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Background: Methadone, a synthetic opioid with longer duration of action and lower abuse potential
compared with morphine, is used to prevent opioid withdrawal, as well as to manage chronic and acute
surgical pain. The variability in response to methadone has been widely recognized. The purpose of this
article is to review the literature on the pharmacogenetic factors underlying this variability. Materials &
methods: This is a narrative overview of the literature on the genetic variants affecting pharmacodynam-
ics and pharmacokinetics of methadone, retrieved from searches of databases such as PubMed and google
scholar. Discussion: Clinical responses to methadone may be affected by genetic variants in the opioidergic,
dopaminergic and neurotrophic pathways. Polymorphisms in genes related to disposition and elimination
of methadone alter the pharmacokinetics, and possibly pharmacodynamics of methadone. Cytochrome
P450 enzymes and P-glycoprotein variants contribute to the interindividual variability in methadone phar-
macokinetics. Evidence for single gene variants affecting methadone response remains weak. Multiple
genetic variants must be considered in conjunction to improve predictive ability. Conclusion: Evidence
remains scarce at this time, to recommend pharmacogenetic testing before methadone administration.
Well-powered clinical studies are needed with population pharmacokinetic-pharmacodynamic modeling
and multigenetic signature-based predictions to enable tailored use of methadone in clinical practice.
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Methadone is a long-acting, synthetic opioid analgesic, which acts as a MOR agonist, NMDA antagonist and
central serotonin–norepinephrine reuptake inhibitor [1–3]. It was first synthesized in 1938 as a congener to morphine
but soon fell into disrepute due to the associated adverse effects [4,5]. It gained importance again in the early 1960s
as the treatment of opioid dependence and late 1970s as an analgesic. Presently, it is used for maintenance therapy
to prevent opioid withdrawal, management of chronic pain and acute surgical pain [4].

Methadone has lower abuse potential, is longer acting and less sedating compared with morphine [6]. Due to
these properties, problems such as tolerance, opioid-induced hyperalgesia and withdrawal are uncommon with
methadone. This makes it an ideal drug for maintenance therapy in opioid abuse and in long-term management
of chronic and cancer pain. There has been a growing body of literature on using methadone perioperatively, and
its benefits in preventing persistent postoperative pain [7,8].

Despite this wide spectrum of clinical use, response to methadone varies greatly among patients. A number of
studies have been performed to characterize the genetic variants causing this inter-person variability. A number of
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SNPs impacting methadone pharmacodynamics as well as pharmacokinetics have been described. The purpose of
this review is to provide a narrative overview of literature related to pharmacogenomics of methadone.

Materials & methods
Articles were searched for on PubMed and Google Scholar. MeSH terms such as ‘methadone’, ‘pharmacogenetics’,
‘pharmacodynamics’, ‘pharmacokinetics’, ‘gene variants’, ‘genetic polymorphism’, ‘SNP’ along with other additional
specific keywords relevant to the topic were used to build a search. All studies in which genotyping was done in
patients on methadone with clinical data such as efficacy, adverse effects and concentrations of drug, were chosen.
Additional articles were found using hand searches of references in the retrieved literature. All citations were
added to the citation manager EndNote X9 and duplicates were removed. Full-text papers of all the articles were
accessed and articles not fitting the scope of the review were deleted manually. In the studies describing genetics
of pharmacokinetics, there were studies that have associated CYP genotype with daily doses of methadone without
concentration data, with varying results. These studies contribute to the overall scientific knowledge, but they were
not included in this review as the effects of pharmacodynamic variability and pharmacokinetic variability cannot
be disentangled in these studies.

Discussion
Pharmacodynamics of methadone
Methadone acts as an agonist to MOR, DOR and KOR [5]. Most of the therapeutic and adverse effects are primarily
mediated through MOR agonism [6]. This is responsible for the analgesic, euphoric, miotic, respiratory depressant,
sedative and gastrointestinal effects of methadone [6]. Methadone has greater affinity toward DOR compared with
morphine [9]. This may contribute to the reduction of opioid tolerance associated with the use of methadone [10].

The methadone commercially available in the USA is a 50:50 mixture of R- and the S-methadone. The R-
enantiomer is responsible for most of its MOR-related analgesic, therapeutic activity and related adverse events
like respiratory depression and sedation. The S-enantiomer is responsible for most of methadone’s adverse events
including QT prolongation [5]. The receptor activity of R- and S-methadone are quite specific reflecting their roles
in different pharmacological activities. R-methadone has ten-times greater affinity for the MOR compared with
the S isomer, resulting in the greater analgesic potency of R-methadone [5]. S-methadone, on the other hand, is a
noncompetitive antagonist at the NMDA receptor [11,12]. NMDA activation has been linked to opioid tolerance
and opioid induced hyperalgesia [13]. MOR agonist and NMDA antagonist properties result in an additive analgesic
response with racemic methadone [14]. S-methadone also has serotonin and norepinephrine reuptake inhibitory
properties in the central nervous system (CNS) [3,6].

Methadone can prolong QTC interval, with the potential risk of life-threatening torsades de pointes [15,16].
Particularly, the S isomer of methadone is an inhibitor of the potassium voltage-gated channel subfamily H
member 2 in a dose-dependent manner [17]. This affects the delayed rectifier potassium current (IK) in Phase III
of cardiac action potential, resulting in an increased time to repolarization and a corresponding increase in QT
interval [18]. Patients with a baseline increased QTC due to congenital long QT syndromes, subclinical long QT
syndromes, and those on other medications causing QT prolongation are at increased risk of torsades de pointes
with methadone administration [18,19]. Methadone can also cause bradycardia due to its anticholinesterase and
calcium channel blocking properties [20,21].

Genetic factors affecting the pharmacodynamics of methadone
Most of the studies on genetic variants affecting pharmacodynamics of methadone have looked into methadone
dose requirements or response in patients on methadone maintenance therapy (MMT) for treatment of opioid use
disorders.

Opioidergic pathway

OPRM1 coding for the MOR has been the most widely studied gene. Others include OPRD1 coding for DOR,
POMC which encodes a precursor of endogenous opiates, and ARRB2 which encodes β-arrestin-2 (a downstream
regulator in opioid signaling) [22].

