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Clinical studies comparing the response and side effects of various opioids have not been able to show robust differences between
drugs. Hence, recommendations of the regulatory authorities have been driven by costs with a general tendency in many countries to
restrict physician’s use of opioids to morphine. Although this approach is recognized as cost-effective in most cases there is solid
evidence that, on an individual patient basis, opioids are not all equal. Therefore it is important to have an armamentarium of strong
analgesics in clinical practice to ensure a personalized approach in patients who do not respond to standard treatment. In this review
we highlight differences between opioids in human studies from a pharmacological, experimental, clinical and health economics point
of view. We provide evidence that individuals respond differently to opioids, and that general differences between classes of opioids
exist. We recommend that this recognition is used to individualize treatment in difficult cases allowing physicians to have a wide range
of treatment options. In the end this will reduce pain and side effects, leading to improved quality of life for the patient and reduce the

exploding pain related costs.

Introduction

Pain is the most common reason for individuals seeking
medical care in the Western World and opioids are increas-
ingly used to treat different types of pain. Although opioids
have many side effects and their use has been associated
with dependence, increasing misuse and mortality, no
other strong analgesics can substitute for these drugs.Ran-
domized studies provide little evidence that, at equi-
analgesic doses,commonly used opioids differ markedly in
their side effects. In head to head comparisons, most
studies have failed to show relevant differences between
drugs on a population level. In fact major variability
between consumption of different opioids between coun-
tries is seen, even though they share borders and their
populations are thought to have the same genetic and
cultural background.This is illustrated in Table 1 using data

from ‘The International Narcotics Control Board’ Hence,
one can speculate that selection of opioids is driven by
local traditions in medical practice rather than rational
pharmacotherapy [1]. Accordingly, there has been pressure
from regulatory authorities to restrict opioid use to the
cheapest drugs. On the other hand, clinical experience and
case reports suggest that on an individual patient level,
some patients respond to certain opioids but are intoler-
ant to others. Furthermore, pharmacological, experimental
and clinical data support that there are major differences
between opioids, and that, for example, switching from
one opioid to another results in improvement of symp-
toms or less side-effects in more than 50% of patients [2].
Hence, both the National Cancer Institute, the American
Pain Society, the British Pain Society and The European
Association for Palliative Care recommend that several
opioids should be available for the clinicians to ensure an
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Table 1

Differences between opioids BJCP

Estimated requirements of narcotic drugs for 2011 in four European countries: Denmark, the Netherlands, United Kingdom and Germany. Numbers refer to
total of estimated grams according to The International Narcotics Control Board — http://www.incb.org. The difference in populations should be taken into
consideration (factors 15:5:1.5:1). Note that some medications (e.g. oripavine, etorphine) may not necessarily be used therapeutically

Opioid Denmark
Alfentanil 350
Codeine 1800 000
Concentrate of poppy straw =
Dextromoramide -
Dextropropoxyphene 100 000
Dihydrocodeine -
Dihydroetorphine -
Diphenoxylate 1000
Ethylmorphine 500
Etorphine 12
Fentanyl 10 000
Heroin 55 000
Hydrocodone 10 000
Hydromorphone 7 000
Ketobemidone 50 000
Levorphanol 1
Methadone 200 000
Methadone intermediate -
Morphine 300 000
Morphine-N-oxide 1
Nicomorphine 5000
Norcodeine 1
Opium 60 000
Oripavine 1
Oxycodone 400 000
Oxymorphone 1
Pethidine 75 000
Pethidine intermediate -
Pholcodine 1
Piritramide -
Remifentanil 1200
Sufentanil 12
Thebaine 1
Tilidine -

Countries
Netherlands United Kingdom Germany
500 6 000 2300
450 000 63 000 000 5506 000
- 90 000 000 -
30 000 15 000 5
1000 2 000 000 2 005 000
- 14 700 000 170 000
1 - 1
- - 40010
3000 - 250
1 50 1
32000 175 000 400 000
225 000 100 000 55 000
10 1000 200
5 000 30 000 400 000
- - 250
350 000 3370000 3600 000
- 3500 000 -
250 000 9 500 000 1850 000
- - 1
1000 - -
- - 1
10 000 - 300 000
- - 1
350 000 3000 000 2200 000
500 - 25 000
25 000 1000 000 2 000 000
- 1500 000 -
80 000 1000 000 1
14 000 - 146 000
420 4000 5500
100 500 700
200 000 25000 025 3104 000
- - 49 020 000

optimal and individualized treatment approach [3, 41. In
this light it is of major concern that some national recom-
mendations appear to neglect the fact that inter-individual
variability in pharmacodynamics and pharmacokinetics
results in some patients responding more favourably to
one opioid than to another.The same trend has been seen,
for example, in depression which shares many pathogenic
mechanisms with pain, where the effect of treatment is
markedly increased if the whole spectrum of available
drugs is used [5].

Opioid prescriptions have increased dramatically over
the past 20years and some opioids have become very
popular. This is likely to be due to solid marketing from
the pharmaceutical industry rather than due to scientific
knowledge. Hence, reported data have often been of poor
quality and may have been biased for marketing pur-
poses. It is therefore the responsibility of the scientific

community to question these data and move towards
more evidence based practice, e.g. reporting of data span-
ning from basic research to clinical trials that looks into
differences between opioids and the inter-individual
response to treatment with these drugs. The aim of the
current review is to highlight differences between opioids
from a pharmacological, experimental and clinical point
of view. Although the data are supported by abundant
animal experiments, we have mainly restricted the litera-
ture to human studies. Even though clinical pain studies in
humans are biased by many confounders they are still
considered the gold standard, and the examples we have
used in the more basic sections are mainly included to
support the bridge from basic science to the clinical situ-
ation. Due to the major costs of pain and its treatment to
society, health economic considerations are also taken
into consideration.
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Pharmacology of opioids

The chemical structure of opioids is subdivided into
those based on (i) the 4,5-epoxymorphinan ring, such as
morphine, codeine, oxymorphone, oxycodone, buprenor-
phine,hydromorphone and hydrocodone, (ii) the phenylpi-
peridines such as alfentanil, fentanyl and sufentanil and (iii)
the diphenylheptylamines such as methadone (Figure 1).
Although these compounds differ in chemical structure,
physicochemical properties and in pharmacokinetics they
have one common feature, which is their interaction with
the mu (u) opioid receptor as the primary target. Despite
this similarity, large differences in the clinical responses
(efficacy, effectiveness, toxicity and safety) are seen
between the classes of opioids. Furthermore, there are also
major inter-individual variations in the response to the
single opioid. An important cause of this inter-individual
variability is thought to be of pharmacogenetic nature.To
facilitate understanding of individual responses in phar-
macokinetics of opioids which may be reflected in the
clinic as an insufficient response and/or intolerable side
effects, the general aspects of pharmacokinetics (absorp-
tion, distribution, metabolism and elimination) will be
explained in the following sections.

