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Executive Summary:  

Milnacipran HCl (SavellaTM) is the third drug that has been approved by the Food and Drug Administration (FDA) for the management of fibromyalgia (FM). The European Medicines Agency (EMEA) denied the marketing application for milnacipran for the same indication.

Milnacipran is a dual norepinephrine-serotonin reuptake inhibitor (SNRI) that differs from duloxetine, another SNRI approved for management of FM, in that it has greater in vitro potency for norepinephrine over serotonin reuptake inhibition and lacks dopamine reuptake inhibiting properties. 

Milnacipran should be titrated over 1 week to the recommended dosage of 50 mg twice daily. Therapy should be initiated with a single 12.5 mg dose on the first day, 12.5 mg twice daily on days 2 and 3, 25 mg twice daily on days 4 through 7, and 50 mg twice daily thereafter. The dose may be subsequently increased to 100 mg twice daily based on individual response. Both 2- and 4-week dosage titration packs are available to help patients follow the dosage titration schedule.

The efficacy of milnacipran was based on two major Phase III trials and their extension studies. Novel 2- and 3-measure composite responder rates were used as co-primary efficacy measures. Although milnacipran was shown to be beneficial at 3 months for “fibromyalgia pain” responders (NNTs of 16 (95% CL 9, 120) for 100-mg, and 14 (8,175) and 13 (8,38) for 200-mg) and “fibromyalgia syndrome” responders (NNTs 18 (10, 74) for 100 mg; 20 (11, 133) and 14 (8, 86) for 200 mg) in the two Phase III trials, efficacy was inconsistent across outcome variables and between studies, had wide confidence intervals, was shown mainly with the 200-mg dose, had an nonsubstantial effect size overall, and seemed to be driven mainly by improvements in patient global impressions of change (PGIC) rather than pain relief. In addition, the “fibromyalgia syndrome” responder results in one of the Phase III trials (FMS 031) were based on post hoc analyses for which the study was not initially powered and p-values were not adjusted. Secondary efficacy analyses showed significant, although inconsistent, benefit from milnacipran therapy for certain key symptoms.
In meta-analytic indirect comparisons, milnacipran had statistically significant but nonsubstantial magnitudes of effects on pain, fatigue, depressed mood, and health-related quality of life. The effect on sleep was not statistically significant; therefore, milnacipran would be a poor treatment choice for targeting sleep disturbances. Milnacipran was statistically superior to duloxetine in reducing fatigue; inferior to duloxetine in reducing depressed mood; and inferior to duloxetine and pregabalin in reduction of pain and sleep disturbances. In other indirect comparisons using treatment periods shorter than those used to evaluate milnacipran, amitriptyline had large effects on improving pain, fatigue, and sleep disturbances; SSRIs (fluoxetine and paroxetine) had small effects on pain, depressed mood, and health-related quality of life; and gabapentin had medium effects on pain, depressed mood, sleep disturbances, and health-related quality of life. 

In contrast to duloxetine, milnacipran has fewer approved indications, a somewhat less convenient dosing schedule (twice daily as opposed to once daily with duloxetine), and a potentially more confusing dosage titration regimen. One potential advantage of milnacipran is that it may have fewer pharmacokinetic drug interactions because of lower plasma protein binding and minimal CYP450-related metabolism (whereas duloxetine inhibits CYP1A2 and CYP2D6). Milnacipran may be used in patients with hepatic impairment without dosage adjustment (and with caution in those with severe hepatic impairment), whereas duloxetine should ordinarily not be used in patients with any hepatic insufficiency. Based on indirect comparisons, milnacipran may have a lower risk of diarrhea and sexual dysfunction than duloxetine. In addition, the product information for milnacipran carries no warning/precaution about orthostatic hypotension and syncope whereas duloxetine has this warning.

In contrast to pregabalin, milnacipran has fewer approved indications, a weight neutral effect (whereas pregabalin may cause weight gain and edema), has no warnings/precautions about angioedema, and is not a controlled substance (pregabalin is Schedule V). Indirect comparisons suggest that milnacipran may have higher risks of headache and nausea than pregabalin.

The contraindications, warnings, and precautions of milnacipran resemble those of duloxetine and other SNRIs, and includes increases in blood pressure and heart rate and a black box warning on the increased risk of suicidal ideation in children and young adults taking antidepressants for major depressive disorder and other psychiatric disorders. Serious adverse events with milnacipran consisted most frequently of cardiac disorders but cardiac events occurred infrequently overall. The most common adverse events associated with milnacipran involved the gastrointestinal and the cardiovascular systems. The gastrointestinal events included nausea and abdominal pain, and the cardiovascular events included increases in blood pressure and heart rate. 
Potential pharmacodynamic interactions include those with MAOIs, other serotonergic medications, other medications that affect blood pressure or heart rate, and other CNS-active medications. 
The cost for a month supply of milnacipran is competitive with duloxetine, and 44% less expensive than pregabalin. All three of these drugs are much more expensive than other drugs used off-label for the treatment of FM. 

Conclusions

Based on fair- to good-quality clinical trials, milnacipran seems to have somewhat inconsistently demonstrated benefits and relatively nonsubstantial effect sizes in the management of fibromyalgia. Based on limited indirect comparisons, it does not seem to have major efficacy advantages over the other agents FDA-approved for fibromyalgia (duloxetine and pregabalin) or some of the VANF agents used off-label with at least fair-quality evidence of efficacy (amitriptyline, fluoxetine, gabapentin, and paroxetine). It may have advantages over duloxetine in cases where pharmacokinetic drug interactions or hepatic impairment are concerns, and over pregabalin when weight control is a treatment goal. Milnacipran may have therapeutic relevance in female veterans and males with fibromyalgia as another alternative medication.
Although milnacipran has an acceptable safety profile based on 13 years worth of experience as an antidepressant in Europe and Japan, there is limited long-term safety data in patients with fibromyalgia. Additional studies are needed to evaluate safety in patients with hypertension, cardiovascular disease, and major psychiatric disorders. Studies directly comparing milnacipran with other treatments for fibromyalgia are needed to help determine its place in therapy. Studies evaluating efficacy and safety in subpopulations of patients are not available to guide identification of patients in whom milnacipran would have acceptable benefit-to-risk profiles.

Introduction

Milnacipran HCl (SavellaTM; Forest Pharmaceuticals, Inc., licensed from Pierre Fabre Medicament in France and Cypress Bioscience, Inc.) was approved by the Food and Drug Administration (FDA) for the management of fibromyalgia (FM) on January 14, 2009. It is the third drug approved for fibromyalgia after duloxetine (Cymbalta®; Eli Lilly and Co.) and pregabalin (Lyrica®; Pfizer, Inc.) Milnacipran is one of four serotonin norepinephrine reuptake inhibitor (SNRI) agents marketed in the U.S., the others being desvenlafaxine, duloxetine, and venlafaxine. 
Milnacipran was first marketed in 1997 in France as an antidepressant and has been approved for this indication in a number of other countries outside the U.S. In July 2009, the European Medicines Agency (EMEA) denied the marketing application for milnacipran in the treatment of fibromyalgia because it had marginal benefits, lacked long-term data in a European population, and its benefits did not outweigh its risks.
In FY09, the VA medical records of 66,734 unique patients had ICD-9 diagnoses for fibromyalgia on one or more occasions and 40,668 were given new fibromyalgia diagnoses. There were 4,527,364 unique outpatients receiving pharmacy benefits during the same period. These figures provide an estimated prevalence rate of 1.5% and estimated incidence rate of 0.8% for fibromyalgia among outpatient veterans. 
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating milnacipran for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.
Pharmacology/Pharmacokinetics
Mechanism of Action

The exact mechanisms of the central pain inhibitory action of milnacipran and its ability to improve the symptoms of fibromyalgia are unknown. Milnacipran is a potent inhibitor of neuronal norepinephrine and serotonin reuptake (SNRI). The results of in vitro studies showed that milnacipran has about a 3-fold higher potency for inhibition of norepinephrine (NE) than serotonin (5HT) uptake, with a NE:5HT potency ratio of 3:1. It is relatively more potent on inhibition of NE reuptake than duloxetine (potency ratio, 10:1),
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 desvenlafaxine (14:1),
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 and venlafaxine (30:1 at higher doses, 150–225 mg/day).


1 ADDIN EN.CITE  Milnacipran has no direct effect on the uptake of dopamine, in contrast to duloxetine and venlafaxine (> 350 mg/day), which weakly inhibit dopamine reuptake . It has no significant affinity for serotonin (5-HT1-7), histamine (H1-4), muscarinic (M1-5), dopamine (D1-5), α- and β-adrenergic, opiate, benzodiazepine, and GABA receptors or Ca2+, K+, Na+, and Cl- channels. It also doesn’t inhibit the activity of monoamine oxidases (MAO-A and MAO-B) or acetylcholinesterase.
Pharmacokinetics

Peak concentrations are reached about 2 to 4 hours after oral administration.  Steady-state levels are reached within 36 to 487 hours.  Absolute oral bioavailability is 85% to 90%.  Absorption is not affected by food.  Milnacipran exposure increases dose proportionately over the therapeutic dosage range.  Plasma protein binding is low (less than 13%).
The milnacipran half-life is 6 to 8 hours; the active d-milnacipran enantiomer has a longer half-life (8 to 10 hours) than the l-milnacipran enantiomer (4 to 6 hours).   Approximately 55% of the dose is excreted in the urine as unchanged drug, with another 14% to 30% excreted as the glucuroconjugate and the remainder as inactive metabolites. 

Milnacipran pharmacokinetics were not substantially altered in patients with mild to moderate hepatic function impairment.  In patients with severe hepatic impairment, mean exposure (area under the curve [AUC]) was increased by 31% and the half-life was increased by 55%.
Renal clearance of milnacipran is reduced in patients with renal function impairment; pharmacokinetic changes are proportional to the degree of renal failure. In patients with severe renal function impairment, the half-life was increased approximately 3-fold.  Mean exposure (AUC) was increased by 16%, 52%, and 199%, and half-life was increased by 38%, 41%, and 122% in patients with mild (creatinine clearance [CrCl], 50 to 80 mL/min), moderate (CrCl, 30 to 49 mL/min), and severe (CrCl, 5 to 29 mL/min) renal impairment, respectively.

In elderly patients, the peak concentration and AUC were about 30% higher than in younger patients because of age-related reductions in renal function.  The peak concentration and AUC were about 20% higher in women than in men.
Table 1 compares the pharmacokinetics of duloxetine and milnacipran, the 2 SNRIs indicated for the management of fibromyalgia. The primary pharmacokinetic difference between these agents is in the primary route of elimination.

Table 1
Comparison of the Pharmacokinetic Parameters for Duloxetine and Milnacipran
	Parameter
	Duloxetine
	Milnacipran

	Tmax*
	6 h
	2 to 4 h

	Bioavailability
	—
	85% to 90%

	Protein binding
	> 90%
	< 13%

	Half-life
	12 h
	6 to 8 h

	Elimination, primary route
	Hepatic (CYP1A2, CYP2D6)
	Renal (55% as unchanged drug in the urine)


*Tmax = time to maximal plasma concentration

FDA Approved Indication(s) 

Milnacipran is approved by the FDA for the management of fibromyalgia in adults.

Potential Off-label Uses
This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).

Based on its SNRI activity and indications of other SNRI (desvenlafaxine, duloxetine, and venlafaxine) as well as non-U.S. marketing as an antidepressant, milnacipran has the following potential off-label uses:
· Major Depressive Disorder 
· Chronic Neuropathic Pain  
· Generalized Anxiety Disorder  

· Social Anxiety Disorder  

· Panic Disorder  

· Vasomotor symptoms related to menopause or breast cancer therapy  
Current VA National Formulary Alternatives

There are no current formulary alternatives listed on the VA National Formulary (VANF) with FDA-approved indications for the management of FM.  Current non-formulary alternatives with that indication include pregabalin (Lyrica®) and duloxetine (Cymbalta®).  

