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Abstract

Objectives—Methamphetamine (MA) addiction has no known effective pharmacotherapy.
Small trials showed beneficial effects for oral naltrexone in amphetamine users. Trials in alcohol
dependent subjects showed better response in persons with the A118G single nucleotide
polymorphism (SNP) of the p-opioid receptor. We conducted a pharmacogenetic trial of sustained
release intramuscular naltrexone to examine the role of the A118G SNP in MA dependence.

Method—All eligible A118G subjects screened were enrolled; an equal number of wild type
(A118A) subjects were selected using modified urn randomization, balanced on gender and
frequency of recent MA use. Enrolled subjects received a single 380 mg naltrexone injection and
weekly psychotherapy for four weeks. Self-report of MA use and urine toxicology for MA was
assessed twice weekly. Urine samples with <1,000 ng/mL of MA were considered negative.

Results—Eleven A118G and 11 A118A subjects were enrolled. There were no significant
differences between the groups in days of abstinence from MA use (11.5 v. 14.8, respectively, p =
0.51), number of MA-negative urine samples (1.7 v. 1.8, respectively, p = 0.97), consecutive MA-
negative urine samples (1.0 v. 1.5, respectively, p = 0.91), or number of MA-negative urine
samples before first relapse (0.9 v. 1.5, respectively, p = 0.86).

Conclusions—Although A118G polymorphism has been shown to be associated with improved
treatment response to naltrexone among alcoholics, whether this polymorphism impacts
naltrexone treatment response among MA users is unclear at this time.
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BACKGROUND

Methamphetamine (MA) addiction remains a significant public health problem with no
known effective pharmacotherapy. A small placebo controlled randomized clinical trial
demonstrated the efficacy of naltrexone in reducing amphetamine use in amphetamine-
dependent individuals (Jayaram-Lindstrom, Hammarberg et al. 2008). The United States
Food and Drug Administration (FDA) approved both oral and sustained release
intramuscular naltrexone for treatment of alcohol dependence and opioid dependence. The
use of either the oral or extended-release intramuscular (IM) formulation of naltrexone is not
associated with the development of tolerance or dependence, and there is no known
discontinuation syndrome (Alkermes 2005; U.S Food and Drug and Administration 2007).
Thus, naltrexone appears to have a very low abuse liability, which makes it attractive as a
treatment for substance dependence.

Naltrexone is an opioid receptor antagonist. The endogenous opioid system is intimately tied
to the effects of many drugs of abuse. Differences in activity of genes coding for receptors in
this system may not only produce different effects of drug use, but might potentially produce
different treatment responses. In a retrospective meta-analysis, Arias, et al. (Arias, Feinn et
al. 2006) concluded that the A118G single nucleotide polymorphism (SNP) of the p-opioid
receptor (OPRM1) was not a risk factor for the development of addiction, but pointed to
studies in which it seemed to modulate pharmacological and therapeutic response to opioid
receptor antagonists (Lotsch, Skarke et al. 2002; Wand, McCaul et al. 2002; Hernandez-
Avila, Wand et al. 2003). Oslin, et al. pooled data from three clinical trials and found that
alcohol dependent subjects who were A118G hetero- or homozygous had an enhanced
response to naltrexone (significantly lower rates of relapse and a longer time to return to
heavy drinking) (Oslin, Berrettini et al. 2003). However, these findings had not been verified
in a prospective study.

There is a growing interest in pharmacogenomics as a tool to develop safe and effective
medications tailored to a person’s genetic makeup. According to prior studies the frequency
of the A118G polymorphism can be as high as 49% in certain populations and therefore a
pharmacogenomic intervention could be of particular interest for these groups (Kreek,
Nielsen et al. 2004). Therefore, based on the findings of previous studies, we conducted a
pilot pharmacogenetic clinical trial to investigate whether the A118G allele is associated
with differential response to naltrexone treatment compared to the wild type (WT; A118A).
The most innovative features of this pilot trial were a) the use of sustained release IM
naltrexone to improve adherence and decrease variability in drug response and b) the
recruitment of participants in a prospective study to compare their response to naltrexone by
their pharmacogenetic status. However, recruiting samples with equal representation of both
the A118G SNP and the WT was challenging because the A118G SNP is relatively
uncommon in Caucasian dominated areas (Kreek, Nielsen et al. 2004). Thus, a
proportionally larger number of subjects had to be screened. The conventional approach to a

J Addict Med. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pal et al.

