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1. EXECUTIVE SUMMARY

1.0 INTENDED USE

Calcium acetylhomotaurinate (acamprosate, Campral®)’, a new chemical entity
formulated as a 333 mg (and 500 mg) oral enteric-coated tablet, is indicated for the
maintenance of long-term abstinence from alcohol in patients with alcohol dependence
who have been withdrawn from alcohol and want to maintain their abstinence. Treatment
with acamprosate is intended as part of a comprehensive management program that

includes psychosocial support. Recommended treatment duration is one year.

1.1 MARKETING HISTORY

Acamprosate is a synthetic molecule, originally identified by Laboratoires Meram
(Meram s.a., Paris, France) and subsequently licensed to Lipha s.a. (Lyon, France) for
worldwide development. It was authorized for marketing in France in 1987 (as Aotal®)

and has been commercially available there since 1989, in the 333 mg tablet strength.

Acamprosate tablets have been in clinical use for more than 10 years for the indication of
maintaining abstinence in alcohol-dependent patients, in conjunction with counseling.
Acamprosate tablets are currently approved for marketing in 39 countries and are
commercially available in 24 countries, including the United Kingdom and the majority
of countries in Europe and Scandinavia, Australia, South Africa, and countries in Eastern
Europe and Central and South America. Acamprosate tablets have been under
Investigational New Drug study in the United States since 1997 by Lipha

Pharmaceuticals, Inc., Lipha s.a.’s U.S. subsidiary.

Currently, more than 1 million patients with alcohol dependence have been treated with

acamprosate.

* In this Briefing Document, the following names are synonymous with “acamprosate”: calcium
acetylaminopropane-sulfonate, calcium acetylamino-propane-sulphonate, calcium acetylhomotaurinate,
calcium-N-acetylhomotaurine, Campral®, AOTAL®, AOTA-Ca, Ca-AOTA.
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1.2 MECHANISM OF ACTION AND RELEVANT PRECLINICAL
PHARMACOLOGY

In 4 rat models of alcohol dependence, acamprosate significantly reduced voluntary
alcohol consumption, with an evident dose-response relationship. The compound was
active both after oral and parenteral administration, with a minimum orally active dose in
the rat of 25 mg/kg. The effects of acamprosate on alcohol consumption were
considerably less in alcohol-naive rats than in rats subjected to forced alcoholization,

indicating that acamprosate interfered with mechanisms central to alcohol dependence.

While a possible explanation for the observed reduction in alcohol consumption was that
acamprosate potentiated alcohol toxicity, thereby inducing aversion, such an effect was
not observed. Acamprosate, in fact, reduced the toxicity of ethanol and acetaldehyde,
attenuated the ethanol withdrawal syndrome, and had no major effect on ethanol kinetics,

indicating that acamprosate did not have a disulfiram-like action.

The mechanism of action of acamprosate has not been definitively elucidated, but
appears to be unique. Two potential mechanisms, which are not mutually exclusive, have
been proposed: 1) an interaction with the GABAergic system, although the effects of
acamprosate do not appear to be comparable to either sodium valproate, phenobarbital, or
benzodiazepines; 2) an interaction with glutamate and its receptors, particularly the
NMDA receptor complex. Results of studies suggest that acamprosate interacts with the
NMDA receptor, but appears to exert a modulatory effect rather than being a direct
antagonist at this site. A GABAergic action, even modest, can combine with excitatory
amino acid antagonism resulting in a decrease in the neuronal hyperexcitability that is

described in the post-withdrawal period after chronic alcoholization.

Overall, in pre-clinical studies cited in this NDA, acamprosate exhibited very few
pharmacological effects outside of its primary activity of decreasing voluntary alcohol
consumption. It could not be categorized into any known pharmacological class.
Specifically, acamprosate did not have any muscle relaxant, hypnotic, or anxiolytic
effects, thereby distinguishing it from benzodiazepines and barbiturates. There was no

evidence of antidepressant, neuroleptic, anticonvulsant, or central analgesic effects.
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(Some peripheral analgesic activity was attributed to the calcium moiety of the
molecule). Acamprosate inhibited manifestations of cerebral anoxia induced by
gallamine triiodoethylate and attenuated acetylpyridine-induced trembling and kainic
acid-induced  shaking. In states of intense drug-induced agitation
(amphetamine/chlordiazepoxide combination, morphine, or harmaline), acamprosate
antagonized hyperactivity. At high doses, acamprosate was inhibitory to the serotonergic
system when the latter was stimulated, but was agonistic when the serotonergic system

activity was low.

Potential interactions between acamprosate and drugs likely to be prescribed for, and
during, the maintenance of abstinence from alcohol were investigated for a number of
categories of medications, including, among others:
e anticonvulsants (phenobarbital, sodium valproate, diazepam),
e antidepressants (imipramine [a tricyclic], and fluvoxamine [a serotonin-reuptake
inhibitor]),
e anxiolytics (dipotassium clorazepate, diazepam, meprobamate, Atrium® [mixture
of febarbamate, difebarbamate, and phenobarbital]),
e neuroleptics (haloperidol, sulpiride, tiapride, and chlorpromazine),
¢ hypnotics (butabarbital), and

¢ hepatic metabolism inhibitors (disulfiram).

