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Milnacipran: a selective serotonin and
norepinephrine dual reuptake inhibitor
for the management of fibromyalgia
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Abstract: Milnacipran, a serotonin and norepinephrine reuptake inhibitor with preferential
inhibition of norepinephrine reuptake over serotonin, is approved in the United States for
the management of fibromyalgia. Owing to its effects on norepinephrine and serotonin,

as well as its lack of activity at other receptor systems, it was hypothesized that
milnacipran would provide improvements in pain and other fibromyalgia symptoms without
some of the unpleasant side effects associated with other medications historically used for
treating fibromyalgia. The clinical safety and efficacy of milnacipran 100 and 200 mg/day

in individuals with fibromyalgia has been investigated in four large, randomized,
double-blind, placebo-controlled studies and three long-term extension studies. The clinical
studies used composite responder analyses to identify the proportion of individual patients
reporting simultaneous and clinically significant improvements in pain, global status, and
physical function, in addition to assessing improvement in various symptom domains such
as fatigue and dyscognition. In the clinical studies, patients receiving milnacipran reported
significant improvements in pain and other symptoms for up to 15 months of treatment.
Most adverse events were mild to moderate in severity and were related to the intrinsic
pharmacologic properties of the drug. Long-term exposure to milnacipran did not result in
any new safety concerns. As with other serotonin and norepinephrine reuptake inhibitors,
increases in heart rate and blood pressure have been observed in some patients with

milnacipran treatment.
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Introduction

Fibromyalgia (FM) is a chronic pain disorder
that affects approximately 2—4% of the US pop-
ulation [Wolfe ez al. 1995]. Although FM is often
considered to be a disorder predominantly affect-
ing middle-aged women, it has been observed in
men, children, adolescents, and the elderly
[Chakrabarty and Zoorob, 2007]. The hallmark
symptom of FM is chronic widespread pain,
which patients may describe as an overall achi-
ness, deep gnawing or burning pain, or a feeling
of swelling in their soft tissues [Bennett, 2009;
Arnold ez al. 2008; Mease, 2005]. Other com-
monly reported symptoms include fatigue, stiff-
ness, cognitive dysfunction, disturbed sleep, and
psychological distress [Bennett, 2009; Mease
et al. 2007].

milnacipran,

pain, physical function, serotonin—

Although the pathophysiology of FM is not
completely understood, a number of genetic, psy-
chosocial, biochemical, and physiologic factors
are likely to be involved in the development of
this disorder [Bradley, 2009; Mease, 2005].
Increasing evidence suggests, however, that the
painful symptoms of FM are attributable to
abnormal pain processing in the central nervous
system (CNS), including the amplification of
pain signals in ascending pain pathways [Staud
and Rodriguez, 2006] and the dysregulation of
pain signals via descending pain pathways
[Bradley, 2009]. The resulting central sensitiza-
tion can lead to heightened sensitivity to painful
stimuli (hyperalgesia) and painful responses to
nonpainful stimuli (allodynia) [Staud and
Spaeth, 2008]. The transmission of nociceptive
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information from the periphery to the brain via
ascending pain pathways is mediated by various
neurotransmitters, including substance P and
glutamate [Bradley, 2009]. Neurotransmitters
such as serotonin, norepinephrine, and dopamine
are involved in the modulation of pain signals
in the descending pathways [Dubner and
Hargreaves, 1989], and reduced cerebral spinal
fluid levels of metabolites of these neurotransmit-
ters have been found in patients with FM com-
pared with healthy controls [Russell ez al. 1992].
Thus, medications that increase levels of seroto-
nin, norepinephrine, or dopamine may have clin-
ically beneficial effects on pain in patients with
FM. Further, because central sensitization is
common in various etiologies of chronic pain,
there is currently considerable interest in the
possibility that agents inhibiting the reuptake of
both serotonin and norepinephrine (serotonin—
norepinephrine reuptake inhibitors [SNRIs])
may prove to be valuable in treating a wide vari-
ety of chronic pain conditions.

Currently, three drugs are approved by the US
Food and Drug Administration (FDA) for the
management of FM. Two of these medications,
milnacipran and duloxetine, are SNRIs; the third
drug, pregabalin, is an alpha-2-delta ligand.
A number of other drugs have also been tried in
patients with FM, including nonsteroidal anti-
inflammatory drugs (NSAIDs), opiates, selective
serotonin reuptake inhibitors (SSRIs), and tricy-
clic antidepressants (T'CAs); of these, only the
TCAs have demonstrated consistent efficacy in
FM clinical studies [Clauw, 2008; Goldenberg
et al. 2004]. It has been postulated that similar
to the SNRIs, TCAs restore deficits in the
descending pain pathways by inhibiting the reup-
take of both serotonin and norepinephrine,
thereby leading to improvements in pain
[Mease, 2009; Clauw, 2008]. However, the effi-
cacy of TCAs is limited by poor tolerability and
side effects due to their affinity for histaminergic,
cholinergic, and adrenergic receptor systems
[Mease, 2005], leading to diminished patient
compliance and limited long-term use in patients
with FM [Mease, 2009]. In contrast to TCAs,
SNRIs such as milnacipran and duloxetine pos-
sess no significant affinities for these receptors
[Briley et al. 1996; Wong et al. 1993], resulting
in a more favorable tolerability profile.

Since 1997, milnacipran has been widely used
outside of the United States for the treatment
of major depressive disorder, resulting in a large

body of safety data from clinical studies
[Nakagawa et al. 2009] and from postmarketing
surveillance reports. In patients with FM, the
safety and efficacy of milnacipran has been inves-
tigated in four large, randomized, double-blind,
placebo-controlled studies [Branco ez al. 2010;
Arnold et al. 2009a; Mease et al. 2009b; Clauw
et al. 2008a] and in three long-term extension
studies [Goldenberg er al. 2010; Branco er al
2009; Ferrera et al. 2009]. As discussed below,
results from these clinical studies indicate that
milnacipran significantly improves the pain and
other symptoms of FM for up to 15 months of
treatment. In addition, findings from key preclin-
ical and clinical pharmacology studies are high-
lighted below to present a comprehensive review
of milnacipran.

Preclinical studies

The inhibitory effects of milnacipran on seroto-
nin and norepinephrine reuptake have been
investigated using established physiologic and
biochemical experimental methods. In microdia-
lysis studies, milnacipran was found to increase
the extracellular levels of both serotonin and nor-
epinephrine in the hypothalamus [Moret and
Briley, 1997] and prefrontal cortex [Kitaichi
et al. 2008; Mochizuki er al. 2002] of rodents.
In an i vitro study comparing the effects of var-
ious SNRIs on monoamine uptake and transpor-
ter binding affinity in human cell lines,
milnacipran was found to inhibit norepinephrine
reuptake with approximately three-fold greater
potency than serotonin reuptake [Vaishnavi
et al. 2004]. These n vitro data distinguish mil-
nacipran from other SNRIs (duloxetine and ven-
lafaxine), which have been reported to be more
potent in inhibiting serotonin reuptake than nor-
epinephrine reuptake [Vaishnavi et al. 2004].