Absorption

The majority of opioids i.e. morphine, oxycodone, hydro-
morphone, methadone, ketobemidone, tramadol, tapenta-
dol, fentanyl, sufentanil, buprenorphine and codeine all
show a high gastrointestinal permeability, and thus they
are readily and completely absorbed from the gastrointes-
tinal tract following oral administration. However, the bio-
availability of fentanyl, sufentanil and buprenorphine is

CH3CHZCON @N‘CHzCHz‘@

Fentanyl (the phenylpiperidines)

Morphine (the 4,5
epoxymorphinans)
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Methadone (the diphenylheptylamines)

Figure 1

Chemical structural formulae for examples of drugs belonging to the
three main classes of opioids

62 / 75:1 / Br] Clin Pharmacol

very low and highly variable since these opioids are sub-
jected to high hepatic first pass metabolism [6-10]. As a
consequence they are not available in pharmaceutical
formulations intended for oral administration. Recent
research has revealed that low and variable bioavailability
seen after oral administration may partly be explained by
the substances being substrates for transporters present in
the intestinal epithelium [11]. Drug transporters are
present all over the body in the gastrointestinal tract, in the
kidneys, in hepatocytes and at the blood-brain barrier. The
two main families of drug transporters of relevance to
opioid pharmacokinetics are (i) the ATP binding cassette
(ABC) efflux transporters [e.g. P-glycoprotein (P-gp)], which
restrict the passage and (ii) the solute carrier (SLC) influx
transporters which facilitate the passage [12]. An example
of the SLC influx transporters is OCT1 (SLC22A1) which has
recently been linked to tramadol M1 metabolite pharma-
cokinetics [13]. The P-gp transporters are subject to natu-
rally occurring genetic variations [14], whereas the genetic
variation in SLC transporters is not yet fully elucidated.
Clinical studies on SLC transporters in peripheral tissue do
not yet exist [15], but it should be expected that genetic
differences may explain variation in opioid absorption and
explain insufficient responses on the individual level. Also
as stated above the classes of opioids are expected to have
different affinities for the transporter systems and this may
explain more generalized variability in their clinical effects.

Distribution

After being absorbed the opioids distribute throughout
the body tissue i.e. the site of main action within the
central nervous system (CNS). To reach the CNS opioids
have to cross the blood-brain barrier. Fentanyl, morphine
and methadone have been shown to be substrates for the
P-gp efflux transporters (Table2) [16, 17]. The clinical
aspects of fentanyl have been confirmed in a single human
study, where an increased respiratory depression was seen
in patients with a decreased P-gp expression [18]. Oxyc-
odone is not a substrate for the P-gp efflux transporters,
but it is substrate for the SCL influx transporters [19, 20],
thus being actively transported into the brain. Most of the
research elucidating the transport of opioids across the
blood-brain barrier has been done in rodents and thus
caution should be taken when extrapolating the findings
to humans. However, as for the absorption, this may play a
role in treatment heterogeneity.

Metabolism

After absorption most opioids undergo first pass metabo-
lism in the liver and here there are major differences
between classes of drugs as well as individual differences
in responses to the same opioid. The chemical class phe-
nylpiperidines are metabolized by CYP3A4. This enzyme
has many genetic polymorphisms but until recently none
has been shown to be of major clinical relevance.However,
a newly discovered single nucleotide polymorphism may



Table 2

Chemical and biological differences between commonly available opioids

Differences between opioids BJCP

Receptor

binding

Chemical
structure Drug (+) or
References Opioids class prodrug (-)
[41, 43, 45, 55, 56, 61] Codeine 1 -
[11, 43, 47, 50, 57] Fentanyl 2
[41, 46] Hydromorphone 1 NA
[11, 41, 43, 50, 51, 57] Methadone 3 +
[11, 43, 47, 50, 57] Morphine 1 +
[42, 47, 51] Oxycodone 1 *
[11, 41, 47, 52, 53] Tilidine 2 -
[41, 49, 54] Tramadol 2 -
[41, 44, 48, 54] Tapentadol 2 +

Receptor Log P values Drug P-gp efflux
internalization (pH 7.4) transporters
- 1.19 -
+ 4.12 Substrate
+ 1.82 Substrate
+ - -0.21 Substrate
++ - 1.26 Non-substrate
NA - -
NA 1.35 (pH 7.0) Non-substrate
- 2.87 -

Chemical structure class: 1:Class 1: 4,5-epoxymorphinan ring; 2: Class 2: phenylpiperidines; 3: Class 3: diphenylheptylamines. Receptor binding: + = agonist. The number of symbols
indicates potency. Receptor internalization: = induce/do not induce receptor internalization. Log P = Partition coefficient. Drug P-gp efflux transporters are analyzed by using using

cell cultures or in vivo animal techniques. NA, not available.

change this view [21]. On the other hand, there is no evi-
dence of the CYP3A4 metabolites of the phenylpiperidines
being pharmacologically active [22, 23].