Acamprosate---administered orally to mice and rats at doses of 100, 200, or 400 mg/kg---

showed no significant interactions with any of the compounds tested.

The effect of acamprosate on liver metabolizing enzymes was determined in vitro using
human hepatic microsomes or hepatocytes. The inhibitory properties of acamprosate
were determined in hepatic microsomes using cytochrome P450 (CYP) specific
substrates for CYP1A2, 2C9, 2C19, 2D6, 2E1, and 3A4. Acamprosate was coincubated
with the substrates at a concentration of 10 and 100 uM. The induction properties of
acamprosate were studied using freshly isolated human hepatocyte cultures.

Acamprosate (10 and 100 uM) was coincubated with specific substrates for CYP1A2 and
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3A4, two CYPs known to be inducible in vivo. Acamprosate produced no inhibition or

induction of any of the enzymes studied.

The dependence potential of acamprosate was evaluated in rhesus monkeys experienced
in intravenous self-administration of cocaine and pentobarbital and in rhesus monkeys
trained to discriminate between d-amphetamine or pentobarbital and saline. In addition,
acamprosate was tested in pigeons trained to discriminate pentobarbital from saline. In
all of these tests, acamprosate lacked both reinforcing properties as well as stimulus

discrimination properties, indicating that the compound had little or no abuse potential.

1.2.1 Preclinical ADME and Toxicology

The pharmacokinetics of acamprosate were investigated in rat, rabbit, and dog following
single oral and intravenous administration and in mouse, rat, and dog following repeated
oral administration. The dosages employed covered both pharmacologically active doses
and the higher doses used in toxicity studies. Acamprosate labelled with *°S was used to
determine the fate of acetylhomotaurine and *’Ca-labelled acamprosate was used to
determine the fate of calcium. '*C-labelled acamprosate was also used in the

pharmacokinetic studies.

These studies indicated that gastrointestinal absorption of acamprosate was about 12-20%
in rat, 35% in dog, and 55% in rabbit. Pharmacokinetics were not affected by repeated
administration in animals. Acamprosate was not metabolized in any of the species
studied. In rat and dog, acamprosate was extensively distributed throughout tissues,
although concentrations within individual tissues were low. High concentrations (over
95% of the total amount) observed in the gastrointestinal tract were attributed to
unabsorbed drug. Low concentrations were detected in the brain of rat. In rat,
acamprosate was shown to cross the placental barrier. Acamprosate was not protein
bound. Following absorption acamprosate was largely excreted via the urine in man and

animals. Small amounts were excreted in the milk of lactating rats.

Single dose toxicity studies in mice, rats, and rabbits demonstrated that acamprosate had

a low order of toxicity by the parenteral route and was virtually non-toxic after oral
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administration. The toxicity exhibited by acamprosate was essentially due to the calcium

component. Derivatives of acamprosate were also practically free of toxicity.

In mouse and rat treated for up to 13 weeks with acamprosate in the diet at doses between
500 and 2000 mg/kg/day, no major signs of toxicity were evident. In both species,
alterations in water intake and electrolyte imbalances were observed at the highest doses.
In dogs treated for 4 weeks and monkeys treated for 7 days, doses of acamprosate up to
100 mg/kg/day produced no treatment-related signs apart from gastrointestinal
disturbances presenting as loose feces. When administered intravenously to dogs at

doses of 25 to 200 mg/kg/day, acamprosate demonstrated no significant toxicity.

The chronic oral toxicity of acamprosate was assessed in rat and dog treated for 26 weeks
with doses up to 2400 mg/kg/day and 1000 mg/kg/day, respectively. The rat study
included a 6-week recovery period. The dose levels used in these studies were
considered to be the maximum tolerated doses for these species. In rats, acamprosate was
well-tolerated at doses of 320 and 960 mg/kg/day with only metabolic imbalances
observed. At 2400 mg/kg/day there was a high incidence of mortality, severe metabolic
imbalances and a variety of soft tissue calcifications, cardiac, gastric and renal lesions. In
dog, there was a dose-related incidence of diarrhea at 500 and 1000 mg/kg/day and a

dose-related increase in urinary calcium in all acamprosate treated groups.

The signs of toxicity observed in both subchronic and chronic studies were attributed to

the calcium component of acamprosate.

The carcinogenic potential of acamprosate was examined in mice and rats following oral
administration in the diet for 91 and 104 weeks, respectively. In mice, acamprosate was
well-tolerated at the highest dose administered (400 mg/kg/day) with no evidence of any
carcinogenic effect. In the rat, treatment of males with the high dose (400 mg/kg/day)
resulted in a slight reduction in body weight gain and a slightly higher white cell count.
There was an increased incidence of some common rat endocrine tumors (pancreatic islet
cell adenoma, thyroid C-cell adenoma, and pheochromocytoma) at the high dose, in
slight excess of historic controls for the pancreatic and thyroid adenomas only. It is

considered that---because acamprosate is a calcium salt---the increased incidence of
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adrenal pheochromocytomas, thyroid C-cell tumors, and renal pelvic mineralization may
be associated with changes in calcium absorption or metabolism. There is an indication
that hypercalcemia may result in cellular proliferation in the adrenal and thyroid glands.
This would suggest that these tumors were induced as a result of physiological or
pharmacological effects of acamprosate rather than a direct carcinogenic effect. There

was no evidence of an increased incidence of other tumor types.

