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Abstract

This article presents a brief review of the physiologic abnormalities seen in fibromyalgia, current
theories of widespread pain, and treatment options, including emerging therapeutics, with a focus
on the use of duloxetine to manage fibromyalgia symptoms. Major clinical trials that examine the
efficacy and effectiveness of duloxetine to date are reviewed, and safety issues are discussed.
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The purpose of this article is to discuss treatment options for fibromyalgia (FM), with a
particular emphasis on the heterogeneity of treatment options and the role duloxetine may
play in this population. A search was conducted using the following databases: PubMED,
Medline Ovid and CINAHL using the search terms ‘fibromyalgia’, ‘pain’ and ‘duloxetine’.

Fibromyalgia is a common, chronic and often debilitating syndrome characterized by muscle
pain and stiffness, nonrestorative sleep and fatigue [1]. Many patients also experience a
range of other somatic complaints that may include irritable bowel syndrome, cognitive
impairment, headache, anxiety and depression, among others [2]. FM affects approximately
5 million people (~1.6% of the population) in the USA, predominantly women [3], and
results in significant economic [4-6], societal [7] and individual burdens [4,5]. For example,
one survey of FM patients conducted at a US site reported that 70% perceived themselves as
disabled, with 16% receiving Social Security benefits in comparison to 2.2% of the general
US population [7]. People with FM also have higher lifetime and current rates of utilization
of all types of medical services, with an average direct annual cost nearing US$10,000/
patient/year, which translates into an estimated economic burden of over US$20 billion
annually [4]. For these reasons, medical management of symptoms is a high priority.

Fibromyalgia diagnosis

In 1990, the American College of Rheumatology (ACR) developed classification criteria for
FM, which were formally established by a multicenter study. These criteria included a
subjective report of widespread pain, above and below the waist, and on the left and right
side of the body, including the axial spine. Furthermore, on physical examination, 4 kg or
less of pressure applied slowly over 4 s to at least 11 out of 18 predefined tender points
should elicit pain [8]. This formalization has allowed FM to become established as a
legitimate clinical entity and has created subsequent research opportunities, which have led
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to an increased understanding of FM and other forms of chronic pain [9]. Recently, a revised
diagnostic criterion was proposed [2]; however, the original 1990 criteria remains the gold
standard with the most stringent criteria as well as commendable sensitivity and specificity

[8].

To date, no single etiology of FM symptoms has been identified; however, in the past three
decades, there has been progress in identifying physiologic abnormalities seen in patients
with FM. Current theories underpinning the pathophysiology responsible for the increased
pain and sensitivity in those with FM include abnormal sensitization from a peripheral pain
stimulus, perhaps originating from deep muscle tissue or fascia [10,11], which may lead to
sensitization of the CNS as a final common pathway for FM, as well as other chronic pain
conditions [12]. This in turn may lead to more acute somatosensory perception or allodynia,
a dysregulated autonomic nervous system [13], as well as altered CNS physiology [14-18].
Additional abnormal physiologic findings include abnormal sleep electroencephalography
[19,20], neuroendocrine perturbations [21], abnormal changes in the neurochemistry of
cerebrospinal fluid suggestive of a proexcitatory state [22], cortical hyperactivation in
response to both noxious and non-noxious stimuli [10,14], disruptions in central
dopaminergic neurotransmission [23,24] and apparent acceleration in age-associated brain
atrophy correlated with illness duration [25]. In addition, FM seems to aggregate in families,
S0 a genetic predisposition seems likely. Several genes have been identified as possible
candidates, principally those that involve neurotransmitter physiology [26].

As with all chronic illnesses, there is no known curative therapy for FM. At best, symptoms
and functionality have been managed with varying degrees of success through a
combination of pharmacological therapy [27], lifestyle changes [28] and complementary and
alternative medicine therapies [29,30].

Current treatment guidelines

Current FM treatment guidelines were well summarized in a recent review by Carville and
colleagues, collaborators in the European League Against Rheumatism (EULAR) [28]. The
group identified 146 research papers that offered the best evidence to support the most
effective interventions for FM. Nine major conceptual and therapeutic realms were
identified and included pharmacologic and nonpharmacologic approaches, ideally in the
form of a comprehensive multimodal approach. Recommendations included the healthcare
provider’s adequate understanding of the complexity and heterogeneity of FM. Providers
should understand that FM is a chronic pain syndrome, with abnormal pain processing and
associated features. In addition, the provider should perform a comprehensive evaluation of
pain, function and psychosocial coping. Finally, the provider must offer symptom-specific
pharmacological and nonpharmacological interventions, with close attention paid to
individual symptoms and subsequent response to treatment plans, and be willing to make
adjustments as necessary [28].

