age 46 to 48 years, 96% to 98% female, 79% to 89% white, mean duration of
symptoms 3.8 to 4.3 years
Analgesics prohibited, except for stable doses of paracetamol, aspirin, and NSAIDs

Interventions Milnacipran 200 mg/day (once daily), n = 46
Milnacipran 200 mg/day (twice daily), n = 51
Placebo, n = 28

Outcomes Pain (Short-form McGill Pain Questionnaire, VAS, Gracely and Kwilosz anchored log-
arithmic scale) PGIC at end of study (completers analysis only)
Adverse events
Withdrawals

Notes Oxford Quality Score: R = 2 (from Gendreau 2005), DB = 2 (from Gendreau 2005),
W = 1. Total = 5/5

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk “Randomization was performed by an in-
dependent contract research organization
that generated randomisation assignments”
(from Gendreau 2005 - see Vitton 2004)

Allocation concealment (selection bias) Unclear risk Method not described

Blinding of participants and personnel
(performance bias)
All outcomes

Low risk “Blinding was rigorously maintained, as
all patients took capsules morning and
evening that were visually identical” (from
Gendreau 2005 - see Vitton 2004)

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk “Patients and investigators remained
blinded to patients’ treatment allocation”
(from Gendreau 2005 - see Vitton 2004)
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Vitton 2004 (Continued)

Incomplete outcome data (attrition bias)
All outcomes

High risk LOCF for all analyses

Selective reporting (reporting bias) Low risk All relevant outcomes in methods were re-
ported in some way, although not necessar-
ily as our preferred outcome

Size High risk All groups ≤ 51

ACR: American College of Rheumatology; BDI: Beck Depression Inventory, BOCF: baseline observation carried forward; DB: double-
blinding; EERW: enriched enrolment randomised withdrawal; F: female; FIQ: fibromyalgia impact questionnaire; FM: fibromyalgia;
h: hour; LOCF: last observation carried forward; M: male; N: number of participants in study; n: number of participants in treatment
arm; NSAID: non-steroidal anti-inflammatory drug; PCS: physical component summary; PED: patient experience diary; PGIC:
patient global impression of change; PI: pain intensity; R: randomisation; SF-36: 36-item short form; VAS: visual analogue scale;
W: withdrawals.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Ang 2013 Less than 8 weeks of treatment phase

Arnold 2012 Study of effect on body weight not pain

Branco 2011 Participants from Branco 2010 re-randomised for extension study

Goldenberg 2010 No placebo control (trial followed a 6-month lead-in study, where placebo controls were re-randomised to
treatment with milnacipran)

Häuser 2014 Systematic review

Kim 2013 Less than 8 weeks of treatment phase

Matthey 2013 Less than 8 weeks of treatment phase

Mease 2014 Pooled analysis of three fibromyalgia trials

NCT00797797 Open-label study

Spera 2012 Short conference abstract, not full publication
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D A T A A N D A N A L Y S E S

Comparison 1. Milnacipran 100 mg/day versus placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 At least 30% pain relief 3 1925 Risk Ratio (M-H, Fixed, 95% CI) 1.38 [1.22, 1.57]

2 PGIC ’much improved’ or ’very
much improved’

3 1925 Risk Ratio (M-H, Fixed, 95% CI) 1.51 [1.32, 1.73]

3 At least 50% pain relief 2 1250 Risk Ratio (M-H, Fixed, 95% CI) 1.57 [1.26, 1.96]
4 Composite 1 3 2272 Risk Ratio (M-H, Fixed, 95% CI) 1.46 [1.25, 1.71]
5 Composite 2 3 2272 Risk Ratio (M-H, Fixed, 95% CI) 1.73 [1.41, 2.14]
6 At least one adverse event 4 2378 Risk Difference (M-H, Fixed, 95% CI) 0.07 [0.04, 0.10]
7 Serious adverse events 4 2378 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.47, 1.73]
8 Individual adverse events 4 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

8.1 Nausea 4 2378 Risk Ratio (M-H, Fixed, 95% CI) 1.84 [1.59, 2.12]
8.2 Constipation 3 2272 Risk Ratio (M-H, Fixed, 95% CI) 4.12 [2.97, 5.71]
8.3 Hot flush 4 2378 Risk Ratio (M-H, Fixed, 95% CI) 4.12 [2.79, 6.06]
8.4 Dizziness 4 2378 Risk Ratio (M-H, Fixed, 95% CI) 2.05 [1.52, 2.77]
8.5 Palpitations 3 2272 Risk Ratio (M-H, Fixed, 95% CI) 3.02 [1.97, 4.63]

8.6 Increased heart
rate/tachycardia

3 2272 Risk Ratio (M-H, Fixed, 95% CI) 5.42 [2.87, 10.25]

8.7 Hyperhidrosis 4 2378 Risk Ratio (M-H, Fixed, 95% CI) 4.99 [3.01, 8.26]
8.8 Vomiting 2 1247 Risk Ratio (M-H, Fixed, 95% CI) 2.70 [1.44, 5.05]
8.9 Hypertension 3 1931 Risk Ratio (M-H, Fixed, 95% CI) 4.58 [2.45, 8.58]

9 All-cause withdrawals 4 2379 Risk Ratio (M-H, Fixed, 95% CI) 1.13 [1.01, 1.27]
10 Lack of efficacy withdrawals 4 2379 Risk Ratio (M-H, Fixed, 95% CI) 0.72 [0.55, 0.94]
11 Adverse event withdrawals 4 2379 Risk Ratio (M-H, Fixed, 95% CI) 1.62 [1.33, 1.97]

Comparison 2. Milnacipran 200 mg/day versus placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 At least 30% pain relief 3 1798 Risk Ratio (M-H, Fixed, 95% CI) 1.35 [1.18, 1.54]

2 PGIC ’much improved’ or ’very
much improved’

2 1673 Risk Ratio (M-H, Fixed, 95% CI) 1.57 [1.34, 1.83]

3 Composite 1 3 2337 Risk Ratio (M-H, Fixed, 95% CI) 1.55 [1.31, 1.84]
4 Composite 2 2 1461 Risk Ratio (M-H, Fixed, 95% CI) 1.61 [1.21, 2.13]
5 At least one adverse event 3 2338 Risk Ratio (M-H, Fixed, 95% CI) 1.10 [1.06, 1.15]
6 Serious adverse events 4 2463 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.52, 1.60]
7 Individual adverse events 3 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

7.1 Nausea 3 2338 Risk Ratio (M-H, Fixed, 95% CI) 2.37 [2.00, 2.80]
7.2 Constipation 3 2338 Risk Ratio (M-H, Fixed, 95% CI) 5.01 [3.46, 7.24]
7.3 Hot flush 3 2338 Risk Ratio (M-H, Fixed, 95% CI) 6.71 [4.06, 11.09]
7.4 Dizziness 3 2338 Risk Ratio (M-H, Fixed, 95% CI) 1.63 [1.22, 2.18]
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7.5 Palpitations 3 2288 Risk Ratio (M-H, Fixed, 95% CI) 3.38 [2.17, 5.29]

7.6 Increased heart
rate/tachycardia

3 2338 Risk Ratio (M-H, Fixed, 95% CI) 6.81 [3.54, 13.13]

7.7 Hyperhidrosis 2 1461 Risk Ratio (M-H, Fixed, 95% CI) 5.18 [2.67, 10.02]
7.8 Vomiting 3 2338 Risk Ratio (M-H, Fixed, 95% CI) 2.30 [1.48, 3.58]

8 All-cause withdrawals 4 2416 Risk Ratio (M-H, Fixed, 95% CI) 1.38 [1.22, 1.57]
9 Lack of efficacy withdrawals 4 2462 Risk Ratio (M-H, Fixed, 95% CI) 0.66 [0.51, 0.87]
10 Adverse event withdrawals 4 2470 Risk Ratio (M-H, Fixed, 95% CI) 2.51 [2.03, 3.09]

Analysis 1.1. Comparison 1 Milnacipran 100 mg/day versus placebo, Outcome 1 At least 30% pain relief.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 1 Milnacipran 100 mg/day versus placebo

Outcome: 1 At least 30% pain relief

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Arnold 2010 230/516 156/509 55.8 % 1.45 [ 1.24, 1.71 ]

