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Pain management in primary care
relies on a combination of pharma-
cological and nonpharmacological
treatments. Opioid analgesics are
widely employed but long-term use
can lead to side-effects and issues
including drug tolerance. In this arti-
cle, Anthony Dickenson considers
tapentadol, the first in a new class of
centrally acting analgesics with two
mechanisms of action in a single mol-
ecule and the promise of fewer side-
effects than pure opioid agonists.

Pain is a sensory event with a
threshold, intensity and loca-
tion, but unlike touch, taste,

vision, smell and hearing, pain pos-
sesses an automatic psychological
component: for most, pain is
unpleasant, threatening and aver-
sive. The sensory and affective com-
ponents of pain arise from spinal
pain pathways running to both cor-
tical and limbic areas of the brain.
Pain has the unique ability to alter
normal brain function, and
chronic pain has substantial social
and economic impacts and is 
associated with a number of 
co-morbidities, such as depression,
anxiety and sleep disorders. 

There is a clear unmet need in
many types of pain, one example
being the NNTs for the drugs used
in neuropathic pain being about 4.
Although this is better than some
other therapeutic areas, large num-

bers of patients are left with mod-
erate to severe persistent pain.
There are few controlled studies on
the control of pain in osteoarthritis
(OA), although this is more preva-
lent than neuropathic pain, and in
many cases the unwanted side-
effects of analgesics prevent ade-
quate pain control.

The complex pathways of pain
involve a number of mechanisms
situated at different sites within the
CNS, with the spinal cord and
brainstem playing key roles in the
modulation of painful messages.
Opioids act on the mu-opioid
receptor (MOR) to reduce spinal
transmitter release from afferent
pain fibres, subdue spinal neuronal
activity, and act on brainstem mech-

anisms to switch descending excita-
tory controls off and inhibitions
on. Thus opioids inhibit at spinal
levels, and in addition the descend-
ing controls from the brain back to
the spinal cord move towards
inhibitory functions.1

However, there are both patient
and animal data available to suggest
that opioid controls may be
reduced after neuropathy.2,3

Descending controls, themselves
originating and being controlled by
limbic and cortical function, use
the monoamines noradrenaline
(NA) and 5-hydroxytryptamine
(5HT), which are heavily impli-
cated in mood, sleep and fear.
These supraspinal controls do not
simply inhibit, and preclinical data
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Tapentadol: a novel analgesic for
treating moderate to severe pain

Figure 1. The complex pathways of pain include both ascending and descending controls; tapentadol is

an opioid agonist that also enhances descending inhibitory pain pathways
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suggest that, whereas 5HT can both
reduce and enhance pain, NA has
a prominent inhibitory action,
mediated through the activation of
alpha2-adrenoceptors.

4-6

These receptors are present in
high density within superficial lam-
inae of the dorsal horn, and are
located on primary afferent termi-
nals and postsynaptic dorsal horn
cells, alongside the opioid recep-
tors.7,8 Alterations in noradrener-
gic inhibitory controls during
pathological pain are well docu-
mented, indicating that an other-
wise tonically active noradrenergic
inhibition of spinal neurones is
reduced after nerve injury.9-11

Therefore, it seems that in many
pathological pain states, peripheral
nerve injury included, there is a
shift in the balance of descending
controls, such that increased sero-
tonergic facilitations are matched
by reduced noradrenergic inhibi-
tions. 

This explains the antinocicep-
tive capacity of alpha2-adrenocep-
tor activation in animal behavioural
models of acute and persistent pain
by restoring an important control,
and moreover explains the clinical
analgesia produced by clonidine’s
partial agonism of spinal alpha2-
adrenoceptors in patients with neu-
ropathic pain.12 Activation of these
inhibitory receptors reduces pain
by inhibiting neurotransmitter
release from primary afferent
fibres and suppressing excitability
of dorsal horn neurones.13,14

Thus, activation of opioid recep-
tors should produce analgesia
through spinal and supraspinal
mechanisms, and increased NA lev-
els should produce activation of
alpha2-adrenoceptors at spinal lev-
els. As a result, there is potential
within the MOR agonist and nora-
drenaline-reuptake inhibitor
(MOR-NRI) mechanism to allow

for pharmacological and site syn-
ergy within one molecule. 