There are also evidence-based nonpharmacological interventions that deserve consideration.
These include balneotherapy in heated pools with or without exercise [31], individually
tailored exercise programs with both aerobic and anaerobic exercises [32], cognitive
behavioral therapy [33], relaxation/meditation, formal rehabilitation and/or physical therapy
[34] and, while still controversial, acupuncture [35,36]. Less conventional interventions that
could be considered include biofeedback [37], heart rate variability feedback [38] and
transcranial direct current stimulation [39,40].
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Current FM pharmacotherapy

Currently, there is a wide range of pharmacologic agents frequently used alone or in
combination to manage FM symptoms, however, only three are formally indicated by the
US FDA for FM: two selective serotonin and norepinephrine reuptake inhibitors (SNRISs),
duloxetine and milnacipran, and pregabalin, an anticonvulsant. Despite lack of formal
approval, patients and prescribers use other, unapproved agents with varying degrees of
success to manage FM symptoms. Some of these agents include nonsteroidal anti-
inflammatory drugs (NSAIDs), acetaminophen, opioids, selective serotonin reuptake
inhibitors (SSRIs), antispasmodics, dopamine agonists, hypnotics, benzodiazepines and/or
muscle relaxants [27]. However, only four of the aforementioned pharmaceutical agents
have multicenter research-backed clinical trial evidence to support their use: amitriptyline
[41], pregabalin [42], milnacipran [43] and duloxetine, the focus of this article.

Mechanism of action

For widespread chronic pain conditions such as FM, the mechanism of action for SNRIs is
not fully understood, but is thought to be directly related to serotonin and norepinephrine
reuptake inhibition at the level of the dorsal horn in descending pain pathways. The triad of
chronic pain, depression and anxiety that lead to inter-related symptoms is well described,
but our evolving understanding of neurophysiology in chronic pain, while not clear, suggests
a direct role for neurotransmitters in analgesia [44,45]. This is best illustrated with
Melzack’s (1999) theory of chronic pain, which involves complex physiological and
psychological interplay — a neuromatrix model that involves a network-type of functioning
in the CNS that involves the nerves as well as the neurotransmitters, hormones and
receptors, rather than any single structure or physiologic response to painful stimuli [46].
The neuromatrix theory is bolstered by CNS imaging studies that suggest CNS neural
networks, rather than any single region, are engaged in those with chronic pain [15,17]. The
characteristic widespread pain and decreased pressure pain thresholds (e.g., increased
sensitivity to the light touch of a child or a hug) experienced with FM is thought to be
multifactorial and may include altered hypothalamic—pituitary axis chemistry [47], abnormal
levels of corticotropin-releasing factor in cerebrospinal fluid [48], abnormal N-methyl o-
aspartate and neurokinin-1 receptors in the dorsal horn [49] and, finally, emotional affective
response to pain [50]. Importantly, the analgesic effect associated with SNRIs has been
demonstrated to be independent of effect on mood [51-53].

Overview of the market

To date, managing the chronic pain of FM has represented a major challenge for healthcare
providers [54]. FM studies suggest that chronic pain management responds best to
multidisciplinary approaches [28,54], and from these models, strategic uses of
pharmaceuticals play an important role. In general, regular use of opioids is discouraged for
chronic pain management as they are generally not as effective as other agents and may lead
to a paradoxical hyperalgesia in a subset of patients, which may in part be due to a saturation
of opioid receptors from endogenous opioids [55]. In addition, in subjects with FM, positron
emission tomography suggests that p-opioid binding potential is significantly decreased in
regions responsible for pain moderation, specifically the nucleus accumbens, dorsal
cingulate and amygdala, which suggests a mechanism for the clinically observed poor
response to opioids in FM [56]. Finally, common opioid side effects such as constipation,
drowsiness and tolerance usually result in their limited role for chronic pain [55,57].
NSAIDs alone often fail to relieve chronic muscle pain of FM [27], but may be useful in
reducing peripheral pain from regional pain generators, such as bursitis, tendonitis or plantar
fasciitis, as an adjunct therapy.
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Currently, the mainstays of pharmacological management for FM include the tricyclic class
of antidepressants (amitriptyline), weak p-opioid agents (tramadol), SNRIs (duloxetine and
milnacipran) and one anticonvulsant (pregabalin) [27]. Unfortunately, all studies of these
agents in FM to date have been washout/monotherapy studies. In clinical practice, providers
often combine pharmacologic agents based on rational mechanisms of action without the
benefit of empiric data. One small-scale study illustrates this point. Zucker et al. conducted a
practice-based study where individuals were studied instead of groups in what is known as
an N-of-1 trial. Zucker and colleagues examined 58 N-of-1 trials designed to look at
combination therapy for FM, using amitriptyline alone or in combination with fluoxetine.
The results illustrate a practice-based research design that may more accurately reflect
clinical practice, while also examining the question of best patient outcomes. Currently, we
know that noradrenaline reuptake has better antinociceptive qualities than serotonin reuptake
alone; however, these study results are important for methods as most patients suffering with
chronic pain will not be on monotherapy [58].

