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Abstract

Background:

Long-term pain is a debilitating condition that is costly to treat and has a significant impact on patient quality

of life. Classical opioids have been used for the treatment of pain for centuries and are one of the most

effective drug classes available for acute severe pain and long-term pain. However, concerns regarding

adverse effects, tolerance to analgesic effects and the potential for addiction have resulted in a reluctance to

prescribe and use opioids for the management of long-term non-cancer pain. Adverse events, including

gastrointestinal side effects such as constipation, nausea and vomiting, and central nervous system side

effects such as sedation are responsible for as many as one in five patients discontinuing opioid treatment,

often leading to inadequate pain relief and poor patient quality of life. Therefore, new analgesic therapies are

needed that are associated with fewer adverse effects, whilst providing sustainable pain relief for patients

with long-term pain.

Objective and methods:

To provide an overview of the historical development, uses, mechanisms of action, receptor affinities and

side-effect profiles of classical opioids. In addition, recent developments and novel approaches for long-

term, severe pain treatment are also reviewed.

Results:

A number of treatment strategies were identified: co-administration with opioid-sparing analgesics to

reduce side effects and/or risk of dependence, the use of peripheral opioid antagonists and novel

delivery mechanisms to reduce side effects, the development of non-opioid agents that reduce side

effects and enhance analgesia such as glial cell modulators, and the development of novel agents with

combined m-receptor and monoaminergic activity within the same molecule.

Conclusions:

Despite these recent advances, there have been very few completely novel drug developments. Hence, there

remains a continuing need for innovative therapeutic strategies for the treatment of long-term pain. The

most promising alternatives appear to be the use of traditional opioids together with peripheral opioid

antagonists, combining opioids with glial cell modulators, and the use of novel agents with m-receptor

agonist and noradrenaline reuptake inhibitor activity within the same molecule (MOR-NRI compounds).

Introduction

Long-term, severe pain is a debilitating condition, which can have a significant
effect on patients’ quality of life (QoL) and their ability to work. For example, a
survey of 46,394 patients suffering from long-term pain from 15 European coun-
tries and Israel showed that moderate-to-severe long-term pain affected 19% of
adults. Moreover, in-depth interviews with 4839 of respondents with long-term
pain revealed that 21% of patients had depression, 61% were less able or unable
to work from outside of their home, 19% had lost their job and 13% had changed
their job because of their pain1. The QoL of the patient should be an important
consideration in pain clinics, since pain severity alone is often a poor predictor of
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low level life satisfaction and QoL can be as important to
the patient as a decrease in pain severity2.

Long-term pain can be costly to treat and generates a
significant burden on healthcare systems1,3,4. In particular,
treatment of long-term pain requires an interdisciplinary
approach, which can lead to high costs5. It is important to
treat pain efficiently and as early as possible because there
is less chance of a patient developing long-term pain if
treated well in the early stages of acute pain. For example,
a study of acute low-back pain patients at high risk of their
pain becoming a long-term disability found that those
patients assigned to an early intervention programme
had fewer incidences of long-term pain disability, medica-
tion use and healthcare utilisation compared with those
patients who did not receive early intervention. Moreover,
early intervention was associated with greater cost sav-
ings6. One in five adults suffers from long-term pain and
this high prevalence together with the related socio-eco-
nomic consequences has meant that it is increasingly
recognised as a significant health care problem4.

Classical opioids are a mainstay for the treatment of
long-term, severe pain; primarily pain in cancer but in
selected cases also non-cancer pain, such as neuropathic
pain and low-back pain7. The term ‘opioids’ describes
drugs whose action is mediated via binding at the opioid
receptors distributed throughout the brain, spinal cord,
peripheral nervous system, skin and joints8. Opioids
mimic some of the pharmacological properties of natural
opiates found endogenously within the human body.

Despite the fact that opioids are among the most pow-
erful analgesics available for the treatment of most types of
severe pain, their clinical utility is limited by the trade-off
between efficacy and side effects, which can be divided
into peripheral effects (constipation, urinary retention,
hives, bronchospasm) and central effects (nausea, seda-
tion, dizziness, respiratory depression, hypotension,
miosis, cough suppression) and can adversely affect quality
of life9. Despite these side-effects, strategies involving
careful titration, patient information and relevant medi-
cation to treat opioid-related side effects can be used to
successfully manage chronic pain.

