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social and environmental factors are involved in the etiol-
ogy and course of the disease.1 As with other chronic dis-
eases, long-term comprehensive management strategies
for alcohol dependence are needed to achieve and sustain
the benefits of treatment.2 These strategies include coun-
seling, behavioral therapy, and self-help groups. In addi-
tion, pharmacologic agents are an important therapeutic
option that can be used by primary care practitioners
and addiction specialists in conjunction with the other
approaches.3 Naltrexone, an opioid antagonist, has been
approved as an oral formulation for the treatment of alco-
hol dependence for over 10 years. Recently, naltrexone for
extended-release injectable suspension (XR-NTX) has
been approved by the U.S. Food and Drug Administration
(FDA) for the treatment of alcohol dependence and repre-
sents a new treatment opportunity.

Oral naltrexone has been indicated for the treatment
of alcohol dependence since 1994. Recently, the efficacy
of oral naltrexone was confirmed in the Combined Phar-
macotherapies and Behavioral Interventions for Alcohol
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Alcohol dependence is increasingly recognized as a
chronic disease in which genetic vulnerability and

Dependence (COMBINE) study,4 in which naltrexone
administered in the context of a compliance-enhancing
therapy called medical management showed the greatest
reductions in heavy drinking compared with placebo or
acamprosate. Heavy drinking was defined as 5 drinks or
more per day for men and 4 drinks or more per day for
women. Reduction in heavy drinking is meaningful for
individual patients and for public health because heavy
drinking is highly correlated with negative life conse-
quences such as impaired driving, interpersonal problems,
and injuries.5 In addition, increased risk of a variety of ad-
verse health consequences has been detected with each ad-
ditional alcoholic drink per day.6 Despite these positive
findings for naltrexone, its use has been limited clinically,
in part because of lack of knowledge among practitioners
and patients of the efficacy and tolerability of naltrexone.7

Additionally, problems with efficacy have been reported
and may be due to poor adherence to a daily medication
regimen8,9 or to adverse events (AEs) associated with the
medication.10,11 In addition, treatment may directly con-
flict with the behaviors and rewards associated with alco-
hol consumption.12 If a medication diminishes or alters the
desirable effects of alcohol, the patient may discontinue
treatment.13 Patients with lower rates of adherence to oral
naltrexone treatment have been shown to have higher rates
of relapse than patients who adhere to the drug regimen.9

(For additional information about treatment adherence in
alcohol dependence, see in this supplement “Improving
Medication Adherence in Alcohol Dependence” by Helen
M. Pettinati, Ph.D.14)
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Since the 1970s, efforts have been made to develop
a parenteral extended-release formulation of naltrexone.
Two formulations have been tested in phase 2 and phase 3
trials. One is a preparation of microspheres of poly (DL-)
lactide polymers (DL-NTX), and the other is a preparation
of microspheres of polylactide-co-glycolide (PLG) poly-
mers (XR-NTX) that has been recently approved by the
FDA to treat alcohol dependence.15 This latter formulation
releases naltrexone from drug-encapsulated microspheres
for 1 month after a single injection.16 Once injected into the
body, PLG, a commonly used biodegradable substance,
slowly hydrolyzes into lactic and glycolic acids, which are
further metabolized into water and carbon dioxide. As the
polymer degrades, naltrexone is released continuously by
the microspheres.17

Injectable, long-acting medications may have advan-
tages over oral medications because bioavailability is
maintained over time and medication adherence problems
related to fluctuating patient motivation and daily dosing
decisions are minimized. Long-acting formulations also
can overcome problems with oral drug absorption, yielding
more predictable and consistent plasma concentrations.18

PIVOTAL CLINICAL TRIALS

DL Naltrexone (DL-NTX)
Trial design. Kranzler et al.13 in 2004 reported the

results of a phase 3, multicenter, double-blind, placebo-
controlled trial of the investigational intramuscular DL-
NTX in 333 patients who had a current diagnosis of alco-
hol dependence defined by the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV).
Eighteen patients were excluded from the efficacy analysis
but included in the safety analysis because of protocol vio-
lations at one site. For efficacy, the trial compared DL-
NTX (N = 158) with placebo (N = 157) in patients who
had at least 3 consecutive days of abstinence during the
screening period and who then tolerated 4 days of 50 mg
oral naltrexone. Both groups received monthly injections
for 3 months. At the start of the study, patients in the nal-

trexone group received 300 mg of DL-NTX (two 150-mg
intramuscular injections) followed by monthly 150-mg in-
jections. Placebo patients received 2 injections at the start
of the study, which were followed by single monthly injec-
tions. All patients also received an adaptation of motiva-
tional enhancement therapy. The primary outcome mea-
sure was the cumulative number of non–heavy-drinking
days (heavy drinking was defined as ≥ 5 drinks/day for
men and ≥ 4 drinks/day for women). The secondary out-
come measure was cumulative abstinent days.