Competitor compounds that are in clinical or late-phase development

There are four emerging therapies on the horizon for FM symptom management: sodium
oxybate (Xyrem®, Jazz Pharmaceuticals, CA, USA), flupirtine, lacosamide (Vimpat®,
Schwarz Pharma, CO, USA) and low-dose naltrexone. Sodium oxybate is a schedule I11
compound approved by the FDA for the treatment of cataplexy and excessive daytime
sleepiness. Recently, in Phase 111 FM trials, sodium oxybate was shown to improve sleep
and other FM symptoms including pain and fatigue [59]. Sodium oxybate is currently under
review by the FDA for a FM indication based on multisite randomized controlled clinical
trials in adults with FM [59]. Unfortunately, owing to the lack of current FDA indication for
FM, many practitioners are unaware of its potential benefit in this population.

Flupirtine is an aminopyridine that has been used successfully since 1984 in many European
countries for acute and chronic pain. After positive results from a serendipitous case series
of four FM patients [60], Stoll and colleagues were approved to begin a Phase 1l study in
2008 to examine flupirtine’s effectiveness for FM symptoms [61,101]. Lacosamide, an
anticonvulsant with a mechanism of action related to sodium channel inactivation, which is
not yet FDA approved for FM, may be approved in the USA and Europe in late 2010. A
recent Phase Il trial concluded that lacosamide was effective and well tolerated in a sample
of patients with diabetic peripheral neuropathic pain [62], results of which may translate to a
FM population. Finally, two small studies suggest effective pain relief in FM samples using
low-dose naltrexone (LDN) dosed at 4.5 mg per day. The potential mechanism of action
hypothesized for LDN is a reduction of proinflammatory cytokines and neurotoxic
superoxides through an action on Toll-like receptors [63], as a separate study with 50-mg
naltrexone per day suggested the mechanism of pain was not directly due to abnormal
endogenous opioid activity [64]. In addition to the single small pilot study, a larger clinical
trial to examine LDN for FM is currently ongoing in the USA (NCT00568555).

Introduction to duloxetine

Chemistry

Duloxetine is a SNRI that has been approved for use by the FDA for maintenance and
management of acute major depressive disorder (MDD), generalized anxiety disorder
(GAD), diabetic peripheral neuropathic pain (DPNP) and FM [102].

The chemical name of duloxetine is (+)-(S)-N-methyl-y-(1-naphthyloxy)-2-
thiophenepropylamine hydrochloride. The empirical formula is C1gH1gNOS.HCI and the
molecular weight is 333.88 g/mol [65]. Duloxetine is a white to slightly brownish powder
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and is slightly water soluble. Capsules are dispensed in doses of 20, 30 and 60 mg, and are
enteric coated to prevent dissolution in the stomach, which allows for slower release times
[103].

Pharmacodynamics

While an accurate biomarker for CNS norepinephrine reuptake is elusive, there is
convincing clinical evidence that duloxetine is a potent and balanced reuptake inhibitor of
serotonin and norepinephrine [66]. There is no evidence of significant effects on monoamine
oxidase inhibition, dopaminergic, adrenergic, cholinergic, histaminic, muscarinic, opioid,
glutamate or GABA receptors in vitro [103].

Duloxetine is metabolized by the CYP450 isoenzymes CYP1A2 and CYP2D6 [67]. As it is
a potent CYP1AZ2 inhibitor, duloxetine should be used cautiously with concurrent use of
cimetidine and quinolone antibiotics such as ciprofloxacin and enoxacin [68]. For those who
are CYP2D6-poor metabolizers, duloxetine may be excreted more slowly, resulting in up to
six-fold higher serum levels [67]. Concurrent smoking may decrease duloxetine
bioavailability by approximately 30%; however, dose adjustment is not recommended [69].
Duloxetine is not recommended in those with hepatic or severe renal insufficiency, or in
those with heavy alcohol use, due to the risk of liver damage, although ongoing monitoring
of liver enzymes is not required for patients without known liver disease [70]. Duloxetine
may have up to 30% less bioavailability in men than women, putatively due to the increased
CYP1A2 metabolism [69], and is excreted in breast milk at a rate of approximately 25% of
maternal serum levels [71]. There is no evidence that ethnicity affects duloxetine
metabolism [72,73].

Pharmacokinetics & metabolism

Duloxetine has an elimination half-life of 12 h, but this can range between 8 and 17 h.
Pharmacokinetics are dose proportional over the therapeutic range, and plasma
concentrations reach steady state in approximately 3 days [68], with a primarily hepatic
elimination [67]. It is well absorbed upon oral administration with a median 2-h delay before
absorption begins, and peak plasma concentrations are reached 6 h after dose administration
[65]. When taken with food, peak plasma concentrations are not affected, but time to peak is
slightly delayed to 10 h, with absorption minimally decreased by 10%. When taken in the
evening instead of the morning, absorption is delayed by 3 h along with a 33% increase in
clearance time [103].

