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ABSTRACT

Background and Aims Pharmacologically controlled drinking in the treatment of alcohol dependence or alcohol use
disorders (AUDs) is an emerging concept. Our objective was to explore the comparative effectiveness of drugs used in this
indication. Design Systematic review with direct and network meta-analysis of double-blind randomized controlled tri-
als (RCTs) assessing the efficacy of nalmefene, naltrexone, acamprosate, baclofen or topiramate in non-abstinent adults di-
agnosed with alcohol dependence or AUDs. Two independent reviewers selected published and unpublished studies on
Medline, the Cochrane Library, Embase, ClinicalTrials.gov, contacted pharmaceutical companies, the European Medicines
Agency and the Food and Drug Administration, and extracted data. Setting Thirty-two RCTs. Participants A total of
6036 patients. Measurements The primary outcome was total alcohol consumption (TAC). Other consumption out-
comes and health outcomes were considered as secondary outcomes. Findings No study provided direct comparisons
between drugs. A risk of incomplete outcome data was identified in 26 studies (81%) and risk of selective outcome
reporting in 17 (53%). Nalmefene [standardized mean difference (SMD) = —0.19, 95% confidence interval (CI) = —0.29,
—0.10; I? = 0%], baclofen (SMD = —1.00, 95% CI = —1.80, —0.19; one study) and topiramate (SMD = —0.77, 95%
Cl = —1.12, —0.42; I? = 0%) showed superiority over placebo on TAC. No efficacy was observed for naltrexone or
acamprosate. Similar results were observed for other consumption outcomes, except for baclofen (the favourable outcome
on TAC was not reproduced). The number of withdrawals for safety reasons increased under nalmefene and naltrexone.
No treatment demonstrated any harm reduction (no study was powered to explore health outcomes). Indirect compari-
sons suggested that topiramate was superior to nalmefene, naltrexone and acamprosate on consumption outcomes, but
its safety profile is known to be poor. Conclusions There is currently no high-grade evidence for pharmacological treat-
ment to control drinking using nalmefene, naltrexone, acamprosate, baclofen or topiramate in patients with alcohol de-
pendence or alcohol use disorder. Some treatments show low to medium efficacy in reducing drinking across a range of
studies with a high risk of bias. None demonstrates any benefit on health outcomes.
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randomized controlled trial.
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INTRODUCTION disorders (AUDs) is an emerging concept [1,2]. In Europe,

nalmefene, an opioid antagonist that acts on the urge to
Pharmacologically controlled drinking in the treatment of ~ consume alcohol, was the first treatment approved by the
patients suffering from alcohol dependence or alcohol use ~ European Medicines Agency (EMA) for this indication [3].
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Nevertheless, the evidence for its approval was
contested [4,5]. As no difference was observed on health
outcomes, which is the aim of a harm reduction strategy,
the approval was based on small differences versus placebo
on alcohol consumption outcomes, only observed in a sub-
group defined a posteriori in studies with a possible attri-
tion bias (nalmefene tolerance was poor) [6-8]. In
addition, nalmefene has not been compared with other ac-
tive treatments, in particular naltrexone [9], another opi-
oid antagonist that has previous approval in maintaining
abstinence and that has already been used off-label in re-
ducing consumption, with some evidence suggesting a pos-
sible interest for this indication [10].

Other drugs acting on the gamma-aminobutyric acid
(GABA )ergic system have also been studied for this indica-
tion [11]. All have already been used, more or less officially,
to help reduce alcohol consumption: (1) baclofen has been
used in France under a ‘temporary recommendation for
use’; (2) acamprosate is the calcium salt of N-acetyl-
homotaurine and has had approval for post-withdrawal
maintenance of alcohol abstinence and (3) topiramate is
an anti-epileptic drug that is considered as an emerging
alternative.

While widely diffused guidelines [12,13] and major re-
views [14] now promote this approach as part of a harm
reduction strategy, there is a need to assess the evidence
that supports the use of these drugs.

The objective of this study was to test the efficacy of
treatments (1) from head-to-head comparisons, and (2)
from indirect comparisons using a network meta-
analysis.

METHODS
Design

A standard meta-analysis protocol was developed and reg-
istered before the beginning of the study in the PROSPERO
database (systematic review registration—PROSPERO
2015: CRD42015019841). Double-blind randomized con-
trolled trials (RCTs) assessing the efficacy of nalmefene, nal-
trexone, acamprosate, baclofen or topiramate against each
other or against placebo were considered for inclusion in
the meta-analysis.

