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Abstract A number of agents from diverse pharmacologi-
cal classes are used to treat neuropathic pain associated with
diabetic peripheral neuropathy. Only three of these have
regulatory approval for this indication in the U.S. In this
focused article, T will discuss selected drugs, newly ap-
proved or in development, to treat neuropathic pain in
patients with diabetic neuropathy. These will include ago-
nists and antagonists of the transient receptor potential
channels, a family of receptor proteins that play a role in
the transduction of physical stress; sodium channel isoform
specific antagonists; a recently approved dual-action opioid
receptor agonist-norepinephrine reuptake inhibitor; gene
therapy for neuropathic pain; and anti-nerve growth factor
molecules. Mechanisms of action, preclinical supporting
data, clinical trial evidence, and adverse effects will be
reviewed.
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Introduction

A variety of agents from diverse pharmacological classes are
used to treat neuropathic pain associated with diabetic pe-
ripheral neuropathy. Several of these have the approval of
regulatory authorities, while the use of others is based on
data from randomized clinical trials and/or inferences about
mechanism of action. At present, only seven agents are
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approved for the treatment of neuropathic pain in the U.S.
These are lidocaine (5 %) administered via a transdermal
patch, gabapentin, duloxetine, pregabalin, gabapentin ad-
ministered in a gastro-retentive form, capsaicin (8 %) ad-
ministered via a transdermal patch, and tapentadol.

It is notable that of these seven agents, only
three—pregabalin, duloxetine, and tapentadol—have regu-
latory approval in the U.S. for the treatment of painful
diabetic peripheral neuropathy. This is despite the large
prevalence of diabetes, diabetic peripheral neuropathy, and
neuropathic pain associated with diabetic peripheral neurop-
athy. Epidemiologic studies estimate the worldwide preva-
lence of diabetes as 366 million persons in 2011 and 566
million persons in 2030 (/nternational Diabetes Federation
Global Atlas of Diabetes, 5th ed.; http://www.idf.org/
diabetesatlas/5e/the-global-burden). Neuropathic pain is
present in up to 25 % of individuals with diabetes [1-4].

In this focused article, I will discuss selected drugs newly
approved or in development to treat neuropathic pain in
diabetic neuropathy. This is not an exhaustive review. I will
adopt a molecular-target-based approach [5], while recog-
nizing that most drugs have more than one molecular target.
Only oral and topical agents will be covered. Intravenous
and intrathecal agents will not be covered in this article.

Transient Receptor Potential Channels
Background

The transient receptor potential (TRP) channels are a family
of receptor proteins that play a role in the transduction of
physical stress. Several of these channels (TRP vanilloid
type 1-4 [V1-4], TRP melastin type 8 [MS8], and TRP
ankyrin type 1 [Al]) play a role in nociception.

TRPV1 is expressed in small- and medium-diameter
nociceptor sensory neurons, although recent reports have


http://www.idf.org/diabetesatlas/5e/the-global-burden
http://www.idf.org/diabetesatlas/5e/the-global-burden

Curr Diab Rep (2013) 13:500-508

501

suggested a more widespread distribution [6, 7]. Activation
of the TRPVI1 receptor leads to the opening of the
nonselective cation channel, allowing the influx of sodium
and calcium ions and the consequent depolarization of no-
ciceptor afferent neurons. The role of the TRPV1 receptor in
neuropathic pain is not fully elucidated. There is conflicting
evidence as to whether TRPV 1is upregulated in neuropathic
pain models and in humans with neuropathic pain [8, 9].

TRPV1 Agonists: Topical

The vanilloid capsaicin, the pungent component in hot chili
peppers, is widely used as a topical agent to treat neuropathic
and musculoskeletal pain [10]. The mechanisms whereby
topical capsaicin leads to pain relief are unknown.
Physiological desensitization of the nociceptor neurons fol-
lows the initial activation; however, with repeated application,
degeneration of nociceptor [11-13] and autonomic [14]
nerves occurs. The mechanism of capsaicin-induced
neurodegeneration is not fully elucidated. TRPV1-mediated
calcium influx [15] with subsequent glutamate release is most
likely implicated [16, 17]. The desensitization and subsequent
degeneration may underlie the analgesic effects of capsaicin.

