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Objective: The oral formulation of the opioid antagonist
naltrexone has shown limited effectiveness for treatment
of opioid use disorder due to poor adherence. Long-
acting injection naltrexone (XR-naltrexone), administered
monthly, circumvents the need for daily pill taking, po-
tentially improving adherence, and has been shown to
be superior to placebo in reducing opioid use over 6
months of treatment. This open-label trial compared the
outcomes of patients with opioid use disorder treated with
XR-naltrexone or oral naltrexone in combination with be-
havioral therapy.

Method: Sixty opioid-dependent adults completed inpatient
opioid withdrawal and were transitioned to oral naltrexone.
They were stratified by severity of opioid use (six or fewer
bags versus more than six bags of heroin per day) and ran-
domly assigned (1:1) to continue treatment with oral nal-
trexone (N=32) or XR-naltrexone (N=28) for 24 weeks. The
first dose of XR-naltrexone (380 mg) was administered
prior to discharge, with monthly doses thereafter, and oral

naltrexone was given in a 50-mg daily dose. All participants
received weekly behavioral therapy to support treatment
and adherence to naltrexone.

Results: A Cox proportional hazards model adjusting for race,
gender, route of use, and baseline opioid use severity in-
dicated that significantly more patients were retained in
treatment for 6 months in the XR-naltrexone group (16 of
28 patients, 57.1%) than in the oral naltrexone group (nine of
32 patients, 28.1%) (hazard ratio=2.18, 95% CI=1.07, 4.43).

Conclusions: Patients receiving XR-naltrexone had twice
the rate of treatment retention at 6 months compared with
those taking oral naltrexone. These results support the use
of XR-naltrexone combined with behavioral therapy as an
effective treatment for patients seeking opioid withdrawal
and nonagonist treatment for preventing relapse to opioid
use disorder.
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Opioid use disorder continues to represent an unprecedented
harm to public health, as rates of morbidity and mortality
related to opioid abuse rise at an alarming rate (1). Agonist
maintenance withmethadone or buprenorphine remains the
preferred treatment. When adequately dosed, buprenorphine
and methadone reduce or eliminate opioid use and protect
against overdose. However, not all patients will accept metha-
done or buprenorphine or respond well to it.

As a high-affinity opioid receptor antagonist, naltrexone
represents an alternative treatment to agonist maintenance.
However, its clinical utility, when taken orally, has been
limited by poor adherence (2–4). Behavioral interventions,
such as contingency management and involvement of sig-
nificant others, have improved adherence to oral naltrexone,

but to a limited extent (5–8). Extended-release (XR) paren-
teral formulations of naltrexone, as monthly injection (9, 10)
or implants (11, 12), circumvent the daily pill requirement
and have shown promising effectiveness. The intramuscular
injection (marketed as Vivitrol) consists of polymer micro-
spheres that dissolve slowly, releasing naltrexone at levels
in the blood adequate for blocking the effects of exogenous
opioids. Two large studies reported that these effects lasted
about 4 weeks and produced 6-month retention of about 50%
of participants, with patients predominantly abstinent while
taking naltrexone (10, 13). Several implants, consisting of
pellets surgically implanted under the skin, have been tested;
one implant, produced in Russia, appears to produce ade-
quate naltrexone blood levels for 2 to 3 months (11), and
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another, produced in Australia, produces adequate levels for
up to 6 months (12, 14). The Russian implant, administered
every 2 months, produced 53% retention in treatment over
a 6-month trial, compared with 16% for a control group
receiving oral naltrexone. The Australian (6-month) implant
provides sustained naltrexone blood levels of$1 ng/mL (15)
and has been shown to improve adherence, increase absti-
nence rates, and effectively reduce relapse to opioid de-
pendence, compared with oral naltrexone (14).

To date, no randomized controlled studies have compared
the efficacy of long-term treatment with oral relative to in-
jectable naltrexone. One study found that a single adminis-
tration of XR-naltrexone, at the outset of treatment with
oral naltrexone, improved retention for low-severity users
at 6 months (6). A quasi-experimental comparison demon-
strated that, compared with oral naltrexone, injectable nal-
trexone yielded higher 8-week retention (16).

