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Abstract
Alcoholism is one of the most prevalent substance dependence disorders in the world. Advances in
research in the neurobiological mechanisms underlying alcohol dependence have identified
specific neurotransmitter targets for the development of pharmacological treatments.
Acamprosate, marketed under the brand name Campral, is an orally administered drug available
by prescription in the U.S. and throughout much of the world for treating alcohol dependence. Its
safety and efficacy have been demonstrated in numerous clinical trials worldwide. Here we
provide an overview of acamprosate in the context of the neurobiological underpinnings of alcohol
dependence. We propose that unlike previously available pharmacotherapies, acamprosate
represents a prototype of a neuromodulatory approach in the treatment of alcohol dependence. A
neuromodulatory approach seeks to restore the disrupted changes in neurobiology resulting from
chronic alcohol intake. It is our opinion that a neuromodulatory approach will provide a heuristic
framework for developing more effective pharmacotherapies for alcohol dependence.
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Acamprosate is a safe and well-tolerated pharmacotherapy that has been studied in
numerous clinical trials worldwide. It has been used to treat alcohol dependence in over 1.5
million patients since its introduction in Europe in 1989 and is currently available in most
European and Latin American countries, Australia, parts of Asia and Africa [1], and more
recently in the United States. Acamprosate, in combination with psychosocial support, was
approved by the Food and Drug Administration (FDA) in July 2004 for the maintenance of
abstinence from alcohol in detoxified alcohol-dependent patients. To date, its efficacy has
been reported in 23 double-blind, placebo-controlled clinical trials conducted in 15 different
countries. A recent survey found that acamprosate is now the most widely prescribed
therapeutic agent for the treatment of alcoholism in the United States of America [2].

Alcohol-use disorders, which include both alcohol abuse and dependence, make up one of
the most prevalent categories of substance use disorders in the US, affecting almost 18
million Americans. The Diagnostic and Statistical Manual of Mental Disorders-Fourth
Edition (DSM-IV)[3] characterizes alcohol dependence as a maladaptive pattern of drinking
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leading to clinically significant impairment, as manifested by a compulsion to drink, a lack
of control over the amount of alcohol consumed and continued drinking, despite a
realization of the problems associated with it. Physiological symptoms of tolerance and
withdrawal may also be present. One of the most challenging aspects of recovering from
alcohol dependence is maintaining abstinence after acute withdrawal and avoiding
subsequent relapse to drinking [4].

Three medications are currently approved for the treatment of alcohol dependence—
disulfiram, naltrexone, and acamprosate. Current research indicates that acamprosate has a
unique mechanism of action, which may have implications for its therapeutic use [5]. In
contrast to disulfiram, which causes aversive behavior through negative physical effects, or
naltrexone, which tempers the pleasurable effects of alcohol, acamprosate acts to normalize
dysregulation in neurochemical systems that have been implicated in the biological
mechanisms of alcohol dependence.

In this review, we discuss the clinical efficacy and safety profile of acamprosate in the
treatment of alcohol dependence. We provide a brief discussion of the neurobiological
changes that occur to the central nervous system during chronic alcohol intake. This is
provided to highlight the fact that the physiological response to initial alcohol exposure is
different than that observed following chronic exposure (i.e., neuroadaptive changes occur
during the transition from initial alcohol use to alcohol dependence). We propose that unlike
previously available pharmacotherapies, acamprosate reprsesents a prototype of a
neuromodulatory approach in the treatment of alcohol dependence. A neuromodulatory
approach seeks to restore the disrupted changes in neurobiology resulting from chronic
alcohol intake. It is our opinion that a neuromodulatory approach will provide a heuristic
framework for developing more effective pharmacotherapies for alcohol dependence.

CHEMISTRY, FORMULATION, DOSAGE AND ADMINISTRATION
The chemical structure of acamprosate can be seen in Figure 1. Acamprosate, calcium
acetylhomotaurinate, is a synthetic compound with a chemical structure similar to the amino
acid neurotransmitter gamma-aminobutyric acid (GABA) and the amino acid
neuromodulator taurine [6]. Acamprosate is available by prescription as a 333-mg tablet,
and the recommended dosage regimen is two 333-mg tablets taken orally three times a day.
Acamprosate may be prescribed in either a bottle or blistercard at equal expense. The
blistercard indicates day and time of dose and may be superior for facilitating and
monitoring medication compliance.