Topical application of capsaicin as a repeatedly applied
low-concentration cream (0.075 %) has been used therapeu-
tically to provide pain relief in several neuropathic pain
conditions [10, 18]. There is evidence derived from random-
ized clinical trials that application of low-concentration cap-
saicin (0.025 %-0.075 %), 4 to 5 times daily for up to
8 weeks, is effective in treating patients with neuropathic
pain due to diabetic neuropathy [19-21] (although not in all
studies) [22] and other neuropathic pain conditions [23-25].
Several weeks of therapy may be required to attain a thera-
peutic benefit. This has prompted the development and use
of capsaicin in higher concentrations.

Successful studies of a single application of 8 % capsa-
icin applied as a patch to the painful site for 30-90 min have
led to the approval in the U.S. of this high-concentration
patch for the treatment of postherpetic neuralgia [26e, 27,
28]. While in Europe, regulatory authorities have approved
the 8 % capsaicin patch for the treatment of peripheral
neuropathic pain in nondiabetic adults (either alone or in
combination with other medicinal products for pain).

Studies evaluating the treatment of neuropathic pain due
to HIV neuropathy using this patch are conflicting. In one
study, pain improved following 30- and 90-min but not 60-
min applications) [29]. The U.S. Food and Drug
Administraton’s (FDA) Anesthetic and Analgesic Drug
Products Advisory Committee’s review of two pivotal clin-
ical trials of the 8 % capsaicin patch did not find “substantial
evidence” of effectiveness.

Studies are currently in progress to investigate the effi-
cacy and safety of 8 % capsaicin in painful diabetic

peripheral neuropathy. In the 12-week, phase III efficacy
study, the single application of capsaicin (8 %) is compared
with placebo in reducing pain intensity in individuals with
painful diabetic peripheral neuropathy (http:/clinical
trials.gov/ct2/show/NCT01533428 ). In a 64-week long-
term study, the safety of capsaicin (8 %) applied repeatedly
to the feet for 30 or 60 min is assessed in individuals with
pain caused by nerve damage in diabetic patients (http://
clinicaltrials.gov/show/NCT01478607).

There are theoretical concerns about capsaicin applica-
tion to regions subject to pressure in individuals with
preexisting nerve damage. Capsaicin applied in low [11,
13, 14] and 8 % [30] concentration results in substantial
small-fiber sensory and autonomic denervation. There is
also associated impaired neurogenic inflammation with loss
of nociceptor, sudomotor, and pilomotor axon reflexes [14,
31]. Due to distal peripheral nerve degeneration, these pro-
tective responses are often impaired at baseline in diabetic
and other small-fiber neuropathies [32—-35]. This impair-
ment plays a central role in the predisposition of diabetic
patients to foot ulceration and amputation [36, 37]; a pe-
ripheral neuropathy in individuals with diabetes leads to a 7-
fold increase in the risk of foot ulceration [38, 39]. Long-
term outcome studies specifically addressing this question
are necessary. The primary outcome measure in the long-
term safety study is the percentage change in health-related
quality of life (http://clinicaltrials.gov/show/NCTO01478607).

TRP Antagonists: Oral

The efficacy and safety of small-molecule TRPV1 antago-
nists in the treatment of pain have been investigated in phase
I and phase II clinical trials. These trials have been compli-
cated by serious adverse events, including hyperthermia and
clinically significant impairment in noxious heat perception.
In one study, impaired heat perception was sufficient to
result in oral burns of mild to moderate intensity (http://
www.astrazenecaclinicaltrials.com/_mshost800325/content/
clinical-trials/resources/pdf/D5090C00019; http://www.astra
zenecaclinicaltrials.com/search/?itemId=8595834). It re-
mains unclear as to whether these adverse effects are uni-
versal in this class of agents or whether new molecular
entities may avoid these therapeutically limiting adverse
events.