Efficacy results. No significant treatment group differ-
ences were seen in the primary outcome measure, cumula-
tive non–heavy-drinking days (p = .29); 23% of the DL-
NTX group reported no heavy drinking over the 3 months
compared with 16% of placebo subjects (p = .12). How-
ever, several secondary measures showed evidence of a
positive DL-NTX effect. There was an increase in time to
first heavy drinking in the DL-NTX group compared with
the placebo group (median, 11 days vs. 6 days; p = .05).
There was a significant benefit for the DL-NTX group in
time to any drinking (median, 5 days vs. 3 days; p = .003),
and the DL-NTX group had more cumulative abstinent
days (mean, 52.8 vs. 45.6 days; p = .018) compared with
placebo. In addition, γ-glutamyltransferase (GGT) level,
which when elevated can be an indicator of heavy drink-
ing, decreased significantly over the course of the study
for both groups (p < .001). The reduction was 15% greater
in the DL-NTX group compared with the placebo group.

Adverse events. There were no significant differences
between the DL-NTX and placebo groups in terms of seri-
ous adverse events (SAEs) or AEs other than injection site
reactions. In the DL-NTX group, a significantly greater
percentage of patients reported 1 or more injection site re-
actions compared with the placebo group (p < .03). The
most common injection site reactions in the DL-NTX
group were pain, induration, and contusion, but none of
these reactions were significantly more prevalent com-
pared with placebo. Overall, the most common AEs from
naltrexone were headache, nausea, and fatigue (Table 1).

XR Naltrexone (XR-NTX)
Trial design. Garbutt et al.2 in 2005 reported the results

of a 6-month, multicenter, randomized, double-blind,
placebo-controlled study of the efficacy and safety of 2
doses (380 mg or 190 mg) of XR-NTX versus matched
volumes of placebo injections (4 mL and 2 mL). The study
involved 624 subjects: 423 men and 201 women, 18 years
and older, with a current diagnosis of alcohol dependence
defined by the DSM-IV. Most participants were actively
drinking at study initiation; only about 8% of patients
were abstinent for the week prior to study start. For a pe-
riod of 6 months, patients received XR-NTX every 4
weeks and standardized supportive therapy (12 sessions)
using the BRENDA (Biopsychosocial, Report, Empathy,
Needs, Direct Advice, and Assessment) model,19 a 6-stage,

Table 1. Adverse Events According to Treatment:
DL Naltrexone (DL-NTX) (N = 167) Versus Placebo
(N = 166)a

Adverse Event DL-NTX, N (%) Placebo, N (%) p Value

One or more injection 123 (73.7) 103 (62.1) < .03
site reactions

Headache 37 (22.2) 33 (19.9) .69
Nausea 23 (13.8) 17 (10.2) .40
Fatigue 19 (11.4) 13 (7.8) .35
Back pain 16 (9.6) 9 (5.4) .22
Nasopharyngitis 15 (9.0) 23 (13.9) .17
Upper abdominal pain 9 (5.4) 0 .02
Chest pain 1 (0.6) 7 (4.2) .03
Irritability 0 5 (3.0) .03
aAdapted with permission from Kranzler et al.13

Abbreviation: DL = poly (DL-) lactide polymer.
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low-intensity intervention designed to facilitate direct
feedback of addiction-related consequences.

In this study of XR-NTX,2 the primary efficacy end-
point was the event rate of heavy drinking, which com-
bined the frequency and pattern of heavy-drinking days
(≥ 5 drinks/day for men and ≥ 4 drinks/day for women)
for the 24 weeks of treatment. Secondary study endpoints
included the rate of risky-drinking days (> 2 drinks/day
for men and > 1 drink/day for women) and of any-drinking
days. Exploratory endpoints included changes in serum
GGT concentration over time and time to study dis-
continuation.

Efficacy results. Retention rates were similar across
the 3 groups, with approximately 65% of subjects in each
group receiving all 6 injections and 60% of subjects in
each group completing the study.

Patients treated with XR-NTX 380 mg experienced a
25% greater reduction in the rate of heavy drinking com-
pared with placebo-treated patients (p = .02) (Table 2).
Patients treated with XR-NTX 190 mg reported a 17%
greater reduction in the rate of heavy drinking than that
reported by placebo-treated patients (p = .07). These num-
bers represent mean reductions, which may have been
disproportionately affected by the patients who were
drinking most heavily. Thus, if the median number of
heavy-drinking days is considered across the groups, the
380-mg XR-NTX group had a 48% greater reduction in
heavy-drinking days compared with the placebo group.
Neither the rate of risky drinking nor the rate of any drink-
ing was significantly lower with either dose of XR-NTX
compared with placebo. During the study, an overall 15%
reduction in GGT level was observed for all participants.

