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Abstract
Background—Access to specialty alcoholism treatment in rural environments is limited and new
treatment approaches are needed. The objective was to evaluate the efficacy of naltrexone alone and
in combination with sertraline among Alaska Natives and other Alaskans living in rural settings. An
exploratory aim examined whether the Asn40Asp polymorphism of the μ-opioid receptor gene
(OPRMI) predicted response to naltrexone, as had been reported in Caucasians.

Methods—Randomized, controlled trial enrolling 101 Alaskans with alcohol dependence,
including 68 American Indians/Alaska Natives. Participants received 16 weeks of either (1) placebo
(placebo naltrexone + placebo sertraline), (2) naltrexone monotherapy (50 mg naltrexone + sertraline
placebo) and (3) naltrexone + sertraline (100 mg) plus nine sessions of medical management and
supportive advice. Primary outcomes included Time to First Heavy Drinking Day and Total
Abstinence.

Results—Naltrexone monotherapy demonstrated significantly higher total abstinence (35%)
compared with placebo (12%, p = 0027) and longer, but not statistically different, Time to First Heavy
Drinking Day (p = 0.093). On secondary measures, naltrexone compared with placebo demonstrated
significant improvements in percent days abstinent (p = 0.024) and drinking-related consequences
(p = 0.02). Combined sertraline and naltrexone did not differ from naltrexone alone. The pattern of
findings was generally similar for the American Indian/Alaska Native sub-sample. Naltrexone
treatment response was significant within the group of 75 individuals who were homozygous for
OPRM1 Asn40 allele. There was a small number of Asp40 carriers, precluding statistical testing of
the effect of this allele on response.

Conclusions—Naltrexone can be used effectively to treat alcoholism in remote and rural
communities, with evidence of benefit for American Indians and Alaska Natives. New models of
care incorporating pharmacotherapy could reduce important health disparities related to alcoholism.
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Alcoholism presents A major public health problem in Alaska and other rural and remote areas,
and for American Indians and Alaska Natives (AI/AN) in particular. Forty-two percent of AI/
ANs reside in rural settings, as compared with 23% of Caucasians (Manson, 2004), and they
experience significant health disparities related to alcoholism. This study addresses the
National Institutes of Health mandate that clinical research include women and minorities as
participants (National Institutes of Health, 1994). Despite this mandate, a recent review
concluded that minorities continue to be under-represented in clinical trials reported in
influential journals (Geller et al., 2006).

We conducted this study largely in response to concerns by Alaska Native tribal organizations
about the impact alcoholism has upon their communities (Department of Health and Human
Services, 2002), their interest in improving alcohol treatment effectiveness, and the under-
representation of AI/ANs in alcoholism treatment and related research studies (Beals et al.,
2005; Shore et al., 2002). A survey of Alaska Native people in remote Alaskan villages
identified alcohol and other drug abuse as their greatest concern (Department of Health and
Human Services, 2002; Patch Opinion Survey, 1997). Additionally, the primary collaborator
on this study—a large Native health organization—designated alcoholism as one of its top
health-related priorities by resolution and in its planning documents.

Both Native and non-Native Alaskans have higher prevalence rates of alcohol dependence and
associated consequences such as suicide, homicide, sexual assault, fetal alcohol spectrum
disorder, injuries and accidents (Centers for Disease Control and Prevention, 2002; Day and
Lanier, 2003; Hill et al., 2004), as compared with the general U.S. population. Fourteen percent
of the adult population of Alaska suffers from Abuse or Dependence on alcohol, a rate more
than twice the national average for one year point prevalence (Department of Health and Human
Services, 2002). The State of Alaska also has above average incidence rates for alcohol-related
injury and death (Alaska Behavioral Health Survey, 2002; Alaska Department of Vital
Statistics, 2002; Department of Health and Human Services, 2002). Unfortunately, the
environment of Alaska makes access to specialty treatment difficult due to cost, transportation
and scarcity of providers. Consequently, a pharmacotherapy for alcoholism, such as naltrexone,
could greatly aid treatment in rural settings if found effective when used with a low-intensity
outpatient approach by general medical providers and para-professionals.

Naltrexone, an opiate antagonist, was approved in 1994 by the Food and Drug Administration
for use in the treatment of alcohol dependence based in part on evidence of efficacy from two
clinical trials (Volpicelli et al., 1992; O’Malley et al., 1992). Subsequently, naltrexone has been
tested in numerous studies (for reviews see Kranzler and Van Kirk, 2001; O’Malley and
Froehlich, 2003a; Pettinati et al., 2006), with most studies finding naltrexone to be efficacious,
including the largest study conducted to date (Anton et al., 2006). However, these
investigations were conducted primarily at academic institutions in urban environments using
specialized counseling, and few if any AI/AN participants were enrolled. In addition, the effects
of naltrexone have been modest, raising the question of whether combined treatments may
enhance effectiveness (Anton et al., 2006; Farren et al., 1997, 2000; Johnson et al., 2000; Kiefer
et al., 2003; Mason, 2005; Petrakis et al., 2005).