PHARMACOKINETICS AND METABOLISM
Acamprosate is absorbed via the gastrointestinal tract, with pharmacokinetic linearity in
terms of dose and time. The mean maximum plasma concentration (Cmax) of acamprosate
was 180 ng/ml, following oral administration of a single 2 × 333 mg dose to healthy
volunteers [7,8]. Steady-state peak plasma concentrations after 2 × 333 mg administered
three times daily averaged 350 ng/ml and were reached within 3–8 hours following oral
dosing [9]. Absolute bioavailability of acamprosate under fasting conditions is
approximately 11% [7]; after food intake, bioavailability decreases by approximately 20%,
but this decrease lacks clinical significance [10]. Steady-state plasma concentrations of
acamprosate are reached within 5 days of dosing and the terminal half-life ranges from 20–
33 hours following the standard 2 × 333 dosing regime. Plasma protein binding is negligible.
Importantly, acamprosate is not metabolized in the liver [11] and is excreted unchanged in
the urine [10].
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Because acamprosate is not metabolized by the liver, the pharmacokinetics of acamprosate
are not altered in patients with mild to moderate hepatic insufficiency (Groups A and B of
the Child-Pugh classification), indicating that no dosage adjustments are necessary [9]. After
a single dose administration (2 × 333 mg) to patients with severe renal impairment
(creatinine clearance ≤30 mL/min), peak plasma concentrations were 4-fold higher, and
plasma elimination half-life was 2.6-fold longer compared to healthy subjects [10]. Due to
the risk of accumulation of acamprosate with prolonged administration of therapeutic doses
in renally-impaired patients [10], the use of acamprosate is contraindicated in patients with
severe renal impairment, and a dosage adjustment to one 333-mg tablet administered three
times daily is recommended in patients with moderate renal impairment (creatinine
clearance 30–50 mL/min [9,10]. No dose adjustment is required for patients with mild renal
impairment (creatinine clearance >50 mL/min). Since acamprosate is excreted primarily by
the kidney and elderly patients are more likely to have diminished renal function, dosage
adjustments may be necessary.

The pharmacokinetics of acamprosate have not been evaluated in pediatric or geriatric
populations. No significant pharmacokinetic differences are observed between male and
female subjects [9]. Acamprosate is assigned a Category C labeling in pregnancy. The
animal reproduction studies demonstrated some teratogenic effects in rat fetuses at doses
comparable to the human dose on a mg/m2 basis and in rabbit fetuses at doses approximately
three times the human dose. In the rat these malformations included hydronephrosis,
malformed iris, retinal dysplasia, and retroesophageal sublclavian artery; hydronephrosis
was also observed in the rabbit [12]. Hydronephrosis is a distension and dilation of the renal
pelvis and calyces that can lead to progressive atrophy of the kidney. To date, there are no
adequate well-controlled studies of acamprosate in pregnant women; therefore, acamprosate
should only be used during pregnancy if the potential benefit justifies the potential risk to
the fetus.

DRUG-DRUG INTERACTIONS
Acamprosate is not metabolized by the liver and therefore is unlikely to cause drug-drug
interactions via cytochrome P450 inhibition. The pharmacokinetics of acamprosate are not
altered by co-administration with diazepam, disulfiram, antidepressants, or alcohol—
substances that are often taken by patients with alcohol dependence. In pharmacokinetic
studies with human subjects, co-administration with naltrexone increased the rate and extent
of acamprosate absorption [13.14]. These results suggest that combination therapy may
improve the bioavailability of acamprosate without compromising its tolerability [13.14].

A BRIEF OVERVIEW OF THE NEUROBIOLOGY OF ALCOHOL
DEPENDENCE

Alcohol dependence is a complex psychological and neurobiological disorder. It is
important to recognize that as an individual moves from initial alcohol use to the other end
of the spectrum (dependence), parallel dynamic changes are occurring throughout the
nervous system (i.e., these systems are constantly moving targets). These perturbations and
disruptions result in neuroadaptations that contribute to overall dysregulations in normal
daily behaviors (e.g., work, social interactions) as well as the development of alcohol
dependence. Several key receptors mediate the response to acute and chronic alcohol intake
[4,5]. This section identifies only a few neural systems known to be affected by alcohol to
highlight the changes that occur as one transitions from initial to chronic heavy alcohol
intake.
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Starting with dopamine; acute alcohol administration in intoxicating doses (20–40 mM)
activates neurons in the ventral tegmental area both in vivo in anesthetized rats [15] and in
vitro using extracellular recording in brain slice preparations [16]. Following dependence
and during withdrawal from alcohol, there is a decrease in dopaminergic activity in the
ventral tegmental area that has been linked to the dysphoria of acute and protracted
withdrawal [17–19]. The decrease in dopaminergic activity in the ventral tegmental area is
consistent with microdialysis studies showing decreases in dopamine release in the nucleus
accumbens during alcohol withdrawal. Reduced dopaminergic neurotransmission is
prolonged, outlasting the physical signs of withdrawal [18,20].

