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Abstract

Background—Currently, no pharmacogenetic tests for selecting an opioid dependence 

pharmacotherapy have been approved by the FDA.

Objectives—Determine the effects of variants in 11 genes on dropout rate and dose in patients 

receiving methadone or buprenorphine/naloxone (ClinicalTrials.gov Identifier: NCT00315341).

Methods—Variants in 6 pharmacokinetic genes (CYP1A2, CYP2B6, CYP2C19, CYP2C9, 

CYP2D6, CYP3A4) and 5 pharmacodynamic genes (HTR2A, OPRM1, ADRA2A, COMT, 

SLC6A4) were genotyped in samples from a 24-week, randomized, open-label trial of methadone 

and buprenorphine/naloxone for the treatment of opioid dependence (n = 764; 68.7% male). 

Genotypes were then used to determine the metabolism phenotype for each pharmacokinetic gene. 

Phenotypes or genotypes for each gene were analyzed for association with dropout rate and mean 

dose.

Results—Genotype for 5-HTTLPR in the SLC6A4 gene was nominally associated with dropout 

rate when the methadone and buprenorphine/naloxone groups were combined. When the most 

significant variants associated with dropout rate were analyzed using pairwise analyses, SLC6A4 
(5-HTTLPR) and COMT (Val158Met; rs4860) had nominally significant associations with 

dropout rate in methadone patients. None of the genes analyzed in the study were associated with 

mean dose of methadone or buprenorphine/naloxone.

Conclusions—This study suggests that functional polymorphisms related to synaptic dopamine 

or serotonin levels may predict dropout rates during methadone treatment. Patients with the S/S 

genotype at 5-HTTLPR in SLC6A4 or the Val/Val genotype at Val158Met in COMT may require 

additional treatment to improve their chances of completing addiction treatment. Replication in 

other methadone patient populations will be necessary to ensure the validity of these findings.
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Introduction

Opioid dependence is an ongoing health crisis in many parts of the world and millions of 

individuals in the United States are currently using prescription opioid analgesics for non-

medical reasons or heroin (National Survey on Drug Use and Health). The number of 

opioid-related overdose deaths in the United States has almost quadrupled over the last 

decade (Centers for Disease Control and Prevention). Data across a large number of studies 

reveal that many patients with opioid dependence continue illicit opioid use despite being 

enrolled in a methadone or buprenorphine treatment program (1). An additional subset of 

patients drops out of the program and likely relapses as well.

Pharmacological treatments for psychiatric disorders, including substance use disorder, can 

have high rates of failure (e.g. relapse and/or dropout), resulting in significant costs to both 

patients and society. This is true of both methadone and buprenorphine, two opioid agonists 

used in the treatment of opioid dependence (1). Understanding the factors that predict 

effective opioid dependence treatment is essential so that individuals with high-risk of 

treatment failure may be identified and alternative or additional treatment and support 

options may be provided to them.

Opioid dependence treatment outcome is a complex trait that is dependent on both genetic 

and environmental components, as well as gene-environment interactions (2–4). 

Socioeconomic measurements, such as employment status and education level, and factors 

such as peer groups and relationship stability are strong predictors of treatment outcome (3). 

Co-morbidities such as depression have also been correlated with continued drug use during 

opioid dependence treatment (3, 5, 6). In contrast to these environmental and co-morbid 

factors, there has been little success identifying genetic variants that predict the efficacy of 

pharmacological addiction treatments. This lack of confirmed pharmacogenetic markers is 

the result of studies with relatively small sample size, lack of independent populations for 

replication studies, and the polygenic natures of both addiction and response to addiction 

pharmacotherapy.

Pharmacogenetic variants can be broadly defined as either pharmacokinetic or 

pharmacodynamic in nature. Pharmacokinetic variants affect the bioavailability of the 

medication in the body, while pharmacodynamic variants directly or indirectly alter the 

downstream effects of the medication. The CYP450 gene family encodes enzymes that 

metabolize a wide variety of compounds, including many opioids. Buprenorphine is 

primarily metabolized by CYP3A4 but little is known about the effects of CYP3A4 status on 

required dose or outcomes in buprenorphine patients (7). In vitro experiments suggest the 

possibility of minor roles for other enzymes including CYP2C9 and CYP1A2 as well (8, 9). 

