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Abstract

Neuropathic pain (NP) is a significant medical and socioeconomic burden. Epidemiological surveys have indicated that many

patients with NP do not receive appropriate treatment for their pain. A number of pharmacological agents have been found to be

effective in NP on the basis of randomized controlled trials including, in particular, tricyclic antidepressants, serotonin and

norepinephrine reuptake inhibitor antidepressants, pregabalin, gabapentin, opioids, lidocaine patches, and capsaicin high-

concentration patches. Evidence-based recommendations for the pharmacotherapy of NP have recently been updated. However,

meta-analyses indicate that only a minority of patients with NP have an adequate response to drug therapy. Several reasons may

account for these findings, including amodest efficacy of the active drugs, a high placebo response, the heterogeneity of diagnostic

criteria for NP, and an inadequate classification of patients in clinical trials. Improving the current way of conducting clinical trials in

NP could contribute to reduce therapeutic failures and may have an impact on future therapeutic algorithms.
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1. Introduction

Neuropathic pain (NP) is estimated to affect as much as 7% of the

general population in European countries19,83 and induces

a specific disease burden in patients.6,30,83 It is now considered

as a clinical entity regardless of the underlying etiology.4 Epidemi-

ological surveys have indicated that many patients with NP do not

receive appropriate treatment for their pain.6,33,86 This finding may

not only be due to lack of diagnostic accuracy and relatively

ineffective drugs but also due to insufficient knowledge about

effective drugs and their appropriate use in clinical practice.65

Evidence-based recommendations for pharmacotherapy of NP are

therefore essential and have recently been updated.41

However, meta-analyses and systematic reviews in NP or

of specific NP conditions indicate that only a minority of pa-

tients with NP have an adequate response to drug ther-

apy.2,3,10,21,31,41,45,67,68,69,84 Furthermore, many recent trials using

drugs expected to be effective in NP are negative on the primary

outcome (eg, Ref. 47). Beyond the problem of drug failure or high

placeboeffect, 1major reasoncouldbedue to trial failure: thusmany

negative trials failed to identify responder populations because they

did not take into account the heterogeneity of NP syndromes,

probably reflecting various mechanisms.1,11,15,17

Here, we briefly present the major pharmacological treatments

studied in NP and the latest therapeutic recommendations for

their use. We then outline the difficulties associated with

pharmacotherapy of NP in clinical trials and draw prospects for

future drug trials and therapeutic algorithms.

2. Which drugs?

A number of drug classes alone or in combination have been

evaluated in NP based on randomized controlled trials (RCTs).41,45

We will only present the drugs used at repeated dosages or those

used at single administrations but with long-term efficacy. Practical

recommendations, side effects, and precautions for use for

recommended drugs are indicated in Table 1.

2.1. Antidepressants

The analgesic efficacy of antidepressants is independent of their

antidepressant effect. It is probably largelymediatedby their actionon

descending modulatory inhibitory controls, but other mechanisms,

such as blockade of sodium channels and glutamate receptors, and

the effect onb2 adrenergic receptors have been proposed.61,97 Two

antidepressant classes have been found to be beneficial in NP:

tricyclic antidepressants (TCAs), particularly amitriptyline (the effects

of other TCAs being generally similar in direct comparative trials)

and serotonin–norepinephrine reuptake inhibitors (SNRIs) duloxetine

and venlafaxine. In particular, recent studies have indicated that

duloxetine, which has been found to be initially beneficial in painful

diabetic neuropathy, is effective in variousotherNPconditions.82,91,93

Somnolence and constipation are the most common side effects of

antidepressants in clinical trials, whereas drymouth ismore common

with TCA and nausea is more common with duloxetine. However,

tertiary amine TCAs (imipramine, amitriptyline, and clomipramine)

have a poorer side effect profile with major anticholinergic effects

including postural hypotension and cardiac conduction slowing,

sedative side effects, and consequently risk of falls.
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Table 1

Summary of evidence-based recommendations for pharmacotherapy of neuropathic pain.

Drug Main

mechanisms of

action

Common major

side effects

Precautions for

use

Other benefits

beyond NP

Initial/maximum

dosage/effective

dosages

Titration Level of GRADE

recommendation

for NP*

Tricyclic antidepressants Inhibition of

reuptake of

monoamines,

blockade of

sodium channels,

anticholinergic

effects

Somnolence,

anticholinergic

effects, weight

gain

Cardiac disease,

glaucoma,

prostatic

adenoma, seizure,

use of tramadol.

