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THE MULTIPLE CHALLENGES OF NEUROPATHIC PAIN

Over the last three decades, the number of research studies devoted to neuropathic pain has increased dramatically. This expansion of knowledge has generated a number of challenges, mostly relating to revisions of the definition of neuropathic pain, its diagnosis, the development of new analgesics based on mechanisms investigated in animals, and the development of optimal therapeutic approaches in clinical trials.

This review focuses on these multiple challenges and proposes some topics for reflection.

Introduction

Neuropathic pain may be caused by diverse conditions and situations, such as diabetic neuropathy, surgery, herpes zoster virus infection, multiple sclerosis, spinal cord injury or stroke [START_REF] Baron | Neuropathic pain: diagnosis, pathophysiological mechanisms, and treatment[END_REF]. Over the last three decades, the number of research studies devoted to neuropathic pain has increased dramatically, as indicated by the number of publications indexed in Pubmed, which has risen from 329 in 1989 to 2342 in 2017. This trend began with the development, since 1988, of new animal models of neuropathic pain, which have improved investigations of the cellular and molecular mechanisms of neuropathic pain, facilitated screening for potential new treatments (Percie du Sert and Rice 2014). The first two large-scale multicenter trials for neuropathic pain were performed a decade later [START_REF] Backonja | Gabapentin for the symptomatic treatment of painful neuropathy in patients with diabetes mellitus: a randomized controlled trial[END_REF][START_REF] Rowbotham | Gabapentin for the treatment of postherpetic neuralgia: a randomized controlled trial[END_REF]) and a number of multicenter trials have since followed [START_REF] Finnerup | Pharmacotherapy for neuropathic pain in adults: systematic review, meta-analysis and NeuPSIG recommendations[END_REF]. Questionnaires for the screening and assessment of neuropathic pain have been developed since 2001 and are widely used worldwide [START_REF] Attal | Diagnosis and assessment of neuropathic pain through questionnaires[END_REF]. These questionnaires have made it possible to carry out epidemiological studies, which were previously absent in this field [START_REF] Bouhassira | Prevalence of chronic pain with neuropathic characteristics in the general population[END_REF]. Finally, a new definition and diagnostic algorithm for neuropathic pain based on expert consensus was proposed in 2008 [START_REF] Treede | Neuropathic pain: redefinition and a grading system for clinical and research purposes[END_REF]. This expansion of knowledge has raised a number of issues, mostly concerning revisions of the definition of neuropathic pain, its diagnosis, the development of new analgesics based on mechanisms investigated in animals and the design of clinical trials for treatments for neuropathic pain management. In this critical review, we consider these new challenges and provide suggestions as to avenues for reflection.

Emotions, negative mood or cognitive processes that may be linked to the perception of neuropathic pain are beyond the scope of this review (see [START_REF] Baliki | Nociception, Pain, Negative Moods, and Behavior Selection[END_REF][START_REF] Fasick | The hippocampus and TNF: Common links between chronic pain and depression[END_REF][START_REF] Wiech | Deconstructing the sensation of pain: The influence of cognitive processes on pain perception[END_REF].

Challenges relating to revision of the definition of neuropathic pain

In 1994, neuropathic pain was officially defined by the IASP as "pain initiated or caused by a primary lesion or dysfunction in the nervous system". This definition has been widely criticized, mostly due to its inclusion of the terms "dysfunction" and "nervous system", which were considered too vague by many experts. In this context, a task force set up by the IASP Special Interest Group on Neuropathic Pain (NeuPSIG) proposed a new definition in 2008 [START_REF] Treede | Neuropathic pain: redefinition and a grading system for clinical and research purposes[END_REF], which was endorsed by the IASP in 2011. According to this new definition, neuropathic pain is "pain caused by a lesion or disease of the somatosensory nervous system."

