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Imost every nurse can relate to
Aexamples in which an individual

receiving a high dose of an opioid
had no analgesic effect, whereas another
experienced respiratory compromise
with a small dose. In many cases, variant
responses can be attributed to genetic
influences responsible for metabolism
of the opioid through the cytochrome
p450 system (CYP), including CYP2D6,
CYP3A, and CYP2B6. Variants of the mu
receptor can also affect the affinity of the
opioid for its receptor. A discussion of
some common alleles (polymorphisms)
associated with variable response to
opioids is included in this article.

Phase | Metabolizing Enzymes

The CYP system is a group of more
than 50 metabolizing enzymes respon-
sible for the oxidation of endogenous
and exogenous organic compounds
(Cavallari, Jeong, & Bress, 2011; Eggert
& Howe, 2010; Krau, 2013). Each enzyme
within a given subfamily is encoded
by a single gene, and polymorphisms
are associated with each of these CYP
enzymes (Krau, 2013). A polymorphism
is a change in the gene’s DNA sequence
that affects the gene’s protein product;
each polymorphism associated with that
gene is known as an allele. A person who
receives the same allele from each parent
is considered to be a homozygote at this
gene location (locus). A person who re-
ceives a different allele from each parent
is considered to be a heterozygote.

For each of the identified CYP en-
zymes, individuals can be placed into
four functional categories known as
phenotypes: poor metabolizers (PMs),
intermediate metabolizers (IMs), ex-
tensive metabolizers (EMs), and ultra
metabolizers (UMs) (Cavallari et al., 2011;
Fernandez Robles, Degnan, & Candiotti,
2012; Krau, 2013; Vuilleumier, Stamer,

& Landau, 2012). PMs have two non-
functional alleles and produce virtually
no functional amount of that particular
CYP enzyme. IMs have reduced enzyme
activity, with at least one allele produc-
ing some functional enzyme. EMs carry
two functional alleles, and they are con-
sidered to have normal enzyme activity.
UMs have more than two active alleles
(they have inherited extra copies of the
gene in question), and these individuals
express high enzyme activity. Because
the production of each CYP enzyme is
regulated by a single gene, an individual
may have the IM phenotype for CYP3A4
and the UM phenotype for CYP2De6.
CYP2D6: CYP2D6 is responsible for
metabolizing 20%-30% of all marketed
drugs, including opioids (Cavallari
et al., 2011; Fernandez Robles et al.,
2012; Krau, 2013). CYP2D6 is the most
polymorphic of the CYP system, with
more than 130 alleles identified to date
(Human Cytochrome P450 [CYP] Allele
Nomenclature Committee, 2014). Among
the most studied alleles are CYP2D6*1
and CYP2D6*2, which are associated
with normal enzyme production, and
CYP2D6*10, CYP2D6*17, CYP2D6*29,
and CYP2D6*41, which are associated
with decreased enzyme activity (Caval-
lari et al., 2011). CYP2D6*3, CYP2D6*4,
CYP2D6%*5, CYP2D6*6, CYP2D6*7, and
CYP2D6*8 are identified as nonfunctional
alleles (Cavallari et al., 2011; Ma & Lu,
2011). The distribution of these alleles
varies among ethnic populations, and
the individual’s phenotype will be de-
termined by which two alleles have been
inherited from his or her parents and if
he or she inherited an extra copy of that
same allele. The phenotypes with great-
est implications to drug therapy are PMs
and UMs. About 8%-10% of Caucasians
and 50% of Asians are considered to be
CYP2D6 PMs (Miaskowski, 2009), where-
as 10%—-16% of Saudi Arabians and Ethio-
pians are considered to be UMs (Cavallari