Tertiary amines

should be avoided

at dosages .75

mg in older adults

Improvement of

depression,

although at

generally higher

dosages than pain

(75 mg/h) and

sleep

(amitriptyline)

10-25 mg at

bedtime/150 mg

daily. Effective

doses vary from

one patient to

another

Increase by 10-25

mg every 3-7 d up

to efficacy and side

effects

Strong for;

recommended as

first line

Nortriptyline

Desipramine

Amitriptyline†

Clomipramine†

Imipramine†

Serotonin–norepinephrine

reuptake inhibitors

Strong for;

recommended as

first line

Duloxetine Inhibition of

serotonin and

norepinephrine

reuptake

Nausea Hepatic disorder,

use of tramadol,

hypertension

Improvement of

depression and

generalized

anxiety,

improvement of

sleep

30 mg once daily/

60 mg twice daily.

Effective doses:

60-120 mg daily

May start at 30 mg

once daily and

then increase by

30 mg after 1 wk

as tolerated up to

120 mg daily

Venlafaxine Inhibition of

serotonin and

norepinephrine

reuptake

Nausea,

hypertension at

high dosages

Cardiac disease,

hypertension, use

of tramadol

Improvement of

depression and

generalized

anxiety,

improvement of

sleep

37.5 mg once or

twice daily/225

mg daily. Effective

doses 150-225

mg daily

Increase by 37.5-

75 mg each week

as tolerated

Calcium channel alpha-2-

delta ligands

Strong for;

recommended as

first line

Gabapentin Acts on alpha-2-

delta subunit of

voltage-gated

calcium channels,

which decreases

central

sensitization

Sedation,

dizziness,

peripheral edema,

weight gain

Reduce dosages in

renal insufficiency

No significant drug

interactions,

improvement of

generalized

anxiety and sleep

100-300 mg once

to 3 times daily/

1200 mg 3 times

daily. Effective

doses 1200-3600

mg daily

Increase by 100-

300 mg 3 times

daily every 3-7

d as tolerated

Gabapentin ER/

enacarbil

Pregabalin Acts on alpha-2-

delta subunit of

voltage-gated

calcium channels,

which decreases

central

sensitization

Sedation,

dizziness,

peripheral edema,

weight gain

Reduce dosages in

renal insufficiency

No significant drug

interactions,

improvement of

generalized

anxiety and sleep

25-75 mg once

daily/300 mg

twice daily.

Effective doses

150-600 mg daily

Increase by 75 mg

daily after 3-7

d and then by 150

mg every 3 to 7

d as tolerated

Topical lidocaine

Lidocaine 5% plasters Block of sodium

channels

Local erythema,

itch rash

None No systemic side

effects

1-3 patches/3

patches for 12 h to

cover the painful

area

None Weak for in

peripheral NP;

recommended as

second line; first

line in frail and

ederly patients

Capsaicin high-

concentration patches

(8%)

TRPV1 agonist Pain, erythema,

itching. Rare cases

of high blood

pressure (initial

increase in pain)

No overall

impairment of

sensory evaluation

after repeated

applications,

caution in

progressive

neuropathy

No systemic side

effects

1-4 patches to

cover the painful

area, repeat every

3 mo; 30-minute

application to the

feet; 60 minutes

for the rest of the

body; avoid the

face; hospital use

in several

countries

None Weak for in

peripheral NP:

recommended as

second line

(continued on next page)
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2.2. Antiepileptics

2.2.1. Pregabalin and gabapentin

In preclinical studies, the analgesic effects of pregabalin and

gabapentin are mainly related to a decrease in central sensitization

and nociceptive transmission through the action on the alpha-2-

delta subunit of calcium channels.60,63 Their efficacy is established

in peripheral or central NP, but the number of weak or negative

trials has increased over the last 5 years (eg, Refs. 58 and 81).

Extended-release formulations of gabapentin (gabapentin ex-

tended release or enacarbil) have similar efficacy as gabapentin

in clinical trials and can be used twice daily.41,73 Similar efficacy as

compared to TCA has been reported.9,48 Common side effects

include somnolence, dizziness, and weight gain. These agents

have a good safety profile with no drug–drug interaction.

2.2.2. Other antiepileptics

Antiepileptics other than pregabalin and gabapentin (eg, top-

iramate, oxcarbazepine, carbamazepine, valproate, zonisamide,

lacosamide) have weak or inconsistent results in NP, with the

notable exception of carbamazepine in trigeminal neuralgia.41

However, some of these antiepileptics are possibly effective in

subgroups of patients (see section 4.4.5). All the studies of

levetiracetam were negative in NP.

