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ABSTRACT

Although current treatments for opioid detoxification are not always effective, medical detoxification remains a
required step before long-term interventions. The use of opioid antagonist medications to improve detoxification has
produced inconsistent results. Very low dose naltrexone (VLNTX) was recently found to reduce opioid tolerance and
dependence in animal and clinical studies. We decided to evaluate safety and efficacy of VLNTX adjunct to methadone
in reducing withdrawal during detoxification. In a multi-center, double-blind, randomized study at community treat-
ment programs, where most detoxifications are performed, 174 opioid-dependent subjects received NTX 0.125 mg,
0.250 mg or placebo daily for 6 days, together with methadone in tapering doses. VLNTX-treated individuals reported
attenuated withdrawal symptoms [F = 7.24 (2,170); P = 0.001] and reduced craving [F = 3.73 (2,107); P = 0.03].
Treatment effects were more pronounced at discharge and were not accompanied by a significantly higher retention
rate. There were no group differences in use of adjuvant medications and no treatment-related adverse events. Further
studies should explore the use of VLNTX, combined with full and partial opioid agonist medications, in detoxification
and long-term treatment of opioid dependence.
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INTRODUCTION

Opioid dependence is a substantial public health problem
and a major treatment challenge. About one-half of the
estimated 2.4 million opioid-dependent individuals in the
United States are not in treatment (Lucas 2004; Sub-
stance Abuse and Mental Health Services Administration
2007a; Huang et al. 2006). Among those who are in
treatment, medication-based opioid detoxification is the
main approach to bring patients from a drug-dependent
to a drug-free state. From 1995 to 2005, annual treat-
ment admissions for opioid dependence showed a steady
increase, from 244 110 to 322 232, and almost 40% of
the patients received detoxification (Substance Abuse and
Mental Health Services Administration 2007b). In
particular, the proportion of injection heroin abusers

admitted to detoxification rose from 20% to 37%, as
opposed to a decrease from 55% to 31% of those receiving
opioid agonist substitution treatments (DASIS Report
2007). The results are not encouraging: as many as 50%
of patients leave facilities before the detoxification is com-
plete and less than 10% of those who stay seek further
treatment (Gossop et al. 1987; Broers et al. 2000; Chu-
tuape et al. 2001). Thus, there is a substantial need for
improved detoxification treatments.

Detoxification without subsequent effective relapse
prevention treatment is usually not successful interven-
tion for opioid dependence (National Consensus Devel-
opment Panel on Effective Medical Treatment of Opioid
Addiction 1998). The most effective relapse prevention
strategies include agonist substitution and maintenance
treatment (reviewed by Mattick et al. 2003). For patients
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who enter maintenance treatment, there is no rationale
to first undergo detoxification. However, even in an
optimal treatment system, detoxification will continue to
be indicated for some patients, e.g. those who do not
want or for whom maintenance treatment is not indi-
cated, or those who must discontinue maintenance
treatment. Thus, efforts to improve the effectiveness of
this intervention through safe and simple treatment
paradigms remain clinically important. In particular, an
adequate control of opioid withdrawal discomfort may
be instrumental in getting patients into addiction treat-
ment and improving long-term retention and comple-
tion rates (see Gowing & Ali 2006, for a review on
matching detoxification options with long-term treat-
ment entry).

Several studies have used opioid antagonist medica-
tions to ease the detoxification process, including rapid,
intensive interventions (reviewed by Gowing, Ali &
White 2006). Recent clinical trials have confirmed that
antagonist-based, anesthesia-assisted, ultra-rapid opioid
detoxification is neither safe nor effective (Collins et al.
2005; De Jong, Laheij & Krabbe 2005). A variety of other
detoxification protocols have employed the opioid antago-
nist naltrexone (NTX) to facilitate treatment after metha-
done discontinuation (Riordan & Kleber 1980; Charney
et al. 1982; Kleber et al. 1987). In some cases, high levels
of medical supervision and monitoring were needed,
while methods and results were heterogeneous or incon-
sistent. Thus, translation to clinical practice has been dif-
ficult (see O’Connor & Kosten 1998 for a review of
clinical trials).