OPRM1 polymorphism is an important factor influencing pharmacodynamics of opioids. The 118A>G
(rs1799971) polymorphism has been associated with increased opiate dose requirements and decreased effects,
including adverse effects and susceptibility to opioid dependence [23]. This was verified for methadone by Lotsch
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et al. in a pharmacogenetic study of CNS effects of methadone on 51 healthy volunteers [24]. They studied variants
of CYP genes, ABCB1 and OPRM1 along with blood concentration of methadone and CNS effects quantified in
terms of methadone-induced miosis. A significant association was found between OPRM1 118A>G carriers and
methadone effect; however, there was no association with ABCB1 or CYP genes. Carriers of the 118G allele had
1.74-times (95% CI: 1.4–2.2) lower miotic potency of levomethadone compared with noncarriers. The maximum
percent decrease in pupil diameter from baseline was lowest for homozygous carriers (118GG).

However, the association between OPRM1 118A>G and methadone dose for MMT was not conclusive as
described in the systematic review by Oueslati et al. [25] In a study on 238 patients on MMT, Crettol et al. were
not able to demonstrate an association between OPRM1 118A>G and methadone requirements [26]. Barratt et al.
in their study on 119 subjects on MMT were able to demonstrate that an interaction between ABCB1 haplotype
and OPRM1 variant influenced methadone dose requirements [27]. But an isolated effect of OPRM1 on methadone
requirements was not found [27]. Hung et al. studied the association of genetic variants with methadone dose
requirements in a sample of Han Chinese population on methadone maintenance therapy [28]. In a pair-wise
comparison and genotyping of 321 opioid-dependent patients on MMT and 202 healthy controls, no association
of 118A>G SNP and methadone maintenance dose was found. However, in a proportional odds regression model,
118A>G variant along with variants in CYP2B6, ANKK1 and DRD2 genes showed association with maximum
methadone maintenance doses.

Levran et al. studied 227 former heroin users on MMT and found that OPRM1 rs558025 SNP carriers required
lower methadone doses compared with noncarriers [22]. OPRM1 has also been studied as a risk factor for methadone-
related deaths [29]. The 118A>G variant was associated with higher postmortem blood methadone concentration,
although it did not reach a statistical significance. OPRM1 SNPs have also been associated with methadone adverse
effects [30].

Luo et al. studied 257 patients on MMT for genetic factors affecting methadone dose [31]. They selected SNPs
of OPRD1, ABCB1, ARRB2 and DRD1 for analysis. Carriers of OPRD1 rs529520TG variant had significantly
greater methadone dose requirements compared with noncarriers. A significant SNP–SNP interaction of ABCB1–
ARRB2–OPRD1 was also found to be associated with dose requirement. Levran et al. also evaluated POMC and
ARRB2 variants in this study, along with OPRM1, but found no association with methadone dose [22].

Dopaminergic pathway

The mesolimbic dopaminergic system has been implicated in the rewarding effects of opioid use, dependence and
withdrawal [22,32]. The genes DRD1 and DRD2 encode dopamine receptors, and ANKK1 (located near DRD2 on
chromosome 11) may influence DRD2 expression [22,28]. Many variants of ANKK1 and DRD2 have been found
to be in strong linkage disequilibrium [22]. In a study of MMT in Chinese patients, Hung et al. analyzed ANKK1–
DRD2 haplotypes as part of their genetic panel [28]. They identified DRD2 variants 214A>G and 939C>T which
lower methadone dose requirement. Patients with ANKK1–DRD2 haplotype CTACC or TCAAT were at greater
risk of opioid addiction and needed larger methadone maintenance doses. A combined effect of variants in ABCB1,
CYP2B6, OPRM1 and ANKK1–DRD2 could explain 53% of variation in methadone maintenance dose [28].

Levran et al. also reported that ANKK1–DRD2 variants influence methadone dose requirements [22]. Carriers of
variant A allele of ANKK1 rs7118900 or variant T allele of DRD2 rs2283265 required lower methadone doses.
Doehring et al. studied ANKK1–DRD2 polymorphism in Caucasian patients on MMT, evaluating 85 patients and
99 healthy controls [32]. The carrier frequency of a minor allele variant was greater in the patient group. The average
and maximum daily doses of methadone were significantly greater in carriers of DRD2 rs6275C>T SNP. Similarly,
Duan et al. showed a significant association between methadone dose requirement and DRD2 rs6275C>T variant
in 257 Chinese patients on MMT [33]. One other DRD1 variant (rs686) was not found to be associated with
methadone dose requirements for MMT [33].

Glutaminergic pathway

The GRIN1 and GRIN2A genes encode glutamate ionotropic receptor NMDA type subunits. Polymorphisms have
been explored in the context of methadone pharmacodynamics; however, no significant associations have been
discovered [22].
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Neurotrophins

Neurotrophins are molecules involved in neuron growth, synaptic plasticity, learning, memory and, behavior,
and these play a significant role in opioid-induced plasticity and reward effect of opioids [22,34]. The most notable
neurotrophins include NGF and BDNF with their receptors, NTRK1 and NTRK2. Genetic variants in BDNF have
been linked to variability in response to MMT [35]. Levran et al. showed an association between methadone dose and
three BDNF intronic variants [22]. Similarly, six SNPs in NTRK2 were linked to methadone dose requirement [22].
The NGFβ intronic variant rs2239622 has been associated with variations in methadone dose [34].

Pharmacokinetics of methadone
Absorption

Methadone is a basic liposoluble drug with a pKa of 9.2. The drug is available as a hydrochloride salt (tablet
for oral administration) and as an injectable formulation for intramuscular, subcutaneous and intravenous use.
Other routes such as rectal, transmucosal, sublingual and epidural have been evaluated in the past. The R- and
S-enantiomers of methadone are similar in absorption parameters such as the lag time and bioavailability [36].
When given orally, bioavailability is approximately 70% (ranging from 36 to 100% between individuals) [37].
This variability is attributed mainly to differences in first-pass metabolism by CYP enzymes and efflux transport
by P-glycoprotein in the gut – governed by underlying pharmacogenetics [37]. The time to peak concentration
is about 1–5 h, although therapeutic activity is initiated by 30–60 min following administration and lasts for
about 4–6 h after a single dose [38]. The duration of analgesia increases to 8–12 h with repeated dosing, as seen in
chronic therapy [39]. Methadone undergoes a minimal amount of enterohepatic recirculation with small secondary
peaks observed in the concentration–time curve [40]. P-glycoprotein has been shown to be an efflux protein for
methadone both in the gut and the brain in in vitro studies. However, inhibition of P-glycoprotein does not affect
the bioavailability of the drug in vivo [41].