et al., 2011; Krau, 2013). The response to
therapy depends on whether the opioid
is an active compound or a prodrug.
Table 1 lists various opioid responses
based on the patient’s phenotype.
Codeine, a prodrug, must be con-
verted by CYP2D6 to morphine, which
is responsible for analgesia (Vuilleumier
et al., 2012). After codeine is adminis-
tered, morphine’s median area under
the curve shows significant variability
based on phenotype (PMs =0.5mcgh/],
EMs = 11 mcg h/1, UMs = 16 mcg h/1)
(Fernandez Robles et al., 2012). The PM
and UM phenotypes are most predictive
of opioid response (Vuilleumier et al.,
2012). Tramadol is also metabolized by
CYP2D6, with its active metabolite (o-
desmethyltramadol) having 200-fold po-
tency over the parent drug (Vuilleumier
etal., 2012). This is why PMs who receive
tramadol demonstrate significantly low-
er response rates than EMs (Vuilleumier
etal., 2012). UMs using these drugs have
a higher potential for drug intoxication
and respiratory compromise (Cavallari
et al., 2011; Krau, 2013; Miaskowski,
2009; Vuilleumier et al., 2012).
Hydrocodone and oxycodone also
have potent active metabolites mediated
by CYP2D6 (Vuilleumier et al., 2012).
Andreassen et al. (2012) reported that
UMs receiving oxycodone receive a 1.5-
to 6-fold increase in analgesia over EMs,
and that PMs have significantly lower
concentrations of active metabolites (oxy-
morphone and noroxymorphone) than
do EMs. Although phenotype has been
shown to influence opioid pharmacoki-
netics, only a few studies validate differ-
ences in response. Vuilleumier et al. (2012)
reported that analgesia with oxycodone
may be weaker in CYP2D6 PMs, whereas
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Fernandez Robles et al. (2012) noted that
oxygen saturation and sedation are more
likely to be compromised in UMs than in
PMs. Andreassen et al. (2012) explained
that, despite measurable differences
in oxycodone’s active metabolites, the
various phenotypes report no differences
in pain intensity, nausea, tiredness, or
cognitive function. The conversion of
hydrocodone to its active metabolite
(dihydrocodone) is, likewise, reduced in
PMs; however, phenotype seems to have
little effect on a patient’s reported pain
intensity (Vuilleumier et al., 2012). The
failure to note significant variances in
pain response among phenotypes and the
scarcity of reported adverse effects (AEs)
in UMs may be attributed to hydrocodo-
ne’s and oxycodone’s being metabolized
by other enzymes, primarily CYP3A4.
Table 2 provides a list of CYP enzymes
responsible for opioid metabolism.

CYP3A: Cytochromic CYP enzymes
CYP3A4/5 play a role in the metabolism
of fentanyl, methadone, and buprenor-
phine, as well as hydrocodone and oxy-
codone. CYP3A4*22 and CYP3A5*3 are
two low-functioning alleles that may
influence fentanyl concentrations (Barratt
etal., 2014), as well as other opioids (Vuil-
leumier et al., 2012). Individuals with one
or more of these low-functioning alleles
may be at greater risk for opioid side
effects when they receive fentanyl (Mi-
askowski, 2009). Reports of AEs in PMs
receiving hydrocodone or oxycodone are
scarce, and AEs have usually been attrib-
uted to the coadministration of a food or
drug that inhibits production of CYP3A4
(Vuilleumier et al., 2012).

CYP2B6: Methadone is metabolized
primarily by CYP2B6, and serum metha-
done levels can be influenced by an indi-
vidual’s phenotype (Miaskowski, 2009;
Vuilleumier et al., 2012). CYP2B6*5 is a
very active allele, and homozygotes will
rapidly metabolize methadone (Dobri-
nas et al., 2013) with low risk of toxicity.
CYP2B6*4, CYP2B6*6, CYP2B6*9, and
CYP2B6*11 are associated with de-
creased 2B6 expression (Dobrinas et al.,
2013). Individuals with any combination
of these four alleles could be at risk for
oversedation and respiratory depression.

Drug Target

The receptor is the cellular component
that interacts with a drug. The strength
of a drug’s response is determined by
the configuration of the receptor and

Table 1. Opioid Response Based on Phenotype

Phenotype and Characteristics

Active Compounds?

Prodrugs®

Extensive metabolizer (both alleles
fully functional; considered “normal”
or “wild type”; normal amounts of
enzyme production)

Intermediate metabolizer (at least
one functional allele; reduced en-
zyme production)

Poor metabolizer (two nonfunctional
alleles; no enzyme production)

Ultra metabolizer (more than two
functional alleles [inherited extra cop-
ies]; high levels of enzyme activity)

Low risk for opioid
toxicity

Possibility for
increased opioid
toxicity

Increased risk for
opioid toxicity

Reduced opioid ef-
fectiveness; increased
opioid elimination

Effective opioid
response

Possibility for reduced
opioid efficacy

Decreased active
compound; reduced
opioid efficacy

Increased active com-
pound; increased risk
of opioid toxicity

* Includes morphine, fentanyl, and methadone

b Includes codeine and tramadol

Note. Based on information from Andreassen et al., 2012; Miaskowski, 2009; Vuilleumier

etal., 2012.

the number of receptors available to the
drug (Ma & Lu, 2011). Polymorphisms
can influence the shape and number of
drug receptors, affecting the intensity
of response.