Bateman 2013 27/79 6/21 3.4 % 1.20 [ 0.57, 2.51 ]

Branco 2010 149/399 115/401 40.8 % 1.30 [ 1.07, 1.59 ]

Total (95% CI) 994 931 100.0 % 1.38 [ 1.22, 1.57 ]

Total events: 406 (Milnacipran), 277 (Placebo)

Heterogeneity: Chi2 = 0.86, df = 2 (P = 0.65); I2 =0.0%

Test for overall effect: Z = 5.12 (P < 0.00001)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours placebo Favours milnacipran
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Analysis 1.2. Comparison 1 Milnacipran 100 mg/day versus placebo, Outcome 2 PGIC ’much improved’ or

’very much improved’.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 1 Milnacipran 100 mg/day versus placebo

Outcome: 2 PGIC ’much improved’ or ’very much improved’

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Arnold 2010 216/516 132/509 55.2 % 1.61 [ 1.35, 1.93 ]

Bateman 2013 26/79 5/21 3.3 % 1.38 [ 0.60, 3.16 ]

Clauw 2008 138/399 100/401 41.5 % 1.39 [ 1.12, 1.72 ]

Total (95% CI) 994 931 100.0 % 1.51 [ 1.32, 1.73 ]

Total events: 380 (Milnacipran), 237 (Placebo)

Heterogeneity: Chi2 = 1.17, df = 2 (P = 0.56); I2 =0.0%

Test for overall effect: Z = 5.96 (P < 0.00001)

Test for subgroup differences: Not applicable

0.2 0.5 1 2 5

Favours placebo Favours milnacipran

Analysis 1.3. Comparison 1 Milnacipran 100 mg/day versus placebo, Outcome 3 At least 50% pain relief.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 1 Milnacipran 100 mg/day versus placebo

Outcome: 3 At least 50% pain relief

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Arnold 2010 143/516 92/509 89.4 % 1.53 [ 1.22, 1.93 ]

Bateman 2013 47/176 7/49 10.6 % 1.87 [ 0.90, 3.87 ]

Total (95% CI) 692 558 100.0 % 1.57 [ 1.26, 1.96 ]

Total events: 190 (Milnacipran), 99 (Placebo)

Heterogeneity: Chi2 = 0.26, df = 1 (P = 0.61); I2 =0.0%

Test for overall effect: Z = 3.99 (P = 0.000067)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours placebo Favours milnacipran
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Analysis 1.4. Comparison 1 Milnacipran 100 mg/day versus placebo, Outcome 4 Composite 1.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 1 Milnacipran 100 mg/day versus placebo

Outcome: 4 Composite 1

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Arnold 2010 144/516 92/509 45.7 % 1.54 [ 1.23, 1.95 ]

Clauw 2008 92/399 67/401 33.0 % 1.38 [ 1.04, 1.83 ]

Mease 2009 61/224 43/223 21.3 % 1.41 [ 1.00, 1.99 ]

Total (95% CI) 1139 1133 100.0 % 1.46 [ 1.25, 1.71 ]

Total events: 297 (Milnacipran), 202 (Placebo)

Heterogeneity: Chi2 = 0.41, df = 2 (P = 0.81); I2 =0.0%

Test for overall effect: Z = 4.69 (P < 0.00001)

Test for subgroup differences: Not applicable

0.2 0.5 1 2 5

Favours milnacipran Favours placebo
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Analysis 1.5. Comparison 1 Milnacipran 100 mg/day versus placebo, Outcome 5 Composite 2.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 1 Milnacipran 100 mg/day versus placebo

Outcome: 5 Composite 2

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Arnold 2010 103/516 56/509 47.6 % 1.81 [ 1.34, 2.45 ]

Clauw 2008 59/399 35/401 29.5 % 1.69 [ 1.14, 2.51 ]

Mease 2009 44/224 27/223 22.9 % 1.62 [ 1.04, 2.52 ]

Total (95% CI) 1139 1133 100.0 % 1.73 [ 1.41, 2.14 ]

Total events: 206 (Milnacipran), 118 (Placebo)

Heterogeneity: Chi2 = 0.19, df = 2 (P = 0.91); I2 =0.0%

Test for overall effect: Z = 5.13 (P < 0.00001)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours placebo Favours milnacipran
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Analysis 1.6. Comparison 1 Milnacipran 100 mg/day versus placebo, Outcome 6 At least one adverse event.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 1 Milnacipran 100 mg/day versus placebo

Outcome: 6 At least one adverse event

Study or subgroup Milnacipran Placebo
Risk

Difference Weight
Risk

Difference

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Arnold 2010 434/516 382/509 43.8 % 0.09 [ 0.04, 0.14 ]

Bateman 2013 63/85 16/21 2.9 % -0.02 [ -0.23, 0.18 ]

Clauw 2008 358/399 317/401 34.2 % 0.11 [ 0.06, 0.16 ]

Mease 2009 188/224 190/223 19.1 % -0.01 [ -0.08, 0.05 ]

Total (95% CI) 1224 1154 100.0 % 0.07 [ 0.04, 0.10 ]

Total events: 1043 (Milnacipran), 905 (Placebo)

Heterogeneity: Chi2 = 9.36, df = 3 (P = 0.02); I2 =68%

Test for overall effect: Z = 4.65 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.7. Comparison 1 Milnacipran 100 mg/day versus placebo, Outcome 7 Serious adverse events.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 1 Milnacipran 100 mg/day versus placebo

Outcome: 7 Serious adverse events

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Arnold 2010 8/516 6/509 32.1 % 1.32 [ 0.46, 3.76 ]

Bateman 2013 2/85 0/21 4.2 % 1.28 [ 0.06, 25.69 ]

Clauw 2008 5/399 6/401 31.8 % 0.84 [ 0.26, 2.72 ]

Mease 2009 3/224 6/223 31.9 % 0.50 [ 0.13, 1.97 ]

Total (95% CI) 1224 1154 100.0 % 0.90 [ 0.47, 1.73 ]

Total events: 18 (Milnacipran), 18 (Placebo)

Heterogeneity: Chi2 = 1.28, df = 3 (P = 0.73); I2 =0.0%

Test for overall effect: Z = 0.31 (P = 0.75)

Test for subgroup differences: Not applicable
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Analysis 1.8. Comparison 1 Milnacipran 100 mg/day versus placebo, Outcome 8 Individual adverse events.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 1 Milnacipran 100 mg/day versus placebo

Outcome: 8 Individual adverse events

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Nausea

Arnold 2010 189/516 106/509 48.5 % 1.76 [ 1.43, 2.16 ]

Bateman 2013 18/85 6/21 4.4 % 0.74 [ 0.34, 1.63 ]

Clauw 2008 137/399 77/401 34.9 % 1.79 [ 1.40, 2.28 ]

Mease 2009 73/224 27/223 12.3 % 2.69 [ 1.80, 4.02 ]

Subtotal (95% CI) 1224 1154 100.0 % 1.84 [ 1.59, 2.12 ]

Total events: 417 (Milnacipran), 216 (Placebo)

Heterogeneity: Chi2 = 8.78, df = 3 (P = 0.03); I2 =66%

Test for overall effect: Z = 8.38 (P < 0.00001)

2 Constipation

Arnold 2010 76/516 20/509 47.8 % 3.75 [ 2.33, 6.04 ]

Clauw 2008 57/399 16/401 37.9 % 3.58 [ 2.09, 6.12 ]

Mease 2009 41/224 6/223 14.3 % 6.80 [ 2.95, 15.70 ]

Subtotal (95% CI) 1139 1133 100.0 % 4.12 [ 2.97, 5.71 ]

Total events: 174 (Milnacipran), 42 (Placebo)

Heterogeneity: Chi2 = 1.79, df = 2 (P = 0.41); I2 =0.0%

Test for overall effect: Z = 8.49 (P < 0.00001)

3 Hot flush

Arnold 2010 56/516 18/509 59.0 % 3.07 [ 1.83, 5.15 ]

Bateman 2013 7/85 1/21 5.2 % 1.73 [ 0.22, 13.30 ]

Clauw 2008 46/399 5/401 16.2 % 9.25 [ 3.71, 23.03 ]

