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Abstract

Aims: The estimated effect of sodium oxybate (SMO) in the treatment of alcohol dependence is heterogeneous. Population severity and
treatment duration have been identified as potential effect modifiers. Population severity distinguishes heavy drinking patients with <14 days of
abstinence before treatment initiation (high-severity population) from other patients (mild-severity population). Treatment duration reflects the
planned treatment duration. This study aimed to systematically investigate the effect of these potential effect moderators on SMO efficacy in
alcohol-dependent patients.

Methods: Network meta-regression allows for testing potential effect modifiers. It was selected to investigate the effect of the above factors
on SMO efficacy defined as continuous abstinence (abstinence rate) and the percentage of days abstinent (PDA). Randomized controlled trials
for alcohol dependence with at least one SMO group conducted in high-severity and mild-severity populations were assigned to a high-severity
and mild-severity group of studies, respectively.

Results: Eight studies (1082 patients) were retained: four in the high-severity group and four in the mild-severity group. The high-severity group
was associated with larger SMO effect sizes than the mild-severity group: abstinence rate risk ratio (RR) 3.16, P=0.004; PDA +26.9%, P < 0.001.
For PDA, longer treatment duration was associated with larger SMO effect size: +11.3% per extra month, P < 0.001. In the high-severity group,
SMO showed benefit: abstinence rate RR 2.91, P=0.03; PDA +16.9%, P <0.001. In the mild-severity group, SMO showed benefit only in PDA
for longer treatment duration: +23.9%, P < 0.001.

Conclusions: In the retained studies with alcohol-dependent patients, high-severity population and longer treatment duration were associated

with larger SMO effect sizes.

INTRODUCTION

Alcohol dependence (AD) is responsible for about two-thirds
of the overall alcohol-attributable mortality (Rehm ez al.,
2012). There is strong evidence that alcohol-related harm is
mainly determined by the amount of alcohol consumed and
the drinking pattern (Rehm et al., 2010, 2012, 2018).

One of the treatment goals for AD is abstinence (Euro-
pean Medicines Agency, 2010). Currently, disulfiram, acam-
prosate and naltrexone are registered for the maintenance of
abstinence in AD patients. Although effective on the group
level, effects sizes are heterogeneous and limited, and many
AD patients fail to respond to these medications (European
Medicines Agency, 2010; van den Brink ez al., 2018). There-
fore, additional pharmacological treatments are needed.

Sodium oxybate (SMO) as an oral solution has been
approved in Italy and Austria for the treatment of alcohol
withdrawal syndrome and for maintenance of abstinence since
1991 and 1999, respectively (van den Brink ez al.,2018). SMO
is the sodium salt of y-hydroxybutyric acid (GHB), a short-
chain fatty acid that is naturally synthesized in the mammalian
brain. SMO is a low affinity agonist at GABAp receptors and
also binds with high affinity to GHB-specific binding sites
(Keating, 2014; van den Brink et al.,2018; Leurs et al., 2021).
One proposed mechanism of SMO in the treatment of AD is its
ability to mimic some effects of alcohol in the brain (Keating,
2014; Kamal et al., 2016). SMO showed evidence of efficacy
compared with placebo or naltrexone in AD patients in a series
of randomized controlled trials (RCTs), including a Phase III
trial, and in various (network) meta-analyses (Gallimberti
et al., 1992; Caputo et al., 2003, 2007; Leone et al., 2010;
van den Brink et al., 2018; Cheng et al., 2020; Guiraud et al.,
2022). However, heterogeneity of the SMO treatment effect
was identified within and across studies (van den Brink et al.,
2018; Guiraud et al., 2021, 2022). In a recent network meta-
analysis including 64 trials (43 interventions), evidence of
inconsistency of SMO treatment effect between direct and
indirect comparisons was identified (Cheng et al., 2020),
suggesting an unbalanced presence of effect modifier(s) across
studies in the network (Dias et al., 2011). No evidence was
found of heterogeneity being explained by meta-regression
on predefined study level characteristics (Cheng et al., 2020).
In another meta-regression analysis, including 51 RCTs for
AD, treatment effect of approved medications for AD was
significantly negatively correlated with the magnitude of the
placebo response. No effect modifiers were identified among

the factors tested (Litten et al., 2013). Interestingly, these
meta-regressions did not test the effect of population severity
and (planned) treatment duration, two factors identified as
effect modifiers of several approved medications for Ap and/or
predictors of placebo response.