We conducted a randomized open-label trial of naltrexone
for extended-release injectable suspension compared with
oral naltrexone, both given in combination with “behavioral
naltrexone therapy,” in participants with opioid dependence
seeking opioid withdrawal and relapse-prevention treat-
ment. Behavioral naltrexone therapy, a behavioral therapy
developed to support treatment with naltrexone (7, 17),
consists of incentives for adherence together with motiva-
tional and cognitive-behavioral counseling. We hypothe-
sized that XR-naltrexone would demonstrate improved
treatment retention compared with oral naltrexone.

METHOD

Participants
Individuals with opioid dependence seeking treatment were
evaluated at an outpatient research clinic using the Struc-
tured Clinical Interview for DSM-IV and a clinical interview.
Medical evaluation included history, physical examination,
laboratory tests, and electrocardiogram. All participants
gave written informed consent.

The target enrollment was 60 participants, ages 18–60,
who met DSM-IV criteria for current opioid dependence.
Individuals with unstable medical or psychiatric disorders
were excluded. Other exclusion criteria included physiological
dependence on alcohol or sedative-hypnotics, treatment with
opioids for chronic pain, regular methadone use, psychotropic
medications, and history of opioid overdose in the previous
3 years. Participants were drawn from across the greater New
York area. This study was approved by the institutional re-
view board of the New York State Psychiatric Institute.

Study Procedures
Randomization. We conducted a randomized, parallel-group,
open-label, 24-week pilot clinical trial from September
2007 to May 2012. Participants received an initial inpatient
medication-assisted opioid detoxification and naltrexone in-
duction (18, 19) on a state-funded inpatient clinical research
unit at the New York State Psychiatric Institute. An outpatient

induction option was offered for those who were already
opioid abstinent, but only a fewparticipants entered the trial by
this route. After tolerating 50 mg of naltrexone, participants
were stratified and randomly assigned to treatment with oral
naltrexone (50 mg/day for those participants with a significant
other to monitor daily ingestion at home; those without a
significant other received, at the clinic, 100 mg onMonday and
Wednesday and 150 mg on Friday) or XR-naltrexone (380 mg
i.m. monthly), started prior to discharge. Stratification was
organized by severity of opioid use (six or fewer bags of heroin
per day compared with more than six bags per day, or mor-
phine equivalence [mg] for prescription opioids), presence or
absence of a participating significant other, and inpatient
relative to outpatient induction. Starting in 2009, participants
were no longer stratified by involvement of a significant other
at study entry. Randomization was in a random block design.

Postinduction treatment phase. All participants were asked to
attend clinic visits three times per week for the first 2 weeks
and then twice weekly for the remainder of the 24-week
study. During each visit, on-site urine toxicology tests were
performed, recent self-reported substance usewas reviewed,
and participants received a therapy session. XR-naltrexone
was administered every 4 weeks (six injections over the
course of the study). Oral naltrexone administration was
clinic based for the first 2 weeks (dosed at 100, 100, and 150mg
on Monday, Wednesday, and Friday, respectively). Partici-
pants were asked to identify a monitor (a significant other or
family member) who could oversee adherence to naltrexone
and treatment. Criteria for an appropriate monitor included
the absence of active substance abuse, being willing to partic-
ipate in one weekly therapy session, and being willing to support
adherence to medication and treatment. After providing two
consecutive opioid-free urine tests, participants with amonitor
transitioned to daily home-based self-administration. Parti-
cipants unable to identify an involved monitor remained on
clinic-based administration throughout the trial. Participants
assigned to oral naltrexone were provided a 7-day supply of
medication, in case of missed visits. Adherence was monitored
in three ways: self-report, weekly naltrexone adherence logs
submitted by the participant’s monitor, and riboflavin labeling
of oral naltrexone to permit fluorescence testing of urine.