Mease 2009 22/224 6/223 19.6 % 3.65 [ 1.51, 8.83 ]

Subtotal (95% CI) 1224 1154 100.0 % 4.12 [ 2.79, 6.06 ]

Total events: 131 (Milnacipran), 30 (Placebo)

Heterogeneity: Chi2 = 5.03, df = 3 (P = 0.17); I2 =40%

Test for overall effect: Z = 7.16 (P < 0.00001)

4 Dizziness

Arnold 2010 54/516 26/509 43.8 % 2.05 [ 1.30, 3.22 ]

Bateman 2013 13/85 1/21 2.7 % 3.21 [ 0.44, 23.19 ]

Clauw 2008 38/399 17/401 28.4 % 2.25 [ 1.29, 3.91 ]
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(. . . Continued)
Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Mease 2009 26/224 15/223 25.2 % 1.73 [ 0.94, 3.17 ]

Subtotal (95% CI) 1224 1154 100.0 % 2.05 [ 1.52, 2.77 ]

Total events: 131 (Milnacipran), 59 (Placebo)

Heterogeneity: Chi2 = 0.61, df = 3 (P = 0.89); I2 =0.0%

Test for overall effect: Z = 4.70 (P < 0.00001)

5 Palpitations

Arnold 2010 38/516 15/509 55.8 % 2.50 [ 1.39, 4.49 ]

Clauw 2008 26/399 10/401 36.8 % 2.61 [ 1.28, 5.35 ]

Mease 2009 18/224 2/223 7.4 % 8.96 [ 2.10, 38.16 ]

Subtotal (95% CI) 1139 1133 100.0 % 3.02 [ 1.97, 4.63 ]

Total events: 82 (Milnacipran), 27 (Placebo)

Heterogeneity: Chi2 = 2.72, df = 2 (P = 0.26); I2 =27%

Test for overall effect: Z = 5.07 (P < 0.00001)

6 Increased heart rate/tachycardia

Arnold 2010 28/516 5/509 45.6 % 5.52 [ 2.15, 14.19 ]

Clauw 2008 20/399 1/401 9.0 % 20.10 [ 2.71, 149.05 ]

Mease 2009 12/224 5/223 45.4 % 2.39 [ 0.86, 6.67 ]

Subtotal (95% CI) 1139 1133 100.0 % 5.42 [ 2.87, 10.25 ]

Total events: 60 (Milnacipran), 11 (Placebo)

Heterogeneity: Chi2 = 4.09, df = 2 (P = 0.13); I2 =51%

Test for overall effect: Z = 5.20 (P < 0.00001)

7 Hyperhidrosis

Arnold 2010 40/516 7/509 39.5 % 5.64 [ 2.55, 12.47 ]

Bateman 2013 5/85 0/21 4.5 % 2.81 [ 0.16, 48.99 ]

Clauw 2008 25/399 5/401 28.0 % 5.03 [ 1.94, 13.00 ]

Mease 2009 22/224 5/223 28.1 % 4.38 [ 1.69, 11.36 ]

Subtotal (95% CI) 1224 1154 100.0 % 4.99 [ 3.01, 8.26 ]

Total events: 92 (Milnacipran), 17 (Placebo)

Heterogeneity: Chi2 = 0.32, df = 3 (P = 0.96); I2 =0.0%

Test for overall effect: Z = 6.25 (P < 0.00001)

8 Vomiting

Clauw 2008 24/399 9/401 69.1 % 2.68 [ 1.26, 5.69 ]

Mease 2009 11/224 4/223 30.9 % 2.74 [ 0.89, 8.47 ]

Subtotal (95% CI) 623 624 100.0 % 2.70 [ 1.44, 5.05 ]

Total events: 35 (Milnacipran), 13 (Placebo)

Heterogeneity: Chi2 = 0.00, df = 1 (P = 0.98); I2 =0.0%

Test for overall effect: Z = 3.10 (P = 0.0019)

9 Hypertension

Arnold 2010 27/516 5/509 42.6 % 5.33 [ 2.07, 13.72 ]
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(. . . Continued)
Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Bateman 2013 5/85 0/21 6.7 % 2.81 [ 0.16, 48.99 ]

Clauw 2008 25/399 6/401 50.7 % 4.19 [ 1.74, 10.10 ]

Subtotal (95% CI) 1000 931 100.0 % 4.58 [ 2.45, 8.58 ]

Total events: 57 (Milnacipran), 11 (Placebo)

Heterogeneity: Chi2 = 0.25, df = 2 (P = 0.88); I2 =0.0%

Test for overall effect: Z = 4.75 (P < 0.00001)

Test for subgroup differences: Chi2 = 51.91, df = 8 (P = 0.00), I2 =85%

0.1 0.2 0.5 1 2 5 10

Favours milnacipran Favours placebo

Analysis 1.9. Comparison 1 Milnacipran 100 mg/day versus placebo, Outcome 9 All-cause withdrawals.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 1 Milnacipran 100 mg/day versus placebo

Outcome: 9 All-cause withdrawals

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Arnold 2010 159/516 150/509 42.4 % 1.05 [ 0.87, 1.26 ]

Bateman 2013 35/86 10/21 4.5 % 0.85 [ 0.51, 1.43 ]

Clauw 2008 135/399 111/401 31.1 % 1.22 [ 0.99, 1.51 ]

Mease 2009 96/224 78/223 22.0 % 1.23 [ 0.97, 1.55 ]

Total (95% CI) 1225 1154 100.0 % 1.13 [ 1.01, 1.27 ]

Total events: 425 (Milnacipran), 349 (Placebo)

Heterogeneity: Chi2 = 2.79, df = 3 (P = 0.43); I2 =0.0%

Test for overall effect: Z = 2.07 (P = 0.038)

Test for subgroup differences: Not applicable
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Analysis 1.10. Comparison 1 Milnacipran 100 mg/day versus placebo, Outcome 10 Lack of efficacy

withdrawals.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 1 Milnacipran 100 mg/day versus placebo

Outcome: 10 Lack of efficacy withdrawals

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Arnold 2010 24/516 33/509 29.4 % 0.72 [ 0.43, 1.20 ]

Bateman 2013 8/86 6/21 8.5 % 0.33 [ 0.13, 0.84 ]

Clauw 2008 28/399 36/401 31.8 % 0.78 [ 0.49, 1.26 ]

Mease 2009 26/224 34/223 30.2 % 0.76 [ 0.47, 1.23 ]

Total (95% CI) 1225 1154 100.0 % 0.72 [ 0.55, 0.94 ]

Total events: 86 (Milnacipran), 109 (Placebo)

Heterogeneity: Chi2 = 2.87, df = 3 (P = 0.41); I2 =0.0%

Test for overall effect: Z = 2.42 (P = 0.016)

Test for subgroup differences: Not applicable
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Analysis 1.11. Comparison 1 Milnacipran 100 mg/day versus placebo, Outcome 11 Adverse event

withdrawals.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 1 Milnacipran 100 mg/day versus placebo

Outcome: 11 Adverse event withdrawals

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Arnold 2010 92/516 71/509 52.7 % 1.28 [ 0.96, 1.70 ]

Bateman 2013 15/86 2/21 2.4 % 1.83 [ 0.45, 7.40 ]

Clauw 2008 78/399 38/401 27.9 % 2.06 [ 1.44, 2.96 ]

Mease 2009 44/224 23/223 17.0 % 1.90 [ 1.19, 3.04 ]

Total (95% CI) 1225 1154 100.0 % 1.62 [ 1.33, 1.97 ]

Total events: 229 (Milnacipran), 134 (Placebo)

Heterogeneity: Chi2 = 4.86, df = 3 (P = 0.18); I2 =38%

Test for overall effect: Z = 4.74 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 2.1. Comparison 2 Milnacipran 200 mg/day versus placebo, Outcome 1 At least 30% pain relief.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 2 Milnacipran 200 mg/day versus placebo

Outcome: 1 At least 30% pain relief

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Branco 2010 167/430 134/446 51.6 % 1.29 [ 1.07, 1.55 ]

Clauw 2008 158/396 115/401 44.8 % 1.39 [ 1.14, 1.69 ]