2.3. Opioids

2.3.1. Strong opioids

Opioid agonists (particularly oxycodone and morphine) have been

reported to be moderately effective in peripheral NP.37 Most

common adverse effects are constipation, nausea, vomiting,

tiredness, somnolence, dizziness, drymouth, and itch. After several

years, opioid use may be associated with risk of abuse, particularly

with high doses in young patients, as well as potential cognitive

impairment, and endocrine and immunologic changes.23,35,78

There are concerns about an increase in prescription opioid–

associated overdosemortality, diversion, misuse, and other opioid-

relatedmorbidity.14,46 It is therefore recommended to track the daily

dose in morphine equivalence and monitor more closely when

patients require higher daily doses.

2.3.2. Tramadol and tapentadol

Tramadol is a weak opioid with serotonin and norepinephrine

reuptake inhibition, and tapentadol is an opioid with norepinephrine

reuptake inhibition. Both drugs have a lower potential for misuse,

abuse, and dependency than strong opioids. Tramadol has been

found to be moderately effective in peripheral NP. The drug should

be used with caution in the elderly (risk of confusion) and in

combination with antidepressants (risk of serotonin syndrome). In

contrast with other painful conditions such as low-back pain,38 the

evidence for efficacy of tapentadol is still weak in NP,with 1 negative

RCT (unpublished here) and 2 positive large-scale enrichment

withdrawal studies, butwithpotential bias related to their enrichment

design (risk of unblinding in particular) andamodest therapeutic gain

in the subgroup of patients participating in the double-blind period

(eg, in 65%-80% of the patients included in the trial).79,90

2.4. Cannabinoids

Oromucosal cannabinoids (2.7 mg delta-9-tetrahydrocannabinol

and 2.5 mg cannabidiol) have been found to be effective in 2 trials in

multiple sclerosis–associated pain and for refractory peripheral NP

associated with allodynia,71,75 but several published and unpub-

lished trials in the same NP conditions were negative in the primary

outcome.41,59 Common side effects included dizziness, fatigue,

somnolence, and nausea. However, cannabis may potentially

exacerbate psychiatric conditions, and therefore cannabinoids are

not recommended for patients with psychiatric disorders.27,52,80

Table 1 (continued)

Drug Main

mechanisms of

action

Common major

side effects

Precautions for

use

Other benefits

beyond NP

Initial/maximum

dosage/effective

dosages

Titration Level of GRADE

recommendation

for NP*

Opioids

Tramadol Mu receptor

agonist and

inhibition of

monoamine

reuptake

Nausea and

vomiting,

constipation,

dizziness,

somnolence

History of

substance abuse,

suicide risk, use of

antidepressant in

elderly patients

Rapid onset of

analgesic effect,

effect on

inflammatory pain

50 mg once or

twice daily/400

mg daily as long-

acting drug

Increase by 50-

100 mg every 3 to

7 d

Weak for;

recommended as

second line

Morphine, oxycodone Mu receptor

agonists;

oxycodone may

also act as

k-receptor agonist

Nausea and

vomiting,

constipation,

dizziness,

somnolence

History of

substance abuse,

suicide risk, risk of

misuse on long-

term use

Rapid onset of

analgesic effect,

effect on

inflammatory pain

weak for second

line

10-15 mg

morphine every

4 h or as needed

(equianalgesic

doses for other

opioids)/up to 300

mg morphine has

been used in

neuropathic pain

After 1 to 2 wk,

convert to long-

acting opioids, use

short-acting drugs

as needed and as

tolerated

Weak for;

recommended as

third line

Botulinum toxin type A Acetylcholine

release inhibitor

and

neuromuscular

blocking agent.

Potential effects on

neurogenic

inflammation

Pain at injection

site

Known

hypersensitivity,

infection of the

painful area

No systemic side

effects

50-300 units

subcutaneously

adapted to the

painful

area—repeat

every 3 mo

None Weak for;

recommended as

third line

Data modified from Refs. 2, 10, 32.

* Based on updated NeuPSIG recommendations41.

† Tertiary amines.

ER, extended release; NP, neuropathic pain.
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2.5. Topical or focal therapy

2.5.1. Lidocaine patches

Lidocaine may reduce ectopic discharges through its sodium

channel–blocking properties. The efficacy of lidocaine 5% patches

has been assessed mainly in postherpetic neuralgia in small

duration trials (less than 3 weeks). The therapeutic gain is modest

as compared with placebo. However, given their excellent safety

profile and lack of alternative safe and well tolerated medications,

lidocaine patches are recommended as second line in peripheral

NP especially in the elderly.