In recent pre-clinical investigations, administration of
very low doses of NTX (VLNTX) and opioid agonist medi-
cations was associated with reduced development of tol-
erance and dependence (for a review, see Burns 2005).
Morphine-dependent rodents receiving VLNTX have
shown decreased withdrawal intensity (Shen & Crain
1997). Attenuation of withdrawal symptoms was
accompanied by reduced activity in brainstem noradren-
ergic nuclei following daily administration of VLNTX in
rats (Mannelli et al. 2004; Van Bockstaele et al. 2006).
Clinical trials have confirmed that chronic VLNTX
administration reduces opioid tolerance, manifest as
increased opioid analgesia in chronic pain patients
(Webster et al. 2006). VLNTX treatment of opioid depen-
dence has been studied only in open pilot investigations
(Mannelli et al. 2003). A controlled trial found that
VLNTX alone is ineffective in preventing relapse following
detoxification (Rea et al. 2004).

Pre-clinical research offers potentially useful informa-
tion on the clinical use of VLNTX. In animal studies
where opiate agonist agents were previously adminis-
tered, withdrawal severity was reduced only with re-
peated VLNTX doses (Powell et al. 2002; Mannelli et al.

2004); single doses had little or no effect (Gracy, Dank-
iewicz & Koob 2001). On the other hand, previous expe-
rience casts doubt on the utility of NTX in actual clinical
practice (Jaffe 2006). With this in mind, it was decided
to evaluate the effectiveness of repeated, daily VLNTX
administration among opioid-dependent individuals
undergoing methadone-based detoxification at commu-
nity treatment programs. This is the ‘real world’ setting
where the majority of opioid withdrawal treatments are
performed (Amato et al. 2005).

The objective of this study was to evaluate in a double-
blind, randomized fashion whether the addition of
VLNTX to tapering doses of methadone would be safe and
effective in attenuating the severity of withdrawal during
inpatient opioid detoxification.

MATERIALS AND METHODS

Study design

This was a 6-day, double-blind, randomized, multi-site
clinical trial of two different adjunct oral NTX regimens
(0.125 mg/day and 0.250 mg/day) for the treatment of
withdrawal during inpatient detoxification in opioid-
dependent subjects receiving daily tapering doses of
methadone.

Subjects

Participants were recruited between March 2004 and
June 2006 from among opioid-dependent subjects 18
years of age or older seeking detoxification at two
community-based treatment programs in Chapel Hill,
NC (site I) and Philadelphia, PA (site II). The diagnosis of
opioid dependence with physiological dependence was
confirmed by the DSM IV checklist for that disorder
(American Psychiatric Association 2000) and by urine
drug testing. Potential subjects were excluded for any of
the following criteria: inability to give informed consent,
history of hypersensitivity to NTX, pregnancy or
medical conditions that would make participation haz-
ardous (e.g. acute hepatitis, unstable cardiovascular
status, liver disease, renal disease), suicide risk, DSM
IV diagnosis of psychotic disorder, major depression,
bipolar disorder, or current dependence on substances
other than opioids. The investigation was carried out in
accordance with the Declaration of Helsinki of 1975.
The institutional review boards of Duke University and
Thomas Jefferson University approved the study. All
subjects provided voluntary oral and written informed
consent. Figure 1 shows the patient flow for the 202
individuals assessed for eligibility. In total, 174 partici-
pants were randomly assigned.
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Procedures

Screening and intake

Screening assessments included a medical history, physi-
cal examination, routine clinical laboratory tests, includ-
ing pregnancy test and urine testing for opioids, cocaine,
amphetamine, tetrahydrocannabinol and benzodiaz-
epines. The Structured Clinical Interview for the Diagnos-
tic and Statistical Manual of Mental Disorders, Fourth
Edition, was used to obtain a complete psychiatric history
and to determine any possible psychiatric exclusion. The
Addiction Severity Index (McLellan et al. 1992) provides
severity profiles in seven domains (medical, employment,
alcohol, drugs, family/social, legal and psychiatric), with
composite score ranging from 0 (no problem) to 1
(extreme severity). Severity of opioid withdrawal at
baseline was assessed with vital signs and two rating
scales. The Subjective Opiate Withdrawal Scale (SOWS,
Handelsman et al. 1987) is a self-rating scale which
evaluates 16 symptoms whose intensity the patient rates
on a 5-point Likert scale. One specific item ‘I feel like
shooting up/taking the drug right now’ is also a reliable
index of opioid craving (Kanof et al. 1992). The Objective
Opiate Withdrawal Scale (OOWS, Handelsman et al.
1987) contains 13 observable physical signs, rated
present or absent by a trained staff observer during the
time the subject was filling out the SOWS.