Antagonists to other TRP channels involved in
nociception, including TRPV3, TRPV4, TRPMS, and
TRPAI, are in the planning stage or early development.
TRPA1, a cation channel that functions as a cellular sensor
that detects mechanical, chemical, and thermal stimuli, is of
interest. The channel is largely expressed in primary sensory
neurons that mediate somatosensory processes and nocicep-
tive transmission. Preclinical evidence from animal models
shows that TRPA1 plays a role in neuropathic and
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inflammatory pain [40e, 41, 42]. Additional clinical support
for the role of this channel in pain modulation comes from
the report of an association between a gain of function
mutation of the gene encoding TRPA1 and an autosomal-
dominant familial episodic pain syndrome characterized by
episodes of debilitating upper body pain, triggered by
fasting and physical stress [43]. Currently, phase 1 and 2
clinical trials for acute pain, chronic pain, and diabetic
peripheral neuropathic pain (http://clinicaltrials.gov/ct2/
show/NCTO01726413) are in the planning stages.

Sodium Channels
Background

Voltage gated sodium channels are membrane proteins
that mediate the generation and transmission of electric
currents in excitable cells [44]. Nine sodium channel
isoforms exist [Na(v)l.1-Na(v)1.9], each having unique
biophysical properties and nervous system distribution
[45]. Na(v)1.7, Na(v)1.8, and Na(v)1.9 are expressed in
peripheral sensory neurons, and Na(v)1.3 is upregulated
along pain-signaling pathways after nerve injury [44,
46-49].

Several lines of evidence support a role for sodium
channels in neuropathic pain. These include the follow-
ing: (1) Changes in sodium channel expression after
nerve injury [e.g., Na(v)l.3 expression is increased in
rodent nerve injury models, and Na(v)1.3 and Na(v)1.6
are upregulated in a rodent model of diabetes) [44,
46-49]; (2) increased sodium channel expression and
lidocaine-sensitive spontaneous discharges occur at the
site of nerve injury [50, 51]; (3) gain-of-function mis-
sense mutations in SCN94, the gene that encodes for
Na(v)1.7, have been shown to cause the inherited pain
disorders, primary erythermalgia, and paroxysmal ex-
treme pain disorder [52¢, 53]; (4) loss of function non-
sense mutations in SCN94 leads to channelopathy-
associated insensitivity to pain, a disorder in which
affected individuals are unable to perceive physical pain
[54-56]; and (5) single amino-acid substitutions in
SCN9A found in 30 % of a cohort of idiopathic SFN
patients produce gain-of-function changes in sodium
channel Na(v)1.7 [57¢, 58]. These data not only sup-
port a potential role for sodium channel antagonists in
the treatment of neuropathic pain, but further provide
the rationale for the use of sodium channel isoform
specific antagonists. The more specific approach to sodium
channel antagonism may improve the narrow therapeutic win-
dow; dose-related adverse events are frequently the limiting
factor when the nonspecific sodium channel antagonists cur-
rently available are used.
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Sodium Channel Isoform Antagonists

Several Na(v) 1.7 antagonists are in varying stages of de-
velopment. Phase II studies investigating the efficacy and
safety of these agents in different conditions are in progress
or have been completed. Disorders under study include
primary, inherited erythromelalgia (http://www.clinicaltrials.
gov/ct2/show/NCT01769274), postherpetic neuralgia using a
topically applied Na(v) 1.7 antagonist (http://www.clinical
trials.gov/ct2/show/NCT01195636), chronic neuropathic low
back pain (a negative trial; http://clinicaltrials.gov/show/
NCTO01019824), lumbosacral radiculopathy (http://www.
clinicaltrials.gov/ct2/show/NCT01561027), and trigeminal
neuralgia (http://www.clinicaltrials.gov/ct2/show/NCT01540630).