2.5.2. Capsaicin cream and high-concentration patches

Capsaicin activates TRPV1 ligand-gated channels on nociceptive

fibers. This activation causes depolarization, initiation of an action

potential, and transmission of pain signals to the spinal cord.94

After several days of application, TRPV1-containing sensory

axons are desensitized, a process also referred to as “defunc-

tionalization.” Standard capsaicin-containing creams (0.075%)

have been found to be moderately effective in postherpetic

neuralgia, but they require many applications per day and cause

burning sensation for many days before the analgesic effect

starts. The efficacy of single application of high-concentration

capsaicin patch (8%) for up to 3 months compared with a low

concentration patch (0.04%) has been demonstrated in post-

herpetic neuralgia and HIV neuropathy. Better results were noted

for the 60-minute application in postherpetic neuralgia and

30-minute application in HIV-related painful polyneuropathy.29,41

Training is required for application, and in some countries, such

as France and United Kingdom, the drugmust be administered in

a hospital setting. Common adverse effects include local pain and

erythema, but there is a potential risk of blood pressure elevation

because of the immediate pain caused by the application. The

long-term safety of repeated applications in patients has not been

clearly established particularly with respect to degeneration of

epidermal nerve fibers,70 which may be a concern in progressive

neuropathy.

2.5.3. Botulinum toxin type A

It has been suggested that botulinum toxin typeA (BTX-A), a potent

neurotoxin commonly used for the treatment of focal muscle

hyperactivity, may have analgesic effects independent of its action

on muscle tone, possibly by acting on neurogenic inflammation.72

Such mechanisms may be involved in some peripheral NP

conditions. Five independent single-center RCTs reported the

long-term efficacy of BTX-A (1 single set of subcutaneous

injections into the painful area) in peripheral NP and were

characterized by a high response rate, and 1 unpublished study

(sponsored by Allergan) was negative in postherpetic neuralgia.41

In published studies, the onset of efficacy (about 1 week) and

duration of effects (3 months) was remarkably similar.

2.6. Combination therapy

Two RCTs suggested the additional benefit of gabapentin

combined with nortriptyline or to morphine with lower dosages

comparedwithmonotherapywithout an increase in side effects in

patients with peripheral NP.48,49 However, these results were not

confirmed in a larger study (Combo-DN study) of a different drug

combination of pregabalin and duloxetine with a distinct trial

design.85 This study showed similar efficacy and side effect profile

of monotherapy at high dosages (eg, 600 mg pregabalin or 120

mg duloxetine) compared with combination therapy at moderate

dosages (pregabalin 300 mg daily and duloxetine 60 mg daily) in

patients with diabetic NP not responding to monotherapy at

moderate dosages. Other studies of combination therapy

generally had inconclusive results.

2.7. Comparative studies

Few comparative RCTs have been conducted in NP, and most

used limited sample sizes, with generally unknown assay

sensitivity.41 Neither individual studies nor their statistical combi-

nation demonstrated significant differences in efficacy or safety

between drugs. This phenomenon makes it difficult to conclude

regarding the potential superiority of one drug over another.

2.8. Miscellaneous

Results for a number of drugs (eg, SSRI antidepressants, NMDA

antagonists, D-9-tetrahydrocannabinol, mexiletine, and newer

topical or oral drugs) have generally been inconsistent or negative

except possibly in subgroups of patients for some of these

treatments (see section 4.4.5).

3. Which treatment algorithms?

Over the past 10 years, several recommendations have been

proposed for the pharmacological management of NP or specific

NP conditions, particularly painful diabetic neuropathies and

postherpetic neuralgia2,3,21,31,32,45,68,69,84 These recommenda-

tions sometimes came to discrepant conclusions because of

inconsistencies in methods of assessment of the quality of

evidence. Furthermore, systematic reviews generally did not

consider unpublished large trials. These trials can now be

identified on the web (clinicaltrials.gov, pharmaceutical industry

Web sites), and this, together with analysis of publication bias,

may limit the risk of bias in reporting data.

Recently, the Neuropathic Pain Special Interest Group

(NeuPSIG) of the International Association for the Study of Pain

updated the evidence-based recommendations for oral and

topical pharmacotherapy of NP.41 They conducted a systematic

review and meta-analysis of all drug studies published since

1966, including unpublished trials, and selected randomized,

double-blind, placebo-controlled studies of at least 3 weeks

duration considering NP as the primary outcome. In these

recommendations, NP was considered as an entity based on

results of updated and previous meta-analyses showing that the

efficacy of systemic drug treatments was generally not de-

pendent on the etiology of the underlying disorder.41,45 However,

some neuropathic conditions such as HIV neuropathy and

lumbar radiculopathy seem less likely to yield positive RCTs

compared with others. Publication bias was assessed and the

Grading of Recommendations Assessment, Development, and

Evaluation (GRADE) system was used to rate the recommenda-

tions.50 This system is based on a sequential assessment of the

final quality of evidence (taking into account the risks of bias),

the balancebetween advantages anddisadvantages (including the

values and preferences for patients, thebalance between desirable

and undesirable effects, and the cost), and judgment about the

strength of recommendation. Final recommendations are generally

graded into weak and strong for or against the treatment, but

“inconclusive” recommendations were added here, based on the

high number of inconclusive or discrepant results from RCTs.