Several formulary drugs have evidence from at least one randomized controlled trial to support off-label use for the treatment of FM:  cyclobenzaprine, gabapentin, serotonin reuptake inhibitors (fluoxetine, paroxetine,), tramadol with acetaminophen in combination, and tricyclic antidepressants (i.e., amitriptyline).3 Citalopram has been evaluated in small studies and had inconsistent results.3 Neither nortriptyline 25 mg (N = 118)4 nor venlafaxine 75 mg (N = 90; study abstract)5 was shown to be better than placebo in randomized controlled trials. Desipramine has also been used off-label for fibromyalgia but a literature search found no randomized controlled trials.
Dosage and Administration

Milnacipran is taken orally with or without food. Taking milnacipran with food may improve the tolerability of the drug. Dosing of milnacipran needs to be titrated according to the following schedule:
Table 2
 Dosing schedule for milnacipran

	Day
	Dose

	1
	12.5 mg once

	2-3
	25 mg/day (12.5 mg twice daily)

	4-7
	50 mg/day (25 mg twice daily)

	After day 7
	100 mg/day (50 mg twice daily)


The recommended daily dose of milnacipran is 100 mg/day (50 mg twice daily) and based on patient response the dose may be increased to 200 mg/day (100 mg twice daily). Doses above 200 mg/day have not been studied. 
Milnacipran is available as 12.5-, 25-, 50-, and 100-mg film-coated (nonscored) tablets as well as in 2-week and 4-week titration packs. Both titration packs contain enough tablets for a 1-week titration period followed by 1 and 3 weeks, respectively, of the recommended 100-mg daily doses. 

Milnacipran should not be discontinued abruptly but rather tapered after extended use because withdrawal symptoms have been observed after discontinuation of milnacipran in clinical trials.
Dosing in Patients with Renal Impairment
No dosage adjustment is necessary in patients with mild renal impairment.  Caution should be exercised in patients with moderate renal impairment (no CrCl definition of moderate renal impairment is provided).
Doses should be adjusted in patients with severe renal impairment (CrCl 5-29 mL/min).  The maintenance dose should be reduced by 50% to 50 mg/day (25 mg twice daily). Milnacipran is not recommended for patients with end-stage renal disease.
Dosing in Patients with Hepatic Impairment:

No dosage adjustment is necessary.

Efficacy 
Milnacipran was evaluated for safety and efficacy in the treatment of fibromyalgia in two pivotal Phase III, double-blind, placebo-controlled, multicenter studies (Studies FMS 031 and MLN-MD 02)
 ADDIN EN.CITE 
6,7
 and a Phase II trial.8 Data from these three trials comprised the major clinical evidence of safety and efficacy of milnacipran that were submitted to FDA. A slow-titration trial9 and a multinational European trial
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 were also performed but not included in the New Drug Application (NDA). In addition, a meta-analysis compared milnacipran (using data from the two pivotal Phase III and the Phase II trials) with duloxetine and pregabalin in the treatment of fibromyalgia.11 
The primary objectives of the pivotal phase III studies were to evaluate the safety and efficacy of milnacipran relative to placebo for 3 months in the treatment of fibromyalgia and the treatment of fibromyalgia pain. Each of the pivotal Phase III studies was followed by a dose-blinded extension trial (Studies FMS 034 and MLN-MD 04).12,13 The primary objective of the extension studies was to evaluate the long-term durability of milnacipran’s safety and efficacy.
The phase II, randomized, double-blind study (Study FMS 021) compared once daily with twice daily dosing of milnacipran.8 The main outcome measure was the magnitude of improvement (percentage change from baseline) in patient-reported pain scores.
Further information on the clinical studies involving milnacipran are summarized in Appendix:  Clinical Trials. 
Efficacy Measures

In the two pivotal Phase III trials, one of the co-primary outcome measures was “fibromyalgia pain” responders at the 3-month visit. “Fibromyalgia pain” responders were defined as patients who met the following two criteria concurrently:

1) achieved at least 30% improvement in pain in 24-hour morning recall pain from daily e-diary scores and 

2) rated themselves as “very much improved” or “much improved” on the PGIC scale (scores of 1 or 2).

The other co-primary efficacy measure was the “fibromyalgia syndrome” responders at the 3-month time point. “Fibromyalgia syndrome” responders were defined as patients who met the “fibromyalgia pain” criteria plus a third criterion concurrently: 
3) at least 6-point improvement from baseline in physical function (SF-36 Physical Component Summary score). 
These composite responder efficacy measures were not used previously in pregabalin and duloxetine studies, and have been primarily used in milnacipran studies. In 2009 (after completion of the clinical trials), the Outcome Measures in Rheumatology (OMERACT) 9 working group, of which some of the primary authors of the milnacipran trials (Arnold LM, Clauw DJ, Mease PJ) are members, reported that they had reached consensus (> 70% agreement among participants) that all FM trials should evaluate pain, tenderness, fatigue, patient global, multidimensional function and sleep disturbance domains.14 The OMERACT working group suggested that composite measures of response may be useful in assessing the multidimensional characteristics of FM, but they are the subject of ongoing research.14 
Pivotal 27-Week Study FMS 031 (Gendreau, et al. 2005, Mease 2009)

This was a 59-center, randomized, double-blind, placebo-controlled study enrolling 888 patients who met the 1990 American College of Rheumatology (ACR) criteria for fibromyalgia.
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 The majority of patients were women (95.6%) and white (93.6%), with a mean age of about 49 years and a mean duration of fibromyalgia of 5.6 years. Patients received placebo (223 patients), milnacipran 100 mg/day (224 patients), or milnacipran 200 mg/day (441 patients) for 27 weeks (including a 3-week dose-escalation phase). 

The original protocol used a definition for the 3-measure composite “fibromyalgia syndrome” responders that was different from the one eventually used by the FDA to assess efficacy, and it also called for a LOCF imputation method to handle missing data. The original responder criteria were ≥ 30% improvement from baseline on the Patient Electronic Diary (PED) pain scores; improved, much improved, or very much improved on PGIC (scores of 1, 2, or 3); and ≥ 30% improvement from baseline on Fibromyalgia Impact Questionnaire-Physical Function (FIQ-PF) score. The results presented here are based on the subsequently adopted and FDA accepted uniform program analysis (UPA), which used the FDA recommendation of the more conservative baseline observation carried forward (BOCF) data imputation method, the more stringent PGIC response definition of either 1 (very much improved) or 2 (much improved), and the SF-36-PCS improvement of ≥ 6 points for functional analysis. The UPA was applied to the ITT and UPA populations. The UPA population (which more closely resembles the MLN-MD 02 study population) was a subset of the ITT population that excluded patients with a baseline FIQ-PF score of 4 or more and a baseline BDI score of 25 or less (i.e., patients with moderate to severe depression). Because the UPA analysis was decided post hoc, the study was not originally powered based on the UPA composite outcomes that were ultimately used to assess efficacy. Of note is that the manufacturer used efficacy outcomes not typically used by the FDA for assessing efficacy of FM drugs. FDA typically uses treatment effects on pain as the primary endpoint and treatment effects on patient function and global effects as secondary endpoints.

Dropout rates were 35% of 223 patients in the placebo group, 43% of 224 patients in the 100 mg/day group, and 46% of 441 patients in the 200 mg/day group.13,14 The primary reason for early discontinuation in the placebo group relative to the milnacipran 100 mg and 200 mg groups was therapeutic failure:  15% vs. 12% and 11% of the patients in each treatment group, respectively. The primary reason for early discontinuation in the milnacipran groups was adverse events:  10.3% of placebo patients vs. 19.6% and 27.0% of the 100-mg and 200-mg milnacipran patients, respectively.

According to the FDA clinical review, in the ITT population, the UPA showed a statistically significant treatment difference from placebo for “FM pain” responders with only milnacipran 200 mg at 3 mo (26.8% vs. 19.3%, p = 0.032) and not for the 100-mg group. Similarly, for the “FM syndrome” outcome, only the results for the 200-mg dose (20.6% vs. 12.3% placebo; p = 0.01) passed the sequential multiple testing procedure and could be used to support efficacy. In the UPA population, the UPA showed a statistically significant treatment difference for both doses of milnacipran at 3 months for “FM pain” and “FM syndrome.” However, the “FM syndrome” outcomes were the post hoc analyses, the study was not initially powered for these sub-analyses, and the p-values were not adjusted; therefore, these results should be interpreted with caution.

Improvements were observed with milnacipran on the secondary end points of morning recall pain scores (p = 0.01), real-time pain scores (p = 0.01), weekly recall pain scores (p = 0.018), PGIC (p < 0.001), multidimensional Fatigue Inventory total score (p = 0.016), the Multiple Ability Self-report Questionnaire (MASQ) cognition total score (p = 0.025), and multiple domains of the SF-36. Improvements were not observed in sleep quality or quantity. 

To understand how each component of the composite measures affected the composite endpoint result and the effect of each dose, the FDA performed responder analyses for the individual pain and global components of the composite endpoints (ITT population). “Pain only” responders were patients who had ≥ 30% improvement in pain from baseline. “Global only” responders were patients who had a PGIC score of 1 or 2 at study end. “Functional only” responders were patients who improved by at least 6 points on the SF-36 PCS score. The “pain only” responder rates were 34% for milnacipran 100 mg (odds ratio, OR versus placebo, 1.34; 95% CL 0.9, 2.0); 35% for 200 mg (OR 1.42; 95% CI <1.0, 2.0), and 28% for placebo. The corresponding “global only” responder rates were 33% (OR 1.34; 95% CI 0.9, 2.0); 33% (OR 1.33; 95% CL, 0.9, 1.9); and 27%. The ORs contained the number 1, suggesting that the differences between each milnacipran dose and placebo for “pain only” and “patient global” responder rates were not statistically significant. Numerically, the percentages of patients who improved in each measure were similar, suggesting that both pain and PGIC contributed equally to the efficacy result obtained in the 2-measure composite responder analysis for FM pain. The “function only” responder rates were 32% for milnacipran 100 mg (OR 1.28; 95% CL 0.8, 2.0) and 30% for 200 mg (OR 1.18; 95% CL, 0.8, 1.7), and there were no statistically significant treatment differences from placebo (27%).

The manufacturer-reported 6-month results (UPA, BOCF/LOCF) showed that milnacipran 200 mg was efficacious based on the 2-measure composite “FM pain” responder rates (25.6% vs. 18.4% placebo; p = 0.034; N = 441) but not with the 3-measure composite “FM syndrome” responder rates. Milnacipran 100 mg showed no statistically significant treatment differences relative to placebo (p ≥ 0.072) for either composite outcome at 6 months.
Pivotal 15-Week Study MLN-MD 02 (Clauw, et al., 2008)

This was a Phase III, randomized, double-blind, placebo-controlled study that enrolled 1,196 patients who met the ACR criteria for fibromyalgia.
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 The majority of patients were women (96.2%) and white (93.5%), with a mean age of 50.2 years. Patients received milnacipran 100 mg/day (399 patients), milnacipran 200 mg/day (396 patients), or placebo (401 patients) for 15 weeks (including a 3-week dose escalation phase). This study was originally intended to continue for 6 months but the manufacturer stopped it at 3 months after the FDA informed the company that a 3-month evaluation was sufficient to assess efficacy of FM drugs.15
At 3 months, response rates for “FM pain” were greater in the milnacipran groups (23% [p = 0.0252] and 25% [p = 0.0037] for 100 and 200 mg/day groups, respectively, compared with 16% for placebo). There were more “fibromyalgia syndrome” responders in the milnacipran groups than in the placebo group (15% [p = 0.011] and 14% [p = 0.015] for 100 and 200 mg/day groups, respectively vs. 9% for placebo). Odds ratios for response compared with placebo are summarized in Appendix Table 2.

Pain improvements were reported to be evident as early as 1 week after initiation of milnacipran. At 3 months, milnacipran was also reported to be associated with improvements in additional pain measures (morning recall pain, weekly recall pain, real-time pain, paper visual analog scale [VAS] measures), as well as the PGIC (both doses, p < 0.001). 

As done for Study FMS-031, the FDA performed responder analyses for the individual pain and global components of the composite endpoints. There was no significant treatment differences from placebo (101/401, 25%) for either milnacipran 100 mg (124/399, 31%; odds ratio 1.34; 95% CL <1.0, 1.8) or 200 mg (119/396, 30%; OR 1.28; 95% CL 0.9, 1.8) at 3 months for the percentage of “pain only” responders. For “global only” responders, superiority was shown for both milnacipran 100 mg (125, 31%; OR 1.53; 95% CL 1.1, 2.1) and 200 mg (145, 33%; OR 1.62; 95% CL 1.2, 2.2) over placebo (92, 23%). These findings, as well as additional analyses by the FDA, suggested that the PGIC scores may have driven the composite efficacy results. The “function only” responders showed no significant milnacipran treatment differences from placebo. These findings were not consistent with the composite syndrome response analysis.