Other problems associated with classical opioid use
include tolerability, tolerance to analgesic effects and
dependency7,10. This is particularly problematic in com-
plex pain conditions, such as low-back pain, where treat-
ment often involves targeting both the nociceptive and
neuropathic pain systems. Opioids have limited efficacy
in treating neuropathic pain and higher doses of opioid
and/or combination therapy are often required for these
conditions11. High doses of opioids can lead to both toler-
ance-associated hyperalgesia (an increased sensitivity to
pain), putting patients at risk of suffering from insufficient
analgesia, and debilitating side effects, especially after
repeated administration for the treatment of long-term
pain. In response to this tolerance-associated hyperalgesia,

the dose of the opioid is increased which in turn can
increase side effects. An increase in side effects may then
lead to a decrease in analgesic dose resulting in the patient
experiencing more pain. This creates a vicious circle of
insufficient analgesia and side effects, both of which can
lead to low patient compliance and treatment discontinu-
ation12–14. These problems can lead to a reluctance to pre-
scribe them, particularly for non-cancer pain7,9,15. Overly
restrictive laws and regulations may also impede the use of
opioids in some countries16. Further limitations of classical
opioids include the need for dose titration, treatment reli-
ability and patient satisfaction, needs and worries12,13,17,18.

These limitations highlight the need for new treat-
ments for long-term pain with strong efficacy comparable
to classical potent opioids, but with fewer adverse effects.
Although there have been some recent developments in
terms of delivery mechanisms and combination therapies
to attempt to mitigate side effects, there is room for more
improvement at the molecular level.

This review will provide an overview of the historical
development of classical opioids and their use, outlining
the mechanism of action of opioids, and the target receptor
subtypes. Differences in commonly used potent opioids
will be outlined, with specific reference to chemical struc-
tures, receptor affinities and side-effect profiles. Finally,
recent developments in treatments for long-term, severe
pain (opioid and non-opioid) will be highlighted, includ-
ing a discussion of tapentadol as an example of one type
of novel approach.

History of classical opioids development
and usage

Naturally occurring opioids, derived from the opium
poppy, have been used in pain management for thousands
of years, and today opioids continue to be one of the most
commonly prescribed treatments for pain. Opioids can
broadly be separated into four different classes: the endog-
enous opioids, which are produced naturally in the body
(namely, dynorphins, enkephalins, endorphins, endomor-
phins and nociceptin/orphanin); the natural opioids, alka-
loids extracted from the resin of the opium poppy (e.g.
morphine, codeine, thebaine and noscapine; sometimes
also entitled opiates); semi-synthetic opioids, created
from natural opioids (e.g. diamorphine, oxymorphone,
oxycodone, buprenorphine); and fully synthetic opioids
(e.g. methadone and pethidine)19. The natural opioid
morphine was first extracted from the opium poppy at
the beginning of the 19th century, and in the 20th century
synthetic opioids were developed, both of which had a
dramatic effect on the increased use of opioids in pain
management.
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Although the development of opioids was important for
many forms of acute and chronic pain, there was growing
concern throughout the majority of the 20th century that
the use of opioids in the treatment of long-term pain was to
be avoided owing to the adverse effect of addiction and
diminishing efficacy over time, due to tolerance develop-
ment19. However, the use of classical opioids for the treat-
ment of pain has steadily been increasing and classical
opioids are now commonly used in the treatment of
acute and long-term cancer pain, as well as long-term
non-cancer pain7,20. The use of opioids has often been
considered as the last option available to patients suffering
from long-term pain, and they have been used very restric-
tively for the elderly due to increased adverse effects and
impaired elimination. However, the recently published
American Geriatric Society (AGS) guidelines state that
in properly selected patients, opioid analgesics constitute
an indispensable treatment in non-cancer pain and AGS
conclude that ‘‘all patients with moderate to severe pain,
pain-related functional impairment, or diminished quality
of life due to pain should be considered for opioid ther-
apy’’21, demonstrating their continued clinical utility in
pain management. This is important because early, effec-
tive treatment of several different acute pain conditions
can prevent them developing into chronic pain
conditions6.