Subjects were randomly assigned to one of the three
medication groups by a computerized random numbers

generator, maintained by an offsite researcher. All sub-
jects, research and medical staff remained blind to
the randomization sequence throughout the study. The
groups were as follows: (1) NTX placebo; (2) NTX
0.125 mg/day; and (3) NTX 0.250 mg/day. Subjects in
all three groups received a methadone taper.

Medications and treatments

Methadone hydrochloride USP (United States Pharma-
copeia) 5 mg oral tablets were administered every
morning at 10 am consistent with protocols in use at the
participating treatment programs. Subjects received a
single 30 mg dose on day 1 upon baseline assessment,
after which methadone was tapered by 5 mg/day, with
treatment completion and discharge on day 6.

Naltrexone hydrochloride USP powder (Medisca Inc.
New York, USA) and matching lactose-free placebo filling
powder were compounded into identical appearing
0.125 mg and 0.250 mg capsules. Offsite research staff
assembled subject medication packs labeled with the sub-
ject’s ID number. Each medication pack contained six
capsules of the same formulation. One capsule/day was
administered with methadone. NTX doses were chosen
based on previous animal and clinical studies (Shen &
Crain 1997; Mannelli et al. 2003, 2004).

Ancillary medications available for symptomatic
treatment included: ibuprofen 200–400 mg and aceta-
minophen 325 mg orally (po) every 4–6 hours as

28 excluded: 
  8 medical  
15 psychiatric  
 5 lost to follow up

174 
randomized

57 allocated to and 
received intervention: 

methadone and
NTX/placebo

59 allocated to and 
received intervention: 

methadone and  
NTX 0.125 mg

58 allocated to and 
received intervention: 

methadone and  
NTX 0.250 mg

22 discontinued 
intervention 

18 discontinued 
intervention 

14 discontinued 
intervention 

57 included in analysis 59 included in analysis 57 included in analysis

202 subjects 
assessed for 

eligibility 

Figure 1 Flow chart of clinical trial
participants.
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needed for muscular/bone pain (q4-6h PRN); chlordiaz-
epoxide 25–75 mg po q6h PRN anxiety; hydroxyzine
25–50 mg po q6h PRN nausea, vomiting, or anxiety;
prochlorperazine 25 mg po q6h PRN nausea; loperamide
2–4 mg po q4-6h PRN diarrhea; and cyclobenzaprine
5 mg po q6h PRN myalgias or muscle spasm. Clonidine,
0.2 mg po q6-8h PRN, and olanzapine 2.5 mg po q6h
PRN anxiety, agitation, were available at site I. Need for
and use of PRN medications was determined in routine
clinical fashion by the nursing and medical staff.

All subjects received psychosocial support: 1 hour a
day of abstinence-focused group activity led by a drug
dependence counselor and one individual session to
discuss outpatient treatment placement following
discharge.

Assessments

Daily evaluations were conducted between 9 and 10 am,
prior to administration of methadone and NTX. With-
drawal severity and craving were assessed using SOWS
and OOWS scales. Subjects’ conditions were rated using
a 4-point Clinical Global Improvement Scale (CGI-S,
0 = very much improved, 1 = much improved, 2 = mini-
mally improved, 3 = no change or worse) by a physician
blind to the treatments. Requests for ancillary drugs by
subjects were rated on a 3-point PRN scale (PRN-S):
0 = no request made, 1 = request made, 2 = medication
ordered. Vital signs were taken four times daily after 30
minutes in a sitting position. Adverse events were noted
as reported by patients and observed by medical staff
during inpatient treatment.

