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Interactions  and  pharmacogenetics  cause  response  variability  of opioid  analgesics.
Cytochrome  P450 metabolism  and/or  P-glycoprotein  transport  regulate  opioid  exposure.
Some  opioids  may  induce  serotonergic  syndrome  when  combined  with  antidepressants.
Genetic  variability  in  CYP2D6  metabolism  determines  response  of many  opioids.
Interaction  databases  and genetic  tests  may  prevent  unfavourable  outcomes  of  opioids.
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a  b  s  t  r  a  c  t

Background:  As  pain  is often  a comorbid  condition,  many  patients  use  opioid  analgesics  in combination
with  several  other  drugs. This  implies  a generally  increased  risk  of drug  interactions,  which  along  with
inherent  pharmacogenetic  variability  and  other  factors  may  cause  differences  in therapeutic  response  of
opioids.
Aim: To provide  an  overview  of  interactions  and  pharmacogenetic  variability  of  relevance  for individ-
ual  differences  in effect  and  tolerability  of  opioid  analgesics,  which  physicians  and  other  healthcare
professionals  should  be  aware  of in  clinical  practice.
Methods:  The  article  was  based  on  unsystematic  searches  in PubMed  to identify  literature  highlighting
the  clinical  impact  of  drug  interactions  and  pharmacogenetics  as  sources  of  variable  response  of  opioid
analgesics.
Results:  Cytochrome  P450  (CYP)-mediated  metabolism  is an  important  process  for  both  clinically  rele-
vant  interactions  and  pharmacogenetic  variability  of  several  opioids.  Concomitant  use  of  CYP inhibitors
(e.g.  paroxetine,  fluoxetine  and bupropion)  or  inducers  (e.g.  carbamazepine,  phenobarbital  and  pheny-
toin)  could  counteract  the  clinical  effect  or  trigger  side  effects  of analgesics  in the  same  manner  as
genetically  determined  differences  in  CYP2D6-mediated  metabolism  of many  opioids.  Moreover,  combi-
nation treatment  with  drugs  that  inhibit  or induce  P-glycoprotein  (ABCB1),  a  blood–brain  barrier  efflux
transporter,  may  alter  the  amount  (‘dose’)  of  opioids  distributed  to the  brain.  At  the  pharmacodynamic
level,  it  is crucial  to be  aware  of  the  potential  risk  of  interaction  causing  serotonergic  syndrome  when
combining  opioids  and  serotonergic  drugs,  in particular  antidepressants  inhibiting  serotonin  reuptake
(SSRIs  and SNRIs).  Regarding  pharmacogenetics  at the  receptor  level  of  pain  treatment,  the  knowledge  is
currently  scarce,  but an  allelic  variant  of  the  �1 opioid  receptor  (OPRM1)  gene  has  been  associated  with
higher  dosage  requirement  to achieve  analgesia.
Conclusions  and  implications:  Drug  interactions  and pharmacogenetic  differences  may  lead  to  thera-
peutic  failure  or serious  side  effects  of  opioid  analgesics.  Many  interactions  involve  combinations  with
antidepressants  and  antiepileptics,  which  are  highly  relevant  drugs  in  patients  suffering  from  pain.  To

prevent  unfavourable  drug  interactions  it is  important  that  clinicians  pay  close  attention  and  use elec-
tronic  drug  interaction  checke
issues  related  to pharmacogen
at many  laboratories,  and  prov
pain  and other  diseases.
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. Introduction

Pain is a common condition accompanying many different dis-
ases. In the pharmacotherapeutic management of pain, drugs
ither act peripherally by reducing pain stimuli or centrally by
uppressing the perception of pain. Opioids are key drugs used
or suppressing pain perception. Although opioids generally are
ffective drugs, their use is associated with extensive individual
ifferences in clinical effect and tolerability.

Individual differences in effect and tolerability of opioids may
e the result of many different factors, including age, gender, organ
unctions, dietary habits, smoking habits, drug interactions and
nherent pharmacogenetic differences. These factors may  affect
oncentrations (pharmacokinetics) or receptor/target responsive-
ess (pharmacodynamics) of opioids. In later years, there has been

 growing knowledge on the importance of drug interactions and
harmacogenetics for individual variability in therapeutic response
f opioids. The aim of the present topical review was therefore to
rovide an overview of key drug interactions and pharmacogenetic
ifferences affecting opioids, including possible actions to prevent
herapeutic failure or adverse effects, which physicians and other
ealthcare professionals should be aware of in clinical practice. The
eview was based on literature identified by unsystematic searches
n PubMed.