Duloxetine is extensively metabolized and major metabolites have not been shown to
contribute to the pharmacological effects. Less than 1% of duloxetine is excreted unchanged
in the urine, approximately 70% is excreted in urine as metabolites and approximately 20%
is excreted in the feces, also as metabolites [74].

Duloxetine has a bioavailability of approximately 50% with a range of 32-80%, depending
on the time of day and fasting status, and it is significantly protein bound at approximately
95% [103]. Because duloxetine is so highly bound to plasma protein, administration in those
concurrently taking other highly protein-bound drugs may cause increased free
concentrations of either drug, with potential adverse reactions [103].

Clinical efficacy

Phase | & Il studies

Prior animal and human studies were performed as part of duloxetine’s clinical development
in accordance with FDA requirements [102]. Metabolism, excretion and pharmacokinetics
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of duloxetine were first established in healthy human subjects [65,74]. Duloxetine received
FDA indications for the treatment of MDD, DPNP and GAD prior to its approval for FM in
2008 [102]. In addition to the multiple Phase 11 clinical trials performed to establish safety
and efficacy for the aforementioned indications, additional studies were conducted in people
with FM.

Phase lll studies

The efficacy and safety of duloxetine for the treatment of FM was investigated in the USA
in four short-term studies [51,75-77] and one long-term open-label study [78], primarily by
one group of researchers, the Duloxetine Fibromyalgia Trial Group (see Table 1). In each
study, subjects were randomly assigned to various fixed dosages of duloxetine that ranged
from 60 mg per day to 120 mg per day.

The first major study examined the effects of duloxetine for pain in FM subjects who met
ACR criteria for FM [8,75]. Subjects randomized to receive duloxetine initially underwent a
double-blind forced titration from 20 mg/day up to 60 mg twice daily during the first 2
weeks of the therapy phase. The dose received during the study was 60 mg twice daily.
Arnold and colleagues (2004) had two primary outcome measures, the Fibromyalgia Impact
Questionnaire (FIQ) total score, and the FIQ single-item pain score measured on a ten-point
visual analog scale (VAS). The sample size was powered to detect a 1.4 difference on the
FI1Q pain score and was not powered to detect a significant change in the FIQ total score.

Secondary outcome measures included average tender point pain thresholds, number of
tender points, FIQ fatigue, tiredness upon awakening and stiffness scores, Clinical Global
Impression of Severity (CGI-S) scale, Patient Global Impression of Improvement (PGI-I)
scale, Brief Pain Inventory (BPI; short form), Medical Outcomes Study Short Form 36,
Quality of Life in Depression scale and the Sheehan Disability Scale (SDS). Because a
secondary goal of the study was to determine if pain relief was related to amelioration of
depressive or anxiety symptoms that would also respond to SRNI therapy, two measures
were collected as secondary outcome measures: the Beck Depression Inventory-1l and the
Beck Anxiety Inventory.

Notable results that emerged from this study included significant response differences to
duloxetine between the genders. In addition, among the female subjects, those who received
duloxetine improved significantly more than placebo-treated women on all of the secondary
efficacy measures, while the men who received duloxetine did not respond significantly on
primary or secondary efficacy measures. Furthermore, there were no interactions between
depression scores and pain improvement, suggesting that pain relief is not dependent upon
depression improvement.

Building on the results from the previous trial, the second major study was also undertaken
by Arnold and colleagues [51], however, only women who met ACR criteria for FM were
enrolled. Subjects were randomized in a 1:1:1 ratio to one of three treatment groups:
duloxetine 60 mg once daily, duloxetine 60 mg twice daily (repeating the aforementioned
strategy of forced titration from 60 mg once daily for 3 days to 60 mg twice daily) or
placebo. In this second study, the primary outcome measure was the average pain score from
the BPI, which captures self-reported pain during the past 24 h, and secondary outcome
measures were similar to the prior study with the exception of the Hamilton Depression
Rating Scale. This study was powered to detect a group change of —1.2 points on the BPI
average pain score. The results from this second trial found that both duloxetine 60 mg once
daily and twice daily significantly reduced the 24-h average pain score of the BPI, and
again, no interaction between depression and pain improvements was noted. One additional
important finding was that duloxetine provided clinically relevant pain relief, defined as the
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percentage of subjects who experienced a 30% or greater reduction in pain measured with
the BPI. Specifically, the percentage of subjects who achieved at least a 30% improvement
was statistically significant compared with placebo using both the a priori ana lysis of the
last observation carried forward as well as the more stringent baseline observation carried
forward ana lysis. In addition, a statistically significant percentage of subjects achieved the
higher goal of 50% improvement for duloxetine 60 mg once daily compared with placebo.
This is an important finding because previously a 30% reduction in pain has been considered
to be clinically meaningful [79]. Recently, however, many experts involved in the
management of DPNP have raised the bar and recommended that researchers adopt a 50%
reduction in pain as a more appropriate treatment goal [80]. In addition to the BPI outcome,
the mean change in the FIQ total score from baseline to end point was reduced to 16.72 for
duloxetine compared with only 8.35 (p < 0.05) for the placebo group, which suggests that
duloxetine 60 mg once daily was also able to significantly improve function [51].