Distribution

Methadone is highly distributed in the body with apparent volume of distribution reported between 496 and 896 L
for R-methadone, and 289 and 360 L for S-methadone [36,42,43]. The tissue protein binding of methadone is more
than the plasma protein binding leading to a substantial peripheral reservoir [44]. In the plasma, methadone is
predominantly protein bound (80–90%) but the amount of binding is dependent on the enantiomer. Methadone
is mainly bound to α-1 AGP and to a lesser extent to other lipoproteins. Albumin appears to play a very minor role
in plasma protein binding [45]. The amount of unbound drug observed is approximately 9–10 and 12–14% for
R-methadone and the S-methadone, respectively [45,46]. About 56% of the variability in the unbound drug fraction
of the racemates can be predicted by the total AGP concentration and by one of its major subtypes, ORM 2A [46].
The concentration of AGP is affected by physiological factors such as age, gender, menstrual cycle and pregnancy
as well as regular diurnal variation [47]. Moreover, AGP, as an acute phase protein, increases in concentration from
two to fivefold during stresses such as inflammation, burns, infections and surgeries [48]. The free concentration of
methadone can fall drastically following such stressors, and this may reduce its efficacy.

Metabolism & elimination

Methadone is mainly eliminated by hepatic metabolism by CYP enzymes. These enzymes show stereoselectivity in
preference for metabolism of the R- and S-enantiomers. About 10–20% of systemic drug is eliminated through
urinary excretion, although this is dependent on urine pH. As methadone is a basic drug, urinary excretion
decreases with increasing urinary pH [49]. The metabolic pathway of methadone is shown in detail in Figure 1. In
the liver, methadone undergoes N-demethylation and spontaneous cyclization to form its major metabolite,
2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine (EDDP), and an inactive metabolite, 2-ethyl-5-methyl-3,3-
diphenylpyrroline (EMDP). Neither of the metabolites have any analgesic activity, although EDDP may have a
role in QT interval prolongation reported with methadone [50].

The understanding of the metabolic pathway for methadone has improved considerably in recent years. Initial
human liver microsomal studies using specific enzyme inhibitors revealed a potential role of CYP3A4 in the
metabolism of methadone without any preference to either of the enantiomers [51,52]. It is now evident that
CYP3A4 is only one of several metabolizing enzymes of R- and S-methadone.
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Figure 1. Methadone metabolism. Methadone, a racemic mixture of R-methadone and S-methadone (50:50 mixture), is metabolized
predominantly in the liver by N-demethylation in to a major metabolite, 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine, which is
further N-methylated to an inactive metabolite, EMDP. The major metabolites of methadone are
2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine and EMDP. The pathway of the R- and S-enantiomers are in brown and blue,
respectively. Different liver CYP enzymes, as depicted, are involved in the metabolism of methadone’s each of the enantiomers as shown
above. The other metabolites are methadol and p-hydroxy methadone. There are many minor metabolites of methadone, which are
colored green in the pathway. 10–20% of methadone is excreted in the urine unchanged.
EMDP: 2-ethyl-5-methyl-3,3-diphenyl-1-pyrroline.

Gerber et al. assessed the role of several CYPs in methadone metabolism through experiments of recombinantly
expressed CYP enzymes in Supersomes™ (Corning Inc., NY, USA). Their results showed the following order of
importance: CYP2B6 > CYP2C19 ≥ CYP3A4 > CYP2C9 ≥μCYP2D6 [53]. The study also showed that CYP2B6
metabolizes S-methadone faster than R-methadone at low concentrations, and CYP2C19 metabolizes R-methadone
better than S-methadone at all concentrations. However, it should be noted that this study in Supersomes™ could
not account for the relative abundance of these enzymes expressed in the liver. For example, CYP3A4 is present
in higher quantities in the liver than the other CYP enzymes tested. A follow-up study with relative abundance
scaling demonstrated the ability of CYP enzymes to metabolize methadone in the following order of importance:
CYP3A4 > CYP2B6 > CYP2C19 > CYP2D6 > CYP2C18, CYP3A7 > CYP2C8, CYP2C9, CYP3A5. Out of
these CYPs, CYP2B6, 2D6 and 2C18 demonstrated a preference for (S)-EDDP formation and CYP2C19, 3A7
and 2C8 for (R)-EDDP formation. CYP3A4 showed no preference to either [54].

To follow-up on the in vitro characterization of methadone metabolism, Kharasch et al. conducted a series of
drug interaction trials in humans focusing on CYP enzymes involved in metabolism of methadone. In one of these
studies, ritonavir unexpectedly increased the clearance of both R- and S-methadone by about 1.5-fold and twofold,
respectively, despite known CYP3A inhibitory activity [55]. This finding was reproduced in studies where indinavir,
nelfinavir or ritonavir/indinavir were used to inhibit CYP3A4 enzymes [41,56–58]. Totah et al. reported that rifampicin
increased the metabolism of R- and S-methadone while the CYP3A selective inhibitor troleandamycin did not
have any effect on the enantiomers. The increase in ratio of R-/S-methadone with rifampicin also demonstrated
the importance of CYP2B6 enzyme in metabolism of methadone in vivo [59]. Therefore, the CYP3A4 mediated
metabolism of methadone may not be as significant as inferred from previous in vitro work.

The R- and S-enantiomers of methadone are metabolized by the same enzymes, albeit at different rates. Therefore,
there is a possibility of interaction between the enantiomers. Indeed, Totah et al. found that the metabolism of
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R-methadone by CYP2B6 could be inhibited by S-methadone in vitro. However, similar interactions could not
be elicited for CYP2C19 and CYP3A4 [60]. Methadone could also be involved in auto-induction. Activation
on pregnane X receptor and the constitutive androstane receptor can increase the expression of CYP3A4 and
CYP2B6 in the liver. Methadone has been shown to activate these receptors, thus potentially inducing its own
metabolism [61,62].

Genetic factors affecting the pharmacokinetics of methadone
The high variability in methadone pharmacokinetics is principally caused by genetic variations in factors related
to disposition and elimination [63]. These genetic factors have varying effects on the R- and S-enantiomers.
Several in vivo studies have reported on this topic with varying results; however, there are limited clinical studies
(Table 1) demonstrating an association of genetic polymorphisms.

