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Abstract

We sought to test the efficacy of extended-release naltrexone (XR-NTX) on HIV-related and
drinking outcomes. From April 2011-February 2015, we conducted a 4-site randomized
doubleblind placebo controlled clinical trial involving 51 HIV-positive patients with heavy
drinking and <95% antiretroviral (ART) adherence. All participants received counseling. The
primary outcome was proportion with 295% ART adherence. Secondary outcomes included HIV
biomarkers, VACS Index score, and past 30-day heavy drinking days. Based on receipt of =5
injections, 23 participants were retained at 24 weeks. We did not detect an effect of XR-NTX on
ART adherence (p=.38); undetectable HIV viral load (p=0.26); CD4 cell count (p=.75) or VACS
Index score (p=.70). XR-NTX was associated with fewer heavy drinking days (p=.03). While XR-
NTX decreases heavy drinking days, we did not detect improvements in ART adherence or HIV
outcomes. Strategies to improve retention in alcohol treatment and HIV-related outcomes among
heavy drinking HIV-positive patients are needed.
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INTRODUCTION

Heavy alcohol use(1) is of major concern among HIV-positive patients(2, 3). Largely
explained by negative effects on antiretroviral therapy adherence, heavy alcohol use is
associated with uncontrolled HIV disease(4-7) and is independently associated with greater
mortality risk(3). Despite demonstrated benefits with integrating substance use treatment
and HIV care(8-14), alcohol use is not widely addressed in HIV treatment settings and there
are few studies addressing ways to mitigate the role of heavy alcohol use on ART
adherence(15-19).

Naltrexone, is an opioid receptor antagonist, which in conjunction with counseling,
decreases heavy drinking among the general population. Naltrexone is safe in HIV-positive
patients thus offering a potential solution(20-22). In contrast to an oral formulation, an
injectable, extended-release formulation of naltrexone (XR-NTX) improves adherence and
does not add to pill burden while decreasing heavy alcohol use(23). Prior work demonstrates
it can be integrated into primary care(24). Since XR-NTX’s Food and Drug
Administration’s approval in 2006 for treating alcohol dependence, few studies have
evaluated the impact of XR-NTX on HIV-related outcomes. Prior studies are limited to one
that enrolled individuals released from prison and a pilot study conducted in HIV treatment
settings(25, 26).

We conducted the current study, entitled Project DAWN, in HIV clinics to determine the
efficacy of XR-NTX with counseling, compared to placebo with counseling, on HIV-related
and drinking outcomes among HIV-positive patients with heavy alcohol use and suboptimal
ART adherence. Given data demonstrating the impact of heavy alcohol use on health
behaviors and outcomes, we hypothesized that by intervening upon heavy alcohol use, HIV
related outcomes would also improve.

METHODS

Settings and Participants

Project DAWN was conducted in four HIV clinics from three healthcare systems. We
employed a multi-pronged approach to recruitment including: 1) community-based flyers
and radio advertisement; 2) provider-based referral from organizations serving people living
with HIV; 3) peer referral; 4) chart review; and 5) clinic screening using the Alcohol Use
Disorders ldentification Test-Consumption Test (AUDIT-C)(27, 28). Patients were eligible if
they met the following criteria: 1) HIV-positive; 2) currently prescribed antiretroviral
therapy (ART); 3) had evidence of <95% ART adherence by pharmacy fill/refill data(29) or
self-report using the Visual Analog Scale(30, 31); 4) reported heavy drinking =four times in
the past 4 weeks based on the Timeline Followback (TLFB)(32) or met criteria for alcohol
use disorder (based on the Diagnostic and Statistical Manual (DSM)-1Vcriteria for alcohol
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abuse and dependence)(33); 5) =18 years old; and 6) able to understand English and provide
informed consent. Patients were excluded if they met any of the following criteria: 1) were
psychotic or severely psychiatrically disabled; 2) enrolled in formal treatment for alcohol
(excluding self-help, e.g. Alcoholics Anonymous); 3) had a serious medical condition that
would preclude study participation; 4) had significant liver dysfunction (alanine
aminotransferase [ALT] or aspartate aminotransferase [AST] greater than 5 times the upper
limit of the normal range) or cirrhosis with a Child-Pugh classification greater than A or B;
5) had a contraindication to naltrexone (e.g. required opioid medication for pain),
polylactide-co-glycolide (PLG), carboxymethylcellulose, or any other components of the
diluent; 6) were a woman who was pregnant, nursing or unable to use an effective method of
birth control; or 7) tested opioid positive on a urine test. To assess for eligibility, potential
patients underwent evaluation for alcohol, drug or psychiatric disorders, a physical
examination, blood work, urine sample and pregnancy test for women. Assessments
included the Structured Clinical Interview (SCID) for alcohol(34) and the Addiction
Severity Index Lite from which a composite alcohol subscale score was calculated(35).
Participants were enrolled from April 2011 through February 2015. The study was approved
by the Human Investigation Committee of Yale School of Medicine, VA Connecticut
Healthcare System, and the James J. Peters VA Medical Center. A certificate of
confidentiality was obtained from the National Institute on Alcohol Abuse and Alcoholism.
Patients provided written informed consent.