The main reason for avoiding the term "dysfunction" in the definition of neuropathic pain was to exclude chronic pain conditions related to secondary changes (i.e. dysfunctions) to the central nervous system. Indeed, according to the previous definition of neuropathic pain, many conditions involving neuroplastic changes in the nociceptive system but no lesion of the nervous system, such as fibromyalgia, could be regarded as neuropathic [START_REF] Rowbotham | Is fibromyalgia a neuropathic pain syndrome?[END_REF]). These conditions have been recently classified as "nociplastic" pain conditions by the IASP taxonomy group (www.iasppain.org).

However, the revised definition of neuropathic pain raises new issues, due to recent advances in clinical pain research. For example, lesions of the peripheral or central nervous system often coexist with a neurological dysfunction. Thus a number of patients with central neurological lesions have fibromyalgia symptoms [START_REF] Heffez | Clinical evidence for cervical myelopathy due to Chiari malformation and spinal stenosis in a non-randomized group of patients with the diagnosis of fibromyalgia[END_REF]. Conversely several recent studies have shown that a number of patients with fibromyalgia, a condition in which pain is considered to be related to a dysfonction of the central nervous system, have clinical and morphological signs of small-fiber neuropathy (Uceyler et al. 2013;[START_REF] Caro | The role and importance of small fiber neuropathy in fibromyalgia pain[END_REF]. Similarly, in conditions such as CRPS type I, stomatodynia and idiopathic orofacial pain, many studies have found evidence of lesions of small nociceptive fibers [START_REF] Oaklander | Is reflex sympathetic dystrophy/complex regional pain syndrome type I a small-fiber neuropathy?[END_REF][START_REF] Yilmaz | The detection of small-fiber neuropathies in burning mouth syndrome and iatrogenic lingual nerve injuries: use of quantitative sensory testing[END_REF]). These patients have a lesion of the nervous system and might, therefore, satisfy the revised definition of neuropathic pain. It remains debatable whether the mechanisms of pain in these patients are (directly or indirectly) related to this neurological lesion, but this is the case for all neurological etiologies [START_REF] Finnerup | Neuropathic pain: an updated grading system for research and clinical practice[END_REF].

Furthermore, whatever its etiology, neuropathic pain occurs in only a minority of patients with a lesion or disease of the nervous system. It affects 20 to 30% of patients with diabetic polyneuropathy [START_REF] Bouhassira | Chronic pain with neuropathic characteristics in diabetic patients: a French cross-sectional study[END_REF]; less than 10% of those with acute herpes zoster infection develop postherpetic neuralgia [START_REF] Bouhassira | Patient perspective on herpes zoster and its complications: an observational prospective study in patients aged over 50 years in general practice[END_REF]), 1% to 12% of those with a stroke have central pain [START_REF] Klit | Central post-stroke pain: clinical characteristics, pathophysiology, and management[END_REF], and 3% to 40% of patients may suffer from neuropathic pain after surgery [START_REF] Dualé | Neuropathic aspects of persistent postsurgical pain: a French multicenter survey with a 6-month prospective follow-up[END_REF]. The presence of a neurological lesion or disease is, thus, clearly not sufficient for the development of neuropathic pain. It appears to be the secondary changes, the induced dysfunctions of the peripheral and central nociceptive systems (e.g. ectopic discharges, central sensitization, alterations of pain modulation systems, etc.) rather than the lesion itself.

Another issue relates to the inclusion of the term "somatosensory system" rather than "nervous system". Theoretically, the principal advantage of this change is the exclusion from the definition of neuropathic pain of all types of pain related to spasticity, which is considered to be due to central motor system disorders. However, even though peripheral neuropathic pain is due to lesions of the somatosensory nerves, central pain, particularly of cortical origin, such as poststroke pain, may be caused by lesions not necessarily restricted to the sensory thalamus or the somatosensory cortex, such as the opercular insular region, putamen or even cerebellum (Garcia Larrea 2012; [START_REF] Goto | Diffusion tensor fiber tracking in patients with central poststroke pain; correlation with efficacy of repetitive transcranial magnetic stimulation[END_REF]Ruschewey et al. 2014). The association of Parkinson's disease, a typical disease of the motor system, with central pain clearly indicates that central pain can be related to lesions outside the somatosensory system [START_REF] Nègre-Pagès | Chronic pain in Parkinson's disease: the cross-sectional French DoPaMiP survey[END_REF].