Acamprosate did not present any mutagenic or clastogenic activity in any of the test
systems studies, including the Ames test, gene mutation, chromosomal aberrations, or

micronucleus test.

No effects on fertility were observed in mice. The administration of acamprosate to rats
at doses up to 1000 mg/kg/day elicited no apparent effect on mating performance,
pregnancy rate, litter size, or the incidence of fetal malformations. There was no obvious
effect on survival of the F1 generation to maturity, reproductive capacity, or ability to

rear offspring to weaning.

Acamprosate exhibited no teratogenic effects in rats (2000 mg/kg/day) and rabbits
(1600 mg/kg/day) when administered during the period of organogenesis. In addition,

acamprosate had no effect on peri- or post-natal development in rats and rabbits.

In vivo, acamprosate produced no signs of neurotoxicity in the posterior
cingulated/retrosplenial cortex of rats treated with a single oral dose of 2000 mg/kg. In
addition, an in vitro study demonstrated that acamprosate was neuroprotective against
glutamate-induced neurotoxicity in cultures of fetal neocortical neurons exposed to

ethanol.

1.3 RELEVANT CLINICAL PHARMACOLOGY AND
PHARMCOKINETICS

Acamprosate is absorbed orally at a slow rate and with variable bioavailability. After
single dose administration of two 333 mg tablets, peak concentrations are reached
4.5 hours after dosing with the current formulation. After repeated administration 3 times

daily, absorption is rate-limited and only 2 peak concentrations are observed. After oral
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administration of two 333 mg acamprosate tablets 3 times daily (t.i.d.) for 8 days, the
geometric mean Cp,x was 353 ng/mL and the area under the curve over 24 hours was
5904 ng.h/mL. After administration of a single dose of two 333 mg tablets, food
decreased C,x and AUC by 42 and 23%, respectively.

After oral administration of two 333 mg acamprosate tablets t.i.d. for 18 days, the
apparent volume of distribution (V/F) and the apparent clearance (CL/F) were 11,420 L
and 288 L/h respectively, resulting in a terminal half-life at steady-state of 33 hours. The
variability between subjects is large, ranging from 53% on clearance to 108% on volume

of central compartment.

Upon multiple dosing with acamprosate tablets, 666 mg t.i.d. for 8 days, steady-state is
reached after 5 days of treatment. Compared to a single 666 mg dose in the same

subjects, the apparent clearance (CL/F) increases upon multiple dosing by 41%.

Of the administered dose of oral acamprosate, a large proportion is eliminated unchanged
in the feces, probably representing unabsorbed drug. The majority of absorbed drug is
eliminated unchanged in the urine (11% of the dose). Acamprosate is not metabolized.

Plasma protein binding of acamprosate is negligible.
The pharmacokinetics of acamprosate are not influenced by gender.

The renal clearance of acamprosate ranged from approximately 10 to 20 L/h, indicating
tubular secretion. In subjects with varying degrees of renal impairment, clearance of

acamprosate decreases proportionally to creatinine clearance.

In 2 studies of patients classified according to the Childs-Pugh classification as having
mild or moderate hepatic impairment (either on the basis of chronic alcoholism or other
etiologies), there was no difference in pharmacokinetics of acamprosate compared to

healthy subjects (Haug, Miguet).

Multiple-dose interaction studies have been performed in healthy volunteers which
showed that concomitant acamprosate had no effect on the pharmacokinetics of ethanol,

diazepam or its metabolite nordiazepam, imipramine or its metabolite desipramine, or
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naltrexone and its metabolite 6-f-naltrexol. The pharmacokinetics of acamprosate were
not influenced by the concomitant administration of alcohol, disulfiram, or diazepam.
There was increased bioavailability of acamprosate when naltrexone was concomitantly
administered, the clinical significance of which is currently unknown. All co-
administrations were well tolerated. Multiple dose co-administration of disulfiram had
no effect on the overall safety profile of acamprosate (adverse event reports, vital signs,
ECGs, or clinical laboratory evaluations) either in the normal healthy volunteer study
(Dewland V) or in a controlled clinical trial (Besson) where patients were stratified for

voluntary coadministration of disulfiram.

In placebo-controlled clinical pharmacology studies comparing acamprosate and
diazepam effects in healthy volunteers, there were no systematic differences between
acamprosate and placebo in EEG tracings, whereas diazepam produced significantly
different effects from both acamprosate and placebo. With acamprosate, inhibitory and
sedative effects were either absent or far less pronounced than with diazepam. Cognitive
function, as assessed by calculation tests, was clearly impaired with diazepam, but only
slightly with acamprosate and placebo. Diazepam was associated with significantly more
adverse events (dizziness, giddiness, tiredness, balance disturbances) than acamprosate or
placebo. Acamprosate had a significantly higher incidence of headache than did

diazepam or placebo.