Within the class 4,5-epoxymorphinans (which addition-
ally are alkyl esters at the 3-phenolic hydroxyl group i.e.
codeine, hydrocodone and oxycodone) drugs are subject
to O-dealkylation, catalyzed by CYP2D6 enzymes. In this
way codeine is metabolized to morphine [22, 24], hydroc-
odone to hydromorphone and oxycodone to oxymor-
phone [22, 25, 26]. These metabolites are analgesic and
often possess higher potency at the | receptor than their
parent compounds. For opioids belonging to this class,
individual difference in metabolism may therefore resultin
unpredictable clinical responses. Up to 10% of Caucasians
(and varying proportions of other populations) lack
CYP2D6 activity. These patients experience little analgesia
from codeine.CYP2D6 gene duplication on the other hand,
found in 3% of Caucasians, is associated with ultrarapid
metabolism of codeine to morphine [27]. These patients
are more susceptible to both the beneficial and adverse
effects of codeine. There have been a number of case
reports of fatal neonatal opioid toxicity in children who
were breastfed by CYP2D6 ultrarapid metabolizing
mothers [28]. However, genetic variation in CYP2D6 has
not been found to be associated with clinical variability in
response to the strong opioid oxycodone, but it has been
reported to affect experimental pain responses [29, 30].
Tramadol is metabolized to the active metabolite M1
(O-desmethyl tramadol). In this demethylation process
CYP2B6 and CYP2C19 also play an active role, and hence
individual differences in these enzymes may explain clini-
cal findings of individual tolerability and effect [31]. Apart
from the examples above, the possible impact of genetic
polymorphism on opioid kinetics and dynamics have been
thoroughly reviewed by Somogyi et al. [12]. In conclusion,
with regard to influencing heterogeneity in the overall

clinical opioid response, the most important genetic poly-
morphism remains that of CYP2D6, although more clinical
studies are needed to reach a final conclusion.

Opioids of the 4,5-epoxymorphinan class are also
subject to N-dealkylation. This results in nor-derivatives,
which bind to the p receptors, but show lower affinities
than the parent compounds. The N-dealkylation is mainly
catalyzed by CYP3A4, which as mentioned above does not
show any genetic polymorphism but, however, it shows
clinically relevant variation between subjects. Finally, 4,5-
epoxymorphinans containing free hydroxyl groups (e.g.
morphine, codeine, hydromorphone, buprenorphine) are
subject to glucuronidation. The glucuronides formed at
the 6-aliphatic hydroxyl group i.e. codeine-6-glucuronide
[32] and morphine-6-glucuronide [33] are in general
believed to be analgesically active. The glucuronidation is
primarily mediated by the UDP glucuronosyltranferase
UGT2B7. This enzyme shows genetic polymorphism.
However the in vitro and in vivo functional significance is
not obvious [34, 35] and results from studies on the clinical
impact of this polymorphism are contradictory [36-38].
Furthermore, some metabolites such as morphine-3-
glucuronide are thought to be toxic.

Methadone, a representative of the diphenylhepty-
lamines, is metabolized by cytochrome P450 (CYP) iso-
forms to a stable metabolite 2-ethylidene-1,5-dimethyl-
3,3-diphenylpyrrilidine. The CYP isoform involved in the
metabolism of methadone is thought to be CYP3A4, but
probably also CYP2B6, CYP2D6 and CYP2B19 are involved
[12, 39]. Genetic polymorphisms for these enzymes are
described above.

Even though many aspects of metabolism are still dis-
puted,individual differences in the complex metabolism of
opioids will invariably be the case for some patients, and
thus some opioids may not alleviate pain whereas others

have more effects than expected (and more side effects).
/ 75:1
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As a consequence there has been a growing interest in the
pharmacogenetics of strong opioids, i.e. whether an indi-
vidual’s genetic makeup may influence response to mor-
phine and other opioids. In the past year a number of
papers have been published exploring genetic factors
associated with variation in daily opioid dose, opioid side
effects and pain relief [40-42]. Hence, genetic testing has
the potential to facilitate the choice of the right dose of the
right opioid for each individual patient. To date however,
the functional and clinical applicability of these data are
uncertain and any apparently positive results have yet to
be tested and replicated in a prospective population. Until
then selection of opioids, such as fentanyl, with low inter-
subject variations within the pharmacokinetic parameters
and with few or no active metabolites will be a rational
approach.

Excretion

The vast majority of opioids are excreted as metabolites
though the kidneys. Thus for substances transformed to
pharmacologically active metabolites, decreased kidney
function may influence the overall clinical effect due to
accumulation of the metabolites and this may explain dif-
ferences in effects and side effects between opioids. The
best described examples of clinically relevant active
metabolites are morphine-6-glucuronide and morphine-3-
glucuronide. As stated above the 6-glucuronide is thought
to be an active analgesic like the parent compound, mor-
phine. Although the potency ratio to morphine still
remains to be established it plausible that in steady-state
conditions and in patients with impaired kidney function it
contributes more to analgesia. Results from some studies
have suggested the 3-glucuronide possess anti-analgesic
and excitatory effects. However results from other studies
have failed to prove that. Thus clinical relevance of accu-
mulation of this metabolite in patients with impaired
kidney function still remains controversial [43].

Receptor binding

The drugs also differ with respect to their receptor binding
[12,44-61] (Table 2).For the majority of the commonly used
opioids interaction with the L receptor is the most impor-
tant. Additionally interaction with the kappa (k) receptors
might also be essential for overall effects of some opioids
like buprenorphine [62] and oxycodone [55, 56]. Buprenor-
phine (or its metabolite norbuprenorphine) may also have
effect on the delta () receptors involved in hyperalgesia
[63]. Although data about receptor binding are based on
both animal and human studies, interaction with the
N-methyl-D-aspartate receptor may in humans contribute
to the analgesic effects of opioids like methadone and
ketobemidone [64, 65]. For tramadol the serotonin and
norepinephrine re-uptake blocking effects seem to play a
major role in the analgesic effects [66]. Tapentadol has addi-
tional analgesia due to increased downstream inhibition
from the brainstem on the spinal cord that is facilitated via

64 / 75:1 / Br] Clin Pharmacol

norepinephrine re-uptake inhibition [67]. However,even for
opioids acting primarily by binding to the u receptors there
are differences in the achieved analgesic profile, this being
mainly due to differences in affinity to and efficacy at
the receptor and thus the overall potency. Along this
line sufentanil, fentanyl and buprenorphine are being
regarded as high potency opioids, methadone, oxycodone,
morphine, ketobemidone and hydromorphone as medium
potency opioids and codeine, hydrocodone, tramadol and
tapentadol as low potency opioids. Further, as outlined
above some of the opioids (morphine, codeine, tramadol,
buprenorphine, hydromorphone, oxycodone and hydroc-
odone) have metabolites, which also bind to the receptors
and thus might contribute to the overall analgesia.The best
known and most elucidated example is again morphine-6-
glucuronide [44]. Due to differences in up-regulation of
receptors and variability in the pain picture (e.g. neuro-
pathic pain and hyperalgesia) opioids will have different
effects from a theoretical point of view.