Page 3

pharmacogenomic efficacy trial would be to recruit equal numbers of A118G and WT
subjects, and to randomly assign them to naltrexone or placebo. However, we wished to use
a more efficient design. We therefore selected a design that allowed us to maximize the
knowledge gained from the number of subjects that we could screen and enroll. The key
finding that we would have expected from a conventional 2 x 2 design was that subjects
receiving naltrexone who had the A118G polymorphism would have had superior outcomes
to subjects in any of the three other groups — naltrexone/WT, placebo/A118G, and
placebo/WT. This suggested that a more efficient design in this exploratory phase of
medication development would be comparing the naltrexone/A118G group to one other
group. We would anticipate a significant difference between the naltrexone/A118G group
and the placebo/WT sample. However, interpretability would be limited, as both drug and
genotype would differ. A placebo/A118G sample would provide an interesting comparison,
but would require screening an excessive number of subjects. Comparing the effects of
naltrexone on subjects with and without the A118G SNP would provide important data such
as effect size that could be used to guide the design of subsequent, more definitive studies.
Therefore we chose an economical approach to this pharmacogenetic efficacy trial and
compared the effects of naltrexone on subjects with and without the A118G SNP.

METHODS

Subjects

A total of 230 subjects were screened for eligibility. Inclusion criteria were: age between 18
and 50 years, MA dependent according to DSM-1V criteria, seeking treatment for MA
dependence, in good physical health, and without other psychiatric diagnoses (except
nicotine, marijuana, or alcohol dependence) as determined by DSM-IV. Exclusion criteria
were: pregnancy or lactation, dependence on alcohol requiring medical detoxification, court-
mandated drug abuse treatment, use of oral or depot naltrexone within the previous 90 days,
and regular use of opioid containing medications. The study was designed to include a 1:1
ratio of subjects with A118A and A118G genotypes and some A118A subjects were
therefore excluded at random (see Study Design, below). To exclude subjects using opioids,
we evaluated them for any history of opioid use, conducted multiple urine analyses to test
for opioids, and also performed the naloxone challenge test (Sadock, Sadock et al. 2005).
Subjects received a subcutaneous injection of 0.8 mg of naloxone and were observed for 20
minutes for signs and symptoms of opioid withdrawal. Subjects did not receive naltrexone if
there were signs and symptoms of opioid withdrawal.

Study design

Subjects were screened for eligibility criteria, including genotype. Subjects could be
excluded prior to or after genotyping based on criteria other than genotype. Subjects and all
study staff who had contact with subjects were kept blind to genotype. All A118G subjects
who met eligibility criteria were offered entry into the study. Subjects without the A118G
SNP (WT, A118A) were selected 1:1 using modified urn randomization in which the urn
function was used to increase the probability that groups would be balanced on gender and
frequency of recent MA use (17 or more days in the 30 days prior to screening; modified urn
randomization code available upon request. Subjects were matched based on gender and
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frequency of MA use because studies have shown that these factors influence treatment
outcomes (Elkashef, Rawson et al. 2008; Pettinati, Kampman et al. 2008; Greenfield, Back
et al. 2010).

This was a four-week, open-label study using injectable naltrexone. All enrolled subjects
received a single 380 mg IM injection of sustained release naltrexone at the beginning of
week one and returned for twice-weekly visits. Self-report of MA use in past 30 days,
primary route of administration, Amphetamine Withdrawal Questionnaire (AWQ) score, and
Attention Deficit and Hyperactivity Disorder (ADHD) diagnosis were assessed at baseline.
Self-report of MA use, urine toxicology for MA, and adverse events were assessed during
the weekly visits. Subjects also received manual-driven, individual psychosocial therapy
once per week during the treatment phase. A checklist similar to the ones used in other trials
of FDA-approved medications (Grabowski, Rhoades et al. 2004; Mooney, Herin et al. 2009;
Galloway, Buscemi et al. 2011) was used to assess the prevalence of 34 potential adverse
events, selected a priori on the basis of likelihood of occurrence and severity. The treatment
phase was followed by a one-week follow-up period in which safety of IM naltrexone was
assessed. The study was approved by the Institutional Review Board of the California
Pacific Medical Center Research Institute (ClinicalTrials.gov Identifier: NCT00984360).