Despite the increased use of classical opioids in the
treatment of long-term pain, there remains a need for evi-
dence-based and/or patient need-based prescribing guide-
lines, to ensure that patients receive optimal analgesia.
Evidence suggests that physicians’ prescribing practices
are more likely to be influenced by habit or tradition,
rather than by the needs of the individual patient22,23.
For example, although the natural opioid morphine and
the semi-synthetic opioid oxycodone have equivalent
analgesic efficacy24, oxycodone is often prescribed, despite
being more costly and having no obvious clinical advan-
tage25. So-called equipotent doses between opioids are
mainly based on single-dose studies on specific pain
types, making their relevance for an individual patient
doubtful, especially in long-term opioid use.

The pain system

Although there are many causes of long-term pain, it is
typically described as nociceptive – where pain receptors
are activated following tissue injury – or neuropathic, with
pain arising as a direct consequence of a lesion or disease
affecting the somatosensory system26.

Both acute and long-term pain are induced by mecha-
nisms involving the peripheral and central nervous system.
However, pain experienced by patients can also involve a
complex interaction of molecular signals, including neu-
rotransmitters, peptides, cytokines and hormones27. Thus,

the pain system is a complex interaction of different
molecular mechanisms and pathways involving various
cellular, protein and phospholipid components. In this
way, the pain system can be compared with the coagula-
tion system in terms of its complexity and the integration
of different activating signals. There is one major differ-
ence though: we are quite familiar with the pro- and anti-
thrombotic properties of the coagulation system, with the
possibility of interaction through pharmaceutical com-
pounds within the cascade to correct a defect. Within
the pain system, we do not fully appreciate the pro- and
anti-nociceptive properties and do not yet fully know how
to interact pharmaceutically within the ‘pain cascade’.
Long-term pain in particular is often a heterogeneous con-
dition involving many different processes and a neuro-
pathic pain component is often involved, for example in
chronic back pain, resulting in more severe, complex, and
costly treatment28. Moreover, psychological factors can
exacerbate chronic pain. Fear of pain (catastrophising)
and avoidance of pain-inducing movement (kinaesio-
phobia) have been shown to exacerbate chronic back
pain29, and negative affect, such as anger and sadness,
may act as risk factors for pain amplification30.
Therefore, in order to treat patients with long-term pain
effectively, it is important to adopt a biopsychosocial
model, targeting nociceptive, neuropathic and psycholog-
ical mechanisms.

Opioids and opioid receptors

Classical opioids work by binding to opioid receptors
which are found principally in the CNS and gastrointesti-
nal tract. There are four major opioid receptors: the
classical m (mu), k (kappa) and d (delta)31–33, and the
non-classical nociceptin receptor NOP34. For each of
these there are also subtypes (m1, m2, k1, k2, k3, d1, d2

and orl1) which have been suggested, but not confirmed,
based on evidence from functional studies35. The opioid
receptors are transmembrane spanning G-protein coupled
receptors which act on GABAergic neurotransmission,
and are activated under natural conditions by the endog-
enous opioids36.

The different classes of opioid receptors are associated
with distinct neurological responses, with those involved
in pain modulation found in both the CNS and the periph-
eral nervous system35,37,38. The m-opioid receptors mediate
spinal and supraspinal analgesia, reduced gastrointestinal
tract motility, respiratory depression, euphoria and seda-
tion. The k- and d-opioid receptors have also been impli-
cated in spinal and supraspinal analgesia. In addition to
these effects, the k-opioid receptors mediate peripheral
analgesia, sedation, respiratory depression, dyspnoea and
dysphoria. In contrast to the m- and k-opioid receptors,
much less is known about the d-opioid receptors, which
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are located within the brain and are thought to play a role
in psychomimetic and dysphoric effects37. It is important
to recognise that the endogenous opioid system affects
several physiological systems including reward systems,
the immune system, learning, memory functions and
stress response, demonstrating how complex the effects
of long-term opioid treatment can be.