In contrast, methadone is primarily metabolized by CYP2B6. Additional evidence indicates 

that CYP2D6, CYP2C19, and CYP3A4 can also metabolize this medication to varying 

degrees (10–13). Polymorphisms in all four genes alter the metabolism rate of the resulting 
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enzymes and may affect methadone pharmacokinetics. Genetic variants of CYP2B6 are 

associated with plasma concentrations of methadone and CYP2B6 or CYP2C19 genotypes 

have been shown in recent studies to predict stabilized methadone doses, although earlier 

research on CYP2B6 did not observe such an association (10, 14–19). One study suggests 

that CYP3A4 genotype may also be associated with withdrawal symptoms and adverse 

reactions in methadone maintenance populations (20). Some non-enzyme proteins can also 

affect bioavailability; a variant in ABCB1, which encodes a drug efflux pump, has been 

associated with methadone dose and plasma concentration (10, 14).

In contrast to pharmacokinetics, pharmacodynamics is a broader category covering genes 

that may affect medication response. A small number of pharmacodynamic variants have 

been identified in opioid dependence treatment. Variants in ARRB2 and DRD2 were found 

to be associated with methadone response in a European cohort (21). Since ARRB2 

regulates internalization of the mu-opioid receptor, the primary target of methadone, and 

dopamine is released downstream of opioid signaling, both genes are logical 

pharmacogenetic candidates for the medication (22). Polymorphisms in intron 1 of OPRD1 
have also been linked to treatment outcome on methadone and buprenorphine (2, 4). The 

biological mechanisms underlying these effects are less clear since the classical targets of 

these medications are the mu- and kappa-opioid receptors rather than the delta-opioid 

receptor, although mu-delta receptor dimers may be involved (23). A common non-

synonymous variant in OPRM1 (rs1799971) is another likely candidate for 

pharmacodynamics effects on opioid dependence treatment, although a previous study found 

no association (24). Additional candidates are functional variants in genes connected to 

depression/anxiety (e.g. COMT, SLC6A4, HTR2A) or ADHD (e.g. ADRA2A). These 

psychiatric disorders been shown to negatively affect opioid dependence treatment outcomes 

(3, 6, 25). To date, no pharmacogenetic findings in opioid dependence treatment have been 

successfully replicated and the FDA has not approved any pharmacogenetic tests for 

selecting an opioid dependence medication.

The Starting Treatment with Agonist Replacement Therapy (START) clinical trial was a 24-

week, randomized, open-label trial of methadone and Suboxone® (buprenorphine/naloxone) 

for the treatment of opioid dependence and was conducted through the National Institute on 

Drug Abuse’s Clinical Trials Network. To determine the effect of pharmacokinetic and 

pharmacodynamic genes on opioid dependence treatment, we analyzed the START samples 

with Assurex Health GeneSight® Analgesic, Psychotropic and ADHD panels and analyzed 

the association between genotype and both dropout rate and mean dose. This study includes 

the first reported analyses of several variants, as well as attempted replications of previous 

findings, with regards to OUD treatment.

Materials and Methods

Participants and Procedures

The demographics, methodology and results for the START trial are described in the main 

study publication (26). Briefly, opioid dependent patients were recruited for treatment at 

federally licensed opioid agonist replacement programs in the United States between May 

2006 and October 2009. The study was approved by institutional review boards at all 
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participating sites. Participants provided written informed consent for the main START trial 

and the secondary genetics study. Trial oversight was provided by the NIDA Clinical Trials 

Network Data Safety and Monitoring Board. All patients were at least 18 years of age and 

met DSM-IV-TR criteria for opioid dependence. Ethnicity was determined by self-report. 

Exclusion criteria included: cardiomyopathy, liver disease, acute psychosis, blood levels of 

alanine amino transferase or aspartate amino transferase greater than 5 times the maximum 

normal level, and poor venous access. Patients were randomized to 24 weeks of open-label 

buprenorphine/naloxone (hereafter “buprenorphine”) or methadone treatment.

A flexible dosing approach was used, with dose changes allowed during the study. The 

initial dose of buprenorphine was 2 to 8mg, which could be increased to 16mg on the first 

day in the case of persistent withdrawal. The dose could be further increased in subsequent 

days to a maximum dose of 32mg; the mean daily dose was 16.5 ± 7.2 mg and the mean 

maximum dose was 24.0 ± 8.2mg. The maximum initial dose of methadone was limited to 

30mg, with an additional 10mg allowed on the first day for persistent withdrawal as 

stipulated by US statute. Methadone could be increased in subsequent days by 10mg 

increments with no maximum dose. The mean daily methadone dose was 72.8 ± 33.0mg and 

the mean maximum dose was 95.8 ± 43.1mg. Participants came to the clinic daily for 

observed dosing except on Sundays and holidays or when take-home medications were 

permitted by local regulations. Urine samples were tested weekly for the presence of opioids 

other than the one prescribed. Samples testing positive for methadone were counted as 

positive for buprenorphine patients, but not for methadone patients.