The third study was multisite, conducted by the same group of researchers [76], with the a
priori goal to determine the most effective duloxetine dose required for improved pain
scores, measured with the average score on the BPI short form and the PCG-I. This study
compared three daily dosage regimens, 20, 60 and 120 mg, to placebo over 6 months in male
and female subjects who met ACR criteria for FM, however 94.8% of the sample were
female. Subjects were randomized to treatment groups in a 1:2:2:2 ratio, respectively.
Subjects on more than 20 mg/day were were titrated up and off study medication. At 3
months, the 20-mg/day group was titrated up to 60 mg/day for the remaining 3 months.

Two primary outcomes included the average score of the BPI short form and the PCG-I, or
subject’s perception of improvement. Secondary outcomes were similar to the two prior
studies [51,75] with the addition of the Multidimensional Fatigue Inventory (MFI) and the
European Quality of Life Questionnaire-5 dimensions. The study was powered to detect a
—1.2 point-change on the BPI average pain score and a 0.68-point change in the PCG-I
between duloxetine 120 mg/day and placebo. Subjects who completed this 6-month study
were eligible to participate in a 6-month extension phase in which all subjects received 120
mg of duloxetine once daily.

Important findings from this study included a significance in dose-related discontinuation
rates due to adverse events associated with 120 mg/day and, while not reaching statistical
significance, a discontinuation rate in the 20-mg/day group due to lack of effectiveness. In
contrast to prior findings [51], the 50% improvement goal was not significant for the 20- or
60-mg/day group, but was met in 40.1% of the 120-mg/day group compared with placebo (p
= 0.003). The number needed to treat for each dosing regimen of 20, 60 and 120 mg/day was
12, 10 and 7, respectively.

In the fourth study by Chappell and colleagues [77], subjects were randomly assigned to 23
weeks of duloxetine treatment (8 weeks at 60 mg once daily followed by 15 weeks of
duloxetine continued at 60 mg once daily or increased to 120 mg once daily depending on
clinical response and tolerability, or placebo). All subjects who completed the initial therapy
phase in study four were eligible to enter a 29-week double-blind extension phase at either
60 or 120 mg once daily, depending on dose at the end of the short-term therapy phase.
Primary outcome measures, similar to prior studies, included the BPI average pain score
plus the PGI-I. Results of these primary outcome measures were not statistically significant
in the duloxetine group compared with the placebo group. However, several secondary
outcome measures, such as FIQ, CGI-S and the MFI, did show statistically significant
improvement.
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In addition to efficacy, the goal of the fifth study was to establish the long-term safety of
duloxetine for the treatment of FM [78]. This was a multisite, international study where
male and female subjects were recruited, but similar to previous studies, 95.7% of subjects
were female. Initially open label, after a lead-in period of 7 days on 30-mg duloxetine/day,
the dose was titrated up to 60 mg/day for 7 weeks. Subjects and researchers were
subsequently blinded and subjects were randomized to duloxetine 60 mg or 120 mg/day in a
1:2 ratio, for the next 52 weeks. This study was powered to assess adverse events in 100
subjects assigned to 120 mg/day, and not powered for improvement in other outcome
measures, although response status was measured with the BPI average pain score and
responders were defined as those who achieved 50% or more improvement on the BPI
during the 8-week open-label phase. Subjects were titrated up and off study medication.
Efficacy outcomes were measured using the BPI modified short form that captured severity
and interference scores, in addition to the FIQ, CGI-S, PGI-I, SDS and Global Functioning
Impairment Scale, as well as mean pain threshold and number of tender points. In addition
to these outcomes, the primary outcomes of safety were measured frequently and included
queries regarding adverse events, concomitant therapies, vital signs, urinalysis panels, blood
chemistry panels and hematology. For screening purposes, pregnancy tests, urine drug
screening tests for illicit drugs and electrocardiograms were performed.

All analyses were based upon intent-to-treat, and all subject data were analyzed for safety.
Drug safety was the primary outcome measure. As such, 22.7% of the sample discontinued
duloxetine due to adverse events, which included insomnia, vomiting, diarrhea, dizziness
and nausea. At least 10% or more of the sample reported nausea, headache, insomnia,
dizziness, constipation, dry mouth, somnolence, diarrhea, fatigue, hyperhidrosis and
abdominal pain. During the open-label phase, 81.7% of subjects experienced at least one
treatment-emergent adverse event, while during the double-blind phase, 85.6% of subjects
on 60 mg/day and 88.2% of subjects on 120 mg/day experienced a treatment-emergent
adverse event, with 13.5 and 16.7%, respectively, discontinuing treatment due to an adverse
event.