Extension Study FMS 034 (Goldenberg 2010) 
A randomized, blinded, flexible-dose extension to Study FMS 031 included 449 patients who were either maintained on milnacipran 200 mg/day (209 patients) or re-randomized from placebo or milnacipran 100 mg/day to milnacipran 100 mg/day (48 patients) or 200 mg/day (192 patients) for an additional 6 months of therapy (total treatment duration of about 12 months including the preceding 27-week study).12 Among patients re-randomized from placebo to milnacipran 200 mg/day, pain scores improved 47% (mean pain score declined from 53.9 to 39.4). Among those continuing milnacipran, VAS pain scores remained consistent (42 mm at week 27, 39.2 mm at week 38, 39.5 mm at week 44, and 38.6 mm at week 52) and improvements on the PGIC and pain, stiffness, tiredness, and depressed mood times of the Fibromyalgia Impact Questionnaire (FIQ) were maintained over 12 months. Sixty-seven percent of patients completed the extension study. 

Extension Study MLN-MD 04
This is an unpublished, randomized, double-blind extension study that evaluated milnacipran 100 mg (N = 54) and milnacipran 200 mg (N = 330) (both doses given in two divided doses twice daily) for up to an additional 39 weeks in patients who had successful completion of Study MLN-MD 02.13 A summary of this study was provided in the manufacturer’s AMCP dossier for milnacipran. The primary efficacy measure was the change from baseline on 24-hour and weekly recall of pain measure on a 100-mm VAS, change in PGIC, and change in FIQ total score, including physical function on the FIQ-PF. Both doses of milnacipran for up to an additional 9 months maintained the beneficial effects seen with milnacipran treatment in Study MLN-MD 02. Primary efficacy measures showed improvements at all study visits and were supported by similar improvements in secondary efficacy measures (PGDS, PGTB, BDI, MFI, MOS Sleep Scale Survey, and MASQ). Nausea was the most commonly reported adverse event, occurring in 13% and 21.8% of milnacipran 100 mg and 200 mg treatment groups, respectively.
Phase II Dosage Frequency Study FMS 021 (Gendreau 2005, Vitton 2004) 

Milnacipran was also evaluated in a 12-week, Phase II, multicenter, randomized, double-blind, placebo-controlled dose-escalation study enrolling 125 patients with fibromyalgia.8,16 Patients had a diagnosis of FM as defined by the ACR criteria,
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 a Gracely pain intensity scale recording (weekly recall) of ≥ 10 on a 20-point scale at the end of the second week of the baseline phase. Mean age was 46.2 to 48 years; 96% to 98% of patients in each treatment group were women, and 79% to 89% were white. The mean duration of fibromyalgia ranged from 3.8 to 4.3 years, and most patients had used multiple nondrug treatment modalities (e.g., acupuncture, antiepileptics, chiropractic, diet, exercise, hot-cold packs, massage, physical therapy). Following a 2-week baseline observation period, patients were randomized using a 3:3:2 ratio to therapy with milnacipran 100 mg twice daily (starting with 12.5 mg twice daily) (N = 51), milnacipran 200 mg once daily (starting with 25 mg once daily) (N = 46), or placebo (N = 28) for 3 months. If initial doses were tolerated, dose escalation proceeded weekly to 25, 50, and then 100 mg twice daily or 50, 100, and then 200 mg once daily over a 4-week period. Patients were then continued at a stable dose for an additional 8 weeks. There was no difference in the rate of discontinuation of drug therapy (30.4% with milnacipran once daily, 27.5% with milnacipran twice daily, and 25% with placebo). Dose escalation to the target dose of 200 mg was achieved in 92% of patients assigned twice-daily administration and 81% of those assigned once-daily administration. The mean daily dose of milnacipran was 174 mg in the once-daily group and 191 mg in the twice-daily group. The primary end point was the change in 24-hour and weekly recall of pain measured on a Gracely anchored logarithmic scale recorded on e-diary during the final 2 weeks of the trial compared with the average pain scores during the 2-week baseline period. All analyses used intent-to-treat with LOCF methods. Improvements in pain, global well-being, and fatigue were observed in both active-treatment groups; however, twice-daily administration was associated with greater improvements compared with placebo. Pain scores are summarized in Appendix Table 3. Response was defined as a 30% or 50% reduction in pain score. On patient global assessment, patients in either milnacipran group were more likely to rate themselves as improved (73% in the twice-daily group [p = 0.013] and 77% in the once-daily group [p = 0.008] versus 38% in the placebo group). No difference between groups was observed on FIQ total scores or sleep scores. Nausea was the most frequently reported adverse event, occurring in 24% of patients receiving milnacipran 100 mg twice daily and 43% of those receiving 200 mg once daily, as compared with 4% of placebo-treated patients.
Slow Titration Study by Arnold, et al. (2010) 
This was a manufacturer-sponsored, 68-center, double-blind, placebo-controlled randomized trial that evaluated the efficacy and safety of milnacipran using a “start low, go slow” (4–6-week) flexible dosage titration up to a maximum of 100 mg/day (50 mg twice daily), followed by 12 weeks of stable-dose treatment.9 The stable dose phase was followed by a 2-week randomized acute discontinuation phase (result reported separately). This study was not included in the milnacipran New Drug Application. Entry criteria were similar to those used in Study MLN-MD 02 except that the maximum VAS pain score that patients could have was ≤ 90 (as opposed to no upper limit on the 0–100 mm scale), and patients with active or pending disability claim, workman’s compensation claim, or litigation were excluded. Of 1947 patients screened, 1025 patients (52.6%) were randomized to either milnacipran 100 mg/day (50 mg twice daily; N = 516) or placebo (N = 509), and 69.2% and 70.5% of patients from each treatment group, respectively, completed the 12-week stable-dose phase of the study. As in the pivotal trials, the majority (95.3%) of patients were female and white (90.9%); however, this study population had lower levels of depression (baseline BDI total scores of 9.1 and 8.7 in the active and placebo groups, respectively) and moderate functional problems related to fibromyalgia as measured on the FIQ Total score (56.7 and 57.9 on 0–100 scale) than the patients in both pivotal trials (BDI total scores ranging from 13.2 to 14.4; FIQ Total scores ranging from 61.9 to 65.1). 

A total of 116 patients (23%) discontinued early from the placebo group, mainly due to adverse event (71/509, 13.9%) and therapeutic failure (33, 6.5%), whereas 151 patients (29.3%) discontinued early from the milnacipran group, mainly due to adverse event (92/516, 17.8%). 

The results for primary efficacy measures (“fibromyalgia pain” and “fibromyalgia syndrome” composite responders, analyzed using BOCF approach) and all secondary measures (fatigue, pain as measured using various recall intervals on the patient experience diary, patient global impression of change / PGIC, SF-36 PCS, depression, anxiety, Brief Pain Inventory (BPI), and SF-36 individual domains) showed statistically significant treatment differences except for cognitive function (as measured using the Multiple Ability Self-report Questionnaire, MASQ; p = 0.060). The calculated NNT (95% CL) was 10 (7, 17) for “fibromyalgia pain” responders and 13 (8, 29) for “fibromyalgia syndrome” responders. The percentage of PGIC only responders (score ≤ 2) was 41.9% (216/516) on milnacipran and 25.9% (132/509) on placebo (NNT 7, 95% CL 5, 10). Calculated effect sizes for key FM symptoms are shown in Table 3.
Table 3
Treatment Effect Size at 12 Weeks (Arnold, et al., 2010)

	FM Symptom
	Measure
	PBO

(N = 509)
	MLN100

(N = 516)
	Effect Size (SMD)†
	Effect Size Category

	Pain
	Weekly mean PED 24-h morning recall VAS pain score‡ 
	48.31 (1.04)
	41.93 (1.04)
	0.27
	Small

	Fatigue
	MFI Total§ 
	–2.61 (0.77)
	–4.31 (0.77)
	0.10
	Not Substantial

	Depressed Mood
	BDI§
	–1.24 (0.31)
	–2.12 (0.31)
	0.13
	Not Substantial

	Sleep Disturbances
	Not evaluated / reported
	—
	—
	—
	—

	HRQoL / Function
	FIQ Total Score§
	–7.12 (1.08)
	–12.34 (1.09)
	0.21
	Small


Source:  Arnold, et al. (2010)9
†
Cohen’s d; with effect size category based on Cohen’s categories that were used in the meta-analysis by Häuser, et al (2010):
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  > 0.2–0.5, Small effect size; > 0.5–0.8, Medium Effect Size; > 0.8, Large effect size. Häuser, et al. named 0.01–0.2 “not substantial.” ‡ LSM (SEM); § LSM Change from baseline (SEM)

BDI, Beck Depression Inventory (scale, 0–63); FIQ, Fibromyalgia Impact Questionnaire (0–100)—total score was used as measure of HRQoL by Häuser, et al. (2010); HRQoL, Health-related Quality of Life; LSM, Least Square Mean; PED, Patient Experience Diary; SMD, Standardized Mean Difference; VAS, Visual Analogue Scale (0–100 mm)

European Study by Branco, et al. (2010) 
The aim of this 89-center, 13-country, double-blind, placebo-controlled, randomized trial was to confirm the efficacy and safety of milnacipran 200 mg/day for the treatment of FM in a European population.
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 This study was sponsored by the manufacturer (Pierre Fabre Médicament) and published after the EMEA denied the European marketing of milnacipran for fibromyalgia. Outpatients with FM (ACR diagnostic criteria) received milnacipran 200 mg/day (N = 435) or placebo (N = 449) for 17 weeks, including a 4-week dose escalation phase, 12-week stable dosing phase, and a 9-day down-titration phase. The primary efficacy criteria differed from the U.S. pivotal trials; only the 2-measure composite responder analysis (“FM pain”) was used, and if this responder analysis was positive, the FIQ was included as an additional primary efficacy measure. A 3-measure composite responder rate was not used as a coprimary efficacy outcome as was done in the pivotal Phase III trials. Milnacipran was statistically superior (p ≤ 0.041) to placebo in both primary efficacy analyses:  24.2% of milnacipran patients and 14.6% of placebo patients met “FM pain” criteria (LOCF, Full Analysis Set (FAS); p < 0.001). There was also a statistically significant effect in “FM pain” responder sensitivity analyses using BOCF (FAS):  23.3% versus 13.5% (p < 0.001). Based on the BOCF analyses, the calculated NNT was 11 (95% CL 7, 22). PGIC only responder rate was significantly better on milnacipran (33.3% versus 20.6%; p<0.0001, OR 1.92, 95% CL 1.41, 2.60). The calculated NNT for PGIC only responders was 8 (95% CL 6, 14).
Milnacipran 200 mg/day showed statistically significant efficacy in all reported secondary efficacy measures except for two of three types of measures for sleep (Medical Outcomes Study (MOS)-Sleep Index I and MOS-Sleep Index II) and the State Trait Anxiety Inventory, State-related. Although statistically significant treatment differences were shown, effect sizes for key FM symptoms were not substantial (Table 4). 
Table 4
Treatment Effect Size at 16 Weeks (Branco, et al., 2010)
	FM Symptom
	Measure
	PBO

(N = 449)
	MLN100

(N = 435)
	Effect Size (SMD)†
	Effect Size Category

	Pain
	Weekly mean PED 24-h morning recall VAS pain score change§ 
	–11.97 (1.14)
	–16.50 (1.18)
	0.19
	Not Substantial

	Fatigue
	MFI Total§ 
	–3.53 (0.70)
	–5.94 (0.73)
	0.16
	Not Substantial

	Depressed Mood
	BDI§
	–0.29 (0.34)
	–0.74 (0.36)
	0.06
	Not Substantial

	Sleep Disturbances
	PED weekly recall sleep§
	–9.59 (1.28)
	–13.86 (1.32)
	0.16
	Not Substantial

	HRQoL / Function
	FIQ Total Score§
	–11.18 (0.99)
	–14.18 (1.03)
	0.14
	Not Substantial


Source:  Branco, et al. (2010)
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†
Cohen’s d; with effect size category based on Cohen’s categories that were used in the meta-analysis by Hauser, et al (2010):
 ADDIN EN.CITE 
11
  > 0.2–0.5, Small effect size; > 0.5–0.8, Medium Effect Size; > 0.8, Large effect size. Häuser, et al. named 0.01–0.2 “not substantial.” ‡ LSM (SEM); § LSM Change from baseline (SEM)