Eligibility criteria

We reviewed studies involving adults (aged 18 years and
over) with a diagnosis of alcohol use disorders (AUDs)
and/or alcohol dependence. We focused on non-abstinent
patients. As detoxification is generally obtained after 5-7
days, we included patients with fewer than 5 days’ absti-
nence before the beginning of the study [15]. Therefore,
studies were not included when longer abstinence (or de-
toxification) was an explicit inclusion criterion. In addition,

studies with patients presenting systematic physical or psy-
chological comorbidity were not included.

Studies were eligible if they focused on the comparison
of oral formulations of (1) nalmefene, (2) naltrexone, (3)
acamprosate, (4) baclofen or (5) topiramate with each
other or with a placebo. Only monotherapies were consid-
ered. In case of multiple-dose studies, only the dose closest
to the recommended dose was taken into account (see
Supporting information, Appendix S1, p. 2). We reviewed
RCTs systematically without any limitation in terms of du-
ration. Only study reports in English, French, German and
Spanish were considered.

Search strategy and study selection process

Eligible studies were identified from PubMed/Medline, the
library and Embase, including congress
abstracts. The searches were conducted in April 2015.

Cochrane

An update of the search was performed for the Pubmed
database in June 2016. The same algorithm was used for
all electronic databases: ‘Nalmefene OR Baclofen OR
Acamprosate OR Topiramate OR Naltrexone AND Alcohol’
with the filter ‘Clinical Trial’. Two reviewers (A.H. and R.D.)
reviewed independently the titles and abstracts of all
citations identified by the literature search. The full text
of relevant studies was examined. All disagreements were
resolved by consensus or by consultation with another
reviewer (EN.). To avoid omission of any studies, all the
references identified were compared to (1) references in-
cluded in a previous comprehensive meta-analysis on
pharmacotherapy of alcohol use disorders [16] that were
shared by the author and (2) references included in a
previous indirect comparison of nalmefene and naltrex-
one [17].

Unpublished studies were also searched for by consult-
ing the ClinicalTrials.gov website and key organizations
such as the Food and Drug Administration (FDA) and
EMA. Pharmaceutical companies (Novartis, Janssen Cilag,
Merck Sereno, Bristol Myers Squibb and Lundbeck) were
also contacted to obtain information concerning their
studies. When needed, the authors of the abstracts were
contacted for further information and were asked for refer-
ences of the studies. If no response was obtained to a first
request, they were contacted a second time. We also
contacted authors of recent meta-analyses on the pharma-
cological management of AUDs and asked them if they
would agree to share their data.

Assessment of methodological quality

Two reviewers (C.P. and R.D.) assessed independently the
risks of bias in each study included in the meta-analysis
using the Cochrane Collaboration tool for assessing risk of
bias [18].



Data collection

Two reviewers (C.P. and R.D.) collected data from the stud-
ies included using a data extraction sheet, based on the
Cochrane Handbook for Systematic Reviews of Interventions
guidelines [19]. Disagreements were first resolved by con-
sensus and then by consulting a third reviewer for arbitra-
tion (EN.). Studies appearing to duplicate authors,
treatment comparisons, sample sizes and outcomes were
checked one against the other to avoid any duplicates
and to avoid integrating data from several reports on the
same study. For each study included, information was ex-
tracted on (1) characteristics of the study [year, country,
co-treatments (psychological interventions and their type),
number of arms, funding], (2) characteristics of trial partic-
ipants (age, gender, number of patients included in the
analysis, population analysed), (3) type of intervention
(treatments and comparators, duration) and (4) outcome
measures as detailed below.

Outcome measures

Our primary outcome was total alcohol consumption
(TAC). The choice of TAC was based on our previous
meta-analysis on nalmefene [8], and on the fact that the
rationale for using pharmacologically controlled drinking
stems from the idea that if individuals reduce their total al-
cohol consumption, they reduce their levels of risk accord-
ingly. Other consumption outcomes were considered as
secondary outcomes, namely: (1) the number of heavy
drinking days (HDD), defined as a day with a high con-
sumption level, (2) the number of non-drinking days, (3)
the number of drinking days and (4) the number of drinks
per drinking day. We also extracted safety outcome data:
(1) adverse events, (2) serious adverse events, (3) with-
drawals from the study, (4) withdrawals for safety reasons
and (5) mortality.