Relapse was suspected if the participant used opioids on
2 or more days and missed scheduled medication for .4
consecutive days in the oral naltrexone group or for.2 days
following the date of a scheduled but missed injection. In
these participants, a 0.8 mg i.m. naloxone challenge was
performed; if the results were negative, naltrexone was re-
sumed. If withdrawal symptoms were in the mild range
following naloxone, a reduced dose of 12.5 mg of naltrexone
was given, and the dose was increased over the following 2
days to the full 50-mg dose. If necessary, a second naloxone
challenge was offered within 72 hours. Participants who
failed two consecutive naloxone challenges were considered
to have relapsed and were referred for alternative treat-
ment. In the oral naltrexone group, patients who provided
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opioid-positive urine tests but had remained adherent to
naltrexone treatment or had successfully resumed naltrex-
one returned to clinic-based administration of naltrexone
until two consecutive opioid-negative urine tests were pro-
duced. Lastly, for individuals who had not returned to opioid
use but had a nonfluorescent urine test result for naltrexone,
50 mg of naltrexone was provided on-site to reinforce and
secure continued maintenance. Reinduction was attempted
within 72 hours for patients in the process of relapsing who
were using opioids and provided a positive challenge.

Participants who relapsed, according to either self-report
or objective evidence, were offered referrals to local treat-
ment programs. Participants were provided referrals for both
agonist and detoxification/antagonist treatment available in
the community.

Behavioral naltrexone therapywas developed at our clinic
previously to support adherence to oral naltrexone for the
treatment of opioid dependence, and in this study it was
adapted to support oral or injectable forms. The major
therapeutic components included contingency management
for adherence to scheduled clinic visits, relapse prevention,
community reinforcement approach, and network therapy
(7, 16). The goals of behavioral naltrexone therapy are for
patients to take naltrexone continuously and to abstain from
opioids. These goals are reinforced by voucher incentives
contingent on attendance, as well as the support of signifi-
cant others who monitor medication ingestion and attend
network therapy sessions. The target behavior for contingency
management in behavioral naltrexone therapy is attendance at
scheduled clinic visits to provide assessments. Individual treat-
ment sessions assess and challenge motivation for treatment and
abstinence and integrate cognitive-behavioral techniques to
facilitate all of these goals. We employed an attendance-based
prize bowl contingency management system (20, 21). Partici-
pants could earn up to approximately $500 in gift vouchers for
assessments during the 24-week trial. All participants were
eligible for prize draws on the same schedule: three visits per
week during the first 2 weeks, and twice-weekly visits thereafter.

Behavioral naltrexone therapy, administered by master’s-
or doctoral-level clinicians, is divided into three phases,
induction, stabilization, and maintenance, based on recom-
mendations by Kleber and Kosten (22) for establishing an
effective treatment for opioid dependence with naltrexone.
The goals of the induction phase are to educate, motivate, and
support the patient through detoxification and naltrexone
induction. The primary focus of the stabilization phase dur-
ing the first month of treatment is to keep the patient in treat-
ment, on naltrexone, and abstinent from opioids. During the
maintenance phase in the second month through the sixth
month, core modules include developing skills such as func-
tional analysis of opioid and other drug use, coping with
cravings, drug-refusal skills, and building a supportive network.

Assessments and Data Analysis
The primary aim of this study was to compare the retention
(time to dropout) of participants across the two treatment

arms during 24weeks of treatment. Dropout, a typical failure
mode for opioid dependence treatment, is most often ac-
companied by relapse to opioid use; this conservative as-
sumption is consistent with the approach used in primary
outcome analysis in other opioid antagonist trials. Date of
dropout was defined as the date of last on-site clinical contact.

The effect of treatment arm on time to dropout was ex-
amined with Kaplan-Meier curves and log-rank tests. Cox
proportional hazards regression was used to model time to
dropout as a function of treatment while controlling for
continuous age, binary gender, ethnicity (white compared
with nonwhite), route of opioid administration, and base-
line opioid use severity (bags of heroin per day or mg
of morphine).