Studies comparing the effects of single doses of acamprosate (666 mg) and diazepam
(10 mg) vs placebo, with and without co-administered alcohol, on performance relevant
to driving in normal, healthy volunteers showed there was a significant decrease in
perceptive and reactive performance with diazepam, compared to no adverse effects of
either acamprosate or placebo on performances relevant to driving. The co-
administration of alcohol with acamprosate did not modify or increase the reductions in
performance caused by alcohol alone. In contrast, diazepam plus alcohol resulted in
more marked performance deterioration than with alcohol alone. It was concluded that
reduction in the ability to drive as occurs with alcohol ingestion would not be further

affected by acamprosate administration.
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Two completed studies have compared the effects of multiple doses of acamprosate or
naltrexone versus placebo on various cognitive activities in normal healthy volunteers.
One of these, in a 3-period crossover design with drugs given over 9 days, compared
effects of acamprosate (666 mg t.i.d.) or naltrexone (50 mg/day) versus placebo on
various psychomotor skills before or after coadministration of ethanol. Neither
acamprosate nor naltrexone alone significantly modified the pharmacodynamic
parameters (electrophysiological, bodysway, and subjective self-rating scales)
investigated in the trial. For the driving simulator, both active drugs significantly
decreased driving speed. Following alcohol intake, testing of these same variables
largely showed the effects of alcohol. It was concluded that there were no significantly
different interactions between either acamprosate and alcohol or naltrexone and alcohol.
The effects measured were often confounded with the effects of alcohol given alone, but
when effects of the 2 active treatments were different from placebo, they tended to be
characterized by changes in a direction opposite to those induced by alcohol alone. Both
drugs were well tolerated, even with concomitant alcohol intake. However, acamprosate
seemed to be better tolerated than naltrexone, as reflected by fewer spontaneous adverse

event reports.

A 3-way crossover pharmacokinetic/pharmacodynamic interaction study in normal,
healthy volunteers confined to a Clinical Research Unit, compared multiple doses
(7 days) of acamprosate (1000 mg b.i.d.) and naltrexone (50 mg/day), alone and in
combination, on various standardized assessments of cognitive function. Despite a
pharmacokinetic interaction (increase in the rate and extent of absorption of acamprosate
with naltrexone coadministration), there were no performance deficits associated with the
combined treatment condition relative to naltrexone alone or acamprosate alone on any
cognitive assessments. In fact, negative or positive changes in performance from
baseline associated with administration of either drug alone were consistently normalized

back to baseline levels with co-administration.
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14 ALCOHOLISM AND CURRENT THERAPY

Alcoholism is more than a physical disease. It is an addictive behavior with complex
biological, psychological, and social dimensions. The multidimensional nature of the
disease is reflected in the array of treatment approaches, which include individual and
group psychotherapy, behavioral and cognitive therapy, drug therapy, self-help groups,
half-way houses, family therapy, expressive therapy, relaxation techniques, and even
social skills training. Treatment providers include self-help and 12-step sponsors and
group leaders, social and mental health workers, psychologists and addiction specialists,

psychiatric nurses, psychiatrists, internists and general practitioners, and others.

In general, current management of alcohol dependence begins with alcohol withdrawal,
either by means of a brief period of weaning (detoxification), during which the patient is
given medication to more safely and comfortably withdraw from alcohol either as an
outpatient or inpatient (the common approach in Europe even in the absence of
physiological evidence of alcohol withdrawal symptoms) or by means of intensive group
or individual counseling. However, few professionals consider treatment during this
period alone to be sufficient overall management. The more difficult task is to help the
patient be motivated and maintain long-term abstinence following the acute alcohol

withdrawal period.

The current New Drug Application refers to this post-withdrawal period. The duration of
active medical and psychological support during this time depends on the treatment
program, but periods of 3 to 12 months or more are usual, with long term less intensive

follow-up over many years.

Until recently, the long-term management of alcohol dependence had been limited almost
entirely to various types of counseling. Only psychological and psychosocial approaches
had been shown to be moderately successful, with rates of remission estimated by some
to be similar to those achieved in treatment of other chronic medical conditions."
However, the wide-spread nature of alcohol dependence (in the United States, it is

estimated that there are more than 8.1 million alcohol-dependent individuals) and its cost,
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complexity, familial and societal impacts, and long-term aspects makes the search for

additional, supplemental therapeutic options imperative.

Currently, there are only 2 pharmaceutical agents available in the United States FDA-
approved for treatment of alcohol dependence: the aversive agent disulfiram and the

opioid antagonist naltrexone.