Data analysis

For consumption outcomes, the treatment effects were
expressed as standardized mean differences (SMD, Hedge's
g) between arms, because these outcomes were likely to be
assessed in different ways in the different studies. The
efficacy index used for safety outcomes was the odds ratio
(OR). All outcomes were presented with their 95%
confidence interval (CI). The analytical plan was divided
into two main steps: we first carried out conventional
meta-analyses focusing on direct, pair-wise comparisons.
We then performed a network meta-analysis of all studies
included to estimate the effects of each active treatment
as compared to all the others. All analyses were performed
using R statistical software [20] and the meta [21],
netmeta [22] and metafor [23] libraries. Results were pre-
sented according to PRISMA (Preferred Reporting Items

for Systematic Reviews and Meta-Analyses) format [24]
and its extension for network meta-analyses [25].

Direct comparisons

An estimate of the overall effect (summary measure) was
calculated using a random-effects model (DerSimonian &
Laird method). For mortality, serious adverse events and
withdrawals for safety reasons, which are rare outcomes,
we used Peto’s OR method [26], as recommended by the
Cochrane Collaboration for handling sparse data [19].
Heterogeneity was evaluated using a visual inspection
of the forest plot, the Q statistic and the I-squared (I%)
index.

Indirect comparisons

Network meta-analyses enabling indirect comparisons
were performed using the graph-theoretical method [27],
a frequentist approach. We used a design-based breakdown
of Cochrane Q and the I? index for assessing the heteroge-
neity in the whole network, the homogeneity within de-
signs and, if applicable, the homogeneity/consistency
between designs. A random-effects model was used for all
indirect comparisons.

In addition to the estimation of summary measures and
their 95% CI, we estimated the P-scores enabling a ranking
of all treatments which mostly follow that of the point esti-
mates, but take precision into account. These P-scores
measure the mean extent of certainty that a treatment is
better than the competing treatments [28].

Risk of bias across studies

Publication bias was investigated graphically using funnel
plots for each direct meta-analysis of our principal outcome
when there were at least four studies. Funnel plot asymme-
try was tested using the rank correlation test when there
were at least 10 studies [29].

Minor changes to the initial protocol

While we had planned initially to focus on consump-
tion outcomes, we added safety outcomes before data
extraction because (1) these outcomes are necessary
to estimate the risk/benefit ratio of the drugs consid-
ered and (2) a reduction of mortality and/or in serious
adverse events are expected benefits of a harm reduc-
tion approach.

We assessed the quality of evidence contributing to
each network estimate for total alcohol consumption
(TAC) using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) framework [30]. As
it appeared that data on HDDs were more complete than
for TAC, we also evaluated the quality of the evidence with
the GRADE method for this outcome.



When substantial heterogeneity (I* > 50%) was found
in direct comparisons, meta-regressions were performed, a
posteriori, to explore whether the year of study, the defini-
tion of non-abstinence (no eligibility criteria requiring a pe-
riod of abstinence before inclusion versus presence of a
criterion specifying four or fewer abstinent days before in-
clusion) or the sex ratio (studies including men only versus
other studies) were possible effect modifiers. When effect
modifiers were suspected, an analysis excluding studies
that might have introduced heterogeneity was performed
as a post-hoc sensitivity analysis.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation or writing of
the report. The corresponding author had full access to
all the data in the study and had final responsibility for
the decision to submit for publication.

RESULTS

A flow-chart detailing the study selection process is given
in Fig. 1. After adjusting for duplicates, the searches pro-
vided a total of 2680 citations. Of these, 158 studies were
assessed for eligibility. Thirty-two RCTs involving 6036 pa-
tients met our eligibility criteria and were included in the
analysis [31-60]. The EMA provided us with access to all
study reports concerning nalmefene (including two un-
published eligible studies), because the drug had received
approval in Europe. We did not have access to study reports
either from the EMA for other drugs or from the FDA for all
drugs. For one study [54], the main analysis was presented
as part of a systematic review [61].

Study characteristics

All 32 RCTs included in the meta-analysis were placebo-
controlled. They were published between 1994 and
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2015. Their main characteristics are summarized in
Table 1. The studies compared the effects of oral nalmefene
(n=9), naltrexone (n = 14), acamprosate (n = 1), baclofen
(n=4) or topimarate (n = 4) against placebo. No study pro-
vided direct comparisons between active treatments. Pla-
cebo was the most frequently studied intervention, with
2780 patients. Nalmefene and naltrexone were the most
widely studied drugs with, respectively, 1693 and 850 pa-
tients receiving one of the two medications in the trials.
The other drugs were studied less frequently with, respec-
tively, 258, 106 and 349 patients for acamprosate, baclo-
fen and topiramate. Generally, study durations were
longer for nalmefene studies [median: 24 weeks, interquar-
tile range (IQR) = 12-28] than for naltrexone (median:
12 weeks, IOR = 10-16), baclofen (median: 12 weeks,
IQR =4-12) and topiramate (median: 12 weeks, IQR = 12—
12). The study duration of the acamprosate trial was
24 weeks. There were no major differences across studies
in terms of subject age (except for one naltrexone study
where the adults included were younger than in the others
[49]) and sex ratio (except for three naltrexone studies con-
ducted in men only [38,47,48]). Except for one nalmefene
trial (CPH-101-0701) and one naltrexone trial [51], all pa-
tients received a psychological co-intervention (including
medical management programmes) during the study
periods.