. Drug interactions involving opioids

Drug interactions may  alter pharmacokinetics (exposure) or
harmacodynamics (sensitivity) when medications are combined.
or a drug–drug interaction pair, there will generally be one per-
etrator drug creating the interaction and one victim drug being
ffected by the interaction. Occasionally, however, the drugs may
nteract mutually and therefore be perpetrators and victims at the
ame time.

Opioids are usually victims in pharmacokinetic interactions,
ut may  act as perpetrators in pharmacodynamic interactions.
he following subsections highlight the most relevant interactions
nvolving opioids, i.e. cytochrome P450, P-glycoprotein and sero-
onergic interactions. The two former represent pharmacokinetic
nteractions, while the latter is pharmacodynamic in nature.

subject to metabolism via CYP enzymes. The CYP enzymes mainly
involved in metabolism of opioids are CYP2D6 and CYP3A4/5 [1].
Methadone, which has been tested in treatment of cancer pain [2],
is mainly metabolized by CYP2B6, while CYP3A4/5 play a secondary
role [3]. In Table 1, opioids being substrates of the various CYP
enzymes are listed along with interacting inhibitors and inducers
of the respective enzymes.

Interactions via CYP enzymes occur when a substrate of an
enzyme is combined with an inhibitor or inducer of the same
enzyme. Generally, combined use of inhibitor–substrate pairs of the
same CYP enzyme, results in increased concentration (exposure)
and reinforced clinical effect and side effect risk of the substrate.
However, in cases where the substrate is a prodrug the opposite
scenario will occur.

2.1.1. CYP inhibitors
Two of the most commonly used analgesic opioids, codeine

and tramadol, are both prodrugs activated by the enzyme
CYP2D6 [1] (Fig. 1). Codeine’s analgesics properties are due to
its conversion via CYP2D6 to morphine, which has a 200-fold
higher affinity for �-opioid receptors than codeine, and subse-
quently via glucuronidation to morphine-6-glucuronide, a phase
II metabolite with potent analgesic activity. Tramadol is also con-
verted by CYP2D6-mediated oxidation to an active metabolite,
O-desmethyltramadol. This metabolite is a high-affinity ligand and
produce potent analgesia via opioid receptors [4]. Unmetabolized
tramadol might have some impact on pain perception by inhibiting
reuptake of the neurotransmitters serotonin and noradrenaline,
but this mechanism is mainly responsible for adverse effects and
unfavourable interactions (see Section 2.3).

In the case of codeine, about 10–15% of the dose is nor-
mally converted by CYP2D6 to morphine, which is responsible
for the analgesic effect. Thus, if patients are comedicated with
CYP2D6 inhibitors, bioactivation of codeine to morphine will
be reduced or totally blocked. The degree of interaction mainly
depends on the CYP2D6 inhibitor potency, and inhibitors clas-
sified as the most potent ones comprise fluoxetine, paroxetine,
bupropion and orally administered terbinafine, and antimycotic
agent [5–8]. Coadministration of these potent inhibitors will com-
.1. Cytochrome P450 interactions

Enzymes within the cytochrome P450 (CYP) super family are
he most important ones in drug metabolism, and many opioids are
pletely block CYP2D6-mediated O-desmethylation of codeine to
morphine (Fig. 1), while more moderate inhibitors, such as citalo-
pram, escitalopram, methadone and levomepromazine will reduce
bioactivation of codeine in a dose-dependent manner [5,9,10].
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Table  1
Overview of opioids that are substrates of cytochrome P450 (CYP) enzymes and/or
P-glycoprotein, including inhibitors and inducers that may  change exposure of the
various opioids.