BDI, Beck Depression Inventory (scale, 0–63); FIQ, Fibromyalgia Impact Questionnaire (0–100)—total score was used as measure of HRQoL by Häuser, et al. (2010); HRQoL, Health-related Quality of Life; LSM, Least Square Mean; PED, Patient Experience Diary; SMD, Standardized Mean Difference; VAS, Visual Analogue Scale (0–100 mm)
Meta-analysis by Häuser, et al. (2010) 
In a good-quality meta-analysis of randomized placebo-controlled trials evaluating duloxetine, pregabalin, or milnacipran, effect sizes for five key FM symptoms were estimated by using standardized mean differences (SMDs calculated as Hedges g values).11 The effects of milnacipran on pain, fatigue, depressed mood, and health-related quality of life (HRQoL) were not substantial (Hedges g values ranged from –0.11 to –0.19 for these outcome measures) but were statistically significant (p-values ≤ 0.006). The effects of milnacipran on sleep disturbances was not statistically significant. Duloxetine had small effects on pain, sleep disturbances, depressed mood, and HRQoL (Hedges g values –0.25 to –0.33; p-values < 0.007) and no statistically significant effect on fatigue. Pregabalin had small effects on pain, sleep disturbances, and HRQoL (Hedges g values –0.25 to –0.37; p-values <0.001). Its effect on fatigue was not substantial (Hedges g –0.16; 95% CI –0.23 to –0.09; p<0.001) and its effect on depressed mood was not statistically significant. 
Table 5
Effect Sizes of Milnacipran, Duloxetine, and Pregabalin on Key Fibromyalgia Symptoms 
	FM Symptom
	Milnacipran
(12–27 wk)
	Duloxetine
(12–28 wk)
	Pregabalin
(8–14 wk)

	Pain
	Not substantial
	Small
	Small

	Fatigue
	Not substantial
	NSD
	Not substantial

	Depressed Mood
	Not substantial
	Small
	NSD

	Sleep Disturbances
	NSD
	Small
	Small

	HRQoL
	Not substantial
	Small
	Small


Source:  Häuser, et al. (2010)

NSD, Not statistically significant (p ≥ 0.05)
Hedges (adjusted) g values, calculated by Standardized Mean Differences (SMD), corresponding to Cohen’s categories for effect sizes:  g > 0.2–0.5, Small effect size; g > 0.5–0.8, Medium Effect Size; g > 0.8, Large effect size. Häuser, et al. named g 0.01–0.2 “not substantial.”
Indirect comparisons showed no difference between the three agents in terms of 30% pain relief. Based on adjusted indirect estimates / ratios of relative risks (RRIND) or standardized mean differences (SMDIND) between milnacipran and the other two drugs (i.e., duloxetine versus milnacipran and milnacipran versus pregabalin) for key FM symptoms, milnacipran was better than duloxetine but not as effective as pregabalin in terms of improving fatigue, and less effective than duloxetine and pregabalin for extent of decreasing pain, sleep disturbance, and reduced health-related QoL. There were no differences in the rates of withdrawals due to adverse events between the three drugs. The risk of diarrhea was less with milnacipran than duloxetine, whereas the risks of headache and nausea were higher with milnacipran than pregabalin. 
Other Indirect Comparisons 
For indirect comparisons with the magnitudes of effects of milnacipran, the effect size categories determined in a meta-analysis and a placebo-controlled trial of other FM agents are shown in Table 6.

Table 6
Effect Sizes for Other Fibromyalgia Medications 
	
	Meta-analysis
	
	PC RCT
	Sources:  Häuser, et al (2009a)18 for TCAs and SSRIs; Arnold, et al. (2007)
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 for gabapentin; Häuser, et al (2009b)20 for gabapentin. NA, Not assessed/available; NSD, No significant difference; PC, Placebo-controlled; RCT, Randomized clinical trial; SSRI, Selective serotonin reuptake inhibitor; TCA, Tricyclic antidepressant. † Amitriptyline in doses generally lower than those used for antidepressant effects (12.5–50 mg/day); ‡ Fluoxetine and paroxetine. Cohen categories for magnitude of the effect size, calculated by Weighted Mean Difference (WMD) or SMD in meta-analysis of antidepressants and by SMD for gabapentin RCT:  D greater than 0.2 through 0.5 = small effect size; D greater than 0.5 up to 0.8 = medium effect size, and D greater than 0.8 = large effect size.

	FM Symptom
	TCAs†
(6–12 wk)
	SSRIs‡
(6–12 wk)
	
	Gabapentin
(12 wk)
	

	Pain
	Large
	Small
	
	Medium
	

	Fatigue
	Large
	NSD
	
	NA
	

	Depressed Mood
	NSD
	Small
	
	Medium
	

	Sleep Disturbances
	Large
	NSD
	
	Medium
	

	HRQoL
	Small
	Small
	
	Medium
	


Summary of efficacy findings 
· The results of two pivotal Phase III trials, a slow-titration trial, and a European trial supported the efficacy of milnacipran, particularly 200 mg, in the management of FM for periods ranging from 12 to 27 weeks mainly in patients with at least moderate average pain, physical impairment occasionally to most times, and mild depressive symptoms. Two extension studies showed that the beneficial effects of milnacipran are durable for up to about a year, although those findings are somewhat inconsistent with those of the placebo-controlled, 6-month pivotal trial, in which only the 200-mg (and not the 100-mg) dose maintained a statistically significant treatment benefit at both 15 and 27 weeks and only in terms of “FM pain” responders (and not with “FM syndrome” responders).
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· The results in the pivotal trials were inconsistent across studies and efficacy measures, and suggested that milnacipran has small treatment effects with wide confidence intervals. In terms of the “FM pain” responder rates (2-measure composite) at 3 months, the NNTs (95% CL, ITT) were 16 (9, 120) (Study MLN-MD 02) for the 100-mg dose, and 14 (8, 175) (Study FMS 031) and 13 (8, 38) (Study MLN-MD 02) for the 200-mg dose. For “FM syndrome” responder rates (3-measure composite) at 3 months, the NNT (95% CL, ITT) was 18 (10, 74) for the 100-mg dose (Study MLN-MD 02), and 20 (11, 133) (Study MLN-MD 02) and 14 (8, 86) (Study FMS 031) for the 200-mg dose. At the higher dose, the NNT at 6 months was 16 (9–562) (Study FMS 031). 
· Whereas the composite efficacy measures selected by the manufacturer showed some efficacy, additional analyses by the FDA of the separate components of the composite responder endpoints suggested that milnacipran had no statistically significant effect on the individual outcome component of “pain only,” which has typically been the primary efficacy measure used by the FDA for FM drugs. Milnacipran was efficacious only in terms of the “global only” (PGIC) responder rates, and this effect probably drove the results of the composite responder analyses.
· Milnacipran, particularly 200 mg/day, significantly improved certain symptom domains, such as bodily pain, fatigue, and mental health. Improvements were also seen, although inconsistently, for certain key outcomes such as Fibromyalgia Impact Questionnaire total score, depression, physical function, and cognitive function. Statistically significant improvements in global outcome measures (PGIC) were seen consistently with milnacipran 100 and 200 mg/day at 3 and 6 months, and occurred independently of improvements in depressive symptoms. No improvements in sleep disturbances were observed.
· As a secondary efficacy measure, Arizona Sexual Experiences (ASEX) scores showed no statistically significant differences between milnacipran and placebo either in terms of changes from baseline or percentage of patients with sexual dysfunction at end point. 
· According to the Product Information, both Phase III trials showed no incremental benefit with milnacipran 200 mg/day over 100 mg/day. However, results seemed to be more consistently favorable with the higher dose and the FDA-approved dosage allows for increases in doses from 100 to 200 mg/day based on individual response.

· A total of 2,220 patients (about 95% white females) were evaluated among the three studies submitted in the NDA. Despite the preponderance of females in the study populations, milnacipran is approved for management of fibromyalgia in adults irrespective of gender. 

· The results of the slow-titration trial9 and the European trial,
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 based on a total of 1909 randomized patients (of which 951 received milnacipran) supported the efficacy of milnacipran for treatment of FM in daily doses of 100 and 200 mg for a period of up to 16 weeks. The advantages of slower than recommended titration rates on improving tolerability or reducing harms are uncertain.
· There have been no studies directly comparing milnacipran with alternative drug or nondrug therapies for FM. Indirect comparisons from a meta-analysis showed statistically significant benefits but relatively nonsubstantial magnitudes of effect with milnacipran and nonsubstantial or small effects with duloxetine and pregabalin in reducing some symptoms of FM over a median treatment period of 6-months. The exceptions (where no statistically significant differences were shown) were milnacipran for sleep disturbance, duloxetine for fatigue, and pregabalin for depressed mood. The three agents were similar in terms of 30% pain relief and tolerability (withdrawals due to adverse events). Efficacy profiles of the drugs varied according to symptoms. Adverse event profiles seemed to differ among the agents as well. In regards to using effect sizes to indirectly compare agents, an important limitation is that effect sizes may not necessarily reflect patients’ perceptions of the clinical importance of the changes in symptoms obtained from the medication.
· Onset and Duration of an Adequate Trial. The earliest onset of pain relief was noted as early as 1 week on stable doses. The maximum effect was observed within 9 weeks and sustained for up to 6 months in some patients (Study FMS 031).
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 The onset and duration of an adequate trial were not described for other outcome measures. The onset of pain relief within 1 week is similar to those reported in the Product Information for duloxetine21 and pregabalin22.
For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (page 25).
Adverse Events (Safety Data)
Safety data in patients with fibromyalgia are based on a total of 2596 subjects (1824 with FM) who were exposed to milnacipran during the Phase II, Phase III, and extension clinical trials, including 1109 who received milnacipran 200 mg/day and 354 who were treated for 1 to 1.3 years. 
Deaths and Other Serious Adverse Events 
Two deaths occurred during clinical trials, one due to pneumonia and the other due to renal cell carcinoma.15 Neither death was attributed to milnacipran. A 120-day Safety Update reported that a 46-year old female who was enrolled in the European Phase III study (which was ongoing at the time of the FDA medical review) committed suicide. This death was considered to be possibly related to milnacipran treatment.

According to the FDA clinical review, serious adverse events (SAEs) occurred at incidence rates (per 100 patient-years) of 4.9 for milnacipran 100 mg, 6.1 for milnacipran 200 mg, and 6.5 for placebo. SAEs consisted most frequently of cardiac disorders, which occurred more frequently in milnacipran- than placebo- treated patients. SAEs that were considered to be most likely related to milnacipran treatment also tended to be cardiac in nature. However, overall, cardiac events occurred infrequently. The most frequently reported cardiac SAE was chest pain, reported in 0.3% of patients on milnacipran 200 mg and 0.1% on milnacipran 100 mg. In the extension trials, the total incidence of SAEs was 9.3 per 100 patient-years. In the 354 patients who took milnacipran for at least 1 year, the incidence of SAEs was 6.7 per 100 patient-years, with the most common SAEs being chest pain (n = 3), chest discomfort (n = 2), abdominal pain (n = 2) and colitis ischemic (n = 2).
In previous non-FM studies (i.e., in patients with major depressive disorder or generalized anxiety disorder), the incidence rates per 100 patient-years were 23.1 for placebo and 23.5 for milnacipran. The most common SAEs were psychiatric in nature.

Tolerability

In pooled analyses of results from the two Phase III trials, the frequency of discontinuations due to adverse events were 26% on milnacipran 200 mg/day, 23% on 100 mg/day, and 12% on placebo. The NNH were 7 and 9 for the 200-mg and 100-mg doses, respectively, over 15–27 weeks. The adverse events leading to discontinuation in ≥ 1% of patients and that occurred at a higher rate on milnacipran than placebo were nausea (6% vs. 1%, respectively), palpitations (3% vs. 1%), headache (2% vs. 1%), dizziness (1% vs. 0.5%), constipation, increased heart rate, hyperhydrosis, and vomiting (each 1% vs. 0%).23
Common Adverse Events
The most frequently occurring adverse events that occurred in at least 2% of all milnacipran-treated patients and more frequently on either dose of milnacipran than placebo were nausea followed by headache, constipation, insomnia, dizziness, hot flush, hyperhidrosis, vomiting, palpitations, heart rate increased, dry mouth, and hypertension. Nausea tended to abate over several weeks with continued use. Elevations in ALT and AST have also been observed.