Diabetic neuropathic pain trials are in the planning
stage. Preclinical data showing increased expression of
Na(v) 1.7 in some [59, 60], although not all, studies
[47], allied with the reports of Na(v) 1.7 variants that
produce gain-of-function changes in channel properties
in idiopathic small-fiber neuropathy, lend support to this
approach to therapy in painful diabetic peripheral neu-
ropathy [57¢e, 58]. Antagonists to other specific sodium
channels that may be implicated in peripheral neuro-
pathic pain Na(v) 1.3, Na(v) 1.6, and Na(v) 1.8 are at
earlier stages of development.

Enthusiasm for this approach to sodium channel antago-
nism should be tempered by the observation that neuropath-
ic pain persists in mutant mice null for Na(v)1.3, Na(v)1.7,
and Na(v)1.8 [61, 62].

Opioid Receptor Agonism: Norepinephrine Reuptake
Inhibition

Background

Four opioid receptors exist: the p (mu) opioid receptor, the &
(delta) opioid receptor, the k (kappa) opioid receptor, and
the opioid like receptor 1 (ORL1). These receptors are
activated by exogenous and endogenous opioid ligands
and are found throughout the central and peripheral nervous
system, on endocrine cells, and on immune cells. Activation
of the mu receptor most consistently produces analgesia [63,
64]. Several randomized controlled trials have shown that
opioids can effectively treat neuropathic pain due to diabetic
peripheral neuropathy, postherpetic neuralgia, phantom
limb, and other causes [65—70].

A descending pain-modulating circuit, with origins in
cortical and subcortical regions, projects to the spinal cord
via the midbrain and plays an important role in modulating
the pain experience. The monoamines—norepinephrine act-
ing on spinal alpha-adrenoreceptors, serotonin acting on
serotonin (5-HT) receptors, and dopamine acting on
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dopaminergic (D) receptors in the spinal cord—are the major
neurotransmitters of these pathways. Activation of these re-
ceptors may be facilitatory or inhibitory, depending on the
receptor subtype and site of activation [71]. The monoamine
reuptake inhibitors increase synaptic monoamine levels and
directly influence the activity of these descending neurons.
The opioids also interact with these pathways [63, 64].

Tapentadol

Tapentadol is a novel, centrally acting analgesic that exerts
its analgesic effects through both p-opioid receptor (MOR)
agonism and noradrenaline reuptake inhibition (NRI). The
dual MOR-NRI mechanism has been elucidated in preclin-
ical studies that demonstrated reversal of analgesia in neu-
ropathic pain models by both the MOR antagonist,
naloxone, and alpha-2-adrenorecptor antagonists, yohim-
bine and atipamazole [72, 73]. There are minimal serotoner-
gic effects. The parallel noradrenergic reuptake inhibitory
mechanism may contribute to a possible opiate-sparing ef-
fect. Also, the minimal serotonergic effects may avoid the
potential pronociceptive facilitatory effects of serotonin.

There is minimal protein binding and no active metabo-
lites, resulting in a lower potential for pharmacokinetic
drug—drug interactions or accumulation in patients with
impaired renal or hepatic function. Furthermore, both phar-
macological effects of tapentadol in large part reside within
the parent molecule and do not require metabolic activation.
Thus, the relative contribution of the two mechanisms of
action does not vary during metabolic transformation of the
primary enantiomer [72].

Tapentadol has demonstrated efficacy in preclinical ani-
mal models of inflammatory and neuropathic pain [74, 75],
including models of diabetic neuropathy pain [74].

The drug was initially formulated in immediate-release
form for acute pain and is now also available as an
extended-release formulation. The immediate-release formu-
lation was approved for use by the U.S. FDA in 2009 as a
Schedule II analgesic. The extended-release formulation was
approved for chronic pain use in 2011 and for neuropathic
pain associated with diabetic peripheral neuropathy in 2012.

The approvals were supported by a number of studies in
acute and chronic pain. For example, in a randomized
blinded phase 3 trial of patients with acute moderate-to-
severe pain after bunionectomy, immediate-release
tapentadol (50, 75, and 100 mg) and immediate-release
oxycodone hydrochloride (15 mg) were significantly supe-
rior to placebo on measures of pain intensity. Tapentadol
(100 mg) had a lower incidence of gastrointestinal adverse
events than did oxycodone hydrochloride [76]. A second
postbunionectomy study showed similar results. Tapentadol
has also demonstrated efficacy in acute, severe postopera-
tive dental pain [77, 78].

