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The ‘Science of Relief’ event, held in Milan on 10-11 May 2019, was aimed at promoting dialog between
different stakeholders among scientific associations, pharma industry, healthcare services and related insti-
tutions. The goal was to renew interest and attention on the management of pain, sharing new solutions
in order to bring the patients and their quality of life to the center of attention. An international group
of scientists and clinicians presented and discussed new and known evidence in the field of chronic pain,
from physiopathology and diagnosis to the choice of appropriate and timely pharmacological treatments.
This paper reports the highlights of those presentations.
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Not suffering from pain is a right enshrined in the Italian law number 38/2010 for palliative care and pain therapy;
it is a law that embodied a turning point for millions of patients (1]. Although the management of chronic pain
in Italy has improved, 9 years after its implementation it is still underestimated and often not adequately assessed
or treated. This has major consequences for the quality of life (QoL) of patients, and significant impact on the
sustainability of healthcare and social welfare funding. Similar considerations and issues apply to almost all other
countries [2-6].

The ‘Science of Relief” event, held in Milan (Italy) on 10-11 May 2019, supported by Grunenthal, aimed to
promote dialog between different scientific, industry and healthcare stakeholders. The goal was for each stakeholder
to contribute insights for improving the management of pain, and share in the vision of new integrated solutions
to enhance the QoL of patients.

At this event, an international group of scientists and clinicians presented and discussed new and known evidence
in the field of chronic pain, from physiopathology and diagnosis to the choice of pharmacological treatments. This
paper reports the highlights of their presentations and conclusions.

Chronic pain: evidence, challenges & promising new advances

There have been major advances in the knowledge of basic mechanisms that underlie the onset and the persistence
of chronic pain [7]. In particular, pain signaling and modulatory mechanisms change following pathophysiological
events, leading to two different major types of pain: neuropathic and nociceptive/inflammatory (Figure 1). Since
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Figure 1. Key types of pain.

different chemical ligand and ion channel changes underlie these pain types, their optimal treatments may also
differ. However, these pain states do share some common features, for example, loss of inhibition within the CNS.

Peripheral pathophysiology is critical and distinct in the development of chronic pain: tissue and nerve damage
elicit the release chemical mediators and changes in ion channels, which in turn induce altered neuronal responses
in spinal cord and its projections to the brain. Many CNS structures, interconnected via multiple mechanisms,
influence each other ().

Neuropathic pain has been defined as pain initiated or caused by a primary lesion or disease in the PNS or CNS;
this frequently becomes established after prolonged afferent fiber hyperactivity in chronic painful conditions such as
diabetic neuropathy. However, neuropathic elements can also be seen in other pain states (e.g., osteoarthritis [OA] or
low back pain), which therefore can present as a mixed type of pain, with nociceptive and neuropathic components.
Ion channels play a key role in the development and persistence of neuropathic pain, thus providing the rationale
for the use of drugs targeting peripheral ion channels; drugs acting on neuroinflammatory process (e.g., NSAIDs)
are generally regarded as ineffective in chronic neuropathic pain (7). There is often a disparity between the pain
intensity and the degree of peripheral tissue damage (9. Wind-up (an amplified response of the second-order
neurons), secondary hyperalgesia (a lowering of the pain threshold outside of the area of inflammation), expansion
of the peripheral fields of primary sensory neurons, and long-term potentiation (a response of the second-order
neurons outlasting the initial painful stimulus) are all phenomena associated with central sensitization [9].

Descending pathways are of utmost importance in the process of adaptation and amplification of pain, since they
can modify, especially at the spinal level, the intensity and characteristics of the perceived pain, leading to plastic
modifications [10]. More specifically, physiological descending controls produce a final inhibitory effect through
the actions of noradrenaline (NA) at spinal a,-adrenoceptors, whereas serotonin, by acting on facilitatory spinal
5-HT3 receptors, exerts a pronociceptive effect. If the peripheral stimulus persists, high-frequency transmission in
nociceptors results in spinal release of neuromodulatory peptides and glutamate. This leads to neural modifications,
which in turn determine the onset of central sensitization and promote the progression to chronic pain. In the case
of OA and other chronic pain conditions, reduced NA and enhanced serotonin actions lead to: increased evoked
pain; reduced descending inhibitory pain control by the brain; and promotion of central sensitization [11].