Risk of bias within studies

The risk of bias assessment is reported graphically in Fig. 2.
Twenty-six studies (81%) were classified as having an un-
clear or a high risk of incomplete outcome data due to
the large number of withdrawals. Extractable data were
based on a complete-case population for 26 trials (81%).
Therefore, an attrition bias cannot be excluded. Seventeen
studies (53%) were considered to present an unclear or a
high risk of selective outcome reporting, as they did not
mention a protocol registration number that allowed us
to check whether all outcomes were reported. Because
we had access to study reports, we were more confident
in the exhaustiveness of the nalmefene studies in compari-
son with other drugs. All these studies lacked consensus on
the ways of measuring and/or reporting outcomes, as de-
tailed in the Supporting information, Appendix S1 (p. 4).
Therefore, the analyses of the different outcomes were
based on a different number of studies and participants.

Data analysis
Direct comparisons

For all outcomes, the results of direct analyses (number of
studies, efficacy indices, I index) are summarized in
Table 2 and presented graphically with individual study re-
sults in the Supporting information, Appendix S1 (p. 8). In

general, substantial heterogeneity was shown for the nal-
trexone and topiramate studies. In particular, for naltrex-
one, while some studies were in favour of a superiority of
the drug, one study found a significant superiority of pla-
cebo [41].

Regarding the primary outcome (TAC), it was reported
in only seven (78%) nalmefene studies, five (36%) naltrex-
one studies, one (100%) acamprosate study, one (25%)
(50%)
Nalmefene, topiramate and baclofen showed a greater de-
crease in TAC than placebo. Data on HDD were more com-

baclofen study and two topiramate studies.

plete. The same results were observed, except for baclofen,
which did not show any superiority over placebo. Com-
pared to placebo, topiramate increased significantly the
number of non-drinking days and reduced the number of
drinking days. Nalmefene reduced significantly the num-
ber of drinks per drinking days. For nalmefene, estimated
effect sizes were always small. Conversely, the effect size
for baclofen was large on TAC but inconsistent on other
criteria. Topiramate consistently showed medium to large
effect sizes on all consumption outcomes.

No difference was found for any drug on mortality and
serious adverse events. More adverse events and with-
drawals for safety reason were evidenced for naltrexone
and nalmefene, and more withdrawals for nalmefene.

Indirect comparisons

For all outcomes, evidence of differences between drugs
was derived from indirect comparisons, as the networks
were star-shaped. Heterogeneity ranged from minor to
substantial (range of I’ = 0-61.5, I* greater than 50%
found for three outcomes). The consistency hypothesis
could not be ascertained because there was no direct com-
parison with active treatments. For TAC (Table 3), based on
the evidence detailed for direct comparisons, topiramate
was superior to nalmefene, naltrexone and acamprosate.
Similarly, baclofen showed superiority over naltrexone
and acamprosate on TAC. There was no evidence for a dif-
ference between nalmefene and naltrexone. The superior-
ity of topiramate seemed to be consistent on all the other
consumption outcomes while the superiority of baclofen
was not. No significant difference was found across drugs
on the safety outcomes (see Supporting information, Ap-
pendix S1, p. 62), except for withdrawals for safety reasons,
as presented in Table 3. For all outcomes, detailed contrast
tables are provided in the Supporting information, Appen-
dix S1 (p. 62). Network geometry is presented in Fig. 3
for TAC and the withdrawals for safety reasons, and in
the Supporting information, Appendix S1 (p. 59) for the
other outcomes.

Results are summarized visually with the ranking
according to P-scores in Fig. 4. Overall, the higher the
P-scores for the consumption outcomes, the lower the
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Table 1. (Continued)

Sex

Number of
patients

Study

(women)

(%)

Age (years)

Medical

duration
(weeks)

Primary outcome measures

of the study®

Industry
funding®

mean £ SD

randomized

condition

Treatment and dose Abstinence criterion

Country

Study

TPM: TPM: 32.8

AUD TPM: 67

12

Heavy drinking days
Abstinent days

Escalating doses No

No

North

Kranzler et al.