Genotyping

DNA was extracted from whole blood and stored at −20°C prior to genotyping. Genotyping 

was performed in batches of 82–95 samples at Assurex Health Laboratory (Mason, Ohio). 

Polymorphisms were genotyped in 11 genes previously associated with opioid metabolism 

or efficacy: 6 pharmacokinetic genes (CYP1A2, CYP2B6, CYP2C19, CYP2C9, CYP2D6, 

CYP3A4) and 5 pharmacodynamic genes (HTR2A, OPRM1, ADRA2A, COMT, SLC6A4). 

The serotonin-transporter-linked polymorphic region (5-HTTLPR) in the promoter of 

SLC6A4 was genotyped by the capillary electrophoresis of PCR products on QIAxcel 

instrument (QIAgene) and genotypes were called using QIAgene Screengel Software 1.2.0 

and 1.4.0.0. Analysis of CYP2D6 was completed by using xTAG® kits (Luminex Molecular 

Diagnostics). All other genes were analyzed using custom xTAG® assays (Luminex 

Molecular Diagnostics). The following pharmacokinetic genetic variants were genotyped: 

CYP1A2 −3860G>A, −2467T>delT, −739T>G, −729C>T, −163C>A, 125C>G, 558C>A, 

2116G>A, 2473G>A, 2499A>T, 3497G>A, 3533G>A, 5090C>T, 5166G>A, 5347C>T; 

CYP2B6 *1, *4, *6, *9; CYP2C19 *1, *2, *3, *4, *5, *6, *7, *8, *17; CYP2C9 *1, *2, *3, 

*4, *5, *6; CYP2D6 *1, *2, *2A, *3, *4, *5, *6, *7, *8, *9, *10, *11, *12, *14, *15, *17, 

*41, gene duplication; CYP3A4 *1, *13, *15A, *22. The following pharmacodynamic 

genetic variants were genotyped: HTR2A −1438G>A (rs6311); OPRM1 118A>G 

(rs1799971); ADRA2A −1291C>G (rs1800544); COMT Val158Met (rs4680). Genotypes 

for Luminex assays were called using TDAS LMS 2.4 software. CYP450 genotypes were 

converted to metabolism status phenotypes based on available literature. Initial call rates for 

all assays were >95%. All uncalled samples were re-genotyped. In total, 761 of 764 samples 
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were successfully genotyped for all analyzed alleles. All biallelic variants were in Hardy-

Weinberg equilibrium in both treatment groups (p > 0.05) with the exception of rs1800544 

in methadone patients (p = 0.003).

Statistical analysis

Dropout rate was used as the outcome measurement. Dropout was defined as failure to 

provide a urine drug screen for opioids on the final week of the trial (week 24). The effects 

of phenotype or genotype of each gene were analyzed for methadone only, for 

buprenorphine only, and for both medications combined. Dose was used as a covariate in all 

dropout analyses with subjects binned into quintiles by mean dose. Logistic regression was 

used to model dropout rate as a function of phenotype for each pharmacokinetic gene. 

Dropout rate was analyzed using chi-square tests for allelic associations for each 

pharmacodynamic gene. Mean dose was analyzed independently for each medication 

separately using one-way ANOVA models, where average dose during the 24-week follow-

up period was modeled as a function of phenotype or genotype for each gene. Pairwise 

comparisons between phenotypes or genotypes of genes were performed. Multiple testing 

correction was performed using the false discovery rate (FDR) procedure. Statistical 

significance was defined as p≤0.05 after correction, while nominal significance was defined 

as p≤0.05 prior to correction. P-values presented in the results are not corrected for multiple 

testing. SAS v9.4 was used for all analyses.

Due to small numbers of individuals in particular phenotypic or genotypic groups, the 

following groups were combined for all statistical analyses: CYP1A2 − extensive (n = 344) 

and intermediate metabolizers (n = 3); CYP3A4 − poor (n = 1) and intermediate 

metabolizers (n = 73); OPRM1 (rs1799971) − A/G (n = 142) and G/G (n = 8) genotypes.