Therapy with a selective serotonin reuptake inhibitor (SSRI) and naltrexone represents one
possible combination approach based on animal and preliminary human studies. Using a
limited access preclinical model, Zink and colleagues found greater suppression of drinking
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by the combination of fluoxetine and naltrexone compared to either drug alone (Zink et al.,
1997). Moreover, Le demonstrated in animal models that fluoxetine reduced the ability of stress
to reinstate drinking, whereas naltrexone reduced the ability of alcohol to reinstate drinking
(Le et al., 1999). These data suggest that adding an SSRI to naltrexone could support abstinence
by preventing stress-induced drinking. Consistent with this hypothesis, a small open label study
found higher abstinence rates over 10 weeks among patients treated with sertraline and
naltrexone compared with a matched sample of patients who received open label naltrexone
alone (Farren et al., 1997, 2000). However, a recent study of depressed alcohol-dependent
patients did not find an advantage to augmenting sertraline with naltrexone compared with
sertraline and naltrexone placebo (Oslin, 2005).

Thus, the primary aims of this study were to: (1) replicate previous findings of reduced relapse
to heavy drinking with naltrexone by comparing the efficacy of naltrexone to placebo in a
sample living in rural Alaska, many of whom were AI/AN, using a model of care that could
be applied in rural health care settings, and (2) determine whether combined therapy with
sertraline and naltrexone results in better outcomes than naltrexone alone. We hypothesized
that naltrexone monotherapy would result in lower rates of relapse to heavy drinking compared
with placebo and that combined therapy would yield higher abstinence rates compared with
naltrexone monotherapy. We did not test the effects of sertraline alone because SSRIs have
shown limited effect in non-depressed alcohol dependent subjects (Pettinati et al., 2003) and
resulted in poorer outcomes in patients with Type B alcoholism (Kranzler et al., 1996; Pettinati
et al., 2006).

An exploratory aim examined whether genetic variation in the μ-opioid receptor gene
(OPRM1) influenced naltrexone response. Naltrexone, an opioid receptor antagonist, targets
μ-opioid receptors, although it also blocks other endogenous opioid receptors. The medication
is thought to be efficacious, in part, by blocking the effects of endogeneous opioids that are
released in response to alcohol (Gianoulakis et al., 1996; Marinelli et al., 2005; Olive et al.,
2001) or alcohol-related cues. Based on studies (Beyer et al., 2004; Bond et al., 1998; Zhang
et al., 2005) describing functional significance of a polymorphism of OPRM1, Asn40Asp
(Bergen et al., 1997), several groups have investigated whether this polymorphism predicts
differential response to naltrexone for the treatment of alcohol dependence (Anton et al.,
2008; Gelernter et al., 2007; Oslin et al., 2003).

Two of the studies (Anton et al., 2008; Oslin et al., 2003) found that the alcohol-dependent
individuals with at least one copy of the Asp40 allele respond positively to naltrexone compared
with individuals homozygous for the Asn40 allele. In the COMBINE study by Anton and
colleagues, a gene by treatment interaction was found among participants treated with a less
intensive behavioral therapy (Medical Management) but not among those who in addition
received Combined Behavioral Intervention. A third study, the Veterans Administration
Cooperative Study, showed a significant effect of naltrexone treatment in those who provided
DNA, but failed to replicate the findings of a significant interaction between the OPRM1 Asp40
polymorphism and naltrexone response in this sample which included 42 carriers of the Asp40
allele (Gelernter et al., 2007). Given the inconsistent findings in the literature, we sought to
explore whether the Asn40Asp polymorphism would alter response to naltrexone in our
sample, and to rule out a confounding effect of this polymorphism.

METHODS AND MATERIALS
Design Overview

Using two population samples, AI/ANs (n = 68) and non-AI/AN Alaskans (n = 33), 101
alcohol-dependent individuals from geographically isolated Alaskan communities were
randomized within AI/AN status to three parallel treatment groups for 16 weeks (Fig. 1):
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placebo (placebo naltrexone + placebo sertraline); naltrexone monotherapy (50 mg naltrexone
+ placebo sertraline), and naltrexone + sertraline (naltrexone 50 mg + sertraline 100 mg). In
addition, participants received up to nine (9) concurrent medical management and support
sessions. Research assessments were obtained at each of these treatment sessions and at follow-
up interviews held 26, 52, and 68 weeks following randomization. This report focuses on the
16-week treatment period, a time point where naltrexone treatment response has been
manifested in other studies.