493 %9

PLB:

from 25 to 200 mg/day
in two separate doses

America

[60] 2014

PLB: 42.3

PLB: 71

52.8+74

aWe considered that there was an industry funding in case of partial or total funding by a pharmaceutical company, or when a pharmaceutical company supplied the drug; the primary outcome measures in several studies were not clearly

stated, particularly in early trials; ‘unpublished studies provided by the EMA; %only overall data available; °these values correspond to the number of patients analysed, as the number of patients randomized was not extractable from the paper;

‘median (min-max); ®study presented at a congress, results available on Clinicaltrials.gov (NCT00667875); AD

= alcohol use disorder; NA = not available; NLM = nalmefene; NTX = naltrexone; ACP = acamprosate;

alcohol dependence; AUD

placebo; SD = standard deviation.

baclofen; TPM = topiramate; PLB

BAC =

P-scores for the safety outcomes. We also noticed that the
safety profiles of nalmefene and naltrexone were similar.

Risk of publication bias and selective outcome reporting

We only investigated the existence of a publication bias for
our principal outcome. When applicable, funnel plots are
presented in the Supporting information, Appendix S1
(p. 8). In general, the small number of studies per outcome
prevented any meaningful use of this strategy. Therefore,
we consider that small study effects cannot be ruled out.
For example, concerning topiramate on the outcome
HDD, it is noticeable that the largest study against placebo
in terms of numbers of patients included found the smallest
effect size [standardized mean difference (SMD) = —0.2]. In
addition, as stated in the risk assessment paragraph, we es-
timated that selective outcome reporting was possible for
the studies included.

Investigation of heterogeneity

We performed meta-regression analyses for outcomes asso-
ciated with substantial heterogeneity (I> > 50%). The def-
inition of abstinence and the year of study were not
identified as possible effect modifiers. We identified the sex
ratio as a possible effect modifier, as it was associated signif-
icantly with the number of drinks per drinking day for nal-
trexone studies. A sensitivity analysis was performed after
having removed studies including only men. Overall, re-
sults were not changed, and some heterogeneity was still
unexplained.

Quality of evidence contributing to each network estimate

According to the GRADE method, the quality of evidence
was very low for the overall ranking of treatments for
TAC and HDD (see Supporting information, Appendix S1,
p. 66).

DISCUSSION
Statement of principle findings

Regarding our primary outcome (TAC), nalmefene, baclo-
fen and topiramate showed superiority over placebo. Fur-
thermore, indirect comparisons showed superiority of
topiramate over nalmefene, naltrexone and acamprosate.
It is noteworthy that the reporting of TAC (our primary
end-point) was less consistent than the reporting of other
consumption outcomes such as HDD. However, similar
trends were observed for the other consumption outcomes,
except in the case of baclofen (the positive results for baclo-
fen on TAC were based on a single small study). For all
treatments except topiramate, effect sizes were small or in-
consistent. Furthermore, nalmefene and naltrexone were
associated with a significant increase in withdrawals from


http://Clinicaltrials.gov

230

Topiramate

Baclofen

Kranzler et al. Addolorato et al.

Topiramate 2014
Knapp et al.

Topiramate 2015

Johnson et al.
2007
Topiramate
Johnson et al.
2003

Acamprosate
Mason et al.

Naltrexone
Tidey et al.
2008

Naltrexone
Oslin et al.
2008

Naltrexone
O'Malley et al.
2015

Naltrexone
Morris et al.
2001

Naltrexone
Morgenstern et al.
2012

Naltrexone
Kranzler et al.
2009

Naltrexone ‘
Kranzler et al.
2003
Naltrexone
Kranzler et al.
2000
Naltrexone

Killeen et al.
2004 Naltrexone

Heinala etal. yoavone

2001

4
A
a

2002 Baclofen
Addolorato et al.
2011 Baclofen
Garbutt et al.
2010

Baclofen
Ponizovsky et al.
2015

Nalmefene
Anton et al.
2004

Nalmefene
Van den Brink et al.

Nalmefene
Gual et al.
2013

Nalmefene
Karhuvaara et al.
2007

Nalmefene
Mann et al.
2013

Nalmefene
Mason et al.
1994

Nalmefene
Mason et al.
1999

Nalmefene
CPH-101-0701
2004

Nalmefene
CPH-101-0399
2002

Naltrexone

Ahmadi et al.