Agents CYP2B6 CYP2D6 CYP3A4/5 Pgp

Opioid
substrates

Methadone Codeinea

Hydrocodonea

Oxydocone
Tramadola

Alfentanil
Buphrenorphine
Codeine
Fentanyl
Methadone
Tramadol

Fentanyl
Loperamide
Methadone
Morphine
(Norbuprenor-
phine)

Inhibitors Memantine
Sertraline
Ticlopidine

Bupropion
Citalopram
Esciatlopram
Fluoxetine
Levome-
promazine
Methadone
Quinidine
Paroxetine
Ritonavir
Terbinafine

Amiodarone
Amprenavir
Atazanavir
Clarithromycin
Delavirdine
Diltiazem
Efavirenz
Erythromycin
Indinavir
Itraconazole
Ketoconazole
Lopinavir
Nelfinavir
Nevirapine
Posaconazole
Ritonavir
Saquinavir
Tipranavir
Verapamil
Voriconazole
Grapefruit juice

Amiloride
Amiodarone
Atorvastatin
Azithromycin
Clarithromycin
Cyclosporine
Diltiazem
Dronedarone
Erytromycin
Esomeprazole
Indinavirb

Itrakonazol
Ketokonazol
Klaritromycin
Lanzoprazole
Meflokin
Nelfinavirb

Omeprazole
Pantoprazole
Ritonavirb

Saquinavirb

Simvastatin
Sirolimus
Probenecid
Tacrolimus
Telapravir
Verapamil

Inducers Carbamazpine
Phenytoin
Phenobarbital
Rifampicin

None identifiedCarbamazpine
Phenytoin
Phenobarbital
Rifampicin
Hypericum p.
(St John’s wort)

Dexamethasone
Indinavirb

Nelfinavirb

Rifampicin
Ritonavirb

Saquinavirb

Hypericum p.
(St John’s wort)

i
r
d
p
w
o
a
S

w
e
w
n
C
a
z
j

t
e
i
c

Fig. 1. Structural biotransformation of the prodrugs codeine and tramadol to their

escalation during combination therapy without corresponding
a Prodrugs activated by the enzyme.
b Inhibitors acutely and inducers over time.

The interaction scenario described above for codeine is sim-
lar for tramadol, where combined use of CYP2D6 inhibitors
esults in reduced bioactivation to its active metabolite, O-
esmethyltramadol (Fig. 1). However, due to the serotonergic
roperties of the parent drug, concurrent use of CYP2D6 inhibitors
ith tramadol both reduce the analgesic effect and increase the risk

f serotonergic side effects. The latter might be severe if patients
re simultaneously comedicated with other serotonergic drugs (see
ection 2.3).

Oxycodone is metabolized by CYP2D6, but it is unclear to
hich extent the metabolite play a role for the overall analgesic

ffects [1,11]. Oxycodone is also a CYP3A4 substrate, and in cases
here both inhibitors of CYP2D6 and CYP3A4 are used simulta-
eously with oxycodone, dangerous overdosing may  occur. Typical
YP3A4 inhibitors include macrolide antibiotics (clarithromycin
nd erythromycin), azole antifungal agents (itraconzaole, flucona-
ole, ketoconazole, posaconazole and voriconazole) and grapefruit
uice [12,13] (Table 1).

Fentanyl, alfentanil and methadone are other opioids subjected
o metabolism via CYP3A4. For fentanyl, a potent opioid, systemic

xposure during intravenous administration has been reported to
ncrease 1.5-fold by potent CYP3A4 inhibitors [14], and several
ases of respiratory depression with fatal or non-fatal outcomes
active opioid metabolites via the enzyme CYP2D6, which differs in phenotype due
to  concomitant treatment with interacting enzyme inhibitors or inherent (pharma-
cogenetic) variability.

of fentanyl in combination with CYP3A4 inhibitors have been
reported [15–18]. Methadone, on the other hand, is much less sen-
sitive towards CYP3A4 inhibition, possibly due to the secondary
role of this enzyme in its metabolism and involvement of multi-
ple CYP. The risk of side effect of methadone in combination with
CYP3A4 inhibitors is therefore limited, but some patients might be
more vulnerable if other metabolic pathways are reduced, e.g. via
CYP2B6. With regard to alfentanil, less is known about the effect
of CYP3A4 inhibitors on change in exposure, but a case report has
described a prolonged alfentanil effect during concurrent adminis-
tration of erythromycin [19].