Although clinically insignificant, treatment emergent abnormal laboratory values included
8.9% with elevated alkaline phosphatase, 18.6% with elevated alanine aminotransferase/
serum glutamate pyruvate transaminase, 11.8% with elevated aspartate aminotransferase/
serum glutamic oxaloacetic transaminase, 9.2% with elevated cholesterol, 9.2% with
elevated creatinine phosphokinase, 7.5% with elevated y-glutamyl transferase (GGT) and
5% with elevated urea nitrogen. A total of 5% developed low serum potassium. However,
values thought to be clinically significant included cholesterol (2.1%), and GGT in two
subjects, one male (195.0 U/I) and one female (135.0 U/I). Overall, the safety of long-term
treatment with duloxetine at 60 or 120 mg/day was deemed satisfactory.

Secondary outcome results indicated that during the open-label phase, 34.8% of the sample
could be classified as ‘responders’, which meant that they reported greater than 50% pain
improvement. During the second double-blind phase, results were mixed, but suggest that at
60 or 120 mg/day, subjects reported perceptions of overall improved condition and function,
and specifically, improved walking ability, improved sleep and fewer trigger points with
lower trigger point pain thresholds. Particularly salient results from this study of long-term
safety suggest that not only were there no significant increased benefits at 120 mg/day as
opposed to 60 mg/day, but actually there was a higher incidence of adverse reactions.

Subsequent to the aforementioned five clinical trials, there have been five additional post
hoc analyses or reviews, including a Cochrane review that examined the pooled results of
some or all of these trials [70,81-84]. In general, findings have been positive, and suggest
that duloxetine 60 mg/day is safe [70] and effective for controlling pain in those with FM
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[81-83], yet may not be more effective than other antidepressants on the market to control
FM pain [84].

Despite the evidence for safety and effectiveness [51,70,75-77,81-84] there remains some
controversy around the safety and efficacy of duloxetine to treat FM pain. An anonymous
author for Prescrire International wrote the following with regard to the use of duloxetine
for depression and diabetic neuropathy: “Duloxetine offers no therapeutic advantage in
treating either condition [depression or diabetic neuropathy]. There is no reason to choose
duloxetine when so many other options are available” [85]. By contrast, in 2008, The
Medical Letter on Drugs and Therapeutics found that despite some ‘troublesome adverse
effects and drug interactions’ duloxetine was effective for FM symptom management [86].
However, another author questions industry bias and argues that the analgesic properties of
duloxetine have been overstated. Speilmans’ independent ana lysis using a random effects
model suggested a small effect size with a nonsignificant analgesic effect [87].

Post-marketing surveillance

From 2004 through to 2006, FDA post-marketing incidents of duloxetine-associated adverse
events include hyponatremia, falls, abnormal bleeding with an increased prothrombin time/
international normalized ratio, urinary hesitancy and liver toxicity [104]. Additional reports
include incidents of anaphylactic shock, inappropriate aggression or anger — especially
during the early treatment phase — angioneurotic edema, erythema multiforme,
extrapyramidal disorder, glaucoma, gynecological bleeding, hallucinations, hyperglycemia,
hypersensitivity, hypertensive crisis, muscle spasm, rash, restless leg syndrome, seizures
after treatment discontinuation, supraventricular arrhythmia, tinnitus (upon treatment
discontinuation), trismus and urticaria. Serious skin disorders including Stevens—Johnson
syndrome have also been reported [65].

In July 2006, the FDA released an alert regarding the potentially life-threatening serotonin
syndrome with combined use of SSRIs or SNRIs and triptan medications. The FDA
reviewed 27 reports of serotonin syndrome reported in association with concomitant SSRI or
SNRI and triptan use. Two reports described life-threatening events and 13 reports stated
that the patients required hospitalization. Some of the cases occurred in patients who had
previously used concomitant SSRIs or SNRIs and triptans without experiencing serotonin
syndrome. The reported signs and symptoms of serotonin syndrome were highly variable
and included respiratory failure, coma, mania, hallucinations, confusion, dizziness,
hyperthermia, hypertension, sweating, trembling, weakness and ataxia. In eight cases, recent
dose increases or the addition of another serotonergic drug to an SSRI/triptan or SNRI/
triptan combination were temporally related to symptom onset. The median time to onset
subsequent to the addition of another serotonergic drug or dose increase of a serotonergic
drug was 1 day, with a range of 10 min to 6 days [88,105].