Rates of the most common treatment-emergent adverse events from the three placebo-controlled studies are summarized in Table 3.  
Table 7
Adverse Events Reported in Three Placebo-controlled Clinical Trials 
	Adverse Event
	Placebo

(N = 652)
	Milnacipran

100 mg/day

(N = 623)
	Milnacipran

200 mg/day

(N = 934)
	All Milnacipran

(N = 1,557)

	Nausea
	20%
	35%
	39%
	37%

	Headache
	14%
	19%
	17%
	18%

	Constipation
	4%
	16%
	15%
	16%

	Insomnia
	10%
	12%
	12%
	12%

	Hot flush
	2%
	11%
	12%
	12%

	Dizziness
	6%
	11%
	10%
	10%

	Hyperhidrosis
	2%
	8%
	9%
	9%

	Palpitations
	2%
	8%
	7%
	7%

	Upper respiratory tract infection
	6%
	7%
	6%
	6%

	Hypertension
	1%
	7%
	4%
	5%

	Vomiting
	2%
	6%
	7%
	7%

	Migraine
	3%
	6%
	4%
	5%

	Heart rate increased
	1%
	5%
	6%
	6%

	Dry mouth
	2%
	5%
	5%
	5%

	Anxiety
	4%
	5%
	3%
	4%


Other Adverse Events
Weight. Milnacipran appeared weight-neutral in the two Phase III studies of milnacipran in fibromyalgia.
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 In both studies, a slight weight loss was observed with milnacipran compared with placebo. In both studies, the majority of patients were overweight or obese at baseline (mean body mass index [BMI], 30.5 and 30.7; patients with BMI more than 25, 78.2% in one study and 76.9% in the other). Mean weight loss ranged from 0.67 to 0.85 kg in the milnacipran groups compared with a gain of 0.43 kg in one placebo group and a weight loss of 0.11 kg in the other (P < 0.001).37

Sexual Dysfunction. Ejaculation disorder, erectile dysfunction, ejaculation failure, and libido decreased were reported as adverse events in at least 2% of male patients treated with milnacipran and at a rate numerically greater than those in the placebo-treated male patients. Although study patients reported sexual dysfunction as adverse events, there were no statistically significant differences between milnacipran and placebo in terms of changes in Arizona Sexual Experiences (ASEX) scores and percentages of patients with sexual dysfunction at end point. 
Cardiovascular Effects. In manufacturer pooled analyses of the placebo-controlled trials, the incidence of hypertension of clinical interest (defined as ≥ 140 mm Hg systolic and/or ≥ 90 mm Hg diastolic) was 17.4% (249/1434) of milnacipran patients and 10.7% (66/615) of placebo patients. Small increases in systolic blood pressure without a dose-related effect occurred with longer exposure to milnacipran, averaging 1–2 mmHg after 3–6 months (Phase III efficacy trials
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), 2.6 mmHg with milnacipran 200 mg (N = 209), and 5.1 mmHg with milnacipran 100 mg/200 mg beyond 1 year. Similar small increases were seen with diastolic blood pressures:  2.6 mmHg in placebo-controlled trials and 3.9 (placebo/milnacipran 200 mg/day), 3.1 (100 mg/200 mg), and 2.5 mmHg (200 mg/200 mg) in the extension studies. Numerically more patients shifted from normal systolic blood pressure (< 120 mmHg) to abnormal (> 120 mmHg) in the milnacipran groups (64.8% for 100 mg and 62.1% for 200 mg) than in the placebo group (52.3%). A similar pattern was seen for diastolic blood pressure (normal to > 80 mmHg). The relative risk of having hypertension in patients normotensive at baseline was 2.7 and 2.3 for milnacipran 100 and 200 mg/day, respectively. Increases in heart rate averaged 6.6 bpm and 7.1 bpm for milnacipran 100 and 200 mg, respectively. The incidence of cardiovascular-type adverse events reported for all milnacipran groups versus placebo were as follows:  palpitations 7% versus 2%; hypertension 5% versus 2%; “heart rate increased” 6% versus 1%; tachycardia 2% versus 1%;  “blood pressure increased” 3% versus 1%; chest pain 2% versus 2%; and chest discomfort 1% versus 1%. 
For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials (page 25).

Contraindications
· Use of monoamine oxidase inhibitors concomitantly or within 14 days of discontinuing treatment with an MAOI. At least 5 days should be allowed after stopping milnacipran before starting an MAOI.

· Use in patients with uncontrolled narrow-angle glaucoma

Warnings and Precautions

· Suicidal ideation and behavior, worsening depression, and unusual changes in behavior may occur in adults or pediatric patients; increased risk of suicidal ideation and behavior in children, adolescents, and young adults with major depressive disorder and other psychiatric disorders; monitoring in all patients is recommended, especially during the first few months of therapy or following changes in dosage
· Serotonin Syndrome or Neuroleptic Malignant Syndrome (NMS)-like reactions:  Serotonin syndrome or NMS-like reactions have been reported with SNRIs and SSRIs.  Discontinue Milnacipran and initiate supportive treatment

· Abnormal bleeding (eg, ecchymoses, hematomas, epistaxis, petechiae, life-threatening hemorrhages) may occur; increased risk with concomitant use of drugs that affect coagulation (eg, NSAIDs, aspirin, warfarin)
· Abrupt withdrawal should be avoided; withdrawal symptoms, some severe, have been reported; monitoring recommended; reduce dose gradually if possible
· Alcohol use, substantial; may exacerbate preexisting liver disease; use not recommended
· Hepatotoxicity, including increased liver enzymes and fulminant hepatitis, has been reported; discontinue therapy in patients who develop jaundice or other evidence of liver dysfunction
· Hypertension has been reported; use caution in patients with clinically significant hypertension or cardiac disease; consider a dose reduction or discontinuing therapy for sustained blood pressure increases
· Hyponatremia and/or syndrome of inappropriate antidiuretic hormone secretion (SIADH) has occurred; greater risk in patients who are volume-depleted, elderly, or receiving concurrent diuretic therapy; consider discontinuing therapy if symptomatic hyponatremia occurs
· Mania, history; risk of activation of mania/hypomania
· Renal impairment; dosage reduction recommended for severe renal impairment (CrCl, 5 to 29 mL/min); use not recommended in patients with end-stage renal disease
· History of seizures
Postmarketing Safety Experience 

The following adverse reactions have been spontaneously reported worldwide and included in the Product Information for milnacipran based on a combination of their seriousness, frequency, or potential causal relationship:  leukopenia, neutropenia, thrombocytopenia; supraventricular tachycardia; accommodation (eye) disorder; hyperprolactinemia; hepatitis; anorexia, hyponatremia; rhabodomyolysis; convulsions; loss of consciousness, Parkinsonism; delirium, hallucination; acute renal failure; galactorrhea; erythema multiforme, Stevens Johnson syndrome; hypertensive crisis.23
Sentinel Events

None
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name milnacipran:  none (clinical judgment: midazolam, miacalcin, minitran)

LA/SA for trade name SavellaTM:  cevimeline, sevelamer (clinical judgment: CelexaTM)
Drug Interactions

Drug-Drug Interactions

· Lithium: serotonin syndrome can occur when co-administered with milnacipran.

· Epinephrine and norepinehrine: concomitant use of milnacipran is associated with paroxysmal hypertension and arrhythmia.

· Monoamine Oxidase Inhibitors (MAOIs): concomitant use of milnacipran and MAOIs is contraindicated due to serious reactions including hyperthermia, rigidity, myoclonus, autonomic instability, rapid fluctuations of vital signs, and mental status changes such as delirium and coma. Milnacipran should not be used within 14 days of discontinuing treatment with an MAOI and at least 5 days should be allowed after stopping milnacipran and starting an MAOI.

· Serotonergic Drugs: Milnacipran co-administered with other serotonin reuptake inhibitors can result in hypertension and coronary artery vasoconstriction due to additive serotonergic effects.

· Digoxin: co-administration of digoxin and milnacipran should be avoided because they are associated with adverse hemodynamic effects like postural hypotension and tachycardia.

· Clonidine: milnacipran inhibits clonidine’s anti-hypertensive effects.

· Clomipramine: there is an increase in euphoria and postural hypotension when patients are switched from clomipramine to milnacipran.

· CNS-active Drugs: caution should be used when milnacipran is taken in combination with other centrally acting drugs and those with the same mechanism of action.

· Anticoagulants/Antiplatelet Drugs: Concurrent use of Milnacipran and anticoagulants/antiplatelet drugs may result in increased risk for bleeding.

Drug-Ethanol Interactions

· Concurrent use of milnacipran and ethanol may result in an increased risk of hepatotoxicity.
Drug-Pregnancy Interactions

· Milnacipran is rated as US FDA Category C. Animal studies have shown an adverse effect and there are no adequate and well-controlled studies in pregnant women. (OR) No animal studies have been conducted and there are no adequate and well-controlled studies in pregnant women.
Drug-Lactation Interactions

· Infant risk cannot be ruled out: Available evidence and/or expert consensus is inconclusive or is inadequate for determining infant risk when milnacipran is used during breast-feeding. Weigh the potential benefits of treatment against potential risks before prescribing milnacipran during breast-feeding.
Drug-Lab Interactions

· No specific drug-lab interactions noted

Acquisition Costs

Table 8
Costs of Milnacipran Similar for Different Tablet Strengths

	Strength (mg)
	Pkg (Tab)
	Cost Per Unit
	*
Blister package containing 27 tablets:  5 x 12.5-mg tablets, 8 x 25-mg tablets, and 14 x 50-mg tablets
**
Blister package containing 55 tablets:  5 x 12.5-mg tablets, 8 x 25-mg tablets, and 42 x 50-mg tablets



	12.5 
	60 
	$1.1840
	

	25 
	60 
	$1.1685
	

	50 
	60 
	$1.1630
	

	100
	60
	$1.1840
	

	2-week Titration Pack* 
	27
	N/A
	

	4-week Titration Pack**
	55 
	$1.2284
	


Table 9
Acquisition Costs of FM Agents in Increasing Order of Upper End of Cost Range by Category
	Medication
	Total Daily Dose (mg)
	Cost per day
	Cost per 30-day treatment course
	Cost per year

	Drugs with FDA-approved indication for fibromyalgia

	Milnacipran
	100–200
	$2.32–2.36
	$69.60–$70.80
	$835–$850

	Duloxetine
	60
	$2.65
	$79.50
	$954

	Pregabalin
	300–450
	$4.13–$4.14
	$123.90–$124.20
	$1488

	VANF drugs with at least one RCT showing efficacy in fibromyalgia

	Amitriptyline
	25–50 
	$0.02–$0.03
	$0.60–$0.90
	$7–$11

	Cyclobenzaprine
	30–40
	$0.05–$0.06
	$1.50–$1.80
	$18–$22

	Fluoxetine
	20–80
	$0.03–$0.10
	$0.90–$3.00
	$11–$36

	Tramadol / APAP
	300 / 650
	$0.12 
	$3.60 
	$44

	Gabapentin
	1200–2400
	$0.13–$0.14
	$3.90–$4.20
	$15–$50

	Paroxetine
	10–60
	$0.09–$0.15
	$2.70–$4.50
	$32–$54


VANF, VA National Formulary
Lowest VA costs as of July 6th, 2010
Conclusions

Based on fair- to good-quality clinical trials, milnacipran seems to have somewhat inconsistently demonstrated benefits and relatively nonsubstantial effect sizes in the management of fibromyalgia. Based on limited indirect comparisons, it does not seem to have major efficacy advantages over the other agents FDA-approved for fibromyalgia (duloxetine and pregabalin) or some of the VANF agents used off-label with at least fair-quality evidence of efficacy (amitriptyline, fluoxetine, gabapentin, and paroxetine). It may have advantages over duloxetine in cases where pharmacokinetic drug interactions or hepatic impairment are concerns, and over pregabalin when weight control is a treatment goal. Milnacipran may have therapeutic relevance in female veterans and males with fibromyalgia as another alternative medication.
Although milnacipran has an acceptable safety profile based on 13 years worth of experience as an antidepressant in Europe and Japan, there is limited long-term safety data in patients with fibromyalgia. Additional studies are needed to evaluate safety in patients with hypertension, cardiovascular disease, and major psychiatric disorders. Studies directly comparing milnacipran with other treatments for fibromyalgia are needed to help determine its place in therapy. Studies evaluating efficacy and safety in subpopulations of patients are not available to guide identification of patients in whom milnacipran would have acceptable benefit-to-risk profiles.
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Appendix:  Clinical Trials
A literature search was performed on PubMed/Medline using the search terms <milnacipran> and <Savella>. The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included.
Abbreviations Used in Appendix Tables

BAI

Beck Anxiety Index (0–63 for total score)

BDI

Beck Depression Index (0–63 for total score)

BOCF

Baseline Observation Carried Forward

BPI

Brief Pain Inventory (0–10)

DLX

Duloxetine

FIQ

Fibromyalgia Impact Questionnaire (0–100 for total score; MCID is 14%)

FIQ PF

Fibromyalgia Impact Questionnaire Physical Function (0–3)

FM

Fibromyalgia

LOCF

Last Observation Carried Forward

LSM

Least Squares Mean

MASQ

Multiple Ability Self-report Questionnaire (38–190 for total score)

MCID

Minimal Clinically Important Difference [Change]
MFI

Multidimensional Fatigue Inventory (20–100 for total score)

mITT

Modified Intent-to-Treat

MLN

Milnacipran

MOS

Medical Outcomes Study

OC

Observed Cases

PGB

Pregabalin

PBO

Placebo

PED

Patient Experience Diary
PGIC

Patient Global Impression of Change (1 = Very Much Improved; 7 = Very Much Worse)

PP

Per Protocol

SF-36 PCS
Short Form-36 Health Survey Physical Component Summary

STAI-S

State Trait Anxiety Inventory, State-related

VAS

Visual Analogue Scale (0–100 mm)

Appendix Table 1
Pivotal 27-Week Study FMS 031 (Mease 2009)
	Citation
	Mease PJ, Clauw DJ, Gendreau RM, et al. The efficacy and safety of milnacipran for treatment of fibromyalgia. a randomized, double-blind, placebo-controlled trial [published correction appears in J Rheumatol 2009;36:661]. J Rheumatol. 2009;36(2):398-409.