In the absence of alcohol, neuronal excitatory (glutamate receptors) and inhibitory (GABA
receptors) activity is maintained in equilibrium [4,5]. Acute alcohol at very low doses blocks
responses of the N-methyl-D-aspartate (NMDA) receptor, seen initially in vitro in
electrophysiological studies [21–23] and subsequently in vivo [24]. Alcohol decreases the
function of all three major classes of ionotropic glutamate receptor subtypes: NMDA,
kainate, and alpha-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate (AMPA) [22,25];
resulting in a decrease in glutamatergic activity. Alcohol in intoxicating doses (20–40 mM)
activates neurons in the ventral tegmental area both in vivo in anesthetized rats [15] and in
vitro using extracellular recording in brain slice preparations [16]. Several behavioral,
neurochemical, and electrophysiological findings have suggested that chronic heavy alcohol
use or withdrawal may upregulate NMDA receptor function in brain [26–31]. These studies
suggested a role for glutamate in the behavioral sensitization elicited by repeated alcohol
withdrawal, suggesting that glutamate receptors play a major role in the hyperexcitability
following withdrawal from alcohol, and perhaps in alcohol-seeking behavior associated with
dependence [32].

Molecular studies have shown that GABA-induced chloride fluxes are increased by acute
alcohol exposure in cultured neurons [33] and synaptoneurosomes [34,35]; resulting in
enhanced GABA activity. Chronic alcohol exposure, in contrast to the effects of acute
alcohol, generally downregulates GABAa receptor function as measured by chloride ion
flux [36], without changes in receptor density or affinity. Moreover, decreases in GABA-
mediated chloride ion flux have been reported shortly after withdrawal from chronic
exposure in cortex and cerebellum [37]

Acute alcohol exposure also inhibits voltage-gated calcium channels [38,39]. In contrast,
chronic exposure to ethanol results in an up-regulation in the density of voltage-dependent
calcium channels [40,41].

These studies illustrate that these systems contribute to the acute behavioral effects of
alcohol and that during chronic alcohol exposure, the body compensates with neuroadaptive
adjustments within these systems. These neuroadaptions presumably are triggered in order
to restore normal neuronal excitability in the presence of ethanol. Therefore, it important to
note that in the absence of alcohol (i.e., during the course of abstinence and/or
detoxification) these systems are in a state of disregulation.

MECHANISM OF ACTION OF ACAMPROSATE
Acamprosate is an analogue of amino acid neurotransmitters such as taurine and
homocysteic acid [42]. Naassila et al. [43] and al Qatari et a [44] have demonstrated that
acamprosate binds to a specific spermidine-sensitive site that modulates the NMDA receptor
in a complex way [42]. Their work suggests that acamprosate acts as a “partial co-agonist”
at the NMDA receptor, such that low concentrations enhance activation when receptor
activity is low, and high concentrations inhibit activation when receptor activity is high.
Earlier work had indicated that acamprosate might have inhibitory effects on NMDA
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receptors [45]. This may be particularly relevant to the success of acamprosate as a
pharmacotherapy given that chronic exposure to ethanol results in an up-regulation of
NMDA receptors [29,46] and an up-regulation in the density of voltage-dependent calcium
channels [40,41]. Thus, sudden alcohol abstinence causes the excessive numbers of NMDA
receptors to be more active than normal, and to produce the symptoms associated with acute
alcohol withdrawal, such as delirium tremens and seizures and with the more persisting
symptoms associated with early abstinence, such as craving and disturbances in sleep and
mood [47]. Withdrawal from alcohol induces a surge of excitatory neurotransmitters like
glutamate, which in turn activates the NMDA receptors [48]. Conversely, acamprosate
promotes the release of taurine in the brain [42]. Taurine is a major inhibitory
neuromodulator/neurotransmitter and an increase in taurine availability would also
contribute to a decrease in hyperexcitability. Thus, each of these changes produced by
acamprosate may contribute to the decreased neuronal hyperexcitability observed during
early abstinence [49]. These changes may underly the symptoms associated with relapse,
such as craving, anxiety and insomnia. Therefore, it has been hypothesized that acamprosate
may promote abstinence by minimizing or negating some of the physiological changes
produced by chronic heavy ethanol exposure [50]. Further support for this hypothesis is
provided by a recent polysomnography study that found acamprosate reversed alcohol-
related changes in sleep architecture in humans [51].