Setting and Participants
One hundred and one individuals aged 18 to 65 diagnosed with alcohol dependence were
recruited from January 2002 through April 2005 for participation. Five communities took part
in the study. Tribal names and locations are not provided in keeping with a convention adopted
by several investigators who have studied small, discrete populations including AI/AN
communities (Robin et al., 1997; Shore et al., 1987). There are 569 federally recognized Native
American tribal entities in the United States distinguished by their heterogeneity in culture,
beliefs, practices, and language. Over 200 of these tribal entities are geographically located in
Alaska.

Initially, documentation of AI/AN ancestry was required for participation. In October 2003,
eligibility was extended to non-Native Alaskans with the result that 68 AI/AN, and 33 non-
Native Alaskans were studied in this trial. Race/ethnicity was initially identified by the
participant and then further defined by the investigator via questions about the participant
having tribal enrollment or a Certificate of Indian Blood.

Individuals were eligible for inclusion if they met criteria for current alcohol dependence
according to the Diagnostic and Statistical Manual of Mental Disorders – Fourth Edition
(American Psychiatric Association, 2000) and reported drinking more than 14 drinks (women)
or 21 drinks (men) per week, with at least two heavy drinking days during a 30 day period
within the 90 days prior to baseline. At least four days and no more than 30 days of abstinence
were required prior to the first dose of medication. Individuals were offered the option of
inpatient or outpatient detoxification if needed but were required to be abstinent from
detoxification medications for at least four days prior to randomization. Reasons for exclusion
included no reliable contact by telephone, plans to be away for >21 consecutive days (e.g.,
fishing or travel), legal involvement that might interfere with participation, a current DSM-IV
diagnosis for cocaine, opioid, or amphetamine abuse or dependence, current opiate use,
psychiatric conditions that required use of psychotropic medications, a condition jeopardizing
safety (e.g., suicidality, psychosis), and medical conditions that would contraindícate the use
of sertraline or naltrexone or interfere with study participation (e.g., history of unstable or
severe cardiovascular disease, serum liver enzymes > 3 times the upper limit of normal,
pregnancy, nursing or lack of reliable contraception for women, or use of monoamine oxidase
inhibitors or Type 1C anti-arrhythmics). Individuals were excluded who had a Clinical Institute
Withdrawal Assessment - Alcohol (CIWA-Ar) (Sullivan et al., 1989) score of >8 prior to
randomization, were receiving other substance abuse treatment, or required more intensive
treatment.

In preparation for the study, focus groups composed of tribal, community, and human service
personnel were held at potential research sites to create and promote culturally sensitive
procedures and assessments, to lay groundwork for recruitment and to enlist the support of the
community, a practice consistent with other studies among AI/AN communities (Beals et al.,
2003; Manson et al., 2004; Mohatt et al., 2004; Roubideaux et al., 2000; Rubin et al., 2002).
Participants for the clinical trial were recruited from the community at-large, by referral from
health clinics and treatment centers, and through advertisements. Oral consent was obtained
prior to screening by phone or in-person, and written informed consent was obtained by a
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research assistant at the beginning of the first intake appointment. Consent was obtained again
by the on-site principal investigator or research nurse prior to randomization. The protocol was
approved by the Yale Human Investigation Committee, the Alaska Area and National Indian
Health Service Institutional Review Boards, and the NIAAA Institutional Review Board. A
Certificate of Confidentiality was obtained from the National Institute on Alcohol Abuse and
Alcoholism (NIAAA). A Data and Safety Monitoring Board reviewed safety measures every
six months independent of group assignment. Participants were paid up to $160 for completing
research assessments over 68 weeks.

Entrance into the study took place following physical examination, laboratory tests including
liver function tests, urine drug screen, and administration of the CIWA to evaluate alcohol
withdrawal. A research or clinical psychologist with extensive experience with AI/AN people
administered the Structured Clinical Interview for DSM-IV (First et al., 1997) and the Family
History Assessment Module (FHAM; Rice et al., 1995). Both the SCID and the Schedule for
Affective Disorders and Schizophrenia, Lifetime (Endicott and Spitzer, 1978; Spitzer et al.,
1989), another semi-structured clinical interview, have been found to be reliable in studies of
addictions and other psychiatric diseases among Native Americans (Beals et al., 2002;
Boehnlein et al., 1993; Shore et al., 1987). Final interviews were conducted by board certified
psychiatrists, experienced working with Native people. A breath alcohol level (BAL) reading
of 0.00 was required prior to randomization and BAL was measured before each patient visit.
A blood sample for DNA analysis was taken on the day of randomization once final eligibility
was determined. All participants were advised about alternative treatment options, including
naltrexone, and active referrals were made for those who were ineligible or declined to
participate.