The very definition of the somatosensory system is not unanimous. Although not explicitly stated in their article [START_REF] Treede | Neuropathic pain: redefinition and a grading system for clinical and research purposes[END_REF], the authors of the new definition were probably referring to a very basic concept of a somatosensory system consisting essentially of three nociceptive neurons: one from the periphery to the spinal cord, one from the spinal cord to the thalamus and one from the thalamus to the cortex. This is clearly an oversimplification, because the somatosensory system also includes the multiple pain modulation systems, all non-nociceptive tactile and proprioceptive systems, thermoregulatory systems and the visceral afferents. All these subsystems involve a large number of brain structures, suggesting that the somatosensory system actually includes most, if not all of the brain. Consistent with this notion, neuroanatomical studies have shown that the somatosensory cortex is connected to many other brain systems, such that it is impossible to define the boundaries of the somatosensory system [START_REF] Man | Neural convergence and divergence in the mammalian cerebral cortex: from experimental neuroanatomy to functional neuroimaging[END_REF].

Thus, although intended to be less ambiguous, the new definition of neuropathic pain is, itself, not devoid of ambiguity. These issues should not be regarded as purely theoretical or semantic issues, because they have a direct impact on the design of experimental and clinical research studies in this field. The mechanisms of neuropathic pain remain a matter of debate, but experimental studies in animal models and clinical studies have shown that lesions or diseases of the nervous system can induce multiple peripheral and/or central neurophysiological changes [START_REF] Colloca | Neuropathic pain[END_REF]. Thus, consistent with our current understanding of its mechanisms, a possible alternative definition of neuropathic pain would be "pain due to dysfunctions of the nociceptive processes induced by a neurological lesion or disease".

Challenges relating to the identification of neuropathic pain

Neuropathic pain has many causes, but is characterized by the combination of a relatively small number of "core" pain qualities (e.g. burning pain, electric shocks, dysesthesia, brush allodynia) distinguishing it from other types of chronic pain [START_REF] Bouhassira | Diagnosis and assessment of neuropathic pain: The saga of clinical tools[END_REF]. This observation has led to the development and validation of a number of easy-to-use questionnaires based on sensory descriptors for the identification of neuropathic pain. These descriptors have excellent sensitivity and specificity, despite their simplicity, and can be used by non-specialists or selfadministered by patients [START_REF] Bouhassira | Diagnosis and assessment of neuropathic pain: The saga of clinical tools[END_REF][START_REF] Attal | Diagnosis and assessment of neuropathic pain through questionnaires[END_REF]. These questionnaires, developed independently in different countries and languages, have a surprisingly large number of items in common, suggesting that pain qualities may have a more biological foundation than previously thought. Consistent with this idea, these questionnaires have shown similar psychometric properties into many languages other than that in which they were initially developed [START_REF] Bouhassira | Diagnosis and assessment of neuropathic pain: The saga of clinical tools[END_REF]. They have been shown to be relevant for both clinical practice and research, and have been used in a number of large-scale epidemiological studies on the general population or in specific conditions, such as diabetes or surgery [START_REF] Attal | Diagnosis and assessment of neuropathic pain through questionnaires[END_REF]. However screening questionnaires are subject to several limitations: they are associated with false-positive or false-negative results for NP diagnosis in 10 to 20% of cases and they provide no information about the neurological lesion itself.

Concomitantly with the development of screening questionnaires, a group of experts from the NeuPSIG proposed a grading system algorithm for the classification of neuropathic pain in 2008. This algorithm was inspired by the widely used headache classification system of the International Headache Society and other classification systems used by neurologists [START_REF] Treede | Neuropathic pain: redefinition and a grading system for clinical and research purposes[END_REF]). This grading system was revised in 2016 [START_REF] Finnerup | Neuropathic pain: an updated grading system for research and clinical practice[END_REF]. It includes four criteria based on relevant history, pain distribution, sensory signs and a diagnostic test confirming a lesion or disease of the nervous system, making it possible to classify the pain as unlikely, possible, probable or definite neuropathic pain, depending on the number of criteria satisfied. This algorithm has the theoretical advantage of proposing a common language and classification for neuropathic pain syndromes. It has mostly been used for research purposes, including, in particular, the classification of patients with neuropathic pain in clinical trials [START_REF] Finnerup | Neuropathic pain: an updated grading system for research and clinical practice[END_REF]).