The different opioid receptors have important implica-
tions for the use of opioids in pain management. Whether
the opioid is an opioid receptor agonist or antagonist,
together with both the type of receptor to which it binds
and the extent of receptor binding, will affect how effec-
tive and how well tolerated the different opioids are in the
treatment of pain (Table 1)38,39. Despite the presence of
these different opioid receptor classes, opioid drugs
predominantly mediate their analgesic effects through
activation of m-opioid receptors19.

Side effects and tolerance

The analgesic effect of opioids may be accompanied by
undesired side effects caused by activation of opioid recep-
tors involved in other functions. Opioids have a small
therapeutic range where small changes in plasma concen-
tration can produce large changes in effect. The most
common adverse effects of opioids include gastrointestinal
effects (constipation, nausea and vomiting) and
sedation40,41.

Inhibition of gut motility is mediated by inhibition of
both peripheral and central m- and k-opioid receptors and
can lead to constipation42. The precise mechanism of
opioid-induced nausea and vomiting is not known; how-
ever, the vomiting centre in the medulla oblongata of the
brain is known to co-ordinate stimuli that lead to these
effects. The gastrointestinal tract, the vestibular apparatus,
the cerebral cortex and the chemoreceptor trigger zone
(CTZ) all feed information to this centre and opioid-
mediated nausea and vomiting may be caused by stimula-
tion of the neurones in the CTZ, inhibition of gut motility,
stimulation of the vestibular apparatus or by reducing the
inhibitory input into this region43.

In addition to side effects concerning the gastrointesti-
nal tract, opioids can adversely affect the CNS through
lowering the level of consciousness, disturbing cognition
and motor coordination, and by causing toxic effects on
neurons. Sedation is a common effect of opioids, possibly
due to a decrease in central cholinergic activity or neuro-
toxic metabolites44. In the treatment of long-term pain,
neurotoxicity is of particular concern because it is increas-
ingly reported with prolonged administration of high-dose
opioids41. For example, although the precise underlying
mechanisms of development of hyperalgesia are still
unclear, one possible contributing factor may be its occur-
rence as a result of the neurotoxic action of opioids,

through apoptosis of GABAergic cells in the spinal cord
dorsal horn, neuroexcitatory effects of glucuronide metab-
olites and NMDA receptor agonism45,46.

The opioid effects on the CNS can also lead to the
development of analgesic tolerance, often associated
with hyperalgesia44. Analgesic tolerance to the effects of
opioids is reported in approximately 15% of patients41,
although the incidence is probably different depending
on the patient population and substance used, and is char-
acterised by a shortened duration of action and decreased
analgesia despite increases in dose. Although the precise
mechanism by which analgesic tolerance develops is
unclear, it is thought to involve modulation of the
opioid receptors and NMDA receptor activation41.

Before initiating opioid treatment, the prescribing phy-
sician must determine the pain mechanism and establish
its sensitivity to opioids. Although opioids may provide
analgesia for patients with long-term pain, the adverse
effects associated with their use can lead to patients dis-
continuing treatment. Opioid rotation is used commonly
in the clinic to avoid further adverse effects, although the
scientific basis for this is lacking47. A recent systematic
review of 17 trials involving non-cancer pain patients
taking opioids demonstrated that adverse events were a
key reason for discontinuation18. This is in agreement
with other reviews, which have shown that up to one in
five patients discontinue therapy due to adverse events13.
However, despite the undesired side effects associated
with opioid use, there is evidence that patients can develop
coping strategies to balance the relationship between
pain relief and side effects, with patients accepting
more pain for a reduction in sedation and nausea48.
These results highlight that there remains a need for new
therapies with good analgesic effects, but with better
tolerability profiles to ensure that patients experience
minimal side effects without compromising their pain
relief49.

Dependency

One of the main concerns of physicians when prescribing
opioids is that the daily doses used for pain relief may pre-
dispose patients to drug dependence. In the context of
analgesic pharmacotherapy, physical dependency is a
state where the body becomes physiologically dependent
on the drug such that without the drug pain recurs. For
opioids, physical dependency usually also involves with-
drawal symptoms if the drug is discontinued abruptly.
Addiction is a state of physical and psychological depen-
dency where the patient develops drug-seeking behaviour
and continuous use despite negative consequences of use.
Tolerance represents the need to increase opioid dosage to
obtain the same effect of pain relief.