2.1.2. CYP inducers
While several compounds have been described as potent induc-

ers of CYP3A4 metabolism, no inducers of CYP2D6 have so far been
identified. This probably reflects that gene expression of CYP2D6 is
non-inducible, which might be related to the strong and conserved
impact of genetics on variability in CYP2D6 phenotype (see Section
3.1). In a clinical context, this means that drug interactions involv-
ing enzyme induction do not occur via CYP2D6, but is an issue of
great importance for CYP3A4 metabolism.

Although CYP3A4 is not involved in the bioactivation of codeine
and tramadol, concurrent use of CYP3A4 inducers will affect the lev-
els of the active metabolites in terms of increased metabolism via
inactivation pathways and thereby reduced availability of parent
drugs for formation of active metabolites. The most clinically rel-
evant CYP3A4 inducers include the antiepileptics carbamazepine,
phenytoin and phenobarbital [20]. In addition, it is important to be
aware of the CYP3A4-inducing effect of hypericum perforatum (St
John’s wort) [21], a herbal drug used against depression.

The CYP3A4 inducers mentioned above will also substantially
reduce exposure and clinical effect of fentanyl and oxycodone,
which are inactivated by CYP3A4. In interaction studies, the dose
requirements of fentanyl have been shown to be 1.5–2-fold higher
combined with antiepileptic enzyme inducers [22], while the con-
centration of oxycodone is reported to be reduced by 80–90%
in combination with the potent CYP3A4 inducer rifampicin [23].
For methadone respiratory depression has been reported after
withdrawal of the enzyme inducer carbamazepine due to dose-
dose reduction after discontinuation of the enzyme inducer [24].
Thus, despite that dose increases of the victim drug might be
an option to manage the interaction, this could be a dangerous
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trategy because future discontinuation of the inducing drug will
ead to overdosing if concomitant dose reductions (e.g. of the opi-
ids) are not performed.

.2. Permeability-glycoprotein interactions

Permeability-glycoprotein (P-glycoprotein) is an ATP-binding
assette-binding (ABC) efflux transporter that was originally dis-
overed by Juliano and Ling in the 1970s as a key protein involved
n multidrug resistance of anticancer agents [25]. Today, it is known
hat P-glycoprotein (ABCB1) is expressed in several biological inter-
aces/membrane barriers (Fig. 2), where it acts as pump restricting
ntry of many xenobiotics into the body and tissues that might be
articularly vulnerable to drugs and other chemicals.

One of the key functions of P-glycoprotein is to limit the entry of
enobiotics into the brain, which may  have an important impact of
he exposure of centrally-acting drugs at their target site of action.
or opioids that are P-glycoprotein substrates, i.e. fentanyl, loper-
mide, methadone and morphine [26], concurrent use of agents
hat inhibit or induce P-glycoprotein activity may  alter the amount
f the bioavailable dose reaching the brain. An overview of agents
escribed as inhibitors or inducers of P-glycoprotein is provided in
able 1.

.2.1. P-glycoprotein inhibitors
Several opioids are substrates of P-glycoprotein (Table 1).

mong opioids that are P-glycoprotein substrates, loperamide is
robably most effectively effluxed at the BBB. Due to the effec-
ive P-glycoprotein-mediated efflux, loperamide normally does not
xhibit opioid effects in the brain, and is only used in treatment of
iarrhoea to reduce GI motility, i.e. a kind of therapeutic applica-
ion of a typical side effect. However, a study in healthy volunteers
howed that combination of loperamide with the P-glycoprotein
nhibitor quinidine resulted in moderate respiratory depression
s an indication of loperamide-mediated stimulation of �-opioid
eceptors in the brain [27]. This shows that loperamide, if combined
ith potent P-glycoprotein inhibitors, possess some risk of respira-

ory side effects, particularly in cases where another opioid is used
oncomitantly. Moreover, it is important to be aware that lopera-
ide in combination with P-glycoprotein inhibitors may  have some

buse potential [28].