The secondary outcome of opioid use during the trial was
also compared between treatment arms. Opioid use (positive
if at least one of the following substances was detected:
heroin, methadone, oxycodone, or buprenorphine) during
the trial was evaluated by on-site immunoassay test. For each

FIGURE 1. CONSORT Diagram for a Randomized Trial Comparing
Extended-Release Injectable Suspension and Oral Naltrexone,
Both Combined With Behavioral Therapy, for the Treatment of
Opioid Use Disorder
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patient, the proportion of urine tests collected
prior to dropout that was positive for an opi-
oid was computed. The effect of treatment on
the proportion of opioid use was examined us-
ing a Wilcoxon rank sum test.

Demographic and clinical differences be-
tween treatment arms at baseline were sum-
marized and tabulated, and significant adverse
event occurrences were tabulated.

A sample size of 30 per group (N=60) has at
least 80% power to detect a difference of 25%
significant versus 60% significant at a signifi-
cance level of 5%. All analyses were conducted
on the intent-to-treat sample. All statistical
tests were two-tailed and used a statistical sig-
nificance level of 5%.

RESULTS

Sample Description
During the study, 608 persons were screened
for eligibility; 110 consented to the study and
entered the New York State Psychiatric In-
stitute, a state-funded inpatient research unit,
for a week-long medication-assisted opioid
withdrawal and initiation of treatment with
naltrexone (Figure 1). Fifty participants (45.5%)
failed to complete the inpatient detoxification/
naltrexone induction. Nine participants were
opioid abstinent at study entry and able to
undergo outpatient XR-naltrexone induction.
Those who completed the induction procedure
were subsequently seen for outpatient visits
at the Substance Treatment and Research Ser-
vice (STARS) of Columbia University.

Sixty participants received the 50-mg dose
of oral naltrexone and were randomly assigned
to continue treatment with oral naltrexone
(N=32) or XR-naltrexone (N=28). Baseline
demographic and clinical characteristics of
the randomized participants are summarized
in Table 1. The sample was predominantly
male (83.3%), in their late 30s (mean age, 39.5
years, SD=11.1), and white (63.3%). Across both
groups, the median amount of heroin use was
five bags per day (interquartile range [IQR]=
2.5–9.5), and the most common route of use
was intranasal (46.7%).

Primary Outcome: Retention in Treatment
Figure 2 presents Kaplan-Meier survival curves
for retention by treatment group. Time to
dropout was significantly higher among indi-
viduals receiving XR-naltrexone compared
with oral naltrexone, based on the Kaplan-
Meier nonparametric log-rank test (x2=4.64,

TABLE 1. Demographic Characteristics of Participants Receiving Oral
Naltrexone or Extended-Release Injectable Suspension Naltrexone
(XR-Naltrexone) (N=60)

Characteristic
Oral Naltrexone
Group (N=32)

XR-Naltrexone
Group (N=28)

Mean SD Mean SD

Age (years) 39.5 12.5 39.4 9.4
Age at onset of regular opioid
use (years)a

28.3 9.9 27.1 7.0

N % N %

Male 26 81.3 24 85.7
Ethnicity
White 21 65.6 17 60.7
Black 2 6.3 5 17.9
Hispanic 9 28.1 4 14.3
Other 0 0.0 2 7.1

Marital statusb

Single 17 63.0 16 57.1
Divorced 2 7.4 6 21.4
Married 8 29.6 6 21.4

Employment statusc

Full time 8 29.6 4 14.3
Part time 4 14.8 3 10.7
Unemployed 7 25.9 17 60.7
Student 3 11.1 3 10.7
Disabled 3 11.1 1 3.6
Other 2 7.4 0 0.0

Criminal justice involvementd 4 21.1 10 35.7

Mean SD Mean SD

Pattern of heroin use at baseline
Amount of daily use (bags)e 7.3 7.7 6.6 4.1

N % N %

Route (heroin)
Intravenous 8 25.0 8 28.6
Intranasal 16 50.0 12 42.9
Oral 8 25.0 8 28.6

Prescription opioid users 8 25.0 8 28.6

Mean SD Mean SD

Daily prescription opioid use (mg of
morphine)e

71.3 69.8 98.7 71.5

Any drug or alcohol use (in last
30 days)
Marijuana use (days)f 18 62.1 8 34.8
Cocaine use (days)g 9 32.1 6 26.1
Alcohol use (days)h 20 69.0 17 73.9