THE NEUROPROTECTIVE EFFECTS OF ACAMPROSATE
A growing body of work suggests that acamprosate may have neuroprotective effects [52–
57]. For example, it has been reported that acamprosate inhibited the neurotoxicity caused
by anoxia in an animal model of stroke [52]. Neuroprotection could be particularly
important in the treatment of alcohol dependence given the potential impact of chronic
ethanol exposure and withdrawal on neuronal survival [30,46,58]. For example, research
with neuronal cultures has shown that an up-regulation in NMDA receptor function occurs
after ethanol exposure [59,60]. At the onset of withdrawal, this up-regulation can lead to
neurotoxicity (cell death) caused by NMDA receptor overactivation and a subsequent excess
influx of calcium [60]. It should be noted that acamprosate does not appear to produce
neurotoxicity at clinical dosing [54]. Acamprosate has been shown to significantly reduce
medium change-induced toxicity [54], results consistent with those showing that
acamprosate protects against neuronal damage produced by experimental induced ischemia
[52]. Furthermore, acamprosate reduces spermidine-induced neurotoxicity, but not NMDA-
induced toxicity [54]. From these results, it appears that acamprosate inhibits this aspect of
withdrawal-induced toxicity in ways that are different than those of direct NMDA receptor
antagonism. This suggests that the effects of acamprosate during withdrawal from alcohol
are largely a consequence of its indirect (possibly via the spermidine site) inhibitory effects
on NMDA receptors [57].

ANIMAL MODELS OF ALCOHOL SELF-ADMINISTRATION AND
WITHDRAWAL

Acamprosate has been shown to reduce ethanol consumption in rodents that have an
extended history of ethanol exposure or are ethanol-dependent [62–64]. In contrast,
acamprosate appears to have less of an effect on alcohol consumption in alcohol naïve and
non-dependent rats [63,65,66]. More specifically, Le Magnen et al. [63] reported a 50–70%
reduction in ethanol intake in ethanol dependent animals after the administration of 200 mg/
kg acamprosate, where only a dose of 450 mg/kg reduced drinking in alcohol-naïve animals.
Boismare et al [62] also reported a decrease in ethanol intake in animals given chronic
exposure to acamprosate (200 mg/kg). However, the rats used in this study were selected for
the highest ethanol intake, and consequently only 24% of the total population of rats was
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tested. More recently, acamprosate was shown to reduce ethanol intake in C57BL/6J mice
using the drinking-in-the-dark procedure (used to obtain higher intake of alcohol [67] and to
show efficacy in an escalation model of self-administration [68]. Acamprosate has been
shown to reduce the increased ethanol consumption associated with a period of enforced
abstinence from ethanol (the alcohol deprivation effect) in rats [64,65]. In the study by
Spanagel et al [64], acamprosate decreased the alcohol deprivation effect and also reduced
ethanol intake below baseline levels, whereas Heyser et al [65] reported only an elimination
of the alcohol deprivation effect, with no effect on baseline intake of alcohol. However, it is
important to note that in the study by Spanagel et al [64] the rats had 24-h access to ethanol
for 8 months prior to testing, while animals in the Heyser et al [65] study were trained for
only 3 months in a limited access paradigm (30 min/day). Taken together, the action of
acamprosate may be strongest in animals that prefer alcohol or have a history of alcohol
dependence.

In addition to the direct effects on ethanol consumption, acamprosate has been reported to
attenuate some of the behavioral and neurochemical events associated with ethanol
withdrawal [69–72]. For example, acamprosate reduces the hyperactivity and elevated
glutamate levels observed during the first 12 hours of ethanol withdrawal [69]. Acamprosate
has also been shown to attenuate ethanol withdrawal anxiety-like behavior in the plus-maze
test [70,71] and to attenuate handling induced convulsions during ethanol withdrawal [72].
In addition, acamprosate has been shown to inhibit cue-induced reinstatement of alcohol-
seeking behavior in an operant conditioning model [73]. However, not all aspects of
withdrawal are reduced by acamprosate, such as withdrawal-induced hypothermia [74].
Taken together, these findings further support the hypothesis that acamprosate may have
differential effects on ethanol-related behaviors specific to the history of ethanol experience
(dependent versus nondependent) and/or preference for alcohol. Thus, these results provide
support for the use of acamprosate specifically as an anti-relapse medication.

CLINICAL SAFETY AND TOLERABILITY
The safety profile of acamprosate is quite favorable. It is important to note that given the
complex nature of both alcohol dependence and the symptoms of early abstinence it is often
difficult to make a complete distinction between alcohol-related symptoms and adverse side-
effects of the drugs per se. However, given this caveat, the adverse events associated with
acamprosate tend to be mild and transient. Additionally, Rosenthal et al [75] reported in a
re-analysis of clinical safety data that new adverse events were unlikely to emerge after the
first 4 weeks of treatment.