	Study Goals
	Evaluate the safety and efficacy of milnacipran in the treatment of fibromyalgia.

	Methods
	Study Design 

27-week, randomized, double-blind, multicenter study comparing fixed doses of milnacipran 100 and 200 mg/day with placebo in the treatment of 888 patients with FM. Dose escalation phase lasted 3 weeks; stable dose phase 24 weeks.
Primary endpoints (at 15 wk):

· “FM pain” composite responder rate based on % of pts who concurrently met the following 2 criteria:
· ≥30% pain improvement and
· Rating of “very much improved” or “much improved” on PGIC

 “FM Syndrome” composite responder rate defined as the % of pts who concurrently met the 2 “FM pain” responder criteria above plus:
· ≥6-point improvement from baseline on SF-36

Responder rates at 27 weeks were also evaluated for both outcome measures.

Note:  These endpoints were modified from the original protocolled composite responder measures post hoc and prior to database lock of Study MLN-MD 02 in concordance with revised FDA standards for FM trials and using the same criteria that were used in Study MLN-MD 02 (to make the outcome measures more comparable). Other protocol amendments included replacement of the FIQ-PF with the SF-36 PCS for measuring physical function and the MINI with the BDI for assessment of depression. 
Data Analysis
To handle multiplicity, a sequential gatekeeping multiple comparisons procedure was used to control the overall type I error.
Analyses using the original protocolled composite definitions of responders used the ITT population and LOCF for missing data imputation.
The manufacturer’s post hoc re-analysis using the modified composite outcome measures applied BOCF imputation methods and was referred to as the Uniform Program Analysis (UPA). The UPA was applied to the ITT population and the UPA population. The UPA population was a subset of the ITT population with baseline FIQ-PF score ≥ 4 and baseline BDI score ≤ 25. Power calculation was not included for the post hoc, UPA composite outcome measures. Missing data were analyzed using baseline observation carried forward (BOCF) for the week-15 evaluation. At the week-27 assessment, BOCF was utilized for patients prematurely discontinuing the study before week 15, and last observation carried forward (LOCF) was used for patients who completed week 15 but discontinued prior to week 27.

	Criteria
	Inclusion criteria

Male/Female 18-70, met ACR criteria for FM, willing to use contraception if female, withdraw from all centrally-acting therapies used in tx of FM (antidepressants, sedative-hypnotics, muscle relaxants, analgesics, TENS, biofeedback, tender & trigger point injections, acupuncture, anesthetis or narcotic patches)
All analgesic medications were prohibited with the exception of APAP, ASA, stable doses of NSAIDs.  Pts allowed hydrocodone as rescue medication

Exclusion Criteria

Severe psychiatric illness, current major depressive episode, risk of suicide, alcohol or drug abuse, history of significant CVD, respiratory, endocrine, genitourinary, liver, kidney disease, autoimmune disease, systemic infection, cancer or current chemotherapy, sleep apnea, PUD or inflammatory bowel disease.
Co-treatment Exclusions

All centrally acting fibromyalgia therapies, including antidepressants, sedative-hypnotics, muscle relaxants, and centrally acting analgesics, as well as transcutaneous electrical nerve stimulation, biofeedback, tender and trigger point injections, acupuncture, and anesthetic or narcotic patches 
Allowed Co-medications

Acetaminophen, aspirin, stable doses of NSAIDs, and limited doses of rescue hydrocodone.

	Results

Mease 2009

(Cont)
	UPA Composite Response Rates With Milnacipran in Patients With Fibromyalgia
Parameter

Placebo 
(N = 223)

Milnacipran 100 mg/day 
(N = 224)

Milnacipran 200 mg/day 
(N = 441)

Fibromyalgia pain treatment (2-measure composite responders)

Week 15

BOCF

19.3%

27.2% (P = 0.056)

26.8% (P = 0.032)

Observed cases

27.2%

45.2% (P = 0.003)

45.4% (P < 0.001)

Week 27

BOCF/LOCF

18.4%

25.9% (P = 0.072)

25.6% (P = 0.034)

Observed cases

27.9%

43.8% (P = 0.021)

45.2% (P = 0.001)

Fibromyalgia treatment (3-measure composite responders)
Week 15

BOCF

12.1%

19.6% (P = 0.028)

19.3% (P = 0.017)

Observed cases

17.3%

32.8% (P = 0.003)

32.8% (P < 0.001)

Week 27

BOCF/LOCF

13%

18.3% (P = 0.245)

18.1% (P = 0.105)

Observed cases

19.4%

33.3% (P = 0.056)

31.9% (P = 0.017)

For FM pain, the 200-mg dose showed benefit over placebo at both 3 months (p = 0.032) and 6 months (25.6% vs. 18.4%, p = 0.034); however, the 6-month results were not part of the FDA’s assessment of efficacy.



	Authors’ Conclusions
	Milnacipran is safe and effective for the treatment of multiple symptoms of FM

	Critique
	Strengths

Used a composite responder definition that attempted to simultaneously address key features of FM:  pain, global effects, and function. (Note that FM pain is the FDA’s main indicator for showing efficacy of FM drugs.)

Multi-center, double-blind, randomized, placebo controlled trial.

One of the longer duration studies available.

Limitations

Manufacturer used efficacy outcomes not typically used by the FDA for assessing efficacy of FM drugs. The 3-measure composite responder definition is not a standard outcome measure and was done only as a post hoc re-analysis; those results should be interpreted with caution. 

Limited external validity due to limited gender and ethnic differences (95.6% female, 93.6% white). Results may not be generalizable to FM patients within the VA.
No long term results past 6 months. 
Jadad Quality Score:  3
Sponsor:  Forest Laboratories, Inc. and Cypress Bioscience, Inc.


Appendix Table 2
Pivotal 15-Week Study MLN-MD 02 (Clauw 2008)
	Citation
	Clauw DJ, Mease P, et al. Milnacipran for the Treatment of Fibromyalgia in Adults:  A 15-Week, Multicenter, Randomized, Double-Blind, Placebo-Controlled, Multiple-Dose Clinical Trial. Clinical Therapeutics 2008;30:1988-2004

	Study Goals
	Evaluate the efficacy and tolerability of milnacipran in treating FM

	Methods
	Study Design 

A 15-week, multicenter, double-blind, placebo-controlled study comparing milnacipran 100 and 200 mg/day with placebo in the treatment of 1196 patients with FM. Dosage escalation lasted 3 weeks; stable dosing phase 12 weeks.
Primary efficacy endpoints:

· Composite “FM pain” responders; based on the pain improvement and PGIC thresholds.
· ≥30% pain improvement

· Rating of “very much improved” or “much improved” on PGIC

Composite “FM responders”; patients with clinically meaningful improvements in the 2 FM pain responder criteria above plus the following criterion.

· ≥6-point improvement from baseline on SF-36

Data Analysis

Assuming a response rate for placebo of ~19% and ~28% &29% for both doses of milnacipran, 367 patients per treatment group were needed for a power of 80% and 2-sided significance of 0.05 
Results were analyzed on the ITT population using baseline observation carried forward (BOCF), for which any patients missing any primary end point data were classified as nonresponders, as well as a last observation carried forward (LOCF) and a completer analysis.

	Criteria
	Inclusion criteria

Male/Female 18-70 y old, ACR criteria for FM, willing to use contraception if female, withdraw from all centrally-acting therapies used in tx of FM (antidepressants, sedative-hypnotics, muscle relaxants, analgesics, TENS, biofeedback, tender & trigger point injections, acupuncture, anesthetis or narcotic patches), raw score of ≥ 4 on FIQ, mean VAS pain score >40

All analgesic medications were prohibited with the exception of APAP, ASA, stable doses of NSAIDs.  

Exclusion Criteria

Severe psychiatric illness, current major depressive episode, risk of suicide, alcohol or drug abuse, history of significant CVD, respiratory, endocrine, genitourinary, liver, kidney disease, autoimmune disease, systemic infection, cancer or current chemotherapy, sleep apnea, pregnant or breastfeeding
Co-treatment Exclusions

All centrally acting fibromyalgia therapies, including antidepressants, sedative-hypnotics, anticonvulsants, muscle relaxants, and centrally acting analgesics, as well as transcutaneous electrical nerve stimulation, biofeedback, tender and trigger point injections, acupuncture, and anesthetic or narcotic patches. 
Allowed Co-medications

Limited rescue doses of hydrocodone

	Results


	Discontinuation rates were 28% in the placebo group, 34% in the milnacipran 100 mg/day group, and 35% in the milnacipran 200 mg/day group.

Odds Ratios for Composite Response in Adults With Fibromyalgia Treated for 15 Weeks With Placebo or Milnacipran

Parameter

Milnacipran 100 mg/day

Milnacipran 200 mg/day

Fibromyalgia pain treatment

BOCF

1.5 (95% CI, 1.05 to 2.13)

P < 0.05

1.68 (95% CI, 1.18 to 2.38)

P ≤ 0.01

LOCF

1.56 (95% CI, 1.11 to 2.19)

P ≤ 0.01

1.9 (95% CI, 1.36 to 2.65)

P≤ 0.001

Observed cases

1.86 (95% CI, 1.27 to 2.73)

P≤ 0.001

2.49 (95% CI, 1.69 to 3.66)

P≤ 0.001

Fibromyalgia treatment

BOCF

1.79 (95% CI, 1.14 to 2.8)
P < 0.05
1.75 (95% CI, 1.11 to 2.75)

P < 0.05 

LOCF

1.82 (95% CI, 1.18 to 2.78)

P ≤ 0.01

1.9 (95% CI, 1.24 to 2.91)

P ≤ 0.01

Observed cases

2.12 (95% CI, 1.33 to 3.38)

P ≤ 0.01

2.32 (95% CI, 1.44 to 3.73)

P≤ 0.001



	Authors’ Conclusions
	In patients with FM, milnacipran 100 & 200mg/day were significantly more effective than placebo in terms of improvements in pain, fatigue and other FM symptoms.

	Critique
	Strengths

Multi-center, double-blind, randomized, placebo controlled trial

Largest trial available for review

Limitations

Limited gender and ethnic differences (96% female, 93.5% white). Results may not be generalizable to FM patients within the VA

Study was only 15 weeks long, no long term data of efficacy, safety and AEs

Research supported by Forest Research Institute the manufacturer of milnacipran

LOCF analysis can generate an increase in positive findings
Jadad Quality Score:  5
Sponsors:  Forest Research Institute, Inc. and Cypress Bioscience, Inc.


Appendix Table 3
Phase II Study FMS 021 (Gendreau 2005)
	Citation
	Gendreau MR, Thorn MD, et al. Efficacy of Milnacipran in Patients with Fibromyalgia. The Journal of Rheumatology 2005;32:1975-1985.

	Study Goals
	Evaluate the efficacy safety and tolerability of milnacipran in treating FM.

	Methods
	Study Design 

A 12-week, Phase II, multicenter, double-blind, placebo-controlled study comparing milnacipran 200 q.d. and 100 mg b.i.d. (200/day) with placebo in the treatment of 125 patients with FM. 4-wk dose escalation phase, 8-wk stable dose phase.
Data Analysis

Sample size calculations performed assuming 3:3:2 allocation ratio, assuming ~50% in milnacipran arm would reach target dose. LOCF coupled with ITT analyses used.  Continuous variables analyzed with student’s t-test, categorical variables analyzed with Fisher’s exact test. α = 0.05

	Criteria
	Inclusion Criteria

Male/Female 18-70, ACR criteria for FM, reported pain score ≥ 10 on Gracely scale at baseline, willing to use contraception if female, withdraw from all centrally-acting therapies used in tx of FM 

All analgesic medications were prohibited with the exception of APAP, ASA, stable doses of NSAIDs

Exclusion Criteria

Severe psychiatric illness, current major depressive episode, risk of suicide, alcohol or drug abuse, BPH, liver, kidney disease, autoimmune disease, systemic infection, cancer or current chemotherapy, sleep apnea
Co-treatment Exclusions

All previous antidepressants, centrally acting muscle relaxants, hypnotics, and opioids and their derivations 
Allowed Co-medications

Stable doses of NSAIDs, aspirin, and acetaminophen

	Results


	No statistically significant treatment differences for primary efficacy measures.
Trend of better efficacy and safety with twice daily dosing than once daily dosing.

