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Abstract

Context: Lofexidine is an alpha-2-adrenergic receptor agonist that is approved in the United Kingdom for the treatment of opioid withdrawal
symptoms. Lofexidine has been reported to have more significant effects on decreasing opioid withdrawal symptoms with less hypotension than
clonidine.

Objective: To demonstrate that lofexidine is well tolerated and effective in the alleviation of observationally defined opioid withdrawal symptoms
in opioid dependent individuals undergoing medically supervised opioid detoxification as compared to placebo.

Design: An inpatient, Phase 3, placebo-controlled, double-blind, randomized multi-site trial with three phases: (1) opioid agonist stabilization
phase (days 1-3), (2) detoxification/medication or placebo phase (days 4-8), and (3) post detoxification/medication phase (days 9-11).

Subjects: Sixty-eight opioid dependent subjects were enrolled at three sites with 35 randomized to lofexidine and 33 to placebo.

Main outcome measure: Modified Himmelsbach Opiate Withdrawal Scale (MHOWS) on study day 5 (second opioid detoxification treatment day).
Results: Due to significant findings, the study was terminated early. On the study day 5 MHOWS, subjects treated with lofexidine had significantly
lower scores (equating to fewer/less severe withdrawal symptoms) than placebo subjects (least squares means 19.5+2.1 versus 30.9+2.7;
p=0.0019). Lofexidine subjects had significantly better retention in treatment than placebo subjects (38.2% versus 15.2%; Log rank test p =0.01).
Conclusions: Lofexidine is well tolerated and more efficacious than placebo for reducing opioid withdrawal symptoms in inpatients undergoing
medically supervised opioid detoxification.
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1. Introduction

Opioid dependence is a medical condition associated with
severe health and social consequences (Hser et al., 2001). The
Office of National Drug Control Policy estimates the number of
individuals addicted to heroin in the United States is between
750,000 and 1,000,000 users (Office of National Drug Control
Policy, 2003). According to the 2006 National Survey on Drug
Use and Health (NSDUH), approximately 3.8 million Ameri-
cans aged 12 or older reported trying heroin at least once during
their lifetimes, representing 1.5% of the population aged 12 or
older. Approximately 560,000 (0.2%) reported past year heroin
use and 338,000 (0.1%) reported past month heroin use. Accord-
ing to the NSDUH survey, across age groups, an estimated 5.2
million persons were current nonmedical users of prescription
pain relievers in 2006, which is more than the estimated 4.7
million in 2005. The growing population of people with pre-
scription opioid dependence increases the need for a range of
evidence-based treatments.

The medication treatment for opioid addiction can include
short-term detoxification, longer-lasting opioid maintenance
and the opioid relapse prevention therapy, such as naltrexone
(Herman et al., 1995). The predominant treatment for opioid
dependence is methadone for maintenance or detoxification.
Another opioid, buprenorphine, has recently been approved for
the same indication (Gonzalez et al., 2004). Some patients find
maintenance or detoxification with an opioid unacceptable and
prefer non-opioid treatment. No single treatment modality is cur-
rently effective, and opioid dependence requires adequate access
to a wide range of options.

The alpha-2-adrenergic agonist clonidine is currently used
“off label” for the treatment of withdrawal (Gossop, 1988). How-
ever, clonidine can produce problematic side effects, such as
sedation and hypotension, generally restricting its use in the
outpatient setting (Kleber et al., 1985; Preston and Bigelow,
1985). Lofexidine is an alpha-2-adrenergic agonist, structurally
related to clonidine, which has been used in the United Kingdom
primarily in an outpatient setting for opioid detoxification since
1992 under the label BritLofex® (Jarrott et al., 1983; Ai gner and
Schmidt, 1982). One advantage of lofexidine over clonidine is it
is believed to have less hypotensive effects than clonidine (Kahn
et al., 1997).