Not all opioid analgesics are P-glycoprotein substrates, and

odeine, tramadol and oxycodone are examples not being effluxed
y this transporter [26]. In the case of buprenorphine, the
arent compound is not a P-glycoprotein substrate, but its

Fig. 2. Localization of the efflux transporter P-glyc
urnal of Pain 17 (2017) 193–200

CYP3A4-mediated metabolite, norbuprenorphine, is subjected to
efflux by P-glycoprotein. Interestingly, norbuprenorphine is a
potent respiratory depressor in rodents [29], which imply that con-
current use of P-glycoprotein inhibitors may increase the toxicity
of buprenorphine therapy. This is supported by a study of Megar-
bane et al., where pupil diameter was  shown to be significantly
decreased without relevant alterations in plasma concentrations,
when buprenorphine was coadministered with the P-glycoprotein
inhibitor telaprevir [30].

2.2.2. P-glycoprotein inducers
While inhibition of P-glycoprotein will increase brain expo-

sure of many opioids, the opposite is the case for P-glycoprotein
induction. Increased expression of P-glycoprotein, possibly due to
auto-induction over time, has been associated to development of
central tolerance to opioids [28], although the evidence for this is
limited. For well-characterized P-glycoprotein inducers, however,
it is clear evidence that combination therapy over time will increase
efflux of opioid being P-glycoprotein substrates. Carbamazepine is a
particularly relevant inducer, as it used in treatment in neuropathic
pain. Chronic administration of carbamazepine would be expected
to double the expression of P-glycoprotein [31], and thereby sub-
stantially reduce entry of several opioids into the brain. Due to
its ability to induce CYP3A4 metabolism as well, carbamazepine
may  decrease analgesic effects of several opioids via a dual interac-
ting mechanism, and should generally be avoided in opioid-treated
patients.

In a study using rats, it has been shown that administration of
diclofenac, a non-steroidal anti-inflammatory drug (NSAID) upreg-
ulates P-glycoprotein expression and reduces both brain exposure
and analgesic effect of morphine [32]. A similar effect on P-
glycoprotein in the BBB in a rat model has also been reported after
administration of paracetamol [33]. However, the molecular mech-
anism behind the upregulation of P-glycoprotein by diclofenac and
paracetamol in the rat studies is not fully understood, and it is
unclear to which extent NSAIDs and paracetamol might induce
P-glycoprotein in humans at therapeutic doses. Thus, human stud-
ies on the possible P-glycoprotein-mediated interaction between
opioids and NSAIDs/paracetamol are required before it could be
considered of potential relevance for clinical practice.
2.3. Serotonergic interactions

Several opioids display serotonergic activity (Table 2). This
might be of relevance for their clinical effect, but is mainly regarded

oprotein ( ) in body interfaces (barriers).
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Table  2
Opioids and other agents with serotonergic activities that in combination may  trig-
ger serotonin syndrome.

Drug class Substances

Opioids Buprenorphine, cyclobenzaprine, fentanyl,
hydrocodone, meperidine, morphine,
oxycodone, pethidine, pentazocine,
tramadol

Selective serotonin reuptake
inhibitors (SSRI)

Citalopram, escitalopram, fluoxetine,
fluvoxamine, paroxetine, sertraline

Serotonin and noradrenaline
reuptake inhibitors (SNRI)

Duloxetine, venlafaxine

Tricyclic antidepressants (TCA) Amitriptyline, clomipramine, desipramine,
doxepine, imipramine, trimipramine

Selective MAO-A hemmere Moclobemide
Selective MAO-B inhibitors Rasagiline, selegiline
CNS stimulants Amphetamine, methylphenidate,

3,4-methylenedioxymethamphetamine
(MDMA; ecstasy)

Antibiotics Linezolid
Triptans Almotriptan, eletriptan, frovatriptan,

naratriptan, rizatriptan, sumatriptan,
zolmitriptan

Others St John’s wort (hypericum perforatum),
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(rs1128503), 3435C > T (rs1045642), and 2677G > T/A (rs2032582).
metoclopramide, psychedelics (LSD)

s a safety issue due to the risk of serotonin syndrome. The risk
s particularly of relevance in combination with other agents that
ncrease serotonergic transmission in the brain (Table 2). Most
ntidepressants increase serotonergic transmission, and there are
any reports of serotonergic syndrome when for example selective

erotonin reuptake inhibitors (SSRIs) are combined with tramadol
34,35], fentanyl [36] or buprenorphine [37]. Among these tra-

adol featured as the most frequent drug involved in deaths due
o serotonergic toxicity in an article by Pilgrim et al. summariz-
ng cases reported on serotonergic syndrome [38]. Thus, tramadol
hould only be used with great caution in combination with SSRIs
nd serotonin–noradrenaline reuptake inhibitors (SNRIs).