Experimental pain studies

Basic physiological studies in animals have shed light on
many pharmacological mechanisms and a series of animal
studies has shown that major differences between opioids
exist [68]. Although of major importance, the scope of this
paper is not to review animal studies and for a recent
review of this literature, the reader is referred to [69]. It
should be stated, however, that data from opioids in animal
studies cannot be uncritically translated to man. First of all
animal studies are mainly based on motor reflexes or
behavioural responses and such data can only partly be
interpolated to human pain, which is a net result of
complex sensory, affective and cognitive processing.
Second, there are major differences between the effects of
drugs across species (and even strains), and this limits gen-
eralization of findings. As many of these models are also
optimized for success the construct validity is often limited
[70], and in fact, only one analgesic (ziconotide) has ever
gone from bench to bedside on the basis of animal models
alone [71].

Therefore, knowledge about how opioids interfere with
the human pain system is highly warranted, and clinical
studies on different patient groups have attempted to
explore mechanisms and effects. A major shortcoming is
that clinical assessment of pain and effect of analgesics in
patient studies is confounded by many factors such as
general malaise, fear and anxiety, psychomotor impair-
ment, cognitive disturbances, social consequences of
disease and co-medications. Moreover, sedative properties
of opioids make pain evaluation difficult [72]. For example,
if a new analgesic under investigation has only tranquil-
lizer properties, this can also decrease pain indirectly, as the
effect on fear and worrying in general may improve the
situation, leading to increased mobility and a better social
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situation. This will again lead to increased production of
endogenous opioids (endorphins) and, indirectly,improve-
ment of the pain although the drug (at least hypotheti-
cally) has no direct effects on the pain system per se.On the
other hand, complex psychosocial settings may also over-
shadow the effect of a true analgesia rendering the patient
to rate pain as constant. This may explain the discrepancy
between doctors’ impressions of differentiated effects of
analgesics in individual patients and the limited proof for
this in clinical trials [73].

Experimental methods to evoke and assess pain under
controlled circumstances are advantageous as they
encompass many of the above problems and offer the
opportunity to demonstrate analgesic effects objectively
[72]. Using such models, the investigator can control the
experimentally induced pain (including the nature, local-
ization, intensity, frequency and duration of the stimulus),
and provide quantitative measures of the psychophysical,
behavioural, neurophysiologic or imaging responses [74]
(Figure 2). The methods are also very specific on different
levels on the pain system. Hence, they are able to activate
various nerve pathways and reflect pain responses at
certain levels of the neuraxis. In combination with neuro-
physiological assessment and neuroimaging the methods

have improved sensitivity and added value by explaining
drug mechanisms [70, 72, 75]. Newer methods in general
have high reliability and are robust across individuals. In
evaluation of analgesics most studies have relied on
models in the skin, but from a clinical perspective deep
pain from, for example, muscles and viscera is more inter-
esting, and reliable and valid pain models from these
tissues have also been developed [74, 76]. Experimental
studies have also shown that models with tonic, deep pain
are often more sensitive to opioids, especially when inten-
sities above the pain threshold are used [72, 77, 78]. The
sensitivity of the models has been used in phar-
macogenetic research where variants of genes such as
OPRM1 (u-opioid receptor gene), COMT (catechol-O-
methyltransferase), GCHR (guanosine triphosphate cyclo-
hydrolase 1) and MC1R (melanocortin 1 receptor) have
been associated with response to morphine and its
metabolites. This association, however, has not been con-
vincingly replicated in the more complex clinical settings
[41, 79]. The models are also suitable for combining phar-
macokinetics and pharmacodynamics that can be used to
study concentration-effect relationships of opioids and
their metabolites in detail. Hence, human experimental
pain models may bridge the gap between animal and
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clinical studies. It should be stressed, however, that the
more complex experimental models may be difficult to use
and are only available in the most advanced laboratories
which limits their general use.

Experimental models have been used for decades to
evaluate opioid mechanisms and to monitor their effect in
clinical settings (for review see Staahl et al. [72]). To exem-
plify the use of experimental models it has been claimed
that opioids have different binding profiles to receptor
types and that K-agonists can be effective in the treatment
of visceral pain [80, 81]. Animal data have suggested that
the antinociceptive effects of oxycodone are mediated by
l- and possibly K-opioid receptors, the latter being present
mainly on visceral peripheral afferents [56]. In an experi-
mental study in healthy volunteers equi-analgesic doses of
oxycodone, morphine (considered a selective p-agonist)
and placebo were compared in a multi-modal, multi-tissue
model. The two opioids alleviated skin and muscle pain to
a similar extend confirming equi-analgesia, but oxycodone
was more effective in visceral pain [78]. The peripheral
effect of oxycodone on the oesophagus was later con-
firmed in a pharmacodynamic-pharmacokinetic study
[82]. The same model was then repeated in patients with
chronic pancreatitis. Contrasting the situation in healthy
volunteers the chronic inflammation and pain should
hypothetically result in a generalized up-regulation of
K-receptors in the CNS as seen in animal studies, and there-
fore the peripheral effects on viscera should have minor
contribution [83]. As hypothesized the efficacy of oxyc-
odone on all three tissues was in this study significantly
enhanced and better than morphine and placebo [84]. A
subsequent phase Il study in patients with pain due to
pancreatic cancer showed no differences between the two
opioids, but this was not surprising as the study was under-
powered considering the many limitations of clinical
studies listed above [85].

Hyperalgesia and allodynia are features dominating
pain in the clinic and these conditions can also be mim-
icked in experimental models serving as a translational
bridge to the clinical situation. In these models the effects
of opioids have been consistently reported [86, 87].
Koppert et al. have developed a model where intradermal
electrical stimulation results in ongoing pain and second-
ary mechanical hyperalgesia [88]. Using this model they
were able to demonstrate that buprenorphine had antihy-
peralgesic effects as compared with the traditional
p-agonists fentanyl and alfentanil [86]. We developed a
model eliciting generalized hyperalgesia by perfusion of
acid and capsaicin in the oesophagus. After hyperalgesia
was developed, oxycodone (with theoretical effect on
upregulated « receptors in the CNS) decreased pain to a
higher degree than morphine and placebo in skin, muscle
and viscera [87]. Buprenorphine is an opioid with an ago-
nistic effect at the p receptors and variable effect at the x
and 6 receptors. However, there is preclinical evidence the
its active metabolite norbuprenorphine may act as a &
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receptor agonist with antihyperalgesic effects [89, 90]. We
tested the effect of equi-analgesic patches of buprenor-
phine, fentanyl and placebo over a week in a model where
superficial, deep and hyperalgesic pain was evoked.
Buprenorphine attenuated bone associated pain and
hyperalgesia to mechanical stimulation (in a first degree
sunburn erythema area evoked with ultra violet B light)
when compared with placebo, whereas findings for fenta-
nyl were not different from placebo [91]. Hence, these dif-
ferentiated properties support clinical observations that
different opioids often show variable effect in individual
patients.