Current Medical Research & Opinion Volume 27, Number 2 February 2011
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Table 1. Efficacy and adverse effects of classical strong opioids.

Agent Structurea Opioid receptor bound Adverse effects Type of pain treated

Morphine35

HO OHO

H

H N

H3C
m-opioid receptor

agonist, with some
activity at k- and
d-opioid receptors

Typical of opioid
analgesicsb

Also adverse events
associated with excess
histamine release

Active metabolite (M6G)

Relief of moderate-to-
severe pain, particu-
larly that associated
with cancer, myocar-
dial infarction and
surgery

Oxycodone35 m-opioid receptor
agonist, with some
evidence of activity
at k-opioid
receptors

Typical of opioid
analgesicsb

Moderate-to-severe pain

Hydromorphone35 m- and d-opioid
receptor agonist

Typical of opioid
analgesicsb

Useful alternative to mor-
phine in the treatment
of moderate-to-severe
pain

Fentanyl35 m-opioid receptor
agonist

Typical of opioid
analgesicsb

Patch formulations have
been associated with
local skin reactions

Complicated
pharmacokinetics

Adjunct to general anaes-
thesia and as an
anaesthetic for induc-
tion and maintenance

Patch formulation primarily
for moderate to severe
pain

Methadone35 m-opioid receptor
agonist

Typical of opioid
analgesicsb

QT prolongation and tor-
sades de pointes have
been reported

Injection-site pain
Complicated

pharmacokinetics

Substitution therapy for
treatment of opioid
dependence

Pain sustained by NMDA
receptor activity

Moderate-to-severe pain

(continued )
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Certain population subgroups, such as those with a his-
tory of drug abuse, are at higher risk of opioid addiction50.
Dependency problems are more commonly associated with
non-cancer pain51–53; however, a recent systematic review
of clinical trials involving patients with long-term non-
cancer pain receiving opioids showed that signs of depen-
dence and misuse were relatively low and reported in
0.05% and 0.43% of patients, respectively18. An initial
assessment of a patient’s risk of opioid dependency
should be made before therapy begins, and regular moni-
toring and the use of screening instruments, such as the
Opioid Risk Tool, the Screener and Opioid Assessment for
Patients with Pain-Revised and the Screening Instrument
for Substance Abuse Potential, during treatment can be suc-
cessfully used to balance the efficacy of opioids whilst
minimising the risk of dependence54–56. Slow-release for-
mulations are most often preferable, but regardless of the
opioid used in the treatment of long-term pain, increased
communication between patients and their physician
about dependency concerns and unmet needs can greatly
improve pain management57. An agreement between the
patient and the treating physician should be made before
treatment begins to ensure that lack of either pain relief
or increased QoL results in discontinuation of the opioid
treatment.

New developments

Maintaining patient QoL and functionality whilst con-
tinuing to provide effective analgesia continues to be an
unmet need of patients with long-term pain, with up to
40% of patients from the European pain survey reporting
inadequate management of their pain. Moreover, a third of
respondents were not taking any pain medication and 14%
of these cases were because they discontinued earlier treat-
ment owing to side effects1. Both new treatment strategies
to improve tolerability to classical opioids (opioid-sparing

analgesics, co-administered peripheral opioid antagonists,
and alternative delivery mechanisms) and the develop-
ment of novel non-classical opioids with intrinsic sus-
tained efficacy and reduced side effect profiles, may help
to improve the care received by patients with long-term
pain.

Opioid sparing drug regimens: combination of
substances

Opioid-sparing drug regimens, where a non-opioid analge-
sic is given in addition to an opioid, can be used to help
reduce the total dose of opioids as a result of analgesic
synergy between the opioid and non-opioid agents. This
technique has proved particularly useful in patients with
neuropathic pain58, where agents such as controlled-
release oxycodone and pregabalin have been used in free
combination59. Some other examples include the use of
oxycodone and paracetamol in fixed-dose combination for
moderate-to-severe chronic pain60; and ketamine61, gaba-
pentin or pregabalin62 for post-operative pain. However,
the use of two different substance classes in this way can
lead to risks associated with drug–drug interactions as well
as additional side effects. Careful adjustment and monitor-
ing of both substances is, therefore, required to ensure that
efficacy is maintained whilst alleviating side effects63.