There are no well-validated animal models for
FM. However, since pain is an integral compo-
nent of FM, the effects of milnacipran in rodent
models of pain are briefly reviewed here. Several
studies have shown that this drug reduces hyper-
algesic and allodynic behaviors in rodent models
of chronic pain. For example, in preclinical stud-
ies that use nerve ligation techniques to simulate
neuropathic pain, milnacipran diminished hyper-
algesic and allodynic behaviors [Ikeda ez al. 2009;
Takeda er al. 2009; Matsuzawa-Yanagida ez al.
2008; King er al. 2006; Obata et al. 2005].
It has been postulated that dysregulation of
inhibitory descending pathways contributes to
the painful symptoms of FM [Bradley, 2009].
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Preclinical results from these nerve ligation stud-
ies indicate that that agents acting on both sero-
tonergic and noradrenergic systems are likely to
have analgesic effects. For example, in the nerve
ligation study that compared paroxetine (an
SSRI), maprotiline (a tetracyclic antidepressant
with strong noradrenergic reuptake inhibition),
and milnacipran (an SNRI), effects on allodynic
behavior were only observed with milnacipran
[Obata er al. 2005].

Milnacipran has also been found to diminish
painful behaviors in a streptozotocin-induced
model of diabetic neuropathy [Ikeda er al
2009], a stress-induced model of muscle hyper-
algesia [Suarez-Roca er al. 2006], and in a forma-
lin model of pain [Bardin ez al. 2010; Yokogawa
et al. 2002]. The formalin model is thought to
simulate central sensitization [Bardin er al
2010], a neurobiological mechanism involving
the amplification of nociceptive signals in the
CNS that may result in hypersensitivity to pain
and other stimuli [Yunus, 2008; Clauw, 2005].
Consistent with findings from the nerve ligation
studies, findings from the formalin model indi-
cate that dual reuptake inhibitors such as milna-
cipran have greater analgesic effects than either
SSRIs that act on serotonergic systems or norepi-
nephrine reuptake inhibitors that act solely on
noradrenergic systems [Yokogawa ez al. 2002].
Therefore, drugs that modulate both noradrener-
gic and serotonergic systems involved in the cen-
tral sensitization process are rational targets for
drug development. Although the results of all of
these studies do not clarify the exact mechanisms
by which milnacipran improves pain in patients
with FM, they provide a preclinical basis for the
improvements in pain that have been reported in
the milnacipran clinical studies.

In addition to its involvement in central pain pro-
cessing, norepinephrine is thought to play a key
regulatory role in cognition via its effects on cel-
lular excitability and synaptic plasticity [Sara,
2009] and via its overlapping activity with dopa-
mine in the prefrontal cortex, the area of the
brain that processes higher cognitive functions
such as working memory and attentional control
[Stahl, 2009; Briand ez al. 2007]. Results from
several preclinical studies have shown that milna-
cipran improves cognitive performance in
rodents [Moojen er al. 2006; Matsumoto et al.
2005; Rao er al. 2003] and normalizes impaired
long-term potentiation or synaptic plasticity in
the rat hippocampus [Matsumoto ez al. 2005].

It is of interest that results from the milnacipran
clinical studies indicate that this drug may
improve cognitive deficits in patients with FM.

Pharmacology

Milnacipran is a white crystalline powder that is
freely soluble in water. It is available in 12.5, 25,
50, and 100mg tablets [Forest Laboratories,
2009]. The FDA-approved dosage of milnaci-
pran for the management of FM is 100 mg/day
(50 mg twice daily), which can be increased to
200 mg/day based on individual patient response.
No dose adjustment is necessary based on age or
gender. Slow dose escalation may minimize
nausea in the early treatment period.

Milnacipran is well absorbed in humans, with the
maximal plasma concentration (C..,) reached
within 2—4 hours after oral administration
[Forest Laboratories, 2009]. The absolute bio-
availability of milnacipran is high (85—90%)
[Puozzo et al. 1987], and absorption is not
affected by food. The terminal elimination half-
life is approximately 6—8 hours [Puozzo and
Leonard, 1996; Puozzo et al. 1987] and steady-
state concentrations are reached within 36—48
hours. Exposure to milnacipran increases propor-
tionally within the therapeutic dose range and
multiple-dose pharmacokinetics are predictable
from single-dose data.

Milnacipran and its metabolites are eliminated
primarily by renal excretion, with approximately
55% of milnacipran excreted unchanged in
urine, 19% as a carbamoyl-O-glucuronide conju-
gate, 8% as N-desethyl milnacipran, and the
remainder of the administered dose as other
minor metabolites, all of which are inactive
[Forest Laboratories, 2009; Puozzo and
Leonard, 1996].

Consistent with the elimination pathway of mil-
nacipran, subjects with hepatic impairment have
not demonstrated clinically relevant changes in
milnacipran pharmacokinetic parameters as com-
pared with subjects with normal hepatic function
[Puozzo et al. 1998a]. In patients with mild,
moderate, and severe renal impairment, however,
systemic exposure (AUC(.) to milnacipran
increased by 16%, 52%, and 199%, respectively,
as compared with healthy subjects [Forest
Laboratories, 2009; Puozzo et al. 1998b]. Thus,
dose adjustment is required in patients in cases
of severe renal impairment, and caution is
advised in patients with moderate renal
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impairment or severe hepatic impairment [Forest
Laboratories, 2009].

A population pharmacokinetic model was
recently developed in order to describe milnaci-
pran pharmacokinetics in patients with FM as
compared with healthy subjects [Ghahramani
and Periclou, 2009]. Demographic variables
and clinical laboratory values were used as covar-
iates to develop the population pharmacokinetic
model. The base structural model was a two-
compartment model with first-order absorption
and elimination and lag time in absorption.
Results confirm that creatinine clearance has a
significant effect on oral plasma clearance
(CL/F) (p <0.001) with CL/F values decreasing
with decreases in renal function, which is consis-
tent with the elimination of milnacipran via the
renal pathway. Patients with FM were found to
have a significantly lower CL/F than healthy sub-
jects by 12%, but this difference was not consid-
ered to be clinically relevant.