Treatment Conditions

Enrolled participants were randomized to either XR-NTX or placebo. All patients received
counseling.

Medication: extended-release naltrexone and placebo—Participants received their
randomly assigned treatment (XR-NTX or placebo) throughout the 24-week treatment
period, administered by a study nurse or physician. Those assigned to XR-NTX received
380mg (4mL) administered as an intramuscular gluteal injection at four-week intervals.

To maintain blinding, injections were prepared in colored syringes that made XR-NTX and
placebo indistinguishable. Participants who missed a monthly dose were scheduled as soon
as possible for their next injection to maximize the number of injections during the study
period.

Counseling intervention: medical management with medication coaching—
The manualized intervention was delivered to participants randomized to either XR-NTX or
placebo, and integrated two efficacious behavioral treatments: Medical Management (MM)
and Medication Coaching (MC). MM incorporates skills and advice used by primary care
practitioners, coupled with referrals to Alcoholics Anonymous(36). MC’s focus was on
addressing ART adherence among people with substance use(8, 37).

The initial counseling visit lasted approximately 45 minutes, while eight follow-up visits
were approximately 20-30 minutes each and occurred biweekly for the first two months and
then monthly. Content from these original manuals (i.e., MM and MC) was integrated to
avoid overlap and to emphasize areas of relevance to HIV (Appendix I). This was led by
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one of the investigative team’s psychologists and then refined with input from other
members of the investigative team. Trained study nurses followed the manual and sessions
were taped and reviewed to monitor fidelity. Physician visits followed a structured visit form
that prompted review of alcohol and other drug use, the associated impact on health and
social function, changes in medications, adherence to injections and any associated side
effects, and indicated adjustments in treatment plans.

Assignment of Treatment

Participants were randomly assigned 1:1 to XR-NTX 380mg (4mL) or placebo (4mL
injections of microspheres without XR-NTX) within a web-based clinical trials management
system(38). The randomization scheme was written in blocks of 6 and 8 and stratified by site
and presence of alcohol use disorder and executed by the study pharmacist. All other
research staff and the participant were blinded to treatment allocation.

Outcome Measures

The primary outcome, the proportion of participants with >95% ART adherence, was
defined using pharmacy fill/refill data to derive the medication possession ratio (MPR: the
total days supply/refill interval over the prior 90 day interval)(39). In cases where the MPR
might not be reliable, including automatic pharmacy fills, use of visiting nurse agency or
mobile health van, and/or recent initiation of ART in the past 30 days, a Visual Analog Scale
(\VVAS) was used to measure medication adherence(30, 31, 40). For participants where the
MPR data was deemed unreliable at any time point (n=24), VAS data were used throughout
the study; otherwise, MPR data (n=27) were used to enhance reliability within a participant.
Type of adherence measure used did not differ by assigned condition (p=.32). However,
because VAS adherence values were higher than MPR (p<001), we controlled for measure
type for all analyses. In sensitivity analyses, given estimates that the necessary levels of
adherence to achieve an undetectable viral load occur between 90-95%, we also examined
the proportion of participants with =90% ART adherence(41).