Peripheral opioid antagonists

The development of peripheral opioid receptor antagonists
have been designed to reduce opioid-induced bowel dys-
function by targeting opioid receptors in the gastrointesti-
nal tract, whilst preserving the central opioid receptor
activity of concurrently administered opioid analgesics.
Early preclinical and clinical studies of two such agents,
alvimopan and methylnaltrexone, demonstrated that both
of these agents were better than placebo at reducing the

Table 1. Continued.

Agent Structurea Opioid receptor bound Adverse effects Type of pain treated

Buprenorphine35
Partial agonist at

m-opioid receptors
(although analgesic
effect in humans is
equivalent to full
agonist activity) and
k-opioid receptor
antagonist

Typical of opioid analge-
sicsb; can be used in
patients with renal
impairment without
dose adjustment

Patch formulations have
been associated with
local skin reactions

Relief of moderate-
to-severe pain

Also used as substitution
therapy for treatment of
opioid dependence

aImages from the National Library of Medicine within the public domain (URL: http://chem.sis.nlm.nih.gov/chemidplus/).
bAdverse effects typical of opioid analgesics, the most common of which include nausea, vomiting, constipation, drowsiness and confusion. More serious effects
that are seen at higher doses include respiratory depression.

Current Medical Research & Opinion Volume 27, Number 2 February 2011

444 Opioid treatment for long-term pain Ahlbeck www.cmrojournal.com ! 2011 Informa UK Ltd



increased gastrointestinal transit time and constipation
caused by opioid treatment64. Moreover, they were associ-
ated with fewer adverse events compared with classical
opioids, while preserving opioid-induced analgesia. A sub-
cutaneous formulation of methylnaltrexone has now been
approved in Europe, Australia, Chile, Venezuela, Canada
and the US for the treatment of opioid-induced constipa-
tion, while alvimopan is not FDA-indicated for the treat-
ment of opioid-induced constipation due to safety
concerns after a phase III study65. A similar effect of ame-
liorating opioid-induced bowel dysfunction in patients
with severe long-term pain has been observed with treat-
ment of oral prolonged-release oxycodone/naloxone,
which combines a strong opioid receptor agonist with nal-
oxone, which serves as a peripherally acting
opioid receptor antagonist when given as an oral
formulation66–68. However, the strategy of peripheral
opioid antagonism may be less useful in chronic pain con-
ditions with a marked inflammatory component, such as
rheumatoid arthritis, where opioids have been shown to
provide analgesia and anti-inflammatory effects through
interaction with peripherally expressed k-opioid
receptors69,70.

Drug delivery mechanisms

In addition to the use of opioid sparing drug regimens/
combinations and peripherally acting opioid antagonists,
there have also been new developments in delivery mech-
anisms of classical opioids to improve tolerability.
Controlled transdermal delivery (in the form of patches)
of fentanyl and buprenorphine have been associated with
a lower incidence of constipation (compared with systemic
morphine) and in the case of transdermal buprenorphine,
CNS side effects (compared with other classical
opioids)71–75.

Novel molecular developments

Evidence is accumulating for the role of glial cell activa-
tion in pain modulation, including neuropathic pain states,
secondary to the release of neuroexcitatory and proinflam-
matory mediators76. The identification that opioids can
induce glial cell activation via nonstereoselective binding
to toll-like receptor 4 (TLR4) as a mechanism for opioid-
induced undesired effects such as tolerance, withdrawal,
respiratory depression and hyperalgesia77,78, has led to
interest in the development of glial cell modulators for
the reduction of opioid-induced side effects and enhance-
ment of opioid-induced analgesia79. One such agent, ibu-
dilast (AV-411), which suppresses glial cell activity and
has TLR4 activity, is in clinical development for the treat-
ment of neuropathic pain and for the enhancement of
opioid analgesia on the basis of preclinical data showing

efficacy in rat models of neuropathic pain, enhancement of
morphine activity and reduction in morphine tolerance
and withdrawal80. Other agents that improve the effi-
cacy of opioids in animal models include minocycline,
propentofylline (SLC022), interleukins, soluble tumour
necrosis factor receptor, and TLR4 antagonists80.