The potential for milnacipran to undergo phar-
macokinetic drug—drug interactions is limited
due to low plasma protein binding (13%)
[Puozzo et al. 2002], low hepatic metabolism
[Puozzo er al. 1998a], and minimal interactions
with the cytochrome P450 system. In vitro study
results indicate that even at high concentrations,
milnacipran does not induce or inhibit cyto-
chrome P450 enzymes [Paris ez al. 2009]. In
healthy volunteers, exposure to milnacipran and
its metabolites was not affected in either poor or
extensive metabolizers of mephenytoin and spar-
teine/dextromethorphan (metabolized by cyto-
chrome P450 enzymes CYP2C19 and
CYP2D6, respectively), indicating that milnaci-
pran oxidative metabolism is not mediated
through CYP2C19 or CYP2D6 polymorphic
pathways [Puozzo er al. 2005]. Moreover, no sig-
nificant @ vivo interactions were detected
between milnacipran and CYP2D6, CYP3A4,
CYP2C19, or CYPIA2 isoenzyme activities,
indicating flexibility in the therapeutic use of mil-
nacipran. Studies in healthy volunteers have also
shown that milnacipran does not undergo phar-
macokinetic drug interactions with carbamaze-
pine, digoxin, lithium, or warfarin [Periclou
et al. 2009; Puozzo er al. 2002]. In addition, the
pharmacokinetics of milnacipran are not affected
by switching from clomipramine or fluoxetine to
milnacipran without an intervening washout
period [Periclou ez al. 2009].

Despite the minimal risk of pharmacokinetic
interactions, the possibility of pharmacodynamic
interactions due to the inherent pharmacology
of milnacipran should be considered. Owing to
the potential for serotonin syndrome or neurolep-
tic malignant syndrome — like reactions that
can occur with this class of drugs, concomitant
use of milnacipran with serotonergic drugs (e.g.
SSRIs, SNRIs, triptans), antipsychotics, dopa-
mine antagonists, CNS-active drugs, certain car-
diovascular agents (e.g. digoxin, clonidine), or
catecholamines (e.g. epinephrine, norepineph-
rine) is cautioned; concomitant use with mono-
amine oxidase inhibitors is contraindicated
[Chwieduk and McCormack, 2010; Forest
Laboratories, 2009]. Although activation of
mania or hypomania was not observed in
FM clinical studies of milnacipran, such events
have been reported in patients treated with sim-
ilar medications for mood disorders; thus, it
is advised that milnacipran be used with cau-
tion in patients with history of mania. As with
other  antidepressants,  milnacipran  may
increase suicidality in patients, particularly in
children, adolescents, and young adults. Owing
to noradrenergic effects, treatment with milnaci-
pran is also cautioned in patients with history
of dysuria. Milnacipran can produce mydria-
sis and is contraindicated in patients with
uncontrolled narrow-angle glaucoma; it may be
used with caution in patients with controlled
narrow-angle glaucoma. In the 2-week discontin-
uation phase of Study 3, no evidence of discon-
tinuation syndrome was observed in patients who
were abruptly switched from milnacipran
100 mg/day to placebo [Saxe et al 2009a].
However, as with other agents in its class, dose
tapering and monitoring for withdrawal symp-
toms are advised in patients discontinuing
extended milnacipran  treatment  [Forest
Laboratories, 2009].

In contrast to TCAs, milnacipran lacks clinically
meaningful affinity for adrenergic, serotonergic,
dopaminergic, histaminergic, muscarinic, or
opiate receptors [Assie er al. 1992; Moret er al
1985]. Because milnacipran increases serotonin
and norepinephrine levels by inhibiting reuptake
at presynaptic sites rather than through interac-
tion with postsynaptic serotonergic and norad-
renergic receptors, this drug is expected to have
a side-effect profile consistent with increased
peripheral exposure to these neurotransmitters
[Spencer and Wilde, 1998].
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Efficacy

Clinical study design

The efficacy of milnacipran in FM has been
investigated in three randomized, double-blind,
placebo-controlled, multicenter, phase 3 studies
conducted in the United States (Study 1 [Mease
et al. 2009b]; Study 2 [Clauw ez al. 2008a]; and
Study 3 [Arnold er al. 2009a]) and a phase 3
study in Europe (Study 4 [Branco ez al. 2010]).
These four studies were designed using relatively
similar dosing, inclusion and exclusion criteria,
and primary endpoints (Table 1).

Together, the phase 3 milnacipran clinical studies
included approximately 4000 adult patients who
met the 1990 American College of Rheumatology
(ACR) criteria for FM [Wolfe er al 1990]
(Table 1). In the 3-month studies (Studies 2, 3,
and 4), patients were equally randomized to all
treatment groups. In the 6-month study
(Study 1), patients were randomized at a ratio of

1:1:2 to placebo, milnacipran 100 mg/day, and
milnacipran 200 mg/day, respectively, in order to
collect more data for the higher dose; this study
included 3- and 6-month efficacy endpoints.

In addition to meeting certain criteria for baseline
scores on pain and physical function (Table 1), all
patients in the milnacipran studies were also
required to discontinue nonpharmacologic and
CNS-active pharmacologic therapies. Exclusion
criteria included current major depressive epi-
sode, severe psychiatric illness, and severe medi-
cal conditions. Limited rescue medication use
was permitted in the US studies for acute exac-
erbations of FM pain; however, the use of rescue
medication during critical efficacy evaluation per-
iods resulted in the invalidation of pain data and/
or classification of patients as nonresponders.

Efficacy was assessed daily using an electronic
patient experience diary (PED) as well as at
clinic visits. A major feature of the efficacy

Table 1. Summary of milnacipran phase 3 clinical studies in fibromyalgia.
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endpoints used in these studies was the inclusion
of composite responder classifications. This
ensured that any patient who was classified as a
responder had demonstrated a clinically signifi-
cant improvement in each individual component
of the composite response definition. Simulta-
neous evaluation of both pain and patient
global responses was part of all of the responder
definitions. Included as a primary efficacy end-
point in all of the studies was a two-measure
composite responder analysis that required
patients to meet the following criteria: >30%
improvement from baseline in PED visual
analog scale (VAS) 24-hour recall pain scores;
and a rating of 1 (‘very much improved’) or 2
(‘much improved’) on the Patient Global Impres-
sion of Change (PGIC). The three US studies
also included a more stringent three-measure
composite responder analysis as a primary end-
point, which required patients to have a > 6-point
improvement from baseline in the Short Form-36
(SF-36) Physical Component Summary (PCS)
score in addition to meeting the pain and PGIC
criteria described above. In the European study,
the Fibromyalgia Impact Questionnaire (FIQ)
total score was included as a coprimary endpoint.

As requested by the US FDA, the milnacipran
clinical study used a baseline observation carried
forward (BOCF) method to impute missing values
for the primary efficacy endpoints [USFDA,
2009]. This is a conservative approach that
assumes no improvement from baseline occurred
in patients with missing data, even if they
showed dramatic improvement prior to leaving
the study. Sensitivity analyses of the primary
endpoints and analyses of secondary endpoints
(e.g. improvements in pain, fatigue, global
status, and multidimensional functioning)
included last observation carried forward
(LOCF) and observed cases (OC). The LOCF
is a commonly used imputation method that
uses the last available data as the endpoint
value. The OC approach makes no assumptions
about missing values and thus does not account
for patients who may have discontinued due to
insufficient efficacy. However, the OC approach
does provide clinically useful information about
patients who can tolerate treatment. In addition
to the BOCFE, LOCF, and OC methods
described above, a mixed-effect model repeated
measure (MMRM) method was used for some
post hoc analyses of the milnacipran clinical
study data. Compared with LOCEF, this statisti-
cal approach may be more effective in

controlling for Type I errors and minimizing
bias [Siddiqui ez al. 2009].

