-

View metadata, citation and similar papers at core.ac.uk brought to you byj’f CORE

provided by Sheffield Hallam University Research Archive

Sheffield
Hallam _
University

Potential drug therapies for the treatment of fibromyalgia
LAWSON, Kim <http://orcid.org/0000-0002-5458-1897>

Available from Sheffield Hallam University Research Archive (SHURA) at:
http://shura.shu.ac.uk/12861/

This document is the author deposited version. You are advised to consult the
publisher's version if you wish to cite from it.

Published version

LAWSON, Kim (2016). Potential drug therapies for the treatment of fiboromyalgia.
Expert opinion on investigational drugs, 1-11.

Repository use policy

Copyright © and Moral Rights for the papers on this site are retained by the
individual authors and/or other copyright owners. Users may download and/or print
one copy of any article(s) in SHURA to facilitate their private study or for non-
commercial research. You may not engage in further distribution of the material or
use it for any profit-making activities or any commercial gain.

Sheffield Hallam University Research Archive
http://shura.shu.ac.uk


https://core.ac.uk/display/42542274?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://shura.shu.ac.uk/

Taylor &Francis
OPINION Expert Opinion on Investigational Drugs

ISSN: 1354-3784 (Print) 1744-7658 (Online) Journal homepage: http://www.tandfonline.com/loi/ieid20

Potential drug therapies for the treatment of
fiboromyalgia

Kim Lawson
To cite this article: Kim Lawson (2016): Potential drug therapies for the treatment of

fibromyalgia, Expert Opinion on Investigational Drugs

To link to this article: http://dx.doi.org/10.1080/13543784.2016.1197906

ﬁ Accepted author version posted online: 08
Jun 2016.
Published online: 08 Jun 2016.

N\
[:J/ Submit your article to this journal &

A
& View related articles &'

oy

(&) View Crossmark data &

CrossMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=ieid20

(Download by: [Sheffield Hallam University], [Kim Lawson] Date: 08 June 2016, At: 04:48 )



http://www.tandfonline.com/action/journalInformation?journalCode=ieid20
http://www.tandfonline.com/loi/ieid20
http://dx.doi.org/10.1080/13543784.2016.1197906
http://www.tandfonline.com/action/authorSubmission?journalCode=ieid20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=ieid20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/13543784.2016.1197906
http://www.tandfonline.com/doi/mlt/10.1080/13543784.2016.1197906
http://crossmark.crossref.org/dialog/?doi=10.1080/13543784.2016.1197906&domain=pdf&date_stamp=2016-06-08
http://crossmark.crossref.org/dialog/?doi=10.1080/13543784.2016.1197906&domain=pdf&date_stamp=2016-06-08

Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

Publisher: Taylor & Francis

Journal: Expert Opinion on Investigational Drugs

DOI: 10.1080/13543784.2016.1197906
Article highlights

Effectiveness of current pharmacological treatments is limited with many

patients discontinuing use.

Several drugs with diverse mechanisms of action are being investigated as
potential treatment approaches.

The current and potential drugs primarily focus.on suppression of central

neuronal hyper-excitability.

Modest efficacy has been reported for a few drugs against selective

symptoms such as pain, anxiety and depression.

Although primary focus-has been towards modulation of bioamines and of the
020 subunits of neuronal calcium channels, drugs acting on novel targets
such as cannabinoid receptors, melatonin receptors and potassium channels

are being-investigated.

Review

Potential drug therapies for the treatment of fibromyalgia

Kim Lawson

Department of Biosciences and Chemistry,

Biomolecular Sciences Research Centre,



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

Sheffield Hallam University,
Faculty of Health and Wellbeing,

City Campus, Sheffield S1 1WB

Tel: +44 (0)114 225 3057
Fax: +44 (0)114 225 3066

Email: k.lawson@shu.ac.uk

Abstract

Introduction: Fibromyalgia (FM) is a common, complex chronic widespread pain
condition is characterized by fatigue, sleep disturbance and cognitive dysfunction.
Treatment of FM is difficult, requiring both pharmacological and non-pharmacological
approaches, with an empiric approach to drug therapy focused toward individual
symptoms, particularly pain. The effectiveness of current medications is limited with
many patients discontinuing use.

Areas Covered: A systemic database search has identified 26 molecular entities as
potential emerging drug. therapies. Advances in the understanding of the
pathophysiology of FM provides clues to targets for new medications. Investigation
of bioamine modulation and o2d ligands and novel targets such as dopamine
receptors, "NMDA receptors, cannabinoid receptors, melatonin receptors and
potassium channels has identified potential drug therapies.

Expert opinion: Modest improvement of health status in patients with FM has been
observed with drugs targeting a diverse range of molecular mechanisms. No single
drug, however, offered substantial efficacy against all the symptoms characteristic of
FM. Identification of new and improved therapies for FM needs to address the
heterogeneity of the condition, which suggests existence of patient subgroups, the

relationship of central and peripheral aspects of the pathophysiology and a



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

requirement of combination therapy with drugs targeting multiple molecular

mechanisms.

Keywords: fibromyalgia, clinical trials, central sensitization, pain, fatigue, cognitive

dysfunction.
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1. Introduction

Fibromyalgia (FM) is characterised by the core symptoms of generalized chronic
pain, fatigue, stiffness, and sleep disturbance of variable intensity and thus
considered to be a phenotype of a large spectrum of disorders that have substantial
overlap [1-5]. In addition, the cognitive performance (working memory, verbal fluency,
episodic memory) of FM patients is poor with the distraction of chronic pain and
fatigue contributes to increased impairment of cognition [6,7]. The condition affects
2-4% of populations worldwide, is 7 times more prevalent in females than‘males and
is complicated by the occurrence of co-morbidities which often belong to the family of

CSS exhibiting similar symptoms [1-5].

Although aspects of the pathophysiology of FM are still unclear, evidence of
involvement of genetics, neurotransmitter and neuroendocrine dysfunctions,
autonomic nervous system (ANS) dysfunction, and psychophysiological and cerebral
abnormalities has been demonstrated [1-6]. Biological amplification of sensory
stimuli (eg mechanical and electrical stimulation, heat, auditory tones) as a result of
decreased thresholds are consistent with the pathophysiology of FM [9]. The most
common symptom is chronic widespread pain with hyperalgesia (an increased
response to a stimulus expected to cause pain) and allodynia (pain caused by a non-
noxious stimulus). The presence of central sensitization (CS), an amplified response
of the central nervous system to peripheral input, is a characteristic of central
sensitivity syndromes where neuronal excitability and hypersensitivity leads, at least,
to persistent pain [1-4]. The pain in FM being associated with CS is consistent with
an aberrant. mechanism of the central nervous system (CNS) processing that causes
hypersensitivity to peripheral input. In addition to the central aspects of the condition,
the role of peripheral nociceptive generators enhancing the level of CS and the
extent of symptoms characteristic of the FM has increasingly received attention. An
interrelationship of the various components that could contribute to the
pathophysiology of FM acting as amplifiers of each other has been suggested as a
cyclic model [5]. Peripheral nerve pathologies, neuroinflammation and skeletal
muscle abnormalities and ischaemia have been reported to contribute to the
pathophysiology of FM [4,10]. Peripheral small nerve fibre function impairment and
epidermal nerve fibre density reduction that may be associated with small fibre

neuropathy has been observed in patients with FM [11]. Evidence from a number of
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studies support the role of small fibre neuropathy in a subset of FM patients [4,12].
Structural, functional and metabolic alterations in skeletal muscle reported in FM
patients include decreased respiratory enzyme activity, distribution of mitochondria,
oxidative stress, production of pro-inflammatory cytokines [3,4]. The results have
been inconsistent. In addition, a cause of muscle pain in FM patients being
associated with aspects of ischaemia such as oxygen uptake and metabolism,
lactate accumulation and blood flow have been the subject of investigation [3,4].
Although data are inconclusive, enlarged arteriole-venule shunts due to an-increase
peptidergic and sympathetic innervation have been reported in FM patients which
may contribute to muscle ischaemia and the pain and fatigue characteristic of FM
[13]. Peripheral mechanisms involvement in the pathophysiology of FM needs to be
taken into consideration in the management of the condition, because of the
potential role of input generators to the predominant central mechanisms. Further
work is awaited that will clarify the contribution (e.g. a cause or consequence of the
condition, identify patient subsets) of the peripheral generators to the pathology of

FM and thereby the potential as a treatment target.