The only adverse event consistently reported across trials more frequently in acamprosate-
treated patients (16%) with respect to placebo-treated patients (10%) was mild and transient
diarrhea [75]. In a study by Paille et al., [76], the proportion of patients that experienced
diarrhea appeared to be dose-dependent: 7.5% of the patients who received 1332 mg/day of
acamprosate reported diarrhea versus 12% of patients who received 1998 mg/day (in this
study the rate of diarrhea among placebo patients was 3.4%). However, no dose effect on
adverse events was noted in a second dose-response study by Pelc et al. [77].

Since its approval in Europe in 1989, pharmacovigilance data has identified no serious
health risk of acamprosate use in >1.5 million patients [78]. There were no differences
between treatment groups in the rate of discontinuations due to adverse events (8% of
acamprosate versus 6% of placebo patients had discontinued from trials of less than or equal
to 6 months duration; 7% of patients in both groups had discontinued from trials longer than
6 months) [12]. In addition, concomitant use of alcohol has no effect on the
pharmacokinetics of acamprosate, suggesting patients can safely continue acamprosate
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through a period of relapse [11]. Clinical investigations show no evidence of tolerance,
dependence or the emergence of a withdrawal syndrome or rebound drinking when
treatment is ceased [1]. Furthermore, a reanalysis of three efficacy trials submitted for FDA
approval demonstrated that acamprosate had an advantage over placebo on efficacy
outcomes for subjects with either normal or abnormal (greater than twice the upper limit of
normal value) baseline liver function status [75]. This finding, along with the lack of hepatic
metabolism, suggests that acamprosate can be safely and effectively used by patients with
mild and moderate liver dysfunction. And finally, it is important to note that alcohol-
dependent patients are higher at risk for severe depression and suicide compared to control
populations [75]. In a detailed analysis of the reported data, Rosenthal [75] reported that the
suicide rate (in terms of completed attempts) in the placebo group (0.10%) was similar to
that observed in acamprosate-treated patients (0.13%).

Several studies have examined the neuropsychological effects of acamprosate over time and
with repeat testing in both healthy and alcohol-dependent subjects [14,79,80]. The assessed
cognitive domains include attention, concentration, learning, working memory, and long-
term memory. Acamprosate showed no clinically relevant effects on cognition or reaction
time. Most of these studies used a within-subject design, which provides power to detect
very subtle changes, such as differences in performance of 1 word or a few milliseconds that
may achieve statistical significance but lack clinical relevance [14,79,80].

ACAMPROSATE EFFECTS ON SLEEP ARCHITECTURE
Several recent studies suggest that acamprosate may help to normalize the underlying
neurobiological mechanisms of alcohol-related disturbances in alertness and sleep [51].
Sleep disturbances are another challenge often faced by recently detoxified patients as it has
been shown that sleep disturbances can persist for up to 4 years of complete abstinence [81–
84]. More specifically, these initial studies show that acamprosate improved sleep
continuity, restored stage III sleep, and increased rapid eye movement (REM) sleep latency,
all of which are classically described as important determinants of relapses [85].

NEUROIMAGING STUDIES
Insight into the neurocircuitry changes in the human brain associated with the development
and maintenance of addiction have come from neuroimaging techniques (eg, positron
emission tomography [PET], functional magnetic resonance imaging [fMRI], and magnetic
resonance spectroscopy [MRS]) [86]. These imaging studies provide evidence for the
involvement of frontal cortical structures in the various stages of the addiction cycle (i.e.,
reinforcing responses to drugs during intoxication, activation during craving, and
deactivation during withdrawal) [87] Several neuroimaging studies have been conducted to
investigate the effects of acamprosate on neural activity in humans. In one randomized,
double-blind, placebo-controlled, cross-over study (designed to ensure that each of the 8
healthy subjects acted as his own control) the results of dynamic MRS showed decreases in
the regions for which N-acetylaspartate and glutamate are the main signal contributors [88].
The results suggest a central glutamatergic effect of acamprosate that is consistent with
glutamate measurements in alcoholized rats treated with acamprosate [49]. The
neuroimaging results with acamprosate are further supported by a recent double-blind,
randomized, placebo-controlled study with a parallel group design using
magnetoencephalography (MEG), a technology similar to electroencephalography (EEG)
[89] In this experiment, 24 subjects meeting DSM-IV criteria for alcohol dependence
received acamprosate or placebo treatment during the 8 days prior to withdrawal from
alcohol and during the following 15 days of mandatory abstinence. The authors reported
lower alpha slow-wave activity in the frontoparietal regions in patients receiving
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acamprosate, compared to placebo Thus, acamprosate appeared to have a sustained effect on
the withdrawal-related hyperexcitatory state which allows alcohol-dependent patients to
return to a normal level of neural activity more rapidly than placebo [89]. These findings
support earlier preclinical studies that suggest a neuroprotective effect of acamprosate
[55,61].