Vitton 2004 (1) 36/97 6/28 3.6 % 1.73 [ 0.81, 3.69 ]

Total (95% CI) 923 875 100.0 % 1.35 [ 1.18, 1.54 ]

Total events: 361 (Milnacipran), 255 (Placebo)

Heterogeneity: Chi2 = 0.72, df = 2 (P = 0.70); I2 =0.0%

Test for overall effect: Z = 4.47 (P < 0.00001)

Test for subgroup differences: Not applicable
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(1) 2 x 100 mg and 1 x 200 mg combined

Analysis 2.2. Comparison 2 Milnacipran 200 mg/day versus placebo, Outcome 2 PGIC ’much improved’ or

’very much improved’.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 2 Milnacipran 200 mg/day versus placebo

Outcome: 2 PGIC ’much improved’ or ’very much improved’

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Branco 2010 143/430 92/446 47.6 % 1.61 [ 1.29, 2.02 ]

Clauw 2008 151/396 100/401 52.4 % 1.53 [ 1.24, 1.89 ]

Total (95% CI) 826 847 100.0 % 1.57 [ 1.34, 1.83 ]

Total events: 294 (Milnacipran), 192 (Placebo)

Heterogeneity: Chi2 = 0.11, df = 1 (P = 0.74); I2 =0.0%

Test for overall effect: Z = 5.72 (P < 0.00001)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours placebo Favours milnacipran
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Analysis 2.3. Comparison 2 Milnacipran 200 mg/day versus placebo, Outcome 3 Composite 1.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 2 Milnacipran 200 mg/day versus placebo

Outcome: 3 Composite 1

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Branco 2010 100/430 60/446 32.3 % 1.73 [ 1.29, 2.31 ]

Clauw 2008 102/396 67/401 36.5 % 1.54 [ 1.17, 2.03 ]

Mease 2009 118/441 43/223 31.3 % 1.39 [ 1.02, 1.89 ]

Total (95% CI) 1267 1070 100.0 % 1.55 [ 1.31, 1.84 ]

Total events: 320 (Milnacipran), 170 (Placebo)

Heterogeneity: Chi2 = 1.03, df = 2 (P = 0.60); I2 =0.0%

Test for overall effect: Z = 5.14 (P < 0.00001)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours placebo Favours milnacipran
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Analysis 2.4. Comparison 2 Milnacipran 200 mg/day versus placebo, Outcome 4 Composite 2.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 2 Milnacipran 200 mg/day versus placebo

Outcome: 4 Composite 2

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Clauw 2008 56/396 35/401 49.2 % 1.62 [ 1.09, 2.41 ]

Mease 2009 85/441 27/223 50.8 % 1.59 [ 1.07, 2.38 ]

Total (95% CI) 837 624 100.0 % 1.61 [ 1.21, 2.13 ]

Total events: 141 (Milnacipran), 62 (Placebo)

Heterogeneity: Chi2 = 0.00, df = 1 (P = 0.95); I2 =0.0%

Test for overall effect: Z = 3.28 (P = 0.0010)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours placebo Favours milnacipran

Analysis 2.5. Comparison 2 Milnacipran 200 mg/day versus placebo, Outcome 5 At least one adverse event.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 2 Milnacipran 200 mg/day versus placebo

Outcome: 5 At least one adverse event

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Branco 2010 363/431 331/446 36.4 % 1.13 [ 1.06, 1.22 ]

Clauw 2008 346/396 317/401 35.3 % 1.11 [ 1.04, 1.18 ]

Mease 2009 400/441 190/223 28.3 % 1.06 [ 1.00, 1.13 ]

Total (95% CI) 1268 1070 100.0 % 1.10 [ 1.06, 1.15 ]

Total events: 1109 (Milnacipran), 838 (Placebo)

Heterogeneity: Chi2 = 1.95, df = 2 (P = 0.38); I2 =0.0%

Test for overall effect: Z = 5.16 (P < 0.00001)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours placebo Favours milnacipran
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Analysis 2.6. Comparison 2 Milnacipran 200 mg/day versus placebo, Outcome 6 Serious adverse events.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 2 Milnacipran 200 mg/day versus placebo

Outcome: 6 Serious adverse events

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Branco 2010 11/431 11/446 43.7 % 1.03 [ 0.45, 2.36 ]

Clauw 2008 4/396 6/401 24.1 % 0.68 [ 0.19, 2.37 ]

Mease 2009 11/441 6/223 32.2 % 0.93 [ 0.35, 2.47 ]

Vitton 2004 (1) 0/97 0/28 Not estimable

Total (95% CI) 1365 1098 100.0 % 0.91 [ 0.52, 1.60 ]

Total events: 26 (Milnacipran), 23 (Placebo)

Heterogeneity: Chi2 = 0.31, df = 2 (P = 0.86); I2 =0.0%

Test for overall effect: Z = 0.32 (P = 0.75)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours placebo Favours milnacipran

(1) 2 x 100 mg and 1 x 200 mg combined
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Analysis 2.7. Comparison 2 Milnacipran 200 mg/day versus placebo, Outcome 7 Individual adverse events.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 2 Milnacipran 200 mg/day versus placebo

Outcome: 7 Individual adverse events

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Nausea

Branco 2010 112/431 50/446 30.4 % 2.32 [ 1.71, 3.15 ]

Clauw 2008 149/396 77/401 47.4 % 1.96 [ 1.55, 2.48 ]

Mease 2009 177/441 27/223 22.2 % 3.31 [ 2.29, 4.81 ]

Subtotal (95% CI) 1268 1070 100.0 % 2.37 [ 2.00, 2.80 ]

Total events: 438 (Milnacipran), 154 (Placebo)

Heterogeneity: Chi2 = 5.62, df = 2 (P = 0.06); I2 =64%

Test for overall effect: Z = 10.02 (P < 0.00001)

2 Constipation

Branco 2010 54/431 10/446 29.2 % 5.59 [ 2.88, 10.83 ]

Clauw 2008 71/396 16/401 47.2 % 4.49 [ 2.66, 7.59 ]

Mease 2009 63/441 6/223 23.7 % 5.31 [ 2.33, 12.08 ]

Subtotal (95% CI) 1268 1070 100.0 % 5.01 [ 3.46, 7.24 ]

Total events: 188 (Milnacipran), 32 (Placebo)

Heterogeneity: Chi2 = 0.29, df = 2 (P = 0.87); I2 =0.0%

Test for overall effect: Z = 8.54 (P < 0.00001)

3 Hot flush

Branco 2010 30/431 5/446 27.5 % 6.21 [ 2.43, 15.85 ]

Clauw 2008 58/396 5/401 27.8 % 11.75 [ 4.76, 28.98 ]

Mease 2009 46/441 6/223 44.6 % 3.88 [ 1.68, 8.94 ]

Subtotal (95% CI) 1268 1070 100.0 % 6.71 [ 4.06, 11.09 ]

Total events: 134 (Milnacipran), 16 (Placebo)

Heterogeneity: Chi2 = 3.16, df = 2 (P = 0.21); I2 =37%

Test for overall effect: Z = 7.42 (P < 0.00001)

4 Dizziness

Branco 2010 44/431 34/446 47.6 % 1.34 [ 0.87, 2.05 ]

Clauw 2008 36/396 17/401 24.1 % 2.14 [ 1.23, 3.75 ]

Mease 2009 50/441 15/223 28.4 % 1.69 [ 0.97, 2.93 ]

Subtotal (95% CI) 1268 1070 100.0 % 1.63 [ 1.22, 2.18 ]

Total events: 130 (Milnacipran), 66 (Placebo)

Heterogeneity: Chi2 = 1.75, df = 2 (P = 0.42); I2 =0.0%

0.01 0.1 1 10 100

Favours milnacipran Favours placebo

(Continued . . . )
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(. . . Continued)
Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Test for overall effect: Z = 3.32 (P = 0.00089)

5 Palpitations

Branco 2010 34/431 13/446 51.7 % 2.71 [ 1.45, 5.06 ]

Clauw 2008 30/346 10/401 37.5 % 3.48 [ 1.72, 7.01 ]

Mease 2009 25/441 2/223 10.8 % 6.32 [ 1.51, 26.45 ]