Pregabalin, gabapentin, SNRI antidepressants, particularly

duloxetine, and TCAs received strong GRADE recommendations
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for use because of moderate or high quality of evidence,

established efficacy in most trials, generally good safety profile

(except for TCAs), and low cost for TCAs. These drugs are

therefore recommended as the first line for peripheral or central

NP, although with caution regarding TCAs: in particular, doses

higher than 75 mg daily are not recommended for tertiary amines

(amitriptyline, imipramine, clomipramine) because of anticholin-

ergic and sedative effects particularly in the elderly.

Capsaicin high-concentration patches, lidocaine patches, and

tramadol received a weak GRADE recommendation for use

mainly because of moderate to high quality of evidence (except

for lidocaine), high values and preferences (for topical agents),

excellent safety profile (for lidocaine), and low cost (for tramadol).

These drugs are therefore recommended as generally the second

line, topical agents being specifically recommended for peripheral

NP and local pain generator (eg, postherpetic neuralgia,

traumatic nerve injury, painful neuropathies).

Strong opioids and BTX-A received weak GRADE recommen-

dations for use mainly because of efficacy in most trials but safety

concerns (opioids) or lower quality of evidence (BTX-A). These

drugs are recommended as the third line (for peripheral NP by

specialist use regarding BTX-A).

There was a weak GRADE recommendation against the use of

oromucosal cannabinoids (Sativex) and valproate because of

generally negative studies (for cannabinoids), discrepant studies

and poor quality of evidence (for valproate), and safety concerns.

There were strong GRADE recommendations against the use of

levetiracetam and mexiletine because of generally negative

results and safety concerns (mexiletine). Other drug treatments

(eg, other antiepileptics, antidepressants, topical treatments,

tapentadol, and NMDA antagonists) or combination therapy

received inconclusive GRADE recommendations because of

generally discrepant findings, although some of these drugs

might be effective in subgroups of patients (see section 4.4.5).

4. Problems associated with neuropathic pain
treatment and recommendations for future trials in
neuropathic pain

Despite newer drugs and the increased use of rational poly-

pharmacy, the outcome of clinical trials in NP is generally modest.

In particular, the numbers needed to treat (NNT) for 50% pain relief

(the number of patients necessary to treat to obtain 1 responder as

compared with placebo) have been recently estimated to range

from 6 to 8 in most positive trials,41 whereas they were generally

lower (4-6) in the latest published meta-analysis for pharmaco-

therapy of NP.45 This recent increase in NNT may be due to the

consideration of unpublished (generally negative) trials and the use

of stringent criteria for inclusion in the updated meta-analysis.

However, other reasonsmay account for such amodest outcome.

These include in particular weak ormodest efficacy of active drugs,

a high placebo response, diagnostic issues, and inadequate

classification of patients in NP clinical trials.

4.1. Modest efficacy of active drug treatments in
neuropathic pain

Although many drugs have been found to be effective in NP on

the basis of RCTs, response rates to the active treatment arms

are generally low. It is generally accepted that 30% or 50% pain

relief corresponds to a good clinical outcome in NP,40 although

this is only a very incomplete response, which does not even

concern themajority of painful patients. For example 46% to 48%

of patients in most duloxetine and pregabalin trials in diabetic NP

achieve a 50% reduction of pain relief.41 Updated meta-analyses

suggest that very few patients are excellent responders to any

active drug in NP when such information is available. For

example, only 7% of the patients receiving pregabalin in a recent

randomized positive trial in spinal cord injury pain were very much

improved, whereas 38% were minimally improved.25 This finding

suggests that most available drug therapies fail to target the

complexity of peripheral or central mechanisms involved in NP.

Drugs acting on novel targets (eg, Ref. 74) and with better

efficacy/safety profile are therefore highly needed.

4.2. High placebo response

The placebo response has been found to be high in several recent

trials of NP,57 particularly those conducted in HIV neuropathy,

and this finding may lead to underestimation of drug effects.62 In

contrast, placebo response seems to be lower in postherpetic

neuralgia.26 Several analyses from recent trials in NP have

reported that the placebo response was also higher in patients

with low or variable pain scores at inclusion.34,39Other studies are

needed to further explore the potential reasons for such a high

placebo response in NP.