Safety & tolerability

In animal models, at recommended human doses, there was no evidence of carcinogenesis,
mutagenesis or impaired fertility [103]. Duloxetine should be used with caution in people
with controlled narrow-angle glaucoma, hepatic disease, alcohol abuse or severe renal
insufficiency (creatinine clearance <30 ml/min), and may lead to worsened glycemic control
in diabetics (mean hemoglobin Alc increased by 0.5% compared with the routine care
group, which increased by 0.2%) [103].

In clinical studies, side effects were dose related and included nausea, headache, dry mouth,
fatigue/asthenia, insomnia, dizziness, somnolence/hypersomnia/sedation, constipation,
diarrhea and decreased appetite (see Ficures 1 & 2). Nausea, somnolence and fatigue were
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reported as a rationale for discontinuation in 1.9. 1.5 and 1.3% of pooled FM study subjects,
respectively [70]. While these side effects tended to diminish over time [78], in one
population-based study, 56% of women stopped therapy due to side effects and 33% due to
lack of efficacy [73]. Despite earlier concerns, there were no appreciable cardiovascular
effects, including clinically significant increases in blood pressure [89], and the FDA has not
recommended specific laboratory monitoring [103].

A second area of caution includes platelet release of serotonin and hemostasis [90]. There is
some evidence of an association between psychotropic agents that affect the reuptake of
serotonin and upper gastrointestinal bleeding in those who are concurrently using NSAIDs
such as aspirin or ibuprofen [91]. There have also been reports of altered anticoagulation
effects in those who are anticoagulated with warfarin [92], so close monitoring of these
individuals is warranted with duloxetine initiation or discontinuation [103]. Duloxetine does
not affect CYP2C9 or CYP3A, thus the therapeutic effects of oral contraceptives and other
steroidal agents are not compromised [103].

Like all antidepressants, duloxetine has a boxed warning for suicidality. Specifically,
children and young adults up to the age of 24 years have an increased risk of suicidality with
anti depressants compared with placebo [93], but in the first months of SSRI therapy,
depressed geriatric patients also have an increased risk of suicide [94]. In addition,
activation of mania/hypomania is possible when using an SSRI or SNRI. Primary care
providers or rheumatologists may not recognize the early signs of type Il bipolar disorder in
their FM patients [95], but should be alert to this possible reaction, and speciality providers
such as rheumatologists, compared with psychiatrists, may not be skilled at how to best
elicit a history of hypomania.

Regulatory affairs

Currently, the FDA has approved duloxetine for use in four conditions: MDD (2004), DPNP
(2004), GAD (2007) and FM (2008) [102]. In addition to these, the EU approved duloxetine
for the treatment of stress urinary incontinence in 2004.

Conclusion

While additional nonindustry-sponsored investigation is warranted, the evidence to date
suggests that in those with FM, duloxetine has largely been a safe and, in some, a promising
intervention to manage chronic pain. There have been a fair number of uncomfortable side
effects reported, which seem to attenuate over 4—-6 weeks. Specific to the heterogeneous
symptoms that accompany FM, duloxetine may effectively diminish pain and increase
physical function in some, although unsurprisingly, not in all. As with the introduction of
any new pharmacologic agent, each patient deserves close monitoring to assess the drug’s
effectiveness as well as adverse effects.

Expert commentary

During the past 8 years, duloxetine has been available for clinical use for a variety of
disorders including depression and anxiety, as well as painful conditions such as FM and
DPNP. Duloxetine was the first SNRI to be FDA indicated for FM. Prior to duloxetine, only
one other agent, pregabalin, had been indicated for the treatment of FM. FM awareness
programs, funded in part by the pharmaceutical industry, have raised patient and provider
expectations for treatment options in FM.

Prior to FDA-indicated medications for FM, providers relied heavily on tricyclics, muscle
relaxants, opioids, tramadol and SSRIs. The tricyclic studies in FM, while positive, were
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limited by side effects, which usually occurred during long-term use that incorporated dose
escalation, and included effects such as dry eyes/mouth, constipation, weight gain and
potentially serious QT changes, particularly in older patients. Therefore, while tricyclics
were widely prescribed, adherence was generally poor. Muscle relaxants and NSAIDS,
unfortunately, proved negative in clinical trials for FM, yet their use in FM persists, perhaps,
in the case of NSAIDs, due to over-the-counter availability. Tramadol, both short and long
acting, is indicated for pain rather than FM symptom management, despite an FDA review
of two positive multicenter trials of tramadol in a FM sample. Therefore, prescribers may be
less aware of the potential role tramadol may have in the management of FM symptoms.
Opioids, while viewed favorably by many FM patients, are hampered by a lack of
prospective trials in FM samples, as well as provider concerns about dependence,
physiologic side effects or diversion. Finally, one of the most prescribed classes of drugs for
FM patients are the SSRIs. However, as SSRIs have become increasingly selective for
serotonin reuptake, their efficacy in FM trials has declined; in fact, they are negative.
Perhaps providers continue to prescribe SSRIs in FM due to concerns about possible
concomitant depression. Providers may lack awareness that SNRIs such as duloxetine have
been demonstrated to improve pain, global FM symptoms, anxiety and depression. This
combination makes duloxetine a reasonable choice for many patients with FM.