The risk of serotonergic interactions depends on treatment
ntensity of the involved drugs. Thus, dosing regimens of the inter-
cting drugs are of relevance for the interaction risk. The risk of
rigging a serotonergic syndrome in combination with SSRIs or
NRI is likely to be higher at increasing daily dosing of tramadol,
ut in case reports tramadol doses have ranged between 50 and
00 mg/day [35]. Interestingly, serotonergic syndrome has also
een reported for tramadol in a case of monotherapy where 200 mg
as taken orally four hours before admission with severe symp-

oms [39]. This illustrates the pronounced risk of serotonergic side
ffects associated with use tramadol, and it is crucial that physicians
re aware of this issue when prescribing tramadol in combination
ith other drugs with serotonergic activity.

. Pharmacogenetics affecting opioid response

Several genes encoding different receptors, transporters and
nzymes involved in the mechanisms of action and metabolism
f opioids have been studied in the effort to detect genetic vari-
tion responsible for the heterogeneity in the response to opioids
gene–drug interactions). Gene–drug interactions are in many ways
imilar to drug–drug interactions in terms pharmacological mecha-
isms and clinical consequences. Gene–drug interactions also affect
harmacokinetic and pharmacodynamic variability of opioids and
ay  have strong impact on clinical effect and tolerability. The

elow sections provide brief overviews of selected pharmacologi-

al proteins where inherent mutations in the encoding genes have
een associated with individual variability in pharmacokinetics or
harmacodynamics of opioids.
urnal of Pain 17 (2017) 193–200 197

3.1. CYP enzymes

Among several enzymes involved in the metabolism of opioids,
CYP2D6 is the most important related to pharmacogenetic varia-
tion. Genotype of CYP2D6 strongly predicts metabolic phenotype
and divides the population into inherent metabolizer subgroups,
i.e. poor metabolizers (PMs), intermediate metabolizers (IMs),
extensive metabolizers (EMs) and ultra-rapid metabolizers (UMs).
The distribution of various inherent metabolizer subpopulations
differs substantially between ethnic groups. In Caucasians, 5–10%
and 1–2% of the population are PMs  and UMs, respectively, while
approximately opposite distributions are present among Africans
[4].

The weak opioids, codeine and tramadol, are both metabolized
by CYP2D6 to the active compounds mediating their main analgesic
effect (Fig. 1). While CYP2D6 PMs  will not obtain sufficient analgesic
effect of codeine and tramadol, the UM subpopulation are at risk of
excessive formation of active metabolites [4]. The latter has been
highlighted in several case reports, where increased conversion to
primary, active metabolites has been accompanied by immature
or reduced renal function resulting in accumulation of subsequent
active phase II metabolites (glucuronides) and respiratory toxicity.
The most tragic cases were a newborn baby who died from breast-
feeding of a codeine-treated mother being CYP2D6 UM [40], and a
2-year-old boy who died of standard codeine doses, after tonsillec-
tomy [41]. Another child, also ultra-rapid metabolizer, developed
respiratory depression after taking tramadol for pain relief related
to tonsillectomy [42]. Cases of respiratory toxicity of codeine and
tramadol have also been described in elderly CYP2D6 UMs  with
reduced renal function [43,44]. In one of the latter cases, concurrent
use of CYP3A4 inhibitors worsened the risk, as more of the prodrug
was available for activation via the ultra-rapid CYP2D6 pathway
[43].

While genetic polymorphisms in the CYP3A4 gene have minor
impact on metabolic activity, the sister enzyme, CYP3A5, is strongly
determined by genetics. CYP3A5 metabolizes many of the same
agents as CYP3A4, but CYP3A5 is only expressed in the minority
of most ethnic populations. In Caucasians, 5–10% express CYP3A5,
while higher proportions of expressers are present in Asians and
Africans. The functional consequence of CYP3A5 genetics is that
those expressing the enzyme display a rapid CYP3A phenotype.
Several opioids are substrates of CYP3A4/5, and patients express-
ing CYP3A5 therefore obtain lower levels of drugs such as fentanyl,
alfentanil and methadone than those lacking enzyme function
[45–47]. Although this may  have an influence on effect and tol-
erability of respective drugs, the literature is too scarce for firm
statements of the clinical relevance of CYP3A5 genetics for thera-
peutic response of affected opioids.