Results

Population Demographics

Demographic information for the study population is provided in Table 1. The genetics arm 

of the study only enrolled a subset of the patients who were initially randomized in the 

START trial (764 of 1,267 patients). Buprenorphine patients in the genetics study were 

significantly more likely to drop out of the study than methadone patients (Chi-square 

p=0.001) by Week 24. A similar effect was previously found when analyzing the two 

medications using the entire randomized population (27). Due to increased dropout rate 

among buprenorphine patients, randomization was changed during the main START trial 

from 1:1 (buprenorphine:methadone) to 2:1. To ensure that unequal randomization did not 

skew the genetic profile of either medication group, the allele frequencies for the 

pharmacodynamic genes and the phenotype frequencies for the pharmacokinetic genes 

analyzed in this study were compared between the methadone and buprenorphine groups 

(Supp. Table 1). The allele and phenotype frequencies were not statistically different 

between the two treatment groups.
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Pharmacogenetics of Dropout Rate

The metabolism statuses for six genes encoding CYP450 enzymes previously shown to 

metabolize opioids were analyzed with regards to dropout rate in the methadone and 

buprenorphine groups, as well as both groups combined. None of the analyzed genes were 

associated with dropout rate (Table 2). The genotypes for an additional five genes previously 

linked to the pharmacodynamics of opioid analgesia were also analyzed with regards to 

dropout rate. Genotype for 5-HTTLPR in the SLC6A4 gene was nominally associated with 

dropout rate when methadone and buprenorphine groups were combined (p=0.027) (Table 

2). This association was not significant after correction for multiple testing.

To determine the specific genotypes or phenotypes underlying the most significant p-values, 

pairwise analyses were performed for the phenotypes or genotypes of the four genes with 

nominal p-values < 0.10: CYP3A4, COMT (rs4680), SLC6A4 (5-HTTLPR), and HTR2A 
(rs6311) (Table 3). No significant effects were observed for CYP3A4 (EM vs IM+PM). In 

the combined medication group, nominally significant pairwise comparisons were observed 

for COMT (Val/Val (G/G) vs Met/Met (A/A), p=0.031), SLC6A4 (L/S vs S/S, p=0.0076), 

and HTR2A (A/A vs A/G, p=0.029). The effect in HTR2A was not present in either of the 

medication groups alone. In both COMT and SLC6A4, however, the effects were significant 

in the methadone only group (p=0.037 and p=0.029, respectively) but not the buprenorphine 

only group. Figure 1 presents the cumulative percentage of methadone patients who dropped 

out by each week of the trial based on either COMT (Figure 1a) or SLC6A4 (Figure 1b) 

genotype. By week 24, methadone patients with the Val/Val genotype in COMT had dropped 

out at a significantly higher rate (16.7%) than patients with the Met/Met genotype (6.3%, 

p=0.037) (Figure 1a). When the data were analyzed by SLC6A4 genotype, significantly 

more methadone patients with the S/S genotype left treatment (21.2%) compared to patients 

with the L/S genotype (9.9%, p=0.029) (Figure 1b).

Pharmacogenetics of Mean Dose

Phenotypes for all CYP450 enzymes and genotypes for all five pharmacodynamic genes 

were analyzed for association with mean dose of methadone and buprenorphine separately 

(Table 4). No significant associations were observed.

Discussion

Metabolism phenotypes in a flexible dosing scheme

Pharmacokinetic genetic variants affect the bioavailability of medications, generally by 

altering metabolism of the medication. In our analysis, the metabolism statuses of the 

CYP450 enzymes were not associated with the mean dose of either methadone or 

buprenorphine during the study. CYP2B6 was a likely candidate for predicting optimal 

methadone dose since the gene encodes the primary enzyme responsible for metabolizing 

methadone. However, the previous analyses of the CYP2B6 effect on methadone dose have 

yielded mixed results. Two older studies found no effect of CYP2B6 metabolism status on 

require methadone dose, while a more recent study from Levran et al found that the reduced 

function CYP2B6*6 allele was associated with lower doses of methadone (10, 16, 19). In 

the case of the START trial, poor metabolizers tended to be prescribed lower doses (mean 
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dose ± SD: 64.4±34.4mg) than ultrarapid metabolizers (mean dose ± SD: 86.2±30.1mg), but 

this effect was not significant (p-value=0.19). The lack of significance is the likely result of 

relatively small numbers of patients in the two phenotypic groups (n=26 for poor 

metabolizers and n=12 for ultrarapid metabolizers), as well as large variability in mean dose 

across the patient population. Optimal dose may ultimately be affected by numerous 

environmental and genetic factors, limiting the predictive value of CYP2B6 phenotype 

alone.