CLINICAL EFFICACY
Study Methodology

FDA approval of acamprosate was based primarily on efficacy data from three published
European studies of 13-week [77] 48-week [90] and 52-week [76] duration, involving 998
alcohol-dependent patients. These pivotal clinical trials demonstrated that, in combination
with psychosocial support, acamprosate was superior to placebo in maintaining abstinence,
as indicated by a greater percentage of patients who remained completely abstinent
throughout the treatment period, a longer time to first drink, and an increase in the percent
days abstinent in those patients who experienced a relapse [76,77,90,91]. Overall, the safety
and efficacy of acamprosate have been described in 23 published controlled clinical trials,
involving approximately 6,500 patients [76,77,90–110].

Study treatment durations ranged from two months to one year. Several studies also
included post-treatment follow-up periods of up to one year. All of the studies were double-
blind, placebo-controlled, parallel-group comparisons with randomized assignment of
patients to treatments. Although one trial involved alcohol-dependent adolescents [106],
most of the trials involved patients 18–65 years of age who met DSM-III-R or DSM-IV
criteria for alcohol dependence, had elevated baseline gamma-glutamyltransferase (GGT)
levels (a biological marker of alcohol intake), were detoxified and abstinent for some period
of time (typically for at least 5 days) prior to randomization, and were also participating in
some form of psychosocial therapy. Exclusion criteria included serious medical or
psychiatric disorders, pregnancy, and concomitant medications that could influence study
outcome.

While the adolescent study and one early study used acamprosate at a lower dose of 1332
mg/day [92,106], others studied acamprosate at doses of either 1332 mg/day or 1998 mg/
day, with dose adjusted by body weight (lower dose for patients whose weight was < 60 kg,
higher dose for those whose weight was > 60 kg) [90,91,94–100,105]. More recent studies
used a fixed dose of 1998 mg/day [77,102–104,107], which was shown in an earlier French
dose-ranging study to be more efficacious than the lower, 1332 mg/day dose, regardless of
body weight [77]. Outcome measures were analyzed in the intent-to-treat population (ITT),
i.e. those patients who had received at least one dose of study medication.

The principle efficacy parameters assessed in most studies of acamprosate included:
percentage of patients completing the trial without taking one drink (rate of complete
abstinence); length of time to any relapse of drinking (often referred to as Time to First
Drink); sum of all abstinent periods throughout a trial called Cumulative Abstinence
Duration (CAD), relapse rate at each study visit; rate of study completion; and change in
biomarker levels (GGT, carbohydrate-deficient transferrin [CDT], mean corpuscular volume
[MCV]). In many trials, CAD was transformed into a variable termed Percent Days
Abstinent (PDA), which was essentially a CAD expressed as a fraction of the total duration
of a trial [PDA = (CAD / total trial duration) × 100%]. This transformation allows for
comparison of data between studies of different lengths [111].

Treatment compliance was determined by pill count at each study visit, and patients were
considered abstinent if at each study interval they did not report taking a single drink since
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their last visit, did not miss a study visit, and, in most studies, had a self-report that was
corroborated by biological marker data and collateral report. If any available information
indicated drinking, the patient was considered non-abstinent.

Clinical Results
The duration of treatment, country of the trial, and outcomes are listed in Table 1. For the
discussion of the clinical results in this paper, the trials are subdivided into short (treatment
lasting ≤ 4 months), intermediate (6 months duration) and long-term (12 month) treatment
efficacy. Of the nine short-term trials [77,91,95,104–108,110], five of these studies
demonstrated significantly higher rates of complete abstinence in the acamprosate groups
compared to placebo, including the trial involving adolescents [77,91,104,106,107]. One
study used GGT levels as the primary outcome measure, which was significantly lower in
the acamprosate group compared to placebo after three months of treatment [92]. A total of
eight randomized, double-blind, placebo-controlled trials of six month duration have been
conducted. Seven of these studies support the findings of the three-month studies showing
that acamprosate improved abstinence rates and treatment retention in the treatment of
alcohol dependence [93,99,98,102,103,109]. Most importantly, a clear positive effect was
attributed to the use of acamprosate in the prevention of relapse during the six-month post-
treatment follow-up period in two of these studies [93,98]. A total of five studies have
evaluated the effect of acamprosate on long-term abstinence after a 12-month treatment
period [76,90,96,97,100] that included a post-treatment follow-up period of either 6-month
[76,97] or 12-month duration [90,96,100]. The first published long-term efficacy study
reported higher percentages of patients completely abstinent with 1998 mg/day compared to
1332 mg/day acamprosate, and dose-dependent effects were also observed for time to first
drink and mean CAD [76]. Acamprosate treatment was associated with significantly more
patients remaining abstinent in all of the long-term trials [76,90,96,97,100]. Furthermore,
these effects were maintained throughout the post-treatment follow-up phase. Significantly
more acamprosate patients never had a relapse throughout the 12-month follow-up period
(39.9% vs. 17.3%) compared to placebo [90,96,97].