Tapentadol is an innovative analgesic drug, which is currently the only member of the new p-opioid receptor
(MOR)-noradrenaline reuptake inhibitor (NRI) class. This molecule presents both a MOR activity, although lower
than that of morphine, and the ability to inhibit the reuptake of noradrenaline 7). Extensive preclinical data reveal
an efficacy of tapentadol equal to that of morphine, but with a major noradrenergic component in behavioral and
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Figure 2. Spinal mechanisms of action of tapentadol.

neuronal measures of nerve injury, arthritis and cancer-induced bone pain [12,13]. Remarkably, there is a positive
synergy between the MOR and NRI actions and the ability to modulate central sensitization. Indeed, the MOR
action inhibits pain messages at the spinal cord level and in the brain, while the NRI component provides a powerful
inhibitory action on spinal overactivity. These properties have direct relevance to clinical efficacy and practice [14].

Does ‘strong analgesic’ equal ‘strong opioid’?

Tapentadol is characterized by a dual mechanism of action, namely MOR agonism and NRI [12,13]. Therefore, this
molecule enhances inhibitory pain control and reduces ascending pain messages, providing a synergic analgesic
effect (Figure 2). In terms of pharmacokinetics, tapentadol has a very low potential of interaction and its metabolites
do not present any relevant biological activity.

In vivo, these properties translate into a broad analgesic efficacy in different types of pain: tapentadol presents a
50-fold lower MOR affinity, but an analgesic potency close to morphine (Figure 3) [12,13,15]. Remarkably, the relative
contribution of the two mechanisms of action is dependent on the specific pain type: MOR agonism predominantly
mediates tapentadol antinociceptive effects, whereas NRI activity predominantly mediates its antihypersensitivity
effects [16).

Recently, the concept of ‘p-load” has been introduced, with respect to tapentadol [17). More specifically, the
percentage contribution of the MOR and the NRI component to analgesia and to adverse effects was estimated by
applying standard drug-receptor theory and novel approaches to the analysis of 7% vitro and in vivo data. Overall,
the percentage contribution of the MOR component to the adverse effect magnitude relative to a pure/classical
p-opioid at equianalgesia (termed the p-load of tapentadol) was <40%, compared with pure MOR agonists, which
have, by definition, a p-load of 100%. This reduced pi-load can translate into a more favorable tolerability profile
of tapentadol compared with strong classical opioids in terms of reduced incidence of constipation, respiratory
depression and other MOR-related side effects.

Chronic musculoskeletal pain: from ‘theory’ to clinical diagnosis
Recent developments, based on studies including imaging, for example, functional magnetic resonance, have
highlighted the importance of neuronal sensitization by chemical mediators as well as roles for non-neuronal cells
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Table 1. Tests applicable in clinical practice to identify peripheral and central sensitization.

Test Nature Action Patients’ reaction if positive
Heat allodynia Normally nonpainful heat stimuli evoke Touch skin with object at 40°C (metal Heat allodynia
pain roller, glass of water)
Mechanical dynamic allodynia Normally nonpainful light stroking Stroking skin with painter’s brush, Sharp burning superficial pain in the
stimuli on skin evoke pain cotton swab or gauze primary affected zone, spreading into
unaffected skin areas (secondary zone)
Mechanical punctate or pinprick Normally painful stimuli evoke Manual pricking of the skin with a Sharp superficial pain in the primary
hyperalgesia increased pain sterile pin or monofilament affected zone, spreading into
unaffected skin areas (secondary zone)
Temporal summation Repetitive application of identical single Pricking the skin with sterile pin at <3 s  Sharp superficial pain of increasing
noxious stimuli is perceived as intervals for 30 s intensity
increasing pain sensation (wind-up-like
pain)

— for instance, macrophages/microglia — in the process of peripheral sensitization and pain amplification [18,19].
Indeed, chronic pain after arthritis, nerve injury, cancer and chemotherapy can be associated with local chronic
neuroinflammation; patients with peripheral sensitization may show an enhanced response to heat (allodynia
and hyperalgesia) [201. This finding has important diagnostic consequences in clinical practice, since it can help
a physician identify peripheral sensitization at the bedside, for example, by touching the patient with a warm
(approximately 40°C) object (Table 1). Moreover, the presence of heat hypersensitivity can help determine the
selection of optimal therapy, for instance by using drugs able to target this process (e.g., topical capsaicin).