However, unlike the new definition of neuropathic pain, this algorithm has not been endorsed by the IASP. This probably reflects the lack of formal validation for this algorithm (see below), but a number of issues have been raised concerning the very conceptualization of this classification (grading) system. The validated screening questionnaires are based mostly on descriptors, whereas the grading system developed by neurologists and neurophysiologists focuses on the neurological lesion at the expense of symptoms. It provides a framework for diagnosing the neurological lesion or disease potentially responsible for the pain, but is not dependent on the characteristics of the pain itself. The use of this algorithm therefore requires some training in neurology, or at least familiarity with the neurological approach. This is one of the major criticisms of this algorithm, that it was designed by and for neurologists, whereas the vast majority of patients with chronic pain do not consult neurologists. In addition, the justification of the three categories -'possible' 'probable', and 'definite' -and their value for guiding the management of neuropathic pain in daily practice have been called into question. Indeed, according to [START_REF] Finnerup | Neuropathic pain: an updated grading system for research and clinical practice[END_REF], 'probable' and 'definite' neuropathic pain should both be treated as neuropathic pain.

According to this 'grading system', identification of the potential underlying nerve lesion should precede the diagnosis of the type of pain (i.e. neuropathic or nonneuropathic). This is usually feasible in the neurological setting, but many patients present with pain as the predominant, or even sole symptom, and the context may not clearly direct the clinician's suspicions toward a neurological disease (e.g. postsurgical pain, cancer pain, etc.). Thus, this algorithm, which was designed for patients consulting neurologists and suffering from 'pure' neuropathic pain associated with a typical neurological lesion or disease (e.g. diabetic polyneuropathy, postherpetic neuralgia, poststroke pain etc.), does not seem to be appropriate for a number of painful conditions described as 'mixed pain' syndromes (e.g. lumbar radiculopathy, cancer pain, postsurgical pain). In these conditions, the type of pain is often diagnosed before the underlying lesion or disease. Conversely to the grading system approach, it is the identification of a possible neuropathic nature of the pain experienced by the patient that orients the diagnostic workup towards a neurological lesion. Furthermore, in these patients, it is usually very difficult or even impossible to confirm the neurological lesion objectively and, therefore, to reach the level of "definite neuropathic pain", or even "probable neuropathic pain". This problem may prevent a large proportion of patients with mixed pain syndromes from receiving appropriate treatment. This algorithm is, thus, probably not appropriate for these clinical conditions, which are, by far, the most frequent neuropathic painful conditions seen in daily practice by nonneurologists [START_REF] Bouhassira | Prevalence of chronic pain with neuropathic characteristics in the general population[END_REF].

In patients with a definite neurological lesion or disease, a strict application of this algorithm may also lead to an overdiagnosis of neuropathic pain, particularly as any type of pain in a patient with a neurological disease (e.g. musculoskeletal or articular pain located in the deficit area in patients with spinal cord injury or multiple sclerosis, ichemic pain in patients with diabetic polyneuropathy etc.) could, in principle, be regarded as neuropathic. This was confirmed in a recent study of patients with diabetic polyneuropathy, in which a large proportion of patients had non-neuropathic pain (mostly of musculoskeletal origin) in the sensory deficit area (Themistheoclou et al. 2016). Exclusive use of the grading system in these cases resulted in a falsepositive diagnosis of neuropathic pain, a problem related to the fact that pain qualities are not considered in this classification system. This diagnostic algorithm, corresponding to an expert consensus, requires validation, at least in terms of its testretest and inter-rater reliability, for use in different clinical settings (i.e., by neurologists, pain specialists, other specialists and general practitioners).