Acamprosate represents another possible and promising pharmacotherapeutic adjunct to
the overall management of the alcohol-dependent patient after withdrawal from alcohol.
Its development has paralleled the ever-increasing understanding of the neurobiology of
alcohol dependence. Alcohol withdrawal in alcohol dependent individuals results in
well-described disturbances of neurotransmitters in the central nervous system.
Acamprosate was developed as a new psychotropic drug to influence this
neurotransmitter imbalance, with the specific indication of maintaining long-term
abstinence in the treatment-seeking alcohol-dependent patient, after withdrawal or
weaning from alcohol. Studies presented in this NDA support its effectiveness and safety
when used in conjunction with psychosocial supportive treatment. Acamprosate is not

intended for the treatment of alcohol withdrawal or alcohol abuse.

1.5 ANALYSIS OF EFFICACY OF ACAMPROSATE

1.5.1 Evidence of Efficacy from Controlled Clinical Trials

e Across 3 pivotal efficacy studies in alcohol-dependent outpatients, conducted in
Belgium (Pelc 1), Germany (PRAMA), and France (Paille), a total of 623 patients on
acamprosate and 375 patients on placebo were evaluated with regard to the
effectiveness of acamprosate in maintaining abstinence following withdrawal from
alcohol. All patients had completed alcohol-withdrawal treatment and were abstinent
prior to beginning study medication. Two dose levels of acamprosate were examined
in 2 of the studies (1332 mg/day and 1998 mg/day, both with t.i.d. divided dosing)
and in the 3" study, acamprosate was dosed on the basis of body weight, but most
patients received 1998 mg/day. Treatment periods were 1 year in 2 of the studies and

3 months in the remaining study. Analyses of primary efficacy parameters reflective
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of abstinence in these studies demonstrated that patients treated with acamprosate
realized improvements in their disease that were statistically significant and clinically
meaningful. Patients treated with acamprosate in these studies abstained from their
first drink 2 to 3 times longer, had a complete abstinence rate (i.e., not a single drink)
2 to 3 times greater, and were abstinent 20% to 38% more days while on study than
patients treated with placebo. For these primary efficacy parameters, there was also
evidence of dose-relatedness of response in the 2 studies which generated these data,
with patients in the 1998 mg/day group showing a stronger treatment effect than the
1332 mg/day group.

Additional analyses of secondary parameters in these 3 studies, predominantly related
to quantitative assessment of drinking behavior and global outcome, were consistent
with these findings. These benefits were consistent across subgroups of patients
defined by demographic characteristics, aspects of the history of alcohol use, and

categories of concomitant medications frequently used in alcohol-dependent patients.

In the two pivotal 1-year studies (PRAMA and Paille), both of which had follow-up
periods, it was apparent that the benefits of treatment with acamprosate were
maintained while patients continued to be followed, off treatment (but still under
double-blind conditions relative to the completed treatment phase), for an additional
year (PRAMA) or while on placebo-only for a 6-month follow-up period (Paille).
During the follow-up period, abstinence rates in groups previously assigned to

acamprosate and placebo gradually decreased, but the difference was still apparent.

The effectiveness of acamprosate demonstrated in the 3 pivotal efficacy studies was
also evaluated relative to the findings in 9 European supportive efficacy studies of
similar design conducted in Austria, Belgium, Italy, Luxemburg, the Netherlands,
Portugal, Spain, Switzerland, and the United Kingdom. These studies involved
2628 alcohol-dependent patients, 1302 on acamprosate and 1326 on placebo. In 8 of
the 9 studies, patients underwent alcohol withdrawal therapy and were to be abstinent
for at least 5 days prior to starting study medication. In the remaining trial, study

medication was to be started concurrently with withdrawal therapy (ADISA).
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In 5 of the 6 Short-Term (6-month) and all 3 Long-Term (1-year) supportive studies,
acamprosate was also associated with more days of abstinence (and a higher
percentage of abstinent time while on study), a longer period of time to the first drink,
and a higher rate of complete abstinence. The single study (UKMAS) which failed to
show a significant difference between the acamprosate and placebo groups was
noteworthy for its high rate of relapse to drinking (30%) prior to initiation of study
medication and the long latent period (almost one month) between the end of

withdrawal therapy and initiation of study medication.

A U.S. Phase III placebo-controlled study in alcohol-dependent patients (US 96.17)
used a 500 mg tablet strength of acamprosate, with dosing at 1000 mg b.i.d. (with an
exploratory dose group of 1500 mg b.i.d.). US 96.1 did not require alcohol
withdrawal or medicated detoxification prior to study entry and had a high rate of
non-abstinence at baseline (50%), in contrast to the European studies. The planned
primary analysis showed no significant difference between acamprosate and placebo

in the ITT population.