Other semiquantitative bed-side diagnostic tests — simpler and less expensive than the gold standard, in other
words, quantitative sensory testing — are useful in clinical practice to identify central sensitization, namely mechani-
cal allodynia, punctate hyperalgesia and temporal summation (Table 1). Other characteristics of central sensitization
include loss of proportionality between stimulus and clinical response, widespread pain, and maladaptive psycho-
logical responses to pain.

The application of these tests in clinical practice can enable a physician to correctly recognize central sensitization,
and plan a mechanism-based therapy [21]. For instance, it is now well considered that a subgroup of patients with
OA present with central sensitization and neuropathic pain components: pain therapy should aim to address these
components (Figure 4) [22].

The role of the opioid & noradrenergic components of tapentadol in chronic musculoskeletal
pain

Combining different analgesics with different mechanisms of action is a common strategy in clinical practice;
however, this may lead to less convenient schedules of administration and increased burden of adverse events [23]. In
this regard, the unique profile of tapentadol makes it especially suitable for the treatment of chronic pain conditions
with nociceptive as well as neuropathic components, using a single drug and avoiding complex combinations [24,25).

The efficacy of tapentadol in musculoskeletal pain (OA, back pain) and in oncological pain has been reviewed
recently in a series of publications [26-29]. A detailed review of all studies evaluating tapentadol, in its prolonged-
release (PR) formulation, goes beyond the scope of the present report. Overall, clinical data on the efficacy of
tapentadol PR are robust, both in clinical trial and ‘field-practice’ settings. Moreover, treatment with tapentadol
has been demonstrated to improve the QoL of patients and their functional recovery, which should be considered
among the key goals of analgesic therapy [30]. Remarkably, all these benefits are consistent regardless of the patient
and disease characteristics — such as age, gender, weight, severity of baseline pain, importance of the neuropathic
component — thus indicating that tapentadol can be a suitable therapeutic option in all patients with chronic pain
conditions.

Safety plays a central role in the selection of long-term analgesic therapy (31). Opioid therapy may be associated
with several adverse events, such as undesirable cardiovascular and respiratory effects, gastrointestinal disorders,
endocrine complications, psychological problems, impairment of driving ability and risk of abuse [32]. Overall,
these effects of opioids are mostly due to the widespread expression of the p-receptor in neuronal and other tissues
in the human body.

Noteworthy, as described above, the p-load of tapentadol is markedly lower compared with that of classical
opioids, therefore resulting in fewer opioid-related adverse effects [33]. The safety of tapentadol has been discussed
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Figure 4. Detecting central sensitization and neuropathic features in musculoskeletal pain syndromes.
Reproduced with permission from [22] © Springer Nature (2014).

recently in a comprehensive review, which provides further details and the incidence of specific adverse events [33].
For the purpose of this report, in summary, the long-term safety of tapentadol has been confirmed in several
studies [34-36], with specific data collected in a study lasting more than 4 years (35]. Moreover, tapentadol has some
advantages with relevance to clinical practice, such as no interaction with warfarin or antidepressant drugs, lack
of effect on sex hormones and low abuse potential 33,37). Importantly, tapentadol does not impair the ability to
drive [33].

Overall, tapentadol PR represents an effective and safe therapy for chronic painful conditions, supported by a
strong mechanistic rationale. Further, given the availability of long-term efficacy and safety data, tapentadol PR
should be considered a suitable front-line therapy in this setting.

Peripheral input & central sensitization: the rationale for topical therapy

As discussed in a preceding section of this report, peripheral nociceptor hyperactivity mediates peripheral noci-
ceptive and neuropathic pain; it usually also drives the development and maintenance of dysfunctional central
processing. Peripheral overactivity causes central hyperexcitability, leading to the establishment of central sensi-
tization (Figure 5) [19,38]. Ion channels play a major role in the process of maintaining central sensitization. In
particular, voltage-gated sodium (NaV) channels are responsible for the generation of pathogenic action potentials
in nociceptors [39,40]. Targeting these peripheral ion channels may thus prevent painful stimuli from reaching the
CNS. However, this strategy may not be effective in all patients [41].