Genetics affecting absorption

Methadone, as a lipid-soluble drug, is absorbed primarily by passive diffusion before entering the jejunum. Human
intestinal microsomes containing CYP enzymes have been found to be involved in metabolism of the drug [81].
Also, P-glycoprotein was shown to affect the absorption of methadone in an in vivo study employing quinidine
as an inhibitor of the efflux transporter [82]. This P-glycoprotein efflux transporter is also known as MDR1 or
ABCB1, and the encoding gene is highly polymorphic with multiple SNPs. However, there is no current evidence
to support genetic polymorphisms affecting the absorption of the drug [83]. The likely explanation for this is the
high bioavailability of methadone, such that the effects of these polymorphisms become negligible.

Genetics affecting disposition

As discussed earlier, methadone is primarily bound to AGP in plasma. The orosomucoid genes ORM1 and ORM2
encode this protein. Methadone binds selectively to the ORM2 [84]. Few studies regarding polymorphisms in ORM2
have been conducted. However, to our knowledge, no studies have evaluated ORM2 variants with methadone.

Genetics affecting metabolism

The CYP enzymes contribute to about 90% of the metabolism of methadone; therefore, their genetics remain the
cornerstone of the pharmacogenetics of methadone [37]. The enzymes involved in metabolism for which studies
with genotyping information available are CYP2B6, CYP2C19, CYP3A4, CYP2D6, CYP2C9 and CYP3A5. The
importance of genetic polymorphisms for CYP enzymes has been determined either through univariate analysis,
multivariate analysis or population pharmacokinetic modeling (Tables 1 & 2).

CYP2B6
CYP2B6 is the most important CYP enzyme involved in the metabolism of S-methadone and to an extent, R-
methadone. The expression of CYP2B6 is highly variable among individuals (20–250-fold) [86] due to genetic
polymorphisms and differences in transcriptional regulation [87]. Several polymorphisms and various linkages with
multiple haplotypes are known for CY2B6 (https://www.pharmvar.org/htdocs/archive/cyp2b6.htm), most of
which result in reduced enzyme activity. The most commonly implicated allele is the *6 haplotype which is a
combination of *4 and *9 allelic variants. The frequency of *6 haplotype varies greatly among different ethnicities
(10–21% in Asians, 14–27% in Caucasians, 33–50% in Africans and African–Americans and ∼62% in Papua
New Guineans) [88]. Crettol et al. demonstrated a relationship between the haplotype and concentrations of S-
methadone. There was a 2.1- and 1.7-fold increase in trough and peak concentrations, respectively, of S-methadone
in homozygous *6 carriers compared with the noncarriers [64,69]. Other studies have shown a decrease in clearance
of 19 to 39% with the homozygous *6 allele [42,65,66,70,71]. This allele has also been implicated in the metabolism
of R-methadone (albeit to a lesser extent), as a 1.3-fold increase in both trough and peak plasma concentrations
were seen [64,69]. As noted previously, the homozygous *6 slow metabolizer variant, which decreases clearance of
S-methadone, has been shown to increase risk of QT prolongation with methadone [89].

The effect of the CYP2B6*5 allele on methadone clearance is unclear. An increase in activity was suggested by
Csajka et al. when this allele used as a part of the activity score for both R-and S-methadone metabolism [42].
Dobrinas et al. observed a high *5 allele frequency in the group with lower S-methadone concentrations, also
suggesting an increase in CYP2B6 activity [74]. However, contradictory results were reported by Ahmad et al. in a
study of methadone fatalities. The racemic methadone concentrations in the patients with homozygous *5 allele
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Table 1. Genetic polymorphisms with significant in vivo effect on methadone pharmacokinetics.
Gene Allele/haplotype Effect Study (year) Ref.

CYP2B6 *6 (*4 [rs2279343] and *9
[rs3745274])

Decreased clearance and increased concentrations of both R- and
S-methadone (S � R)

Csajka (2016)
Crettol (2006)
Bunten (2010)
Dennis (2014)
Kharasch (2015)
Kringen (2017)

[42,64–68]

*6 (*4 [rs2279343] and
*9 [rs3745274])

Decreased clearance and increased concentration of S-methadone Wang (2011)
Crettol (2005)
Fonseca (2011)
Bart (2014)

[69–72]

*5 (rs3211371) Decreased clearance of racemic methadone in univariate analysis Ahmad (2017) [73]

*5 (rs3211371) Improved the clearance estimate in population PK model of R- and
S-methadone, when used as a part of activity score

Csajka (2016) [42]

*5 (rs3211371) Increase in clearance of S-methadone Dobrinas (2013) [74]

*11 (rs35303484) Improved the clearance estimate in population PK model of R- and
S-methadone, when used as a part of activity score

Csajka (2016) [42]

*11 (rs35303484) Trend for decreased S-methadone clearance Dobrinas (2013) [74]

Intronic (rs2279344) Trend for decreased S-methadone clearance Csajka (2016)
Dobrinas (2013)

[42,74]

Intronic (rs8192719) Trend for decreased S-methadone clearance Csajka (2016)
Dobrinas (2013)

[42,74]

rs1038376 Decreased S-methadone clearance and increased S-methadone
dose corrected concentrations

Wang (2011) [70]

Intronic (rs10403955, rs2279345,
rs707265)

Increased S-methadone clearance and decreased S-methadone
dose corrected concentrations

Wang (2011) [70]

Intronic (rs10500282) Decreased S-methadone dose corrected concentrations Wang (2011) [70]

Haplotypes TTT (rs8100458,
rs10500282, rs10403955) and
AGATAA hexanucleotide haplotypes
(rs2279342–rs3745274–rs2279343–
rs2279345–rs1038376–rs707265)

Highest concentrations including dose corrected concentrations
and lowest clearance of S-methadone, while TCG showed opposite
trend

Wang (2011) [70]

AGATAA (rs2279342, rs3745274,
rs2279343, rs2279345, rs1038376 and
rs707265)

Lower concentrations and dose corrected concentrations of
S-methadone than the ATGCAG and ATGCTG combinations

Wang (2011) [70]

Haplotypes TAATCG and TCCTTT
(rs8100458, rs7250601, rs7250991,
rs11882424, rs8192719 and
rs10853744)

Increased S-methadone clearance in sliding-window
haplotype-based association analysis

Yang (2016) [75]

CYP2C19 CYP2C19 *2 rs4244285
CYP2C19 *3 rs4986893
PM (*2/*2, *2/*3 and *3/*3)
IM (*1/*2 and *1/*3)
EM (*1/*1)

Decreased R-methadone clearance; EM � IM � PM Wang (2013) [76]