Compensation

Participants received $30 in gift certificates for complet-
ing screening and detoxification. All medications and
other treatments were provided at no cost to subjects.

Outcome measures

The primary outcome measure for this study was opioid
withdrawal severity during the 6-day inpatient detoxifi-
cation, assessed using SOWS and OOWS scales. Second-
ary measures were: (1) craving, self-rated using one
SOWS item; (2) global improvement assessed by CGI-S
scores; (3) retention in treatment, based on the number of
days from first dose to the last dose of study medication
and measured by proportion of patients completing
detoxification and by number of detoxification days; and
(4) need for ancillary medications, based on number of
subjects who received additional medications, PRN-S
scores and quantity of medications administered.

Statistical analysis

All analyses were carried out on the intent-to-treat popu-
lation with last observation carried forward and included

all subjects started on study medication. All tests were
two-tailed, with the alpha significance level set at 0.05.
Baseline demographic and clinical characteristics were
compared among groups using ANOVA for continuous
variables and c2 test for categorical variables. Analyses of
change of withdrawal severity and craving over time
(measured by SOWS and OOWS) were performed using
repeated measure two-factor (time ¥ treatment) ANOVA,
or ANCOVA to control for differences between groups
(baseline scores study site and recent alcohol use as cova-
riates for OOWS, baseline scores as covariate for craving).
Post hoc Bonferroni and Tukey’s tests were used to
control experiment-wise error. SOWS total scores were
not normally distributed and were analyzed as change
from baseline. Completion rates, CGI-S and PRN-S scores
were compared using c2 test. Average daily quantity of
ancillary medications, number of subjects receiving them
and number of detoxification days were compared using
ANOVA. The number of subject discontinuing treatment
over time was examined using Kaplan–Meier survival
analysis. Power calculations suggested that enrolling 50
patients in each group would give a power of about 0.80
to observe a difference in withdrawal intensity score
between groups equal to one-half standard deviation.
This is considered a moderate treatment effect size (Cohen
1988).

RESULTS

Subjects

Demographic and clinical characteristics of the 174 par-
ticipants are summarized in Table 1. Fifty-seven subjects
were randomized to placebo, 59 to NTX 0.125 mg/day,
and 58 to NTX 0.250 mg/day. Sixty-three percent of the
subjects were white and 57.6% were male, with a mean
(SD) age of 32.3 years (9.3), 11.7 (2.4) years of educa-
tion and 7.5 (8.7) years of opioid use. At least, one addi-
tional illicit substance was found in the urine of 52.5% of
subjects, in the majority of cases being cocaine or mari-
juana. There were significant site differences in admission
OOWS scores and medication group differences in the
recent frequency, lifetime duration and severity of alcohol
use, which were higher among subjects randomized to
VLNTX (Table 1).

Opioid withdrawal

Both NTX groups reported significantly reduced SOWS
withdrawal scores than did the placebo group [F = 7.24
(2,170); P = 0.001; 0.125 mg/day vs. placebo, P = 0.04;
0.250 mg/day vs. placebo, P = 0.001]. No differences
between sites were identified by covariate analysis (not
shown). There was a significant treatment ¥ time inter-
action [F = 5.64 (10, 200); P = 0.001], with the most
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relevant changes in withdrawal scores on the last day of
treatment (Tukey’s test = 0.001). OOWS ratings were
also different, after adjusting for baseline scores and site
effect [F = 13.28 (2, 168); P = 0.001]. In particular,
objective withdrawal scores were significantly lower than
placebo in the 0.125 mg NTX group (P = 0.001) and did
not differ between NTX conditions. A group ¥ time inter-
action was detected also for the OOWS scores [F = 7.12
(10, 202); P = 0.001], with a significant reduction of the
objective withdrawal symptoms at discharge (Tukey’s
test = 0.001).