These limitations may account for the very limited use of this algorithm in clinical practice. One way to improve the identification of neuropathic pain by non-specialists might be to suggest a different and simpler algorithm beginning with characterization of the pain itself, as illustrated in figure 1. This simplified algorithm is derived from the many studies based on screening tools, which have largely confirmed the diagnostic value of both pain descriptors (i.e. pain characteristics) and the location of painful area in an area of sensory deficit [START_REF] Attal | Diagnosis and assessment of neuropathic pain through questionnaires[END_REF]. This approach, which can rapidly characterize pain as neuropathic before its cause is sought, may be more intuitive for non-neurologists. This simplified algorithm, which requires validation in different clinical settings, is potentially complementary to the current grading system which might be preferred by specialists in the clinical research setting.

In future research studies, the grading system for neuropathic pain, if properly validated, could be used alongside screening questionnaires, to increase diagnostic accuracy for the underlying neurological lesion responsible for the pain. However, in routine clinical practice, screening questionnaires, which are easy-to-use, simple, but perform very well, have an indeniable advantage, probably accounting for their success worldwide. An emerging application of these questionnaires is also their ability to identify neuropathic-like phenotypes in subgroups of patients with chronic long lasting pain in which nociceptive mechanisms are considered to be predominant (e.g. low back pain, osteoathritis or arthritis) [START_REF] Freynhagen | The painDETECT project -far more than a screening tool on neuropathic pain[END_REF][START_REF] French | Prevalence of neuropathic pain in knee or hip osteoarthritis: A systematic review and meta-analysis[END_REF][START_REF] Attal | Diagnosis and assessment of neuropathic pain through questionnaires[END_REF]. Patients with such neuropathic phenotype generally have a poorer outcome and quality of life than those without (e.g. [START_REF] Kurien | Preoperative Neuropathic Pain-like Symptoms and Central Pain Mechanisms in Knee Osteoarthritis Predicts Poor Outcome 6 Months After Total Knee Replacement Surgery[END_REF][START_REF] Moss | Patients With Knee Osteoarthritis Who Score Highly on the PainDETECT Questionnaire Present With Multimodality Hyperalgesia, Increased Pain, and Impaired Physical Function[END_REF], and have psychophysical and functional imaging evidence suggesting central sensitization (Gwillyn et al 2009;[START_REF] Hochman | Neuropathic pain symptoms on the modified painDETECT correlate with signs of central sensitization in knee osteoarthritis[END_REF]. These data indicate that the neuropathic pain phenotype is not restricted to patients with a neurological lesion.

Rather it may also be present to some extent in other types of chronic pain patients, suggesting that neuropathic and non neuropathic pain syndromes may share some pathophysiological mechanisms and, in a way, may represent the spectrum of clinical expressions of chronic pain seen as a single disease [START_REF] Baliki | Nociception, Pain, Negative Moods, and Behavior Selection[END_REF].

Challenges relating to the development of novel analgesics for neuropathic pain

The drugs currently used to treat neuropathic pain, such as antidepressants, gabapentin, pregabalin, lidocaine patches and capsaicin patches, have been shown to be effective against neuropathic pain on an empirical basis, with subsequent evaluation of their mechanisms of action in animals. Gabapentin is a typical example.

This drug was initially developed as an antiepileptic drug mimicking GABAergic activity.

Based on anecdotal reports suggesting efficacy against neuropathic pain, two key large-scale studies were performed. These studies, published in 1998, concluded that gabapentin was effective against diabetic peripheral neuropathic pain and postherpetic neuralgia [START_REF] Backonja | Gabapentin for the symptomatic treatment of painful neuropathy in patients with diabetes mellitus: a randomized controlled trial[END_REF][START_REF] Rowbotham | Gabapentin for the treatment of postherpetic neuralgia: a randomized controlled trial[END_REF]. Following these studies, efforts were made to decipher the mechanisms of action of gabapentin in neuropathic pain in animals. This drug was found not to act via GABA, but to have activity affecting a number of other spinal or supraspinal mechanisms [START_REF] Bannister | Multiple sites and actions of gabapentin-induced relief of ongoing experimental neuropathic pain[END_REF]. Ultimately, pregabalin was developed to replace gabapentin, and this drug is now more widely used worldwide [START_REF] Finnerup | Pharmacotherapy for neuropathic pain in adults: systematic review, meta-analysis and NeuPSIG recommendations[END_REF].