There are studies that have failed to show a significant effect of acamprosate
[95,101,105,108,110]. It is interesting to note that all but one of these studies involved a
treatment period of ≤ 4 months [9,105,108,110]. Additionally, a 3-month study conducted in
Belgium [95], included a number of patients meeting criteria for alcohol abuse rather than
alcohol dependence and used a dose of acamprosate (1332 mg/day), which has been shown
to be relatively less effective than the 1998 mg/day dose [77]. In an Australian study that
failed to detect any differences between acamprosate and placebo, the authors reported that
patients in the study had substantially high levels of emotional distress and moderate levels
of disability in mental function (110). The results from a two-month clinical trial showed
that acamprosate was not superior to placebo in reducing drinking in South Korean patients
with severe alcohol dependence [105]. The observed lack of efficacy in this study may be a
function of the unusually brief treatment duration and the high rate (68%) of non-abstinence
within the previous two days of starting medication [1]. Importantly, acamprosate is not
indicated for the induction of abstinence but rather for the maintenance of abstinence in
alcohol-dependent patients who have been withdrawn from alcohol. More recently, the US
COMBINE trial was conducted to evaluate the efficacy of acamprosate (3 g/day), naltrexone
(100 mg/day) and behavioral therapies, alone and in combinations, for the treatment of
alcohol dependence [108]. In factorial analyses comparing an amalgam of all groups
receiving acamprosate to all those that did not, no additional benefit was found for
acamprosate. Notably, improvements in percentage days abstinent in the COMBINE trial
were observed in all groups receiving pills, both active and placebo, suggesting the
beneficial role of pill taking. More specifically the percent days abstinent for the placebo
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group with Medical Management with and without Cognitive Behavior Intervention (CBI)
was 79.8% and 73.8% respectively, whereas 66.6% was reported in the No Pills group
[108]. It is not clear why there was such a strong placebo effect in this trial, however this
effect may have made it difficult to detect any additional benefit of acamprosate.

The only intermediate duration treatment trial that did not demonstrate statistical superiority
of acamprosate over placebo was conducted in the U.K. [101]. This study did not require a
minimum of 5 days abstinence prior to randomization, and also allowed for a longer than
usual period of time between detoxification and treatment (up to 56 days). As a result, a
large percentage of randomized patients (32%) had relapsed prior to receiving their first
dose of double-blind medication, likely contributing to a high dropout rate as well as to the
absence of an acamprosate effect.

Several meta-analyses of these clinical studies have been published and in all cases the
results of these meta-analyses show that abstinence rates were significantly higher in
acamprosate-treated patients than in placebo-treated patients [111–115]. The effect sizes for
acamprosate on percent abstinence have been reported to range from 1.5 to 1.58 (111,115).
Although in a more detailed analysis of the factors that might affect this outcome, it is
interesting to note that Mann [111] reported an increasing effect size across trial duration
(1.33 at 3 months, 1.50 at 6 months and 1.95 at 12 months). As noted above, a larger
percentage of trials lasting 6 or more months showed significant effects of acamprosate than
those trials lasting 4 or fewer months. Another way to view these results is by determining
the number of people needed to treat to obtain a particular outcome (number needed to treat
[NNT]). The estimates of NNT range from 7.7 [113] to 10 [114]. All 5 meta-analyses
conclude that acamprosate is particularly useful in a therapeutic approach targeted at
abstinence. This conclusion is unchanged in a recent analysis [115] that included the
negative results of the COMBINE trial [108].