N % N %

Stratification factors
Severity of use (more than six bags

per day, or morphine equivalence
[mg] for prescription opioids)

12 37.5 11 39.3

Inpatient induction 28 87.5 26 92.9
Participation by significant other 10 31.2 7 25.0
History of methadone usei 5 16.1 9 34.6
History of buprenorphine usej 4 13.3 1 3.8

a Missing data (N=1) in the oral naltrexone group.
b Missing data (N=5) in the oral naltrexone group.
c Missing data (N=5) in the oral naltrexone group.
d Missing data (N=13) in the oral naltrexone group.
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df=1, p=0.03). Observed retention rates for those in the
XR-naltrexone and the oral naltrexone groups, respectively,
were 85.7% (24 of 28 participants) and 62.5% (20 of 32 par-
ticipants) at 4 weeks; 60.7% (17 of 28 participants) and 43.8%
(14 of 32 participants) at 12 weeks; and 57.1% (16 of 28 par-
ticipants) and 28.1% (nine of 32 participants) at 24 weeks.

The Cox proportional hazards regression model similarly
indicated significantly higher time to dropout in participants
receiving XR-naltrexone (hazard ratio=2.18, 95% CI=1.07,
4.43) while adjusting for the following covariates: race (white
or nonwhite), gender, route of use, and baseline opioid use
severity. None of the covariates were significantly associated
with time to dropout. Because severity of baseline opioid use
was found to interact with treatment assignment in our
previous study, where a single dose of XR-naltrexone was
administered at the outset of 6 months of oral naltrexone
treatment (XR-naltrexone produced superior retention
when baseline severity was lower) (6), we also explored the
interaction between baseline opioid use severity and treat-
ment assignment, which was not significant (x2=0.402, df=1,
p=0.53).

Of 35 patients who did not complete the trial, 19 were
nonadherent with attendance, five were nonadherent with
study medication (prompting referral to agonist treatment,
for patients’ safety), five relapsed to opioid use while still
attending sessions but were unable to restart oral naltrexone
or XR-naltrexone following an episode of drug use, four
withdrew for adverse events (in the XR-naltrexone group,
one had anxiety and alcohol use and another had hives; and in
the oral naltrexone group, one experienced cannabis-induced
psychosis and another died during sleep), and twowithdrew
consent.

Secondary Outcomes
Opioid use. The median proportion of opioid-positive urine
tests was 2.4% (IQR=0%216.7%) in the XR-naltrexone group
and 8.8% (IQR=0%220%) in the oral naltrexone group. The
Wilcoxon rank sum test revealed no significant difference in
the proportion of opioid-positive urine tests between treat-
ment groups (W=546.5, p=0.57). The percentage of urine tests
collected at all scheduled visits prior to dropout was 53% in
the oral naltrexone group and 51% in the XR-naltrexone
group. Because time to dropout was the primary outcome,
we did not impute opioid-positive status to a missed urine
specimen; 61.5% of participants provided a positive urine test
prior to an early discontinuation.

Attendance in therapy sessions. All participants in both
treatment arms were asked to attend twice-weekly therapy
sessions for 6 months. The mean number of therapy sessions
attended was 17.0 (SD=16.64) in the XR-naltrexone treatment
arm and 12.3 (SD=13.54) in the oral naltrexone arm. The total
amount earned in vouchers by each participant during the
study was proportional to his or her retention in treatment.
The mean monetary value of vouchers earned was $197.68 in
the oral naltrexone group and $371.37 in the XR-naltrexone
group.

Safety, Medication Tolerability, and Adverse Events
Twenty-one different adverse events occurred during the
trial, and a total of 40 adverse events were reported. In-
somnia, the most common adverse event (experienced by
21 of 40 participants, or by 52.5% overall), was reported with
significantly (z=2.22, p=0.026) greater frequency in the oral
naltrexone group (14 of 20 participants, 70.0%) than in the
XR-naltrexone group (seven of 20 participants, 35.0%). In
the oral naltrexone group, the most frequent adverse events
were diarrhea and fatigue (six of 20 participants, 30%), and
anxiety and increased or decreased appetite (five of 20 partic-
ipants, 25%). In the XR-naltrexone group, the most common
adverse events were anxiety, muscle or joint pain, diarrhea,
and fatigue (five of 20 participants, 25%), and depression and
increased or decreased appetite (four of 20 participants,
20%). None of the adverse events led to study discontinua-
tion. Most were consistent with symptoms of opioid with-
drawal and improved over time.