1.1 Neurotransmitters and central sensitization

Altered neurotransmitter functionality (eg changed levels, sensitivity of receptors) are
associated with the neurophysiological aspects of CS leading to enhanced
excitability and increased spontaneous activity. The neurotransmitter abnormalities
are associated with a progressive increase in response reflective of slow temporal
summation (wind-up phenomena) leading to neuroplasticity perpetuating self-
sustaining CS-without the need for further stimuli [1-4]. In the cerebrospinal fluid
(CSF) of FM patients increased concentrations of substance P (2-3 fold),
endogenous opioids (3-4 fold) and glutamate (2 fold) relative to healthy subjects
have been observed [9]. In contrast, the CFS of FM patients have lower levels of 5-
HIAA, the main metabolite of serotonin, and 3-methoxy-4-hydroxyphenethylene
(MPHG), the main metabolite of noradrenaline and blood levels of L-tryptophan and
serotonin are lower compared to healthy controls [9]. Further, raised CSF levels of
nerve growth factor and brain-derived neurotrophic factor have also been found in

FM patients, which may be mediated through glutamatergic transmission [14,15].
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Harris et al [16] demonstrated that glutamate levels are higher in the posterior insula
in FM patients than controls and these levels change in response to improvements in
clinical pain and tenderness. The raised glutamate may be responsible for
stimulation of N-methyl-D-aspartic acid (NMDA) glutamate receptors in the dorsal
horn of the spinal cord responsible for the wind-up phenomenon [17]. In addition, the
diffuse noxious inhibitory control (DNIC), which involves descending opioidergic and
serotonergic-noradrenergic efferent pathways from the brain to the spinal cord that

downregulate the pain signal, is aberrant in FM patients [18].

Dopamine deficiency in the CNS has also been implicated in the pathophysiology of
FM [19]. Dopamine is involved in regulation of CNS pain processing and chronic
stress, which is implicated in FM, disrupts dopaminergic activity [20]. In patients with
FM dopamine release into the basal ganglia in response to -painful stimuli is

attenuated or absent [19].

The cerebral mechanisms and abnormalities involved.in CS identified in FM patients
are reflected by increased activity in the pain processing regions of the brain during
painful stimulation [1-4]. Functional imaging of the CNS has demonstrated an altered
functioning within the somatosensory cortex, anterior and posterior cingulate,
amygdala, medial frontal and parahippocampal gyrus and cerebellum in FM patients
[21]. Interestingly, treatment with the tricyclic antidepressant amitriptyline, and
thereby modulation of ~“serotonin and noradrenaline levels, correlated clinical
response with normalization of function within the bilateral thalamus and basal

ganglia [22].

Familial predisposition and genetic polymorphisms have been identified with
candidate genes associated with FM including the serotonin 5-HT2A receptor
polymorphism T/T phenotype, serotonin transporter, dopamine 4 receptor and
COMT (catechol O-methyltransferase) polymorphisms [23]. These polymorphisms
affect metabolism or transport of monoamines and as identified play a role in
sensory pain processing and human stress response. Insight into characterization of
FM and possible classification of subgroups leading to more focused treatment with
fewer adverse effects could be provided by improved understanding of the genetics
of FM.
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1.2 Stress processes

FM patients have abnormal responses to stress and an inadequate reaction to
stressful events which appear related to functional alterations of the ANS
(dysautonomia) and neuroendocrine abnormalities of the hypothalamic-pituitary-
adrenal (HPA) axis [24]. The HPA axis in FM shows a decreased cortisol response,
and increased adrenocorticosteriod hormone (ACTH) activity to a corticotrophin-
releasing factor challenge [17]. A decreased expression of corticosteroid receptors
has been associated with the deviation of the HPA system in FM [25]. In addition,
disrupted sleep architecture and a decrease in stage 4 sleep in FM patients may be

related to decreased levels of growth hormone [26].

Abnormalities of the ANS also seen in patients may be responsible for many of the
additional symptoms reported in FM such as alterations. in the cardiovascular system
efficiency (through increased hypotension, variations in heart rate, pseudoRaynauds
and microcirculatory vasoconstriction), sleep - disturbance, dry eyes, and

gastrointestinal and bladder disorders [27].

1.3 Inflammation

FM is not characterised by demonstrable tissue damage or inflammation, however
the impact of the symptoms related to the pathophysiology, particularly CS, will lead
to inactivity, exercise intolerance, skeletal muscle deconditioning and raised BMI. As
a consequence, inflammatory mediators have been observed to be altered in
patients with FM [28]. Various neurochemicals, such as substance P, that are raised
in FM due to CS, stimulate a number of immune cells and increase the release and
expression of inflammatory mediators (eg cytokines) at nerve endings, increasing
nociceptive and sensory sensitivity [29]. Neurotransmitters, cytokines or chemokines
can also activate glial cells and mast cells which can thus contribute to enhancement
of the CNS activity and CS [1-4].

2. Pharmacological Management
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Treatment of FM is challenging requiring both pharmacological and non-
pharmacological approaches often with an empiric approach to drug therapy focused
toward individual symptoms with an emphasis to pain [3,5]. The efficacy of
antidepressants (tricyclic, serotonin and noradrenaline reuptake inhibitors (SNRI)
and selective serotonin reuptake inhibitors (SSRI)) in the reduction of pain,
depression and fatigue, and improvement of quality of life has led to regular use in
the treatment of FM patients [30]. The o206 ligands, gabapentin and pregabalin, are
also used regularly to manage the pain, sleep and fatigue, and improve quality of life
of FM patients [30]. Although pregabalin, duloxetine and milnacipran. are FDA
approved for the treatment of FM, currently prescribed drugs appear to have little
effect on reducing healthcare utilization [31]. The effectivenessof current
medications is limited and many patients discontinue use due to the incidence of
adverse effects [32,33].

Advances in the understanding of the pathophysiology of FM has started to provide
clues to the underlying mechanisms offering potential targets for new medications
(Figure 1). Pharmacological treatment focused to the modulation of the central
neurotransmitters, serotonin, noradrenaline, dopamine, glutamate and substance P
would be compatible with the central component in the pathophysiology of FM [8,30].
Interestingly, greater efficacy has been observed with drugs that inhibit the re-uptake
of both serotonin and noradrenaline, modulating at least the DNIC descending
inhibitory pathways, relative to selective inhibition of each neurotransmitter [30]. In
addition, the 020 ligand pregabalin probably achieves benefit by targeting glutamate
and substance P disturbances. The inconsistent success for FM patients of current
treatments has led to investigation of bioamine modulation and o2d ligands in
addition to novel targets such as dopamine receptors, NMDA receptors, cannabinoid
receptors, angiotensin receptors, melatonin receptors and potassium channels for
the development of potential drug therapies. Table 1 lists potential drug therapies
with specified mechanisms of action exhibiting potential efficacy for the treatment of
FM.
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3. Search strategy

New and emerging drugs being actively developed in FM clinical trials were reviewed
following a comprehensive search of Pubmed, Google, Google Scholar,
ClinicalTrials.gov, adisinsight.springer.com and Controlled-trials.com without date
restrictions up to 31 January 2016. ClinicalTrials.gov was initially searched using
broad terms for fibromyalgia, medications and treatments. The results of this search
provided the terms, names of drugs, sponsors, and mechanisms of action that were
used in a systematic search the other databases. Studies identified for drugs-already
marketed for FM were excluded. Google enabled the identification of sources not
formally published, such as company and academic institution websites, scientific
meeting abstracts. Potential agents that formed the subject of studies whether non-
successful or discontinued were considered to provide an understanding of the

therapeutic targets investigated.

4 Potential therapies
4.1 Bioamine neurotransmitters

Abnormalities in bioaminergic neurotransmitters (noradrenaline, serotonin and
dopamine) have been associated with the core clinical symptoms of FM and

modulators of these systems have gained interest are potential treatments [8].