Clinical studies in chronic pain conditions include
uncontrolled osteoarthritis pain in the hip or knee, low back
pain, and pain due to diabetic peripheral neuropathy [77,
78]. Extended-release tapentadol was approved by U.S.
regulatory authorities for the treatment of neuropathic pain
associated with diabetes on the basis of data from two
randomized-withdrawal, placebo-controlled phase 3 trials.
In one reported trial, 588 patients with an at least 3-month
history of opioid or nonopioid use for neuropathy and a pain
score of at least 5 on a 0—10 numeric rating scale were
titrated to an optimal dose of tapentadol (100-250 mg bid)
during a 3-week open-label phase. Patients who had at least
a one-point reduction in pain intensity during the open label
phase were randomized to the optimal fixed dose of
tapentadol or placebo for an additional 12 weeks.
Tapentadol-treated patients experienced significantly better
pain control, as compared with those who switched to pla-
cebo (change in average pain intensity from the start of
double-blind treatment to week 12 was —1.3 (95 % confi-
dence interval, —1.70 to —0.92; p<.001, tapentadol ER vs.
placebo). The most common treatment-emergent adverse
events occurring during double-blind treatment with
tapentadol ER in this trial included nausea, anxiety, diar-
rhea, and dizziness [79¢°].

Taken together, the data from chronic pain studies, in-
cluding those with an active opioid comparator, suggest that
the drug is efficacious and has an efficacy comparable to
that of other opioids, with a lower incidence of adverse
events, particularly those affecting the gastrointestinal tract.
Additional head-to-head comparator studies with nonopioid
neuropathic pain therapeutic agents and long-term studies
are necessary to define the place of this drug in the treatment
of neuropathic pain due to diabetic peripheral neuropathy.

As with all opioids, pretreatment risk—benefit assessment
and ongoing risk management strategies should be
implemented prior to and during therapy [80, 81].

Gene Therapy

Gene therapy, an intervention that supplies disease-
modifying genetic material to restore or improve function,
is playing a growing role in neurotherapeutics [82, 83e].
The development of sophisticated gene delivery vehicles
based on viral and nonviral vectors has facillitated the
successful application of this approach in preclinical, animal
pain models. These vectors permit delivery of genes that
encode potential therapeutic products such as opioids, neu-
rotransmitters, neurotrophins, immune modulators, and an-
tisense RNA to genes that play a role in pain modulation
[82, 84, 85].

Nonviral plasmids are the simplest vector for transport of
DNA into the cell nucleus. Delivery methods for plasmids
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include the injection of naked plasmid DNA, liposome or
nanoparticle-mediated delivery, and physical methods.
These methods are the least susceptible to complications
but yield low transduction efficiency and have a short dura-
tion of transgene expression [82, 84, 85]. Most commonly
used viral vectors include those based on adenovirus, adeno-
associated virus, lentivirus, retrovirus, and herpes simplex
viruses. These viral vectors differ with respect to their
safety, pathogenicity, immunogenicity, long-term gene ex-
pression capability, delivery capacity, target specificity, ease
of elimination, and propensity for mutagenicity [82, 84, 85].

Gene therapy offers several potential advantages with re-
spect to pain therapy. It may allow for the continuous, focused
production of analgesic molecules, thereby potentially mini-
mizing the likelihood of off-target effects. The neurotrophism
of herpes simplex virus (HSV) renders it a promising candi-
date for the treatment of pain disorders. Primary afferent
neurons are the natural target of this viral vector that maintains
lifelong residency in the nucleus of infected neurons [86]. The
viral vector infects epithelial cells or neurons directly after
subcutaneous injection or topical application. The vector pen-
etrates peripheral afferent terminals and is transported retro-
gradely to the cell bodies of the dorsal root sensory and
trigeminal ganglia. The virus displays lifelong persistence in
sensory neurons in a nonintegrated state that mimics viral
latency. In preclinical studies of rodent pain models, HSV-
based vectors expressing opioid peptides, glutamic acid de-
carboxylase, and antiinflammatory peptides have demonstrat-
ed efficacy in reducing peripheral and central pain. Similarly,
vectors expressing neurotrophic factors, including nerve
growth factor (NGF), neurotrophin-3, vascular endothelial
growth factor, and erythropoietin, have been shown to prevent
the progression of neuropathy in preclinical models of toxic
neuropathy and diabetic neuropathy [83ee, 85].