Population severity distinguishes AD patients with heavy
alcohol consumption (>40 g/day for women and > 60 g/day
for men) at baseline and with a short abstinence duration
(<14 consecutive days) before treatment initiation from other
AD patients. With respect to their level of response to placebo
treatment, these patients have been defined in the literature as
the high-severity population and the complement population
as the mild-severity population (van den Brink et al., 2018;
Scherrer ef al., 2021). Recent subgroup analyses in studies
for the treatment of AD showed that the placebo response in
double-blind RCTs is lower and treatment effect size is higher
in the high-severity population than in the mild-severity pop-
ulation (van den Brink ez al., 2013, 2014, 2018; Mann et al.,
2016; Pierce et al., 2018; Scherrer et al., 2021). Furthermore,
longer planned treatment durations were associated with
lower placebo response within and across RCTs conducted in
populations with a certain severity level (Scherrer et al., 2021).

Therefore, the aim of this study was to simultaneously
investigate the potential moderating effect of population
severity and treatment duration on SMO efficacy in RCTs
directed at the maintenance of abstinence in AD patients. A
method to test these interactions across studies is network
meta-regression analysis (NMRA) (Higgins et al., 2022) and
thus, this analysis was selected to systematically investigate
SMO efficacy heterogeneity in the treatment of AD. In
addition, separate analyses were performed to assess the
credibility and plausibility of our findings.

METHODS

The protocol for this review has been registered in the Inter-
national Prospective Register of Systematic Reviews (PROS-
PERO: CRD42022347817).

Eligibility criteria

We included all published RCTs conducted in AD patients
to maintain abstinence in an outpatient setting and which
included at least one group treated with SMO. Only full text
articles in English were selected.

€202 AeN GO uo Jasn SINITIAA NI NILNINO LNIVS 3A FHIVLISHIAINN "9I9 Ad | 162269/ 1/2/8G/191LE/0[ed]e/wod dno-dlwapede)/:sd)y wody papeojumod



Alcohol and Alcoholism, 2023, Vol. 58, No. 2

Low/Medium DRL ]

< 60 g/day for men

< 40 g/day for women
-
Alcohol Dependent
( High/Very High DRL |
i >60 g/day for men

>40 g/day for women

127

Early

abstainers/reducers

-

Mild-severity
Not early > population
abstainers/reducers | High placebo
R |
response

Early
abstainers/reducers

t J

High-severity

‘ Not early population
abstainers/reducers | Low placebo
response

Fig. 1. Definitions of alcohol-dependent subpopulations according to van den Brink et al. (2018). DRL: drinking risk level see Supplementary Table S1;
early abstainers: patients with > 14 consecutive days of abstinence before treatment initiation; early reducers: patients who reduce their alcohol

consumption to a low or medium DRL prior to treatment initiation.

Population

Selected studies included AD patients according to DSM (IV
or earlier), ICD (10 or earlier) or equivalent criteria. Patients
needed to be abstinent before starting the study medication.

Determination of population severity and treatment
duration

For those articles not reporting efficacy separately for severity
subgroups, studies were assigned to one of the severity groups
with the Scherrer ef al. (2021) method: studies reporting
a long abstinence duration before treatment and/or non-
heavy alcohol consumption at baseline at study level were
assigned to the group of mild-severity studies (Fig. 1). Stud-
ies reporting a short abstinence duration before treatment
and heavy alcohol consumption at baseline at study level
were assigned to the group of high-severity studies (Fig. 1).
For studies reporting on efficacy separately for each severity
subgroup, data of each subgroup (mild-severity and high-
severity) were treated as a standalone study allocated to the
group of mild-severity or the group of high-severity studies,
respectively.