Secondary outcomes included the proportion of participants with an undetectable HIV viral
load (defined as <50 copies/mL), CD4 cell count, and VACS Index score based on
laboratory data. The VACS Index is a validated biomarker(42—44) that predicts morbidity
and mortality and is sensitive to changes in health-related behaviors, including ART
adherence and alcohol use(3, 45). Drinking outcomes included number of heavy drinking
days and, in sensitivity analyses, the number of any drinking days in the past 30 days using
the TLFB(20, 32). In post-hoc analysis, alcohol use was assessed with phosphatidylethanol
(PEth), an alcohol biomarker that reflects alcohol exposure over the prior 21 days with
higher levels consistent with greater alcohol use(46).

Adverse events (AEs) were assessed during physician visits with the Systematic Assessment
for Treatment Emergent Effects (SAFTEE)(47).

Sample size calculations and statistical analysis

The power calculation was based on detecting a difference, over the 24-week intervention
period, in ART adherence and heavy drinking days in the XR-NTX group compared to the
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placebo group. Regarding adherence, we estimated that 40% of the XR-NTX group and 20%
of the placebo group would demonstrate >95% ART adherence. Regarding the heavy
drinking outcomes, using a 25% difference in days of heavy drinking between XR-NTX and
placebo(48) and prior work demonstrating that non-heavy drinking days is highly correlated
with ART adherence(4), we anticipated a moderate effect size of 0.50 of XR-NTX,
compared to placebo, on heavy drinking. For a power (B) of 72% and a two-tailed a=0.05, a
random effect of slope for individual, and a test of the between groups linear trend, our
target sample size was 154 participants allowing for a 5% attrition rate.

For baseline characteristics, we evaluated differences between assigned conditions using t-
test for continuous measures (with non-parametric alternatives for highly non-normal
distributions) and chi-square for categorical measures. For proportion achieving 295% ART
adherence and an undetectable HIV viral load we used General Estimating Equations (GEE)
logistic regression model with robust variance estimation and autoregressive (AR1) working
correlation structure with intercept to evaluate the effects of condition over time(49, 50). For
CD4 cell count, VACS Index score, number of heavy drinking days and number of any
drinking days, we used Linear Mixed Models with random effect of patient using
autoregressive (AR1) working correlation structure and using baseline values as covariates
for cases with baseline differences(49, 50). In post-hoc analysis, alcohol use was assessed
based on PEth using Poisson regression GEE. Drinking estimates were rounded up to the
full day for heavy drinking or any drinking days. Condition was determined based on
intention-to-treat principles.

To address missing HIV biomarker data, we used two procedures. First, we conducted
multiple imputation (NORM 2.03)(51, 52) of estimates for missing values for viral load
categorization <50 copies/mL and CD4 cell count using other demographics (age, sex and
race) and other biomarkers CD4 (for HIV viral load only), WBC count, hemoglobin,
hematocrit, platelets, glucose, creatinine, albumin, alanine aminotransferase and aspartate
aminotransferase, gamma-glutamy!| transferase, hepatitis B status, hepatitis C status).
Twenty-four cases included sufficient biomarker data to impute viral load categorization.
Seventeen cases were imputed for CD4. Second, we consolidated data into 12 week blocks.
Because the 12 week block could have up to three points of data collection, there were
instances in which viral load was available for one or more of the timepoints, but the other
timepoints were imputed. For cases in which imputed values and observed values were
available for the same time frame, the viral load categorization (above or below 50
copies/mL) was the same for all available data for 75% (39/52) of the cases. We considered
p<.05 as statistically significant. All analyses were conducted using SPSS 22 (Armonk, NY:
IBM Corp.).

Baseline measures

Demographic and clinical characteristics—Based on 1000 reviewed charts, including
837 individuals screened, 81 of whom were assessed for eligibility, 51 were enrolled into the
study and randomized (Figure 1), reflecting 33% of targeted enroliment. Among these 51
enrolled participants, 48% (n=24) were seeking treatment with referral based on self, a
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friend or peer, an advertisement, or a community organization. Among participants
randomized to XR-NTX group, five were lost to follow-up and one discontinued the
intervention; among those randomized to placebo group, seven were lost to follow-up and
two discontinued the intervention. Demographic and clinical characteristics of enrolled
patients are described in Table I.