Naltrexone 2004

Maltrexone Anton et al.
Davidson et al. An
201

ton et al. 2011
2011*

Risk of bias . HR . UR . LR

Figure 2 Quality evaluation of included studies according to the Cochrane Collaboration tool for assessing risk of bias. SG = sequence generation;
AC = allocation concealment; B = blinding; IOD = incomplete outcome data; SOR = selective outcome reporting; OB = other bias. For each item,
the risk of bias was classified as ‘low risk’ (LR), *high risk’ (HR) or ‘unclear risk’ (UR), with the last category indicating either lack of information or un-

certainty over the potential for bias.

the study and withdrawals for safety reasons, which raises
concerns about a plausible attrition bias.

Overall, there is no evidence for a significant reduction
in serious adverse events or in mortality. As for studies on
substances aiming to maintain abstinence [16], no study
was designed with sufficient power, and study durations
were inadequate to investigate these health outcomes. In
addition, any pharmacological approach that might benefit
patients by reducing their alcohol consumption might also
harm them because of possible safety issues. Therefore, if
we consider the reduction of consumption as a valid surro-
gate outcome, it is not certain that its validity for a given
drug can be transposed to another drug with a distinct
safety profile. For these reasons, we have advocated long-
term mega-trials exploring health outcomes (including
large, randomized, controlled cluster trials) in targeted pop-
ulations [7]. One could argue that adequately designed tri-
als on health outcomes would be unfeasible (too large and
too long) and suggest that this evidence could be obtained
from observational studies on large administrative data-
bases. This is even more challenging. In our opinion,
non-randomized observational evidence of this kind might
not be robust enough to resist the major conflicts of interest

inherent in the evaluation of pharmaceuticals. Weaknesses
of these study designs include indication bias (especially
when comparing drugs with absence of treatment) and
non-measured confounders. Without entering further into
this debate, there is a great need for consensus to move the
field forward. Otherwise, we will continue to produce low-
quality evidence that maintains the unacceptable status
quo, as illustrated by our meta-analysis.

Strengths and weaknesses of the study

Regarding the strengths and weaknesses of the study, one
major strength of network meta-analyses is that they pro-
vide a broad picture of the evidence for specific conditions,
and make it possible understand how much evidence exists
for each treatment [62]. In this case, the network meta-
analysis enabled us to appraise critically the literature on
treatments used commonly to reduce alcohol consumption
in alcohol dependence and AUDs. It showed how the
emerging concept of pharmacologically controlled drinking
is based currently on results from studies with a high risk of
bias (including attrition bias due to the high rates of with-
drawal). Pinpointing these shortcomings is a crucial result
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Table 3 Results of indirect comparisons.

Total alcohol consumption, SMD (95% CI)

Placebo

3.32 (2.48; 4.45)
2.64 (1.26; 5.51)
0.84 (0.25; 2.82)

0.18 (0.02, 0.35)
Nalmefene

0.79 (0.36, 1.76)
0.25 (0.07, 0.88)
7.58 (0.46;125)  2.28(0.14, 38.11) 2.88 (0.16, 51.96)
2.77 (1.58;4.86) 0.84 (0.44, 1.57) 1.05 (0.42, 2.66)
Withdrawals for safety reasons, OR (95% CI)

0.09 (-0.11, 0.29)
-0.09 (-0.35,0.17)
Naltrexone
0.32(0.08, 1.32)

0.04 (—0.32,0.39)
—0.15 (—0.54, 0.24)
—0.06 (—0.46, 0.35)
Acamprosate
9.05(0.43, 191)
3.31(0.87,12.62)

1.00 (0.13, 1.86)
0.81 (—0.07, 1.69)
0.90 (0.01, 1.79)
0.96 (0.02, 1.89)
Baclofen

0.37 (0.02, 6.35)

0.79 (0.36; 1.21)
0.60 (0.15; 1.06)
0.69 (0.22; 1.16)
0.75 (0.205 1.3)
—0.21 (-1.17;0.76)
Topiramate

Efficacy indices between treatments (in rows) and treatment (in columns) are presented with their 95% confidence interval (CI); for total alcohol consumption
(top right corner), a negative value is in favour of the treatment in the row; for the withdrawals for safety reasons (lower-left corner), a value below 1 is in
favour of the treatment in the row; bold values are statistically significant. SMD = standardized mean difference; OR = odds ratio; CI = confidence interval.

a
Acamprosate Naltréxone
Baclofen Placebo
Nalmefene Topiramate

b
Acamprosate Naltréxone
Baclofen Placebo
Nalmefene Topiramate

Figure 3 Network geometry for the total alcohol consumption outcome (a) and the withdrawals for safety reasons outcome (b). Each node is
proportional to the number of patients for whom the outcome is available. Each edge is proportional to the number of studies for which the com-

parison is available.

in an emerging field under pressure from both financial
contlicts of interest (e.g. the initial intensive, targeted mar-
keting of nalmefene) and non-financial conflicts of interest
(e.g. widespread public support, in part via internet forums,
for the use of baclofen).