The preclinical neurobiology of the mechanism of alpha-2-
adrenergic agonists in opioid withdrawal has been well studied.
Early studies suggested that chronic opioid exposure leads to
tonic inhibition of noradrenergic cells and cessation of opioid
use results in disinhibition of noradrenergic cells in the locus
coeruleus (Aghajanian, 1982; Aston-Jones et al., 1997). The
therapeutic action of alpha-2-adrenergic agonists stemmed from
the ability to reduce firing in the locus coeruleus (Freedman
and Aghajanian, 1985; Aghajanian, 1978). In addition to the
central actions of alpha-2-adrenergic agonists, a study by
Buccafusco and Marshall (1985) also suggest spinal mediated
anti-withdrawal effects.

In vitro receptor binding studies have identified three sub-
types of the alpha-2-adrenergic receptor: 2A, 2B, and 2C
(Marjamaki et al., 1993; Uhlen and Wikberg, 1991). Clonidine

is a nonspecific alpha-2-adrenergic receptor agonist with equal
affinity for all three of these subtypes (cited in prior reference)
while lofexidine appears to bind specifically to the subtype 2A
alpha-2-adrenergic receptor (Marjamaki et al., 1993; Uhlen and
Wikberg, 1991; Herman and O’Brien, 1997). Higher affinity 2A
subtype agents have been shown in nonhuman primates to have
less hypotensive effects and to have efficacy on processes such
as memory enhancement in aged animals (Arnsten et al., 1998).

Results of clinical studies indicate that alpha-2-adrenergic
agonists such as lofexidine are effective in the allevia-
tion of opioid withdrawal. There have been a number of
double-blind (DB), controlled studies indicating that the
efficacy of lofexidine is comparable to that of clonidine
(Carnwath and Hardman, 1998; Kahn et al., 1997; Lin et al.,
1997). All studies concluded that there was less problematic
hypotension with lofexidine than with clonidine. Two con-
trolled studies comparing lofexidine and short-term methadone
taper suggested no significant difference in the withdrawal
intensity or blood pressure between the groups (Howells et al.,
2002; Bearn et al., 1996). A recent report also indicated that
the signs and symptoms of withdrawal occur and resolve earlier
with treatment with an alpha-2-adrenergic agonist compared to
methadone withdrawal treatment (Gowing et al., 2002). In addi-
tion, a large retrospective lofexidine use survey of patients and
health care providers in the United Kingdom suggested a com-
mon 10-day outpatient treatment protocol without significant
reports of adverse effects (Akhurst, 1999). As expected, lofexi-
dine alleviates opioid withdrawal symptoms in the rat (Shearman
et al., 1980).

Early open clinical studies supported the dose-dependent
use of lofexidine as a treatment to decrease opioid with-
drawal signs and symptoms (Gold et al., 1981; Washton et al.,
1982; Gowing et al., 2004). The dose of lofexidine required to
control withdrawal symptoms varies for each patient depend-
ing on the amount, frequency and duration of opioid used.
In the U.K., lofexidine treatment is initiated at 0.2 mg twice
daily, increasing daily by 0.2-0.4mg with a recommended
final dose of 2.4 mg/day. An inpatient, dose-response analysis
of the safety and efficacy of lofexidine in the U.S. evaluated
four different divided doses: 1.6 mg/day, 2.4 mg/day, 3.2 mg/day
and 4.0 mg/day groups. There was a dose-dependent decrease
in objective opiate withdrawal symptoms using the Modified
Himmelsbach Opiate Withdrawal Scale (MHOWS). However,
transient orthostatic systolic blood pressure changes were more
frequent in the higher dose groups (Yu et al., 2001).

Here we report on the results of the first Phase 3, inpatient,
randomized, placebo-controlled (PC), multi-site study designed
to evaluate the efficacy of lofexidine for the treatment of opioid
withdrawal.

2. Methods
2.1. Participants

All enrolled participants met the following inclusion criteria: (1) minimum
18 years of age; (2) current dependence on heroin, morphine, or hydromorphone

according to DSM-IV criteria; (3) participants reported use of heroin, morphine,
or hydromorphone for at least 21 of the past 30 days; (4) a urine toxicology screen
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