CYP2C19*2 or *3 Decreased total methadone clearance with *2 and *3 Kringen (2017) [67]

CYP2C19*2 Increased total (S) and (R) EDDP concentrations Carlquist (2015) [50]

CYP3A4 CYP3A4*22 (rs35599367) Decreased clearance of R-methadone and trend toward decreased
clearance of S-methadone

Csajka (2016) [42]

CYP3A4*1b (rs2740574) Trend toward decreased clearance of R- and S-methadone Crettol (2006) [64]

Intronic (rs2242480) and
*1b (rs2740574)

Trend toward increased concentrations Richards (2014) [77]

CYP2D6† EM (homo): *1/*1
EM (hetero): *1/*4, *1/*5, *1/*3,
*1/*6
PM: *4/*4, *4/*3, *4/*6

Increased clearance of both R- and S-methadone; UM � EM � PM Eap (2001) [78]

UM (*1×N, *2×N)
EM (*1, *2, *3, *6, *35)
IM (*9, *10, *41)
PM (*4/*4)

Concentrations of both R- and S-methadone were paradoxically
higher in UM compared with EM, but UM patients had received
much higher doses

Fonseca (2011) [72]

†CYPD6; UM: duplications (Ex: CYP2D6*1×N and CYP2D6*2×N [2–13 copies]) or alleles with promoter mutation; EM: 1 null/reduced + 1 normal activity (hetero) or 2 normal activity
(homo); IM: 1 null + 1 reduced activity or 2 reduced activity allele; PM: 2 null allele.
‡CYP2C9; EM: homozygous normal activity allele; IM: heterozygous with one normal activity allele; PM: both reduced activity allele-homozygous or heterozygous.
CL/F: Apparent clearance; EDDP: 2-Ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine; EM: Extensive metabolizer; IM: Intermediate metabolizer; PK: Pharmacokinetic; PM: Poor metabolizer;
UM: Ultrarapid metabolizer.
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Table 1. Genetic polymorphisms with significant in vivo effect on methadone pharmacokinetics (cont.).
Gene Allele/haplotype Effect Study (year) Ref.

EM (*1/*1)
IM (*1/*3, *1/*4, *1/*5, and *1/*6)
PM (*3/*4, *4/*4, *4/*5, and *4/*6)
UM (*1/*xN)

UM had significantly lower trough S-methadone plasma
concentrations compared with EM/IM. A similar trend was seen
with R-methadone plasma concentrations.

Crettol (2006) [64]

CYP2C9‡ CYP2C9 *2 (rs1799853)
CYP2C9 *3 (rs1057910)
PM (*2/*2, *2/*3 and *3/*3)
IM (*1/*2 and *1/*3)
EM (*1/*1)

Decreased total methadone clearance with *2 and *3 Kringen (2017) [67]

CYP3A5 CYP3A5*3 (rs776746) Decreased total methadone clearance Kringen (2017) [67]

ABCB1 rs1045642 (3435C�T) Increased clearance of S-methadone in univariate analysis and
population PK modeling

Csajka (2016) [42]

rs1045642 (3435C�T) Increased clearance of R- and S-methadone Crettol (2006) [64]

rs1045642 (3435C�T) Trend toward increased clearance of R- and S-methadone Dennis (2014) [65]

rs2032582 (2677G�T/A) TT genotype was associated with lower concentrations of R- and
S-methadone

Crettol (2006) [64]

rs2032582 (2677G�T/A) GG genotype was associated with a reduction in CL/F of R- and
S-methadone in PK modeling

Bart (2014) [71]

rs2032582 (2677G�T/A) TT genotype was associated with higher concentrations of both R-
and S-methadone

Lee (2013) [79]

rs9282564 Increased clearance of R- and S-methadone Crettol (2006) [64]

CGC/TTT diplotype
rs1128503 (1236C�T)
rs2032582 (2677G�T/A)
rs1045642 (3435C�T)

Increased dose-adjusted serum methadone concentration Zahari (2016) [80]

Haplotype AGCTT
rs9282564 61A�G
rs2229109 1199G�A
rs1128503 1236C�T
rs2032582 2677G�T
rs1045642 3435C�T

Decreased trough methadone concentrations (both in homozygous
and heterozygous forms)

Barratt (2012) [27]

POR POR*28 (rs1057868) Increased clearance of R- and S-methadone Csajka (2016) [42]

rs17180299 rs17180299 Increased concentrations of R-methadone Yang (2016) [75]

†CYPD6; UM: duplications (Ex: CYP2D6*1×N and CYP2D6*2×N [2–13 copies]) or alleles with promoter mutation; EM: 1 null/reduced + 1 normal activity (hetero) or 2 normal activity
(homo); IM: 1 null + 1 reduced activity or 2 reduced activity allele; PM: 2 null allele.
‡CYP2C9; EM: homozygous normal activity allele; IM: heterozygous with one normal activity allele; PM: both reduced activity allele-homozygous or heterozygous.
CL/F: Apparent clearance; EDDP: 2-Ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine; EM: Extensive metabolizer; IM: Intermediate metabolizer; PK: Pharmacokinetic; PM: Poor metabolizer;
UM: Ultrarapid metabolizer.

were found to be about 2.5-fold higher than the others, suggesting a lower clearance. This contradictory result
could possibly be related to the study design, as patient samples were collected at autopsy [73].

The presence of CYP2B6*11, an infrequent allele with reduced activity has been used to predict interindivid-
ual variability in clearance as part of an activity score [42]. Also Dobrinas et al. observed that the frequency of
this allele was higher in patients with high concentrations of methadone [74]. Other variants like rs2279344,
rs8192719, rs1038376 and rs10500282 decrease S-methadone clearance, while rs10403955, rs2279345 and
rs707265 increase S-methadone clearance [42,74]. In an extensive genome-wide association study using sliding-
window haplotype-based association analysis, Yang et al. identified novel CYP2B6 haplotypes which could af-
fect the clearance of methadone. The haplotypes TAATCG and TCCTTT (rs8100458, rs7250601, rs7250991,
rs11882424, rs8192719 and rs10853744) were associated with lower concentrations of S-methadone [75].

Transcription of CYP2B6 is mainly regulated by two nuclear receptors – pregnane X receptor and constitutive
androstane receptor – encoded by NR1I2 and NR1I3, respectively [61]. However, variants in these genes have not
yet been explored in relation to methadone metabolism.