A better understanding of the cellular and molecular mechanisms of neuropathic pain might be expected to improve the situation. A number of anatomical, molecular and electrophysiological changes, from the periphery to the central nervous system, have been described following the formation of nerve lesions in animals. The electrophysiological changes observed include, in particular, alterations to ion channels within the affected nerve, such as the enhanced expression and function of sodium channel subtypes, the release of excitatory amino acids and neuropeptides leading to the activation of spinal NMDA, AMPA, metabotropic or NK1 receptors, a loss of spinal GABA-ergic inhibitory interneurons , functional changes in microglia and astrocytes in the spinal cord involving chemokines and kinases, such as MAPkinase, and dysfunctions of central noradrenergic inhibition (Colloca et al. 2016). The elucidation of these mechanisms have led to the development of multiple molecules acting on these potential targets, such as novel sodium channel antagonists, vanilloid receptor antagonists, potassium channel agonists, NMDA/metabotropic glutamate receptor antagonists, modulators of NMDA receptors, NK1 or AMPA receptor antagonists, MAP kinase inhibitors and chemokine inhibitors in particular.

Unfortunately, most of these potentially new drugs are either in early preclinical development or have failed in clinical trials, although hope remains for a few of them [START_REF] Bouhassira | Emerging therapies for neuropathic pain: new drugs or new indications for old treatments?[END_REF]. To date, the only drug acting on new targets that has emerged from preclinical studies and is now used in clinical practice on a rational basis is ziconotide, a potent neuronal calcium channel antagonist. However, this drug can only be used intrathecally, because of its many side effects, and it is, therefore, used in only a very small number of patients around the world.

One of the reasons for these disappointing results is the poor predictive value of animal models of neuropathic pain (Percy du Sert and Rice 2014), making it difficult to extrapolate the mechanisms discovered in animals to humans. This problem may be due to the nature of the models themselves (generally not fully replicating the disease, instead being essentially models of the symptoms), the nature of the behavior studied in animals (evoked pain is generally studied in animals, whereas spontaneous pain is generally assessed in clinical trials) and sex (male predominance in preclinical research, whereas both sexes are represented in clinical research). Other possible explanations include the fact that the cellular and molecular mechanisms described in animal models of neuropathy mostly involve mostly the sensory nerves or spinal cord, with only few studies investigating the brain mechanisms. These issues have led a number of researchers to propose improvements to the best practice approach for preclinical research on analgesics (Percy du Sert and Rice 2014). The suggested changes include the refinement of behavioral tests, the use of ethological animal models, the consideration of both male and female subjects, the evaluation of comorbid conditions, such as anxiety or cognitive problems, the use of double-blind assessment, and more thorough investigations of adverse effects.

However, another reason for the difficulties extrapolating the findings obtained in animals to clinical neuropathic pain in humans relates to the limitations of clinical research (see below).

Challenges relating to the therapeutic management of neuropathic pain

As discussed above, dysfunctions of the nociceptive systems related to a neurological lesion confer specific pain qualities justifying the consideration of neuropathic pain as a clinical entity. This clinical entity has been shown to be multidimensional. In particular, studies based on assessment questionnaires or quantitative sensory testing have provided evidence for the existence of distinct subgroups of patients based on their sensory profiles (phenotypes), which can be observed across neuropathic pain syndromes and are independent of etiology [START_REF] Baron | Subgrouping of patients with neuropathic pain according to pain-related sensory abnormalities: a first step to a stratified treatment approach[END_REF][START_REF] Bouhassira | Translational neuropathic pain research: A clinical perspective[END_REF]. One of the working hypotheses put forward is that these phenotypic profiles may be surrogates for underlying pathophysiological mechanisms that cannot be explored directly in humans [START_REF] Bouhassira | Translational neuropathic pain research: A clinical perspective[END_REF].