Changes in Pain Parameters With Milnacipran vs Placebo
Parameter

Milnacipran Twice Daily 
(n = 51)

Milnacipran Once Daily 
(n = 46)

Placebo (n = 28)

Daily e-diary pain scores

(range, 0 to 20) from baseline

−3

−2.2

−1.86

Daily e-diary responders

30% pain reduction 

(> −3.3 units)

35%

22%

18%

50% pain reduction 

(> −4 units)

35%

22%

14%

Weekly e-diary pain scores

(range, 0 to 20) from baseline

−3.1 

(P = 0.025)

−2.5

−1.14

Weekly e-diary responders

30% pain reduction 

(> −3.3 units)

39% 

(P = 0.023)

28%

14%

50% pain reduction 

(> −4 units)

37% 

(P = 0.04)

22%

14%

Paper Gracely pain scores

(range, 0 to 20) from baseline

−4.7 

(P = 0.01)

−2.9

−1.7

Paper Gracely pain scores

30% pain reduction 

(> −3.3 units)

45% 

(P = 0.007)

35%

18%

50% pain reduction 

(> −4 units)

37% 

(P = 0.04)

28%

14%

Paper VAS pain scores

(range, 0 to 10) from baseline

−2.5 

(P = 0.03)

−2

−0.9

Paper VAS pain scores

30% pain reduction 

(−3.3 units)

39%

35%

21%

50% pain reduction 

(−4 units)

29%

26%

21%

McGill present-pain intensity

(range, 0 to 10) from baseline

−2.2 

(P = 0.023)

−1.4

−0.6



	Authors’ Conclusions
	Milnacipran dosed twice daily (total 200 mg/day) was an effective analgesic for the symptom of pain in patients with FM, and had beneficial effects on a wide range of FM symptoms including fatigue, physical function, and quality of life.  In addition, patients taking milnacipran dosed either q.d. or b.i.d. reported significantly improved global clinical improvement.

	Critique
	Strengths

Double-blind, randomized, placebo controlled, dose escalation trial. Results became the basis for the twice-daily dosing recommendations for MLN.
Limitations

Limited external validity due to limited gender and ethnic differences (98% female, 84% white) Results may not be generalizable to FM patients within the VA. Study was only 3 months long.  No long term results or evaluation of interactions with other drugs used to treat FM. Reported pain score results had a large degree of variability and lacked statistical significance.
Jadad Quality Score:  5
Sponsor:  Cypress Biosciences


Appendix Table 4
Slow Titration Study by Arnold, et al. (2010)
	Citation
	Arnold LM, Gendreau RM, Palmer RH, Gendreau JF, Wang Y. Efficacy and safety of milnacipran 100 mg/day in patients with fibromyalgia: Results of a randomized, double-blind, placebo-controlled trial. Arthritis Rheum. 2010. 

	Study Goals
	To assess the efficacy and safety of milnacipran dosed 100 mg/day (50 mg twice

daily) for monotherapy treatment of fibromyalgia; to evaluate the merits of a slow and flexible dose escalation phase.

	Methods
	Study Design:  Double-blind, placebo-controlled trial of 1025 fibromyalgia patients randomized to milnacipran 100 mg/day (n=516) or placebo (n=509); 4 to 6 weeks of flexible-dose escalation followed by 12 weeks of stable-dose treatment. Titration regimen:  milnacipran 12.5 mg on days 1 to 3; milnacipran 25 mg (12.5 mg twice daily) for 4 days; milnacipran 50 mg (25 mg twice daily) for 7 days; milnacipran 75 mg (37.5 mg twice daily) for 7 days; and milnacipran 100 mg (50 mg twice daily) for 7 days. Random assignment to treatment was done centrally.
Primary efficacy end points were two composite responder rates at wk 16 (see Study MLN-MD 02).
Data Analysis:  ITT, BOCF; patients without primary efficacy data at end point or who were taking prohibited narcotics within 48 hours of the primary end point visit or on more than 2 out of 14 days prior to the primary end point visits were defined as nonresponders. Sensitivity analyses:  LOCF, OC, and generalized linear mixed model. Sequential gate-keeping, multiple testing procedure was used to control for overall type I error.

	Criteria
	Major Inclusion Criteria:  Age 18–70 years old; met 1990 ACR criteria for fibromyalgia. FIQ-PF raw score ≥ 4; VAS pain score ≥ 40 and ≤ 90 on electronic PED 24-hour recall pain report 
Major Exclusion Criteria:  other rheumatic or medical disorders that could contribute to fibromyalgia; BDI score > 25; current major depressive episode; significant risk of suicide; lifetime history of psychosis, hypomania, or mania; substance abuse; other severe psychiatric illness; history of behavior that would prohibit compliance for the duration of the study; active or pending disability claim, workman’s compensation claim, or litigation; active or unstable medical illness; prostate enlargement or other genitourinary disorder.

Co-treatment Exclusions:  digitalis, centrally-acting medications for fibromyalgia, TENS, biofeedback, tender and trigger point injections, acupuncture, and anesthetic or narcotic patches. 

Allowed Co-medications:  acetaminophen, aspirin, NSAIDs; short-term tramadol or hydrocodone for rescue pain medication (between randomization and week 4 / end of dose escalation); triptans for migraine treatment; nonbenzodiazepines for insomnia.

	Results
	Also see text.

N screened / randomized / completed12-wk stable-dose phase:  1947 / 1025 (516 MLN, 509 PBO) / 716 (357 MLN, 359 PBO).
No differences in baseline patient characteristics between groups at baseline. Baseline FIQ total scores (0–100):  56.7 MLN and 57.9 PBO.
Responders, n (%) at 16 wk
PBO

(N = 509)

MLN100

(N = 516)

“FM Pain” (PEM)
87 (17)
144 (28)
“FM Syndrome” (PEM)

61 (12)

103 (20)

Pain ≥ 30% improvement†
156 (30.6)

230 (44.6)

Pain ≥ 50% improvement†
92 (18.1)

143 (27.7)

PGIC score ≤ 2

132 (25.9)

216 (41.9)

SF-36 PCS ≥ 6-point improvement

157 (30.8)

206 (39.9)

†
PED 24-h recall 
LSM Change (SEM), BL to 16 wk
PBO

(N = 509)
MLN100

(N = 516)
LSMD 
(95% CL)
BPI Average Pain Severity
–0.81 (0.12)
–1.46 (0.12)
–0.65 (–0.90, –0.40)
SF-36 PCS

2.89 (0.42)

4.62 (0.43)

1.73 (0.84, 2.62)

FIQ Total

–7.12 (1.08)

–12.34 (1.09)

–5.22 (–7.46, –2.98)

FIQ PF

–0.17 (0.03)

–0.27 (0.03)

–0.10 (–0.17, –0.03)

MASQ Total

–2.36 (0.77)

–3.89 (0.77)

–1.52 (–3.11, 0.06)

BAI Total

–1.73 (0.40)

–0.74 (0.40)

–0.99 (0.15, 1.82)

Significant reduction (p < 0.001) in mean pain scores was seen during the second week of dose-escalation phase (on 25 mg b.i.d.)

Safety

MLN vs. PBO, n (%)

WDAEs:  92 (17.8) vs. 71 (13.9) (absolute difference of 3.9%); nausea was the only AE that led to early discontinuation in ≥ 2% of MLN patients and at a higher incidence than in PBO group. According to the authors, with the more gradual dosage titration used in this study, the percentage of patients who withdrew because of adverse events was somewhat lower than that seen in the previous pivotal studies.
SAEs:  8 (1.6) vs. 6 (1.2); no deaths; SAEs not identified except one patient discontinued because of an SAE of severe hyponatremia occurring after stopping MLN and after receiving HCTZ for HTN.

≥ 1 TEAE:  434 (84.1) vs. 382 (75.0)
Most AEs (92% in both groups) were mild to moderate

Most common adverse events (≥ 5% in either treatment group) and that occurred at a higher rate on active treatment than placebo:  nausea (36.6% vs. 20.8%); headache (17.8% vs. 15.7%); constipation (14.7% vs. 3.9%); hot flush (10.9% vs. 3.5%); dizziness (10.5% vs. 5.1%); insomnia (9.9% vs. 8.1%); hyperhidrosis (7.8% and 1.4%); palpitations (7.4% vs. 2.9%); fatigue (6.0% vs. 4.3%); tachycardia (5.4% vs. 1.0%); and hypertension (5.2% vs. 1.0%). 

About 70% of episodes of nausea in both groups resolved within 3 wk after onset.
Effects on BP and weight were consistent with changes seen in the pivotal trials.

	Authors’ Conclusions
	Milnacipran 100 mg/day improved pain, global status, fatigue, and physical

and mental function.

	Critique
	Strengths
Study methodology was good and was reported well.
Limitations
Without a direct comparison, it is difficult to assess the relative utility and tolerability of the “slow” (4–6-wk) dose escalation regimen used in this trial with the faster (3-wk) titration used in the pivotal trials, in which the WDAE rates were 19.6% MLN 100 mg vs. 10.3% PBO (absolute difference of 9.3%)
 ADDIN EN.CITE 
6
 and 19.5% MLN 100 mg vs. 9.4% PBO (absolute difference of 10.1%)
 ADDIN EN.CITE 
7
. Results may not generalize to stable treatment longer than 12 weeks or to patients with major depression, concomitant centrally-acting drugs for fibromyalgia; comorbidities, more severe fibromyalgia, current or pending litigation or workman’s or disability compensation. Results are not likely to apply to the VA FM patient population. Did not report whether study evaluated effect of MLN on sleep disorders and reason for excluding it was not given.
Jadad Quality Score (0–5):  5 
Sponsor:  Forest Laboratories, Inc. and Cypress Bioscience, Inc.


Appendix Table 5
Multinational Study by Branco, et al. (2010)

	Citation
	Branco JC, Zachrisson O, Perrot S, Mainguy Y. A European multicenter randomized double-blind placebo-controlled monotherapy clinical trial of milnacipran in treatment of fibromyalgia. J Rheumatol. 2010;37(4):851-9.

	Study Goals
	To confirm the efficacy and safety of milnacipran 200 mg/day for the treatment of FM in a European population.

	Methods
	Study Design:  Double-blind, placebo-controlled, randomized trial conducted in 89 outpatient clinical/research centers in 13 European countries. 

Milnacipran 100 mg b.i.d. (200 mg/d) monotherapy or placebo given for total of 17 wks + 2 days, including 4-wk dose escalation, 12-wk stable dose, and 9-d down titration; subsequent follow-up period of 2 wk. Dosage titration:  25 mg once daily on days 1 and 2; 25 mg b.i.d. on days 3–7; 50 mg b.i.d. on days 8–14; 50 mg in AM and 100 mg in PM on days 15–21; and 100 mg b.i.d. on days 22–28. 
Primary Efficacy Evaluation
Based on two stepwise criteria:  2-measure composite responder rate referred to here as “FM Pain” (≥ 30% improvement from baseline in PED 24-h morning recall pain VAS scores, averaged for the 2 preceding wks; and PGIC score of 1 (“very much improved”) or 2 (“much improved”). If this composite criterion was positive, the FIQ total score was added as a primary efficacy measure. 
Data Analysis

mITT; LOCF; sensitivity analyses used BOCF and OC; sequential closed-test procedure to address multiplicity 

Efficacy population:  N = 876 (“Full Analysis Set”); PP N = 715.

Safety population:  N = 877. 

	Criteria
	Major Inclusion Criteria

Age 18–70 y; met 1990 ACR criteria for FM; raw score ≥ 3 on FIQ-PF; willing and able to rate pain intensity using an electronic PED loaded with a VAS; baseline VAS pain score 40–90; used PED daily for a minimum of 21 wk and completed at least 10 out of 14 morning reports during the 2-wk baseline period; discontinued medications and nonpharmacologic treatments commonly used to treat FM.

Major Exclusion Criteria:
Severe psychiatric illness; BDI score > 25; alcohol/substance abuse; significant cardiovascular, respiratory, rheumatoid, rheumatic, hepatic, renal, or other medical condition; systemic infection; epilepsy; active cancer; severe sleep apnea; unstable endocrine disease; active peptic ulcer or inflammatory bowel disease; males with prostatic enlargement or other genitourinary disorders
Co-treatment Exclusions:

Antidepressants, antiepileptics, centrally-acting analgesics, mood stabilizers, benzodiazepines, muscle relaxants, hypnotics, anesthetics, systemic steroids (> 10 mg prednisone equivalent per day); TENS, tender/trigger point or joint injections; acupuncture. 1–4-wk washout for disallowed medications.
Allowed Co-medications:  Not reported

	Results
	N screened / randomized / completed:  1406 / 884 (435 MLN; 449 PBO) / 678.