Cyclobenzaprine (flexeril, Amrix) is a tricyclic antidepressant with muscle relaxant
properties that exhibits noradrenaline and serotonin reuptake inhibition. A meta-
analysis of randomized controlled trials conducted in the 1990s demonstrated that
cyclobenzaprine, after 4 to 24 weeks, treatment evoked overall improvement in FM
patients with moderate reductions in the individual symptoms of pain and sleep
dysfunction [34]. A recent double-blind randomized placebo-controlled trial has
provided further evidence in FM patients that very low-dose cyclobenzaprine (1-4mg
at bedtime) improved sleep, decreased fatigue, pain and tenderness and improved
mood after 8 weeks [35]. In a 12-week, randomized, double-blind, placebo-controlled
trial TNX-102 SL (Tonmya) sublingual very low dose (VLD) cyclobenzaprine (2.8mg
at bedtime) evoked a significant improvement on sleep quality associated with

improvements in multiple other symptoms, such as pain in patients with FM
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compared to placebo [36]. Significant improvements with Tonmya were also
observed on several fibromyalgia impact questionnaire (FIQ) items (pain, sleep

quality, anxiety, stiffness, and sensitivity).

TD-9855 is a noradrenaline and serotonin reuptake inhibitor developed to treat
chronic pain and ADHD [37]. In a double-blind placebo-controlled 6-week study TD-
9855 (20mg) significantly reduced pain, fatigue and the FIQ score and improved
quality of life [37].

Selective serotonin enhancement has been studied with paroxetine (12.5-62.5
mg/day), a selective serotonin reuptake inhibitor, in patients with < FM. Pain,
depression and anxiety, sleep improvement and functionality increase was assessed
in FM patients and paroxetine improved the overall symptomatology [38]. However,
paroxetine failed to significantly reduce the pain associated with FM. Trazodone is a
second-generation antidepressant of the serotonin antagonist and reuptake inhibitor
(SARI) class with strong sedative activity. In a 12-week open-label study trazodone
(50-300mg/day) markedly improved sleep quality, sleep duration and sleep efficiency
with more moderate effects on FIQ scores, anxiety, depression and pain [39]. In a
second open-label study, patients who-experienced benefit to trazodone (50-300
mg/day) after 12-weeks treatment received pregabalin (75-450 mg/day), added to
the trazodone treatment for an additional 12-week period [40]. Again trazodone
significantly improved global fibromyalgia severity, sleep quality, and depression, as
well as pain interference with daily activities. After pregabalin combination additional
and significant improvements were seen on fibromyalgia severity, depression and
pain interference with daily activities, and a decrease in bodily pain was also
apparent {34]. 5-hydroxytryptamine (5-HT) 3 receptors are located on neurons in the
central ‘and peripheral nervous system, and activation has been shown to cause
release of neuropeptides, such as substance P, involved in pain processing [41,42].
Thus, the stimulation of 5-HT3 receptors may be responsible for widespread pain
mediated by substance P. The 5-HT3 receptor antagonist, dolasetron, (12.5mg/d iv
intermittent) in a randomised, double-blind, placebo-controlled trial of patients with
FM reduced pain greater than observed in the placebo group [43]. The secondary
outcomes (e.g. fatigue, quality of life) failed to achieve a significant change. Thus,
dolasetron was limited to controlling only pain in FM and required to be administered

intravenously. Mirtazapine is a selective antagonist at 5-HT2 and 5-HT3 receptors
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which also blocks o2 adrenergic auto-receptors in the CNS. In a randomized
placebo-controlled pilot study, mirtazapine (30mg per day) exhibited significant within
group improvement of pain and FIQ [44]. Thus in contrast, to combined modulation
of serotonin and noradrenaline levels, treatments selective for the serotonergic

system produced inconsistent outcomes in FM patients.

Enhancement of the noradrenaline response only has also been studied as a
treatment approach to FM. The selective noradrenaline reuptake inhibitor
esreboxetine (4, 8 or 10 mg/day), the active enantiomer of reboxetine, has been
studied in a double-blind, randomized, placebo-controlled study [45]. Although
esreboxitine improved pain, fatigue, FIQ and quality of life scores in patients with FM,
the efficacy lacked a dose-response relationship. Droxidopa, a prodrug of
noradrenaline, increases CNS levels of noradrenaline [46]. In a double-blind
placebo-controlled proof-of-concept study droxidopa monotherapy (200, 400 or
600mg three times daily) or in combination with carbidopa (25 or 50mg three times a
daily) reduced pain and FIQ scores in patients with FM, however significance
compared with placebo treatment was not observed [47]. The enhancement of
noradrenaline levels alone does suggest utility in FM, however current evidence from

drugs studied is not consistent as a treatment approach.

Patients with FM have been reported to have an abnormal dopamine response and
dopamine D2/D3 receptor availability to pain [48,49]. Consequently, dopamine
D3/D2 receptor agonists have been tested in patients with FM in an attempt to rectify
this dysfunction. Pramipexole (4.5mg once daily) demonstrated therapeutic benefit in
a double-blind, placebo-controlled FM trial with improvements in pain, fatigue and
overall function determined by a reduction in the FIQ total score [50]. Pain was
decreased by 50% or greater in 42% of patients (but only 14% receiving placebo),
with the ‘most common adverse effects, anxiety and weight loss, were transient.
Concomitant medications were being taken by most patients in this trial, but it was
not clarified whether the improvements due to pramipexole were a summative effect
or those FM symptoms not contained by current therapies. The benefits of
modulation of the dopaminergic system by dopamine agonists however is not clear
because the dopamine agonists ropinirole and terguride failed to evoke a significant

therapeutic response in patients with FM [51,52].
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The inconsistency of clinical data for drugs that individually target the serotonin,
noradrenaline or dopamine pathways in patients with FM again supports the
requirement of therapies that modulate more than one of the dysfunctional
neurotransmitters, as observed with SNRIs and tricyclic antidepressants. A multi-
target approach was further supported with the serotonin/noradrenaline/dopamine
reuptake inhibitor, sibutramine, which improved the pain, sleep and fatigue in
patients with FM; the symptoms returned within 3-7 days when treatment was
terminated [53].

Focus on drugs that target the activities of both dopamine and noradrenaline have
received attention as a treatment approach to FM. Modafinil and-armodafinil are non-
amphetamine stimulants that release dopamine and noradrenaline in the CNS and
histamine in the hypothalamus. In the regions of the brain where fatigue is believed
to be interpreted modifinil and armodafinil are proposed to elevate histamine,
noradrenaline, serotonin, glutamine and dopamine activity [54], thus treatment may
allow the brain to interpret a lower fatigue state in patients with FM. In retrospective
studies, fatigue associated with FM was reported to be reduced by modafinil [55].
However, armodafinil (50-250mg/d), in a proof-of-concept blinded, randomized
placebo-controlled study, however failed to treat the fatigue associated with FM);
however, a large placebo effect (up to 46%) was observed in the patient population
making interpretation of the outcomes unreliable [55]. Methylphenidate (Ritalin; 10-
60mg/day), a neuronal stimulate that inhibits dopamine and noradrenaline reuptake,
has been observedto enhance mood and concentration in patients with FM after 30-

day treatment, although other symptoms such as pain intensity failed to improve [56].

Due to the limited efficacy observed with antidepressants modulating bioamines and
the o2 ligands, pregabalin and gabapentin, in the management of FM symptoms the
potential ‘of greater benefit or more preferable outcomes from combined
pharmacological therapies has been considered. In a single-blind randomized trial,
the’ combined use of pregabalin (75 mg/day) plus paroxetine (25 mg/day),
amitriptyline (25 mg/day) or venlafaxine (75 mg/day) resulted in significantly lower
somatic symptom and depression scale scores, better life satisfaction, mood, and
sleep quality, higher medication tolerability, and less frequent adverse effects in
patients with FM [57].
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4.2 Antipsychotic drugs

Second generation antipsychotic drugs have attracted interest in the treatment of
chronic pain which is consistent with the receptor affinities exhibited [58]. This has
led to the testing of antipsychotic drugs in FM. In a pilot double-blind, randomized,
placebo-controlled study the antipsychotic drug quetiapine (up to 300 mg daily), that
has affinity for D2, 5-HT2A, H1, alpha1 and 5-HT1A receptors demonstrated
significant benefits on sleep but not against the other symptoms of FM [59]. However,
in patients with a dual diagnosis of major depressive disorder and FM quetiapine (50
to 300 mg daily) significantly improved depression, pain and quality of life scores [60-
62] No significant differences were found between quetiapine XR and amitriptyline
treatments for any of the secondary outcomes measured in patients with major
depressive disorder and FM [61]. Use of quetiapine in fiboromyalgia should therefore
be limited to patients with comorbid major depression or have unresolved and

disabling depressive and/or anxiety symptoms.

