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Efficacy and Safety of Baclofen for Alcohol Dependence:
A Randomized, Double-Blind, Placebo-Controlled Trial

James C. Garbutt, Alexei B. Kampov-Polevoy, Robert Gallop, Linda Kalka-Juht, and
Barbara A. Flannery

Background: Recent clinical trials and cuse-reports indicate thal baclofen, a GABAy agonist,
may have efficacy for alcohol dependence. Baclofen has been shown to enhance abstinence. Lo
reduce drinking quanlity, lo reduce craving, and Lo reduce anxiety in aicohol-dependent individu-
als in 2 placcbo-controlled trials in Ttaly, However, the clinical trial data with baclofen is limited.
The purpose of the present study was to test the efficacy and lolerability of baclofen in alcohol
dependence in the United States.

Methods: The study was o double-blind, placcbo-controlled, randomized study comparing
30 mg/d of baclofen lo placebo over 12 weeks ol trealment and ulilizing 8 sessions o BRENDA,
a low-intensily psychosocial intervention. One hundred and fweniy-one subjects were screened lo
yield 80 randomized subjects (44 men) with randomization balanced for gender. Percent heavy
drinking days was the primary outcome measure with other drinking outcomes, anxiety levels,
and craving as secondary outcomes. Tolerabilily was examined.

Results: Scventy-six percent of subjects completed the study. No difference by drug condition
was seen in percenlage of heavy drinking days where on-average rates were 25.5% (+23.6%) for
placebo and 25.9% (1:23.2%) for baclofen during treatment (f7; = 0.59, p — €.56). Similarly. no
differences were seen by drug condition in percentage of days ubstinent, lime to first drink, or
time to relupse to heavy drinking. Baclofen wus associated with a significant reduction in stale
anxicty {Fy73 = 5.39, p = 0.02). Baclofen was well tolerated with only 2 individuals stopping
baclofen because of adverse events. There were no serious adverse events.

Conclusions: Baclofen, a GABAy agomis, represents a possible new pharmacotherapeutic
approach to aleohol dependence. Despite encouraging preclinical data and prior positive clinical
trials with baclofen in Ttaly, the current trial did not find evidence that baclofen is superior 1o pla-
cebo in the treatment of alcolol dependence. Additional clinical {rial work is necessary to csiab-
lish whether baclofen does or docs not have therapeutic efficacy in aleohol dependence and, if it
cloes, what factors are predictive of response.
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HE GABAg RECEPTOR agonist, baclolen, has been
used for decades as an anti-spasticity medication to treat
a number of neurologic disorders, Recently, alcohol and other
drug rescarchers have examined baclofen in relation to vari-
ous components of alcohol and drug self~administration and
withdrawal at the preclinical (¢.g., Colombo et al., 2002; File
et al., 1991; Kuapp cf al,, 2007; Walker and Koob, 2007} and
clinical level (Addolorale et ak, 2000, 2002, 2007, Flannery
et al., 2004). In aggregate, the animal and human findings
suggest that baclofen may have value for the treatment of
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atcohol dependence bul highlight the need for additional ¢lini-
cal trials.

Preclinical studies have reported that baclolen can reduce
fevels of alcoho! consumption in rats trained to prefer alcohol
(Daocust et al., 1987) or in rats that have been made physically
dependent on alcohol using a vapor chamber (Walker and
Koob, 2007). Baclofen has been found lo suppress the
motivation to consume alcohol as measured using an extine-
tion model (Colombo et al., 2002) to suppress the alechol-
deprivation cffect on drinking (Colombeo et al., 2003) and to
altenuate cue-induced reinstatement ol alcohol seeking behav-
jor (Maccioni el al., 2005). Two groups, File and colleagues
(1991) and Knapp and colleagucs (2007), have lound that
haclofen counteracts the anxiogenic properties of alcohol con-
samption—a consequence of alcohol that has been suggested
as a possible factor driving consumption (Knapp ct al., 2007),

The encouraging preclinical findings with baclofen have led
o several clinical trials of baclolen in alcohol dependence.
Krupitsky and colleagues (1993) were the first Lo report
that baclofen may have value for patients with alcohol
dependence. They studied 90 individuals with alcohol depen-
dence who had been alcohol free for at least 3 weeks and who
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exhibited depression and/or anxiety symptoms. Baclolen
(37.5 mg/d) was compared to placebo, diazepam or amilri-
ptyline. Individuals who received baclofen showed improve-
ment in mood and anxicty comparable to diazepam or
amilriplyline and superior to placebo. Drinking outcomcs
were nol reported and the trial was not blind. Addolorato
and colleagues (2002) reported the first double-blind trial of
30 mg/d of baclofen compared to placebo. They found that
baclofen: was superior to placebo in increasing rates of com-
plete abstinence (70 vs. 21 %, respectively), and reducing daily
drinking levels, anxiety and craving for alcohol in 39 men
with alcohol dependence studied over 30 days. Flannery and
colleagues (2004) conducted an open label trial of 30 mg/d of
baclofer in 12 alcohol-dependent participants (9 men/3
women) over 12 weeks. Results suggested that baclofen was
reasonably tolerated and possibly of value in reducing drink-
ing, craving, and anxiety in alcohoi-dependent individuals—
however, the trial was not placebo-controfled. Finally, in a
double-blind, randomized, placebo-controlled trial, Addo-
lorato and colleagues (2007) reported that baclofen, 30 mp/d,
was significantly better than placebo in increasing total absti-
nence {71 vs. 29%, respeetively), decrcasing drinking days
and reducing eraving in 84 individuals (61 men) with alcohol
dependence and cirrhosis studied over 12 weelks.