Randomization and Interventions
Pharmacotherapy—Naltrexone or matching placebo was titrated over the first week
beginning with 12.5 mg for one day, 25 mg for two days, and 50 mg thereafter for 16 weeks,
which is the approved dose of naltrexone. Naltrexone supplies were purchased from
Mallinckrodt Pharmaceuticals (St. Louis, MI). Participants also took 50 mg of sertraline or
matching placebo for two weeks at which time the dose was increased to 100 mg daily (two
50 mg or placebo tablets). Dose reductions were permitted to address issues of tolerability.
This dose was selected based on the doses typically used in the treatment of depression
(Donohue, 1995; Gregor et al., 1994), the preclinical literature on the effects of sertraline on
alcohol consumption (Gill et al., 1988; Higgins et al., 1992) and a pilot study (Farren et al.,
2000). Sertraline supplies were donated by Pfizer Pharmaceuticals. At the end of the 16-week
treatment period, sertraline was reduced to 50 mg and naltrexone reduced to 25 mg daily with
both medications discontinued after four days.

Naltrexone and sertraline study medications were dispensed in separate bottles, which had caps
with an electronic microchip that monitored the time and day that the pill bottle was opened
as a measure of presumed dosing. These electronic records were used to compute a measure
of medication adherence (number of bottle openings/total number of possible days in the study).

Randomization—Study participants were randomized to conditions in blocks of 12 within
Native and non-Native groups and within study site (study headquarters, all other sites). All
study staff and participants were kept blind to treatment condition other than the pharmacists,
who did not interact directly with participants.

Treatment Procedures—Initial screening occurred within the participant’s home
community. The first 82 participants were evaluated further and initiated into treatment at the
main study site, traveling primarily by plane if they resided within outlying communities.
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Following a counseling session in which the study nurse administered the initial medication
doses, participants were given a two-week supply of study medication and returned to their
home communities for all other care. Ultimately, the capacity for completing final eligibility
determination and initiating treatment was developed at an additional site in order to reduce
the need for client travel and accommodate the larger population base of that town. Following
the initial counseling session, participants were seen weekly for four weeks, bi-weekly for one
month, and once a month in the final two months.

To enhance generalizability to rural and remote health care systems, pharmacotherapy was
provided within a model of counseling that could be delivered by paraprofessionals
collaborating with medical providers or by medical staff alone. Native health care organizations
employ personnel with similar qualifications in remote clinics. The approach of advice and
medical management (MM) was adapted from the Medication Management manual of the
COMBINE study (Pettinati et al., 2004b). While a single medical professional provided all
aspects of the MM counseling in the COMBINE study (Anton et al., 2006), we divided these
functions between two providers: (a) 9 medical providers (e.g., nurses, physician assistants)
performed medical monitoring functions (e.g., side effects, dose adjustments); and (b) 13
paraprofessionals or master’s-level clinicians who provided advice and support for medication
compliance and abstinence from alcohol. Training of providers included review of manuals,
role plays, supervision, and feedback based on review of audiotapes of sessions. Audiotapes
of the first two sessions for the first two clients of each therapist and at least 1 tape per client
thereafter were rated by supervising clinicians using checklists adapted from the COMBINE
study (Anton et al., 2006).

Outcomes and Follow-up—The assessment battery generally paralleled that of the
COMBINE study (COMBINE Study Research Group, 2003) with modifications made to
accommodate the population and setting. The focus of this report is on measures of drinking
behavior and consequences during treatment. The Alcohol Dependence Scale (Skinner and
Allen, 1982) was administered at baseline. The Timeline Follow Back (TLFB) method (Sobell
and Sobell, 1992) was used to determine frequency and quantity of alcohol consumption at
intake and at each appointment and the Drinker’s Inventory of Consequences (DrInC) (Miller
et al., 1995) was administered at intake, week 8 and week 16 to measure drinking-related
consequences. Craving for alcohol was measured with the Alcohol Urge Questionnaire (Bohn
et al., 1995), and depressive symptoms were monitored with the Center for Epidemiologic
Studies Depression Scale (CES-D) (Somervell et al., 1993).