Naltrexone is a common treatment for alcohol depen-
dence (Srisurapanont & Jarusuraisin 2005) and subjects
receiving VLNTX entered detoxification with a more
severe pattern of alcohol use. To investigate if this could
have influenced response to treatment, we repeated the
analysis, controlling for alcohol consumption in the last

month. Subjective withdrawal scores remained lower
among VLNTX-treated subjects compared with the
placebo group (SOWS, F = 5.39 (2,171); P = 0.006). If
use of alcohol in the last 30 days was included among the
covariates, the difference in observed withdrawal became
not significant among groups (OOWS, F = 1.44 (2,155);
P = 0.14). However, recent alcohol use did not have
a direct influence on OOWS scores [F = 0.37 (2,155);
P = 0.44] or show a time ¥ effect interaction [F = 0.56
(5, 101); P = 0.72].

Intensity and time course of withdrawal during
detoxification are shown in Figs 2 and 3, and summa-
rized in Table 2.

Craving

There was an overall 37% decrease in opiate craving
scores across treatment condition between days 1 and 6

Table 1 Sociodemographic and substance use characteristics of 174 opioid-dependent inpatients undergoing 6-day methadone
detoxification.

Placebo (n = 57) NTX 0.125 mg (n = 59) NTX 0.250 mg (n = 58)

Demographics
Age 30.83 (9.9) 31.38 (9.0) 34.56 (8.6)
Male 62.3% 66.7% 70.4%
African American 19.2% 31.3% 29.6%
Years of education 11.7 (2.3) 11.8 (2.9) 11.8 (2.4)
Married or cohabitant 18.2% 11.9% 22.2%
Unemployed 64% 61% 64%

Substance use
Substance use last 30 days

Opioids 21.6 (2.9) 18.4 (4.4) 20.9 (2.5)
Alcohola 2.86 (6.5) 7.05 (9.9) 10.62 (11.8)
Marijuana 7.91 (11.93) 9.07 (12.9) 3.29 (5.9)
Cocaine 10.54 (12.5) 7.18 (9.8) 12.67 (13.2)

Lifetime substance use (years)
Opioids 7.5 (9.2) 6.4 (7.7) 8.7 (9.1)
Alcoholb 4.3 (6.0) 7.7 (9.2) 10.3 (10.9)
Marijuana 6.6 (6.5) 7.3 (6.8) 11.3 (8.9)
Cocaine 5.4 (6.2) 7.1 (8.5) 7.2 (7.2)
N previous detoxifications 1.93 (2.5) 1.16 (1.64) 1.85 (2.6)
N other previous treatment 3.49 (5.0) 2.16 (2.24) 2.64 (3.35)
ASI Drug Comp Score 0.281 (0.18) 0.269 (0.17) 0.281 (0.16)
ASI Alcohol Comp Scorec 0.032 (0.16) 0.127 (0.23) 0.136 (0.24)
ASI Psychiatric Comp Score 0.252 (0.22) 0.264 (0.26) 0.267 (0.23)

Baseline measures
Positive urine cocaine 58.2% 48.1% 50.9%
Positive urine THC 48.4% 36.7% 50%
Positive urine amphetamine 6.3% 3.7% 6.1%

Withdrawal scores
SOWS (0-64) 35.49 (12.7) 33.51 (15.1) 37.66 (15.4)
OOWS (0-13)d 4.42 (2.8) 4.70 (3.1) 5.26 (2.5)