Clinical studies of gene therapy for pain in humans are in
the early stages. The first human clinical trial of gene ther-
apy for neuropathic pain was a dose-escalation, phase I
investigation of 10 subjects with intractable focal pain
caused by cancer. A replication-defective HSV-based vector
expressing human preproenkephalin was injected intrader-
mally into the dermatome(s) corresponding to the radicular
distribution of pain. Subjects had moderate to severe intrac-
table pain despite treatment with >200 mg/day of morphine
(or equivalent). Treatment was well tolerated. No study
agent-related serious adverse events were observed at any
point in the study. Subjects in the middle- and high-dose
cohorts reported pain relief as assessed by numeric rating
scale and the McGill pain questionnaire short form,
suggesting a dose response; however, there was no placebo
or control group in the study [87¢]. A preliminary report of
results from a phase II, placebo-controlled trial using this
same intervention in patients with cancer pain showed no
difference in average pain scores between those patients
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who received a single dose of treatment and those who
received placebo.

Hepatocyte growth factor is a mesenchymal-derived cyto-
kine with angiogenic and antifibrotic activities [88]. There is
some evidence that hepatocyte growth factor is neurotrophic
for peripheral sensory, sympathetic, and motor neurons and
promotes neuronal survival and axonal growth [89, 90].

The safety of intramuscular injections of plasmid DNA
expressing two isoforms of hepatocyte growth factor was
investigated in 12 patients with painful diabetic peripheral
neuropathy. In an open-label, uncontrolled study, patients
received three dose tiers separated by 2 weeks. There were
no serious adverse events. A dose-related improvement in
pain score was using a visual analog scale was observed;
however, this finding is of limited significance in an open-
label study without a control group [91].

A phase 2 randomized, double-blind, placebo-controlled
study in patients with painful diabetic peripheral neuropathy is
in progress (http://clinicaltrials.gov/ct2/show/NCT01475786)
. Improvement in pain score is the primary efficacy endpoint
in this 6-month study (the change in the average 24-h pain
score between baseline and the 6-month follow); however,
given the mechanism of action of this agent, a disease-
modifying endpoint seems more appropriate.

Neurotrophins: Anti-Nerve Growth Factor Molecules

NGF is a neurotrophin that modulates the growth mainte-
nance and survival of small-fiber and autonomic neurons.
NGF acts through two cell-surface receptors, the high-
affinity tropomyosin-related kinase A (Trk A) receptor, a
tyrosine kinase, and the low-affinity 75-kDa, p75 receptor, a
member of the tumor necrosis factor receptor family [92].
Mutations in humans and animal models have defined the
role of NGF in pain [93]. In humans and animals with loss of
function mutations in NGF or Trk A, there is a loss of sensory
and sympathetic neurons, with associated impairment in pain
perception and autonomic function [94, 95]. Mice lacking NGF
or Trk A developed severe sensory and autonomic neuropathies
that led to death approximately 1 month after birth [96, 97].
Humans with mutations in the Trk A gene develop insensitivity
to noxious stimuli and anhidrosis—a disorder known as hered-
itary sensory and autonomic neuropathy (HSAN) IV or con-
genital insensitivity to pain with anhidrosis. Concomitant
clinical features include episodic fevers, mental retardation,
self-mutilation, bone fractures, impaired immunity, and poor
wound healing [98, 99]. Humans with mutations on the NGFf3
gene that encodes NGF, a disorder known as HSAN 'V, develop
impaired pain perception (most notably, deep pain), with asso-
ciated fractures, trophic injury, and joint destruction [94, 100].
A body of evidence has accumulated characterizing the
role of NGF in pain modulation [101]. Increased NGF levels
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are present in animal models of inflammation and in humans
with chronic pain states [102, 103]. NGF activates and
sensitizes peripheral nociceptors, and increased expression
of NGF is found locally in tissues of patients with inflam-
matory conditions such as arthritis, prostatitis, and pancrea-
titis. In animals and humans, exogenous administration of
NGF causes local and systemic pain [104].