4.3. Diagnostic issues

Analysis of RCTs in NP shows that most trials used heterogenous

diagnostic criteria, particularly in conditions such as postsurgical

NP or central pain. In some trials, central pain could not be

differentiated from pain related to spasms (eg, Ref. 75). The use of

diagnostic algorithms for NP and validated screening tools,18,51,87

which were introduced recently, might contribute to reduce

diagnostic heterogeneity. For example, a trial of transcutaneous

electrical stimulation for the treatment of low-back pain was

negative against placebo on the primary outcome but positive only

in the subgroup of patients with neuropathic component, as

assessed with the validated DN4 questionnaire.22 In the same line,

although this was an open-label prospective trial, it has been

suggested that the efficacy of pregabalin (alone or combined with

celecoxib) on low-back pain was related to the neuropathic status

of patients based on the LANSS score.76 Further systematic

studies are warranted to confirm whether the use of diagnostic

algorithms or screening tools for NP indeed increases the assay

sensitivity of clinical trials.

4.4. Classification of patients in clinical trials

4.4.1. The concept

One reason for the difficulties to treat patients with NP also stems

from the fact that the pharmacological treatments are used in

a uniform fashion, whatever the clinical phenotypes and underlying

mechanisms are, the latter being highly heterogenous.15,17 For

these reasons, it has been proposed as early as in 1998 that

a preferable therapeutic approach to NP should be based on

the specific mechanisms underlying NP rather than on the

etiological condition, leading to targeted treatments of these

mechanisms (eg, Refs. 95 and 96). However, this approach has

been debated, mainly because of difficulties of translating in the

clinic the pathophysiological mechanisms identified essentially in

animals.17,43,53,66,77 Because specific pain symptoms or their

combinations providewith relevant information aboutmechanisms

(eg, Ref 88, Refs in 89 and 92), it has been proposed that a more

realistic therapeutic approach should focus mainly on clinical

phenotypes (symptoms and signs).1,11,15,89,92
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4.4.2. Assessment of clinical phenotypes in trials of
neuropathic pain

The assessment of symptoms and signs in clinical trials can be

best achieved with validated and specific NP questionnaires such

as the Neuropathic Pain Scale or the Neuropathic Pain Symptom

Inventory (NPSI) regarding symptoms,18 and with an extension of

the clinical examination such as quantitative sensory testing

(QST) for sensory signs.8,51 Quantitative sensory testing is now

increasingly used in large-scale RCTs.24,28,71 Both methods are

complementary: only questionnaires provide information about

the quality of spontaneous pain, whereas only QST provides

information about the severity of sensory deficits. Both QST and

questionnaires may be relevant to quantify evoked pains:

interestingly, significant correlations have been reported between

the presence and severity of various symptoms of evoked pains

using the NPSI and that of allodynia or hyperalgesia as assessed

blindly in the same patients using QST.4 These data suggest that

questionnaires may also be valid to assess evoked pains

particularly for large cohorts of patients in clinical trials.

4.4.3. Initial results: differential effects of drugs on
symptoms/signs

Initial pioneer small single-center studies using QST have

contributed to characterize the effects of treatments on sensory

signs and symptoms of NP. These studies suggested differential

efficacy of intravenous tests of the sodium channel blocker

lidocaine, opioids, or the NMDA antagonist ketamine on various

types of evoked pains to mechanical or thermal stimuli, although

most of their results have not been replicated (refs in1). For

example, 2 studies of intravenous (i.v.) lidocaine in patients with

peripheral or central NP found that in both conditions, lidocaine

wasmore effective onmechanical allodynia/hyperalgesia than cold

allodynia.5,7 More recent single-center studies using the NPSI,

a specific NP questionnaire,16 have found that drugs such as

BTX-A relieved only some dimensions of NP (burning pain,

paroxysmal pain, evokedpains) but not deeppain or paresthesia.72

A recent large-scale study using a new chemokine antagonist in

patients with postsurgical NP was negative on the primary

Figure 2. Neuropathic Pain Symptom Inventory (NPSI) cluster means by disease and individual pain dimension. Cluster 1 includes patients with severe

paresthesia/dysesthesia (“pins and needles” or “tingling”) and the highest pain severity (meanNPSI score: 5.54/10). Cluster 2 includes patients with severe burning

pain and paresthesia/dysesthesia, moderate evoked pain (to pressure and cold), and the lowest pain severity (NPSI 2.41/10). Cluster 3 includes patients with

severe deep pain (“pressure” or “squeezing”) andmoderate evoked pain (to pressure). CPSP, central poststroke pain; DPN, painful diabetic peripheral neuropathy;

HIV, painful HIV neuropathy; PTNP, posttraumatic peripheral neuropathic pain. Reproduced from Ref. 47 (with permission).