Methadone may induce QT prolongation in the absence of any known risk factors [15]. The CYP2B6 (*6/*6)
slow metabolizer variant, associated with decreased clearance of S-methadone, has been shown to increase risk of
QT prolongation related to methadone [89].

A recent study identified the importance of CYP2B6 LOF alleles, sex and BMI as determinants of methadone
metabolism and suggested including sex, BMI and CYP2B6 genotype as predictors in multivariate models to create

878 Pharmacogenomics (2020) 21(12) future science group



Pharmacogenomics of methadone Review

Table 2. Characteristics of pharmacokinetics studies of methadone with genotyping available.
Study (year) n Male Female Methadone samples Genotype Analysis† Ref.

Csajka (2016) 251 190 61 PK modeling 244 peak (C4) and/or
trough (C0), seven rich samples (11
each) in steady state

CYP2B6: *6 [*4 and *9], *5,
*11, intronic (rs2279344),
intronic (rs8192719)
CYP2C9 *2, *3
CYP2C19 *2, *3
CYP2D6 *3, *4, *5, *6
CYP3A4*1B, *22
CYP3A5*3
CYP3QA7*1C
ABCB1 61A�G, 1199G�A,
1236C�T, 2677G�T, 3435C�T

Population PK analysis with
genotypes and supposed
activity scores as covariates on
clearance parameter

[42]

Crettol (2005) 209 NA NA 192 patients with trough (C0) and/or
peak (C4) samples in steady state; 17
with trough only

CYP2B6 *4, *5, *6, *7, *9
CYP2C9 *2, *3
CYP2C19 *2, *3

Univariate analysis between
genotype and concentrations

[69]

Crettol (2006) 245 185 60 245 trough (C0) and 203 (C4) peak
samples under steady state

CYP1A2*1F
CYP2B6*4, *5, *9,
CYP2C9*2, *3
CYP2C19*2, *3,
CYP2D6*3, *4, *5, *6, xN
CYP3A4*1B, *3
ABCB1 61A�G, 2677G�T,
3435C�T
UGT2B7*2a

Univariate analysis between
genotype and concentrations

[64]

Dennis (2014)
Meta-analysis

NA NA NA Data from four PK studies out of total
seven studies selected for review.
Crettol et al., Fonseca et al. and
Uehlinger et al.

CYP2B6*6
ABCB1 3435C�T

Univariate analysis between
genotype and concentrations

[64,65,69,72,85]

Kharasch
(2015)

64 NA NA 489 genotyped out of which three
groups of 20 subjects each were created
with CYP2B6*1/*1, CYP2B6*1/*6 and
CYP2B6*6/*6. Multiple PK samples
through 96 h after single dose in
healthy volunteers.

CYP2B6 *4, *5, *6, *7, *9, *16
and *18

Univariate analysis between
plasma EDDP/methadone,
AUC ratio and genotype

[66]

Bunten (2010) 67 NA NA Concentration measured during autopsy CYP2B6 *6 (*4 and *9) Univariate analysis between
genotype and concentrations

[68]

Kringen (2017) 64 NA NA At steady state (≥12 h after last intake
of methadone)

CYP2B6 *6 (*4 and *9)
CYP3A5 *3
CYP2C9 *2, *3
CYP2D6 *3, *4, *5, *6
CYP2C19 *2, *3

Linear mixed model analysis
along with age, gender and
time with repeated
measurements of
concentration

[67]

Wang (2011) 366 297 69 Trough samples at steady state rs8100458, rs10500282,
rs10403955, rs2279342,
rs3745274 (*9), rs2279343 (*4)
rs2279345, rs1038376,
rs707265, rs1042389

Univariate analysis between
identified genotype and
concentrations after multiple
testing correction

[70]

Fonseca (2017) 105 74 31 76 responders and 29 nonresponders.
Trough samples at steady state

CYP2B6 *1, *4, *6
CYP2C19 *1, *2, *3
CYP2D6 *1, *2, *3, *4, *5, *6,
*9, *10, *17, *35, *41
CYP3A5 *1*3
CYP2C9 *1*2*3
ABCB1 3435C�T

Univariate analysis between
genotype and concentrations
after multiple testing
correction

[72]

Bart (2014) 206 NA NA PK modeling with 441 samples at steady
state

CYP3A4 *1b, rs28371759,
rs4986909
CYP2B6*4, *5, *9, intronic
(rs8192709)
CYP2D6 rs1065852, rs5030656
CYP2C19 rs3758581
ABCB1 61A�G, 1236C�T,
2677G�T, 3435C�T,
rs6949448, rs2235067,
rs1922242, rs1128503,
rs2520464, rs3789243
CYP1A2 rs762551

Population PK analysis with
genotypes as covariates on
clearance parameter

[71]

†As mentioned in the published literature.
AUC: Area under the curve; bp: Base pair; EDDP: 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine; NA: Not available; PK: Pharmacokinetic.
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Table 2. Characteristics of pharmacokinetics studies of methadone with genotyping available (cont.).
Study (year) n Male Female Methadone samples Genotype Analysis† Ref.

Ahmad (2017) 228 NA NA Concentration measured during
autopsy compared with 297 controls

CYP2B6 *5, *9, *2, *8, *15
intronic (rs2279344,
rs4803419, rs8192719)

Univariate analysis between
genotype and concentrations
after multiple testing
correction

[73]

Dobrinas
(2013)

276 NA NA Trough samples at steady state CYP2B6 sequencing of
3917 bp including all nine
exons and exon–intron
boundaries

Univariate analysis between
identified genotype and
concentrations after multiple
testing correction

[74]

Yang (2016) 344
+
76

281
+
59

63
+
17

At steady state. Sampling schedule
unknown. Genotyping in 344 patients
to identify susceptibility loci.
Additional 76 patients used for
validation.