Baseline characteristics

Patient demographics were generally
across the four studies [Palmer er al. 2009].
Most patients in these studies were female
(>90%) and white (>90%). Mean ages ranged
from 48.8 to 50.2 years, and mean duration of
FM symptoms was approximately 10 years. The
only notable difference between US and
European patients was body weight. Mean
baseline body mass index (BMI) scores in the
US studies (range 30.5—30.9) exceeded the
World Health Organization (WHO) criteria for
obesity (BMI > 30) [WHO, 2000]. By contrast,
the mean baseline BMI in the European study
(26.7) fell within the overweight range (BMI 25
to <30). Similarly, proportions of patients who
were obese in the US studies (range 47—50%)
[Arnold er al. 2009b] were higher than those in
the European study (22%) [Branco ez al. 2010].

similar

Baseline disease characteristics were also similar
among patients in all of the milnacipran studies. In
general, patients experienced severe FM-related
pain before enrollment in the clinical studies.
Mean baseline PED VAS scores were >60 for
24-hour and weekly recall pain scores [Palmer
et al. 2009], coinciding with published thresholds
for severe pain [Bennett er al. 2005]. Based on
severity thresholds established for FIQ total
scores [Bennett er al. 2009], patients across the
studies also had moderate-to-severe functional
impairment at baseline (FIQ total score range,
56.9—64.6) [Palmer et al. 2009]. In addition,
mean baseline SF-36 PCS scores indicated that
these patients with FM were approximately two
standard deviations below US norms in terms of
physical functioning [Strand and Singh, 2008;
Ware, 2000]. Although patients with severe psy-
chiatric illness or major depressive episodes were
excluded from these studies, consistent with clin-
ical experience, a number of patients also exhib-
ited minimal to moderate depressive symptoms at
baseline [Palmer ez al. 2009], as indicated by mean
Beck Depression Inventory (BDI) scores (range
8.9—14.0) [Beck er al. 1988].

Composite responder endpoints

The cardinal symptoms of FM, in addition to
chronic widespread pain, include fatigue, sleep
disturbances, reduced functioning (physical,
mental, and social), and cognitive disturbances
[Mease, 2005]. The Outcome Measures in
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Rheumatology (OMERACT) FM working group
has been actively researching the importance of
assessing these multiple symptoms of FM in clin-
ical studies. Based on input from patients, clini-
cians, and researchers, OMERACT has identified
the following core domains to be assessed in FM
clinical studies: pain, tenderness, fatigue, patient
global, multidimensional function, and sleep dis-
turbances [Mease ez al. 2009a].

OMERACT has also been instrumental in gain-
ing recognition of the importance of using com-
posite responder indices in clinical studies
[Mease ez al. 2007]. Such endpoints, which mea-
sure clinically meaningful changes across several
domains in individual patients, are well suited to
capture multidimensional improvements in such
complex disorders as FM. Clinical studies for
other pain disorders, including rheumatoid
arthritis [Schwieterman, 2008] and osteoarthritis
[Bingham ez al. 2008], have also used composite
endpoints to provide information about specific
patient responses, as opposed to group mean
changes. The two-measure composite responder
endpoint used in all four of the milnacipran stud-
ies includes two of the core domains identified by
OMERACT: pain and patient global. Because
these endpoints require patients to meet more
than one criterion, they are inherently conserva-
tive outcome measures. For example, patients
who might have reported dramatic improvements
in pain but did not rate their global status
as ‘much improved’ or ‘very much improved’
(i.e. PGIC scores of 1 or 2) could not be classi-
fied as two-measure composite responders. The
three-measure composite responder endpoint
used in the three US milnacipran clinical studies
represents an even higher hurdle for success by
requiring patients to also demonstrate improve-
ments in a physical function component in addi-
tion to pain and global status.

In the phase 3 studies, significantly more milnaci-
pran-treated patients were classified as two-
measure and three-measure composite respon-
ders as compared with patients receiving placebo.
Using the conservative BOCF method to
impute missing data, two-measure composite
responder rates ranged as follows: 100 mg/day,
22.8—28.5%; 200 mg/day, 24.8—26.8%; placebo,
16.5—19.3% (all p < 0.05, both doses except for
100 mg/day in Study 1). For the three-measure
composite endpoint used in the US studies,
responder rates ranged as follows: 100 mg/day,
14.5—20.0%; 200 mg/day, 13.9—19.3%; placebo,

8.7—12.1% (all p <0.05, both doses; BOCF).
Among completers in the US studies, three-
measure composite responder rates were approx-
imately twice as high in milnacipran-treated

patients as in placebo-treated patients (all
p<0.01, both doses wersus placebo; OC)
(Figure 1).

In addition to the composite responders, a
number of symptom domains were assessed in
the milnacipran clinical studies. As discussed
below, these include the individual components
of the composite responders (i.e. pain, patient
global, physical function), as well as fatigue and
dyscognition. The potential effects of milnaci-
pran on quality of life, as assessed by measures
of multidimensional functioning such as the
SF-36 and FIQ, are also discussed.

Pain

Chronic widespread pain is the cardinal symptom
of FM and a number of different measures were
used to assess pain severity in the milnacipran
studies. One innovative aspect of these studies
was the use of electronic PEDs in collecting
pain data. Patients were prompted several times
each day and on a weekly basis to record their
recalled pain (24-hour recall, weekly recall) and
current (‘real-time’) pain. The advantages of
using the PEDs include the minimization of
potential recall bias and the ability to capture
data in the patients’ home environment
[Williams ez al. 2008, 2007]. The PED pain
data were supplemented by paper-based and
computerized tablet-based VAS pain assessments
(24-hour and weekly recalled pain) and the Brief
Pain Inventory (BPI).