3.2. P-glycoprotein transporter

Individual variability in P-glycoprotein expression is extensive
[48,49], which may  affect entry of many opioids and other drugs
into the brain [28]. Many studies have investigated the phenotypic
impact of mutations in the ABCB1 gene encoding P-glycoprotein,
but most of them have reported conflicting findings. About 50 SNPs
(single nucleotide polymorphisms) in the ABCB1 gene have been
identified, and a complicating issue is that many of these exist
on different haplotypes [50]. Thus, investigating the phenotypic
impact of one or a few SNPs limits the validity of the findings.

The three SNPs that have attracted most attention in phar-
macogenetic studies on P-glycoprotein phenotype are 1236C > T
These SNPs has been associated with lower dosage requirement, as
well as higher frequencies of opioid-related adverse events [48,49].
However, findings from studies performed on these three SNPs are
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nconsistent, and the current knowledge is therefore not sufficient
or them to be implemented as clinical routine analyses.

Recently, a less investigated and less frequent SNP in the ABCB1
ene (4036A > G, rs9282564) was significantly associated with
ncreased risk of respiratory depression in morphine-treated chil-
ren undergoing elective outpatient tonsillectomy [51]. This could
ave implication for management of postoperative pain in paedi-
tric patients, but additional validation of this finding is needed.
opefully, future studies of this and other SNPs in the gene encod-

ng the P-glycoprotein transporter will provide knowledge that
an be implemented in clinical practice for improvement of opioid
reatment and tolerability.

.3. �-Opioid receptor

The gene coding for the �-opioid receptor, OPRM1, has gained
reat interest as a potential source of variable opioid response. A
enetic variant in OPRM1 with impact on the receptor function is
he SNP 118A > G (rs1799971). The nucleotide switch from ade-
ine (A) to guanine (G) in position 118 in exon 1 of the OPRM1
ene results in an amino acid change in the extracellular part of
he protein, which seems to reduce receptor binding of opioids. In
ome clinical trials, mainly postoperative pain studies with mor-
hine or fentanyl, carriers of the G allele have been reported to
equire higher doses to achieve sufficient analgesic effect compared
o patients homozygous for the A allele (AA, wildtype) [49].

The 118A > G SNP has a frequency of around 15% in Caucasians,
% in Africans an up to 40% in Asians [52]. Thus, the frequencies of
omozygous carriers of the mutated G allele (GG) are about 0.1%

n Africans, 2–3% in Caucasians and 15% in Asians. The higher fre-
uency of this variant in Asians is probably the reason why the
linical impact of this SNP apparently is strongest in this popula-
ion. This was shown in a meta-analysis by Hwang et al. where they
ncluded 18 studies that explored the impact of the OPRM1 118A > G
olymorphism on postoperative opioid requirement. The G allele
as associated with higher opioid requirement, especially in Asian
atients [53]. In another, more recent meta-analysis, including 29
tudies, it was also found that patients homozygous of the mutated

 allele required significantly higher doses of post-operative opi-
ids than homozygous carriers of wildtype A allele [54].

Most of the studies on OPRM1 genotype are related to opi-
id requirement for surgical or postsurgical pain management,
nd the two meta-analyses referred above focused on opioid dose
equirements for acute pain. There are also studies relating OPRM1
enotypes to opioid requirement in patient with chronic pain or
ancer pain, but these results are more inconsistent. This proba-
ly reflects the complexity of pain, that the nature of pain varies
etween for instance postoperative pain and cancer pain, and that
ther factors, such as tolerance mechanism, are more important for
ose requirement than genetic variability during longer treatment
eriods.