However, since the patients in the US study had not begun their study treatment in an
abstinent condition or with necessarily a significant level of commitment to treatment
(as had patients in the European studies), effectiveness of acamprosate was examined
more closely in a subset of patients in the US study who were clearly more motivated
to achieve or maintain abstinence, in that they had identified, at Baseline, total
abstinence as their treatment goal. This group constituted about 40% of the total US
96.1 study population. Results of efficacy analyses among these patients in the US
study who had a treatment goal of abstinence (Motivated ITT population) showed that
treatment with acamprosate had a beneficial effect on cumulative abstinence duration
(i.e., the summation of all abstinent periods while on study) and drinking behavior.
Even more promising results were seen in the subset of these motivated patients who
had a greater commitment to their own treatment as demonstrated by their adherence
with the study requirements and treatment regimen (Motivated EFF population).
Among patients in the Motivated ITT and Motivated EFF populations treated with

acamprosate, the relative percentage of abstinent days while on study was 22% and
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28% higher, respectively, than that for patients treated with placebo. In the Motivated
EFF population, the rate of “good” response (abstinent at least 90% of time on study)
was 33% higher for patients treated with acamprosate compared to those on placebo.
Results in the subset of Motivated patients from the US study thus support the overall

findings of effectiveness in the European studies.

1.5.2 Evidence of Generalizability of Acamprosate Effect across
Studies and Populations

Two meta-analyses were performed in response to the FDA’s interest in: 1) how
acamprosate efficacy may extend across study populations and methodologies;
2) identifying a population of alcohol dependent patients who may derive the greatest
benefit from acamprosate; and 3) confirming the generalizability of these findings for US

and non-US populations.

e The first meta-analysis examined the overall relative benefit of acamprosate on
abstinence from alcohol across 16 randomized, double-blind, placebo-controlled
clinical trials, most of which had a duration of 6 to 12 months. The data-set included
the 13 trials mentioned above and 3 additional trials for which similar parameters
were available. Overall, there were nearly 4500 alcohol-dependent outpatients.
Acamprosate was most commonly administered at a daily dose of 1998 mg, given in
3 divided doses. The purpose of the meta-analysis was to reconcile differences in
study populations and methods. No statistical modeling was used in the outcome
analyses of any of the studies included in this meta-analysis. The main outcome
parameter was the continuous abstinence rate at 6 months. Secondary endpoints
included continuous abstinence rates at 3 and 12 months, point prevalence of
abstinence at 6 and 12 months (common study end-points) and the percentage of
abstinent time on study (corrected Cumulative Abstinence Duration or CCAD) at 3, 6
and 12 months. The conclusions were:

— The relative benefit of acamprosate compared with placebo in increasing the
continuous abstinence rate compared with placebo was seen at 6 months (145%

relative benefit), as well as at 3 months (131%) and 12 months (195%).
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— Acamprosate also significantly increased the prevalence of abstinence at months 6
and 12 (point prevalence of abstinence) compared with placebo, with a relative
benefit at 6 months of 137% and at 12 months of 162%.

— The percentage of abstinent time on study (CCAD) was significantly increased by
acamprosate compared with placebo. At 3, 6, and 12 months the increases in the
acamprosate group were approximately 10%, 10%, and 13%, respectively.

— The results of this meta-analysis support a sustained long-term benefit of

acamprosate across populations.

The second meta-analysis sought to assess similar patient characteristics across these
same studies, through utilization of individual data from the 4457 study participants,
and the relationship of these characteristics with treatment outcome. The objective
was to create a statistical model predictive of response to treatment, irrespective of a
patient’s national origin.
Box plots and bar charts for 7 variables (age, gender, Body Mass Index, alcohol
dependence severity at Baseline, whether or not the patient lived with a partner and
children, medication compliance during the first week on study, and drinking behavior
during the first 2 days on study) showed that patient samples were generally

comparable and overlapping across studies.

Correlation coefficients of these variables with a more precise definition of CCAD,
termed “CAD-meta”, tended also to be of similar magnitude and directionality across
studies, as well as between European and US populations. Furthermore, examination
of CAD-meta in the European and US populations as a function of various subgroups
of each variable, showed similar influences of the main predictors on outcome across
these 2 populations, with similar directionality. These results attested to the

comparability of the populations, irrespective of national origin.

A model utilizing these key variables was developed and tested on the entire dataset,
using CAD-meta, and was shown to fit all studies. This universal model is consistent
with factors thought to be clinically relevant in terms of their influence on alcoholism

treatment outcome and includes 5 predictors: drinking behavior (abstinent/non-
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abstinent) at the onset of treatment; initial medication compliance during the first week
of treatment; baseline alcohol dependence severity; the existence of family support

(i.e., living with a partner and child); and the treatment itself. The conclusions were:

— Acamprosate was less effective in patients who were non-abstinent at the onset of
treatment.

— An adjusted relative benefit of acamprosate on CAD-meta of 7.56% was
estimated compared with placebo using the universal model. When treatment
exposure was included in the model, this estimated benefit increased to 11.71%,
lending further support to the positive effects of acamprosate when taken as
prescribed over the entire study period.

— There was no significant interaction between treatment and whether the study was
US or European, thus supporting the generalizability of the model for predicting
treatment outcome across populations and national boundaries.

— The model also has clinical relevance and may be useful in the general
management of alcohol-dependent patients and in optimizing the therapeutic

response to acamprosate.