Outcome measures

ART adherence—Based on adjusted means, the proportion of participants who achieved
>95% ART adherence did not differ by treatment group (p=.38) or by treatment group over
time (p=.97) (Figure I1). In sensitivity analyses evaluating the proportion of participants who
achieved =90% ART adherence, there was also no difference by treatment group or
treatment group over time (p values >.55).

HIV biomarkers—Based on adjusted means, there were no differences across conditions
or across conditions over time for the proportion achieving an undetectable HIV viral load
(Figure 111). The proportion of patients with an undetectable HIV viral load increased after
baseline but this failed to reach stochastic significance (p=.06). There was a significant
interaction of condition by time for CD4 value (p=.01). Based on adjusted means, CD4 was
lower for the XR-NTX group compared to the placebo group at baseline, although not
significantly so (p=.06), but were similar for all assessments during and after treatment (p
value for group=.75) (Figure 111). Based on adjusted means, VACS Index scores did not
differ by condition (p=.70), or over time (p=.63), nor did the pattern over time differ by
condition (p=.83) (data not shown).

Alcohol use—Based on adjusted means, compared to those assigned to the placebo group,
participants assigned to the XR-NTX group had fewer past 30-day heavy drinking days (p
value for group=.03); this treatment effect did not differ over time (p=.63) (Figure 1V).
Similar findings were observed for past 30-day any drinking days (p value for group=.02; p
value for group*time interaction=.31). In post-hoc analysis, PEth values appeared to
decrease over time for the XR-NTX group (p=.03), but not the placebo group (p=0.94, p
value for group=.64) (Appendix Figurel). The interaction term was not significant
(group*time interaction =.12).

Process measures

Receipt of the intervention—Over the 24-week intervention period, patients
randomized to XR-NTX and placebo received a similar number of injections [mean of 3.62
(SD=2.08, range 0-6) versus 3.65 (SD=2.17, range 1-6), respectively; p=0.96], physician
visits [XR-NTX, 3.6 (SD=2.1), placebo, 3.8 (SD=2.0), p=.82], and nurse provided
counseling sessions [XR-NTX, 4.9 (SD=2.3), placebo, 4.3 (SD=2.7), p=.45]. Treatment
completion was also similar across conditions [XR-NTX 76% (19), placebo 65% (17), p=.
42].

Adverse events—While 51% of patients (n = 26) experienced one or more AES most

were judged to be of mild to moderate severity and 18% (n=9) of patients had a serious
adverse event (SAE). The proportion of patients in each condition who had an AE (p=.48) or
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a SAE (p=.24) did not differ by condition, nor did the severity of the event (p=.16) or the
number of days of the event (p=.75). Only one AE (and no SAES) was judged to be possibly
related to the study. Type of AEs varied substantially from gastrointestinal, neurological,
muscular, psychiatric, slips and falls, legal, family and social problems, and problems related
to alcohol and drug use.

DISCUSSION

This is one of few randomized controlled trials to investigate the efficacy of XR-NTX
among HIV-positive patients with heavy alcohol use to address HIV-related outcomes. It
yields several important findings. First, engagement and retention of HIV-positive
individuals with heavy alcohol use in HIV treatment settings for an alcohol treatment
intervention is challenging; despite a multi-pronged approach, we only recruited one third of
planned participants. Second, compared to placebo, we were unable to detect an impact of
XR-NTX on ART adherence or HIV biomarkers. Third, XR-NTX was associated with a
clinically and statistically significant decrease in heavy drinking days and any drinking days
with consistent though non-significant findings observed based on PEth. Interestingly,
findings persisted beyond the treatment period.