CYP2B6 phenotype did not predict whether or not patients completed the trial. Therefore, it 

is not clear whether metabolism status is a relevant factor in treatment efficacy when a 

flexible dosing scheme is used. Patients in such a treatment plan eventually reach an 

appropriate dose, albeit after varying amounts of time. Further research should examine 

withdrawal and wellbeing in methadone patients based on CYP2B6 status. Prescription of 

higher starting doses of methadone and quicker dose escalation in faster metabolizers may 

reduce withdrawal symptoms and improve overall wellbeing in this subset of patients, even 

if it does not affect the dropout rate.

CYP3A4 metabolism status was also not associated with dropout rate in either the 

methadone or buprenorphine group, although CYP3A4 status showed a trend towards 

association with dropout rate when the two treatment groups were combined. This trend is 

notable since CYP3A4 is predicted to metabolize both medications and the effect of 

CYP3A4 phenotype on dropout rate was in the same direction in both treatment groups. It is 

possible, due to the low frequency of intermediate and poor CPY3A4 metabolizers, that 

CYP3A4 status might be significant and medication-independent in a larger population of 

opioid dependent patients.

Serotonin, dopamine, and dependence

Pharmacodynamic variants affect the downstream effects of the medication rather than 

altering metabolism. The most significant finding in the current study was for SLC6A4, 

which was associated with the dropout rate in methadone patients. SLC6A4 encodes a 

serotonin transporter (5-HTT; SERT) that is responsible for the uptake of serotonin from the 

synapse. The promoter polymorphism analyzed in this study (5-HTTLPR) has both a long 

(L) and short (S) allele. The short allele of the locus has previously been associated with 

reduced SLC6A4 mRNA expression in vitro and is linked to a number of psychiatric and 

neurological phenotypes, including an increased risk of opioid dependence in some studies 

(28, 29). Given the known effects on SLC6A4 expression, individuals with the S/S genotype 

would be predicted to have reduced amounts of serotonin transporter and a commensurate 

increase in baseline synaptic serotonin levels. A small imaging study of opioid dependent 

patients (n = 9) found that reduced availability of SLC6A4 protein in the brain was 

associated with increased time to relapse (30). Based on these findings, if patients with the 

S/S genotype have decreased serotonin transporters one might have expected them to be 

doing better than other patients in the START trial rather than worse. However, methadone 

patients with the S/S genotype at 5-HTTLPR in the START trial were actually less likely to 

complete the trial than patients with the L/S genotype.
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The observed association may be related to the potential role of methadone as a serotonin-

specific reuptake inhibitor (SSRI). SSRIs block the serotonin transporter, resulting in 

increased synaptic serotonin and elevated mood. Methadone maintenance patients have been 

shown to have reduced serotonin transporter availability in the midbrain compared to 

controls and patients with opioid dependence undergoing psychotherapy alone (31). These 

data agree with other evidence indicating that methadone can function as a mild SSRI 

(reviewed in (32)), suggesting that methadone use should lead to increases in synaptic 

serotonin concentrations.

Although the role of serotonin-related activity in mediating methadone efficacy is unclear, 

serotonin mediates feelings of well-being and SSRIs are classically used as anti-depressants. 

A history of depressive symptoms is associated with poor outcomes during both methadone 

and buprenorphine treatment for opioid dependence, and simultaneous treatment of the 

depression may improve efficacy of addiction treatment (5, 6, 33). Studies have shown that 

patients undergoing withdrawal show decreases in serotonin levels and withdrawal 

symptoms can be reduced by treatment with SSRIs, regardless of whether the withdrawal 

was caused by abstinence or administration of an opioid receptor antagonist (34, 35).

Some studies have also suggested that depressed patients with the S/S genotype at 5-

HTTLPR receive less benefit from SSRIs than other patients (36, 37). If part of methadone’s 

effectiveness as an opioid dependence medication comes from SSRI activity, then that might 

explain why individuals with the S/S genotype were less likely to complete the START trial. 

These patients may have depressive symptoms that are not being treated by methadone due 

to their reduced expression of SLC6A4. Given the available evidence, the underlying 

mechanism connecting 5-HTTLPR genotype to methadone efficacy is still unclear. Future 

studies will need to assess the effect of genotype by treatment interaction on serotonin 

levels, as well as determine the effect of the 5-HTTLPR genotype on mood in the context of 

methadone treatment.