1.6 ANALYSIS OF SAFETY OF ACAMPROSATE

1.6.1 Relevant Safety Information from Clinical Trials

A total of 4243 alcohol-dependent patients were randomized in double-blind, placebo-
controlled studies (so-called Group I studies): 2565 patients in the short-term studies
(601 patients in the US 96.1 study and 1964 patients in the European Short-Term studies)
and 1678 patients in the Long-Term studies. Collectively, there were 2272 patients in
this group who were randomized to acamprosate. Additional safety information has been
reviewed, based on 797 subjects/patients (494 subjects received acamprosate) treated in
clinical pharmacology studies (so-called Group II studies), 923 patients in early clinical
experience studies (so-called Group III studies, with 482 patients having received

acamprosate), and 3665 patients treated with acamprosate in post-marketing studies
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(so-called Group IV studies). In total, almost 7000 patients (6913) have been exposed to

acamprosate in clinical trials.

A total of 49 deaths were reported in all these study groupings combined (16 of whom
were on [or had been on] placebo). The most frequently reported causes of death were
suicide and accidents, which is not unexpected for a study population of alcohol-
dependent patients. No relevant differences were seen between treatment groups

regarding the reported causes of death.

Overall®, a similar percentage of patients experienced a treatment-emergent serious
adverse event (SAE) in the acamprosate group (range 3% to 6%°), compared to the
placebo group (range 2% to 4%). The most frequent SAEs were accidental injury,
depression, and overdose (only 1 of the 7 overdoses was with acamprosate). There were
no clinically relevant differences among treatment groups in the percentage of patients

who experienced treatment-emergent SAEs in any of the study groupings.

Withdrawals from clinical trials due to an adverse event (AE) were slightly higher in the
acamprosate group (range 8% to 12%), than in the placebo group (range 7% to 9%). The
most frequently reported AE leading to withdrawal was diarrhea, responsible for
withdrawal by from 1% to 3% of patients in the acamprosate group, and <1% in the
placebo group. There were no clinically relevant differences among treatment groups in
the percentage of patients who experienced any other individual AE leading to
withdrawal in any of the study groupings. Most events leading to withdrawal were

experienced by a small number of patients in a particular treatment group.

There were no important treatment group differences observed regarding the overall
incidence of spontaneously reported treatment-emergent adverse events (TEAEs) in any

study grouping.

® In the discussion of adverse event incidence, only information from the Group I studies is presented, with
the primary comparison being the acamprosate group at the recommended daily dose
(1998/2000 mg/day) and placebo groups, unless otherwise specified.

¢ Wherever ranges are given, they are derived from results of the various study groupings used in the ISS
analysis .
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In each study grouping the only body system with a statistically significantly higher
incidence of adverse events in the acamprosate group was the Digestive System, because
of an increase in the incidence of diarrhea. The difference in the incidence of diarrhea
between the acamprosate groups and the placebo group, ranged from an excess of 6%
(Paille, PRAMA) to 17% (US 96.1) in the acamprosate-treated patients. The difference
between the acamprosate and placebo groups for most of the European studies was an
excess of 8% of cases in the acamprosate group. Diarrhea was generally mild to
moderate in severity and tended to disappear with continued use of acamprosate. The
other Digestive System symptom which occurred significantly more often in the
acamprosate groups was flatulence, with an excess incidence in the acamprosate groups

of 3% to 5%, compared to the placebo group.

Based on information from the Group III early clinical experience studies it was
considered that, in addition to diarrhea, acamprosate was associated with an increased
incidence of pruritus and other dermatologic conditions, as well as changes in libido.
However, based on the current review and integrated analyses of Group I controlled-trial
data, only diarrhea and flatulence occur with a significantly greater incidence in

acamprosate-treated patients, across the study groupings.

Specifically, for dermatologic adverse events:
— Pruritus occurred with equal incidence across acamprosate and placebo groups:
— pooled Short-Term studies: 4% in acamprosate and 4% in placebo groups;
— pooled Long-Term studies: 3% in acamprosate and 3% in placebo groups.
— Rashes occurred with equal incidence across acamprosate and placebo groups:
— pooled Short-Term studies: 3% in acamprosate and 3% in placebo groups;
— pooled Long-Term studies: 2% in acamprosate and 2% in placebo groups.

— Maculopapular rash occurred with equal incidence across acamprosate and

placebo groups:
— pooled Short-Term studies: 1% in acamprosate and <1% in placebo groups;

— pooled Long-Term studies: <1% in acamprosate and 0% in placebo groups.
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Vesiculobullous rash occurred with equal incidence across acamprosate and

placebo groups:

— pooled Short-Term studies: <1% in acamprosate and <1% in placebo groups;
— pooled Long-Term studies: 0% in acamprosate and 0% in placebo groups);
Skin disorder occurred with equal incidence across acamprosate and placebo
groups:

— pooled Short-Term studies: <1% in acamprosate and <1% in placebo groups;
— pooled Long-Term studies: 0% in acamprosate and 0% in placebo groups).

Photosensitivity reaction® occurred with equal incidence across acamprosate and

placebo groups:
— pooled Short-Term studies: 0% in acamprosate and <1% in placebo groups;

— pooled Long-Term studies: <1% in acamprosate and 0% in placebo groups).