Interactions with 3 pretreatment factors defined before
randomization were also assessed. These factors were sex,
pretreatment abstinence (no drinking 7 days before the
first randomized injection), and having a treatment goal
of abstinence. Treatment effects were highly significant
among men receiving XR-NTX 380 mg compared with
those receiving placebo (p < .001) and were greater for

patients with pretreatment abstinence (N = 53) (p = .005)
than for patients who drank during the lead-in period
(N = 571) (p = .05). In patients who were abstinent for
1 week prior to treatment and received XR-NTX 380 mg,
there was an 80% greater reduction in heavy drinking
compared with patients receiving placebo (p = .005); in
patients who did not abstain and received XR-NTX, the
reduction was still significant (p = .05) but of a lesser
magnitude (21% reduction).

In a retrospective analysis of this data set, O’Malley et
al.20 examined heavy drinking and abstinence in patients
who had abstained from alcohol 4 days before treatment
(“4-day lead-in abstinence”). The 4-day lead-in abstinence
group represented a larger data set (N = 82) than did the
7-day lead-in abstinence analysis reported by Garbutt
et al.2 Compared with patients who did not abstain, pa-
tients in all groups (active and placebo) who abstained for
4 days before treatment initiation had greater improve-
ments in heavy drinking and abstinence measures.20 Sub-
jects who abstained from drinking and received XR-NTX
had a 74% greater reduction in heavy drinking compared
with abstaining placebo subjects. Subjects who did not ab-
stain and received XR-NTX had a 19% greater reduction
in heavy drinking compared with non-abstaining placebo
subjects. Overall, the percentage of patients who main-
tained complete abstinence during the trial did not differ
significantly among the groups (7% in the 380-mg XR-
NTX group, 6% in the 190-mg XR-NTX group, and 5% in
the placebo group). It is of interest that subjects who re-
ceived XR-NTX 380 mg and who were actively drinking
at the time of injection showed reductions in heavy drink-
ing but not a greater likelihood of sustained abstinence,
whereas those who initiated abstinence prior to the injec-
tion had marked improvements in heavy drinking and
were more likely to have sustained abstinence. These find-
ings point to the importance of the motivation and state of
the patient at the time of injection in determining the type
of response one might anticipate.

Adverse events. The most common adverse events for
XR-NTX were nausea, headache, and fatigue; nausea and
fatigue were significantly more common in the 380-mg
XR-NTX group compared with placebo (Table 3). Nausea
was mild or moderate in approximately 95% of cases, and
most of the episodes occurred only during the first month
of treatment. The most common injection site reaction was
tenderness. Seven (1.1%) of the patients discontinued in-
jections because of site reactions: 4 patients in the 380-mg
and 2 in the 190-mg XR-NTX groups, and 1 patient in the
4-mL placebo group. The percentage of patients who ex-
perienced SAEs during treatment was similar among the
treatment groups. The most common SAE was hospital-
ization for alcohol detoxification. Two SAEs were judged
by the investigators to be possibly related to the study
medication. There were 1 diagnosed case and 1 suspected
case of eosinophilic pneumonia. Both cases required hos-

Table 2. Primary and Secondary Efficacy Outcomes:
Intramuscular Extended-Release Naltrexone 380 mg
Versus Placeboa

Outcome Hazard Ratio (95% CI) p Value

Primary outcome, overall
Event rate of heavy drinking 0.75 (0.60 to 0.94) .02

7-Day lead-in drinking subgroup
Yes (N = 571) 0.79 (0.62 to 1.00) .05
No (N = 53) 0.20 (0.07 to 0.62) .005

Secondary outcomes, overall
Risky drinkingb 0.90 (0.76 to 1.07) .23
Nonabstinent days 0.96 (0.83 to 1.11) .58

aAdapted with permission from Garbutt et al.2 Copyright ©2005
American Medical Association. All rights reserved.

bNational Institute on Alcohol Abuse and Alcoholism definition of > 2
drinks/day for men and > 1 drink/day for women.

Abbreviation: CI = confidence interval.
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pitalization and resolved after treatment.2,15 Discontinu-
ation rates due to AEs are shown in Table 3.