Prior work demonstrates benefits of integrating treatment of substance use disorder into HIV
treatment settings to reach patients and improve substance use and HIV-related outcomes(10,
12, 13). Notably, our study is one of the first to examine the impact of XR-NTX targeting
HIV-positive patients and specifically in HIV treatment settings(25). A 16-week, HIV clinic-
based single site study evaluated the feasibility and preliminary efficacy of XR-NTX versus
treatment as usual among HIV-positive patients seeking treatment for alcohol use disorder
(n=27), opioid use disorder (n=16) or both (n=8)(25). They found that XR-NTX was feasible
in an HIV clinic. Our study extends these findings as we focused on alcohol, targeted non-
treatment and treatment seeking patients; and had longer-term follow-up. Despite a
multipronged recruitment strategy, we did not meet recruitment targets. This likely reflects
low motivation among HIV-positive patients attending routine health visits given use of
alcohol as a maladaptive coping mechanism and unawareness of associated medical

risks(15, 53-55). One qualitative study focused on barriers to XR-NTX initiation among a
sample of 15 HIV-positive individuals found that a third of participants did not believe their
alcohol use was a big enough of a problem to warrant medication treatment and that distance
to treatment was problematic(56). To address these factors, in our study the counseling
intervention was designed to help participants understand the impact of alcohol on their
health, with a focus on its potential impact on ART adherence. In addition, we provided bus
passes to help with the transportation challenges. Another barrier to recruitment was that
alcohol use and its consequences may have been under-recognized by providers(16, 56, 57)
and potentially eligible patients may have not been referred for the study. Nonetheless, we
successfully engaged patients who had largely been untreated for their alcohol use
previously highlighting a need for such interventions in HIV treatment settings. Our findings
that decreases in drinking persisted among those randomized to XR-NTX after the active
treatment phase ended are consistent with promising recent real-world data demonstrating
decreased craving and alcohol use while in treatment as well as 30 day and 60 days post-
injection (58).
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Contrary to our hypotheses, compared to placebo, we did not find that XR-NTX was
associated with increases in the proportion of participants achieving =295% ART adherence
or any associated improvement in HIV-related biomarkers. This was despite evidence that
XR-NTX was associated with a decrease in both past 30-day heavy drinking and any
drinking days. Prior work demonstrates an association between heavy alcohol use and ART
adherence(4, 59). That we did not observe an effect of XR-NTX on the proportion achieving
high levels of ART adherence may relate to our sample size as we were underpowered to
detect the anticipated effect of XR-NTX on ART adherence. Additionally, findings may
relate to our choice of control condition as regardless of treatment condition, participants
received an evidence-based counseling intervention to promote medication adherence.
Furthermore, our adherence measures may have lacked sensitivity to detect smaller changes
as captured by other metrics (e.g. TLFB-based methods, drug levels). Similarly, XR-NTX
was not associated with improvements in HIV biomarkers. This is consistent with the
existing literature, which does not reveal a consistent effect of alcohol or XR-NTX(22, 25)
on HIV disease progression(2). A prior study reported that compared to baseline, among
those with alcohol use disorder only, the proportion with an undetectable HIV viral load
decreased among those assigned to XR-NTX (92% vs. 82%) and remained unchanged
among those assigned to treatment as usual (100% vs. 100%) at 16 weeks(25). While a
recent study by our group found that patterns of alcohol use over time are associated with
VACS Index scores, patients were observed over eight years; how quickly changes in alcohol
use translate into changes in VACS Index is unknown(60).

Consistent with the literature in non-HIV positive patients(20), XR-NTX was associated
with a decrease in heavy drinking days and any drinking days in this sample of HIV-positive
participants. PEth results supported these findings. While these findings contrast with
findings from a recent study examining the impact of XR-NTX vs. placebo among HIV-
positive people released from prison, in which an effect on alcohol was not observed in the
main analysis, they are consistent with findings in the afore referenced pilot(25, 26).
Interestingly, our findings were observed as an overall group effect with significant
differences between groups at each time point during the treatment phase and at 12 months.
These findings are encouraging and suggest durability of treatment effects after the study
treatment phase and may relate to participants receiving treatment through routine clinical
care and/or sustained behavior change in the absence of treatment. Furthermore, that
participants in both groups experienced a decrease in estimated number of heavy drinking
days post-treatment may relate to sustained effects of the counseling intervention.