5′-Nuclease Genotyping—Genomic DNA was extracted from peripheral blood
mononuclear cells. Genotyping for the OPRM1 A118G polymorphism was performed using
the TaqMan® 5′ nuclease genotyping assay. The assay probes (Assay ID C890074, rs1799971)
were obtained as an Assay-On-Demand from Applied Biosystems (ABI; Foster City, CA). Ten
nanograms of genomic DNA was used in each assay and the reaction run according to the
manufacturer’s protocol. Genotype was determined by end-point analysis using an ABI 7900
Sequence Detector. The genotyping error rate was 0%. Genotyping completion rate was 95/96.
No significant deviation from Hardy-Weinberg equilibrium was found. All genotyping was
done at the Laboratory of Neurogenetics, NIAAA and performed blind to treatment assignment
and outcome data, on an anonymized dataset.

Statistical Analysis
The primary outcome measures were total abstinence (TA) during the 16-week treatment
period and Time to First Heavy Drinking Day (TFHD). Heavy drinking was defined as
consuming five or more drinks on a single occasion for men or four or more drinks for women
(Anton et al., 2006). Consistent with the approach used in the COMBINE study (Anton et al.,
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2006), individuals lost to follow-up were assumed to have failed on the day following their
last recorded data point. Total abstinence was defined by alcohol abstinence on all days for the
16 week treatment period with those lost to follow-up coded as non-abstinent. Covariates
included site, Native classification (Native, non-Native) and percent days abstinent in the 120
days prior to treatment. Categorical data were analyzed using standard chi-square tests, and
time-to-event analyses were performed using the Kaplan-Meier method for data display and
the Maximum Likelihood method for comparison of the groups with covariates.

Secondary outcomes were compared using mixed general linear models with groups as fixed
effects and week as a repeated measure for continuous measures. Logistic regression analyses
were used to compare groups on categorical outcomes. Effect size estimates were computed
using odds ratios for categorical outcomes, hazard ratios for time-to-event analyses, and
Cohen’s d (Cohen, 1988) for continuous measures.

The placebo condition and the combination condition were compared with the naltrexone-only
group using planned contrasts, with data from all three groups being used to estimate error
variance. The contrast between the placebo condition and the naltrexone group was included
to meet the aim of replicating prior naltrexone findings, and the contrast between the
combination group and the naltrexone-only group was included to meet the aim of testing
whether there is an advantage of combined treatment over naltrexone alone. Covariates
included site, Native classification, and the baseline value of the dependent measure.

The intention-to-treat (ITT) analyses are based on the entire sample of Native and non-Native
participants. Results are also presented separately for the AI/AN subsample as pre-specified
by the protocol. Analyses of treatment efficacy were repeated using the models specified above
within a subset of individuals who were homozygous for the Asn40 allele. The small number
of Asp40 carriers precluded statistical evaluation of an effect of this allele on treatment
response.

Based on a review of the literature, a moderate effect size was identified (h = 0.45) for the
comparison of naltrexone with placebo on relapse to heavy drinking. A moderate effect size
of the same magnitude also was specified for the combination of naltrexone and sertraline to
naltrexone only on abstinence. With this estimated effect size, a two-sided alpha of 0.05 was
selected together with power of 0.80 lead to an initially targeted total sample size of 198.

The statistical packages SAS Version 9.1 for Windows (SAS Institute Incorporated, Cary, NC)
was used to perform all data analyses.

RESULTS
Participant Characteristics

Figure 1 shows the flow of participants throughout the study. Three hundred sixty-five were
initially screened and 101 were assigned to treatment conditions. Twenty-six percent of the
sample was recruited from a small town that was the site of the study’s headquarters, 68% from
a larger town, and 6% from villages or very small town settings. As shown in Table 1, the three
treatment groups were comparable for all baseline demographic and clinical characteristics.
Sixty-seven percent (n = 68) of the sample was of AI/AN descent consisting of 12 tribal groups;
65 of 68 were of Alaska Native ancestry. The non-Native participants (n = 33) were primarily
White (n = 30, 10 per treatment condition), two were African American (1 placebo, 1
combination group), and 1 was Hispanic (placebo group).

Treatment Adherence—The groups did not differ significantly on measures of medication
compliance or the number of treatment sessions attended (all p-values >0.20). Mean adherence
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to naltrexone was 60%, 67% and 59% for the placebo, naltrexone monotherapy group and the
combination group, respectively. Mean adherence to sertraline in the three groups was similar
to mean adherence to naltrexone: 61% in the placebo group, 66% in the naltrexone
monotherapy group, and 58% in the combination group. Overall adherence was highly
correlated for the two medications (r = 0.90, p < 0.0001) as was the time to medication
discontinuation for those who did not complete treatment (r = 0.87, p < 0.0001). The mean
number of treatment sessions attended was 5 (placebo), 6 (naltrexone), and 5 (naltrexone +
sertraline). The percentage of subjects who provided complete drinking timeline data was
comparable across groups (91%, 91%, and 88% for the placebo, naltrexone monotherapy, and
combination groups respectively).