In all of the FM studies, improvements in PED
VAS 24-hour recall pain scores were significantly
greater with milnacipran than with placebo. In
addition, all of the ancillary pain measures
described above were consistent with and corrob-
orated these PED data. The significant improve-
ments with milnacipran wversus placebo in
multiple pain measures are exemplified by the
results from Study 2 [Clauw er al 2008a],
which was the only study to include both doses
of milnacipran and randomize patients equally to
each treatment arm (Figure 2). In all of the stud-
ies, significant differences between milnacipran
and placebo were reported after Week 1 of treat-
ment, with maximal pain relief observed after
9 weeks of milnacipran treatment. Among study
completers, significant improvements in pain
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2-Measure composite endpoint (pain+global status)

(A) 50 —

% XXX

Percentage of patients

Study 1

Study 2

[] Placebo
[ Milnacipran 100 mg/day
. B Milnacipran 200 mg/day

*¥¥%

Study 3 Study 4

3-Measure composite endpoint (pain +global
status+physical function)

(B) 40 —

*%  KXX

Percentage of patients

Study 1

Study 2

[] Placebo
[ Milnacipran 100 mg/day
B Milnacipran 200 mg/day

Study 3

Figure 1. Proportion of patients meeting the two-measure and three-measure composite responder criteria
at 3 months, observed cases. From Study 1 [Mease et al. 2009b], Study 2 [Clauw et al. 2008a], Study 3 [Arnold
et al. 2009al, and Study 4 [Branco et al. 2010]. *p <0.05; **p <0.01; ***p <0.001 versus placebo.

with milnacipran treatment were observed at
most weeks for up to 6 months of treatment
(both doses, p<0.05; OC) [Mease er al
2009b]. A pooled analysis of Studies 1 and 2
indicate that consistent pain relief (i.e. >30%
pain reduction for 80% of days remaining until
the 3-month endpoint) was achieved sooner in
patients treated with milnacipran as compared
with placebo [data on file].

The effect of milnacipran on FM pain was also
evident in the pain component of the composite

responder criteria (i.e. >30% improvement from
baseline in PED VAS 24-hour recall pain scores),
which reflects clinically meaningful improve-
ments in pain [Dworkin er al. 2008; Farrar ez al.
2001]. In all four studies, the proportion of mil-
nacipran-treated patients achieving >30%
improvement in pain at 3 months ranged from
46% to 60%, compared with 33% to 39% for
placebo (p<0.01, OC) (Table 2). Post hoc anal-
yses of Studies 1 and 2 provide further evidence
of the effect of milnacipran on improvements in
pain [Mease er al. 2009d]. After 15 weeks of
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Figure 2. Least squares mean changes from baseline in pain scores. From Study 2 (placebo, n=401; milna-
cipran 100 mg/day, n=399; milnacipran 200 mg/day, n=2396) [data on file], observed cases. *p<0.05;
**p<0.01; ***p<0.001 versus placebo; PED, patient experience diary; VAS, visual analog scale.

treatment, a significantly higher proportion of
milnacipran-treated patients achieved a more
conservative definition of pain relief (i.e. >50%
improvement in pain) compared with patients
who received placebo (100mg/day, 27%:;
200 mg/day, 34%; placebo, 19%; both doses,
p <0.05, OC). Finally, patients treated with mil-
nacipran experienced significantly more days with
>30% improvements in pain (p <0.001, OC)
and >50% improvements in pain (p <0.001,
OC) as compared with patients on placebo.
These findings indicate that treatment with mil-
nacipran results in persistent and consistent clin-
ically meaningful improvements in FM pain.

Patient global

Patient global status measures allow patients to
integrate into a single evaluation the different
aspects of their response to treatment, including
pain relief, improvement in multidimensional
functioning, and side effects. The Initiative on
Methods, Measurement, and Pain Assessment
in Clinical Trials IMMPACT) group has recom-
mended the inclusion of the PGIC as a core out-
come measure in chronic pain trials [Dworkin
et al. 2005]. Similarly, the OMERACT FM
working group has identified ‘patient global’ as
an essential domain to measure in FM clinical
trials [Mease et al. 2009a]. The PGIC wuses a

seven-point Likert scale that allows patients to
rate their change from ‘very much improved’ to
‘very much worse’ [Guy, 1976]. After 3 months
of treatment in the milnacipran clinical studies,
41-55% of patients who received active treat-
ment reported that their FM was ‘very much
improved’ or ‘much improved’ since the begin-
ning of the study (p <0.01, OC) (Table 2). In a
post hoc analysis of Studies 1 and 2 that evaluated
the impact of FM symptoms on global status,
changes in pain scores were found to have the
strongest correlation with PGIC scores in
patients who reported global improvements
[Geisser er al. 2010]. Other independent corre-
lating factors included vitality, sleep, dyscogni-
tion, and physical function. Thus, while pain
improvement is the fundamental effect of milna-
cipran treatment in patients with FM, its effects
on patient global status also reflect improvement
in other important domains.

Physical function

Patients with FM characteristically experience
substantial reductions in physical functioning,
which can impede the ability to perform daily
tasks [Goldenberg, 2009; Culos-Reed and
Brawley, 2000]. Clinically meaningful improve-
ment in physical function, defined in the US mil-
nacipran studies as >6-point improvement from
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baseline in SF-36 PCS score, was included as a
component of the three-measure composite
responder endpoint. In these studies, response
rates for SF-36 PCS were significantly higher
with milnacipran versus placebo (Table 2). In a
pooled analysis of the three US studies, the pro-
portion of patients with clinically meaningful
improvements in SF-36 PCS scores at all study
visits was significantly higher with milnacipran
100 mg/day than with placebo [Saxe et al
2009b]. In the European study (Study 4), for
example, least squares (ILS) mean changes from
baseline SF-36 PCS scores for milnacipran
200mg/day and placebo were +4.55 and
+3.57, respectively, representing a 27% greater
improvement with active treatment over placebo
(»p=0.025, LOCF) [Branco et al. 2010].

Fatigue

Fatigue, in addition to pain, is one of the most
commonly reported and troublesome symptoms
of FM [Guymer and Clauw, 2002; Wolfe er al.
1996, 1990], with moderate or severe fatigue
occurring in an estimated 75—90% of patients
[Yunus, 2005]. In the milnacipran clinical stud-
ies, fatigue was measured using the Multidimen-
sional Fatigue Inventory (MFI) [Smets er al.
1995], the fatigue items of the FIQ (‘How tired
have you been?’ and ‘How have you felt when you
get up in the morning?’) [Burckhardt ez al. 1991],
and the energy/vitality domain of the SF-36
health survey. A pooled analysis of MFI total
scores indicated that milnacipran significantly
improved fatigue by Week 3 (i.e. first study
visit), with milnacipran-treated patients demon-
strating approximately 65—70% improvements
over placebo (p <0.001, MMRM) [Clauw ez al.
2008b]. Significant differences between milnaci-
pran and placebo in MFI total scores were sus-
tained over time (Figure 3). Other analyses have
shown significant improvements with milnaci-
pran over placebo on the MFI subscale scores
(general fatigue, physical fatigue, mental fatigue,
reduced motivation, and reduced activity)
[Mease et al. 2009¢; Thacker er al. 2009], the
FIQ fatigue items [Mease et al. 2009c], and the
SF-36 energy/vitality domain [Branco ez al. 2010;
Thacker er al. 2009]

Cognitive dysfunction

Cognitive dysfunction, sometimes referred to as
‘fibrofog’, is a common complaint among patients
with FM [Glass, 2008]. One study reported cog-
nitive impairment in 83% of patients with FM,
compared with 30% of patients with other

Table 2. Summary of pain, global, and physical function responder rates at 3 months in milnacipran phase 3 clinical studies in fibromyalgia®.
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Figure 3. Least squares mean changes from baseline in Multidimensional Fatigue Inventory total scores.
From pooled analysis (N=2084) of Studies 1 and 2 [Clauw et al. 2008b], mixed-effects model repeated mea-
sures. Visits correspond to 3 weeks (Visit 1], 7 weeks (Visit 2], 11 weeks (Visit 3], and 15 weeks (Visit 4] of
double-blind treatment [(including 3 weeks of dose escalation and 12 weeks of stable dose treatment].