The antipsychotic amisulpride has preferential affinity for pre-synaptic dopamine D,
and Ds; autoreceptor subtypes but also acts as a potent antagonist at the 5-HT7
receptor [63]. In contrast to quetiapine, amisulpride in an open-label study did not
provide any benefits as a treatment of FM [64]. Interestingly, ziprasidone which has
affinity for the dopamine D2 and D3, the serotonin 5-HT2A, 5-HT2C, 5-HT1A, 5-
HT1D, a1-adrenergic receptors and histamine H1 receptor and inhibits serotonin and
noradrenaline reuptake of synaptic reuptake exhibits similarities to the pharmacology
of quetiapine [63]. Ziprasidone also failed to provide an appropriate improvement in

symptoms of patients with FM [65].

4.3 Anticonvulsants

Mirogabalin (DS 5565), like pregabalin and gabapentin which have demonstrated
efficacy in the treatment of FM, is an o206 ligand [66]. Identification of a28-1 and a26-
2 subunits have shown that a ligand binding to the former contributes to analgesic
effects, whereas binding to a26-2 appears to contribute to CNS side effects [67].

Mirogabalin is a novel, preferentially selective a26-1 ligand with a unique binding
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profile that may translate to clinically meaningful differences in both efficacy and
safety [60]. In a double-blind, randomized, placebo-controlled study of diabetic
peripheral neuropathic pain mirogabalin (5-30mg/day) reduced pain [66], results from
a randomized, double-blind, placebo-controlled study of microgabalin for treatment of
FM are awaited [68].

The efficacy of anticonvulsants is based on the ability to suppress neuronal hyper-
excitability, thus drugs exhibiting mechanism of action other than 26 ligand have
gained interest as treatments of FM. Levetiracetram binds to a synaptic vesicle
glycoprotein, SV2A, and inhibits presynaptic calcium channels ' reducing
neurotransmitter release [69]. Several cellular targets have been-proposed to be
relevant to the therapeutic activity of topiramate involves several cellular targets
which includes inhibition of voltage-activated calcium. channels, although the
relevance to clinical activity is uncertain [70]. The mechanism of action of lacosamide
is not fully defined but is believed to act through voltage-gated sodium channels [71].
Although pregabalin and gabapentin, have exhibited beneficial effects in the
treatment of FM reducing pain, fatigue and sleep disturbance [66], evidence was
insufficient to draw conclusions on the efficacy of levetriactem, topiramate and

lacosamide in the treatment of FM [72,73].

4.3 Glutamate

Memantine is an NMDA' glutamate receptor antagonist that has been studied in a
double-blind, . randomized placebo-controlled trial to assess pain threshold, pain
perception, < cognitive state, anxiety and depression in FM patients [74,75].
Preliminary evidence of memantine as a treatment of FM demonstrated a significant
decrease in pain with an improvement in all other secondary outcomes except
anxiety. Memantine treatment resulted in an increase in cerebral metabolism in FM
patients with a correlation between choline levels and the FIQ score in the posterior
insula [76].

Yokukansan (TJ-54), a traditional Japanese medicine, is used in clinical situations
for treating psychiatric disorders by acting mainly on the glutamatergic and

serotonergic nervous system [77]. Yokukansan has demonstrated clinical efficacy in
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neuropathic pain conditions with suggested greater effectiveness than traditional
medicines, such as tricyclic antidepressants, carbamazepine, gabapentin, and
opioids [78]. Although the mechanism of Yokukansan on neuropathic pain has not
been established, the potential of alleviating pain in FM have been suggested and

the outcomes of clinical trials are awaited [79,80].

4.4 Substance P

Patients with FM have raised levels of substance P within the CNS which could lead
to the induction of pain through the activation of neurokinin1 (NK1) receptors [9].
Thus, NK1 receptor antagonists could provide a novel therapeutic approach to
counteract central pain transmission. Casopitant, an NK1 receptor antagonist, has
been evaluated in a double-blind randomized, placebo controlled trial in FM patients
with comorbid depression, and outcomes are awaited [81]. Capsaicin desensitizes
nociceptive processes possibly due to depletion of substance P, thus preventing
sensory factors activating central neuronal mechanisms responsible for the
symptoms of FM. Capsaicin binds to the transient receptor potential vanilloid 1
subunits (TRPV1) which are located in peripheral nociceptors [82]. Topical capsaicin
therapy (0.075% 3 times daily for 6 weeks) significantly improved myalgic scores,
pain threshold and fatigue, in"addition to mood variables in patients with FM that was
unresponsive to other treatments [83]. Thus, suppression of the actions of substance
P appear to offer benefit-in"the treatment of FM and further investigations are

required.

4.5 Naltrexone

Although naltrexone is an opioid receptor antagonist used in the treatment of alcohol
and opioid dependence, low-dose naltrexone (LDN) has exhibited benefit in the
treatment of diseases not related to chemical dependency or intoxication. LND (4.5
mg/day) in a double-blind, randomized, placebo-controlled study in FM patients
reduced the pain and depressed mood, but not fatigue and sleep disorder [84].
Microglia antagonism has been suggested as the novel mechanism by which LDN
reduces the FM severity [84]. Microglia, which may be abnormally sensitized in FM,
can release pro-inflammatory factors in the CNS which interact with neurons, leading

to the central facilitation of pain processing [85].
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4.6 Cannabinoids

FM has been proposed to be a form of endocannabinoid deficiency which has led to
the evaluation of cannabinoids as a treatment approach [80]. Evidence in
uncontrolled trials of efficacy of cannabinoids for FM symptoms, although
inconsistent, has suggested benefits [87]. In double-blinded, placebo-controlled
studies nabilone (0.5-1.0 mg before bedtime) after 4 weeks evoked a significant
reduction in pain and anxiety and improvement in quality of life in FM patients [88,
89]. The role of cannabinoids in the treatment of FM is being further investigated with
dronabinol (a synthetic form of delta-9-tetrahydrocannabinol, THC) and ZYNOO1, a
pro-drug of delta-9-tetrahydrocannabinol. Dronabinol (mean daily dose of 7.5mg)
produced a significant reduction in pain intensity and depression in patients with FM
leading to an improvement of quality of life in those patients-able to tolerate
(approximate 25% drop out rate) the treatment [90]. ZYNOO1 is the D-(-)-glyceric acid
ester of THC which is rapidly hydrolysed by esterases in the skin to THC [91].
Transdermal delivery should provide stable plasma levels and avoid first-pass
hepatic metabolism associated with THC metabolite psychotropic effects thereby

improving the tolerability profile-in-fFM patients [92].

4.8 Potassium channel

Flupirtine is a centrally acting, non-opiate analgesic that activates Kv/M-channel
activity and indirectly suppresses NMDA receptor activity resulting in the inhibition of
sustained neuronal activity associated with pain [93]. Effective analgesia has been
observed-in-acute pain conditions, such as traumatic injury, headache and migraine,
and in- chronic musculoskeletal pain [94]. Initial evidence supports the use of
flupirtine as a treatment approach in FM patients where a reduction of pain, sleep
disturbance, fatigue and depressive symptoms was observed [95]. Controlled clinical

studies are required for the confirmation of the utility of flupirtine in FM.