Therewere nine serious adverse events (Table 2), andfive
participants were removed from study participation as a
result. One serious adverse event during detoxification and
four postrandomization serious adverse events involved
psychiatric or medical worsening following naltrexone in-
duction and led to termination of study participation. Only
one serious adverse event was determined to be related to a
study drug. This participant developed pruritic hives after
receiving XR-naltrexone; in light of this apparent allergic
reaction, he was removed from the study. Three serious
adverse events were considered possibly study related: one
prior to randomization (severe hypertension) and two post-
randomization (increased anxiety and alcohol use [in the
XR-naltrexone group] and hospitalization for chest pain and
dehydration [in the oral naltrexone group]). The first two
participants were removed from the study; the third showed
symptom resolution and continued participation. Five post-

randomization serious adverse events were
deemed not study related: two nonfatal motor
vehicle accidents (in theXR-naltrexone group);
a pregnancy and spontaneous abortion (in the
XR-naltrexone group); and hospitalization for
cannabis-induced psychosis (in the oral nal-
trexone group). One cardiac death occurred in a
stable, abstinent patient (age 49) in the third
month of adherence to oral naltrexone. There
is no published evidence for a cardiotoxic or

e Values for these variables were nonnormally distributed; their median values are as follows: oral
naltrexonegroup: amountofdaily use (bags),median=5, interquartile range (IQR)=2.0–9.5; daily
prescription opioid use (mg of morphine), median=37.5, IQR=22.5–127.5; XR-naltrexone
group: amount of daily use (bags), median=5, IQR=3.5–9.5; daily prescription opioid use
(mg of morphine), median=75.0, IQR=45.0–150.0.

f Missing data in the oral naltrexone (N=3) and XR-naltrexone (N=5) groups.
g Missing data in the oral naltrexone (N=4) and XR-naltrexone (N=5) groups.
h Missing data in the oral naltrexone (N=2) group.
i Missing data in the oral naltrexone (N=1) and XR-naltrexone (N=2) groups.
j Missing data in the oral naltrexone (N=2) and XR-naltrexone (N=2) groups.
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arrhythmogenic effect of naltrexone. The patient had mul-
tiple risk factors for cardiovascular disease, including a
history of variable adherence with diltiazem for hyperten-
sion and a father who had died of a myocardial infarction in
his 40s. A urine toxicology test obtained by the medical exam-
iner was negative for drugs of abuse. Because this incident oc-
curred prior to the rise in prevalence of novel synthetic opioids,
fentanyl testing was not performed. The patient expired at
home, and the family found no evidence of drug use.

DISCUSSION

This 24-week, open-label, randomized controlled trial pro-
vides a direct comparison of treatment outcome for par-
ticipants with opioid dependence who underwent opioid
withdrawal and were treated with oral naltrexone or XR-
naltrexone. Participants receiving injection naltrexone
were significantly more likely to remain in treatment. These
results replicate and extend a previously reported quasi-
experimental comparison (16) demonstrating superior re-
tention at 8 weeks with XR-naltrexone compared with oral
naltrexone. In addition, the results are consistent with the
superior retention of naltrexone implant comparedwith oral
naltrexone treatment (11). An earlier trial (6) combined oral
naltrexone with single administration of XR-naltrexone at
the outset of treatment and demonstrated that retention in
treatment among those who received behavioral therapy
combined with single-dose injection naltrexone was signif-
icantly greater with lower baseline opioid use severity,
compared with an intervention of behavioral therapy com-
bined with placebo injection. The present findings extend
these earlier results by showing that retention rates are

higher for XR-naltrexone when adminis-
tered as monthly injections over 6 months,
regardless of baseline opioid use severity.