Meta-analysis, mixture models and
utility functions to unravel
differences between opioids

While drugs may significantly differ in their pharmacoki-
netics and dynamics, the outcome of clinical trials compar-
ing one drug with another in actual patients may not reach
significance of differences in either efficacy or toxicity/
safety. Apart from technical issues (including quality of the
study, sample size, statistical approach), this is certainly
related to the large variability in the effectiveness and
safety to treatment across the patient population (i.e. het-
erogeneity of treatment effect [92]) and the overall results
are difficult to extrapolate to individual patients [93].

High variability in study populations is also true for pain
patients enrolled in clinical trials on opioids. Hence, com-
parative studies on efficacy but also adverse events
seldom show differences, despite variability in opioid
potency, onset/offset times, dosing and routes of adminis-
tration. Along this line Kalso et al. analyzed 15 randomized,
double-blind, placebo controlled studies on long term use
of strong opioids for efficacy and safety in chronic non-
cancer patients [73]. Conditions (neuropathic and nocice-
ptive pain), opioids (morphine, oxycodone, methadone),
doses and routes of administration (intravenous, oral)
varied considerably among the 15 included studies. The
results indicated that while the opioids did alleviate both
nociceptive and neuropathic pain, there was a large indi-
vidual variation in responses, with a mean pain relief from
any opioid of only 30%. Hence, such data support that in
pain studies, the heterogeneity of treatment effect plays a
major role and may explain why no differences were found
between opioids [92, 93].

Systematic reviews

One of the main problems of conventional meta-analyses
is the large heterogeneity among studies. A Cochrane
review on morphine [94] concludes that morphine
remains the gold standard for moderate to severe cancer
pain.However, this is based on evidence showing that mor-
phine is as effective as but not superior to other opioids.
Looking into adverse effects, a recent meta-analysis on



transdermal opiates (fentanyl and buprenorphine) vs. long
acting oral morphine in the treatment of moderate to
severe cancer pain also concluded that there were no dif-
ferences in the overall adverse effect profile [95]. Although
meta-analyses are important within many aspects of medi-
cine the above considerations call for cautious interpreta-
tions. Not only are the populations of distinct studies
difficult to compare, treatment paradigms (see below) and
end points chosen are often dissimilar causing difficulty in
the interpretation. Regarding treatment paradigms, many
meta-analyses include studies using both a parallel ran-
domized design and crossover designs. Although many
crossover trials have been performed to evaluate opioids,
parallel studies are to be preferred. This is especially the
case when strong analgesics are compared with placebo,
since the differences in efficacy and side-effects are so
obvious that blinding is difficult or non-existing after the
first period in the crossover trials.

We recently performed a systematic review to address
the issue of whether one opioid (morphine) is superior to
other strong opioids with respect to efficacy and tolerabil-
ity [96]. Only studies with parallel design were included. In
contrast to previous meta-analyses, we performed a
network meta-analysis which pools the effect estimates of
different treatments, even when there are no direct com-
parisons. For example, studies comparing opioid A to
opioid B, opioid A to placebo and opioid C to placebo are
included to compare the relative efficacy of opioid A to
opioid B and to placebo. Fifty-six studies were included
with an important limitation of the analysis the large het-
erogeneity in study population and intervention, but with
the main strength the inclusion of only parallel random-
ized controlled trials. No significant differences in pain
relief were observed between morphine and oxycodone,
methadone and oxymorphone, but this was the expected
outcome as doses normally are selected to be equi-
analgesic. However, compared with morphine, patients on
buprenorphine were more likely to discontinue treatment
due to lack of effect. A decreased risk for discontinuation
due to adverse effects relative to morphine was observed
for patients on fentanyl, methadone and buprenorphine.
Despite the improved methodology, large variations in
study populations and interventions precluded signifi-
cance of differences in either efficacy or toxicity/safety
among the opioids tested. The study, however, indicated
that there are differences between clinically available
opioids even when pooling heterogenic studies.

New models

A different approach is required to obtain and quantify
objectively meaningful differences between opioid anal-
gesics.One such approach is mixture modelling coupled to
a time series analysis of pain relief data [97]. The mixture
model objectively determines the probability of an anal-
gesic effect by subdividing the patient population into
various response groups with different response probabili-
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ties. This type of analysis is attractive as it rapidly allows
subdivision of analgesic responses into subgroups that
may be defined a priori. Furthermore, a placebo response
may be quantified among subgroups. Since the efficacy of
the drug varies between subgroups, linking these sub-
groups to clinically relevant factors such as underlying
disease characteristics (e.g. duration and severity of
disease), patient characteristics (e.g. weight, gender, age,
genetic make-up) as well as a multitude of other covariates
will increase our insight into the efficacy of opioid analge-
sics within each of the different subgroups. Meaningful
differences in efficacy among opioid analgesics will or will
not (when they do not exist) be revealed using this
approach.