4.9 Melatonin
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Melatonin, N-acetyl-5-methoxy tryptamine, is involved in the regulation of sleep. In
addition to sleep-inducing properties melatonin and novel melatonin analogues, such
as ramelteon, have exhibited analgesic properties suggesting potential use in the
management of pain and insomnia of chronic pain conditions such as FM [96]. In an
open 4-week pilot study melatonin (3 mg at bedtime) significantly improved severity
of pain, tender point count and sleep quality, but not fatigue, depression and anxiety
in patients with FM [97]. Improvement of the FM symptoms of pain, sleep disorder
and depression were further demonstrated in double-blinded randomized trials with
melatonin alone and in combination with fluoxetine or amitriptyline [98,99]. Hussain
et al [98] observed that melatonin (3 or 5 mg per day) reduced the pain, sleep
disorder, depression and anxiety in patients with FM in contrast to fluoxetine (20 mg
per day) which only decreased anxiety, depression and fatigue. The combination of
melatonin and fluoxetine was effective in the treatment of most of the symptoms of
FM. In a 6 week randomized controlled trial, melatonin (10 mg per day), amitriptyline
(25 mg per day) and melatonin (10 mg per day) plus amitriptyline (25 mg per day)
significantly improved the pain and sleep quality in patients with FM [99]. Compared
with amitriptyline alone, melatonin alone or in. combination with amitriptyline gave
superior improvement in symptoms, ‘with the combination producing only marginal
additional clinical effects. The -melatonin-analogue agomelatine exhibits both high-
affinity human melatoninergic MT1 and MT2 receptors agonist and a serotonin 5-
HT2C receptor antagonist properties. In two 12 week open-label studies agomelatine
(25-50 mg per day) also significantly improved pain, depression and anxiety
symptoms in -patients with FM [100,101]. But in contrast to melatonin, an
improvement in sleep quality was not seen with agomelatine [101]. The stimulation of
melatoninergic receptors is associated with effectiveness in analgesia and mood

treatment of patients with FM, but control of the sleep disorder is inconsistent.

4.10 IMC-1

IMC-1 is a fixed-dose-combination of the anti-herpes virus nucleoside analog
famciclovir and celecoxib developed as a treatment for FM, irritable bowel syndrome,
chronic fatigue syndrome/ME, and other conditions that may share a similar

underlying pathophysiology [102,103]. In a double-blinded, randomized, placebo-
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controlled Phase Il study IMC-1, evoked significant reductions in pain, fatigue and
FIQ scores with improvements in functionality and quality of life at 16 weeks in
patients with FM [103]. The outcomes of the study with IMC-1 suggest that tissue-
resident herpes virus may be causally related to FM symptoms or recurrence.

5. Conclusion

The effectiveness of current medications for FM is limited and many patients
discontinue use due to the incidence of adverse effects. Consequently, the number
of drugs being investigated emphasizes the continued interest and need to improve
the management of FM. The majority of drugs under investigation are focused
towards controlling the hyper-excitability of the central neuronal system. Although
benefits have been demonstrated involving a diversity of pharmacological targets,
the complexity of FM has resulted in limitations and-barriers in drug development. Of
the drugs investigated none have provided substantial improvement across the
spectrum of symptoms of FM leading to clues of the preferential pharmacology

targets for the optimal treatment of the condition.

6 Expert opinion

Treatment of FM has been-identified as requiring both pharmacological and non-
pharmacological approaches often with an empiric approach to drug therapy focused
toward individual ‘symptoms with an emphasis to pain. The pharmacological
approach- of current and potential therapies has been primarily directed towards
suppression of the central hyper-excitability associated with the pathophysiology of
FM. This has resulted in the evaluation of a range of molecular targets and
mechanisms such as bioamine modulation, 020 ligands, dopamine receptors, NMDA
receptors, cannabinoid receptors, melatonin receptors and potassium channels that
have the potential of suppressing neuronal activity. Although some of the drug
treatments discussed are capable of improving health status in patients with FM, not
all symptoms were resolved by a single drug and often the consistency of efficacy
associated to an individual mechanism of action was not always observed. The

range of efficacies, from partial to none, demonstrated by the various therapeutic
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approaches in recent clinical trials have provided, albeit limited, insight into potential
drug treatment profiles and important clues for condition-focused therapies and
improved diagnosis. But barriers in drug development continue to be encountered for
the identification of new and improved therapies for FM. The existence of subgroups
of FM has been proposed by many studies [104]. The heterogeneity of the condition
may be responsible for the modest and limited efficacy often observed. Most of the
clinical trials and studies of the pathophysiology of FM and treatments have not
taken into account subgrouping and have been directed by the comparison of
average outcomes of patient populations. In addition, consideration of targeting
peripheral mechanisms that contribute to the pathophysiology and possible act as
sensory input generators has received limited and inconsistent attention. Although
drug monotherapy would be the optimum treatment approach, the multidimensional
aspects of FM and its high comorbidity with other disorders is consistent with the
requirement of combination therapy using drugs targeting different molecular

mechanisms and thereby symptoms.

Although a significant proportion of pain patients adequately respond to current
analgesics, many patients, such as those with FM do not achieve an adequate
experience and often present with major adverse effects. A greater understanding of
the pathophysiology of FM, particularly the role of aberrant CNS functioning leading
to heightened generalized sensitization to sensory input and peripheral input
generators, and efficacy clues gained from current drug investigations has directed
interest to a range of potential targets for the identification of new medications.
Several existing drugs have demonstrated efficacy in chronic pain conditions and
these novel analgesics could offer potential in the treatment of the symptoms of FM
[105]. Repurposing of drugs, identifying new uses for existing drugs, bypasses most
of the time -and cost consuming components of drug development. Thus, these
approaches could not only expand the options for the identification of the direction
required for condition-focused drugs, but also readily make products available in the
usual-care setting. Although the primary endpoints of recent clinical trials with FM
patients have changed with more recent attention to global health status rather than
over emphasis on any single particular symptom, the ability to transfer the observed

outcomes to management requires confirmation.
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Figure 1. Pathophysiological processes associated with fibromyalgia that have been
identified as potential drug targets. Core symptoms of the condition are indicated in
boxes. HPA — hypothalamic pituitary adrenal axis; SNS — sympathetic nervous

system.

| WIDESPREAD PAIN |
NOCICEPTORS ¥

sensitization/activation ™~
CENTRAL
NOCICEPTIVE ~.

SYSTEM
SENSORY RECEPTORS ( )
activation

ERGORECEPTORS

\ sensitization
LIMBIC ™.,
3 activation CRCIRES “‘
! HPA : MUSCLE
LOAXIS activation ,'I FATIGUE
SNS
/ HEIGHTENED AROUSAL
SLEEP ANXIETY /
DYSFUNCTION DEPRESSION
\ COGNITIVE DYSFUNCTION /
MENTAL FATIGUE

Declaration of interest

K Lawson has no relevant affiliations or financial involvement with any organization
or entity with a financial interest in or financial conflict with the subject matter or
materials discussed in the manuscript. This includes employment, consultancies,
honoraria, stock ownership or options, expert testimony, grants or patents received

or pending, or royalties.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

Bibliography

1.

Yunus MB. Central sensitivity syndromes: a new paradigm and group nosology
for fibromyalgia and overlapping conditions, and the related issue of disease
versus illness. Semin Arthritis Rheum. 2008;37(6):339-52.

. Yunus MB. Editorial review: an update on central sensitivity syndromes and the

issues of nosology and psychobiology. Curr Rheumatol Rev. 2015;11(2):70-85.

Hauser W, Ablin J, Fitzcharles MA, et al. Fibromyalgia. Nat Rev Dis Primers
2015;1:15022.

Borchers AT, Gershwin ME. Fibromyalgia: A Critical and Comprehensive
Review. Clin Rev Allergy Immunol. 2015;49(2):100-51.
**Provides a comprehensive review of current knowledge of the
pathophysiology of fibromyalgia.
Lawson K. Treatment options and patient perspectives in the management of
fibromyalgia: future trends. Neuropsychiatr Dis Treat. 2008;4(6):1059-71.

. Glass JM. Fibromyalgia and cognition. J Clin Psychiatry. 2008;69 Suppl 2:20-4.

Bertolucci PH, de Oliveira FF Cognitive impairment in fibromyalgia. Curr Pain
Headache Rep. 2013 Jul;17(7):344.

Ceko M, Bushnell MC, Gracely RH. Neurobiology underlying fibromyalgia
symptoms. Pain Res Treat. 2012;2012:585419.

Williams DA, Clauw DJ. Understanding Fibromyalgia: Lessons from the Broader
Pain Research Community. J Pain. 2009;10(8):777-791.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

10. Chin S, Caldwell W, Gritsenko, K. Fibromyalgia Pathogenesis and Treatment
Options Update. Curr Pain Headache Rep. 2016;20:25.

11.Uceyler N, Zeller D, Kahn AK, et al. Small fibre pathology in patients with
fibromyalgia syndrome. Brain. 2013;136:1857-67.