*p<0.05; *p<0.01; ***p<0.001 versus placebo.

rheumatic disorders [Katz et al. 2004]. This
impairment includes increased susceptibility to
distraction and loss of memory performance
[Glass, 2008; Katz et al. 2004]. In the milnacipran
clinical studies, the Multiple Ability Self-Report
Questionnaire (MASQ) [Seidenberg er al. 1994]
was used to assess improvements in cognitive
function. This measure encompasses five different
cognitive domains: language ability, visual-per-
ceptual ability, verbal memory, visual memory,
and attention. In an analysis of pooled data from
Studies 1, 2, and 3, LS mean changes from base-
line in MASQ total scores for milnacipran
200mg/day and placebo were —4.3 and —2.4,
respectively, indicating significant improvements in
cognitive function in patients with FM at 3 months
(p=0.004, MMRM) (Figure 4) [Manevitz et al.
2009]. Significant differences between milnacipran
200 mg/day and placebo were also observed at all
study visits for the MASQ attention and verbal
memory domains (p < 0.05).

Durability of response

The long-term efficacy (up to 15 months) of mil-
nacipran in patients with FM has been investi-
gated in randomized, double-blind, extension
studies for Study 1 [Goldenberg et al. 2010],
Study 2 [Ferrera et al. 2009], and Study 4
[Branco et al. 2009]. Patients who had received
placebo during the lead-in studies were re-rando-
mized to receive milnacipran (100 mg/day,

150 mg/day, or 200 mg/day) during the extension
studies. Patients who had received milnacipran
200 mg/day in the lead-in studies were main-
tained on this dosage during the extension stud-
ies. Patients who had received milnacipran
100 mg/day either maintained their dosage or
were re-randomized to receive milnacipran
200 mg/day during the extension studies.

Patients receiving >1 year continuous milnaci-
pran treatment in the extension studies demon-
strated durable improvements in pain. In the
extension to Study 1, for example, patients who
received milnacipran 200 mg/day for 12 months
(n =209) had similar improvements in pain
scores at 6 months (end of placebo-controlled
lead-in study) and at 12 months (end of exten-
sion study) [Goldenberg ez al. 2010]. In these
patients, mean changes from baseline pain VAS
weekly recall scores were —32.5 and —35.1 at 6
and 12 months, respectively. Similarly, durable
results were observed for pain, FIQ, PGIC, and
other efficacy measures in all three of the exten-
sion studies. Results in patients who were re-
randomized from milnacipran 100 to 200 mg/
day (n=92) demonstrated an additional 7.1%
improvement in pain after 6 months at the
higher dosage [Goldenberg ez al. 2010], suggest-
ing that some patients with FM may benefit from
receiving milnacipran 200 mg/day.
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Figure 4. Least squares mean changes from baseline in Multiple Ability Self-Report Questionnaire total
scores. From pooled analysis (N=3109) of Studies 1, 2, and 3 [Manevitz et al. 2009], mixed-effects model
repeated measures. Visits correspond to 0 weeks (Visit 1), 4 weeks (Visit 2], 8 weeks (Visit 3), and 12 weeks
(Visit 4) of double-blind stable dose treatment. *p <0.05; **p<0.01; ***p < 0.001 versus placebo.

Cost and quality-of-life considerations

The net effect of the multiple FM symptoms dis-
cussed above is that many patients with this dis-
order report a reduced quality of life, with
symptoms such as pain and fatigue interfering
with their ability to work, enjoy social activities,
and perform regular daily tasks [Hoffman and
Dukes, 2008; Mease, 2005]. The quality of life
deficit in patients with FM is generally consid-
ered to be greater than is observed in many
other chronic illnesses, such as rheumatoid
arthritis [Hoffman and Dukes, 2008]. In addition
to having a negative impact on the lives of indi-
vidual patients, FM represents a societal burden
in terms of healthcare and disability costs.

Recent utilization studies estimate the total
healthcare cost per FM patient to be approxi-
mately US$10,000 per year [Blum ez al. 2009;
Silverman et al. 2009; White ez al 2008].
Moreover, it has been estimated that patients
with FM miss 29.8 working days per year, which
is significantly more days than found in matched
controls (10.4 days, p < 0.0001) or patients with
osteoarthritis (25.7 days, p < 0.0001) [White ez al.
2008]. The impact of FM on healthcare and dis-
ability costs was confirmed by a recent analysis of
claims from patients in a primary care setting
[Sicras-Mainar et al. 2009]. An important finding
of this study was that poorer patient-reported
health status and quality of life, as measured by
the FIQ and European quality of life (EQ-5D),

correlated significantly with higher costs (FIQ,
p<0.001; EQ-5D, p <0.05). These results sug-
gest that medications which improve the multiple
symptom domains of FM might also improve
quality of life for these patients and reduce the
cost burden.

Although the actual cost benefits of milnacipran
have not yet been evaluated, significant improve-
ments with milnacipran versus placebo have been
observed in several quality of life measures,
including the FIQ and SF-36. The FIQ measures
the overall impact of FM on many symptoms,
including pain, fatigue, physical function, sleep
disturbance, and psychological distress
[Burckhardt er al. 1991]. In the European clinical
study (Study 4), which investigated the efficacy
of milnacipran 200 mg/day versus placebo and
included FIQ total score as a coprimary end-
point, the LS mean changes from baseline FIQ
total score for milnacipran 200 mg/day and pla-
cebo were —14.18 and —11.18, respectively, rep-
resenting significant improvements with active
treatment over placebo (p=0.015, LOCF)
[Branco er al. 2010]. Significant differences
between milnacipran and placebo in FIQ total
score were also found in Studies 2 and 3
[Arnold ez al. 2009a; Mease ez al. 2009b; Clauw
et al. 2008a]. These SF-36 and FIQ results indi-
cate that milnacipran improves physical, mental,
and social function, potentially leading to an
improved quality of life.
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The SF-36 measures 8 domains from which
the PCS score (described above) and Mental
Component Summary (MCS) score are derived
[Ware, 2000]. In all US studies, significant
improvements in SF-36 MOCS scores were
observed with milnacipran 100 or 200 mg/day
versus placebo [Branco er al. 2010; Arnold ez al.
2009a; Clauw et al. 2008a] (all p < 0.05, LOCF).
Significant improvements over placebo were also
observed for milnacipran 100 and 200 mg/day in
all eight domains of the SF-36 [Branco er al
2010] and [data on file].