A different but even more sophisticated approach in
the assessment of differential opioid effects is to compare
the efficacy vs. safety and toxicity of opioids by construc-
tion of a utility function. Utility (or safety) functions assess
the net clinical effect of drug exposure. The utility of drug
effect may be defined as the probability of obtaining the
desired effect minus the probability of obtaining a side
effect and is based on acquired pharmacokinetic and phar-
macodynamic data [98, 99]. Hence, despite the fact that
no clear differences are observed in analgesic efficacy
between opioids, the utility functions can provide evi-
dence for a clear separation in terms of utility or efficacy/
safety balance. This technique is applicable in humans in
experimental and clinical settings (see Figure 3 on the
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Figure 3

Utility function of morphine showing the probability of an analgesic effect
[P(A)] greater than 50% [P(A > 50%)] minus the probability of toxicity (in
this case respiratory depression) greater than 50% [P(R > 50%)].A negative
valueindicates that the probability for toxicity is larger than the probability
for analgesic efficacy. The reverse is true for a positive value of the utility
function.For morphine at low dose the probability for respiratory depres-
sion exceeds that of analgesia, at doses >5ng ml™' the probability for
analgesia is greater. At high morphine concentrations no differences in
probability are apparent (value of the utility function approaches zero).
Analgesia and respiratory data are obtained in healthy volunteers
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utility function of morphine) [100]. It allows dose and drug
selection (which opioid suits this patient best and what
dose provides an optimal probability for desired compared
with undesired effects). As more mechanistic biomarkers
become available to assess drug effect (related to analge-
sia and toxicity/safety), utility functions may evolve from
descriptive to predictive tools and could enable an
informed choice of opioid treatment in specific patient
subpopulations.

Clinical perspectives

Morphine has traditionally been the recommended choice
of strong opioid for cancer pain [101]. This initial recom-
mendation was based on expert opinion, availability, famil-
iarity and price. In recent years there has been growing
availability of other alternative strong opioids, including
but not limited to, oxycodone, buprenorphine, hydromor-
phone, methadone, alfentanil and fentanyl. The choice of
strong opioid in the management of severe pain varies
widely [102].There have been relatively few clinical studies
comparing morphine and alternative opioids in terms of
efficacy, toxicity and tolerability. The studies which have
been carried out have been small, with subsequent limited
scope for analyses or conclusion. Although traditional p
agonists may be relative comparable, opioids with effects
on other receptor systems have become available. For
example tapentadol also has effects on the endogenous
pain modulation system (see pharmacology section) [67].
Tramadol has some of the same effects as tapentadol with
additional action on serotonin re-uptake. Tramadol,
however, is considered a weak analgesic.

The World Health Organization analgesic ladder was
established over 20 years ago in order to direct the man-
agement of cancer pain. This ladder represents a sequen-
tial approach, with morphine and other strong opioids
being the predominant pharmaceutical agents used in the
management of moderate to severe pain. Given the
paucity of high quality evidence upon which to base rec-
ommendations, clinical guidelines as to the use of opioids
in the management of cancer pain (or other types of pain)
are derived largely from expert consensus and based on
systematic reviews of the existing literature [4]. For any
particular patient with cancer-related pain, there is no
fixed or predetermined dose of strong opioids. Instead the
central dogma of cancer pain management is individual-
ized drug therapy.

Side effects

Common side effects of strong opioids include confusion,
drowsiness, hallucinations, bad dreams, dry mouth, nausea,
vomiting and constipation. Pruritus, sweating, opioid-
induced hyperalgesia, myoclonus and delirium are less
common.In clinical trials of patients with chronic back pain
and osteoarthritis, when compared with oxycodone,

68 / 75:1 / Br]) Clin Pharmacol

naloxone/oxycodone combinations as well as tapentadol
appears to have similar efficacy in terms of analgesic action
but possibly fewer gastrointestinal side-effects [103]. These
studies were sponsored by pharmaceutical companies and
have yet to be confirmed independently. Respiratory
depression is rare if strong opioids are titrated carefully
according to individual patient response. Side effects may
become apparent as the opioid dose is increased. These
toxicities may often be managed with other medications,
e.g. antiemetics/antipsychotics [104, 105] but sometimes
they persist or become intolerable and thus dose-limiting.
In head to head studies most strong opioids are equally
tolerated [4], but there are inter-individual differences
between these drugs with respect to side effects. Although
it has been claimed that patch formulations can reduce side
effects this is still an open question since the studies were
not sufficiently powered [106]. As stated above tapentadol
may have less opioid induced bowel dysfunction than other
opiods. Opioids also affect the endocrine and immune
systems as well as cognitive function [107]./n vitro data have
suggested that some opioids such as tramadol and
buprenorphine have less immunosuppressive effects
although the clinical relevance is still controversial [108].

Individual difference in response

Despite there being no significant evidence on a popula-
tion level of major differences between morphine and
other strong opioids in terms of efficacy or tolerability,
there is growing recognition of marked variation between
individual patients in response to individual opioids for
cancer pain. Not all patients respond well to each strong
opioid. For example, up to 30% of cancer patients on mor-
phine fail to achieve adequate analgesia, despite escalat-
ing dose and/or experience intolerable or dose-limiting
side effects. These patients have been referred to as ‘mor-
phine non-responders’[109]. A similar pattern of response
variability is seen with other strong opioids [110-112].
Clinical experience and a number of studies have demon-
strated variability in terms of the level of analgesia
achieved, the side effects experienced and the daily dose
of opioid required. The two case studies listed below are
not unusual for clinical practice.

Case study 1

A 61-year-old woman with an inoperable leiomyosarcoma
was seen by the palliative care team because of a constant
dragging pelvic pain. She was unable to take oral medica-
tion due to nausea and vomiting and was on a continuous
24 h subcutaneous syringe driver of 60 mg of morphine
sulphate. She had incomplete pain control and was also
experiencing visual hallucinations, moderate confusion
and drowsiness. Her renal function and serum calcium
were within the normal range. She had no evidence of
infection. She was opioid switched to oxycodone in the
syringe driver, initially at a dose of 20 mg over 24 h. The
dose was titrated according to effect over the following
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days.Within 48 h, her pain was well controlled and she was
no longer experiencing intolerable opioid side effects. She
was eventually discharged home on modified release oxy-
codone 40 mg twice a day orally.

Case study 2

A 48-year-old woman with advanced breast cancer and
extensive bone metastases was admitted with uncon-
trolled pain in her lumbar spine. She had received radio-
therapy to this area 4 months previously. Her doctor had
started her on modified release oxycodone 30 mg twice
a day. She was also on gabapentin, paracetamol and
diclofenac. Her doctor had also prescribed immediate
release oral oxycodone to be taken as required. She was
reluctant to take the immediate release oxycodone as she
did not feel that it was effective and made her feel drowsy.
Radiological imaging demonstrated bony metastases with
no compromise of the spinal cord. She was opioid
switched to immediate release morphine sulphate 20 mg
every 4 h.The next day the pain was much improved and
she had minimal drowsiness. She required no further dose
titration and was converted to modified release morphine
sulphate 60 mg twice a day.