Figure 1. Effects of the chemokine CCR2-receptor antagonist (AZD2423) and

placebo on the 5 Neuropathic Pain Symptom Inventory (NPSI) dimensions

from baseline to the end of treatment. Data are presented as least square

mean Neuropathic Pain Symptom Inventory (NPSI) change and 80%

confidence intervals from treatment day 1 to day 29 (ITT analysis). Efficacy

was noted on 2 dimensions of the NPSI: paroxysmal pain (P 5 0.05) and

paresthesia/dysesthesia (P 5 0.04) with the highest dosages of the drug.

Reproduced from Ref. 56 (with permission).
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outcome; however, the drug relieved 2 dimensions of NP with an

apparent dose–response efficacy: paresthesia/dysesthesia and

paroxysmal pain56 (Fig. 1).

4.4.4. Identification of relevant criteria for patients
subgrouping

A second and probably more important contribution of pheno-

typic profiling is to increase therapeutic prediction. This implies

identification of relevant clinical criteria allowing classification of

patients into several subgroups, with the assumption that these

groups have different underlying pain mechanisms and hence

will respond differentially to treatments. Several studies have

suggested the relevance of phenotypic subgrouping in patients

with NP. Based on the PainDetect questionnaire, Baron et al.12

identified 5 different clusters of patients corresponding to various

symptom combinations in 2100 patients with postherpetic

neuralgia or painful diabetic polyneuropathy. All clusters occurred

in both diagnoses. Using QST in 1236 patients with NP, Maier

et al.64 also found that QST profiles (ie, loss ofmechanoreception,

thermoreception, or nociception, gain in nociception) were

heterogenous across the spectrum of NP conditions. Finally, in

a recent post hoc analysis of 4 large-scale negative trials of

pregabalin, a hierarchical cluster analysis based on the NPSI

identified 3 distinct clusters of patients with distinct pain

characteristics profiles independent of NP syndrome and pre-

sumably responding differentially to pregabalin47 (Fig. 2).

4.4.5. Phenotypic subgrouping in trials of neuropathic pain
and prediction of the response to therapy

Initial RCTs used phenotypic subgrouping as post hoc analyses

to identify potential predictors of the response to treatments.

These studies suggested that patients with mechanical (static or

dynamic) allodynia/hyperalgesia were better responders to the

systemic sodium channel blockers i.v. lidocaine or oral lamo-

trigine than those without such evoked pains (eg, Refs. 7 and 44)

Figure 5. Change in total pain intensity for placebo and oxcarbazepine from

baseline by 6 weeks of treatment (end of study). Patients were subdivided into

irritable and nonirritable nociceptor phenotypes based on the results of

quantitative sensory testing before treatment. Patientswith the irritable nociceptor

phenotypewere characterized as havingnormal thermal detection thresholds and

at least one sign suggestive of hypersensitivity in the painful area (dynamic

mechanical allodynia, allodynia to mechanical, warm, or cold stimuli, or

hyperalgesia to mechanical stimuli). Patents with the nonirritable nociceptor

phenotype were characterized by the presence of at least on sign suggestive of

hyposensitivity in the painful are (warm, cold, or mechanical deficit). There was

a significant effect of oxcarbazepine only in the subgroup of patients classified into

irritable nociceptive subtypes. Reproduced from Ref. 28 (with permission).

Figure 4. Inverse correlation between thermal deficits at baseline as assessed

by quantitative sensory testing (warm and cold difference limen on the painful

side) and the effects of botulinum toxin type A (BTX-A) and pain reduction at 12

weeks (as assessed by the difference in numerical scores between values

obtained at 12 weeks and baseline values) in 31 patients with peripheral

neuropathic pain (painful mononeuropathy and allodynia). The more thermal

deficits at baseline, the less the efficacy of BTX-A and conversely. Reproduced

from Ref. 72 (with permission).