Prcliminary work in a small number of patients suggests
that baclofen may reduce acute alcohol withdrawal symploms
(Addolorato et al., 2003, 2006)—a property that established
pharmacotherapics for alcohol dependence, ie. naltrexone
and acamprosate, has not been demonstrated.

Overall, the clinical trials indicate that baclofen shows
promise as a pharmacotherapy for alcohol dependence.
Futrthermore, the effects of baclofen on reducing anxicty and
possibly alcohol withdrawal symptoms raise the possibility
that baclofen could be particularly useful for patients with
these symptoms.

The current study was designed to further explore the effi-
cacy and tolerability of baclofen in alcohol dependence using
a placebo-controlled, randomized trial. The 3 primary hypo-
{heses were that (i) baclofen-treated individuals would show
a significantly greater reduction in heavy drinking days
compared to those receiving placebo; (i) the tolerability of
baclofen would be acceplable; and (iii) the baclofen group
comparcd 1o the placebo group would show significantly
greater reductions in sclf-reported craving and anxiety.

MATERIALS AND METHODS

Subjects

Men (N = 44) and women (N = 36) between the ages of 18 and
60 were recruited through newspaper and radio advertisements. The
inclusion eriteria included: meeting DSM-IV criteria for current
alcoliol dependence; at least 2 heavy drinking days per week (heavy
drinking defined for men as =5 standard deinks per day and for
women as 24 standard drinks per day) on average during the 4 weeks
prior to screening: ability to understand and sign written informed
consent; ability to refrain from alcohol for 3 days prior to the
randomization visit. Exclusion criteria included: clinically significant
medical disease that might interfere with the evaluation of the study
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medication or presence of a salely concern (e.g., cirrhosis, kidney
impairnient. unstable hypertension, diabetes mellitus, seizure dis-
order); clinicatly significant psychiatric illness including any psychotic
disorder, bipolar disorder, or severe depression; suicidal ideation:
concurrent use of any psychotropic medication including antidepres-
sants mood stabilizers, antipsychotics, anxiolytics, stimulants, or
hypnotics with the exception that stable doses of antidepressants lor
2 months prior to screening was permitted (6 men and 17 women
were on antidepressants); concurrent use of anticonvudsants, insulin,
or oral hypoglycemics: aspartate aminotransferase (AST), alanine
transaminase (ALT), or mamma-glutamyl transferase (GGT) level
>3 times the upper limit of normal (ULN), bilivubin > ULN, or
serum creatinine > ULN, Additional exclusionary criteria included:
positive urine toxicology sereen with the exception of cannabis. [ndi-
viduals with positive cannabis screens were excluded only if they had
a history of cannabis dependence. Pregnant women and women of
childbearing potential who did not practice & medically acceptable
form of birth control (oral or depol contraceptive, or barrier methods
such as diaphragm or condom with spermicidal) were excluded as
were individuals requiring inpatient treatment or more intense
outpatient treatment for their alcohol dependence.

Recruitment, Telephone Screen, and Full Eligibility Sereening

Potential participants were recruited {rom the Raleigh, Durham,
and Chapel Hill area via radio and newspaper advertisements. A pre-
fiminary lelephone sereening was conducted by the study coordinator,
and if individuals appeared eligible, they were scheduled for more
comprehensive screening. Prior to {ull sereening, individuals read and
signed informed consent and were given a copy for their records.
A breathalyzer test using an Alco-Sensor TTT breathalyzer machine
(Intoximeters, Inc., St. Louis, MO) was administered [breath alcohol
fevel (BAL) had (o be 0.00 gms/dl]. Medical personnel conducted a
medical history and examination including a neurologic examination.
Over-the-counter and prescription medication use was recorded. Lab-
oratory evaluations included complete blood count with differential:
bilirubin, AST, ALT, GGT, alkaline phosphatase, sodium, potas-
sium, chloride, blood urea nitrogen, creatinine, and glucose; and
urinalysis and urine ioxicology. Women were given a urine preguuncy
test (UB-HCG) at screening and during treatment weeks § and 12,
Randomization was implemented stratifying on gender, based on a
computerized random number generator where assignment to baclo-
fen or placebo was randomly ordered within gender. Those random-
ized included 44 men and 36 women. Twenty-lwo men received
haclofen and 22 men received placebo; 18 women received baclofen
and £§ women received placebo. See Fig. 1 for subject flow sheet.