Safety

Milnacipran was generally well tolerated at daily
doses of 100 and 200 mg in clinical studies of
patients with FM [Branco ez al. 2010; Arnold
et al. 2009a; Mease et al. 2009b; Clauw ez al.
2008a]. In a pooled safety analysis that included
2209 patients (milnacipran, n=1557; placebo,
n==652) from Studies 1 and 2 [Mease er al
2009b; Clauw et al. 2008a] and the milnacipran
phase 2 study in patients with FM [Gendreau ez al.
2005], discontinuation due to adverse events
(AEs) occurred in 23% and 26% of patients
receiving milnacipran 100 and 200 mg/day,
respectively, compared with 12% of patients
receiving placebo [Gendreau ez al. 2008]. The
only AEs that led to the premature discontinua-
tion of therapy in >2% of milnacipran recipients
and at a higher incidence then placebo were
nausea (100 mg/day, 4%; 200 mg/day, 7%:; placebo,
0.6%), palpitations (100 mg/day, 3%; 200 mg/day,
3%; placebo, 0.6%), and headache (100 mg/day,
2%; 200 mg/day, 2%; placebo, 0.2%). Rates of
discontinuation due to AEs were comparatively
lower in Study 3 (100 mg/day, 18%; placebo,
14%). The lower placebo-corrected rates of dis-
continuation in Study 3 (4% wversus 11-14% in
previous studies) may be related to the slower,
more flexible dose escalation period used in this
study compared with the other milnacipran stud-
ies [Arnold ez al. 2009a]. The lower rate of discon-
tinuation due to AEs observed in Study 3 is
consistent with anecdotal evidence from the
clinic that more gradual and flexible dose escala-
tion of milnacipran may improve tolerability.

The most common treatment emergent AE
(TEAE) in all treatment groups was nausea
(pooled safety analysis, placebo-corrected
rates: 100mg/day, 15%; 200mg/day, 20%),
which tended to be mild to moderate in severity
[Gendreau er al 2008]. Although nausea
incidence rates for placebo and milnacipran

treatment groups tended to vary by study, pla-
cebo-corrected rates are similar across studies.
In all of the studies, patients were advised to
take the medication with food, a recommenda-
tion that tends to lessen nausea associated with
use of milnacipran. Pooled analysis of Studies 1,
2, and 3 demonstrates that approximately 70% of
nausea episodes resolved within 3 weeks after
onset [data on file]. Additional TEAEs occurring
in >5% of milnacipran-treated patients and at a
rate twice that of placebo include constipation,
hot flush, hyperhidrosis, palpitations, vomiting,
heart rate increased, dry mouth, and hyperten-
sion [Gendreau et al. 2008]. The profiles of
newly emergent AEs (NEAEs) in long-term
extension studies were similar to the TEAEs
observed in the lead-in studies (i.e. Studies
1 and 2); most TEAEs and NEAEs were mild
to moderate in severity [Goldenberg ez al. 2010;
Ferrera er al. 2009; Gendreau er al. 2008] and
[data on file]. In the pooled safety analysis, the
incidence of serious AEs did not differ among
treatment groups (100 mg/day, 2%; 200 mg/day,
2%; placebo, 3%) [Gendreau et al. 2008], and
prolonged exposure to milnacipran (i.e. up to 15
months) did not result in any new safety concerns
[Goldenberg ez al. 2010; Ferrera er al. 2009].

As has been reported for other medications
commonly used to treat FM, including TCAs
[Glassman, 1984] and SNRIs [Stahl ez al. 2005],
changes in heart rate and blood pressure have
been observed in patients treated with milnaci-
pran [Gendreau ez al. 2008]. In the pooled safety
analysis, mean increases in systolic blood pressure
(SBP) and diastolic blood pressure (DBP) (up to
3.1mmHg) and heart rate (approximately 7—8
beats per minute [bpm]) were observed after
3 months of treatment with milnacipran [Forest
Laboratories, 2009; Gendreau er al. 2008].
Similar increases in blood pressure and heart
rate were observed in Studies 3 [Arnold ez al
2009a] and 4 [Branco er al. 2010]. Among FM
patients who were nonhypertensive at baseline,
approximately twice as many milnacipran-treated
patients became hypertensive at the end of the
study (SBP >140mmHg or DBP >90 mmHg)
compared with patients receiving placebo
(100 mg/day, 20%; 200 mg/day, 17%; placebo,
7%) [Forest Laboratories, 2009]. Among patients
who met SBP criteria for prehypertension at base-
line (SBP of 120 to 139 mmHg), more patients in
the milnacipran treatment groups became hyper-
tensive at the end of the study as compared with
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placebo (100 mg/day, 14%; 200 mg/day, 14%;
placebo, 9%).

Changes of clinical interest in blood pressure
(i.e. SBP > 140 mmHg, SBP > 15mmHg from
baseline, DBP >90 mmHg, or DBP >10 mmHg
from baseline) occurred in 7% to 15% of patients
receiving milnacipran 100 mg/day or 200 mg/day,
compared with 3—8% of placebo-treated patients
[data on file]. Changes of clinical interest in heart
rate (i.e. >100bpm or >20bpm increase from
baseline) occurred in 9—10% of milnacipran-
treated patients, compared with 0.5% in pla-
cebo-treated patients [data on file]. Sustained
increases in SBP (>15mmHg increase from
baseline for three consecutive visits) and DBP
(>10 mmHg increase from baseline for 3 consec-
utive visits) occurred more frequently with mil-
nacipran versus placebo (SBP: 100 mg/day, 9%;
200 mg/day, 6%; placebo, 2%; DBP: 100 mg/
day, 13%; 200mg/day, 10%; placebo, 4%)
[Forest Laboratories, 2009]. Sustained increases
in heart rate (>100bpm or >20bpm increase
from baseline for three consecutive visits) were
also more common with milnacipran versus pla-
cebo (100 mg/day, 8%; 200 mg/day, 10%; pla-
cebo, 0.2%) [data on file]. Potentially clinically
significant changes in vital signs (i.e. increases in
supine SBP to >180 mmHg with a >20 mmHg
increase from baseline, increases in DBP to
>110mmHg with a >15mmHg increase from
baseline, and increases in heart rate to
>120bpm with a >20bpm increase from base-
line) were uncommon, with each occurring in
less than 1% of milnacipran-treated patients
[Gendreau et al. 2008].

In a study that monitored 24-hour ambulatory
blood pressure and heart rate, normotensive
and hypertensive patients with FM received pla-
cebo (n=111) or milnacipran (z=210) titrated
to 100 mg/day (for 3 weeks) and then to 200 mg/
day (for 2 weeks) over a 7-week double-blind
period [ClinicalTrials.gov, 2009]. At the end of
the double-blind period, mean ambulatory vital
sign changes with milnacipran were slightly
higher than observed in the efficacy studies
(where measurements were made at rest), but
outlier analyses showed that categorical shifts in
hypertensive status were similar to those
observed in the milnacipran FM clinical studies
[data on file]. A thorough QT/QTc study, con-
ducted to investigate the effect of milnacipran at
a dosage of 600 mg/day (i.e. 3—6 times the rec-
ommended milnacipran dosage) on cardiac

repolarization, indicated that milnacipran would
not significantly affect cardiac repolarization at
clinically relevant therapeutic and supratherapeu-
tic concentrations [Periclou ez al. 2010].