At the time this trial began, oral nal-
trexone was the only opioid antagonist
therapy in clinical use for the treatment of
opioid dependence, and XR-naltrexone was
pending approval from the Food and Drug
Administration. Our goal was to compare
the effectiveness of oral naltrexone and
injection naltrexone in the setting of an
intensive behavioral therapy, which had
been shown to improve treatment outcomes
with oral naltrexone. However, this trial
shows that even in the presence of an inten-
sive behavioral regimen aimed at supporting
medication adherence, oral naltrexone is an
inferior treatment and should be avoided
clinically, other than perhaps for very select
cases with a high likelihood of adherence.

This trial also replicates previous find-
ings that retention rates of oral naltrexone
range from 25.6% to 47.2% at 12 weeks (4–6)
and from9.0% to 22.0% at 24weeks (7), with

combinedmedication andbehavioral therapyassociatedwith
higher retention (7, 23). In contrast, nearly 60% of partici-
pants receiving XR-naltrexone plus behavioral therapy were
retained in treatment at 24 weeks. Laboratory studies have
shown that injection naltrexone blocks the rewarding effects
of heroin (24), and clinical trial data show low rates of opioid
use while patients are adherent to naltrexone (25–27).
Similarity in rates of opioid-positive toxicology results be-
tween the treatment groups in this trial, despite significant
group differences in retention, is consistent with the ob-
servation that most patients remain opioid-abstinent while
engaged in treatment and adherent to naltrexone (27). By
contrast, long-term studies have shown that discontinuing
medication for opioid use disorder predicts relapse (28–30).

The generalizability of the present findings is restricted to
patients who are seeking a nonopioid medication treatment
and who undergo full detoxification and succeed at initiating
treatment with naltrexone—a group that may have above-
average motivation. The high failure rate observed during
detoxification highlights the need for further research to
optimize the management of opioid withdrawal. A recent
comparative effectiveness trial highlighted that induction
can be a barrier to initiating XR-naltrexone treatment, al-
though relapse rates appear similar among those who are suc-
cessfully inducted onto buprenorphine or naltrexone (31).
For individuals seeking to transition to antagonist treat-
ment, the development of a well-tolerated regimen in-
volving nonagonist medications could shorten the period of
detoxification and induction and should reduce the risk of
relapse prior to receiving XR-naltrexone. Recent studies
have aimed to develop and refine such a regimen (25, 26,
31–33).

FIGURE 2. Time to Dropout for Participants Receiving Oral Naltrexone or
Extended-Release Injectable Suspension Naltrexone (XR-Naltrexone)a
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a Time to dropout was significantly higher in the XR-naltrexone group relative to the oral
naltrexone group (Kaplan-Meier nonparametric log-rank test, x2=4.64, df=1, p=0.03).
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In addition, it should be noted that slightly more than half
of the subjects screened either declined to participate or
entered another treatment study. Patients often have strong
preferences with respect to the type of treatment (agonist
as opposed to antagonist) they are seeking for opioid use
disorder (34, 35). At the time this study was initiated, XR-
naltrexone was not yet approved as a treatment for opioid
dependence, and oral naltrexone was unfamiliar to many
patients. In addition, this study required a 7-day inpatient
stay, which was not possible for many individuals with
children at home or jobs that did not offer paid medical leave.

Themost common adverse events in both treatment arms
were consistent with protracted opioid withdrawal. There
were four significant adverse events that could be attributed
to naltrexone (hospitalization for chest pain and dehydration;
increased anxiety and alcohol use; severe hypertension during
naltrexone induction; and hives and pruritis); opioid with-
drawal and rapid initiation of naltrexone can cause systemic
stress. We excluded patients with unstable conditions, but
hemodynamic or psychiatric instability may still occur dur-
ing detoxification, and careful monitoring during induction
is warranted.

The death of a participant in the oral naltrexone group
was not considered to be related to the study, as the medi-
cal examiner found no evidence of opioids or other drugs on
analysis. However, assays for fentanyl or carfentanyl were
not performed at that time, and thus the presence of these
drugs cannot be ruled out. The recent rapid rise in prevalence
of novel synthetic opioids raises the possibility that recently
synthesized drugs often go undetected, and thus current rates
of opioid overdose may be underestimated.