12.Caro XJ, Winter EF. The Role and Importance of Small Fiber Neuropathy in
Fibromyalgia Pain. Curr Pain Headache Rep. 2015;19(12):55.

13.Albrecht PJ, Hou Q, Argoff CE, et al. Excessive peptidergic sensory innervation
of cutaneous arteriole-venule shunts (AVS) in the palmar glabrous skin of
fibromyalgia patients: implications for widespread deep tissue pain and fatigue.
Pain Med. 2013;14(6):895-915.

14.Harris RE, Clauw DJ. How do we know that the pain in fibromyalgia is "real"?
Curr Pain Headache Rep. 2006;10(6):403-7.

15.Laske C, Stransky E, Eschweiler GW, et al. Increased BDNF serum
concentration in fibromyalgia with or without depression or antidepressants. J
Psychiatr Res. 2007;41(7):600-5.

16.Harris RE, Sundgren PC, Craig AD, et al. Elevated insular glutamate in
fibromyalgia is associated with experimental pain. Arthritis Rheum.
2009;60(10):3146-52.

17.Abeles AM, Pillinger MH, Solitar BM, et al. Narrative review: the
pathophysiology of fibromyalgia. Ann Intern Med. 2007;146(10):726-34.

18.Ablin JN, Buskila D, Clauw DJ. Biomarkers in fibromyalgia. Curr Pain Headache
Rep. 2009;13(5):343-9.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

19.Wood PB, Schweinhardt P, Jaeger E, et al. Fibromyalgia patients show an
abnormal dopamine response to pain. Eur J Neurosci. 2007;25(12):3576-82.

20.Wood PB, Holman AJ. An elephant among us: the role of dopamine in the
pathophysiology of fibromyalgia. J Rheumatol. 2009;36(2):221-4.

21.Guedj E, Cammilleri S, Niboyet J, et al. Clinical correlate of brain SPECT
perfusion abnormalities in fibromyalgia. J Nucl Med. 2008;49(11):1798-803.

22.Adiguzel O, Kaptanoglu E, Turgut B, et al. The possible effect of clinical
recovery on regional cerebral blood flow deficits in fibromyalgia: a prospective
study with semiquantitative SPECT. South Med J. 2004;97(7):651-5.

23.Ablin JN, Buskila D. Update on the genetics of the fibromyalgia syndrome. Best
Pract Res Clin Rheumatol. 2015;29(1):20-8.

24 Becker S, Schweinhardt P. Dysfunctional neurotransmitter systems in
fibromyalgia, their role in central stress circuitry and pharmacological actions on
these systems. Pain Res Treat. 2012;2012:741746.

25.Macedo JA, Hesse J, Turner JD, et al. Glucocorticoid sensitivity in fibromyalgia
patients: decreased expression of corticosteroid receptors and glucocorticoid-

induced leucine zipper. Psychoneuroendocrinology. 2008;33(6):799-809.

26.Mease P. Fibromyalgia syndrome: review of clinical presentation, pathogenesis,

outcome measures, and treatment. J Rheumatol Suppl. 2005;75:6-21.

27.Bradley LA. Pathophysiologic mechanisms of fibromyalgia and its related
disorders. J Clin Psychiatry. 2008;69 Suppl 2:6-13.

28.Gur A, Oktayoglu P. Status of immune mediators in fibromyalgia. Curr Pain
Headache Rep. 2008;12(3):175-81.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

29.Cassisi G, Sarzi-Puttini P, Casale R, et al. Pain in fibromyalgia and related
conditions. Reumatismo. 2014;66(1):72-86.

30.Hauser W, Walitt B, Fitzcharles MA, Sommer C. Review of pharmacological

therapies in fibromyalgia syndrome. Arthritis Res Ther. 2014;16(1):201.

31.Kim SC, Landon JE, Lee YC. Patterns of health care utilization related to
initiation of amitriptyline, duloxetine, gabapentin, or pregabalin in fibromyalgia.
Arthritis Res Ther. 2015;17:18.

32.Hauser W, Jung E, Erbsloh-Moller B, et al. The German fibromyalgia consumer

reports - a cross-sectional survey. BMC Musculoskelet Disord. 2012;13:74.

33.Wolfe F, Walitt BT, Katz RS, et al. Longitudinal patterns of analgesic and central
acting drug use and associated effectiveness in fibromyalgia. Eur J Pain.
2013;17(4):581-6.

34.Tofferi JK, Jackson JL, O'Malley PG. Treatment of fibromyalgia with
cyclobenzaprine: A meta-analysis. Arthritis Rheum. 2004;51(1):9-13.

35.Moldofsky H, Harris HW, Archambault WT, et al. Effects of bedtime very low
dose cyclobenzaprine on symptoms and sleep physiology in patients with
fibromyalgia syndrome: a double-blind randomized placebo-controlled study. J
Rheumatol. 2011;38(12):2653-63.

36.Lederman S, Clauw D, Gendreau J, et al. TNX-102 SL for the Treatment of
Fibromyalgia: Role of Nonrestorative Sleep on Pain Centralization Ann Rheum
Dis 2015;74:313.
*Efficacy data on sublingual formulation of very low dose

cyclobenzaprine.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

37. http://www.theravance.com/search?words=fibromyalgia [Last accessed 4 March
2016].

38.Patkar AA, Masand PS, Krulewicz S, et al. A randomized, controlled, trial of

controlled release paroxetine in fiboromyalgia. Am J Med. 2007;120(5):448-54.

39. Morillas-Arques P, Rodriguez-Lopez CM, Molina-Barea R, et al. Trazodone for
the treatment of fibromyalgia: an open-label, 12-week study. BMC
Musculoskelet Disord. 2010;11:204.

40.Calandre EP, Morillas-Arques P, Molina-Barea R, et al. Trazodone plus
pregabalin combination in the treatment of fibromyalgia: a two-phase, 24-week,
open-label uncontrolled study. BMC Musculoskelet Disord. 2011;12:95.

41.Inoue A, Hashimoto T, Hide |, et al. 5-Hydroxytryptamine-facilitated release of
substance P from rat spinal cord slices is mediated by nitric oxide and cyclic
GMP. J Neurochem. 1997;68(1):128-33.

42.Farber L, Haus U, Spath M, Drechsler S. Physiology and pathophysiology of the
5-HT3 receptor. Scand J Rheumatol Suppl. 2004;119:2-8.

43.Vergne-Salle P, Dufauret-Lombard C, Bonnet C, et al. A randomised, double-
blind, placebo-controlled trial of dolasetron, a 5-hydroxytryptamine 3 receptor

antagonist, in patients with fibromyalgia. Eur J Pain. 2011;15(5):509-14.

44.Yeephu S, Suthisisang C, Suttiruksa S et al. Efficacy and safety of mirtazapine
in fibromyalgia syndrome patients: a randomized placebo-controlled pilot study.
Ann Pharmacother. 2013;47(7-8):921-32.

45.Arnold LM, Hirsch I, Sanders P, et al. Safety and efficacy of esreboxetine in
patients with fibromyalgia: a fourteen-week, randomized, double-blind, placebo-
controlled, multicenter clinical trial. Arthritis Rheum. 2012;64(7):2387-97.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

46.Man in ‘t Veld AJ, Boomsma F, van den Meiracker AH, Schalekamp M. Effect of
unnatural noradrenaline precursor on sympathetic control and orthostatic

hypotension in dopamine-beta-hydroxylase deficiency. Lancet. 1987;2:1172-5.

47 . http://www.macplc.com/images/resource/24CHE%206717%20EFIC%202013%
20Poster%20Dose-Ranging%20Study%20in%Z20Fibromyalgia.pdf. [Last
accessed 4 March 2016].

48.Wood PB, Schweinhardt P, Jaeger E, et al. Fibromyalgia patients show an
abnormal dopamine response to pain. Eur J Neurosci. 2007;25(12):3576-82.

49.Ledermann K, Jenewein J, Sprott H, et al. Relation of dopamine receptor 2
binding to pain perception in female fibromyalgia patients with and without
depression - A [(11)C] raclopride PET-study. Eur Neuropsychopharmacol.
2016;26(2):320-30.

50.Holman AJ, Myers RR. A randomized, double-blind, placebo-controlled trial of
pramipexole, a dopamine agonist, in patients with fibromyalgia receiving
concomitant medications. Arthritis Rheum. 2005;52(8):2495-505.