Genetic assay

DNA was extracted from blood using QlAamp DNA Blood Midi Kit (Qiagen Sciences, Inc.,
Germantown, MD) and analyzed for the A118G polymorphism using the DpnlI restriction
fragment length polymorphism. Following published methods (Gelernter, Kranzler et al.
1999; Bruehl, Chung et al. 2008), PCR primers were designed (5’-ccg tca gta cca tgg aca
gca gcg gtg-3’ and 5’-gtt cgg acc gea tgg gtc gga cag at-3”) that incorporate mismatched
bases to produce an artificial restriction site in a 154-bp PCR product. Amplification
consisted of 30 cycles of 95°C for 30 s, 69.7°C for 30 s, and 72°C for 30 s, with a 5 minute
final extension at 72°C. Amplification products were subjected to restriction digest with
Dpnll at 37°C for 3 h. Digestion products were examined by electrophoresis on 3% agarose
gel, with persistence of the 154-bp band indicating homozygous A118A genotype and
cleavage to a 129-bp band indicating the presence of the A118G allele. Genotyping was
conducted by individuals blinded to clinical study data and hypotheses.

Data analysis

In clinical trials of treatments for MA dependence, there is no universally accepted
definition of a primary outcome variable that represents clinically significant improvement.
Therefore we used both self-report and biological specimens (i.e., urine samples) to evaluate
naltrexone effectiveness in subjects with A118G polymorphism compared to the WT. We
compared self-reports of number of days of abstinence, number of consecutive days of
abstinence, and number of days abstinent before first relapse. We also compared the total
number of MA-negative urine samples, number of consecutive MA-negative urine samples,
and number of MA-negative urine samples before first relapse between the two groups.
‘First relapse’ was the first time a subject used MA after the first period of abstinence while
in the study (abstinence could have started prior to or after start of naltrexone therapy). For
this study, MA-negative urine was defined as a negative qualitative screen with a cutoff of
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1,000 ng/ml. The study population was compared on the basis of genetic polymorphism.
Independent sample t tests were used for continuous variables and Pearsons chi-square tests
for categorical variables. Statistical significance was set at p<0.05 and all tests were 2-sided.
Data was analyzed using R statistical software (version 2.10).

A total of 230 MA treatment-seeking subjects were screened, of which, 175 subjects were
genotyped. Of these, 51 subjects had A118G genotype, of which 11 subjects met eligibility
criteria and were enrolled in the study. Of the 124 A118A subjects, 11 subjects who matched
A118G subjects in gender and frequency of MA use were enrolled. Baseline characteristics
of these two groups are presented in Table 1. The groups did not vary significantly in
measured characteristics except A118A subjects were more likely to be Caucasians. Of the
51 A118G subjects, 33 were Caucasians, 9 were Asians, 2 were black or African American,
1 was American Indian or Alaskan Native, 4 were Native Hawaiian or Other Pacific
Islander, and 1 was of mixed racial origin. Of the 124 A118A subjects, 105 were
Caucasians, 1 was Asian, 8 were black or African American, 1 was American Indian or
Alaskan Native, 1 were Native Hawaiian or Other Pacific Islander, and 7 were of mixed
racial origin.

Table 2 compares the self-reported MA use between the two groups. There were no
significant differences between A118G and A118A groups in mean number of days of
abstinence from MA use (11.5 v. 14.8, respectively, p = 0.51), mean number of consecutive
days of abstinence from MA use (5.6 v. 10.6, respectively, p = 0.29), and mean number of
days abstinent from MA use before first relapse (3.5 v. 9.0, respectively, p = 0.28).

Table 3 compares the urinalysis results between the two groups. There were no significant
differences between groups in mean number of MA-negative urine samples (1.7 v. 1.8,
respectively, p = 0.97), mean number of consecutive MA-negative urine samples (1.0 v.1.5,
respectively, p =0.91, or mean number of MA-negative urine samples before first relapse
(0.9 v. 1.5, respectively, p = 0.86).

Figure 2 shows the percentage of MA-negative urine samples in both groups over the 4-
week study. There was no statistically significant difference in the percentage of MA-
negative urine samples between the two groups.

There were no serious adverse events. Sixteen subjects reported nausea at one or more of
their twice-weekly visits and six subjects reported soreness at the injection site which
improved over time and did not require intervention.

DISCUSSION

To date, small clinical trials have shown that naltrexone significantly attenuates subjective
effects of amphetamine in healthy controls and amphetamine dependent subjects, and
reduces craving and relapse to amphetamine use (Jayaram-Lindstrom, Wennberg et al. 2004;
Jayaram-Lindstrom, Hammarberg et al. 2008; Jayaram-Lindstrom, Konstenius et al. 2008).
Although pharmacogenetic trials demonstrated that alcohol dependent subjects with the
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A118G SNP of the p-opioid receptor responded better to treatment with naltrexone (had
lower rates of relapse and longer times before return to heavy drinking) (Oslin, Berrettini et
al. 2003), no such pharmacogenetic trial had been conducted to investigate efficacy of
naltrexone in the treatment of amphetamine dependence in subjects with the A118G SNP
compared to the WT.