An association was also observed between the dropout rate in methadone patients and 

genotype at a non-synonymous variant in COMT (catechol-O-methyltransferase), a gene 

encoding one of the enzymes responsible for metabolizing dopamine. A common non-

synonymous variant (rs4680; Val158Met) occurs in COMT and alters the activity level of the 

enzyme; the Met allele is associated with reduced function compared to the Val allele. This 

altered function has been connected to several psychiatric phenotypes. Individuals with the 

Met/Met genotype are more risk averse than those with the Val/Val genotype and may have 

better working memory and attentional control (38, 39). Met/Met individuals also showed 

significantly greater reward from positive experiences than Val/Val individuals, although no 

consistent association between the polymorphism and opioid dependence has been shown 

(40, 41).

Met/Met methadone patients in the START trial had a 6.25% dropout rate compared with a 

17% rate for Val/Val patients. Since Met/Met individuals are predicted to have increased 

levels of dopamine, it is possible patients with this genotype find methadone more rewarding 

than other patients and are, therefore, more likely to stay in treatment. An alternate 

hypothesis is that the mood and personality differences associated with COMT genotype 
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may simply make Met/Met patients more amenable to treatment in general. This latter 

explanation would fit with data from a recently published longitudinal study of Chinese 

opioid dependent patients (42). Patients who were not receiving methadone were enrolled in 

the study after undergoing mandatory detoxification and followed for five years. Patients 

carrying the Met allele were more likely than Val/Val individuals to be receiving methadone 

maintenance therapy and to be abstinent from heroin at the five year time point (42). Since 

no clear association between Val158Met genotype and susceptibility to opioid dependence 

has been established, these findings may indicate that the polymorphism affects the 

maintenance phase of opioid dependence but not necessarily initiation of the disorder.

5-HTTLPR and Val158Met genotype only had effects on dropout rate in the methadone 

group; however, the effect of these polymorphisms in the buprenorphine group is 

directionally the same as that of the methadone group. This is reflected in the pairwise 

comparisons in the combined treatment group (Table 3). As with CYP3A4 status, these two 

polymorphisms may have significant effects on buprenorphine dropout rate that were unable 

to be detected in the current study due to sample size. Subsequent analyses in larger 

populations will have to be performed to study this hypothesis.

The current study suggests that functional polymorphisms related to synaptic dopamine or 

serotonin levels may predict dropout rates during methadone treatment. Patients with the S/S 

genotype at 5-HTTLPR in SLC6A4 or the Val/Val genotype at Val158Met (rs4860) in 

COMT may require additional treatment, either pharmaceutical or psychiatric, to improve 

their chances of completing treatment for their addiction. There are some potential 

limitations to this study. First, none of the associations were significant following correction 

for multiple testing. This increases the possibility that the findings for SLC6A4 and COMT 
are false positives. Second, genotypes for ancestry informative markers were not available 

for analysis. Although the samples were predominantly from patients of European descent 

(78.4%), population stratification could potentially be affecting the results if there are 

specific differences between ethnic groups in allele frequencies and outcome measurements. 

Finally, START participants were randomized for the main trial and not the secondary 

genetics arm analyzed here. Potentially relevant factors may therefore not be truly 

randomized in the genetics samples, which could affect the analyses of dose and dropout. 

These limitations mean that replication in other methadone patient populations will be 

necessary to ensure the validity of these findings.
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Figure 1. 
Cumulative dropout rate for opioid dependent patients treated with methadone by genotype 

at either COMT (rs4680) or SLC6A4 (5-HTTLPR). Cumulative dropout for each week of 

the trial was defined as the percentage of patients who did not submit a urine sample on that 

week or at any subsequent week. Chi-square analyses were used to compare dropout at week 

24 of the study by rs4680 or 5-HTTLPR genotype. A) Patients with the Val/Val genotype in 

COMT dropped out at a significantly higher rate by week 24 (16.7%) than patients with the 

Met/Met genotype (6.3%, p = 0.037). B) Significantly more patients with the S/S genotype 

in SLC6A4 dropped out of by week 24 treatment (21.2%) compared to patients with the L/S 

genotype (9.9%, p = 0.029).
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Table 1

Demographics of the methadone and buprenorphine medication groups in the genetics arm of the START trial.

Methadone Buprenorphine

Patients (% Male) 354 (66.4%) 410 (70.7%)

European-American (%) 295 (83.3%) 304 (74.1%)

African-American (%) 35 (9.9%) 44 (10.7%)

Other Ethnicities (%) 34 (9.6%) 62 (15.1%)

Dropout Rate 12.7% 22.7%
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