No differences in baseline patient characteristics between groups. 
MLN vs. PBO:

Age, mean, y:  48.3 vs. 49.2
FM Duration, mean, y:  9.5 vs. 9.5

FIQ Total Score, mean (scale 0–100):  56.7 vs. 57.0

Most common reasons for early discontinuation:  adverse events (22.1% MLN vs. 9.8 PBO) and therapeutic failure (5.5% and 7.3%). 
Responders at Wk 16, n (%)
PBO

(N = 449)

MLN200

(N = 435)

OR

(95% CL)
P-value

“FM Pain” (PEM, LOCF, FAS)

14.6
24.2
1.90 (1.34, 2.68)*
0.0003

“FM Pain” (BOCF, FAS)
13.5
23.3
1.97 (1.38, 2.80)

0.0002

Pain ≥ 30% improvement†
30.0
38.6
1.48 (1.11, 1.96)**
0.007

Pain ≥ 50% improvement†
PGIC score ≤ 2

20.6
33.3
1.92 (1.41, 2.60)
< 0.0001

SF-36 PCS ≥ 6-point improvement

LSM Change (SEM), BL–Wk 16
PBO

(N = 449)
MLN200

(N  =  435)
LSMD 
(95% CL)
P-value
FIQ Total Score (PEM, LOCF)

–11.18 (0.99)
–14.18 (1.03)
–3.00 (–5.42, –0.58)
0.015
BPI-SF Pain Intensity
–1.03 (0.10)
–1.47 (0.11)
–0.44 (–0.69, –0.180
0.0008
SF-36 PCS

3.57 (0.35)
4.55 (0.36)
0.98 (0.12, 1.83)
0.025

FIQ Total

NR
NR
NR
NR
FIQ PF

–0.22 (0.03)
–0.31 (0.03)
–0.09 (–0.16, –0.01)
0.021
MASQ Total

–3.42 (0.96)
–5.88 (1.00)
–2.45 (–4.80, –0.10)
0.041
STAI-S
0.01 (0.52)
–0.96 (0.54)
–0.98 (–2.26, 0.30)
0.133
MFI Total
–3.53 (0.70)
–5.94 (0.73)
–2.41 (–4.12, –0.71)
0.006
MOS-Sleep Index I
–6.73 (0.95)
–6.28 (0.99)
0.45 (–1.88, 2.78)
0.703
MOS-Sleep Index II

–7.40 (0.93)

–6.93 (0.97)

0.47 (–1.81, 2.75)

0.685

PED Weekly Recall Sleep Score

–9.49 (1.28)
–13.86 (1.32)
–4.27 (–7.36, –1.18)
0.007

* p = 0.015
Safety, MLN vs. PBO, n (%)
SAEs:  11/431 (2.6) vs. 11/446 (2.5)

Experienced ≥ 1 TEAE:  363 (84.2) vs. 331 (74.2)

Most common TEAEs on MLN:  nausea (26.0 vs. 11.2), hyperhidrosis (23.7 vs. 2.9), headache (16.9 vs. 12.3)
TEAEs resulting in discontinuation in > 2% of MLN patients:  hyperhidrosis (4.2), headache (3.5), nausea (3.0), tachycardia (2.1)

	Authors’ Conclusions
	Results consistent with those of three U.S. studies;
 ADDIN EN.CITE 
6-8
 showed safety and efficacy of MLN 100 mg b.i.d. (200 mg/day) in treating FM pain and multidimensional symptoms (fatigue, physical and mental functioning, sleep, and cognitive complaints).

	Critique
	Strengths
Sensitivity analyses confirmed primary efficacy analyses. Various measures of improvements in pain consistently showed benefit with MLN.
Limitations

Study population may differ from general FM population in that patients did not have a current major depressive episode or generalized anxiety disorder. Primary efficacy analyses used different outcomes from U.S. trials; a 2-measure composite responder was used but a 3-measure composite responder was not. Authors concluded improvement in sleep; however, results for impact on sleep disorders were inconsistent. Results may not generalize to stable treatment longer than 12 weeks or to patients with major depression, concomitant centrally-acting drugs for fibromyalgia; comorbidities, or more severe fibromyalgia. Results may not apply to general VA population.
Jadad Quality Score:  3 

Sponsor:  Pierre Fabre Médicament, Boulogne, France


Appendix Table 6
Meta-analysis by Häuser, et al. (2010)
	Citation
	Häuser W, Petzke F, Sommer C. Comparative efficacy and harms of duloxetine, milnacipran, and pregabalin in fibromyalgia syndrome. J Pain. 2010 Jun;11(6):505-21. Epub 2010 Apr 24.

	Study Goals
	“To give physicians and patients an orientation on FDA-approved pharmacological treatment options of FMS by answering the following questions:  (1) Are the patients of the randomized controlled trials (RCTs) with DLX, MLN, and PGB comparable to those in clinical practice (applicability)?; (2) Are there differences in the efficacy between the 3 drugs to reduce FMS symptoms (efficacy); (3) Are there differences regarding the side effects and contraindications of the 3 drugs (harms)?”

	Methods
	Data Sources:  Medline, SCOPUS, Cochrane Central Register of Controlled trials (until May 2009); reference lists; Web sites of FDA, U.S. National Institutes of Health; and PhRMA for unpublished data; drug sponsors’ medical information departments and first authors of published studies in cases of missing data in the full paper or databases; prescribing information; CDER medical and statistical reviews.
Data Extraction and Quality Assessment:  Two authors independently screened abstracts then articles and extracted data. Quality scoring based on van Tulder, et al. method using 11 items; quality rated as high (score 8–11), moderate (score 5–7), or low (score 1–4).

Data Synthesis and Analysis:  Meta-analysis done according to QUORUM guidelines; outcomes analysed by RevMan 5.0 software (Cochrane collaboration). SMD used in Cochrane reviews is the effect size known as Hedges (adjusted) g. Used Cohen’s categories for magnitude of effect sizes:  g > .2–.5 = small; g > .5–.8 = medium; g > .8 = large; authors named g 0.01–.2 “not substantial.” Heterogeneity tested with I2 statistics (value > 50% represents substantial variability).
NNT was used when more beneficial outcomes, defined as at least 30% pain reduction or when drop out due to lack of efficacy occurred with DLX, MLN, and PGB less frequently than with PBO. NNH was used when significantly more adverse events, defined as withdrawal due to adverse events. 

Adjusted Indirect Comparisons:  RRIND = RRDrug 1 vs. PBO / RRDrug 2 vs. PBO
Outcome Measures Used for Meta-analysis of pivotal MLN Trials:  Pain—Weekly mean PED 24-h morning recall pain score; Fatigue—MFI; Sleep—SF-36 Sleep Problem Index II; Depression—BDI; HRQoL—FIQ total score

	Criteria
	Study selection:  

(1) RCT with head-to-head comparison of at least 2 of the drugs or RCT design with DLX, MLN, or PGB with placebo control or uncontrolled open-label extension study. 
(2) Outcomes of at least 1 key domain of FM (pain, sleep, fatigue, depressed mood, health-related quality of life, and data on harms).

(3) Data published as full paper or data on file in 1 of the public databases detailed above.

	Results


	No head-to-head trials found. 
Number of RCTs / Open-label Extensions / Open-label–Double-blind studies:

DLX 4 / 2 / 1; MLN 5 / 1 / 0; PGB 5 / 3 / 0

All studies excluded patients with severe mental disorders except DLX studies included patients with major depression.

All studies were high in quality and homogeneity was high in nearly all outcomes.

Pain
DLX
MLN
PGB
No. of Study Arms
7
5
12
No. of Patients on Active Tx
865
1557
2060
Effect Size

–.33 (–.43, –.23)

–.19 (–.26, –.11)

–.27 (–.35, –.19)
P-value (test for overall effect)

<.0001

<.0001

<.0001
Fatigue
DLX

MLN

PGB

No. of Study Arms

5
5
9
No. of Patients on Active Tx

629
1539
1478
Effect Size

–.10 (–.21, .01)
–.13 (–.21, –.06)
–.16 (–.23, –.09)
P-value (test for overall effect)

.06
.006
<.0001
Sleep
DLX

MLN

PGB

No. of Study Arms

2
5
9
No. of Patients on Active Tx

230
1555
1490
Effect Size

–.31 (–.50, –.13)
–.05 (–.12, .03)
–.37 (–.46, –.28)
P-value (test for overall effect)

.0007
.23
<.001
Depressed Mood
DLX

MLN

PGB

No. of Study Arms

5
5
6
No. of Patients on Active Tx

536
1539
1118
Effect Size

–.27 (–.39, –.16)
–.11 (–.19, –.04)
.01 (–.07, .10)
P-value (test for overall effect)

<.0001
.003
.75
HRQoL
DLX

MLN

PGB

No. of Study Arms

7
5
3
No. of Patients on Active Tx

846
1530
561
Effect Size

–.25 (–.42, –.08)
–.17 (–.25, –.10)
–.25 (–.36, –.13)
P-value (test for overall effect)

.005
<.0001
<.0001
Adjusted Relative Efficacy (Indirect Estimates Based on PCTs)
Outcome

DLX vs. MLN

MLN vs. PGB

DLX vs. PGB

30% Pain Reduction†
1.03 (.78, 1.28)

.90 (.63, 1.17)

.93 (.63, 1.23)

WDAEs†
.70 (–.40, 1.80)

1.19 (.16, 2.22)

.83 (.18, 1.48)

Pain‡
1.74 (1.68, 1.80)*

.70 (.58, .82)*

1.22 (1.10, 1.80)*

Fatigue

.77 (.67, .87)*

.81 (.71, .91)*

.62 (.52, .72)*

Sleep Disturbance

6.20 (6.05, 6.35)*

.84 (.69, .99)*

.14 (–.01, .29)

Depressed Mood

2.45 (2.32, 2.58)*

11.0 (1.89, 11.11)*

27.0 (26.83, 27.17)*

Reduced HRQoL

1.47 (1.29, 1.65)*

.44 (.28, .60)*

0 (–.25, .25)

† RR (95% CL)

†† SMD (95% CL)

* Significant comparisons based on 95% CLs < 1 or > 1.

Adjusted Relative Harms (Indirect Estimates Based on PCTs)
Outcome
DLX vs. MLN
DLX vs. PGB
MLN vs. PGB
Dizziness
1.35 (–.13, 2.73)
.68 (–.90, 2.26)
.50 (–.67, 2.46)
Somnolence
NP
.63 (–1.20, 2.46)
NP
Fatigue
NP
1.24 (–.32, 2.16)
NP
Headache
1.24 (.71, 1.75)
2.24 (1.83, 2.65)*
1.81 (1.48, 2.14)*
Nausea
1.72 (.60, 2.84)
3.25 (2.13, 4.37)*
1.90 (1.37, 2.43)*
Dry Mouth
1.28 (–1.35, 3.91)
.63 (–2.84, 4.10)
.49 (–3.42, 4.40)
Diarrhea
2.21 (1.64, 2.78)*
2.01 (1.23, 2.99)*
1.03 (.10, 1.96)
Constipation

.80 (–1.84, 3.44)
.93 (–11.47, 13.33)
1.13 (–1.82, 13.08)
Hyperhidrosis

1.14 (–5.08, 7.36)
NP
NP: ND
Insomnia

NP:  ND
NP:  ND
NP:  ND
All values expressed as RR (95% CL)
NP, Not possible; ND, No data available

* Significant comparisons based on 95% CLs < 1 or > 1.

	Authors’ Conclusions
	Selection of drugs for FM should be based on occurrence of key symptoms of FM, adverse effect profiles, comorbidities of the patient, and patient preferences. The main obstacle to applicability of the studies is the exclusion of patients with mental disorders except for major depression in DLX trials.

	Critique
	Strengths
Included unpublished data (may have reduced publication bias). 
Limitations

Indirect comparisons. Insufficient data on patients’ working status and comorbidities. Absence of standardized methods to assess subjective AEs such as nausea (major methodologic problem according to authors). Not all available data were analyzable or provided by sponsors. All trials were sponsored by the drug manufacturers. Qualitative descriptions of effect sizes may not reflect patient’s perception of the clinical importance of the effects. 
Funding of Meta-analysis:  Not reported. Authors have received honoraria from several pharmaceutical companies, including but not limited to the drug manufacturers.
Quality:  Good
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