aDifference between placebo and 0.250 group by Bonferroni test; F = 5.515 (2,171); P = 0.004. bDifference between placebo and 0.250 mg group by
Bonferroni test; F = 3.846 (2, 172); P = 0.024. cDifference between placebo and 0.125 mg as wells as 0.250 mg groups by Bonferroni test; F = 5.319 (2,
169); P = 0.006. dDifference between sites, F = 67.0 (1, 174); P = 0.001. ASI = Addiction Severity Index; Comp = composite; NTX = naltrexone;
OOWS = Objective Opiate Withdrawal Scales; SOWS = Subjective Opiate Withdrawal Scales; THC = tetrahydrocannabinol.
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Figure 2 Subjective opioid withdrawal
scores (SOWS) in 174 opioid-
dependent inpatients undergoing 6-day
methadone detoxification.VLNTX treat-
ment was associated with significantly
reduced withdrawal [repeated measures
ANOVA, change of scores, F = 7.24
(2,170); P = 0.001] and a significant
time ¥ treatment interaction [F = 5.64
(10, 200); P = 0.001; day 6 Tukey’s
test = 0.001]. Withdrawal reduction was
still significant after controlling for recent
alcohol use [F = 5.39 (1,171); P = 0.006].
VLNTX, very low dose naltrexone.
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Figure 3 Objective opioid withdrawal
scores (OOWS) in 174 opioid-
dependent inpatients undergoing 6-day
methadone detoxification.VLNTX treat-
ment was associated with significantly
reduced withdrawal [repeated measures
ANCOVA, F = 13.28 (2,170); P = 0.001]
and a significant time ¥ treatment inter-
action [F = 7.12 (10, 202); P = 0.001;
day 6 Tukey’s test = 0.001]. Withdrawal
reduction became non-significant after
controlling for recent alcohol use
[F = 1.44 (2, 155); P = 0.14].VLNTX, very
low dose naltrexone.

Table 2 Detoxification outcome in 174 opioid-dependent inpatients undergoing 6-day methadone detoxification.

Outcome measures
Placebo (n = 57)
Mean score days 2–6

NTX 0.125 mg (n = 59)
Mean score days 2–6

NTX 0.250 mg (n = 58)
Mean score days 2–6 F/c2

SOWS (0–64) 22.28 (11.9) 18.63 (12.4) 19.1 (10.1) 7.24*
OOWS (0–13) 2.47 (1.7) 1.71 (1.2) 1.80 (1.5) 13.28*a

Craving (0–4) 1.5 (1.2) 1.1 (1.2) 1 (1.1) 3.73**
CGI-S vast/decided improvement

at discharge
69.2% 89.4% 89.1% 29.49*

Completers 63.2% 69.5% 75.9% 2.19
Days in treatment (1–6) 5.12 (1.4) 5.30 (1.3) 5.57 (0.9) 2.04
PRN-S request of medication 63% 51% 62.5% 1.56

*P = 0.001; **P = 0.03. aNot significant after controlling for alcohol use (F = 1.44). CGI-S = Clinical Global Improvement Scale; NTX = naltrexone;
OOWS = Objective Opiate Withdrawal Scales; PRN-S = PRN scale; SOWS = Subjective Opiate Withdrawal Scales.
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(data not shown). Patients taking NTX 0.125 mg or
0.250 mg had less craving (both P = 0.02) than those
taking placebo, adjusting for baseline scores [F = 3.73
(2,107); P = 0.03, Table 2]. There was a time ¥ group
interaction [F = 11.82 (10, 180); P = 0.001], with sig-
nificantly lower craving on days 4, 5 and 6 among sub-
jects receiving VLNTX (Tukey’s test, all Ps = 0.001).

Global improvement

At the end of treatment, there were more subjects rated
‘much’ or ‘very much’ improved compared with baseline
in the NTX groups (c2 = 29.49 (2); P = 0.001; Table 2).
In particular, 30.8% of patients receiving methadone and
placebo NTX either were doing worse than at admission,
or showed minimal or no improvement by discharge,
compared with <11% in each VLNTX group (Table 2).

Treatment retention

A total of 120 subjects (69%) completed treatment. The
proportion of completing subjects did not differ signifi-
cantly by medication group [c2 = 2.19 (2); P = 0.33,
Table 2]. The number of dropouts did not differ across
treatment groups (Fig. 4, Kaplan–Meier survival analy-
sis. c2 [Breslow] = 2.93, d.f. = 2, P = 0.23). There were no
significant differences in treatment retention among the
three medication groups [F = 2.04 (2,173); P = 0.13].