Figure 3. Effects of 2 distinct sodium channel blockers in patients classified according to the presence or absence of evoked pains (post hoc classification) in 2

pioneer studies using quantitative sensory testing. (A), Effects of intravenous (i.v.) lidocaine (5mg/kg) on spontaneous pain in patients with peripheral nerve lesions

(n 5 24). The effect of i.v. lidocaine was significant only in patients with spontaneous pain and mechanical hyperalgesia (to punctate stimuli). (B), Proportion of

patients with spinal cord injury responding (pain reduction$2/10 on a 0-10NRS) to placebo and lamotrigine (400mgdaily) (n5 21). The effects of lamotriginewere

significant only in thosewith spontaneous and evoked pains (brush-evoked pain and temporal summation) in the painful area (n5 7). Reproduced fromRefs. 7 and

44 (with permission).
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(Fig. 3). Similarly, in a negative trial of pregabalin in HIV

neuropathy, the drug was superior to placebo in patients with

severe mechanical punctate hyperalgesia.81 Despite discrepant

findings in other studies of i.v. or topical lidocaine,42,55 these

results suggest that patients with evoked pains are more

responsive to sodium channel blockers than those with

spontaneous pain only. These data are in keeping with various

pathophysiological studies showing that different mechanisms

are at play in neuropathic patients with spontaneous pain only

and those with superimposed allodynia (eg, Ref. 54).

Furthermore, exploratory analyses from the recent COMBO-

DN trial85 showed that specific clinical phenotypes predicted

the response to duloxetine, pregabalin, or their combination.20

In patients not responding to initial 60 mg/d duloxetine, adding

300 mg/d pregabalin for combination treatment was particularly

effective regarding 2 neuropathic dimensions (pressing pain

and evoked pain), whereas maximizing the duloxetine dose to

120 mg daily seemed to be more beneficial on paresthesia/

dysesthesia.

Finally, it has also been found that the preservation of thermal

sensation was correlated to the response to botulinum toxin A in

patients with peripheral NP, eg, the less severe the thermal

deficits in these patients at baseline, the higher the therapeutic

response (eg, Ref. 72) (Fig. 4); these data suggested that the best

responders to BTX have preserved nociceptive function. They

were recently confirmed by the same group in a more recent

study using repeated administrations of BTX-A in a larger sample

of patients with peripheral NP (manuscript in preparation). In the

same study, the effects of BTXwere also correlated to the severity

of mechanical allodynia (manuscript in preparation). Conversely,

other studies have found that loss of heat pain sensitivity

predicted the response to opioids in patients with postherpetic

neuralgia.36

Two recent large-scale randomized placebo-controlled stud-

ies using a prespecified classification of patients tend to support

the relevance of phenotypic subgrouping. The first study

explored the efficacy of clonidine gel, an alpha-2 adrenergic

agonist in patients with diabetic NP.24 In this study, all patients

had an assessment of nociceptor function as measured by the

response to topical capsaicin applied to the pretibial area of

each subjects. The study was negative on the primary outcome,

but seemed to be positive in subjects who felt pain in response

to capsaicin particularly those with significant pain rating.

Despite potential limitations (eg, there was no correction for

multiple significance tests, and the placebo response was lower

in patients who felt pain in response to capsaicin), this study

suggests that subjects with functional (and possibly sensitized)

nociceptors in the affected skin may be best responders to

clonidine gel, which presumably acts on sensitized nocicep-

tors.24 The second study used the sodium channel blocker

oxcarbazepine in patients with peripheral NP. This study used

another type of classification based on QST, which was mainly

based on the severity of sensory deficits rather than pain. In any

case, results showed similarly that only patients with preserved

nociceptive function were significantly responsive to oxcarba-

zepine28 (Fig. 5).

Altogether, these data indicate that sensory phenotyping

could lead to a more stratified treatment and to personalized

pain therapy in the future. Of note, 2 often combined

phenotypes, eg, presence of mechanical allodynia and pre-

served nociceptive function seem to predict the response to

sodium channel blockers, botulinum toxin A and clonidine gel.

However, the use of such phenotypic approach in clinical

practice still faces a number of issues. Thus, based on the above

trials, it is still difficult to determine to what extent a treatment

would be more effective in a particular clinical profile as

compared with any patient with neuropathy. Furthermore,

a classification based on QST would be difficult to apply in

routine: prediction based on specific questionnaires should be

easier, but has been explored in limited large-scale trials thus far

(see Ref. 20).

5. Conclusions

In the last decade, several evidence-based recommendations

have appeared for the pharmacological treatment of NP and

have very recently been updated. However, systematic review

of RCTs in NP particularly shows that the current way to classify

patients in clinical trials is generally inadequate. New clinical

trials should now include patients with carefully characterized

clinical phenotypes regardless of the etiology of NP. This is now

greatly facilitated by the use of validated NP assessment

questionnaires and standardization of sensory testing for

large-scale trials. Hence, rather than using simple algorithms

such as those currently proposed, it could become possible to

use more elaborate therapeutic algorithms based on patients

clinical phenotypes. Results obtained with these therapeutic

approaches may be crucial to improve the prediction of

therapeutic responses and should contribute to reduce

therapeutic failures in NP, which represents a highly unmet

need and a substantial burden for the community.
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