Here we present the first pharmacogenetic efficacy trial to assess the effect of naltrexone in
MA dependent individuals with and without the A118G SNP of OPRM1 gene. The
existence of a pharmacogenetic marker of efficacy such as the A118G SNP presents both
opportunities and challenges. If unrecognized, its signal can be lost among subjects who
have the more common wild type; if unrecognized and unevenly distributed between
treatment groups, it can cause confounding. Like other variables that might predict outcome,
using a valid marker to balance between groups can greatly increase statistical power.
Additionally, in our study about 29% of the population who were genotyped had A118G
SNP; other studies have reported even higher frequency of the polymorphism in Asians
(Kreek, Nielsen et al. 2004). Thus findings of this study may be of potential relevance to
populations with high frequency of A118G SNP.

Another feature of this study was the use of injectable, sustained release naltrexone to ensure
patient adherence. In most clinical trials, patient adherence is far from perfect, increasing
variability in response, and decreasing power. In a previous clinical trial assessing the
effects of oral naltrexone on amphetamine dependence, only 62.5% of patients in the
naltrexone group were adherent. Further, in that trial, adherence to medication was
correlated with reduction in drug use, indicating the importance of controlling this factor. In
this trial, naltrexone was administered as an IM slow-release formulation to eliminate the
need for daily dosing and ensure adherence for the duration of the study. The once a month
dose of IM naltrexone (380 mg) was approximately 1/3rd compared to that of oral
naltrexone for the same duration (50 mg once a day for 28 days). However, due to higher
bioavailability, the exposure to naltrexone over 28 days following IM administration is
approximately four-fold higher than that with oral administration (U.S Food and Drug and
Administration 2010).

In our trial, there was no evidence for differences between A118G and WT MA dependent
subjects. Despite trials demonstrating better response to naltrexone treatment among A118G
alcohol dependent patients, in our study A118G and WT MA dependent subjects did not
significantly differ in days of abstinence or number of MA-negative urine samples. There
may be several reasons for this difference. The reward pathway in alcoholism is mediated by
endogenous opioids (Gianoulakis 2004). In both humans and mice, it has been demonstrated
that the A118G allele of the OPRM1 gene confers a more robust dopamine response to
alcohol in the ventral striatum, compared to that seen in A118A homozygotes
(Ramchandani, Umhau et al. 2011). This increased reward-related dopamine response seen
in A118G individuals can account for their better response to naltrexone compared to
A118A individuals who are alcohol dependent. Studies in rodents have shown that
psychostimulant drugs such as cocaine and amphetamine also cause endorphin release in the
brain reward system (Olive, Koenig et al. 2001). There is also evidence for the involvement
of the opioid system in human psychostimulant dependence (Guterstam, Jayaram-Lindstrom
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et al. 2013). However, we did not find any evidence to support the hypotheses that the
release of endogenous opioids and OPRM1 genetics influence the reward, reinforcement, or
other aspects of stimulant use, in contrast to effects observed in alcohol use. Our results are
supported by findings from a recent placebo-controlled positron emission tomography study
which demonstrated that an intravenous dose of amphetamine does not cause any acute
opioid release in the healthy human brain reward system (Guterstam, Jayaram-Lindstrom et
al. 2013). These findings therefore suggest that the hypothesized role of the opioid system in
mediating the effects of amphetamine needs to be further investigated in animal models as
well as in human subjects.

Treatment with naltrexone was well tolerated — it did not produce any serious adverse
effects, and no dropouts were attributed to adverse events. This is consistent with earlier
studies of naltrexone for alcohol and amphetamine-dependent patients (Croop, Faulkner et
al. 1997; Jayaram-Lindstrom, Wennberg et al. 2005; Jayaram-Lindstrom, Hammarberg et al.
2008).