Predicting the effects of acamprosate in clinical populations
Despite the beneficial effects of acamprosate in the treatment of alcohol dependence,
acamprosate is not a panacea and there is much work to be done in the development of
pharmacotherapies for drug addiction. Moreover, it is important to remember that
alcoholism is a complex disorder and there is unlikely to be a “one-therapy fits all” solution.
It is therefore critical to not only develop novel therapies, but to identify the conditions
under which optimal efficacy is achieved. A post hoc analysis of the US study data
identified variables significantly associated with treatment outcome, including the goal of
total abstinence, stage of readiness to changes, significant psychiatric and substance use
histories, and medication compliance [109]. The most robust treatment effects were
observed in the subgroup of 214 patients having a baseline goal of total abstinence (70.0%, 2
g/day acamprosate; 72.5%, 3 g/day acamprosate; 58.1% placebo), suggesting that
motivation to be abstinent may be an important determinant of treatment success with
acamprosate. Using a pharmacogenomics analysis, the efficacy of acamprosate was
enhanced depending on the C-allele frequency of the GABARA6 gene and the T-allele
homozygotes for the C+1412T polymorphism of the GABARB2 gene [116]. By developing
such predictors it may be possible to improve patient treatment matching and the overall
success rate of acamprosate and to that end, any pharmacotherapy used in the treatment of
alcohol dependence.

CONCLUSION
The major therapeutic challenge to successful management of alcohol dependence is the
maintenance of abstinence and prevention of relapse. Prevention of relapse has the potential
to reduce hospitalization and rehabilitation costs, as well as alcohol-related loss of
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productivity in the workplace. Over the past two decades, numerous well-controlled clinical
trials have found that acamprosate, in combination with psychosocial support, is a safe and
well-accepted therapy that, although not a panacea, prolongs periods of complete abstinence
for many individuals and reduces the rate of relapse to drinking among recently abstinent
alcohol-dependent patients. Given its excellent safety record and the result of clinical trials it
is not surprising that it is now the most widely prescribed drug therapy in the treatment of
alcoholism. Pharmacoeconomic studies both in Europe and the U.S. have demonstrated the
potential cost-savings benefit of prescribing acamprosate as an adjunct to psychosocial
support compared with nonpharmacological techniques alone [117–121]. Based on these
findings, it appears that acamprosate will be an important advancement in the treatment of
alcohol dependence in the U.S.

Acamprosate appears to work by normalizing the dysregulation of NMDA-mediated
glutamatergic neurotransmission that occurs during chronic alcohol consumption and
withdrawal, and thus attenuates one of the physiological mechanisms that may prompt
relapse. Acamprosate requires around a week to reach steady-state levels in the nervous
system and its effects on drinking behavior typically persist after the treatment is completed.
Acamprosate can be viewed as a prototype of a neuromodulatory approach to the treatment
of alcoholism. More specifically, earlier drugs such as disulfiram targeted alcohol
metabolism and naltrexone acts as an antagonist on opioid receptors, whereas by its actions
acamprosate works to ameliorate the underlying changes in neurochemistry caused by
chronic alcohol intake and to restore homeostasis to those systems. Futhermore, it is a novel
prototype in that it doesn’t use a punishment model (as in the case of antabuse) or agonist/
antagonist approach to decrease the reinforcing value of alcohol. Rather, acamprosate
appears to work following detoxification as an anti-relapse drug. It is interesting to note, this
neuromodulatory (indirect) approach produces less side-effects and promotes superior
compliance rates among patients [114]. However it is important to note that acamprosate is
not a panacea and there is much work to be done in the development of pharmacotherapies
for drug addiction. A number of other therapeutic agents are under investigation; these
include serotonergic agents, anticonvulsants, GABA receptor indirect or partial agonists, and
neurokinin-1 (NK1) antagonists [122]. It is our opinion that a neuromodulatory approach
will provide a heuristic framework for developing efficient and effective pharmacotherapies
for alcoholism.

Acamprosate is well suited for treating a broad population of alcohol-dependent patients
given its excellent safety profile observed in clinical trials, along with several
pharmacokinetic and pharmacodynamic characteristics. More specifically, it does not appear
to interact with alcohol or compounds commonly prescribed for treating alcoholism (e.g.,
disulfiram, antidepressants, anxiolytics, neuroleptics, or hypnotics) nor does it appear to
interact adversely with naltrexone. Acamprosate can be administered to patients with liver
dysfunction, since it does not undergo significant hepatic metabolism (though it should not
be used in patients with renal insufficiency). Acamprosate may be useful for methadone-
maintained patients dependent on alcohol and narcotics as it does not cause acute opioid
withdrawal syndrome in patients using opioids. And finally, it does not have any abuse
potential and appears to have minimal pharmacological effects apart from those involved in
reducing the rate of drinking. This evidence base suggests acamprosate should be routinely
considered by medical professionals for patients entering alcoholism treatment, taking into
account the patient’s treatment goals and preferences as well as the safety considerations
outlined above.
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Figure 1.
The chemical structure of acamprosate.
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