Subtotal (95% CI) 1218 1070 100.0 % 3.38 [ 2.17, 5.29 ]

Total events: 89 (Milnacipran), 25 (Placebo)

Heterogeneity: Chi2 = 1.23, df = 2 (P = 0.54); I2 =0.0%

Test for overall effect: Z = 5.36 (P < 0.00001)

6 Increased heart rate/tachycardia

Branco 2010 29/431 3/446 27.9 % 10.00 [ 3.07, 32.60 ]

Clauw 2008 21/396 1/401 9.4 % 21.27 [ 2.87, 157.33 ]

Mease 2009 32/441 5/223 62.8 % 3.24 [ 1.28, 8.19 ]

Subtotal (95% CI) 1268 1070 100.0 % 6.81 [ 3.54, 13.13 ]

Total events: 82 (Milnacipran), 9 (Placebo)

Heterogeneity: Chi2 = 4.12, df = 2 (P = 0.13); I2 =51%

Test for overall effect: Z = 5.73 (P < 0.00001)

7 Hyperhidrosis

Clauw 2008 23/396 5/401 42.8 % 4.66 [ 1.79, 12.13 ]

Mease 2009 55/441 5/223 57.2 % 5.56 [ 2.26, 13.70 ]

Subtotal (95% CI) 837 624 100.0 % 5.18 [ 2.67, 10.02 ]

Total events: 78 (Milnacipran), 10 (Placebo)

Heterogeneity: Chi2 = 0.07, df = 1 (P = 0.79); I2 =0.0%

Test for overall effect: Z = 4.88 (P < 0.00001)

8 Vomiting

Branco 2010 22/431 15/446 50.8 % 1.52 [ 0.80, 2.89 ]

Clauw 2008 20/396 9/401 30.8 % 2.25 [ 1.04, 4.88 ]

Mease 2009 36/441 4/223 18.3 % 4.55 [ 1.64, 12.63 ]

Subtotal (95% CI) 1268 1070 100.0 % 2.30 [ 1.48, 3.58 ]

Total events: 78 (Milnacipran), 28 (Placebo)

Heterogeneity: Chi2 = 3.33, df = 2 (P = 0.19); I2 =40%

Test for overall effect: Z = 3.69 (P = 0.00022)

Test for subgroup differences: Chi2 = 50.09, df = 7 (P = 0.00), I2 =86%

0.01 0.1 1 10 100

Favours milnacipran Favours placebo
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Analysis 2.8. Comparison 2 Milnacipran 200 mg/day versus placebo, Outcome 8 All-cause withdrawals.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 2 Milnacipran 200 mg/day versus placebo

Outcome: 8 All-cause withdrawals

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Branco 2010 119/430 72/446 24.1 % 1.71 [ 1.32, 2.23 ]

Clauw 2008 139/396 111/401 37.6 % 1.27 [ 1.03, 1.56 ]

Mease 2009 202/441 78/223 35.3 % 1.31 [ 1.07, 1.61 ]

Vitton 2004 (1) 14/51 7/28 3.1 % 1.10 [ 0.50, 2.40 ]

Total (95% CI) 1318 1098 100.0 % 1.38 [ 1.22, 1.57 ]

Total events: 474 (Milnacipran), 268 (Placebo)

Heterogeneity: Chi2 = 3.89, df = 3 (P = 0.27); I2 =23%

Test for overall effect: Z = 5.06 (P < 0.00001)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours milnacipran Favours placebo

(1) 2 x 100 mg and 1 x 200 mg combined
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Analysis 2.9. Comparison 2 Milnacipran 200 mg/day versus placebo, Outcome 9 Lack of efficacy withdrawals.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 2 Milnacipran 200 mg/day versus placebo

Outcome: 9 Lack of efficacy withdrawals

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Branco 2010 24/430 31/446 25.5 % 0.80 [ 0.48, 1.35 ]

Clauw 2008 19/396 36/401 30.0 % 0.53 [ 0.31, 0.92 ]

Mease 2009 49/441 34/223 37.9 % 0.73 [ 0.49, 1.09 ]

Vitton 2004 (1) 6/97 5/28 6.5 % 0.35 [ 0.11, 1.05 ]

Total (95% CI) 1364 1098 100.0 % 0.66 [ 0.51, 0.87 ]

Total events: 98 (Milnacipran), 106 (Placebo)

Heterogeneity: Chi2 = 2.67, df = 3 (P = 0.45); I2 =0.0%

Test for overall effect: Z = 3.01 (P = 0.0026)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours milnacipran Favours placebo

(1) 2 x 100 mg and 1 x 200 mg combined
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Analysis 2.10. Comparison 2 Milnacipran 200 mg/day versus placebo, Outcome 10 Adverse event

withdrawals.

Review: Milnacipran for pain in fibromyalgia in adults

Comparison: 2 Milnacipran 200 mg/day versus placebo

Outcome: 10 Adverse event withdrawals

Study or subgroup Milnacipran Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Branco 2010 95/435 42/449 37.2 % 2.33 [ 1.66, 3.27 ]

Clauw 2008 94/396 38/401 34.0 % 2.50 [ 1.76, 3.56 ]

Mease 2009 119/441 23/223 27.5 % 2.62 [ 1.73, 3.97 ]

Vitton 2004 (1) 17/97 1/28 1.4 % 4.91 [ 0.68, 35.28 ]

Total (95% CI) 1369 1101 100.0 % 2.51 [ 2.03, 3.09 ]

Total events: 325 (Milnacipran), 104 (Placebo)

Heterogeneity: Chi2 = 0.66, df = 3 (P = 0.88); I2 =0.0%

Test for overall effect: Z = 8.58 (P < 0.00001)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours placebo Favours milnacipran

(1) x 100 mg and 1 x 200 mg combined

A P P E N D I C E S

Appendix 1. Methodological considerations for chronic pain

There have been several changes in how the efficacy of conventional and unconventional treatments is assessed in chronic painful
conditions. The outcomes are now better defined, particularly with new criteria for what constitutes moderate or substantial benefit
(Dworkin 2008); older trials may only report participants with ’any improvement’. Newer trials tend to be larger, avoiding problems
from the random play of chance. Newer trials also tend to be of longer duration, up to 12 weeks, and longer trials provide a more
rigorous and valid assessment of efficacy in chronic conditions. New standards have evolved for assessing efficacy in neuropathic pain,
and we are now applying stricter criteria for the inclusion of trials and assessment of outcomes, and are more aware of problems that
may affect our overall assessment. To summarise some of the recent insights that must be considered in this new review:

1. Pain results tend to have a U-shaped distribution rather than a bell-shaped distribution. This is true in acute pain (Moore 2011a;
Moore 2011b), back pain (Moore 2010d), and arthritis (Moore 2010b), as well as in fibromyalgia (Straube 2010); in all cases average
results usually describe the experience of almost no-one in the trial. Data expressed as averages are potentially misleading, unless they
can be proven to be suitable.

2. As a consequence, we have to depend on dichotomous results (the individual either has or does not have the outcome) usually
from pain changes or patient global assessments. The Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) group has helped with their definitions of minimal, moderate, and substantial improvement (Dworkin 2008). In
arthritis, trials of less than 12 weeks duration, and especially those shorter than eight weeks, overestimate the effect of treatment
(Moore 2010b); the effect is particularly strong for less effective analgesics, and this may also be relevant in neuropathic-type pain.
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3. The proportion of patients with at least moderate benefit can be small, even with an effective medicine, falling from 60% with
an effective medicine in arthritis to 30% in fibromyalgia (Moore 2009; Moore 2010b; Moore 2013b; Moore 2014b; Moore 2014c;
Straube 2008; Sultan 2008). One Cochrane review of pregabalin in neuropathic pain and fibromyalgia demonstrated different
response rates for different types of chronic pain (higher in diabetic neuropathy and postherpetic neuralgia and lower in central pain
and fibromyalgia) (Moore 2009). This indicates that different neuropathic pain conditions should be treated separately from one
another, and that pooling should not be done unless there are good reasons for doing so.

4. Individual patient analyses indicate that patients who get good pain relief (moderate or better) have major benefits in many
other outcomes, affecting quality of life in a significant way (Hoffman 2010; Moore 2010c; Moore 2014a).