Furthermore, our study denotes a lack of a coherent
research agenda (placebo is the most widely studied inter-
vention and no study has compared two active treatments
directly) implementing consensual methods to assess and
measure outcomes [63].

We performed network meta-analyses which were
based completely on indirect comparisons. These analyses
should not replace head-to-head RCTs, but appeared neces-
sary as some of the treatments explored have been used off-
label for several years. Major shortcomings need to be
discussed to avoid any overinterpretation of the results.
First, indirect comparisons rely on a similarity assumption
(their validity depends on the distribution of treatment ef-
fect modifiers) [64], and systematic differences throughout
studies might bias the results. For instance, we observed
that study durations were generally longer for nalmefene

trials than for the other drugs. Therefore, these indirect
comparisons are supported in part by the assumption of a
constant effect of the treatment over time. It is noticeable
that the same hypothesis is made when a surrogate out-
come is measured in the short or medium term to deduce
the long-term effect of pharmacologically controlled drink-
ing on health outcomes. Secondly, we found considerable
heterogeneity (especially for naltrexone and topiramate),
which reduces the validity of the indirect comparisons.
We identified the sex ratio as a possible explanation for this
heterogeneity in explanatory analyses. In post-hoc sensitiv-
ity analyses, the results appeared robust, but heterogeneity
was still present. Other sources of heterogeneity are
possible, such as the great variety of psychological
co-interventions used in the different trials, ranging from
simple medical management to standardized interventions
such as BRENDA. In addition, although we carefully
selected studies including non-abstinent patients, different
treatment goals across studies could explain some of this
heterogeneity. It might be hypothesized that patients en-
gaged in abstinence-orientated treatment may be likely to



TAC

HDD

NDD

Drinking Days

DPDD

Mortality

SAE

AE

Withdrawals

Withdrawals for Safety

P-Scores.

-

0.75
0.50
0.25

0.00

Topiramage
Nalmgfen o

Nay, "eXone

Baciofg,,
Acg MProsate
Placepo

Figure 4 P-scores estimations. P-scores are values comprised between O and | that measure the mean extent of certainty that a treatment is better
than the competing treatments. The closer to | the P-score, the better the treatment. TAC = Total alcohol consumption; HDD = Heavy drinking
days; NDD = Non drinking days; DPDD = Drinks per drinking day; SAE = Serious adverse events; AE = Adverse events.

stop taking the drug when they begin drinking because
they see this as treatment failure. The exact treatment goals
were reported inconsistently in the different studies, and it
was not possible to take this information into account.

A publication bias and a selective outcome reporting
bias might also account for some of the effects we observed.
Finally, because nalmefene has approval in Europe, the
EMA granted us access to unpublished studies and study
reports, and we included what we believe to be all available
relevant data from completed studies on nalmefene that
met our inclusion criteria. This was not the case for the
other treatments, and this could have biased our results to-
wards an underestimation of the comparative effectiveness
of nalmefene.

While comparative effectiveness is central to drug eval-
uation, this evidence was lacking at the time nalmefene
was approved. The main concerns relate to the lack of
meaningful comparisons with naltrexone, which is a very
similar compound. When the NICE (the National Institute
for Health and Care Excellence) evaluated nalmefene, the

pharmaceutical company Lundbeck (the compound patent
holder) stated that all the naltrexone studies had limita-
tions in the data reported, meaning that an indirect com-
parison could not be performed [65]. Indeed, our
independent appraisal found that the naltrexone studies in-
cluded were highly heterogeneous and had an unclear or
high risk of selective outcome reporting bias, compromis-
ing a definitive answer to the question of comparative effec-
tiveness between the two compounds. Direct comparisons
are therefore needed.

In disagreement with the above statement, reported to
NICE, a Lundbeck-sponsored indirect comparison of
nalmefene and naltrexone was published recently and
found a superiority of nalmefene [17]. Inclusion criteria
in this meta-analysis were close to ours, except that we
were more stringent concerning the duration of the absti-
nence period allowed before entering the trial. However,
this study compared subgroup analyses on nalmefene RCTs
with naltrexone RCTs as a whole. The validity of these a
posteriori-defined subgroup analyses has been criticized



[6,66], and in the context of an indirect comparison it chal-
lenges the similarity assumption dramatically. While we did
not find any significant difference between naltrexone and
placebo, indirect comparisons showed no evidence of a
superiority of nalmefene over naltrexone. In addition, both
drugs were linked to more adverse events than placebo.