Whole-genome
pharmacogenomic study
using Axiom Genome-Wide
CHB 1 Array (Affymetrix, CA,
usa)

Genome-wide singe-locus
association analysis after
multiple test correction and
sliding-window
haplotype-based association
analysis with concentration

[75]

Wang (2013) 366 NA NA Samples at 24 ± 2 h after the last
methadone dose at steady state

CYP2C19 *2, *3 Univariate analysis between
genotype and concentrations

[76]

Carlquist
(2015)

31 NA NA Day 1 and day 21 peak and trough
concentrations

CYP2B6 *9
CYP3A4 *1b, *22
CYP2C19 *2
ABCB1 3435C�T
NOS1AP (rs12143842)

Univariate analysis between
genotype and concentrations

[50]

Richards (2014) 228 NA NA Concentration measured during autopsy CYP3A4 *1B
rs4987161, rs4986910
intronic (rs2246709,
rs3735451, rs4646437 and
rs2242480)

Univariate analysis between
genotype and concentrations

[77]

Eap (2001) 256 202 54 Plasma trough at steady state. 15
patients with bd dosing were removed
from analysis

CYP2D6*3, *4, *5, *6, *xN Univariate analysis between
genotype and concentrations
after multiple testing
correction

[78]

Lee (2013) 178 156 22 Plasma trough at steady state CYP2B6 *4, *9, and *5,
CYP2C19 *2, *3, *17 and
ABCB1 1236C�T, 2677G�T/A
and 3435C�T

Univariate analysis between
genotype and concentrations

[79]

Barratt (2012) 119 NA NA Plasma trough at steady state ABCB1 61A�G, 1199G�A,
1236C�T and 3435C�T

Univariate analysis between
genotype and concentrations
without multiple testing
correction

[27]

Zahari (2016) 148 148 NA Trough, 0.5, 1, 2, 4, 8, 12 and 24 h after
morning dose at steady state

ABCB1 1236C�T, 2677G�T/A
and 3435C�T

Univariate analysis between
genotype and concentrations
without multiple testing
correction

[80]

Uehlinger
(2007)

14 NA NA Trough samples at steady state before
and after �1 week of quetiapine

CYP2B6 *4, *5, *6, *7, *9
CYP3A5 *3
CYP2D6 *3, *4, *5, *6, *xN
ABCB1 3435C�T

Univariate analysis between
before and after
concentrations in each of the
genotypes

[85]

†As mentioned in the published literature.
AUC: Area under the curve; bp: Base pair; EDDP: 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine; NA: Not available; PK: Pharmacokinetic.

methadone-dosing algorithms [90]. It is also crucial to include African-origin individuals in genetic studies as some
CYP2B6 alleles are race specific [91].

CYP2C
CYP2C19 is involved mainly in the metabolism of R-methadone. Lan et al. demonstrated that the CYP2C19 *2,
*29, *30, *31, *32 and *33 variants were associated with decreased in vitro clearance of racemic methadone. The
*3 and *35 alleles show no detectable enzyme activity [92]. The *2 and *3 alleles are known to occur frequently. The
*2 allele is found in approximately 18, 12, 28 and 61% in African, Caucasian, Asian and Oceanian populations,
respectively. The *3 allele is mainly found in Asians and Oceanians, with a frequency of about 7 and 15%,
respectively. The *17 allele, found commonly in the world population (10–20%), is known to increase activity of
CYP2C19 in metabolism of most drugs. No specific information is known about this allele related to methadone.
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Depending on the combination of alleles in an individual, the phenotype is classified as poor metabolizer (PM;
homozygous for reduced-function variant allele), intermediate metabolizer (IM; heterozygous for nonfunctional
allele with a normal function allele) and extensive or normal metabolizer (EM/NM; homozygous wild-type alleles).
In one of the clinical studies with *2 and *3 alleles genotyping, Wang et al. showed a significant increase in
dose adjusted trough R-methadone concentration from 3.62 ng/ml (EM) to 4.31 ng/ml (IM) to 4.36 ng/ml
(PM) [76]. Similar results were observed in a smaller study where the total methadone concentration was found to be
significantly increased with *2 and *3 genotypes [67]. Conflicting results were observed in a study by Carlquist et al.
where both the metabolites R- and S-EDDP concentrations were significantly increased with these polymorphisms.
However, this study did not find any association of CYP2C19 polymorphisms with the drug concentrations
themselves [50].

CYP2C9 *2 and *3 are found at a frequency of 8–14 and 4–16%, respectively, in the general population and
have a small role in the metabolism of methadone. These alleles have been reported to increase the dose-corrected
concentration of racemic methadone by about 30% compared with the homozygous wild-type *1 [67]. The metabolic
activity of CYP2C8 and CYP2C18 though documented in in vitro studies have not been studied in clinical studies
with genotype associations.

CYP3A
CYP3A4 is the most abundantly expressed CYP enzyme that is involved in the metabolism of methadone. Although
it has many variants, very few are clinically significant. The most commonly studied alleles are *1b, *2, *3 and
*22 [93]. A population genetic-based pharmacokinetic modeling study by Csajka et al. showed that *22 allele
reduced the clearance of R-methadone by 23% [42]. Crettol et al. observed a trend toward increased peak and
trough concentrations of S-methadone in patients having the *1b allele, although statistical significance could not
be demonstrated [64]. The intronic rs2242480 and *1b alleles were found more commonly in fatal methadone
toxicity cases compared with other groups of fatal toxicity [77].

CYP3A5*3 is the most common nonfunctional variant of CYP3A5, with a frequency of 85% in Caucasians and
65% in Asians. It is usually found in linkage with CYP3A4*1b. In homozygous *3 carriers, the dose corrected
trough racemic methadone concentration was 13.7 nmol/l/mg compared with 9.5 nmol/l/mg in others (p =
0.009) [67]. This association needs further study to accumulate more evidence before considering it as an important
predictor of methadone clearance in vivo.

CYP2D6
CYP2D6 demonstrates a complex genetic variation with gene duplications, tandem arrangements, gene deletion
and extensive regular allelic variants. This complexity makes the prediction of phenotype difficult. Duplications
result in increased expression and contribute to an ultrarapid metabolizer (UM) phenotype (Table 1). The *1 and *2
alleles demonstrate normal activity while the *10 allele accounts for the majority of reduced activity. The CYP2D6
*3, *4, *5 and *6 alleles account for most of the null activity alleles. The alleles that most commonly influence
clearance of drugs are CYP2D6*2, *3, *4, *5, *10, *17 and *41 [94]. Crettol et al. showed that the EM/IM group
had significantly lower trough concentrations of both R- and S-methadone compared with the UM group (0.8-
and 0.7-fold, respectively). This difference in concentration was not seen between EM/IM and the PM groups [64].
Eap et al. demonstrated that the dose-adjusted trough concentrations of both R- and S-methadone increased from
UM to PM, with an increase of 46 and 32% for R- and S-methadone, respectively, from UM to PM [78].