5. Imputation methods such as last observation carried forward (LOCF), used when participants withdraw from clinical trials, can
overstate drug efficacy especially when adverse event withdrawals with drug are greater than those with placebo (Moore 2012b).

Appendix 2. CENTRAL search strategy

1. MESH DESCRIPTOR Pain EXPLODE ALL TREES (30104)
2. MESH DESCRIPTOR Peripheral Nervous System Diseases EXPLODE ALL TREES (2571)
3. MESH DESCRIPTOR Somatosensory Disorders EXPLODE ALL TREES (705)
4. MESH DESCRIPTOR Fibromyalgia THIS TERM ONLY (529)
5. MESH DESCRIPTOR Myofascial Pain Syndromes EXPLODE ALL TREES (339)
6. MESH DESCRIPTOR Polymyalgia Rheumatica EXPLODE ALL TREES (44)
7. ((pain* or discomfort*) and (central or complex or rheumat* or muscl* or muscul* or myofasci* or nerv* or neuralg* or

neuropath*)): TI,AB,KY (18421)
8. (fibromyalgi* or fibrosti* or FM or FMS): TI,AB,KY (1887)
9. ((neur* or nerv*) and (compress* or damag*)): TI,AB,KY (2028)

10. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 (46698)
11. milnacipr*:TI,AB,KY (168)
12. (F-2207 or Midalcipran or Dalcipran or Ixel or Toledomin or Savella or Milnatsiprana or Iksel):TI,AB,KY (9)
13. #11 OR #12 (170)
14. #10 AND #13 (58)

Appendix 3. MEDLINE (via Ovid) search strategy

1. exp PAIN/ (317821)
2. exp PERIPHERAL NERVOUS SYSTEM DISEASES/ (119352)
3. exp SOMATOSENSORY DISORDERS/ (16913)
4. FIBROMYALGIA/ (6468)
5. exp MYOFASCIAL PAIN SYNDROMES/ (5832)
6. POLYMYALGIA RHEUMATICA/ (2185)
7. ((pain* or discomfort*) adj10 (central or complex or rheumat* or muscl* or muscul* or myofasci* or nerv* or neuralg* or

neuropath*)).mp. (65028)
8. (fibromyalgi* or fibrosti* or FM or FMS).mp. (20704)
9. ((neur* or nerv*) adj6 (compress* or damag*)).mp. (49796)

10. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 (498511)
11. milnacipr*.mp. (507)
12. (F-2207 or Midalcipran or Dalcipran or Ixel or Toledomin or Savella or Milnatsiprana or Iksel).mp. (23)
13. 11 or 12 (510)
14. randomized controlled trial.pt. (394270)
15. controlled clinical trial.pt. (89400)
16. randomized.ab. (291237)
17. placebo.ab. (152068)
18. drug therapy.fs. (1771119)
19. randomly.ab. (205257)
20. trial.ab. (300541)
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21. groups.ab. (1308416)
22. 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 (3340584)
23. 10 and 13 and 22 (141)

Appendix 4. EMBASE (via Ovid) search strategy

1. exp PAIN/ (895433)
2. exp PERIPHERAL NERVOUS SYSTEM DISEASES/ (53098)
3. exp SOMATOSENSORY DISORDERS/ (68644)
4. FIBROMYALGIA/ (14202)
5. exp MYOFASCIAL PAIN SYNDROMES/ (6762)
6. POLYMYALGIA RHEUMATICA/ (3632)
7. ((pain* or discomfort*) adj10 (central or complex or rheumat* or muscl* or muscul* or myofasci* or nerv* or neuralg* or

neuropath*)).mp. (123813)
8. (fibromyalgi* or fibrosti* or FM or FMS).mp. (32450)
9. ((neur* or nerv*) adj6 (compress* or damag*)).mp. (70482)

10. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 (1057623)
11. milnacipr*.mp. (2122)
12. (F-2207 or Midalcipran or Dalcipran or Ixel or Toledomin or Savella or Milnatsiprana or Iksel).mp. (206)
13. 11 or 12 (2128)
14. crossover-procedure/ (42840)
15. double-blind procedure/ (122720)
16. randomized controlled trial/ (373012)
17. (random* or factorial* or crossover* or cross over* or cross-over* or placebo* or (doubl* adj blind*) or assign* or allocat*).tw.
(1323768)
18. 14 or 15 or 16 or 17 (1404517)
19. 10 and 13 and 18 (288)

Appendix 5. Summary of outcomes: efficacy

Study Participant charac-

teristics

Maximum daily

dose of milnacipran

Titration/fixed

Numbers in trial Efficacy

Single endpoint

Efficacy

Composite

endpoint

Arnold 2010 M 48, F 977
Mean age 49 years
91% white
Mean duration of
symptoms 10.8 years
Baseline PI > 60/100
mm

1- to 4-week screen-
ing and washout
4- to 6-week flexible
dose titration
12-week stable dose
2-week randomised
discontinuation (not
considered here)

Target dose 100 mg/
day (2 x 50 mg)
Treatment duration
Max 18 weeks
Stable 12 weeks

N = 1025
Miln = 516
Plac = 509

LOCF
24-h recall
PI* ≥ 30% improve-
ment from baseline
Miln = 230/516
Plac = 156/509
24-h recall
PI* ≥ 50% improve-
ment from baseline
Miln = 143/516
Plac = 92/509

PGIC much

BOCF
At end of stable dose
period
1. ≥ 30% improve-
ment from baseline
PI + PGIC much or
very much improved
Miln = 150/516
Plac = 92/509

2. ≥ 30% improve-
ment from baseline
PI + PGIC much or
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(Continued)

improved
Miln = 216/516
Plac = 132/509

PCS ≥ 6-pt im-
proved
Miln = 206/516
Plac = 157/509

* time weighted aver-
age (AUC) of mean
weekly PED 24-h re-
call pain scores

very much improved
+≥ 6-point improve-
ment in physical
function
Miln = 103/516
Plac = 56/509

Bateman 2013 M 8, F 91
Mean age 48.5 years
91% white
Baseline PI > 60 mm

4 weeks’ duloxetine
60 mg/day for ≥ 4
weeks prior to enrol-
ment
2 weeks’ duloxetine
60 mg
10 weeks randomised
Miln (direct switch)
100 mg/day
with possibility to es-
calate to 200 mg/
day or de-escalate to
50-75 mg/day or 10
weeks’ placebo (first
week blinded dulox-
etine 30 mg)
1 week down-taper
period (not consid-
ered here)

N = 100 (ITT popu-
lation)
Miln = 79
Plac = 21
N= 106 (+1) (at ran-
domisation)
Miln = 85(+1)
Plac = 21

End of week 10:
PGIC ≤ 2
Miln = 26/79
Plac = 5/21
VAS pain ≥ 30% im-
provement
Miln = 27/79
Plac = 6/21
VAS pain ≥ 40% im-
provement
Miln = 23/79
Plac = 4/21
VAS pain ≥ 50% im-
provement
Miln = 20/79
Plac = 3/21

None

Branco 2010 M 58, F 826
Mean age 49 years
Mean duration
symptoms 9.5 years

1- to 4-week washout
2-week training and
randomisation
4-week dose escala-
tion
12-week stable dose
9-day down-titration
2-week follow-up

Target dose 200 mg/
day (2 x 100 mg)
Treatment duration
Max 16 weeks
Stable 12 weeks

N = 884

Miln = 435
Plac = 449

LOCF
At end of stable dose
24-h recall PI**
≥ 30% improvement
from baseline
Miln: 38.6% = 166/
430
Plac: 30.0% = 134/
446

PGIC much or very
much improved
Miln: 33.3% = 143/
430
Plac: 20.6% = 92/

BOCF
At end of stable dose
period
1. ≥ 30% improve-
ment from baseline
PI + PGIC much or
very much improved
Miln: 100/430
Plac: 60/446
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(Continued)

446

FIQ total score mean
change (SEM)
Miln: -14.18 (1.03)
Plac: -11.18 (0.99)

PCS mean change
(SEM):
Miln: 4.55 (0.36)
Plac: 3.57 (0.35)

** daily PI averaged
for 2 weeks immedi-
ately preceding visit
day

Clauw 2008 M 45, F 1151
Mean age 50 years
93% white
Mean duration of
symptoms 10 years
Baseline PI > 60/100
mm