In terms of combination therapies, duloxetine is thought to exert its analgesic effect by
manipulation of serotonin and norepinephrine reuptake in descending pain pathways at the
level of the dorsal horn. Anticonvulsants, such as gabapentin and pregabalin, are thought to
reduce FM pain in ascending pathways by limiting the release of excitatory
neurotransmitters through voltage-gated calcium channels at the -2 6 subunit. Although to
date there are no published multisite combination studies of duloxetine and gabapentin or
pregabalin, many providers prescribe them in concert due to the theoretical effect on
complementary aspects of aberrant pain processing. Finally, duloxetine is the only FDA-
indicated agent with once-daily dosing. It is weight neutral and exerts a minimal effect on
pulse and blood pressure (2.3 mmHg mean diastolic increase). Its side effect of increased
urethral resistance may be viewed positively by the 30-40% of FM patients with irritable/
painful bladder and frequent urination. Interestingly, while no agents are indicated for FM in
Europe at the time of writing, duloxetine is indicated for treating stress urinary incontinence
in Europe.

As mentioned earlier, concerns about duloxetine largely revolve around its metabolism and
utilization of the CYP 2D6 enzyme, a commonly used pathway. The average FM patient is
on between three and six medications for FM symptoms alone, thus there may be increased
risks for drug—drug interactions. However, when the data are taken as a whole, the benefits
of duloxetine outweigh the risk for many patients.

Generally speaking, FM patients present on average with 16 or more symptoms, making
medical management decisions difficult. A skilled provider can improve his/her treatment
efficacy by tracking individual patient progress using a tool specifically designed to track
FM symptom improvements. One excellent example of this is the Fibromyalgia Impact
Questionnaire-Revised (FIQR), available for general use, without charge at [106]. Using a
patient self-administered tool like the FIQ-R to track multiple FM symptoms and physical
functioning may improve treatment compliance as patients can also begin to appreciate their
symptom evaluations improving over time. Such a tracking tool can also help to guide
therapeutic decisions such as adding or removing medications, as well as recommending
exercise, diet and/or cognitive behavioral strategies.

Realistic expectations from the healthcare provider’s perspective communicated to the
patient may also improve compliance. For example, the average patient improves by only
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30-50% with monotherapy of any FDA-indicated FM agent. If greater improvement is to
occur, patients will need to be active participants in their treatment by employing other
evidence-based therapies such as lifestyle modification and exercise. However, many
believe that reducing symptom burden first with appropriate pharmacotherapy will improve
the likelihood that patients will be successful in the long-term adoption of
nonpharmacologic treatments.

Five-year view

All three FDA-indicated FM drugs currently under review, including sodium oxybate, are
tested as a monotherapy. In clinical practice, most drugs are given in combination. The long-
term view of duloxetine in the treatment of FM will be shaped by studies that examine
combination therapy, which reflects current clinical practice. Currently, clinical trials are in
progress to look at these practices with commonly used FM medications such as duloxeting,
tramadol, pregabalin and milnacipran (clinical trials registry numbers NCT01116531 and
NCTO00797797). These studies will shed light on current theoretical approaches that target
various physiologic pathways theorized to be abnormal in FM.

Moreover, the long-term view will be influenced by data emerging from flexible dosing
studies in duloxetine for FM (clinical trials registry number NCT00673452), which will
facilitate a variety of dosing options, again, mirroring clinical practice. In addition, all of the
aforementioned studies will report outcomes beyond pain, such as fatigue, mood,
dyscognition and disordered sleep, which are all important symptoms that limit vocational
and avocational activities in individuals with FM.

A final factor that will influence the long-term use of duloxetine for FM is that it will soon
be the first of the FDA-indicated FM medications available in generic form, potentially
becoming more affordable and acceptable to third-party payers. One concern with generic
medications is that they are often priced per dose, and manufactured at up to 75% lower
dose per unit. Since the indicated dose in FM is 60 mg, a generic may only be 20 or 30 mg,
leading to potential subtherapeutic dosing. Unless the provider is aware of the appropriate
dose to treat pain, the unfortunate results might be that the patient would not think that
duloxetine provides effective pain relief.

As the safety data become more reassuring, the analgesic properties of duloxetine may
expand, and in addition to the convenience of once-daily dosing, when used in combination,
it may prove a valuable asset in the arsenal of chronic pain treatment.
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Figure 1. Most common side effects of duloxetine dosed at 60-120 mg per day
Data from [78].
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Figure 2. Comparisons of the most common side effects of the three US FDA-approved drugs for
fibromyalgia
Data from [78,96,97].
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