Other medications

All subjects received ancillary medications and in 58.8%
of cases the medication was administered following a
request. There were no significant differences in number

or requests of adjuvant medications (Table 2) and PRN-S
score [c2 for days 1–6 range = 0.62–3.62 (2); P = 0.16–
0.73], or in daily amount of ancillary medications
administered (data not shown). The mean (SD) dose of
medication received per subject per day was: 743.5 mg
(200.1) ibuprofen, 613.7 mg (252.1) acetaminophen,
8 mg (2.2) loperamide, 50.8 mg (5.0) hydroxyzine,
19.8 mg (1.2) prochlorperazine, 31.1 mg (4.62) chlor-
diazepoxide and 10 mg (2.1) cyclobenzaprine. Clonidine
[0.45 mg (0.3)] and olanzapine [5.17 mg (2.7)] were
administered only at site I and also showed comparable
daily doses across medication groups [F = 0.15 (2,94);
P = 0.86 and F = 0.27 (2,81); P = 0.78, respectively].

Adverse events

There were no serious adverse events. One subject in the
placebo group presented with seizure-like symptoms that
required intervention and was discontinued from the
study. One subject receiving NTX 0.250 mg/day group
was found to have high fasting blood glucose during treat-
ment, which returned to normal without specific inter-
vention. This subject recalled later a history of high blood
glucose prior to this study. The only other adverse events
reported were occasional mild complaints of restlessness,
sweating, nausea and anxiety, considered indistinguish-
able from ongoing signs of opiate withdrawal that were
documented by scores on the withdrawal scales. There
were no episodes of medication-precipitated withdrawal.
There were no significant medication group differences in
peak heart rate [F = 0.24 (2); P = 0.79; total mean
(SD) = 69.7 (5.3)], or peak systolic [F = 0.64 (2);
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Figure 4 Time until discontinuation
from treatment in 174 opioid-
dependent inpatients undergoing 6-day
methadone detoxification. Kaplan–Meier
survival analysis: c2 [Breslow] = 2.93,
d.f. = 2, P = 0.23.
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P = 0.21; total mean (SD) = 116.2 (13.1)] or diastolic BP
[F = 0.14 (2); P = 0.12; total mean (SD) = 68.9 (6.8)].

DISCUSSION

This clinical trial showed VLNTX to be safe and well-
tolerated when administered with methadone. Opiate
withdrawal symptoms and craving were less severe at
discharge among subjects who received VLNTX during
detoxification, with no significant differences between
NTX regimens. Although potential symptom modifiers
(ancillary medications) were allowed by the ‘real world’
design of the study, there were no significant medication
group differences in proportion of subjects requesting
ancillary medications, mean daily PRN-S score, or mean
daily doses of ancillary medications. Thus, it is very
unlikely that ancillary medications biased the observed
VLNTX findings. Objective opioid withdrawal scores were
not significantly reduced in VLNTX-treated subjects
when alcohol use in the last month was included as a
covariate. This finding requires further investigation.
VLNTX may differentially affect some aspects of with-
drawal in opioid-dependent subjects who use alcohol. On
the other hand, the results do not suggest that recent
alcohol use ‘per se’ influenced directly and significantly
the manifestation of withdrawal in this sample. Subjects
did not differ significantly in their use of other drugs, such
as cocaine and marijuana (Table 1), so it is unlikely that
non-opioid drug withdrawal influenced the findings.

The addition of VLNTX was superior to methadone
taper alone in reducing withdrawal, with an effect size of
0.71. One out of every two to three subjects receiving
NTX = 0.250 mg/day showed significantly less with-
drawal discomfort than those treated with only metha-
done (NNT (number needed to treat) analysis: SOWS = 3,
95% CI 2–5; OOWS = 2, 95% CI 2–3). The methadone
detoxification that was considered ‘treatment-as-usual’
in this study has been demonstrated to be more effective
than non-opiate medications in controlling withdrawal
severity (Amato et al. 2004), and displays comparable
efficacy to newer opiate agents such as buprenorphine
(Gowing, Ali, White 2004).