1-
to 4-week washout,
2-week training, ran-
domisation
3-week dose escala-
tion
12-week stable dose

Target dose 100 mg/
day (2 x 50 mg) or
200 mg/day (2 x 100
mg)
Treatment duration
Max 15 weeks
Stable 12 weeks

N = 1207 (ITT
1196)

Miln 100 mg/day =
401 (399)
Miln 200 mg/day =
401 (396)
Plac = 405 (401)

LOCF
At end of stable dose
24-h recall PI**
≥ 30% improvement
from baseline
Miln 100 = 149/399
Miln 200 = 158/396
Plac = 115/401

PGIC ≥ much im-
proved
Miln 100 = 138/399
Miln 200 = 151/396
Plac = 100/401

PCS ≥ 6-point im-
proved
Miln 100 = 129/399
Miln 200 = 109/396
Plac = 102/401

** daily PI averaged
for 2 weeks immedi-
ately preceding visit
day

BOCF
At end of stable dose
period
1. ≥ 30% improve-
ment from baseline
PI + PGIC much or
very much improved
Miln 100 = 92/399
Miln 200 = 102/396
Plac = 67/401

2. ≥ 30% improve-
ment from baseline
PI + PGIC much or
very much improved
+ ≥ 6-point im-
provement in physi-
cal function
Miln 100 = 59/399
Miln 200 = 56/396
Plac = 35/401

Mease 2009 M 39, F 849
Mean age 49 years
93% white
Mean duration of
symptoms 5.5 years
Baseline PI > 60/100

1-4 weeks’ screening
and washout
2-week baseline and
training, randomisa-
tion
3-week dose escala-

N = 888

Miln 100 mg/day =
224
Miln 200 mg/day =
441

Mean data for pain
at 15 and 27 weeks -
improvements gener-
ally similar between 2
doses

BOCF (modified
BOCF)
At week 15 (27)
1. ≥ 30% improve-
ment from baseline
PI + PGIC much or
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mm tion
24 weeks stable dose

All medication given
as divided doses, 2 x
daily
Treatment duration
Max 27 weeks
Stable 24 weeks

Plac = 223 ≥ 30% and ≥ 50%
improvement in PI
and PGIC response:
% given for ob-
served cases (com-
pleters) only

very much improved
Miln 100 = 61/224
(58/224)
Miln 200 = 118/441
(113/441)
Plac = 43/223 (41/
223)

At week 15 (27)
2. ≥ 30% improve-
ment from baseline
PI + PGIC much or
very much improved
+ ≥ 6-point im-
provement in physi-
cal function
Miln 100 = 44/224
(41/224)
Miln 200 = 85/441
(80/441)
Plac = 27/223 (29/
223)

Vitton 2004 Across groups:
F 96% to 98%
Mean age 46 to 48
years
White 79% to 89%
Mean duration of
symptoms 3.8 to 4.3
years

1-4 weeks’ screening
and washout
2-week baseline/
training, randomisa-
tion
4-week dose titration
8-week stable dose
Miln given as single
or divided dose
Treatment duration
Max 12 weeks
Stable 8 weeks

N = 125

Miln 2 x 100 mg/day
= 51
Miln 1 x 200 mg/day
= 46
Plac = 28

LOCF
Gracely PI ≥

50%***:
Miln 2 x 100 = 18/51
Miln 1 x 200 = 10/46
Plac = 4/28
VAS PI ≤ 30%***:
Miln 2 x 100 = 20/51
Miln 1 x 200 = 16/46
Plac = 6/28
VAS PI ≥ 50%***:
Miln 2 x 100 = 15/51
Miln 1 x 200 = 12/46
Plac = 6/28

PGIC
“improved” (1-3) for
completers only

*** daily PI (Gracely
scale) averaged for
2 weeks immediately
preceding visit day
and compared with
2-week baseline pe-
riod

None

63Milnacipran for pain in fibromyalgia in adults (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



(Continued)

AUC: area under the curve; BOCF: baseline observation carried forward; F: female; FIQ: Fibromyalgia Impact Questionnaire; h:
hour; ITT: intention-to-treat; LOCF: last observation carried forward; M: male; max: maximum; Miln: milnacipran; N: number of
participants in study; n: number of participants in treatment arm; PCS: Physical Component Summary; PED: Patient Experience
Diary; PGIC: Patient Global Impression of Change; PI: pain intensity; Plac: placebo; SEM: standard error of the mean; VAS: visual
analogue scale

Appendix 6. Summary of results: adverse events and withdrawals

Study Maximum daily dose of

milnacipran

Titration/fixed

Adverse events (general) Adverse events (specific) Withdrawals

Arnold 2010 1- to 4-week screening and
washout
4- to 6-week flexible dose
titration
12-week stable dose
2-week randomised dis-
continuation (not consid-
ered here)

Target dose 100 mg/day (2
x 50 mg)
Treatment duration
Max 18 weeks
Stable 12 weeks

Participants with ≥ 1
Miln = 434/516
Plac = 382/509
Most mild to moderate

SAE:
Miln = 8/516
Plac = 6/509
No deaths

In ≥ 5%
Nausea: Miln 189/516,
Plac 106/509
Headache: Miln 92/516,
Plac 80/509
Constipation: Miln 76/
516, Plac 20/509
Hot flush: Miln 56/516,
Plac 18/509
Dizziness: Miln 54/516,
Plac 26/509
Insomnia: Miln 51/516,
Plac 41/509
Hyperhidrosis: Miln 40/
516, Plac 7/509
Palpitations: Miln 38/516,
Plac 15/509
Fatigue: Miln 31/516, Plac
22/509

Miln
All-cause = 159
AE = 92
LoE = 24
Pt consent = 27
Plac
All-cause = 150
AE = 71
LoE = 33
Participant consent = 21

Bateman 2013 4 weeks’ duloxetine 60 mg/
day for ≥ 4 weeks before
enrolment
2 weeks’ duloxetine 60 mg
10 weeks’ randomised miln
(direct switch) 100 mg/day
with possibility to escalate
to 200 mg/day or de-esca-
late to 50-75 mg/day or 10
weeks’ placebo (first week
blinded duloxetine 30 mg)
1 week down-taper period

Participants with ≥ 1
Miln = 63/85
Plac = 16/21
Most mild to moderate
SAE:
Miln = 2/85
Plac = 0/21
No deaths

Nausea: Miln 18/85, Plac
6/21
Diarrhoea: Miln 4/85, Plac
3/21
Irritability: Miln 6/85, Plac
1/21
Fatigue: Miln 3/85, Plac 2/
21
Nasopharyngitis: Miln 6/
85, Plac 0/21
Blood pressure increased:
Miln 5/85, Plac 0/21
Muscle spasms: Miln 0/85,

Miln
All-cause = 35/86
AE = 15
LoE = 8
Participant consent = 6
5 lost to follow-up, 1 did
not take any drug
Plac
All-cause = 10/21
AE = 2
LoE = 6
Participant consent = 0
2 lost to follow-up
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Plac 2/21
Dizziness: Miln 13/85,
Plac 1/21
Headache: Miln 10/85,
Plac 2/21
Migraine: Miln 1/85, Plac
2/21
Paraesthesia: Miln 1/85,
Plac 2/21
Insomnia: Miln 9/85, Plac
2/21
Anxiety: Miln 5/85, Plac 0/
21
Hyperhidrosis: Miln 5/85,
Plac 0/21
Hot flush: Miln 7/85, Plac
1/21

Branco 2010 1- to 4-week washout
2-week training and ran-
domisation
4-week dose escalation
12-week stable dose
9-day down-titration
2-week follow-up

Target dose 200 mg/day (2
x 100 mg)
Treatment duration
Max 16 weeks
Stable 12 weeks

Participants with ≥ 1
Miln: 363/431
Plac: 331/446
Most mild to moderate,
and in titration period