These study findings have immediate clinical relevance
for treatment of opioid use disorder, at a time when an opioid
epidemic continues unabated in the United States. Antagonist
treatment is a significantly underutilized treatment modal-
ity for opioid use disorder; 13.0% of a representative sample

of U.S. treatment facilities report the use of naltrexone (36),
and less than 0.3% of licensed opioid treatment programs
offer XR-naltrexone (37). Given that postdetoxification out-
patient treatment without pharmacotherapy yields poor com-
pletion rates, high (60%290%) relapse rates (29, 30, 38),
and heightened risk of overdose and death (39, 40), XR-
naltrexone may be a viable alternative to prevent relapse in
patients seeking treatment for opioid use disorder who do not
prefer an agonist approach. The present data may call into
question the current practice by some third-party payers of
requiring a failed trial of oral naltrexone before approving
XR-naltrexone, given the difference in effectiveness and the
high risk of a failed treatment with oral naltrexone.

Our study had several potential limitations. The trial was
designed as a pilot study to evaluate effect sizes of the dif-
ferences between the two groups and was not powered for
hypothesis testing of an anticipated specific difference in
6-month retention.We chose an open-label pragmatic design
to evaluate regimens as they might be implemented in real-
world practice. A masked design would have increased in-
ternal validity, but the use of placebo injections raises ethical
concerns, as patients nonadherent to oral medication who
falsely believe they have received an active XR-naltrexone
injectionmay use opioids, putting them at risk for relapse and
overdose. A high rate of screening failures reflected the fact
that one-third (206 of 608) of individuals declined to par-
ticipate in the study for the reasons cited above. A relatively
high rate of missing urine samples was another limitation, as
was the absence of postdiscontinuation urine data. The pri-
mary outcome in this study, retention in treatment, reflects
adherence to naltrexone, but confirmation of avoidance of
relapse depends on objective measures such as urine test-
ing. Our sample size was relatively small. Clinical demands
were similar between treatment arms; however, participants
assigned to oral naltrexone who lacked a monitor needed to
continue to report to the clinic three times per week to avail

TABLE 2. List of Serious Adverse Events and Outcomes in Participants Receiving Oral Naltrexone or Extended-Release Injectable
Suspension Naltrexone (XR-Naltrexone)

Participant
Number

Treatment
Group Type of Adverse Event Related to Study Drug? Outcome

084 Oral naltrexone Cardiac death during sleep No Termination of study participation
088 Oral naltrexone Hospitalization for chest pain

and dehydration
Possible; detoxification-

related
Improvement of symptoms,
continued participation

104 Oral naltrexone Hospitalization for cannabis-
induced psychosis

No Removal from study

008 XR-naltrexone Increased anxiety and alcohol
use

Possible Removal from study

026 Not randomized Severe hypertension during
naltrexone induction

Possible; detoxification-
related

Removal from study

052 XR-naltrexone Hives, pruritis Yes Removal from study
054 XR-naltrexone Nonfatal motor vehicle accident No Continued study participation
094 XR-naltrexone Pregnancy followed by

spontaneous abortion
No Continued study participation

100 XR-naltrexone Nonfatal motor vehicle accident,
then relapse to opioid
dependence

No Removal from study
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themselves of monitored ingestion.While participants in the
oral naltrexone armwere supplied with 7 days of medication
at all times, ensuring that adherence was possible, the ad-
ditional weekly visit carried the burden of an additional time
commitment for this group and thus represents a study
limitation. In addition, payments for participation may have
encouraged study visit attendance across both groups. After
dropout from the study, participants were generally lost to
follow-up. Future studies should employ robust tracking
procedures, using patient navigators, for example, to locate
and evaluate patients after discontinuation.

In summary, XR-naltrexone demonstrated long-term
treatment retention that was twice as high as oral naltrex-
one following opioid withdrawal. These results support the
use of XR-naltrexone combined with behavioral therapy as
an effective treatment for patients seeking opioid withdrawal
and nonagonist treatment for preventing relapse to opioid
use disorder.
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