ABCB1
Polymorphisms in P-glycoprotein possibly affect the hepatic and renal clearance of methadone, as there are studies
describing the role of P-glycoprotein in intestine and brain in transporting methadone. The most frequently studied
SNPs in ABCB1 are rs1128503 (1236C1), rs2032582 (2677G>T/A) and rs1045642 (3435C>T). Csajka et al.
reported that the 3435C>T polymorphism decreased the clearance of S-methadone by 17.8% and used it as a
covariate to predict the clearance of S-methadone along with CYP2B6*6 [42]. By univariate analysis, the 3435C>T
genotype was associated with increased trough methadone concentrations (but not peak concentrations of either
R- or S-methadone) [64]. The 2677G>T/A genotype is a triallelic polymorphism, where A is a rare variant. The
2677G>T polymorphism decreases trough concentrations of R- and S-methadone [64,71]. The infrequent allele
rs9282564 (61A>G, 0.2–8% prevalence) is known to increase the Vmax of P-glycoprotein in vitro. It decreased the
trough concentration of R-methadone by 0.7-fold and S-methadone by 0.6-fold [64]. Csajksa et al. also observed
that 61A > G (rs9282564) increased the clearance of both R- and S-methadone [42].
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The relationship of P-glycoprotein diplotypes to trough methadone concentrations was evaluated by Zahari
et al. [80] They reported that the CGC/TTT diplotype (1236C>T, 2677G>T/A and 3435C>T) was associated
with a greater dose-adjusted serum methadone concentration. Another haplotype AGCTT (61A>G, 1199G>A,
1236C>T, 2677G>T/A and 3435C>T) was found to be associated with lower trough concentration either in its
homozygous or heterozygous form by Barratt et al. [27].

POR
Cytochrome POR is the sole electron donor in the oxidoreductive metabolism of all substrates by the cytochrome
enzymes. Polymorphisms of POR have been reported to decrease the activity of the CYP enzymes. The POR
genotype enhances the prediction of activity of CYP2B6 and CYP3A4 [95]. The POR*28 allele was a covariate to
predict clearance along with other factors for both R- and S-methadone [42].

Special considerations in children
The pharmacokinetics of children (including neonates and infants) surprisingly does not differ much from adults
both for racemic methadone and R- and S-methadone [96,97]. Ward et al. showed that clearance could be predicted
allometrically in neonates without any influence of age (although age did affect the volume of distribution) [96]. In a
study by Horst et al., the dose corrected area under the curve (AUC) and other pharmacokinetic parameters between
adolescents (aged 15 ± 2 years) and adults (aged 25 ± 6 years) were not different [98]. Similar results have been
reported in other studies [96,99]. The CYP3A4, CYP2B6 and CYP2D6 enzymes are immature at birth; therefore, it
is possible that CYP3A7 abundantly expressed in neonates could be involved in the clearance of methadone in this
population [96]. Pharmacogenomic studies of methadone in children and adolescents are generally lacking and may
involve genes coding different key metabolizing CYP450 enzymes.

Conclusion & future perspective
Methadone is a remarkable opioid analgesic in clinical practice with large interindividual variations in response.
Individualizing methadone therapy to patients based on underlying genetic factors would improve its efficacy
while mitigating adverse effects. There is an abundance of literature related to specific aspects of methadone
pharmacogenomics; however, evidence remains weak till date to guide clinical therapy according to genotype. Well-
powered clinical studies are needed with population pharmacokinetic/pharmacodynamic modeling, analyzing the
effect of methadone treatment on pharmacodynamic markers like pain, respiratory depression and QT prolongation
in relation to various genetic variants. Genome-wide association studies in a large population with robust clinical
phenotypes are needed to identify novel genetic variants regulating pain, analgesic activity, QT prolongation and
pharmacokinetics of methadone to gain insight into unexplained variability in the drug’s activity and targeted
dosing. Epigenetic changes may also alter methadone activity during chronic treatment and could be an important
factor contributing to the interindividual variability. The CYP enzymes involved in the metabolism of methadone
in neonates and children are probably different from that of adults; therefore, pediatric patients may have unique
clinically relevant genotypes that warrant further investigation.
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Executive summary

• Methadone is a MOR agonist and N-methyl-D-aspartate receptor antagonist.
• Racemic methadone used in clinical practice comprises the R- and S-enantiomers which have distinct

pharmacodynamic and pharmacokinetic properties. R-methadone is a MOR agonist, with greater receptor affinity
compared with S-methadone and is responsible for most of the opioid-receptor related analgesic as well as
adverse effects. S-methadone has inhibitory action on serotonin and norepinephrine reuptake.

• OPRM1 118A>G variant (G-allele) has been largely associated with greater opioid dose requirements. Though
some studies have replicated this finding with methadone, it remains largely inconclusive.

• Variants in ANKK1–DRD2, BDNF, NGFB, NTRK1 and 2, OPRD1, and ARRB2 have also shown promise in relation to
methadone pharmacodynamics.

• No strong single gene associations have been established, although multiple genetic variants (e.g., OPRM1,
CYP2B6, ANKK1 and DRD2) together have been found to strongly influence response to methadone and dose
requirements.

• The factors which reliably contribute to interindividual variability in pharmacokinetics are the genotypes of CYP
enzymes and P-glycoprotein.

• The major CYP enzymes involved in the metabolism of methadone are CYP2B6, CYP2C19 and CYP3A4:
• The CYP2B6*6 haplotype (*4 and *9 alleles) is a reliable predictor of the clearance of the S-enantiomer and

somewhat for the R-enantiomer;
• The CYP2C19 phenotype based on the *2 and *3 allelic variants could be a predictor of the clearance of the

R-enantiomer and needs to be studied more;
• CYP3A4 was found to be the most important CYP in the metabolism of methadone in vitro; however, drug

interaction studies in humans showed conflicting results. Pharmacokinetic studies demonstrate that
CYP3A4*22 and *1b allelic variants have a role in the prediction of clearance of R- and S-methadone;

• CYP2D6 activity, as predicted by its complex genotypic variants, is associated with the trough concentrations of
both R- and S-methadone. More evidence is required to confirm these findings;

• CYP2C9 and CYP3A5 contribute to the metabolism of methadone to a lesser extent; limited genotype
information is available.

• P-glycoprotein polymorphisms like rs1128503, rs2032582, rs1045642 and rs9282564 have been found to predict
the clearance of methadone in few pharmacokinetic studies and needs to be studied further.

• Other variants coding for the α-1 acid glycoprotein/orosomucoid, pregnane X receptor, constitutive androstane
receptor, cytochrome P450 oxidoreductase should be further studied in relation to pharmacokinetics of
methadone.
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