There may be a number of factors, both opioid-related
and non-opioid related, which may contribute to this inter-
individual variability in response to opioids (see also
section about pharmacology). Some cancer pain (espe-
cially predominately neuropathic pain) may not be entirely
opioid-responsive. Non-cancer pain studies have demon-

strated associations between differences in pain sensitivity
and analgesic response to opioids and age [113, 114].
Gender, psychological distress, sleep quality and renal
function may also influence outcome [115-117]. Apparent
side effects of morphine and other opioids may therefore
be due to pharmacokinetic, pharmacodynamic or genetic
differences, individual patient comorbidities (including
biochemical imbalances) and concomitant medications.
However, as shown in the cases the inconsistent effective-
ness of opioids between patients (switch from morphine
to oxycodone and vice versa) often makes the clinical situ-
ation difficult and unpredictable.

In clinical settings where inter-individual differences
between opioids exist, it makes therapeutic sense that cli-
nicians have access to several strong opioids to optimize
analgesic control. In some circumstances switching from
one opioid to another may be a useful approach to
improve analgesia and reduce opioid side effects [4]
(Figure 4). Evidence from randomized controlled trials is
lacking in this area [2, 118].The data from the first random-
ized controlled trial comparing response to morphine and
oxycodone in opioid naive patients and positive response
with opioid switching are due to be presented and pub-
lished this year. The study details can be seen at http://
www.controlled-trials.com/ISRCTN65155201.

Opioid switching
Existing data support the efficacy of this practice, with
some studies suggesting that up to 80% of patients
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achieve a successful outcome after opioid switching [110,
119,120]. There appear to be two broad groups of patients
for whom opioid switching may be beneficial in terms of
improving analgesia and minimizing side effects. In the
first group, opioid switching is required shortly after initia-
tion of the original opioid, when the dose is relatively low.
Some of the inter-individual variability in opioid response
in these patients may be associated with differences in
pharmacokinetic and pharmacodynamic pathways. In the
second group, response to the initial opioid may be satis-
factory until a later stage when the patient has been on
opioids for some time, or as the opioid dose is titrated
higher [121].1tis likely that the mechanisms underlying the
effectiveness of opioid switching in each of these two
groups is different.

The most likely reasons why patients who have been
stable on an opioid for some time require escalating opioid
doses are disease progression and the development of
drug tolerance. Tolerance describes the apparent reduc-
tion in response to a drug after repeated administration.In
terms of opioids, tolerance can develop to both the anal-
gesic action as well as the central side effects of the drug
(tolerance to the peripheral opioid side effects including
constipation is less common). Tolerance to the analgesic
effects of the opioid and disease progression both neces-
sitate the requirement for further increased opioid doses
in order to achieve adequate analgesia. If the patient does
not develop tolerance to the side effects of the opioid as
the dose increases, these toxicities may become dose-
limiting, thus prompting an opioid switch.The rationale for
switching these patients to an alternative strong opioid is
based on the phenomenon of incomplete cross tolerance.
Incomplete cross tolerance is thought to be due to the
existence of a number of different p-opioid receptor sub-
types, differential location of these subtypes and varying
action of strong opioids at these subtypes [122-124].Thus
the degree to which the patient is tolerant to the analgesic
action and side effects of one p-opioid agonist may be
different when another p-opioid agonist is used.

Clinically, incomplete cross tolerance may facilitate the
use of lower doses of the alternative opioid, which may
allow adequate analgesia without intolerable side effects.
Incomplete cross tolerance presents a particular challenge
in the use of opioids and opioid switching for cancer pain,
namely dose conversions between the different strong
opioids. Equi-analgesic dose conversion tables exist but
these were mostly derived from single dose studies and
therefore the applicability is unclear [125]. Differences in
the required dose of the alternative opioid may be influ-
enced by the reason for opioid switching. Patients with
pain may need higher doses than patients who are being
switched because of intolerable side effects. There is no
available method or model to predict the dose of the
second opioid. The general recommendation is to use the
available equi-analgesic dose tables as reference tables
only, to reduce the equivalent dose of the second opioid by
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at least 33-50% and to titrate according to effect. Hence,
experience with opioid switching emphasizes the impor-
tance of individual differences in the response to the
various opioid drugs and suggests that the most favour-
able opioid in an individual cannot be predicted [126].

Opioid switching to and from methadone is more com-
plicated and should only be carried out under close spe-
cialist supervision [127]. On the other hand methadone is
very different from the more traditional opioids as it has a
fairly long half-life and lacks active metabolites. This is
advantageous in the setting of individual variation in
genetic phenotype and also in renal and liver failure [44].
When administered after treatment with another opioid,
its potency increases and observational studies suggest
that most patients benefit when an unsatisfactory regimen
is switched to methadone [128].

Cost drivers

Pain has been identified as the most common reason for
individuals seeking medical care in the US and costs more
than $ 100 billion (75 billion €) each year in health care,
compensation and litigation.The disability associated with
pain presents a significant and costly liability to workers,
employers and society and about 14% of workers who are
in pain take time off from their jobs [129]. Currently, only
limited knowledge exists on the costs associated with
treatment of pain as a symptom of an underlying medical
condition rather than a treatment of the disease itself.In a
recent study by Gustavsson et al.[130] the costs associated
with treatment of nine diagnosis groups related to chronic
pain were estimated. It was found that the total annual
direct cost to the Swedish health care system ranged from
approximately 6000 to 2800 € for cancer and headache
respectively, using current exchange rates. On the other
hand the annual cost of prescribing pain medication alone
for the same diseases only varied from 73 to 45 €.1n a US
health care setting the drug costs related to low back pain
have been estimated to be $ 8752 (6590 €) on an annual
basis per patient [131]. Further, in another study by Berger
etal. [132] the total annual drug cost per patient with
painful neuropathic disorder was estimated to be 880 €.
Due to the high prevalence of chronic pain it imposes a
significant demand on the scarce resources available in
health care systems worldwide. As the following review of
the literature indicates caution should be taken when
restricting access to pain relieving medication as an
avenue for obtaining cost savings as the costs of pain
medication are relatively low and the costs of not being
compliant, discontinuing as well as managing side effects
are relatively high ceteris paribus.