Biological Verification of Alcohol Drinking—Percent change in gamma-
glutamyltransferase (GGT) from baseline to the last data point was analyzed as a verification
of self-report abstinence for those with repeat GGT levels. Participants (n = 25) who reported
total abstinence for 16 weeks had a 30% decrease in GGT, while those who reported any
drinking (n = 68) had a reduction of only 3% (p = 0.054, effect size = 0.50), providing validation
of self-reported abstinence.

Adverse Events—Significant differences were found for nausea (p = 0.03), sleepiness (p =
0.001), and dizziness (p = 0.04), with the highest rates observed in the naltrexone + sertraline
group (Table 2). The rate of serious adverse events during treatment was comparable among
groups, with overnight hospitalization for alcohol treatment the most common event.

Primary Efficacy Outcomes
Primary Outcome: ITT Sample—Table 3 presents the estimated effects, statistics, and p-
values for the comparisons between placebo and naltrexone only, and between the combination
condition and naltrexone only for the two primary outcomes, TFHD and TA, and for secondary
outcomes. These data are presented first for the ITT sample (n = 101) and then for the AI/AN
subsample (n = 67).

On TFHD, the placebo group showed a more rapid return to heavy drinking compared with
the naltrexone-only group, although this difference did not reach statistical significance (p =
0.09; Fig. 2A). Naltrexone + sertraline was similar to naltrexone only (p = 0.87).

On TA, the naltrexone-only group had a significantly higher rate of abstinence (35%) than the
placebo group (12%) (p = 0.03). Total abstinence for the combination group (30%) was
comparable to the naltrexone-only group. As follow-up, we conducted a secondary analysis of
time to first day of drinking in the ITT sample (Fig. 2B). Naltrexone lengthened the time to
the first day of drinking (p = 0.015). The onset of the first drinking day appeared to be delayed
up through the first month of treatment in the combination group (see Fig. 2B), however, this
apparent advantage disappeared and the combination group did not differ significantly from
the naltrexone-only group in the survival analysis (p = 0.96). For TA, the number needed to
treat is 4.25 for naltrexone compared to placebo and 20 for the combination compared with
naltrexone only.

Secondary Outcomes: ITT Sample—Other measures of drinking behavior were
consistent with the preceding analyses (see Table 3). The placebo group had significantly lower
percent days abstinent (mean = 85.7, SD = 2.96) compared with the naltrexone-only group
(mean = 94.8, SD = 3.09) which did not differ from the combination group (mean = 96.3, SD
= 3.08). Although not statistically different, the percentage of heavy drinking days was lower
for the naltrexone-only group (mean = 3.7 days, SD = 3.02) compared to the placebo group
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(mean = 11.2, SD = 2.92) and not different from the combination group (mean = 3.0, SD =
3.04). The number of drinks consumed per drinking day did not differ by treatment status.

A larger percentage of the placebo group reported experiencing one or more alcohol-related
consequences (22 or 76%) on the DrInC compared with the naltrexone-only group (14 or 45%)
(p = 0.020). The combination group was similar (14 or 47%) to the naltrexone group (p =
0.948). No statistically significant differences were observed on Alcohol Urge Questionnaire
scores, CES-D scores or GGT.

Efficacy in Native Subsample—The general pattern of results for the Native subsample
was consistent with the ITT results, although the strength of the findings was reduced in part
due to the smaller sample size and the slightly better response to placebo among this subsample.
Twice as many subjects in the naltrexone-only condition, compared with the placebo condition,
were totally abstinent (8 vs. 4), but this was not statistically significant. During treatment, the
percentage of days abstinent was 96.6% (SD = 2.90) for the naltrexone-only condition
compared with 88.8% (SD = 3.03) for the placebo condition. The percentage of the sample
reporting drinking-related consequences was significantly lower in the naltrexone group (38%)
compared with the placebo group (72%; p = 0.026). Similar to the ITT analysis, the addition
of sertraline did not result in additional improvements compared with naltrexone alone on any
outcome measures.

OPRM1 Analyses—Usable DNA was obtained from 92 participants (59 of whom were AI/
AN). The frequency of the Asp40 allele was 0.10 in the ITT sample and 0.11 in the AI/AN
subsample. Because only 17 of the 92 genotyped participants had one or more copies of the
Asp40 allele (placebo = 9, naltrexone only = 3; naltrexone + sertraline = 5), we restricted our
statistical analyses of treatment response to participants who were homozygous for the Asn40
allele (placebo = 23; naltrexone only = 25; naltrexone + sertraline = 27).