Respiratory depression is one of the most feared opioid-
related side effects and can limit opioid effectiveness, par-
ticularly in the postoperative setting. Whilst respiratory
depression can be effectively treated by the opioid antag-
onists naloxone and naltrexone, analgesic efficacy is also
reduced. Agents such as the a-amino-3-hydroxy-5-methyl-
4-isoxazole-proprionic acid (AMPA) receptor agonists
(ampakines) and minocycline have been shown to sup-
press opioid-induced respiratory depression without
affecting analgesic efficacy81,82. Serotonin (5-hydroxy
tryptamine,5-HT) agonists, by virtue of the role of 5-HT
neurones in the maintenance of respiratory drive, have
also been evaluated for the suppression of opioid-induced
respiratory depression, but not found to be effective82.

In contrast to the approaches designed to mitigate the
adverse effects of classical opioids outlined above, novel
non-classical molecules with similar efficacy but reduced
side effects are in clinical development. One such example
is tapentadol, a novel centrally acting analgesic combining
two mechanisms of action, m-opioid receptor agonism
and noradrenaline reuptake inhibition, in a single mole-
cule83,84. Preclinical studies of tapentadol have shown that
it is effective at relieving pain in a number of different pain
models including nociceptive, inflammatory, visceral,
mono- and polyneuropathic models. A role of noradrena-
line in the analgesic efficacy was directly demonstrated in
some of the models84. The two different mechanisms of
action of tapentadol are thought to provide an opioid-spar-
ing effect for patients, thereby reducing opioid-related side
effects. The analgesic efficacy is only two to three times
lower than that of morphine despite a 50-fold lower affin-
ity for the m-opioid receptor84,85. In contrast to combining
two separate drugs with different mode of action, the com-
bination of two analgesic mechanisms in one drug has the
added benefit of allowing the targeting of different pain
systems without disruption of efficacy owing to problems
with drug–drug interactions. Clinical studies have con-
firmed the preclinical findings that tapentadol provides
effective relief of nociceptive and neuropathic pain and
is associated with a lower incidence of adverse events
compared with oxycodone, leading to a lower treatment
discontinuation rate84,85.

Conclusions

Classical opioids are important in the management of
long-term pain and have the potential for wider use
amongst the general population in carefully selected
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patients. Current management of patients with long-term
pain using opioids is often limited by side effects, which
can lead to insufficient pain relief and patient discontinu-
ation of treatment. Dependency on opioids, particularly in
non-cancer pain, is an adverse effect frequently feared by
the patient and physician; however, this can often be
avoided by maintaining regular physician–patient contact,
which has the added benefit of making treatment more
effective. Treatment of long-term pain with classical opi-
oids should not be completely avoided, although the
choice of opioid used for treatment should be considered
carefully and be based on sound scientific knowledge
rather than physician preferences or local prescribing tra-
ditions. There remains a need to improve the balance
between the efficacy and side effects of analgesics used in
the treatment of long-term pain, so that patients receive
adequate pain relief in addition to improvements in QoL.
A variety of agents are in development without intrinsic
opioid activity that reduce opioid-related side effects and
enhance opioid analgesia, the most promising of which
appear to be the glial cell modulators and ampakines. In
addition, tapentadol, a new compound with combined
opioidergic and monoaminergic activity within the same
molecule has recently been registered, representing a new
drug class (MOR-NRI), having similar efficacy to classical
opioids, but being associated with fewer and less severe side
effects. Innovative treatments with these properties would
hopefully reduce the number of treatment discontinua-
tions, which would in turn improve patient QoL. Several
clinical studies of new treatments for long-term pain are
currently taking place, and the results of these trials are
eagerly awaited for the future of long-term pain
management.
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