At intake, a detailed psychiatric interview that included the SCID
module for alcohol dependence {First et al., 2002) and the Mini
Tnternational Neuropsychological Tnventory (MINT) (Sheehan et al.,
1999) was completed. The study coordinator administered the 90-day
pretreatment Timeline Followback interview (TLEB) (Sobell et al.,
1988), and participants completed the alcohol dependence scale
(ADS, Skinner and Allen, 1982), the Zung Self-Rating Depression
Scale (Zung. 1965), the Spielberger Trait and State Anxiety Inventory
(STAL Speitberger el al., 1969), and the Penn Alcohol Craving Scale
{PACS, Flannery et al., 1999), Additionally, participants were asked
how many years they had been drinking and completed a short ques-
tionnaire coneerning their treatment goals (i.e.. abstinence, occusional
use, or regular but reduced use). Participants were compensated 510
for attending each visit to cover lravel expenses.

Fuitiad Treatment Visit (Study Week )

Individuals who met the inclusion eriteria and no exclusion criteria
were scheduled for the initial treatment visit within 1 week of screen-
ing. Eligible individuals were instructed to abstain from drinking
alcohol Tor 3 days prior 1o their initial treatment visit. The study
coordinator administered 4 breathalyzer test (BAL had o be
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416 Responded (o Advertisemenls
243 Liligible- didi't schedule
32 Ineligible st Phone Screen

121 Assessed lor Scieening

41 Sereen Fatlures
& dul not return ealls
R dicl nost meet DSM criteria

7 positive drug tesis
S major depressivnfanxiety

_’

121 Individuls Assessed for Elgibility

3 unsiable hyperlension
{0 ether

80 Subjects Randomized

36 Femades Ransdomized

44 Males Randomized

T8 Assigived to Baclofer I | 1R Assigned o Placebn ]

i 22 Assigned (0 Baglofen 22 Assighied fo Placeis

5 Baciofen L'IF
2 distancef work schedele
I donestic problems
¥ no show for week 12
1 withdrew cansent - incident

5 Placehs LEE
I distancef work schedusle
| maved ont of the country
| life sitwarion
2 never returned ealls

£3 (B) Completed Study
10 Cumpleted pills
3 reduced dose

13 (") Completed Study
13 Completed Pills
0 reduved dose

6 Bavlofen LTF
2 work schedules
I lack of efficacy
3 never returned catls

3 Placeho LTF
3 work schedule
1 family simation
I never returned cails

16415 Compeded Study
12 Completed pills
4 discontinued meds

19 () Completed Stady
18 Completed pilis
| discontinued meds

3(B5) Reduced Meds
rowsimess

Fig. 1. Triai flow diagram. LTF = lost to follow-up.,

<0.02 g/dl at the initial and subsequent visits), conducted the TLFB
interview, and asked participants to complete the Zung Depression
Scale, STAL and PACS forms. The study physician evaluated with-
drawal symptoms using the Clinical Instieute Withdrawal Assessment
for Alcohol Revised (CIWA-Ar, Sullivan ef al., 1989), noted the use
ol medications, and provided a F-week blister pack of baclofen or
placebo with written instructions to titrate dosage. A 1-week back-up
blister pack wus given in case of delayed appointments or lost doses.
Participants also were provided with a calendar style diary to track pifl
taking, drinking. and any side effects. Finally. participants met with a
trained therapist to receive the first of 8 BRENDA therapy sessions
[a biopsychosocial approach lo evaluate reasons for drinking and
lechniques to overcome craving and drinking {Volpicelli et al., 2001)].

Subsequent Treatment Visits

At study week 1, il participants were tolerating the medication
(i.e., had none, very mild, or moderate side effects), they received a
3-week supply of baclolen/placebo. After that, baclofen/placebo was
dispensed at study weeks 4 and 8. The study coordinator collected
pill laking. drinking, and side effects diaries and new diaries were
distributed at each visit. While baclofen/placebo was dispensed only
4 times during the 3-month period, participants were medically
monitored on @ weekly (lor the 1st month) and biweekly (for the 2nd
and 3rd months) basis. Medical monitoring was conducted by study
physicians and consisted of taking vital signs, recording use of con-
comitant medication(s), and in-depth side effect monitoring using an
Adverse Events Form that included common baclofen side effects
{e.g., drowsiness, sedation, fatigue). At each visit, participants also
were given a breathalyzer test [breath alcohol concentration (BAC)

4 {B}) Discontinued Meds
Aiuscle Spasm
Severe Hives
[epression
Tived of tuking pills

1 {P) Discoatinrcd Meds
Started Lihriwn

had to be £ 0.02 g/dl), the TLFB mterview, and complete the Zung,
STAI and PACS. At week 4, blood was drawn lor evaluation of
liver functioning: at week 12 or early termination, a physical was con-
ducted along with urinalysis Additional 30-min BRENDA sessions
were conducted at each visit, Participants were encouraged Lo attend
Alcoholics Anonymous {AA) during treatment.