SAE
Miln: 11/431 (14 events)
Plac: 11/446 (16 events)
No deaths

In ≥ 5%
Nausea: Miln 112/431,
Plac 50/446
Hyperhidrosis: Miln 102/
431, Plac 13/446
Headache: Miln 73/431,
Plac 55/446
Constipation: Miln 54/
431, Plac 10/446
Dizziness: Miln 44/431,
Plac 34/446
Palpitations: Miln 34/431,
Plac 13/446
Insomnia: Miln 33/431,
Plac 24/446
Nasopharyngitis: Miln 33/
431, Plac 33/446
Hot flush: Miln 30/431,
Plac 5/446
Tachycardia: Miln 29/431,
Plac 3/446
Vomiting: 22/431, Plac
15/446

Miln
All-cause = 119
AE = 95
LoE = 24
Participant consent = 7

Plac
All-cause = 72
AE = 42
LoE = 31
Pt consent = 7
5 participants with Miln
and 3 with Plac did not
have evaluable data: prob-
lem with 1 study centre (4),
did not receive medication
(3), missing baseline data
(1)

Clauw 2008 1- to 4-week washout, 2-
week training, randomisa-
tion
3-week dose escalation
12-week stable dose

Target dose 100 mg/day (2
x 50 mg) or 200 mg/day (2

Participants with ≥ 1
Miln 100 = 358/399
Miln 200 = 346/396
Plac = 317/401
Most mild to moderate

SAE
Miln 100 = 5/399

In ≥ 5% active group:
Nausea: Miln 100 137/
399, Miln 200 149/396,
Plac 77/401
Headache: Miln 100 72/
399, Miln 200 70/396,
Plac 58/401

Miln 100
All-cause = 135
AE = 78
LoE = 28
Participant consent = 14

Miln 200
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x 100 mg)
Treatment duration
Max 15 weeks
Stable 12 weeks

Miln 200 = 4/396
Plac = 6/401
No deaths

Constipation: Miln 100
57/399, Miln 200 71/396,
Plac 16/401
Insomnia: Miln 100 42/
399, Miln 200 62/396,
Plac 42/401
Hot flush: Miln 100 46/
399, Miln 200 58/396,
Plac 5/401
Dizziness: Miln 100 38/
399, Miln 200 36/396,
Plac 17/401
Palpitations: Miln 100 26/
399, Miln 200 30/396,
Plac 10/401
Fatigue: Miln 100 25/399,
Miln 200 28/396, Plac 22/
401
Sinusitis: Miln 100 22/
399, Miln 200 26/396,
Plac 18/401
Hyperhidrosis: Miln 100
25/399, Miln 200 23/396,
Plac 5/401
Hypertension: Miln 100
25/399, Miln 200 15/396,
Plac 6/401
Vomiting: Miln 100 24/
399, Miln 200 20/396,
Plac 9/401
Diarrhoea: Miln 100 22/
399, Miln 200 13/396,
Plac 24/401
Increased heart rate: Miln
100 20/399, Miln 200 21/
396, Plac 1/401
Migraine: Miln 100 20/
399, Miln 200 20/396,
Plac 9/401
Depression: Miln 100 14/
399, Miln 200 12/396,
Plac 24/401

All-cause = 139
AE = 94
LoE = 19
Participant consent = 15

Placebo
All-cause = 111
AE = 38
LoE = 36
Participant consent = 20
2 participants with Miln
100, 5 with Miln 200, and
4 with Plac excluded from
all analyses: problem with
1 study centre (9), did not
receive medication (1), en-
rolled at 2 centres (1)

Mease 2009 1-4 weeks’ screening and
washout
2-week baseline and train-
ing, randomisation
3-week dose escalation
24 weeks’ stable dose

Participants with ≥ 1:
Miln 100 = 188/224
Miln 200 = 400/441
Plac = 190/223
Most mild or moderate

In ≥ 5%:
Nausea: Miln 100 73/224,
Miln 200 177/441, Plac
47/223
Headache: Miln 100 35/
224, Miln 200 78/441,

Miln 100
All-cause = 96/224
AE = 44/224
LoE = 26/224

Miln 200
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All medication given as di-
vided doses, 2 x daily
Treatment duration
Max 27 weeks
Stable 24 weeks

SAE:
Miln 100 = 3/224
Miln 200 = 11/441
Plac = 6/223

Plac 26/223
Constipation: Miln 100
41/224, Miln 200 63/441,
Plac 6/223
Hyperhidrosis: Miln 100
22/224, Miln 200 55/441,
Plac 5/223
Dizziness: Miln 100 26/
224, Miln 200 50/441,
Plac 15/223
Hot flush: Miln 100 22/
224, Miln 200 46/441,
Plac 6/223
Insomnia: Miln 100 24/
224, Miln 200 41/441,
Plac 15/223
Vomiting: Miln 100 11/
224, Miln 200 36/441,
Plac 4/223
Sinusitis: Miln 100 11/
224, Miln 200 32/441,
Plac 18/223
Increased heart rate: Miln
100 12/224, Miln 200 32/
441, Plac 5/223
Dry mouth: Miln 100 13/
224, Miln 200 31/441,
Plac 6/223
URTI: Miln 100 20/224,
Miln 200 30/441, Plac 16/
223
Palpitations: Miln 100 18/
224, Miln 200 25/441,
Plac 2/223
Diarrhoea: Miln 100 10/
224, Miln 200 23/441,
Plac 16/223

All-cause = 202/441
AE = 119/441
LoE = 49/441

Plac
All-cause = 78/223
AE = 23/223
LoE = 34/223

Vitton 2004 1-4 weeks- screening and
washout
2-week baseline/training,
randomisation
4-week dose titration
8-week stable dose
Miln given as single or di-
vided dose
Treatment duration
Max 12 weeks
Stable 8 weeks

No data for participants
with ≥ 1 AE

No SAE

Most AE of mild or mod-
erate intensity

No data Miln 2 x 100
All-cause = 14/51
AE = 7/51
LoE = 3/51
Miln 1 x 200
All-cause = 14/46
AE = 10/46
LoE = 3/46
Plac
All-cause = 7/28
AE = 1/28
LoE = 5/28
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AE: adverse event; LoE: lack of efficacy; max: maximum; Miln: milnacipran; Plac: placebo; SAE: serious adverse event; URTI: upper
respiratory tract infection

W H A T ’ S N E W

Last assessed as up-to-date: 18 May 2015.

Date Event Description

18 May 2015 New search has been performed Updated review examining only fibromyalgia. Split from
previous review “Milnacipran for neuropathic pain and
fibromyalgia in adults” published in 2012
This update has one new study in the main analy-
sis (Bateman 2013), and two separate reports of an
additional enriched enrolment randomised withdrawal
(EERW) trial (Clauw 2013). These add 251 new partic-
ipants.
Latest search date 18 May 2015.

18 May 2015 New citation required but conclusions have not changed Small amount of additional information did not change
or strengthen conclusions

C O N T R I B U T I O N S O F A U T H O R S

RAM and SD wrote the protocol.

For the earlier review, DG and TP carried out searches and assessed studies for inclusion. SD, DG, and TP extracted data and carried
out analyses. RAM acted as arbitrator. All review authors were involved in writing the review.

For this update, MC and PW carried out the searches and selected studies. MC, SD, and PW extracted data and carried out analyses.
RAM acted as arbitrator. All review authors were involved in writing the review.

MC will be responsible for updating the review.
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D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

For the earlier review, we included analyses of two composite efficacy outcomes that were not pre-specified in the original protocol.
We chose to do this because they more closely reflect what is desirable in clinical practice (what patients with fibromyalgia want),
and because they were calculated using baseline observation carried forward, without imputation for missing data, which reflects the
situation in clinical practice (if you cannot take the medication you cannot get any benefit from it).

For this update in 2015, we made minor changes to the ’Background’ after peer review comments. We also made minor changes in
methods, principally upgrading the risk of bias assessment, and carrying out analysis according to three tiers of evidence, to distinguish
the strength of evidence, in line with other reviews of interventions for chronic painful conditions.

I N D E X T E R M S

Medical Subject Headings (MeSH)

Analgesics [adverse effects; ∗therapeutic use]; Chronic Disease; Cyclopropanes [adverse effects; ∗therapeutic use]; Fibromyalgia [∗drug
therapy]; Neuralgia [∗drug therapy]; Serotonin Uptake Inhibitors [adverse effects; ∗therapeutic use]
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MeSH check words

Adult; Humans
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