This is the first randomized, controlled trial to evalu-
ate the use of VLNTX for the treatment of opioid with-
drawal. The mechanisms of symptom reduction remain
to be elucidated. Pre-clinical investigations suggest that
VLNTX attenuates chronic opioid excitatory signaling at
the mu-opioid receptor, blocking intracellular cyclic
adenosine monophosphate (cAMP) up-regulation (Wang
et al. 2005). Up-regulation of the cAMP pathway is asso-
ciated with development of dependence and with the
expression of withdrawal (Nestler, Alreja & Aghajanian
1994). Reduced opioid withdrawal severity by VLNTX
was accompanied in opioid-dependent animal models by

lower intracellular levels of enzymes of the cAMP system
in brainstem noradrenergic areas that are activated
during withdrawal (Mannelli et al. 2004). The adminis-
tration in this study of ancillary drugs that influence
noradrenergic activity prevents direct interpretation of
putative noradrenergic mechanisms of VLNTX.

Subjects in the VLNTX groups showed more pro-
nounced clinical differences from the methadone-only
group in the last few days of detoxification, a time-related
treatment effect that may be reinforced by a medication
dose–effect mechanism. The reduction of dependence is
not immediate with VLNTX treatment. Multiple doses are
required to restore opioid agonist action in animals, sug-
gesting a slow reversal of the mechanisms that contrib-
ute to tolerance and dependence (Powell et al. 2002).
Animal studies also show that VLNTX enhances opioid
analgesia and reward to a greater extent when the quan-
tity of opioid drug is reduced, as it is at the end of metha-
done tapering and before discontinuation (Crain & Shen
2001; Powell et al. 2002).

The effects observed with VLNTX add-on were not
associated with an increased proportion of patients com-
pleting detoxification. It is a rather common finding that a
more comfortable detoxification is insufficient to encour-
age retention in treatment (Buydens-Branchey, Branchey
& Reel-Brander 2005; Herman et al. 2005; Oreskovich
et al. 2005; Reed et al. 2007). Among other factors that
can influence treatment completion, the use of non-
opioid drugs immediately prior to detoxification, indi-
vidual expectations, lack of health insurance and the
weekday of admission to treatment have received atten-
tion (Perez de los Cobos et al. 1997; Armenian, Chutuape
& Stitzer 1999; Gossling et al. 2001; Blondell et al. 2006).
In our study, the relatively late onset of the main clinical
differences between NTX and placebo-treated subjects
may have played a role, preventing individuals from
receiving full benefit from the treatment.

The main intention of our research was to study the
effects of VLNTX within an opioid agonist/antagonist
administration paradigm and not to identify the best
detoxification protocol for this treatment. The investiga-
tion was conducted in community hospital programs, to
evaluate the feasibility of the approach in a ‘real world’
setting. Although this can be considered one strong point
of the study, it is at the same time a weakness, in that major
limitations to the design were necessitated to minimize the
conventional requirements of a controlled clinical trial
and by adopting without modifications protocols in use at
the community programs. In particular, (1) considering
the methadone tapering schedule, it is unclear if subjects
were actually ‘detoxified’ at discharge; (2) no specific, rigid
protocol existed for the administration of ancillary medi-
cations and for consistency between the two study sites. As
for the first limitation, a follow-up of individuals who
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received VLNTX would provide useful information follow-
ing methadone discontinuation. With regard to the use of
ancillary drugs, subjects did not receive significantly dif-
ferent amounts across medications groups, nor did site-
related differences in ancillary drugs influence response to
treatment. Together, these potential limitations seem
unlikely to bias our main findings.

Conclusions

This two-site study provides evidence that the adminis-
tration of VLNTX is a safe and effective method to reduce
withdrawal severity and treatment discomfort in
opioid-dependent participants undergoing methadone
detoxification.

Opioid dependence is a chronic disorder, with relapse
to drug use a frequent occurrence even after multiple
detoxification episodes (McLellan et al. 1996). VLNTX
adjunct showed improvement over a standard treatment
for opioid-dependent patients attempting detoxification,
although its utility in reducing relapse after discharge
and facilitating access to long-term treatment remains to
be determined. The use of VLNTX may help improve
detoxification, potentially resulting in improved NTX
maintenance induction or long-term, agonist substitu-
tion treatment. In particular, treatment combinations of
methadone and buprenorphine with VLNTX should be
tested. Finally, a number of research questions could be
explored using existing animal models that have proven
to be a reliable translational tool to test the properties of
VLNTX in opioid dependence (Mannelli, Gottheil & Van
Bockstaele 2006).
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