The baseline characteristics of the 75 Asn40/Asn40 homozygotes did not differ between the
three treatment groups (all p values >0.10). When the effect of treatments were compared
within the Asn40 homozygous sub-sample, the pattern of results in this OPRM1 genotype-
controlled subsample was similar to the results in the total sample, indicating that treatment
efficacy was not dependent on presence of the Asp40 allele, which had been associated with
enhanced naltrexone treatment response in some studies. Specifically there was a statistically
significant advantage of naltrexone over placebo but no evidence of additional benefit from
the addition of sertraline to naltrexone on TA (NX vs. PL p = 0.04, NX vs. NX-SER p = 0.56)
and the percentage who reported a drinking-related problem during treatment (NX vs. PL p =
0.04, NX vs. NX + SER p = 0.85). Similar to the ITT analysis, TFHD was longer, although
not significantly greater for the naltrexone-only group compared to placebo (NX vs. PL p =
0.14, NX vs. NX + SER p = 0.84). Figure 3 presents these outcome measures by treatment
group within the Asn40/Asn40 homozygotes, and for the total group of individuals with DNA
results.

When analyses were restricted to the subsample of Asn40/Asn40 homozygotes who were also
AI/ANs, the pattern of findings was similar. However, in this smaller sample only the effect
of naltrexone to reduce alcohol-related problems was significant.

DISCUSSION
Naltrexone was shown to be an efficacious treatment for alcohol dependence in geographically
isolated and rural Alaskans, including those of AI/AN descent. This finding replicates and
extends prior research in Caucasian, African American and Hispanic populations conducted
in metropolitan academic settings, and is of relevance to health care practitioners whose
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patients have little access to specialty care for alcoholism. Approximately 20% of the United
States population resides in rural areas; notably many of these areas have very high rates of
alcohol abuse and dependence (Office of Applied Statistics, Substance Abuse and Mental
Health Services, 2005; U.S. Census Bureau, 2000). The current study demonstrated a means
to reach these underserved populations. Specifically, naltrexone provided in conjunction with
counseling that can be used by non-specialists substantially improved abstinence rates and
reduced drinking-related consequences with more modest effects on measures of heavy
drinking. The addition of sertraline to naltrexone did not improve upon these outcomes.

Based on prior research, we predicted that naltrexone would reduce the risk of heavy drinking.
Although this effect was not statistically significant (p = 0.09), the effect size (Cohen’s d =
0.44) was comparable to prior positive results in larger samples. In our study, however, this
effect was not due to naltrexone reducing the risk of heavy drinkers following a lapse in
abstinence given that all non-abstinent subjects who received naltrexone only met criteria for
heavy drinking. Instead, naltrexone substantially improved total abstinence rates, nearly
tripling the number of participants who were able to remain abstinent. Although a less common
outcome of naltrexone, several studies found beneficial effects on total abstinence or time to
first drink in patients who were medication compliant (Volpicelli et al., 1997), abstinent prior
to randomization (O’Malley et al., 2007; Kranzler et al., 2004) or receiving an intervention
supporting abstinence (O’Malley et al., 1992). The value of naltrexone may also be most
apparent in studies that utilize less intensive behavioral therapies that can be used by non-
specialists (Anton et al., 2006; Garbutt et al., 2005; Kranzler et al., 2004; O’Malley et al.,
2003b).

The strength of the naltrexone effect on abstinence may arise from several factors. Compared
with other trials, the sample had a higher rate of familial alcoholism and greater alcoholism
severity. In previous research, family history of alcoholism has predicted benefit from
naltrexone (King et al., 1997; Monterosso et al., 2001; O’Malley, 1999; Rubio et al., 2005),
and greater alcoholism severity was associated with recoveries involving abstinence, rather
than moderation (Dawson et al., 2005; Sobell and Sobell, 2006; Sobell et al., 1995, 1996).
Finally, AI/AN social factors possibly played a role. AI/ANs may have a greater awareness of
societal problems with alcohol. Consequently, Native communities may communicate a
stronger andz more consistent sobriety message emphasizing total abstinence (Alaska
Federation of Natives, 1999; Segal, 1998).