51.Holman AJ. Ropinirole, open preliminary observations of a dopamine agonist for
refractory fibromyalgia. J Clin Rheumatol. 2003;9(4):277-9.

52.Distler O, Eich W, Dokoupilova E, et al. Evaluation of the efficacy and safety of
terguride in patients with fibromyalgia syndrome: results of a twelve-week,
multicenter, randomized, double-blind, placebo-controlled, parallel-group study.
Arthritis Rheum. 2010 Jan;62(1):291-300.

53.Palangio M, Flores JA, Joyal SV. Treatment of fibromyalgia with sibutramine
hydrochloride monohydrate: comment on the article by Goldenberg et al.
Arthritis Rheum. 2002;46(9):2545-6.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

54. Wittkampf LC, Arends J, Timmerman L, Lancel M. A review of modafinil and
armodafinil as add-on therapy in antipsychotic-treated patients with
schizophrenia. Ther Adv Psychopharmacol. 2012;2(3):115-25.

55.Schwartz TL, Siddiqui UA, Raza S, Morell M. Armodafinil for fibromyalgia fatigue.
Ann Pharmacother. 2010;44(7-8):1347-8.

56.Katz RS, Bond H, Leavitt F. Methylphenidate improves concentration, energy
and mood in fibromyalgia. Arthritis Rheum 2013;65(Suppl):S470.

57.Ramzy EA. Comparative Efficacy of Newer Antidepressants in Combination with
Pregabalin for Fibromyalgia Syndrome: A Controlled, Randomized Study. Pain

Pract. 2016;doi: 10.1111/papr.12409.
*Peer reviewed efficacy data of antidepressants and o2d ligand

combination therapies.

58.Seidel S, Aigner M, Ossege M, et al. Antipsychotics for acute and chronic pain
in adults. Cochrane Database Syst Rev. 2013;8:CD004844.

59.Potvin S, Morin M, Cloutier C, et al. Add-on treatment of quetiapine for
fibromyalgia: a pilot, randomized, double-blind, placebo-controlled 12-week trial.
J Clin Psychopharmacol. 2012;32(5):684-7.

60.Mclintyre A, Paisley D, Kouassi E, Gendron A. Quetiapine fumarate extended-
release for the treatment of major depression with comorbid fibromyalgia
syndrome: a double-blind, randomized, placebo-controlled study. Arthritis
Rheumatol. 2014;66(2):451-61

61.Calandre EP, Rico-Villademoros F, Galan J, et al. Quetiapine extended-release
(Seroquel-XR) versus amitriptyline monotherapy for treating patients with
fiboromyalgia: a 16-week, randomized, flexible-dose, open-label ftrial.
Psychopharmacology (Berl). 2014;231(12):2525-31.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

62.Rico-Villademoros F, Calandre EP, Slim M. Current status of atypical
antipsychotics for the treatment of fibromyalgia. Drugs Today (Barc).
2014;50(6):435-44.

63.Seeman P. Atypical antipsychotics: mechanism of action. Can J Psychiatry.
2002;47(1):27-38.

64.Rico-Villademoros F, Rodriguez-Lopez CM, Morillas-Arques P, et al.
Amisulpride in the treatment of fibromyalgia: an uncontrolled study. Clin
Rheumatol. 2012;31(9):1371-5.

65.Calandre EP, Hidalgo J, Rico-Villademoros F. Use of ziprasidone in patients

with fibromyalgia: a case series. Rheumatol Int. 2007;27(5):473-6.

66.Yokoyama T, Arakawa N, Domon Y, et al. Pharmacological, pharmacokinetics
and safety profiles of DS-5565 a novel aa ligand. Poster presented at the

World Congress of Neurology, Vienna, Austria, 21-26 September 2013.

67.Field MJ, Cox PJ, Stott E, et al. Identification of the alpha2-delta-1 subunit of
voltage-dependent calcium channels as a molecular target for pain mediating
the analgesic actions of pregabalin. Proc Natl Acad Sci U S A 2006;103:17537—
42.

68. Treatment of Pain Associated With Fibromyalgia
https://clinicaltrials.gov/ct2/show/NCT02146430. [Last accessed 4 March 2016].

69.Ulloa CM, Towfigh A, Safdieh J. Review of levetiracetam, with a focus on the
extended release formulation, as adjuvant therapy in controlling partial-onset
seizures. Neuropsychiatr Dis Treat 2009;5:467-76.

70.Chong MS, Libretto SE. The rationale and use of topiramate for treating
neuropathic pain. Clin J Pain 2003;19(1):59-68.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

71.Beydoun A, D'Souza J, Hebert D, Doty P. Lacosamide: pharmacology,
mechanisms of action and pooled efficacy and safety data in partial-onset
seizures. Exp Rev Neurotherap 2009;9(1):33-42.

72.Wiffen PJ, Derry S, Moore R, et al. Antiepileptic drugs for neuropathic pain and
fibromyalgia. Cochrane Database Syst Rev 2013;6:CD010567.

73.Uceyler N, Sommer C, Walitt B, Hauser W. Anticonvulsants for fibromyalgia.
Cochrane Database Syst Rev. 2013;10:CD010782.

74.0livan-Blazquez B, Herrera-Mercadal P, Puebla-Guedea M, et al. Efficacy of

memantine in the treatment of fibromyalgia: A double-blind, randomised,
controlled trial with 6-month follow-up. Pain. 2014;155(12):2517-25.

*Efficacy data of glutamate receptor antagonism as treatment

approach.

75.0livan-Blazquez B, Puebla M, Masluk B, et al. Evaluation of the efficacy of
memantine in the treatment of fibromyalgia: study protocol for a doubled-blind

randomized controlled trial with six-month follow-up. Trials. 2013;14:3.

76.Fayed N, Olivan-Blazquez B, Herrera-Mercadal P, et al. Changes in metabolites
after treatment with memantine in fibromyalgia. A double-blind randomized
controlled trial with magnetic resonance spectroscopy with a 6-month follow-up.
CNS Neurosci Ther. 2014;20(11):999-1007.

77.Tsukada R, Iseki M The latest clinical findings for yokukansan based on its
pharmacological effects: Yokukansan update. Juntendo Med J 2014;60(6):552-
58.

78.Nakamura Y, Tajima K, Kawagoe |, et al. Efficacy of traditional herbal medicine
Yokukansan on patients with neuropathic pain. Jap J Anesthesiol
2009;58(10):1248-55.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

79.Yoshitaka N, Nakamura Y, Tajima K, et al. Efficacy of traditional herbal
medicine yokukansan on patients with neuropathic pain. Masui 2009;58:1248-
55.

80. The examination of the utility of the Yokukansan for the insomnia to fibromyalgia.
http://adisinsight.springer.com/trials/700209926. [Last accessed 4 March 2016].

81.GW679769 in fibromyalgia. https://clinicaltrials.gov/ct2/show/NCT00264628
[Last accessed 4 March 2016].

82.Schumacher M, Pasvankas G. Topical capsaicin formulations in the

management of neuropathic pain. Prog Drug Res 2014;68:105-28.

83.Casanueva B, Rodero B, Quintial C, et al. Short-term efficacy of topical
capsaicin therapy in severely affected fibromyalgia patients. Rheumatol Int.
2013;33(10):2665-70.
*Demonstration of targeting peripheral nociceptors improving

fiboromyalgia symptoms.

84.Younger J, Noor N, McCue R, Mackey S. Low-dose naltrexone for the treatment
of fibromyalgia: findings of a small, randomized, double-blind, placebo-
controlled, counterbalanced, crossover trial assessing daily pain levels. Arthritis
Rheum. 2013;65(2):529-38.

85.Tsuda M, Masuda T, Tozaki-Saitoh H, Inoue K. Microglial regulation of
neuropathic pain. J Pharmacol Sci. 2013;121(2):89-94.

86.Russo EB. Clinical endocannabinoid deficiency (CECD): can this concept
explain therapeutic benefits of cannabis in migraine, fibromyalgia, irritable bowel
syndrome and other treatment-resistant conditions? Neuro Endocrinol Lett.
2008;29(2):192-200.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

87.Fitzcharles MA, Baerwald C, Ablin J, Hauser W. Efficacy, tolerability and safety
of cannabinoids in chronic pain associated with rheumatic diseases
(fibromyalgia syndrome, back pain, osteoarthritis, rheumatoid arthritis) : A

systematic review of randomized controlled trials. Schmerz. 2016;30(1):47-61.