Participants who wished {o continue treatment it the conclusion of
the study were offered owtpatient counseling and medication through
the UNC Alcohol and Substance Abuse Program.

Adverse Evenits Monitoring

In describing adverse events, standard terminology was employed.
All adverse events were categorized and rated on a S-point scale of
severity from very mild to very severe using an Adverse Events
Reporting form and Adverse Events Instructions, which provided
deseriptions of severity ratings and medication reduction and stop-
ping rules, Adverse events, including serious adverse events, were
closely followed; if indicated, dose reductions or discontinuation of
medication was made. All individuals who experienced adverse
evenis were monitored until a return to their baseline state was
achieved.

Primary Quircome. The percent of heavy drinking days was the
primary efficacy outcome.

Statistical Analyses

Study participants were first characterized on baseline demo-
graphic variables (age, gender, education, etc.), ADS, drinking
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history variables (e.g. years of alcohol use, prior (reatments),
pretreatiment drinking frequency and quantity (TLFB), craving, and
scores on measures of state and trait anxiety and depression (PACS,
STAIL Zung). These variables were summiarized by calculating means
and standard deviations for each treatment group. An independent
sample t-test was used o assess group differences for continuous
variables. Nominal variables were analyzed via chi-square tests of
independence.

All inferential analyses included all participants that we random-
ized (intent-lo-treat). Primary outlcome measures were Lhe proportion
of heavy drinking days (%o HDD) and the proportion of abstinence
("4 ABS), which were summarized from the TLFB duta, Keselman
and colleagues (1998) discuss that very often researchers fail to
inspect the validily of the assumptions for the statistical model they
are using. A key assumption for the general linear model analytical
framework applied to continuous outcones. such as %%HDD and
24 ABS, is normality of the outcome measure. Prior to conducting
any analysis. inspection ol all outcome measures was conducted,
resulting in deviations from normality for both Y%aHDD and %ABS.
The square-reot transformation normalized both owcome measures.

In addition 1o the summary scores from the above measures, we
implemented the generalized estimating equations (GEE, Hedeker
and Gibbons, 2006) approach, which accommodated the daily
repeated measures data and accounts for within-subject correlations.
As missing data are inevitable, we implemented patéern-mixture
models (Hedeker and Gibbons, 2006) Lo assess whether important
estimates were dependent on missing-data patlemns and 1o provide
overall estimates of effects by averaging over the various missing-data
patterns. As impiemented by the SAS Prec Genmod procedure, the
GEE approach offers consistent parameter estimates and accormmo-
dates covariates.

We examined time to events outcomes, survival curves, which were
estimated using the Cox Proportional Hazards Model. As is typically
done, patients lost to follow-up were Leated as censored obser-
vations, as were patients who never achieved the event of interest.
Survival models were implemented in SAS with the procedure PROC
PHREG (Allison, 1995).

Peychiatric, craving and weekly usage measures were analyzed via
a general mixed madel approach that examined change from screen-
ing to the average of the postscreening assessments. To accomplish
this. we used PROC MIXED in SAS (Hedeker and Gibbons, 2006)
and examined average outcome over the medication phase, rather
than assuming a linear change over time. Unlike standard repeated
measures ANOVA, this approach permits {(exibility in the assump-
tions made about the covariance structure of the multiple assess-
ments. We specified o toeplitz structure, which assumes  that
assessments made closer together in time may not be correlated in
the same way us assessmenls separated by longer time intervals. A
likelihood ratio test revealed that this covariance structure [its better
compared 1o 2 more commonly used covariance structures: the com-
pound symmetry and first-order autoregressive covariance structures
{(p < 0.05 for both).

A moderator is a buscline measure or prerandomization character-
istic that hus a differential effect on outcome across intesvention
condition (Kraemer et al,, 2002). Moderators are typically defined as
vatiables that significantly interact with condition. We examined
psychiatric and eraving scakes as polential moderalors of drug effects.

RESULTS
Demographics and Pretreaiment Measures

Demographic information on the 80 study participants (40
placebos and 40 baclofen) is provided in Table | along with
pretreatment refated drinking information and pretreatment
scores on craving, state and trait anxiety, and self-reported
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Table 1. Demographics and Pretreatment Variables

Placebo Baclofen
(N = 40) (N=40) Significance

Age 50.3 (£7.2) 47.5 (=7.6) ns

Gender 22M/E8F  22M/1BF ns

Married 64% 50% ns

Race/ethnicity 97% white  95% white ns

Education: college degree 37% 2% ns

Pre Tx CIWA-Ar score 2.1 (£2.4) 27 2.7) ns

ADS score max = 47 13.1 {53y 11.7 (5.8} ns

Age onset alcohol 36.4 (x15.1) 33.5 (x10.5) ns

dependency

Years alcohol use 27.9 (£9.9) 23.5 {£99} ns

Treatment goal
Abstinence 16% 32% ns
Occasionat use 48% 45%

Regular but reduced use  38% 23%

Prior treatments: none 85% 53% ns
%HDD 69.0 (£25.2) 71.0 {+28.1) ns
%ABST 10.9 (x14.3) 13.5 (x18.6) ns