Thus, it can be concluded, based on this analysis, that there is no increased incidence of

dermatologic events in acamprosate-treated patients, compared to placebo.

With regard to libido and sexual function, again, there were no significant treatment

group differences upon review of the integrated data.

Decreased libido occurred with equal incidence across acamprosate and placebo
groups:

— pooled short-term studies: 2% in acamprosate and 2% in placebo groups;

— pooled long-term studies: <1% in acamprosate and <1% in placebo groups;

Increased libido occurred with equal incidence across acamprosate and placebo

groups:

— pooled short-term studies: <1% in acamprosate and 0% in placebo groups;

— pooled long-term studies: 0% in acamprosate and 0% in placebo groups.
Impotence occurred with equal incidence across acamprosate and placebo groups:
— pooled short-term studies: 1% in acamprosate and <1% in placebo groups;

— pooled long-term studies: 1% in acamprosate and <1% in placebo groups.

4 “Photosensitivity reaction” is coded to COSTART Body as a Whole body system.
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— Sexual function abnormality occurred with equal incidence across acamprosate

and placebo groups:
— pooled short-term studies: <1% in acamprosate and 0% in placebo groups;

— pooled long-term studies: <1% in acamprosate and 0% in placebo groups.

Based on these data, it can be concluded that there are no differences between
acamprosate and placebo treatment groups in effects on libido, potency, or sexual

function.

Analysis of laboratory data for the Group I controlled studies showed that Baseline mean
values for liver enzymes (GGT, AST, ALT) and red blood cell mean corpuscular volume
(MCV) were typically above the normal range, consistent with currently drinking,
alcohol-dependent subjects with some element of hepatic dysfunction. A substantial
improvement was observed in all these parameters during treatment with a slightly more
favorable response seen for GGT in the acamprosate groups compared to the placebo
group. There were no meaningful treatment group differences detected for any other

laboratory test.

Vital signs data collected in these studies, and available ECG data from Group I studies
(US 96.1, UKMAS) and the majority of clinical pharmacology studies revealed no

treatment group differences.

1.6.2 Post-Marketing Safety Information

As noted in the acamprosate New Drug Application, based on worldwide sales of
acamprosate tablets, it is estimated that more than 1 million patients with alcohol
dependence have been treated with acamprosate. Results of the regular post-marketing
monitoring and safety update reports are presented in the NDA. Throughout the
reporting periods for which Lipha s.a. has had responsibility, there has been no
requirement to add substantive safety information to the approved Summary of Product
Characteristics (SmPC), either because of new events or increased frequency of already-

listed events.
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1.7

1.7.1

RISK-BENEFIT SUMMATION

Summary of Benefits

Acamprosate has a unique central action which, in preclinical studies, seems
restricted to reduction in voluntary drinking of alcohol, particularly in chronically
alcoholized animal models. Acamprosate is practically devoid of other central
pharmacologic effects and does not interact with other CNS-active compounds
generally used therapeutically in alcohol dependence. Acamprosate’s mechanism
of action differs from other approved drugs for chronic alcoholism: it is not an
alcohol-aversive agent such as disulfiram and it is not an opioid-antagonist such
as naltrexone.

There is no preclinical or existent clinical evidence that acamprosate would be
associated with abuse or dependence.

Acamprosate is not metabolized and has negligible protein-binding. In studies
with human hepatocytes, acamprosate does not induce or inhibit cytochrome
enzymes. Thus, interactions with other drugs which are protein-bound or
dependent on cytochrome enzymes for metabolism should not be anticipated.
Acamprosate has demonstrated efficacy across multiple controlled clinical studies
in various countries of alcohol-dependent patients who have been withdrawn from
alcohol. Acamprosate treatment was associated with a higher rate of complete
abstinence, a greater percentage of abstinent days while under study, and a longer
time to first drink when compared to placebo. Acamprosate also reduced the
quantity and frequency of alcohol consumption, even if abstinence was not
maintained. These effects were seen and sustained in clinical trials lasting as long
as 1 year. Acamprosate appears to be most effective in patients with moderately
severe alcohol dependence, who are motivated to maintain abstinence (as
manifest by abstinence at treatment onset and compliance with treatment) and
who have a supportive family structure.

Acamprosate pharmacokinetics were studied in patients with mild or moderate

hepatic insufficiency. They did not differ significantly from kinetics in normal
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control subjects. Thus, acamprosate can be used safely in patients with hepatic
dysfunction, who are also frequently alcohol-dependent.

Acamprosate pharmacokinetics do not differ in alcohol-dependent subjects and
normal control subjects.

Acamprosate can be safely combined with alcohol and a variety of medications
used in the treatment of alcohol-dependent patients. There is no evidence of
effect on acamprosate pharmacokinetics of co-administered ethanol, diazepam,
imipramine, or disulfiram. Naltrexone co-administration results in increased
absorption of acamprosate, which is of unknown clinical significance, but may be
therapeuti