88.Skrabek RQ, Galimova L, Ethans K, Perry D. Nabilone for the treatment of pain
in fibromyalgia. J Pain. 2008;9(2):164-73.

89.Ware MA, Fitzcharles MA, Joseph L, Shir Y. The effects of nabilone on sleep in
fiboromyalgia: results of a randomized controlled trial. Anesth Analg.
2010;110(2):604-10.

90.Weber J, Schley M, Casutt M, et al. Tetrahydrocannabinol (Delta 9-THC)
Treatment in Chronic Central Neuropathic Pain and Fibromyalgia Patients:
Results of a Multicenter Survey. Anesthesiol Res Pract. 2009;2009, pii:827290.

91.Banks S, O'Neill C, Sebree T. Pharmacokinetic Evaluation of Subcutaneously
Administered ZYNOO1 in Male Sprague-Dawley Rats. PAINWeek. September 8-
12, 2015. http://zynerba.com/publications/ [Last accessed 4 March 2016].

92.THC Pro-Drug Patch — ZYNOO1. Being Studied in Fibromyalgia and Peripheral
Neuropathic Pain. http://zynerba.com/in-development/thc-pro-drug-patch-
zyn001/ [Last accessed 4 March 2016].

93.Raffa RB, Pergolizzi JV Jr. The evolving understanding of the analgesic
mechanism of action of flupirtine. J Clin Pharm Ther. 2012;37(1):4-6.

94.Harish S, Bhuvana K, Bengalorkar GM, Kumar T. Flupirtine: Clinical
pharmacology. J Anaesthesiol Clin Pharmacol. 2012;28(2):172-7.

95. Stoll AL. Fibromyalgia symptoms relieved by flupirtine: an open-label case
series. Psychosomatics. 2000;41(4):371-2.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

96. Srinivasan V, Pandi-Perumal SR, Spence DW, et al. Potential use of
melatonergic drugs in analgesia: mechanisms of action. Brain Res Bull.
2010;81(4-5):362-71.

97.Citera G, Arias MA, Maldonado-Cocco JA, et al. The effect of melatonin in
patients with fibromyalgia: a pilot study. Clin Rheumatol. 2000;19(1):9-13.

98.Hussain SA, Al-Khalifa Il, Jasim NA, et al. Adjuvant use of melatonin for
treatment of fibromyalgia. J Pineal Res. 2011;50(3):267-71.

99.de Zanette SA, Vercelino R, Laste G, et al. Melatonin analgesia is associated
with improvement of the descending endogenous pain-modulating system in
fibromyalgia: a phase Il, randomized, double-dummy, controlled trial. BMC
Pharmacol Toxicol. 2014;15:40.

100. Bruno A, Mico U, Lorusso S, et al. Agomelatine in the treatment of
fibromyalgia: a 12-week, open-label, uncontrolled preliminary study. J Clin
Psychopharmacol. 2013;33(4):507-11.

101. Calandre EP, Slim M, Garcia-Leiva JM, et al. Agomelatine for the treatment of
patients with fibromyalgia and depressive symptomatology: an uncontrolled, 12-
week, pilot study. Pharmacopsychiatry. 2014;47(2):67-72.

102. Innovative Med Concepts (IMC).
http://www.innovativemedconcepts.com/pipeline.html [Last accessed 4 March
2016].

103. Pridgen W, Duffy C, Gendreau J, Gendreau RM. A Combination of Celecoxib
and Famciclovir Is Efficacious in the Treatment of Fibromyalgia: Results of a
Phase Ila Randomized, Double-Blind, Placebo-Controlled Study. 2014;2014-
ACR_ARHP-Annual-Meeting.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

104. Luciano JV, Garcia-Forero C, Cerda-Lafont M, et al. Functional Status,
Quality of Life, and Costs Associated With Fibromyalgia Subgroups: A Latent
Profile Analysis. Clin J Pain. 2015 Dec 2. doi: 10.1097/AJP.0000000000000336.

*Review of potential subgroups of fibromyalgia patients.

105. Sisignano M, Parnham MJ, Geisslinger G. Drug Repurposing for the
Development of Novel Analgesics. Trends Pharmacol Sci. 2016;37(3):172-83.



Downloaded by [Sheffield Hallam University], [Kim Lawson] at 04:48 08 June 2016

106. Table 1. Emerging drug therapies with potential efficacy for the treatment of fibromyalgia.

Drug Mechanism of Action | Domains Trial Sponsor Status
accessed
AGN203818 a2 adrenergic agonist | pain Allergan Terminated 2015,
outcome not published
Agomelatine Melatoninergic pain, University of Phase Il, improved pain
receptor agonist and mood, Messina and mood
5-HT2 receptor cognitive
antagonist function
Capsaicin transient receptor myalgic, pain, Rheumatology Phase I, improved
potential vanilloid 1 fatigue scores gzxic;i;tg;ﬁic o symptoms
subunits (TRPV1) Cantabria
Casopitant Neurokinin1 receptor FlQ GlaxoSmithKline Phase Il completed
(GW679769) agonist
Dolasetron 5-HT3 receptor pain, fatigue, University Hospital | Phase Il, reduced pain
antgonist quality of life of Limoges, France | only
Dronabinol Cannabinol pain, Heidelberg Phase Il, reduced pain
depression, University and depression
quality of life
Droxidopa Noradrenaline prodrug | pain, FIQ Chelsea Phase Il, improved
Therapeutics symptoms
DS-5565 026 ligand pain Daiichi. Sankyo Phase Il planned
EMA401 Angiotensin Il receptor | pain Spiniflex Phase Il planned
antagonist
Esreboxetine Noradrenaline pain, FIQ, Pfizer Phase II, improved
reuptake inhibitor fatigue, quality symptoms
of life
Flupirtine Potassium channel pain, FIQ Lupin Phase Il planned
activation
IMC-1 Viral suppression of pain, fatigue, Innovative Med Phase Il, improved
herpes virus FlQ Concepts symptoms
Levetiracetam Synaptic vesicle pain UCB Pharma & Uni | Phase Il, inconclusive
glycoprotein ligand of California outcomes
Memantine NMDA antagonist pain, Aragon Institute of Phase I, improved
cognitive state, | Health Sciences symptoms
depression
Mirtazapine Adrenergic and pain, FIQ Meiji Seika Pharma | Pilot, reduced pain and
(Org 3770) serotonin receptor Co., Ltd. FIQ scores
antagonist
Nabilone Cannabinoid receptor | pain, sleep, Winnipeg Regional | Phase Il, improved
agonist quality of life Health Authority symptoms
Naltrexone Opioid receptor pain, fatigue, Stanford University | Phase Il, improved pain
antagonist mood, sleep and mood
Neurotropin Neuromodulator pain Yukioka Hospital, Phase I, reduced pain
Osaka
Paroxetine Serotonin reuptake pain, mood, Duke University Phase I, improved
inhibitor sleep, Medical Center, symptoms
functionality USA &
GlaxoSmithKline
Pramipexole Dopamine agonist FlQ Boehringer Phase I, improved
Ingelheim symptoms
Quetiapine Antipsychotic FlQ East Tennessee Phase Il benefits limited
State Uni & to patient subgroup
Astra Zeneca
TD-9855 Noradrenaline pain, fatigue, Theravance Phase Il, improved
serotonin reuptake FIQ Biopharm symptoms

inhibitor
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TNX102SL Noradrenaline, pain, sleep Tonix Phase Il improved
cyclobenzaprine | serotonin reuptake Pharmaceuticals symptoms.
inhibition
Trazodone 5-HT receptor FlQ Universidad de Phase I, improved
antagonist and Granada symptoms
serotonin reuptake EP Calandre
inhibitor
Yokukansan Herbal medication insomnia St. Marianna Phase Il planned
University School of
Medicine
ZYNOO1 Cannabinoid pain, Zynerba Phase Il planned
quality of life
107.

108. Sources of information, Medline(Pubmed), ClinicalTrials.gov, adisinsight.springer.com-and
Controlled-trials.com.

109. FIQ - fibromyalgia impact questionnaire;

110.