Brinks/drinking day 6.9 (x3.2) 7.3 3.7) ns

PACS (Craving), max =30  16.4 (5.6} 14.4 (£5.8) ns

Zung depression {max = 80) 37.0 (£10.5} 35.4 (x8.1) ns

Speilbarger state anxiety 38.5 (+12.7) 34.1(x10.8) ns

max = 80
Speilberger trait anxiely 42,1 (x11.4) 38.3 (£8.7) ns
max = 80

ADS, Alcohol Dependence Scale; PACS, Penn Alcohol Craving
Scale.

depression scales. Some minor differences were present
between the placebo and baclofen groups but, overall, the
groups were quite similar.

Percent Heavy Drinking Days

A significant time effect was found (p < 0.001), but no sig-
nificant baclofen effect was detected (173 = 0.59, p = 0.56)
for %HDD during treatment where on-average rales were
25.5% (23.6%) for placebo and 25.9% (+23.2%) for
baclofen. 1ncorporating the repeated measures through the
GEE analysis, indicated a nonsignificant differcnce between
placcho  and baclofen LAy = 0.12, p = 0.73], where
on-average baclofen had 19.3% occurrence of heavy usage
(19.3%) compared to 24.7% for placebo across the medica-
tion period. This is further confirmed by focusing on the
weekly behavior as illustrated in Fig. 2, where across each of
the 12 weeks of the medication period there is no diffcrence
between groups (F,73 = 0.01,p = 0.98).

Percent Abstinent Davs

A marginal effect for time was found (f76 = 1.87, p =
0.07), and no significant baclofen effect was detected (f73 =
0.53, p = 0.50) for “%ABS during treatment where on-
average rates were 50.6% (£25.9%) for placebo and 49.9%
(£ 27.9%) for baclofen. Incorporating the repeated measurcs,
indicated a nonsignificant difference between placebo and
baclofen [7°(1) = 0.27,p = 0.61], where on-average baclofen
had a 51.7% occurrences of abstinence compared lo 51.6%
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50%
40%
30%
20%

Percent Heavy Drinking Days

Weeks of Treatment

B PBO EBAC

Fig. 2. Percent heavy drinking days at baseline and during trial by drug
condition.

Percent Abstinent Days

Weeks of Treatment

= PBO BAC

Fig. 3. Percent abstinent days at baseline and during tial by drug
corxdition.

for placebo across the medication period. Similar results are
seen by locusing on the average weekly behavior as iltustrated
in Fig. 3, where across each of the 12 weeks of the medication
period there is no difference between groups (Fi gz = 0.06,
p = 0.81)

Level
I3}
&

Mean State Anxiety
8

25
15
10 4
5_
ﬂ_
S x © B . O

Weeks in Treatment

%_l Placebo O Bacief@

Fig. 4. Mean + 1 3D. State anxiety level at baseline and during trial by
drug condition.
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Effect of Baclofen on Craving, Anxlety, and Depression

General mixed model results indicated no significant difler-
ences between placebo and baclofen patients for craving
(13.5 4 6.3 vs. 11.6 + 5.9, respectively) (F72 = 240, p =
0.13), depression (30.5 & 12.8 vs. 27.8 £ 13.0) (Fi 24 = 2.80,
p = 0.10), or trait anxiely (32.8 =+ 14.6 vs. 30.0 + 14.3}
(Fi7» = 2.19, p = 0.14) looking at on-averagc ouicome
postscreening adjusted for the screening assessment. In the
statistical contrast of state anxiety. we found a significant
difference in on-average severily (Fy.z = 539, p = 0.02)
where cstimated means were 32.2 = 16.7 for placcbo and
27.5 + 13.5 for baclofen indicating a possible baclofen effect
on reducing anxiety levels (Fig. 4).

Time 1o Usage Analyses

To further examine possible effects of baclofen, we tested
standard time Lo analyses: () time to first usage; (i) time lo
first heavy usage; (iii) time to 2 consecutive abstinences; and
(iv) time to 2 consccutive heavy usages. For time to first
usage, as ilfustrated in Fig. 5, we saw no difference between
baclofen and placebo [7*(1) = 2.26, p = 0.13], where the
hazard ratio (HR) was 0.695, indicating the rate of first usage
for baclofen was 30.5% stower compared to placebo. For
time to first heavy usage or relapse, as iltustraied in Fig, 6, we
saw no difference between baclofen and placebo x(1) =
0.09, p = 0.76], where HR = 0.924, indicating a 7.6%
slower rate to first heavy usage for BAC compared to PBO.
For time 1o 2 conscculive abstinences, as iliustrated in Fig. 7,
we saw a marginal difference between baclofen and placebo
(1) = 3.25, p = 007}, where HR = 1571, indicating a
57.1% faster rate to 2 conseculive abstinences for BAC com-
pared to PBO. For time to 2 consecutive heavy USAZES. We
saw no difference between baclofen and placebo [77 Ny =
0.36. p = 0.55], where HR = 0.851, indicating a 14.9%