TAPENTADOL HYDROCHLORIDE

Tapentadol hydrochloride (HCL)
is a centrally acting oral analgesic.
It has been undergoing registration
in the EU, and in August 2010 a
positive conclusion of the decen-
tralised procedure will now lead to
marketing authorisations in 26
European countries. Tapentadol IR
will be indicated for the relief of
moderate to severe acute pain, and
the prolonged-release formulation
for management of severe chronic
pain in adults that can only be ade-
quately managed by opioids.

Tapentadol provides analgesia
through two mechanisms of action
(MOR-NRI )in a single molecule. It
is a full MOR agonist, but is about
50 times less potent than mor-
phine, and the same molecule acts
as an NRI and so increases levels of
the transmitter that in turn leads to
analgesia through activation of the
inhibitory alpha2-adrenoceptors.
This dual action means that the
NRI component may allow opioid-
sparing effects. There are a num-

ber of preclinical studies on its
mechanisms as well as phase 2/3
clinical studies, which provide
examples of preclinical data trans-
lating well to the patient.

Opioids can produce active
metabolites that contribute to anal-
gesia and/or side-effects, and in
the cases of tramadol and codeine
their full pharmacological actions
rely on metabolites. By contrast,
nine tapentadol metabolites failed
to produce analgesia in the tail-
flick, and in the easily modulable
writhing test in mice only five of
these metabolites were active.15

The analgesia correlated with mod-
erate activity at the NA transporter
or MOR; however, after administra-
tion of therapeutic oral doses of
tapentadol in humans, systemic lev-
els of these metabolites were at least
40 times less than the active con-
centrations. Thus the pharmaco-
logical actions of tapentadol appear
to reside within the parent mole-
cule and not via metabolites, allow-
ing for consistent effects over
time.16

Studies in animals using in-vivo
intracerebral microdialysis showed
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Figure 2. Mean change from baseline in pain intensity showing equivalent efficacy for tapentadol 

prolonged release and oxycodone controlled release compared with placebo (after reference 35)
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that analgesic doses of tapentadol,
unlike morphine, produce over
400% increases in the brain levels of
NA. Minimal effects on 5HT levels
were noted, further separating the
drug from the earlier drug tra-
madol.16 The lack of any marked
effect on levels of 5HT might be
expected to improve analgesia,
since there are considerable preclin-
ical data showing that 5HT has
pronociceptive actions, including
central effects through certain
descending facilitatory controls that
use the 5HT3 receptor; further-
more, these pain-enhancing 5HT
drives increase in pathophysiologi-
cal states such as neuropathy.17

The lack of a 5HT component
to the molecule may not solely lead
to improved analgesia: it may also
reduce nausea and cause less gas-
trointestinal effects. 5HT is a key
molecule in these functions, and
levels of the transmitter in the
enteric nervous system exceed
those in the brain.

EFFICACY

An impressive number of acute
and chronic pain models have

been used to show efficacy, includ-
ing models of nerve injury. The
drug was effective in several tests
of acute pain, but importantly also
in more persistent models.
Although tapentadol has a 50-fold
lower binding affinity to MOR
than morphine, the analgesic
potency of tapentadol was only
slightly lower in animal pain mod-
els. This shift may result from the
NA component leading to an 
opiate-sparing effect through the
parallel noradrenergic activation
of alpha2-adrenoceptors on pain
pathways. 