Costs of opioids
The costs of opioids and other analgesics are estimated
to be only 1.2-2.8% of total direct costs for cancer and
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Prices of commonly available opioids based on the defined daily dose. For
comparability the cheapest opioid was chosen from the public prices
available on the following internet sites: http://www.medicinpriser.dk;
http://www.nhsbsa.nhs.uk/prescriptions; http://www.rote-liste.de. M,
Denmark; M, Germany; [, UK

intervertebral disc disorders [130]. Figure 5 shows the cost
per defined daily dosage (DDD) based on public list prices
of different opioids in Denmark (Danish Medical Agency
2011), Germany (Rote Liste 2011) and the United Kingdom
(National Health Service 2011). The dosage of oxycodone
and morphine is 10 mg and the release of fentanyl and
buprenorphine patches is 50ugh™ and 52.5ugh™
respectively.

As can be seen the low costs of daily treatment with
pain reliving medicines support the findings by Gustavs-
son and coworkers [130] and also shows that this holds
across different health care systems. However, there are
substantial differences in costs for the individual drugs
with morphine being the cheapest drug in most countries.

Costs of side effects

Side effects of opioid treatment in the management of
chronic pain are well known and these can lead to treat-
ment discontinuation [133] and non-compliance [134]
adding a costly secondary effect.The direct annual costs to
the Danish health care system related to side effects in
patients receiving long term treatment with opioids due to
non-cancer related pain on the CNS and on the gas-
trointestinal tract can be seen in Figure 6.

In another recent study by Kwong et al.[135] the costs
of gastrointestinal event related claims were estimated fol-
lowing outpatient treatment in US non-cancer patients
using oral opioids. The analysis included opioid-naive
patients who received a new prescription of oxycodone or
hydrocodone containing immediate release oral products.

Differences between opioids BJCP

Figure 6

The yearly direct costs to the Danish health care system relating to man-
aging of opioid induced side effects. Data are extrapolated and adopted
from Annemans, converted and rounded off to € [143]. M, central nervous
system;., constipation; M, nausea and vomiting

The results showed that compared with patients without
any gastrointestinal symptoms, the additional adjusted
mean total health care costs for patients with a gas-
trointestinal related event ranged from approximately
3700 to 27 200 € over a 90 day follow-up period. Compared
with the cost estimates in Figure 7,the costs in the study by
Kwong et al.[135] are quite high.The costs in Figure 7 are
mean estimates of over all patients with or without opioid
related adverse events, whereas the estimates in the study
of Kwong et al. [135] are based on identified insurance
claims for gastrointestinal event related treatment. Also,
caution should be taken when interpreting across country
cost comparisons.

Discontinuation

A systematic review by Noble et al.[136] comprising a total
of 2473 patients from 11 trials with a variety of painful
indications, showed that the overall rate of discontinuation
from analgesics was 22.9%. The discontinuation rate
changed between weak (11.4%) and strong opioids
(34.1%). Broekmanset et al. [137]. found that only 38% of
chronic non-malignant pain patients were compliant with
their prescribed course of pain treatment. These finding
are supported by the findings by Leider et al. [134] sug-
gesting that only 21% of patients, across various medical
conditions, were compliant with prescribed treatment of
pain.The level of discontinuation and non-compliance due
to side effects by prescribing opioids for long term use,
have been shown to lead to increased health care costs
beyond the cost of managing the side effects, by carrying
over additional cost to other parts of the health care
system and by the cost associated with switching medi-
cines [134, 138, 139]. As some formulations such as oxyc-
odone and naloxone combinations, supplement of opioid
therapy with parenteral methylnaltrexone and tapentadol,
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Health care costs (per patient) in a 1 year follow up period: Compliant vs.

likely non-compliant chronic opioid users. Increases in the utilization of

inpatient care and prescription costs are the main cost drivers for the

difference in costs (70% of the savings) between adherent and non-

adherent patients. Data adapted from Leider et al. and converted to €

using the 2008 average exchange rate [134]. 1", Prescription medicines;
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have been shown to have less side effects on the gas-
trointestinal tract compared with traditional opioids [140-
142],the use of such drugs may reduce costs related to side
effects and may guide recommendation of opioid use from
an economic point of view.

Figure 7 above shows the increased costs among likely
non-compliant patient compared with compliant chronic
opioid users.

A key factor for ensuring a high level of compliance
with a prescribed course of treatment is to create a balance
between treatment effect and the side effect profile of the
different pharmacological treatments individualized for
each patient. Hence, restricting a physician’s armamen-
tarium in pain management will reduce the ability to tailor
a planned course of treatment. On the other hand, ensur-
ing a personalized approach that balances treatment
effect, tolerability and convenience in alignment with the
individual patient’s need will likely imply a larger overall
saving in health care costs as well as reducing production
loss. Hence, access to a wide range of treatment options,
provided at the discretion of the physician in dialogue with
the patient is likely to ensure an effective allocation of
health care resources.

Conclusion

In clinical practice strong opioids are effective agents in
the management of moderate to severe pain. Although
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most opioids exert their main effect on the p receptor,
there are obviously differences between classes in their
metabolism and mechanisms of action. On an individual
level there is also marked variation between drugs in
response and the opioid dose required. In this review we
have highlighted that opioids differ with respect to:

+ absorption, distribution, metabolism and elimination

« experimental pain

« clinical efficacy and side effects

- effect in relation to other diseases such as impaired renal
and liver function

* meta-analysis when parallel design and pooled estimates
are used

« costs with major differences between countries

The data presented in this review also support the prac-
tice of switching to an alternative opioid in an endeavour
to improve the balance between opioid analgesia and side
effects if a patient does not achieve an acceptable clinical
outcome on one strong opioid.The experimental and clini-
cal data presented support the need for access to opioids
within different pharmacological classes in the clinical
setting. Naturally, health economic considerations should
also be taken into consideration, but restricting a physi-
cian’s armamentarium in pain management will reduce
the ability to tailor a planned course of treatment for the
individual patients. This may lead to more pain and suffer-
ing and increase costs for society in the long run due to
sick leave and early retirement. Due to the major individual
variability in the response to opioids, future studies should
focus on search for biomarkers that can predict the effect
and side effect profile of opioid analgesics in the individual
patient and in this way optimize individualized pain
treatment.
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