100
90
80
70
60
50
40
30
20
10

6 1 2 3 4 5 6 1T 8 0

Percentage Abstinent

T 73 T

i 1L a2

Weeks of Treatment

—— PRO - AC

Fig. 5. Percent of individuals maintaining abstinence during trial by drug
condition.
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Percentage No Heavy Drinking Days

¢ 12 3 4 5 o6 7T 8 % oo

Weeks of Treatment

—8—BAC J

Fig. 6. Percent of individuals with relapse to heavy drinking during tral by
drug conditian.

—&— 1B

Percentage Having 2 Consecutive
Abstinent Days

Weeks of Treatment

—i— PR0 ~#—BAC

Fig. 7. Percent of individuals achieving 2 consecutive abstinent days
duriryg trial by drug condition,

slower rate 1o 2 consccutive heavy usages for BAC compared
to PBO.

Analysis of Potential Moderator of Usage: Gender

Following NIH guidelines, we a priori planned to investi-
gale the role of gender on outcome. For %HDD and % ABS,
we found no evidence ol treatment differences acting differcn-
tially dependent on gender (Fpz = 001, p = 091 for
“%WHDD; £ = 085, p = 0.36 for “ABS). For the time to
analyses, we see nonsigniticant intcractive cflect for gender:

2(l) = (.05, p = 0.84 for time to first usagc (1) = 0,005,

= 0.94 [or time to first heavy usag,c (1) = 001, p =
092 for 2 conscculive abstinences; y (1) = 0.003, p = 0.96
for 2 conscentive heavy usage.

GARBUTT ET AL.

Analvsis of Potential Moderator of Usage: Craving,
Depression, and Anxiety

For %HDD and “ARS, we found no e¢vidence of treal-
ment differences acting differentially dependent on craving
(Fy71 = 001, p = 097 for %HDD; F) 7 = 0.56, p = 0.46
for % ABS), depression, (Fy g9 = 0.06. p = 0.81 for %HDI)
Figo = 024, p = 0.63 for %ABS), state anxiely (Fiw =
0.06, p = 080 for %HDD; F5 = 0.11, p = 074 for
% ABS). or trail anxiety (F o = 0.32,p = 0.57 for %HDD;
Flep = 0.05.p = 0.83 for %ABS).

Ne moderating cffects for any ol these variables were
evidenl on the time to analyses.

Analysis of Missing Data

To determine whether the lack of significance among treat-
ments was driven by missing data, we classified 3 monotonic
patierns of patients’ available data (patients with data up to
week 8, belween week 8 and week 12, and dala beyond week
12. the expected endpoint) and assessed the interaction of pat-
tern with treatment was differed using our primary analyses.
The pattern-mixture resuits werc nonsignificant for total per-
centage heavy usage (Fago = 0.32, p = 0.73) and total
percentage abstinence (Fogy — 2.82, p = 0.07). Similarly lor
the GEE model, the pattem mixture results were nonsignifi-
cant for heavy usage [#3(1) = 4.65, p = 0.10] and abslinence
A1) = 167, p = 0.43).

Safery, Tolerability, and Pill Compliance

Pill compliance was comparable between the 2 groups.
Compliance ranged from 71.6%-96.4% for placebo patients
and 47.8 1o 94.9% for the medication patients. Statistical con-
trasts were afl nonsignificant (p > 0.28). Adverse events were
relatively mild. Only 2 adverse events atfected more than 5%
of the sample, which were drowsiness {10% within PBO
(4/40) vs. 28% within baclofen (11/40)] and headaches {10%
within placebo (4/40) vs. 3% within baclofen (1/40)}. Fisher's
exact methods indicated a nonsignificant contrast between
placebo and baclofen in the prevalence of drowsiness (p =
0.08) and prevalence of headaches (p = 0.36). Of the placebo
patients, 80% (32/40) completed treatment versus 70%
{(28/40) within baclofen, which was not statistically different
(p = 044). Of the reasons for (ermination, 3 paticnts
reported reasons attributable to the medication, with 1 patient
reporling desire o drop because of fatigue and mood swings,
a second reporting a desire to drop because received medica-
tion was not the wonder drug she or he anticipated receiving,
and a third reporled a desire to drop because of severe
tendonitis. Ali 3 palients were assigned to baclofen.