There is preclinical evidence that antibodies generated for
NGF and its receptor reduce pain in preclinical animal models.
These data have provided the rationale for the investigation of
anti-NGF molecules for the treatment of pain in humans.
Development programs exist for several anti-NGF antibodies,
including tanezumab, fulranumab, REGN475, and MEDI-578.
Of these molecules, tanezumab, a humanized monoclonal an-
tibody that binds and inhibits NGF, is the best studied. The
safety and analgesic efficacy of tanezumab has been investigat-
ed in several proof-of-concept human studies. In patients with
osteoarthritis of the knee, treatment with tanezumab was asso-
ciated with a reduction in baseline knee pain while walking of
45 %62 %, as compared with 22 % with placebo. There was
an improvement in the global assessment of therapy in the
actively treated group [105¢¢]. In chronic low back pain pa-
tients, greater proportions of patients reported >30 % and
>50 % reduction in pain with tanezumab versus naproxen and
placebo [106]. In a small study of patients with interstitial
cystitis, the tanezumab cohort had a significant reduction in
the average pain score, as compared with placebo [107].

In 2010, the FDA halted the anti-NGF development
programs for all indications, with the exception of can-
cer pain, when reports from clinical trials emerged that
the drugs may cause adverse joint-related events that
necessitate joint replacement. This hold has impeded
study of this class of agents in painful diabetic periph-
eral neuropathy

A proof-of-concept phase 2 study to determine the effec-
tiveness and safety of tanezumab in adult patients with
painful diabetic peripheral neuropathy (http://clinicaltrials.
gov/ct2/show/NCT01087203) was terminated during the
clinical hold for potential safety issues. A multidose 12-
week, double-blind, placebo-controlled safety and efficacy
study (and subsequent blinded, followed by open-label ex-
tension study) with fulranumab was also terminated due to
the FDA clinical hold. Analysis of the data from the 77 of
200 planned patients who were enrolled in this study prior to
the clinical hold revealed a positive dose response. A
pairwise comparison between the highest dose of
fulranumab and placebo showed nominal statistical signifi-
cance (http://www.neurology.org/cgi/content/meeting_abstract/
80/1 MeetingAbstracts/S58.002).

In March 2012, an FDA advisory panel unanimously
agreed that anti-NGF drugs “showed promise as analgesics”
and that clinical development could continue with close
monitoring of joint-related adverse events and adequate

informed consent. At present, comprehensive surveillance
measures are being developed to minimize the clinical risk
of this agent class. Pain associated with peripheral neurop-
athies, particularly those with predominantly small-fiber and
autonomic pathology such as diabetes, may have unique
risks and require additional surveillance measures.

Conclusion

The worldwide increase in the prevalence of diabetes, dia-
betic peripheral neuropathy, and neuropathic pain associated
with diabetic peripheral neuropathy emphasizes the need for
effective analgesic agents. However, the treatment of neu-
ropathic pain—and in particular, the pain associated with
diabetic peripheral neuropathy—continues to be a chal-
lenge. Current pharmacological approaches do not provide
satisfactory pain relief in many patients. Even the most
efficacious agents in clinical trials elicit 50 % pain relief in
fewer than 50 % of subjects. The agents discussed in this
article, in general, represent a molecular-target-based ap-
proach derived from preclinical and clinical data. This ra-
tional approach, allied with appropriate patient selection and
clinical design methods, should result in more effective
treatment of this growing problem.
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