Our study should be interpreted in the context of its limitations. First, given our sample size,
we were underpowered to detect anticipated differences by treatment condition. Second,
given counseling provided in our control condition, we are unable to comment on how these
findings would compare if participants had received usual care. Third, missing data is a
challenge to the field(61, 62). However, we applied multiple imputation to address these
concerns, consistent with standards in the field(63). Fourth, these findings may not be
generalizable to patients not engaged in HIV care. Lastly, as is standard in the field, for our
primary outcome, we relied on participant self-reported measures of alcohol use that may be
subject to social desirability and recall bias. Due to blinding, this should not differ by
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treatment condition. Further, PEth findings are consistent with the self-reported data;
however, the sample size limits definitive conclusions.

In summary, by offering XR-NTX in HIV treatment settings, we engaged HIV-positive
heavy drinkers with suboptimal ART adherence who generally had limited prior alcohol
treatment. While we were unable to detect any benefits to ART adherence and HIV
biomarkers, XR-NTX led to clinically and statistically significant decreases in alcohol use
that were sustained over time. Alternative strategies to promote ART adherence and improve
HIV biomarkers among HIV-positive heavy drinkers are needed and future evaluations of
the impact of XR-NTX in larger sample sizes are warranted.
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HIV biomarkers: Proportion achieving an undetectable HIV viral load and mean CD4 cell
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group*time=0.01. NTX=extended release naltrexone; PCB=placebo. Presented values are
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Table I.
Participant Demographic and Clinical Characteristics
Characteristic, % (n) Overall, N=51 | Placebo + Extended-release p value
Counseling, N=26 Naltrexone +
Counseling, N=25

Gender, male 71% (36) 73% (19) 68% (17) 69

Race/ethnicity .33
White-non Hispanic 16% (7) 8% (2) 24% (6)
Black-non-Hispanic 71% (36) 73% (19) 68% (17)

Hispanic 8% (4) 12% (3) 4% (1)
Other 6% (3) 8% (2) 4% (1)

Age, mean (SD), years 51.2 (8.2) 51.2(9.2) 51.2 (7.6) .99

Education (n = 48) .93
Less than high school graduate 23% (11) 25% (6) 21% (5)

High school graduate or equivalent 35% (17) 33% (8) 38% (9)
At least some college 42% (20) 42% (10) 42% (10)

Employed full-time or part-time 12% (6) 16% (4) 8% (2)

Marital Status (n = 50) .59
Never married 68% (34) 68% (17) 68% (17)
Married/cohabitating 12% (6) 8% (2) 16% (4)
Separated/divorced/widowed 20% (10) 24% (6) 16% (4)

ART Adherence, HIV Biomarkers. VACS Index
ART Adherence, mean (SD) 55% (32) 59% (31) 51% (33) .38
Undetectable HIV viral load 51% (26) 62% (16) 40% (10) 12
CD4 count, cellssmm?3, mean (SD) 522 (380) 513 (423) 457 (313) 62
VACS Index score, mean (SD) 43 (26) 44.(26) 42(26) 28

Substance Use Disorder and Treatment History

Number of heavv drinkina davs in the past 30 days, mean (SD) 14.7 (9.8) 16.4 (8.4) 11.3(8.4) .03

Number of days with any drinking in the past 30 days, mean 17.9(8.8) 19.2 (7.5) 14.8 (8.7) .06

(SD)

Alcohol abuse/dependence 69% (35) 65% (17) 72% (18) .26

Drug abuse/dependence 76% (39) 73% (19) 80% (20) .56

Addiction Severity Index alcohol composite 0.26 0.29 (0.22) 0.23 (0.16) .38
(0.20)

Prior alcohol or drug treatment? 65% (32) 63% (15) 68% (17) .69

Prior receipt for medications to help with drinking? 12% (6) 12% (3) 12% (3) .96
Prior use of naltrexone 4% (2) 8% (2) 0% (0)

Prior use of acamprosate 2% (1) 0% (0) 2% (1)
Prior use of disulfiram 6% (3) 4% (1) 8% (2)

Asterisk (*): Mann-Whitney U test.
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