DISCUSSION

The search for efficacious and safc medications for the
treatment of alcohol dependence remains a key goal of
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treatment rescarch. The discoverics that naltrexone and
acamprosate are effective for alcohol dependence were major
breakthroughs in the clinical management of alcohol
dependence and have broadened the awareness of (he role of
pharmacotherapy lor alcohol dependence. However, the over-
all effectiveness of nultrexone and acamprosate are modest
(Kranzler and Van Kirk, 2001) leading to efforts to find
additional and possibly more effective medicalions.

Baclofen has emerged as a medication of potential interest
for the treatment of alcohol dependence. The preclinical
evidence, as reviewed in the Introduction. supports the hypo-
thesis that baclolen reduces alcohol intake, reduces the
reinforcing and motivational properties of alcohol, and pre-
vents some of the neurchehavioral consequences of alcohol
consumplion such as induction of anxiety. The neurophar-
macological basis of these actions is not Tully understood. bul
activation of GABAp receptors by baclolen counteracts the
ventral tcgmental-nucleus accumbens dopamine response to
alcohol (see Maccioni et al., 2009} and has other complex
actions on various neurotransmiticr systems of relevance to
alcohol (see Knapp et al., 2007).

Clhinical trials, to dale, have been lmited with only 123
individuals studied in 2 placcbo-controlled, randomized
trials (Addolorato et al. 2002, 2007). Nevertheless, these 2
trials arc of considerable interest as they show a significant
advantage of baclofcn over placebo in enhancing abstinence
and reducing drinking quantities and reducing anxiety and
craving. Given the preclinical and carly clinical cvidence, the
current trial was designed to further test the hypothesis that
baclofen has efficacy for alcohol dependence.

The current trial did not find evidence for efficacy of baclo-
fen for alcohol dependence on the primary outcome meausure
of percent heavy drinking days although a highly significant
overall treatment effect was found indicating that participa-
tion in the trial itsell was efficacious in reducing heavy drink-
ing. Additionalty, no effect of baclofen was noted on the
sccondary outcomes of percent days abstinent or craving for
alcohol. A modest baclofen effect on levels of state anxiety
was found. Furthermore, evaluation by gender did not reveal
evidence for any diffcrential response to baclofen by gender.
Finally, examining baclofen response by bascline levels of
craving for aleohol or levels of anxiety found that neither high
fevels of craving nor high fevels of anxiety were associated
with response to baclofen. These data do not support the
hypothesis that baclofen has efficacy for alcohol dependence:
however, this work must be considered in the context of the
overall clinical trial evidence with particular attention to
variations across trials.

Clinical trials in aleohol dependence are well known to
exhibit great variability that are thought to be related to the
myriad of factors that affect cutcome in alcohol dependent
patients. Noteworthy, examples of this variation include the
failure of the large Veterans® Administration trial to demon-
steate efficacy of naltrexone (Krystal ot al., 2001) despite the
overadl evidence that naltrexone is cffective (Kranzer and
Van Kirk, 2001) and the 2 large trials of acamprosate in the
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United States that failed to show efficacy (Anton et al.. 2000;
Mason et al., 2006} when, again, the preponderance of evi-
dence shows that acamprosale is efficacious (Kranzler and
Van Kirk, 2001). Kiefer and Manu {2006), commenting about
the patient population and design of the COMBINE trial
have highlighted the fact that patients in the U.S. COMBINE
trial appeared to have relatively low levels of physical depen-
dence and thal this may have impacted ihe responsce to a
medication such as acamprosate which may be more effective
in the presence of physical dependence. This factor may be
refevant to understanding differences in the current trial
compared to the positive Addolorato trials of baclofen (2002,
2007). The Addolorato trials recruited patients with alcohol
dependence who presented to an alcohol treatment unit,
whereas individuals in the current uial were recruited from
advertising. This difference in recruitment was likely a key
factor as to why the participants in the Italian Urials, com-
pared to the U.S. wial, drank nearly twice the amount of
drinks/drinking day {10.7 (placebo)/17.6 (baclofen) vs. 6.9
(placebo)/7.3 (baclofen), respectively], had higher levels of
withdrawal symptoms, and uniformly had a goal of absti-
nence. This indicates the Italian study population had more
severe dependency characteristics than the U.S. population
and a different treatment goal. Therefore, although it is not
estublished that baclofen would have greater efficacy in
more highly dependent patients, this hypothesis should be
investigated.

It is of interest that baclofen did significantly reduce anxiety
in the current rial similar to what Addolorato and colleagues
(2002) reported. However, no relationship between baseline
levels of anxiety and response to baclofen were detected.
Given the high rates of anxiety symptoms in alcohol depen-
dence, it would be of considerable clinical value to have a
medication that could reduce anxicty, reduce alcohol use, did
nol have addiction liability and did not have dangerous
interactions with alcohol. Preclinical wark has shown
that GABAy, systems are involved in anxicty behavior and
that activation of the GABAg receptor either by baclofen or
by positive allosteric modulators of the receptor is anxiolytic
(Cryan and Kaupmann, 2005). Furthermore. baclofen coun-
teracts the anxiogenic effects of alcohol in an animal model
{(Knapp ¢t al., 2007). Additionally, the addiction Hability of
baclofen appears low and laboratory investigation of baclofen
al 40 mg and 80 mg doses combined with intoxicating levels
of alcohol indicate a reasonable safety profile when bacloten
is combined with alcohol (Evans and Bisaga. 2009). There-
fore, whereas there does appear to be a signal that baclofen
may have anxiolylic effects in patients with alcohol deper-
dence, the clinical impact of this remains ambiguous,