In the milnacipran studies, there were few changes
in clinical laboratory parameters of potential clini-
cal concern. Some patients had mild elevations (i.e.
1-3 times the upper limit of normal [ULN)]) in
alanine transaminase (ALT) levels (100 mg/day,
6%; 200 mg/day, 7%; placebo, 3%) and aspartate
transaminase (AST) levels (100mg/day, 3%:;
200mg/day, 5%; placebo, 2%) [Forest
Laboratories, 2009]. However, no clinically signif-
icant increases in bilirubin were observed, and no
patients were found to have ALT >3 times the
ULN associated with bilirubin >2 times the
ULN. Thus, no apparent clinically relevant differ-
ences among treatment groups in hematology, uri-
nalysis, or other clinical laboratory parameters
were detected [Gendreau ez al. 2008].

In both the US and European milnacipran stud-
ies, most patients (>75% and 58%, respectively)
were overweight or obese at baseline [Arnold ez al.
2009b] and [data on file], an observation that is
consistent with reports that more patients with
FM are overweight or obese compared with the
general population [Bennett ez al. 2007]. In each
of the US studies, milnacipran-treated patients
lost approximately 1kg (—0.8 to —1.1kg; —1.8
to —2.41b) compared with approximately Okg
(—0.31t0 0.4kg; —0.6 to 0.9 1b) in placebo-treated
patients (p < 0.05) [Arnold er al. 2009b]. Similar
results were demonstrated in milnacipran-treated
patients who were overweight or obese at baseline
(p <0.05, OC) as well as in patients exposed to
milnacipran for up to 15 months [Goldenberg
et al. 2010] and [data on file]. The incidence of
nausea in milnacipran-treated patients who lost
weight was not significantly different from those
who did not lose weight (p < 0.05) [Arnold ez al
2009b], suggesting that nausea is unlikely to
account for the weight loss. Because many
patients with FM are overweight or obese, such
concurrent comorbidities should be considered
in the selection of FM pharmacotherapies, and
the negligible effects of milnacipran on body
weight may positively influence compliance in
the FM patient population.

Conclusions

Milnacipran is an SNRI, with a preferential effect
on norepinephrine over serotonin reuptake. It
was approved in the United States for the
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management of FM in 2009. Milnacipran is rap-
idly absorbed in humans, undergoes minimal
hepatic metabolism, has little propensity for
pharmacokinetic drug interactions, and is
excreted in the urine, mainly unchanged or as
the glucuronide conjugate, with a plasma half-
life of 6—8 hours.

Milnacipran has been studied in four phase 3
clinical studies with remarkably consistent
results. In all four studies, milnacipran resulted
in statistically significant increases in the propor-
tions of composite responders when compared
with placebo. Composite responders were
defined as patients simultaneously meeting the
criteria for clinically significant improvements in
pain (>30% improvement in VAS 24-hour recall
pain) and patient global status (‘much improved’
or ‘very much improved’), combined into a single
endpoint. A second primary endpoint added the
requirement for a simultaneous clinically signifi-
cant change in function—an important conse-
quence of impairment in the various domains
affected in FM. While changes in these other
domains are reflected, presumably, in the overall
global evaluation of the patient, additional anal-
yses confirmed that other important domains,
such as fatigue and cognition, are also improved
with milnacipran.

Composite responder analyses, which were the
primary endpoints in the milnacipran clinical
studies of FM, are important for evaluating syn-
dromes with multiple integral symptom domains.
They have found utility in evaluating diseases
such as rheumatoid arthritis, and now FM.
Responder analyses ensure that statistical differ-
ences among treatment groups in a clinical
study represent a clinically meaningful response
for the individual responders, and that the actual
responder rates simply reflect the extent of the
drug effect in a population rather than the clinical
significance of the response. Post hoc analyses of
the milnacipran clinical study data confirm the
clinical impression that some patients have
rather dramatic improvement, while others have
lesser effects.

The inclusion of secondary efficacy analyses has
also confirmed beneficial effects of milnacipran
on the FM-associated domains of fatigue and
cognition. Instruments used to assess these
domains (i.e. MFI and MASQ) are less well
established, and quantitative changes in response
to milnacipran were less consistent from study to

study; nevertheless, pooled analyses clearly dem-
onstrated an independent effect of milnacipran
on these domains. Similarly, milnacipran resulted
in improvements in mood, although path analy-
ses have confirmed that the effects of milnacipran
on other symptoms of FM, such as pain, are not a
result of changes in mood.

The safety profile of milnacipran has been well
established by clinical studies in FM and by post-
marketing experience with this drug for the treat-
ment of major depression outside of the United
States. The side effects associated with milnaci-
pran use are generally mild and not serious.
Overdose experience has been relatively benign,
possibly due to the emetogenic effect of large
doses. The most troublesome side effect is
nausea, which occurs in 10—-20% of patients trea-
ted with milnacipran (corrected for placebo
rates); clinical experience suggests that slow upti-
tration, guided by clinical response, is most likely
to result in patients continuing on treatment.
Other side effects commonly seen include consti-
pation, hot flush, hyperhidrosis, palpitations,
vomiting, heart rate increased, dry mouth, and
hypertension. In total, side effects resulted in
the discontinuation of approximately 6% of
patients (corrected for placebo discontinuations)
from FM clinical studies.

From a clinical perspective, the most important
side effect is the increase in blood pressure and
heart rate seen in some but not all patients. This
usually occurs early during treatment, but can
occur later; moreover, these changes can be
marked, requiring prompt medical attention.
However, changes in vital signs are not necessar-
ily consistent or predictable. Therefore, monitor-
ing of patients receiving milnacipran is
mandatory prior to and throughout treatment,
and increases should be treated appropriately.
Although QT prolongation may occur, the
increase is not considered clinically relevant.
Mild elevations of liver enzymes can occur but
have not been associated with clinically impor-
tant liver injury in the clinical studies. In
addition, suicidal ideation, which is a concern
for this class of drugs, has been infrequent
(based primarily on experience in treating
major depression). Of course, other known
and unknown possible side effects, as described
in the Prescribing Information, should be consid-
ered when prescribing milnacipran [Forest
Laboratories, 2009].
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Milnacipran represents a new addition to the
group of drugs shown to be useful in the man-
agement of FM. There are, as yet, no controlled
clinical studies comparing the safety and efficacy
of milnacipran with that of other drugs used in
FM, and studies looking at adding milnacipran to
patients already receiving a drug with a different
mechanism of action should be of interest.
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