. Actions to prevent problems due to interactions and
harmacogenetic variability

Concomitant use of drugs interacting with opioids and individ-
al pharmacogenetic differences affecting their response may  have
ajor impact on clinical effect and safety of the treatment. In order
o prevent unfavourable therapeutic outcome, it is important that
hysicians and other health care professionals are aware of poten-
ial problems and practical solutions on how to prevent unwanted
eactions.
urnal of Pain 17 (2017) 193–200

4.1. Management of drug interactions involving opioid analgesics

Many countries, including Sweden, Denmark and Norway, have
developed drug interactions databases, which are freely available
via Internet [55–57]. Identification of drug interactions could eas-
ily be achieved by uploading/writing the patient’s list of prescribed
drugs into the search function of the databases. If drug interac-
tions are present within the medication regimen, hits on interacting
drugs will appear on the screen with a short description of mech-
anism and clinical relevance, including recommendations on how
the interaction should be managed in clinical practice (e.g. dose
adjustments or use of alternative drugs).

Several electronic medical record systems have interaction
databases to provide automatic alerts during drug prescription.
This simplifies the management of drug interactions, but may  also
imply a risk that important interactions are overlooked if there are
too many alerts. Moreover, as interactions are relevant both when
drugs are initiated and discontinued, automatic alerts will miss the
latter. Thus, it will often be valuable to check for potential interac-
tions manually in electronic databases when drugs are initiated or
discontinued.

4.2. Management of pharmacogenetic variability affecting opioid
analgesics

In cases where interindividual variability in drug response is
determined by pharmacogenetic factors, it will be necessary to have
access to the patient’s genotype to make treatment adjustments.
Many Scandinavian hospitals offer blood sample-based genotyping
of cytochrome P450 enzymes where inherent mutations in encod-
ing genes determine drug metabolic capacity. The coverage of the
various analytical methods is fairly the same at different laborato-
ries, but the extent to which the analytical results are interpreted
to be clinically useful vary between laboratories. Analysis rates and
funding arrangements for genotyping may  vary between different
countries, but prices will usually be regulated by public author-
ities. In Norway, genotyping of CYP2D6, which is generally most
relevant for opioids, currently has a total cost of about 600 NOK,
i.e. approximately equal to the current monthly treatment cost of
40 mg  oxycodone administered as depot tablets once daily.

For patients where long-term treatment with opioid analgesics
is expected, it is our opinion that CYP genotyping should be con-
sidered as a routine test during treatment initiation to optimize
selection of drug type and dose intensity for each patient. The
indication for CYP genotyping is particularly strong for vulnerable
patient groups with multiple risk factors for adverse side effects, i.e.
children, elderly, patients with renal failure decline and pregnant
or breast-feeding women. Importantly, the CYP genotyping test
result can be used in a lifelong perspective to adjust drug selection
and dose across different therapeutic areas, since these enzymes
metabolize a wide range of agents. For example, if a patient has
been genotyped as a CYP2D6 poor metabolizer (PM), and hence
will not respond to the prodrug codeine for pain relief, he or she
will also be at high risk of adverse effects of drugs primarily metab-
olized to inactive metabolites by CYP2D6 (e.g. some beta blockers,
antidepressants and antipsychotics).

While CYP genotyping is widespread as a routine test avail-
able in clinical practice, genotyping of OPRM1 has so far mainly
been performed in experimental studies. However, recently OPRM1
genotyping was  established as a routine test at the authors’ institu-
tion (Diakonhjemmet Hospital in Oslo). The experience with OPRM1

genotyping is so far limited, but is expected to be mainly used in
association with postoperative treatment with opioids. In this con-
text, OPRM1 genotyping can predict dose requirement of opioids
for proper pain control.
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. Summary and conclusion

Drug interactions and pharmacogenetic differences represent
ajor sources to individual variability in clinical effect and safety

f opioids. It is crucial that physicians and health care profession-
ls are aware of these issues and make preventive actions to avoid
herapeutic failure and adverse reactions of opioids. An impor-
ant action is to check for drug interactions and make possible
djustments when treatment changes are performed (drug initia-
ion or discontinuation). Moreover, blood-based genotyping of CYP
nzymes, and in particular CYP2D6, may  provide valuable informa-
ion in a lifelong perspective for individualization of treatment with
pioids and many other drugs from various therapeutic areas. Costs
or CYP genotyping are limited compared to resources required in
he follow-up of chronic pain patients and should therefore be con-
idered as a routine test when long-term treatment with opioid
nalgesics is expected.
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