Perspectives

As shown previously, nalmefene has small effects on sur-
rogate outcomes (with moderate confidence in the evi-
dence) and no demonstrated effect on health outcomes
[8]. No evidence was found of superiority against another
drug. Among the currently ongoing registered post-
marketing studies, none is to address these issues (i.e.
lack of power for health outcomes and/or lack of
comparisons) [7].

No efficacy was found here for either naltrexone or
acamprosate. Regarding baclofen, we found very poor evi-
dence for its use (very low confidence in evidence that was
very inconsistent). We found only small studies involving
low doses (ranging from 30 to 50 mg/day). These doses
were well below the doses that can be prescribed in day-
to-day practice. Indeed, the prescription of high doses (up
to 300 mg/day) has increased rapidly among alcohol spe-
cialists [67], while the marketing authorization for spastic-
ity forbids the use of more than 40 mg/day and warns
against associated alcohol use [68]. These practices were
based initially on case reports, case series or rudimentary
cohort studies [69]. A 1-year efficacy clinical trial in this
specific indication was completed in France (BACLOVILLE
study, NCT01604330) and was partially presented at a
congress. Only the results concerning mortality and the
primary outcome were released. They suggested efficacy
on consumption outcomes, with an absolute difference in
likelihood of success (defined as abstinence or a low level
of consumption) of 20.3% (95% CI = 7.3, 33.3) in favour
of baclofen. No effect was found on mortality with, respec-
tively, seven of 162 deaths in the baclofen group (five due to
alcohol) and three of 158 in the placebo group (one due to
alcohol). Although not significant (the study was powered
to evidence benefit on consumption outcomes, and not on
mortality) this result suggests that the effect observed on
consumption outcomes does not necessarily reflect efficacy
on health outcomes. As in other studies, attrition was high
(32% lost to follow-up). Data on other outcomes, including
the outcomes relevant for our meta-analysis, have still
been not released, despite a primary completion date in
September 2014 and a database lock in October 2015. It
is estimated that tens of thousands of patients with alcohol
use disorders are targeted [70] in France by a very specific
supervision procedure (‘temporary recommendation for
use’) [68]. Therefore, the complete results, enabling the
possible benefits to be weighed against the known safety

issues [71], especially in the case of deliberate acute baclo-
fen poisoning [72], are required urgently [73].

Interestingly, despite the major limitations we have
raised, our data suggests that topiramate could be consid-
ered as the most effective treatment, with medium to large
effect sizes on most consumption outcomes (but with very
low confidence in the evidence). This result, which should
be considered exploratory, is nonetheless interesting to an-
alyse. Indeed, it would be tempting to promote the use of
topiramate in alcohol dependence and AUDs, as it is associ-
ated with a significant decrease in alcohol consumption
and its safety profile does not appear to differ from that of
placebo for adverse events, serious adverse events or mor-
tality. Previous evidence does not support this idea, how-
ever, as the use of topiramate is known to result, for
example, in negative cognitive side effects such as deterio-
ration in verbal fluency, language comprehension, working
memory and visual block tapping [ 74]. The absence of dif-
ference between topiramate and the other drugs could be
explained by insufficient study duration, insufficient power
and/or by poor quality in the reporting of harmful effects or
events [75]. In our opinion, this example illustrates the fact
that surrogate outcomes should not be used alone. We feel
that the EMA should revise their standards and support the
implementation of adequately designed trials on health
outcomes. In any event, there is an urgent need to provide
policymakers with evidence as to which of these pharma-
cologically controlled drinking approaches can be trans-
lated effectively into a real harm reduction strategy.

To conclude, our results suggest that no treatment cur-
rently has high-grade evidence for pharmacologically con-
trolled drinking in the treatment of patients suffering from
alcohol dependence or alcohol use disorders. At best, some
showed low to medium efficacy in reducing drinking, but
across a range of studies with a high risk of bias. Although
based on all available data in the public domain, this meta-
analysis found no evidence of any benefit of the use of
drugs aiming for a controlled drinking strategy on health
outcomes. We invite researchers and stakeholders to set
up a coherent agenda to demonstrate that pharmacologi-
cally controlled drinking can be translated into genuine
harm reduction for patients. From the clinical perspective,
while this new approach is often presented as a ‘paradigm
shift’ in terms of therapeutics, doctors and patients should
be informed that the critical examination of the pros and
cons of the evidence clearly questions the current guide-
lines that promote drugs in this indication.
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