Another key peripheral target for pain relief is the family of the transient receptor potential (TRP) channels.
These are expressed by peripheral sensory nerve fibers and act as receptors at cutaneous nerve terminals for sensing
temperature changes within specific ranges, and also algogenic chemical ligands (42,43. TRPV1 (the heat and
capsaicin receptor) has been a major target for novel analgesics — however, while oral TRPV1 antagonists, in other
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Figure 5. Peripheral sensitization leads to and maintains central sensitization.

words, blockers of TRPV1 receptors can result in analgesia, they also cause unacceptable side effects, and have not
been developed for clinical treatment. In contrast, topical use of capsaicin over centuries has been shown to be
safe, and effective for the amelioration of pain. Capsaicin is a TRPV1 agonist and is the natural ingredient in chilli
peppers that gives them their hot pungency. The mechanism of action of topical capsaicin for pain relief is very
different to oral drugs which block TRPV1, as described below.

Topical agents may be preferable to systemic therapies in certain respects, for example, localized action, and
low systemic absorption can avoid issues associated with oral or intravenous routes, such as gastric disturbances,
variable serum concentrations, and result in a lower risk of drug—drug interactions [44,45]. Two topical treatments
are currently licensed by the EMA for peripheral neuropathic pain: lidocaine 700 mg medicated plaster (lidocaine
5% plaster) for post-herpetic neuralgia (PHN) only, and the capsaicin 179 mg cutaneous patch (capsaicin 8%
patch) for all types of peripheral neuropathic pain.

Topical treatment for peripheral neuropathic pain: focus on capsaicin

Capsaicin activates the TRPV1 receptor on cutaneous small nerve fibers, and hence its topical application causes
a burning sensation and erythema (redness) in normal human skin 46]. TRPV1 expression changes in nociceptors
in some chronic inflammatory and neuropathic pain conditions, and is the foremost therapeutic target in the TRP
receptor family for pain and hypersensitivity [47].
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Peripheral neuropathic hypersensitivity is mediated by diverse mechanisms, including increased expression of
TRPV1 or other key ion channels in surviving nerve fibers, aberrant re-innervation and collateral sprouting [4s).
A high-concentration capsaicin 8% patch (Qutenza™) is licensed for chronic neuropathic pain treatment in the
EU and the USA (48]. A single 30—60-min application in patients with neuropathic pain was shown to result in
effective pain relief for up to 3 months or longer. Topical capsaicin acts by attenuating cutaneous hypersensitivity
and reducing pain by a process described as ‘defunctionalization’ of nociceptor fibers, which is due to a number of
effects including temporary loss of membrane potential, inability to transport neurotrophic factors leading to altered
phenotype, and reversible retraction of epidermal and dermal nerve fiber terminals [48]. This defunctionalization
is reversible; the affected nerve fibers may then regrow, usually during the 3 months after the capsaicin 8% patch
application. The patch may be re-applied three monthly, if needed. In some cases, pain relief persists beyond
3 months after patch application. It has been reported that the regenerating nerve fibers, following capsaicin 8%
patch application, may show improved density and phenotype, for example, in patients who had chemotherapy-
induced painful neuropathy, and were now in remission [49). Capsaicin 8% patch does not induce clinically relevant
systemic exposure of capsaicin, thus limiting the risk of systemic adverse events, and does not affect function of
large sensory nerve fibers (as TRPV1 is expressed primarily in nociceptors).

The capsaicin 8% patch has proved to be an effective and safe treatment in several clinical trials and ‘field-practice’
studies, for multiple painful neuropathy conditions [50-621. In the recent randomized ELEVATE study, conducted
in more than 500 patients with peripheral neuropathic pain, the capsaicin 8% patch was shown to be noninferior
to pregabalin for a >30% mean decrease of the pain score on a numeric pain rating scale (from baseline to week
8 [55.7 vs 54.5%; OR: 1.03 [95% CI: 0.72-1.50]) (s8]. The proportion of patients achieving optimal therapeutic
effect at week 8 was 52.1% for the capsaicin 8% patch compared with 44.8% for pregabalin, and the median
time-to-onset of pain relief was significantly shorter for capsaicin 8% patch versus pregabalin (HR: 1.68 [95%
CI: 1.35-2.08]; p < 0.0001) (Figure 6) [s8]. Importantly, the reduction of the area and intensity of mechanical
allodynia was significantly superior to pregabalin (Figure 7) [58,59]. Adverse events were mainly of mild-to-moderate
severity in both arms but resulted in treatment discontinuation only with pregabalin; these were reported only at
the time of application for capsaicin 8% patch, but over the entire duration of treatment with pregabalin. Treatment
satisfaction was also greater with the capsaicin 8% patch.

On this evidence, the capsaicin 8% patch may be effective and the treatment of choice in selected patients, and
it may also be effective in cases where other treatments have failed.