The importance of this dual
MOR-NRI mechanism in the
actions of tapentadol is demon-
strated by reversal of the analgesia
in a neuropathic model by an
alpha2-adrenoceptor antagonist, as
well as the MOR antagonist nalox-
one. Tolerance to the analgesic
effect of morphine was more rapid
compared to tapentadol.16

A very recent study in an ani-
mal model of diabetic neuropathy
showed that morphine was slightly
less potent than tapentadol on
thermal hyperalgesia, but in the

normal control animals the effects
of 1mg per kg tapentadol were
minimal whereas morphine was
antinociceptive. Thus, although
tapentadol is an analgesic at suit-
able doses, it can act as a selective
antihyperalgesic after diabetic
neuropathy, possibly through a
greater contribution of alpha2-
adrenoceptors.18 This potential
sparing of normal transmission,
while attenuating abnormal patho-
physiological events, could be clin-
ically important. 

Obviously the preclinical data
need verification in patients. In a
recent review of the clinical profile
of the drug, based on data from
dental extraction pain, post-
bunionectomy surgery pain, OA
pain and low back pain, it was con-
cluded that ‘tapentadol appears to
be a well-tolerated and effective
analgesic for the treatment of
moderate to severe acute pain’.
These phase 2/3 trials reported
secondary effects that varied but
primarily involved the gastroin-
testinal system and the CNS; how-
ever, the former seemed less
affected after taking tapentadol
compared to oxycodone.19 Thus,
the preclinical data translate well
to patients. 

In a study on acute pain, a ran-
domised, controlled, phase 3 trial
on patients with moderate-to-
severe pain following bunionec-
tomy compared tapentadol IR
50mg, 75mg and 100mg to oxy-
codone HCl IR 15mg, using a pri-
mary end-point of the sum of pain
intensity difference as well as other
pain relief, impression of change
and rescue medication meas-
ures.20 Both tapentadol IR (50mg,
75mg and 100mg) and oxycodone
HCl IR 15mg were significantly
better than placebo, and tapenta-
dol IR 100mg and oxycodone HCl
IR 15mg produced equivalent
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Figure 3. Percentage of patients discontinuing treatment, with patients taking oxycodone 

discontinuing significantly earlier than those on tapentadol and placebo (after reference 35)
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analgesia. However, tapentadol
had a lower incidence of nausea
and/or vomiting. Thus, with com-
parable efficacy, tapentadol IR
100mg has improved gastrointesti-
nal tolerability compared with oxy-
codone HCl IR 15mg.

Tapentadol was compared to
morphine and placebo in another
acute pain model: moderate-to-
severe postoperative dental pain.
Mean total pain relief over eight
hours (TOTPAR-8) was the pri-
mary end-point;21 in the 400
patients, compared with placebo,
mean TOTPAR-8 was significantly
greater for tapentadol HCl
50–200mg, morphine 60mg and
ibuprofen 400mg. Pai- relief
scores with morphine fell between
those of tapentadol HCl 100mg
and 200mg. The incidence of nau-
sea and vomiting appeared to be
lower with all doses of tapentadol
HCl compared with morphine
60mg, but was not statistically 
significant.

In terms of inflammatory pain,
a trial compared tapentadol IR with
oxycodone IR and placebo in
patients with uncontrolled OA pain
of the hip or knee – end-stage
degenerative joint disease.22

Tapentadol IR 50mg and 75mg and
oxycodone HCl IR 10mg produced
significant reductions in pain inten-
sity compared with placebo, and
tapentadol was noninferior to oxy-
codone. A difference was seen
between the drugs in terms of side-
effects, since nausea, vomiting, and
constipation were less common
with tapentadol; this was also asso-
ciated with a lower incidence of dis-
continuation. Thus equivalent pain
control and increased tolerability
were seen with tapentadol com-
pared to oxycodone in this 10-day
study.

A longer study in patients with
hip or knee OA, and also patients

with low back pain, included over
800 patients; 57% of patients tak-
ing tapentadol and 51% taking
oxycodone completed the study.23

Intent-to-treat analysis using the
odds ratios showed comparable
incidence of somnolence, dizzi-
ness and analgesic effects,
although nausea, vomiting and
constipation were less likely with
tapentadol IR compared with oxy-
codone IR.