INCREASING ADHERENCE USING LONG-ACTING
INTRAMUSCULAR FORMULATIONS OF NALTREXONE

Poor adherence to therapy can limit the efficacy of any
medication. XR-NTX was designed to facilitate adherence
by providing therapeutic levels of the drug for a period of 1
month, thus eliminating the need for daily dosing.17 Clini-
cians can further improve adherence to XR-NTX therapy
by informing patients that nausea usually is short-lived and
less common after the first dose. In the study by Garbutt
et al.,2 nausea was mild or moderate in almost all patients
and resolved during the first month of treatment in most
patients. Clinicians should discuss typical side effects of
the injection itself, such as tenderness, and treat reactions
as necessary. Patients who may fear injections should un-
derstand that only a very small number of patients discon-
tinue treatment because of injection site reactions alone.
In fact, 88% of subjects who completed the 6-month trial
of XR-NTX by Garbutt et al.2 enrolled in an open-label ex-
tension study lasting an additional 12 months to assess the
durability and safety of XR-NTX.21 Those who received
XR-NTX 190 mg or 380 mg in the initial trial were contin-
ued on their respective doses, while those originally get-
ting the 4-mL and 2-mL placebo injections were converted
to XR-NTX 380 mg and 190 mg, respectively. Psycho-
social therapy was offered at each clinic visit.

The median number of heavy-drinking days per month
continued to decline in all treatment groups, but the great-
est reduction was seen in the group that switched from
placebo injections to XR-NTX 380-mg injections. Patients
who switched to XR-NTX 380 mg had a median of 5.2
heavy-drinking days per month at the start of the extension
study, and this declined to 1.8 days per month by the end of
the 12-month extension. In the group that was originally

randomly assigned to XR-NTX 380 mg and maintained on
that dose through the extension, median heavy-drinking
days declined from 2.6 days per month at the start of the
extension to 1.6 days at the end of the 12-month extension
(76 weeks total).21

XR-NTX was well tolerated in the extension study;
8.4% of patients withdrew as a result of adverse events.
There were no significant increases in aspartate amino-
transferase or alanine aminotransferase levels,21 consistent
with the original 6-month trial.2 This extension study con-
firmed the efficacy and safety of using XR-NTX for 1.5
years.

CONCLUSIONS

Pivotal studies have demonstrated that long-acting in-
tramuscular formulations of naltrexone are safe and well
tolerated. When used in conjunction with psychosocial
treatment, extended-release injectable naltrexone (XR-
NTX) was shown to significantly reduce heavy drinking in
alcohol-dependent patients. Treatment effects were greater
in patients who were abstinent before beginning therapy.
Patients who were abstinent before treatment and received
XR-NTX were more likely to maintain abstinence than
were initially abstinent patients receiving placebo.

Long-acting intramuscular formulations of naltrexone
have the potential to improve intervention strategies by
reducing the need for daily dosing and providing a pre-
dictable pharmacologic foundation for treatment that
should include psychosocial therapy and possibly other
medications.

Drug names: acamprosate (Campral), naltrexone (ReVia, Vivitrol,
and others).

Disclosure of off-label usage: The author has determined that,
to the best of his knowledge, no investigational information
about pharmaceutical agents that is outside U.S. Food and Drug
Administration–approved labeling has been presented in this article.

Table 3. Adverse Events for XR-NTX 380 mg (N = 205), XR-NTX 190 mg (N = 210), and Placebo (N = 209)a

XR-NTX XR-NTX
Adverse Event 380 mg, N (%) 190 mg, N (%) Placebo, N (%) p Valueb

Nausea 68 (33) 53 (25) 23 (11) < .001
Headache 45 (22) 33 (16) 34 (16) .17
Fatigue 41 (20) 34 (16) 23 (11) .01
Insomnia 28 (14) 27 (13) 25 (12) .66
Vomiting 28 (14) 22 (11) 12 (6) .20
Decreased appetite 26 (13) 12 (6) 3 (1) < .001
Diarrhea 26 (13) 23 (11) 18 (9) .20
Dizziness 26 (13) 23 (11) 8 (4) .001
Injection site pain 24 (12) 18 (9) 19 (9) .04
Nasopharyngitis 22 (11) 32 (15) 24 (12) > .99
Upper respiratory tract infection 21 (10) 15 (7) 18 (9) .62

Study discontinuation due 29 (14) 14 (7) 14 (7) .01
to adverse event

Serious adverse event 11 (5) 10 (5) 15 (7) NA
aAdapted with permission from Garbutt et al.2 Copyright ©2005 American Medical Association. All rights reserved.
bXR-NTX 380 mg vs. placebo.
Abbreviations: NA = not available, XR-NTX = intramuscular extended-release naltrexone.
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