A number of experimental studies in patients with various types of peripheral or central nerve lesions have demonstrated correlations between symptoms or combinations of symptoms (e.g. burning pain, paroxysmal pain) and objective markers of nerve lesions [START_REF] Attal | Diagnosis and assessment of neuropathic pain through questionnaires[END_REF].

In the last decade, most pain experts have advocated a therapeutic approach to neuropathic pain based on clinical profiles [START_REF] Baron | Subgrouping of patients with neuropathic pain according to pain-related sensory abnormalities: a first step to a stratified treatment approach[END_REF][START_REF] Bouhassira | Translational neuropathic pain research: A clinical perspective[END_REF]. It is now widely accepted that this personalized approach should increasingly replace the traditional etiology-based categorization of neuropathic pain, which is held responsible for treatment failure in many patients [START_REF] Bouhassira | Translational neuropathic pain research: A clinical perspective[END_REF].

Consistent with these hypotheses, several studies based on assessment questionnaires or quantitative sensory testing have shown that different analgesic drugs do not act uniformly on pain, instead preferentially acting on specific signs or symptoms, or combinations of signs and symptoms [START_REF] Bouhassira | Translational neuropathic pain research: A clinical perspective[END_REF][START_REF] Attal | Diagnosis and assessment of neuropathic pain through questionnaires[END_REF]. Other studies have suggested that the response to antineuropathic drugs can be predicted from clinical phenotypes. An example of the relevance of this approach is provided by the study performed by Demant and coworkers (2014). These authors assessed the effect of the sodium channel blocker oxcarbazepine in patients with peripheral neuropathic pain stratified on the basis of clinical phenotype. One phenotype, the 'irritable nociceptor' phenotype was characterized mostly by a limited thermal deficit in the painful area, whereas another, the 'deafferentation pain' phenotype was characterized by a severe thermal deficit. The study found that the effects of oxcarbazepine were significantly stronger against the first of these phenotypes than against the second. Another interesting example is provided by a three-center study of repeated administrations of botulinum toxin A in patients with multi-etiology peripheral neuropathic pain, which showed that the presence or intensity of allodynia at baseline was associated with a significantly stronger response to the active drug [START_REF] Attal | Efficacy and safety of repeated injections of botulinum toxin A in peripheral neuropathic pain and predictors of treatment response: a randomised double blind placebo controlled study[END_REF].

Unfortunately this promising therapeutic approach remains marginal, and most other examples of its potential utility are based on posthoc analyses (refs in Attal et al. 2018). Large-scale multicenter trials are still required to provide a convincing demonstration of the relevance of this approach for assessing the efficacy of compounds acting on new targets for neuropathic pain. Studies assessing other types of predictor measures are also required. A promising area of research in this respect is the development of therapeutic studies using genotyping of patients (e.g. Price et al 2015 ;[START_REF] Greef | Efficacy, safety, and tolerability of lacosamide in patients with gain-of-function Nav1.7 mutation-related small fiber neuropathy: study protocol of a randomized controlled trial-the LENSS study[END_REF]. For example, a double blind placebo controlled trials using a novel Nav1.7 antagonist administered as topical medication in patients with postherpetic neuralgia reported that only patients carrying the Nav1.7 R1150W polymorphism were responsive to the drug (Price et al 2015).

Conclusions

Neuropathic pain remains an unmet medical need presenting a number of challenges. In our opinion, these challenges relate principally to the revised definition of neuropathic pain, its identification in clinical practice, the difficulties extrapolating the mechanisms explored in animals to humans and the paucity of large-scale studies confirming the relevance of a personalized approach. Well-conducted studies in patients and in animal models are required to address these challenges. 
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 1 Figure 1: Suggested simplified algorithm for neuropathic pain. Abbreviation: NeP: neuropathic pain