A number of poster presenta-
tions on the clinical effects of
extended-release tapentadol have
been presented in the last year
with efficacy in patients with OA,
diabetic neuropathy and also low
back pain,24-31 and very recently
certain full studies have been pub-
lished. Firstly, efficacy was assessed
in about 1000 patients who
received tapentadol ER, oxy-
codone CR or placebo for a three-
week titration period followed by
a 12-week maintenance period for
chronic osteoarthritis-related knee
pain.32 Tapentadol ER and oxy-
codone CR significantly reduced
average pain intensity but there
were lower incidences of 
gastrointestinal-related side-effects
associated with tapentadol than
with oxycodone.

In another large trial in patients
with moderate to severe chronic
low back pain, tapentadol ER and
oxycodone CR significantly
reduced average pain intensity ver-
sus placebo but the odds of experi-
encing constipation or nausea
and/or vomiting were significantly
lower with tapentadol ER than with
oxycodone CR.33 In a long-term
safety study in patients with chronic
knee or hip osteoarthritis pain or
low back pain, adjustable, oral,
twice-daily doses of tapentadol ER
(100–250mg) or oxycodone HCl
CR (20–50mg) were studied for up
to one year.34 Mean pain intensity

scores in the tapentadol ER and
oxycodone CR groups were both
7.6 at baseline and reduced to 4.4
and 4.5 respectively. 

The overall incidence of 
treatment-emergent adverse events
(TEAEs) was 85.7% in the tapenta-
dol ER group and 90.6% in the oxy-
codone CR group, with
discontinuation in 22.1% and
36.8% of patients respectively.
Gastrointestinal TEAEs led to dis-
continuation in 8.6% of those
treated with tapentadol and 21.5%
of those with oxycodone. 

A recent analysis of the pooled
data from three studies in patients
with chronic osteoarthritis knee or
low back pain35 showed that tapen-
tadol PR was better than oxy-
codone CR on patient global
impression of change, Short Form-
36 domains (but not general
health) and the EuroQol 5-
Dimension health status index. The
data on pain control revealed that
tapentadol PR (100–250mg twice
daily) had equivalent efficacy to
oxycodone HCl CR (20–50mg
twice daily) but better gastrointesti-
nal tolerability profile and fewer
treatment discontinuations (see
Figures 2 and 3). 

In these different chronic pain
studies the drug may benefit from
its dual MOR-NRI action since
some forms of back pain are likely
to differ from nociceptive pain (eg
in OA) and neuropathic pain (eg
diabetic neuropathy) by having
components of each.

CONCLUSION

The MOR-NRI concept has been
established from a number of pre-
clinical studies, and the clinical
data clearly show that tapentadol
has efficacy in a wide range of
severe pain conditions. Whereas
NSAIDs have efficacy in 
inflammatory conditions and 
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anticonvulsants can reduce neuro-
pathic pain, tapentadol appears to
bridge the gap as the opioid and
NA uptake effects allow the drug to
work across the boundaries of dif-
ferent pain states. Interestingly, the
lack of 5HT action in the mole cule
has produced a far more effica-
cious analgesic than tramadol,
which blocked the uptake of both
NA and 5HT. This can be predicted
by our understanding of the rela-
tive roles of NA and 5HT in pain
from preclinical studies.17

The pharmacological profile
has also demonstrated better toler-
ability than with pure opioids in
terms of side-effects, especially nau-
sea and gastrointestinal problems.
A very recent study suggests, based
on differential effects of alpha2-
adrenoceptor and opioid receptor
antagonists, that the MOR action
may predominate in acute or
milder pains, and the NRI action
gains in dominance in the more
persistent models.36

Obviously, clinical experience
with the drug is needed over longer
periods of time, but the early data
suggest that tapentadol with its
novel MOR-NRI action should be a
useful agent in the fight against
severe pain. The pharmacology of
the drug is clearly different from a
pure strong opioid, yet the opioid
component distinguishes it from
tricyclic antidepressants and sero-
tonin-norepinephrine reuptake
inhibitors. The NRI component
should allow for inherent opioid-
sparing actions of the molecule.
Therefore, tapentadol should be
considered as a different option for
controlling pain from a number of
causes.
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