The findings of this study should be interpreted based on two notable limitations: small
sample size and lack of placebo control groups. The sample size was small and therefore
was not adequately powered to detect differences between A118A and A118G SNP groups
and could not be stratified for additional analyses, e.g., based on ethnicity. Alternative
recruitment methods, e.g., multicenter trials with access to ethnicities having higher
frequency of polymorphism, may be necessary when conducting pharmacogenetic trials.
Our study lacked control groups of placebo/A118G and placebo/WT, limiting the
comparisons that could be tested. Based on data in alcohol dependence, we hypothesized
that naltrexone would be of benefit predominantly for subjects with the A118G SNP, but
alternate findings may have resulted if all interactions of genotype and medication were
tested. In addition, treatment duration was short, although based on Jayaram-Lindstrom’s
work (e.g., the change in craving was significant at 4 weeks) we considered it possible to
observe a difference between groups within one month (Jayaram-Lindstrom, Hammarberg et
al. 2008). Therefore, long term effects of naltrexone in this population are unknown. Trials
in alcohol dependence show that the effects of naltrexone in subjects with the A118G allele
increase over time. In the positive randomized, placebo-controlled trial of naltrexone for
treatment of amphetamine dependence, patients received 12 weeks of treatment - extended
naltrexone treatment might therefore yet reveal benefits for A118G vs WT MA users.

CONCLUSIONS

We conducted an exploratory study of the influence of the A118G mu opioid receptor
polymorphism on response to naltrexone in MA dependence treatment. In contrast to a
previous randomized controlled trial we did not find evidence of efficacy, although this may
have been due to the limitations of this study and differences in design from the previous
study.
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Assessed for eligibility (n = 230)

Excluded (n = 208)

Not meeting eligibility criteria (n = 72)
Refused to participate (n = 12)

Other reasons (n =61)
AT118A subjects in excess of the
number of A118G subjects (n = 63)

A118G (n=11)

A118A (n=11)

Allocated to intervention (n=11)
(naltrexone 380 mg IM + psychosocial therapy)

e Received allocated intervention (n = 11)
e Did not receive allocated intervention (n = 0)

Allocated to intervention (n=11)
(naltrexone 380 mg IM + psychosocial therapy)

Received allocated intervention (n=11)
Did not receive allocated intervention (n = 0)

Lost to follow up (n = 0)

Discontinued intervention (n = 0)

Analyzed (n=11)

Excluded from analysis (n =0)

Figure 1. Study schema

Lost to follow up (n = 0)

Discontinued intervention (n = 0)

Analyzed (n=11)

Excluded from analysis (n =0)

Selection of subjects in an open labeled trial to determine effects of A118G polymorphism
on treatment response to injectable naltrexone among methamphetamine-dependent patients

J Addict Med. Author manuscript; available in PMC 2016 March 01.




1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Pal et al.

50%

40%

Percent

30%

20%

10%

Week

Figure 2. Percentage of MA-negative urine samples
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Table 1
Baseline clinical characteristics by genotype

Al18G Al18A 95% CI of p

(n=11) (n=11) difference
Age, years — mean (SEM) 39.5(2.0) | 40.7 (1.7) -5.71-3.35 | 0.69
Male - N (%) 6(55%) | 9(82%) 0.02-247 | 036
Caucasian - N (%) 5(45%) | 11(100%) | 0.00-060 | 0.01
Days of MA use - mean (SD) 17.4(83) | 21.2(9.7) | -4.23-11.83 | 0.39
MA negative urine samples - N (%) 1(9.1%) 4 (36%) -0.08-0.56 | 0.31
Smoking as primary route of administration - N (%) | 9 (82%) 6 (55%) 0.40-48.8 0.36
AWQ withdrawal score (0-40) - mean (SEM) 15.7(2.2) | 12.4(1.8) -9.16-2.56 | 0.53
ADHD diagnosis - N (%) 1 (9%) 0 (0%) 0.02 - o0 1
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Table 2
Self-report outcomes by genotype
Al118G Al18A 95% CI of p
difference
Days abstinent - mean (SD) 11.5(10.1) | 14.8(10.5) | -5.86-12.46 | 0.51
Consecutive days abstinent - mean (SD) 5.6 (6.2) 10.6 (10.9) | -2.89-12.89 | 0.29
Days abstinent before first relapse - mean (SD) 35(5.8) 9.0(12.3) | -3.05-14.05 | 0.28
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Table 3
Urinalysis (UA) results
Outcome — mean (SD) Al118G Al18A 95% ClI p
Negative UAs 1.7(26) | 1.8(32) | —2.49-2.69 | 0.97
Consecutive negative UAs 1.0(1.6) | 1.5(2.8) | -1.53-2.53 | 0.91
Negative UAs before first relapse | 0.9 (1.8) | 1.5(3.2) | -1.71-2.91 | 0.86
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