Exploratory analyses examining the influence of the OPRM1 gene on treatment response found
that naltrexone was efficacious in individuals homozygous for the more common Asn40 allele.
These findings in a group controlled for OPRM1 genotype are consistent with the main effect
of naltrexone on reduced risk of relapse even when controlling for genotype in studies by Oslin
et al., (2003) and Gelernter (Gelernter et al., 2007). However, the Oslin study found that carriers
of the Asp40 allele were significantly less likely to relapse, and Anton et al. (2008) also found
that the efficacy of naltrexone was most apparent in Asp40 carriers, with marginal efficacy in
those who were homozygous for the Asn40 allele. The effect of the Asp40 allele is possibly
population specific. In a small study (n = 29) blockade of the opioid system with naloxone was
significantly increased in Asp40 carriers, but this effect was limited to individuals of European
ancestry, and was not observed in those of Asian Ancestry (Hernandez-Avila et al., 2007). We
were able to demonstrate that naltrexone treatment is effective in individuals homozygous for
the Asn40 allele. The low frequency of the Asp40 allele in our study group prevented us from
determining whether treatment response is improved in Asp40 carriers. To test this possibility
we would need to recruit a larger cohort to obtain sufficient numbers of Asp40 carriers. The
genotyping data does, however, allow us to rule out the possibility that the observed naltrexone
treatment response is due to an unrecognized OPRM1 genotype stratification across treatment
groups.
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The study failed to confirm our hypothesis that the addition of sertraline to naltrexone would
enhance abstinence rates. This stands in contrast to our preliminary study which was shorter
in duration and involved comparisons between two matched groups of patients treated open
label with either the combination or naltrexone monotherapy (Farren et al., 2000). In the current
study, the onset of the first drinking day appeared to be delayed up through the first month of
treatment for the combination group. This advantage dissipated rapidly, however, and the
combination group and the naltrexone-only groups were comparable in the final analysis. From
a heuristic perspective, one possible explanation for this pattern of response is that the tolerance
developed to the salutary effects of sertraline. Consistent with this hypothesis, studies in mice
have shown that tolerance develops rapidly to the early suppression of operant responding for
alcohol by sertraline and that this effect was not overcome by higher doses (Gulley et al.,
1995). Another possibility is that medication compliance suffers in response to adverse events
with the combination leading to poorer compliance not only with sertraline but also with
naltrexone given that medication compliance is highly correlated for the two drugs. Future
analyses will explore these hypotheses. Because our study sample included many individuals
with early onset of alcoholism, different results may have been obtained in patients with lower
risk and severity, characteristics that have predicted positive response to monotherapy with
sertraline (Brady et al., 2005; Pettinati et al., 2003, 2004a).

In our study, the outcomes associated with naltrexone treatment suggest that it is a viable
approach to managing alcoholism in rural settings. However, there is room for improvement,
including the potential for other forms of combination therapy. As discussed by Oslin
(2005), future studies of combination therapies should consider alternative designs in which
nonresponders to one medication are randomized to augmentation with the other medication
or placebo. This would limit exposure to combination therapies that may be unnecessary and
would more closely model clinical practice (Oslin, 2005). In pursuing research on combination
therapies, it will be important to determine the optimal dose of each medication in order to
minimize adverse events and maximize efficacy.

A number of cautions deserve mention. We originally planned to enroll 198 subjects of AI/AN
ancestry, but unanticipated delays and slower recruitment than planned limited the final sample
size. This reduced sample may have restricted our ability to find a significant difference
between the combination group and naltrexone only. However, the magnitude of the observed
differences was small; thus, a larger sample probably would not have yielded different findings.
We also conducted secondary analyses in the Native subsample, thereby increasing the overall
number of statistical comparisons. The heterogeneity of AI/AN populations suggests caution
in generalizing from one community to another (Rodenhauser, 1994; Sack et al., 1994),
however, we believe this information may aid clinicians, policy makers and researchers given
the lack of data on naltrexone in this population. Because the study sample is clinically biased,
it should not be considered representative of the general AI/AN population. Finally, actual
clinical practice may yield lower success rates with more heterogeneous populations and less
intensive evaluation and intervention than provided in our study.

In conclusion, accruing evidence suggests naltrexone offers an effective adjunct to the care of
alcohol dependent patients by nonspecialists (Anton et al., 2006; Latt et al., 2002; O’Malley
et al., 1995, 2003b). Our study extends this finding to individuals of AI/AN descent and to
remote and rural environments, settings where more than 1/5 of the U.S. population receive
their healthcare. If adopted, naltrexone in combination with medical management and treatment
advice could increase access to care and reduce the consequences of alcoholism in these
communities.
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Fig. 1.
Study profile. Note: Multiple reasons for study discontinuation could be given.
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Fig. 2.
Time to first heavy drinking day (A) and time to first day of any drinking (B) by medication
condition.
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Fig. 3.
Percentage of individuals who were totally abstinent (A), relapsed to a heavy drinking day
(B) or reported alcohol-related problems on the DriInC (C) during the 16-week treatment
period by treatment condition within participants who were homozygous for the Asn40 allele
(n = 75), carriers of the Asp40 allele (N = 17), and for the total sample of genotyped participants
(n = 92).
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