Topical treatment for peripheral neuropathic pain: focus on lidocaine

Lidocaine is known to act as a local analgesic by the partial and selective inhibition of voltage-gated sodium channels
expressed by small sensory nerve fibers (unmyelinated C fibers and small myelinated A3 fibers) (63]; this action is
particularly relevant when there are damaged or dysfunctional fibers. This pharmacological action stabilizes the
neuronal membrane potential, resulting in a reduction of ectopic discharges, thus providing an analgesic effect
without local anesthesia [63].

The lidocaine 5% plaster is currently approved for the treatment of PHN f61). In its 5% plaster formulation,
lidocaine has shown efficacy, associated with good short- and long-term tolerability, with a very low systemic uptake
(3%), and minimal risk for systemic adverse events or pharmacological interactions [63]. This good safety profile
is of particular relevance in clinical practice, since the majority of the PHN patients are elderly, and present with
frequent comorbidities and/or are taking a number of other medications. Moreover, the use of a plaster can enhance
treatment adherence [44,64]. Remarkably, topical lidocaine is now recommended by major international guidelines
as a first- or second-line treatment for localized neuropathic pain (Table 2) [65-67).

The efficacy and safety of lidocaine 5% plaster have been evaluated comprehensively [631. In an open-label,
noninferiority trial in patients with PHN or diabetic polyneuropathy (DPN), the lidocaine 5% plaster was more
effective than pregabalin in reducing pain in patients with PHN, and was associated with greater satisfaction among
patients and an improved QoL compared with pregabalin for both indications (68]. In the 3-year extension phase
of the study, lidocaine 5% plaster proved to be effective and well-tolerated in PHN patients [69]. In a very recent
lidocaine 5% plaster clinical study conducted in Italy in 130 patients with different painful conditions, 32% of
whom had their pain not controlled by systemic analgesics and/or experienced unacceptable adverse events, 5%
of these patients reported complete pain relief without any systemic therapy, and 38% of patients reduced their
analgesic drug consumption [70]. The overall incidence of adverse events was 16.6%, but all events were local and
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Figure 6. Key efficacy outcomes of the ELEVATE study.

fCapsaicin 8% path was (noninferior) versus pregabalin (difference: 1.2%; odds ratio: 1.03; 95% Cl: 0.71-1.50).

PNI: Posttraumatic/postsurgical nerve injury.

Reproduced with permission from [58], © Haanpaa et al.,

licensed with CC BY-NC-ND 4.0.

Table 2. Recommendations of major guidelines for localized neuropathic pain.

Guidelines/guidance

Last update

Neuropathic Pain Special Interest Group 2015
of the International Association for the

Study of Pain

European Federation of Neurological 2010

Societies

American Academy of Neurology Reaffirmed 2018*

PHN: Post-herpetic neuralgia.
Data taken from [65,67].

First-line recommendation

e Tricyclic antidepressant

e Gabapentin

o Pregabalin

e Topical lidocaine in frail and elderly
patients

e Gabapentin

o Pregabalin

o Tricyclic antidepressants

e Lidocaine-medicated plaster in PHN
patients

e Gabapentin

e Lidocaine plaster

e Oxycodone or morphine
e Pregabalin

o Tricyclic antidepressants

Second-line recommendation

e Tramadol

e Capsaicin

o Topical lidocaine

e Opioid analgesics (Third line)

e Capsaicin
« Opioids

e Aspirin in cream or ointment
e Capsaicin (topical)
o Methylprednisolone (Intrathecal)

transient. Moreover, in another ‘field-practice’ study, lidocaine 5% plaster was associated with a reduced need for

other oral analgesics in elderly patients [71].
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Reproduced with permission from [58], © Haanpaa et al., licensed with CC BY-NC-ND 4.0.

In line with the above evidence, it has been suggested that the lidocaine 5% plaster should be more strongly
recommended for treating localized neuropathic pain such as in PHN, either as one component of a multimodal
approach or as monotherapy [72].

Conclusion

There have been major advances in the understanding and management of chronic pain over the last few years.
Basic and clinical research have guided the use of analgesic drugs, underpinned by a well-grounded rationale of
their pharmacological actions, to target specific mechanisms of the pathophysiology of pain. The use of such drugs
— including tapentadol, capsaicin and lidocaine — in clinical practice can lead to marked and sustained relief from
chronic pain, and thereby address a global unmet need, with major improvements in the quality of life of patients.
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