Subjective craving for alcohol as measured by the PACS or
Obsessive Compulsive Drinking Scale (OCDS) (Anton et al.,
1995) has been shown to predict drinking outcomes in clinical
trials (Flannery ecf al., 2003). Addolorato and colleagucs
(2002, 2007) found that baclolen reduced craving for aleohol
as measured by the QCDS significantly more than placebo.
This is of intercst as it sugpgests that baclofen might reduce
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drinking behavior through an etfect on craving for alcohol. In
the current trial, we did not find that baclofen reduced craving
more than placebo and individuals with high baseline craving
for alcohol did not show a baclofen cffect. Thetefore, based
on the present study, (he effect of baclofen on craving for
alcohol is not clear.

Overall, our failure o find significant efficacy for baclofen
despite the promising preclinical data and 2 positive placebo-
controlled clinical trials raises 2 other important points. First,
there is the question of whether a 30 mg/d dose of baclolen
is an adequate dose lor most patients and second, can a
baclolen-responsive patient be identificd?

With repard to dose, the clinical trials to dale have used a
baclofen dose of 30 mg/d—in he low therapeutic range for
muscle spasticity but anticipated to have fewer side cifects. an
important consideration for carly clinical (rials. However,
there are case siudies that suggest that larger doses of baclo-
fen may be required for efficacy in some individuals. Ameisen
(2005), a physician, sell-prescribed baclolen by titrating from
30 to 270 mg/d and then reducing the dose to 120 mg/d
because of somnolence. He reported suppression of alcohol
consumption and a prolound reduction in anxiety and
craving, Bucknam (2007) described a patient with alcohol
dependence who had failed naltrexone, acamprosate. and
topiramate but who had marked improvement in alcohol
consumption associated with a sense of relaxation at a dose
of 100 to 140 mg/d of baclofen. These cascs are noteworthy
becausc they raisc the paossibility of a meaningful dose-
response relationship for baclofen as a treatment for alcohol
dependence and that 30 mg of baclofen may be an insufficient
dose for some paticnis. Dosc—response studies to examine the
efficacy and safety ol higher doscs of baclofen in aleohol
dependence are clearly needed.

The question of a baclofen-responsive patient is another
issuc that deserves altention. The heterogeneity of alcohol
dependence and the great variability in responsce across indi-
viduals in clinical trials in alcohol dependence speaks to the
likelihood that there are individual characteristics associated
with a positive response to specific pharmacotherapics, The
best example herc may be the cmerging evidence that potymor-
phisms within the jeopioid receptor gene predict naltrexone
response (sce Qroszi ¢t al., 2009). To date, no prospective
studies have examined any putative characteristic that
might idenlify a baclofen-responsive paticnl. Based on
some of the preclinical and clinical trial data, one could
poslulate that symptoms such as high anxicty or high levels
of alcoho! withdrawal symploms could be predictors
although we did not find cvidence that anxicty symptoms
were predictive in the current trial. Here again, prospective
clinical trials are needed.

With regard 1o tolerability, the current trial found that
baclofen was generally well tolerated. Importantly, no serious
adverse cvents were reported and, despite ongoing alcohol
consumption by many individuals, no evidence for significant
alcohol/baclolen interactions was observed. This is consistent
with the recent laboratory study of Evans and Bisaga (2009)
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which also failed to show significant safety concerns when
intoxicating levels of alcohol were consumed in the presence
of baclofen. Morte individuals recciving baclofen did experi-
ence sedation than placebo in keeping with this known side
cffeet of baclofen., bul, overall, this was benign. These findings
suggest that trials with higher doscs of baclofen in an alcohol-
dependent population are feasible based on tolerability.

In sunimary, the curvent trial did not find evidence that
baclofen at a dose of 10 mg 3 times per day was superior to
placebo in the treatment of alcohol dependence. No baclofen
elfect was found on heavy drinking or abstinent days. The
presence of high levels of anxicty or high craving was not
associated with a baclofen response although there was some
cvidence that baclofen has anxiolytic effects. Given the
heterogencity of alcohol dependence and the fact that Addo-
loralo and colfeagues (2002, 2007) have reported a therapeulic
benefil to baclolen in alcoholism, il cannot be concluded that
baclofen has no vafue in the pharmacotherapy of alcohol
dependence. Additional clinical trials examining dose and
controlling for individual patient characteristics arc needed
10 better understand the role ol baclofen and GABAy ago-
nists in general as possible pharmacotherapics for alcohol
dependence.
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