The mu opioid receptor gene (OPRM1)
has been studied in an effort to explain
variant response to opioid therapy. A
guanine (G) for adenine (A) substitution
(A118G) will replace asparagine with
aspartic acid at codon 40, which may
affect receptor configuration, influenc-
ing the affinity of the opioid to the mu
receptor (Miaskowski, 2009; Vuilleumier
et al., 2012). This polymorphism may
also affect ribonucleic acid expression,
influencing the number of mu receptors
available to the drug (Vuilleumier et al.,
2012). Carriers of this polymorphism
(either A/G heterozygotes or G/G
homozygotes) experience less than
half of the potency of morphine’s ac-
tive metabolite (M6G) as compared to
A /A homozygotes (Miaskowski, 2009),
and they require higher opioid doses.
Boswell et al. (2013) found that 118A ho-
mozygotes have consistently better pain
relief with hydrocodone than A/G or
G/G genotypes, which can be attributed
to higher levels of the active metabolite
(hydromorphone). The correlation of
pain relief to A/G and G/G was less
consistent; these genotypes are more
likely to experience opioid-related side
effects (Boswell et al., 2013). This A118G
substitution has an allelic frequency of
about 10%-30% in Caucasians, with a

higher prevalence in Asians and a lower
prevalence in African Americans (Vuil-
leumier et al., 2012).

Implications for Nursing
and Conclusions

Although a number of polymor-
phisms influencing opioid therapy have
been cited in this article, many of those
studies were small and conducted in the
perioperative period. How these find-
ings will relate to those with chronic or
cancer pain has yet to be determined.
Pain is a complicated process that cannot
be relegated to a few variant alleles, and
pharmacogenomics is just one consid-
eration in variable drug response. Age,
comorbidities, drug interactions, and
declining organ function can all influ-
ence the pharmacokinetics of opioids
and the potential for AEs.

Nurses should include ethnicity and
family drug history in patients’ pain
assessments. Although ethnicity can-
not predict the phenotype of patients,
certain ethnicities may be more likely to
experience AEs from opioid therapies.
Nurses must ask patients if any family
members have ever had an AE from
opioid therapy. Other ethnicities may be
at greater risk for opioid failure. Instead
of labeling patients as “drug-seeking” or
“addicted,” nurses should ask patients if
they have failed to respond to opioids in
the past or if a family member has failed
to respond to a given opioid.
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Table 2. Cytochrome P450 System

Enzymes Responsible for Opioid
Metabolism

for serious toxicities and even
death (Cavallari et al., 2011;
Krau, 2013; Vuilleumier et al.,
2012). Concern also exists re-

garding the administration of

Enzyme CYP2D6 CYP3A4/5 CYP2B6
Buprenorphine X

Codeine X

Fentanyl X

Hydrocodone X X

Methadone X X

Oxycodone X X

Tramadol X

o-desmethyltramadol when
an individual with the EM or
UM phenotype is prescribed
tramadol. Although genetic
testing is not mandated nor
recommended at this time, a
provider may want to make
X considerations for a family his-
tory of toxicity from codeine or
tramadol therapy or for those
of Saudi Arabian or Ethiopian

Note. Based on information from Andreassen et al.,
2012; Fernandez Robles et al., 2012; Miaskowski,

2009; Vuilleumier et al., 2012.

Nurses should know that certain drugs
and foods have the potential to alter the
production and function of metaboliz-
ing enzymes, which can interfere with
metabolism of opioids and other drugs.
CYP2D6 production is inhibited by many
selective serotonin reuptake inhibitors,
beta blockers, and tyrosine kinase inhibi-
tors. Coadministration of an opioid with
any of these drugs may reduce an EM
phenotype to an IM phenotype. CYP3A4
is also inhibited by a number of drugs,
including cyclosporine, cimetidine,
fluconazole, ketoconazole, norfloxacin,
prednisone, and telithromycin (“Cyto-
chrome p450 Drug Interactions,” 2006).
Some grapefruit products can inhibit
CYP3A4 production. Coadministration
of these products with hydrocodone,
oxycodone, or tramadol may increase the
risk of opioid toxicity. Patients receiving
these combinations should be closely
monitored for mental status changes or
signs of respiratory compromise.

Despite the identification of polymor-
phisms associated with variable drug
response, insufficient evidence exists to
suggest that widespread genetic test-
ing will change the efficacy of opioid
therapy. The U.S. Food and Drug Ad-
ministration (2015) identified specific
recommendations for only two mu re-
ceptor agonists: codeine and tramadol.
Administration of codeine to nursing
mothers is no longer considered safe
practice; the neonate may accumulate
toxic levels of morphine if the neonate
or its mother happens to be an EM or
UM. This scenario has been responsible

ancestry. Considerations for
therapy may include initiating
codeine or tramadol at lower
doses and monitoring high-
risk populations for signs of
opioid toxicity.

Whether genetic testing will ever
direct all opioid therapy remains to be
seen. However, genotyping will likely be
a consideration for a number of drugs,
particularly for high-risk populations.
Many of the allelic variations high-
lighted in this article may soon help to
tailor the opioid choice and its dose to
each individual’s genotype, maximiz-
ing response to therapy and minimizing
risk of AEs, all with the hope of moving
clinicians and their patients closer to the
promise of personalized medicine.
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