Treatment duration was a continuous variable expressed
in months and reflecting the planned treatment duration for
each retained RCT. See supplementary material for additional
information.

Interventions/comparators

All studies with SMO as one of the pharmacological inter-
ventions for maintaining abstinence in AD patients in an
outpatient setting were included in the analysis. In a network
meta-analysis, each treatment is compared directly and/or
indirectly with all other treatments, therefore any treatment
can be the comparator. In the current report, placebo was used
as main comparator (Fig. 3).

Outcome

The selected primary outcome was the abstinence rate
which is the primary endpoint recommended by regulatory
agencies for the demonstration of efficacy in the mainte-
nance of abstinence (European Medicines Agency, 2010;
US Food and Drug Administration, 2015). Our definition

of abstinence was continuous abstinence (no relapse to any
alcohol use) throughout the treatment period.

In accordance with the European Medicines Agency (EMA)
guideline, the percentage of days abstinent (PDA) was selected
as a secondary measure (European Medicines Agency, 2010).
If cumulative abstinence duration was reported and PDA was
not reported and since both endpoints are closely related, the
cumulative abstinence duration was transformed into PDA by
dividing the reported cumulative abstinence duration in each
treatment group by the planned treatment duration. Other
outcomes were reported in no more than two studies and
were, thus, not included in the analyses.

Search strategy

We performed a systematic search considering articles
assessed for eligibility (after exclusion of duplicates) in
previous systematic reviews and meta-analyses with similar
research questions related to similar populations (AD) and
study designs (RCTs) as our NMRA (Fig. 2 and full list in
supplementary material). However, since these searches only
covered articles published up to March/October 2020, we
also conducted a systematic screening of original articles
published from March 2020 to July 2022 in MEDLINE based
on PRISMA guidelines (see search strategy in supplementary
material).

Study selection

Articles identified through this search strategy were screened
by three reviewers and information related to the inclusion/ex-
clusion criteria are presented in a bespoke Excel spreadsheet.
Any disagreement between reviewers or uncertainty related to
the study selection was discussed and resolved.

Data extraction

Data were extracted from the publication in duplicate in a
pre-piloted Excel spreadsheet and were reviewed by a third
reviewer. When multiple articles from one study existed, all
reports were considered, data were retrieved from these dif-
ferent sources and the related articles were referenced in the
Excel spreadsheet.

€202 AeN GO uo Jasn SINITIAA NI NILNINO LNIVS 3A FHIVLISHIAINN "9I9 Ad | 162269/ 1/2/8G/191LE/0[ed]e/wod dno-dlwapede)/:sd)y wody papeojumod


https://academic.oup.com/alcalc/article-lookup/doi/10.1093/alcalc/agac070#supplementary-data

128

=
=
=4
©
=
=
=4
=
[}
=

Alcohol and Alcoholism, 2023, Vol. 58, No. 2

Identification of studies via systematic literature search

1

Identification of
studies via other

hod

|

References identified from:
Cheng et al. 2020 (n=1220)
Scherrer et al. 2021 (n=431)

References retained in:
Ahmed et al. 2019 (n=10)
Bschor et al. 2018 (n=14)
Kranzler et al. 2019 (n=7)
Leone et al. 2010 (n=18)

Mann et al. 2016 (n=8)
Palpacuer et al. 2018 (n=32)
Pierce et al. 2018 (n=13)
Rose and Jones 2018 (n=12)

Résner et al. 2010a (n=24)
Rosner et al. 2010b (n=47)
Van den Brink et al. 2018 (n=7)

Identification via
systematic search
from March 2020 to
July 2022 (n=888)

References
identified from
citation searching
(n=26)

References removed before screening:
Duplicate references removed (n = 420)

Reason 1: Study not conducted in the treatment of AD

Reason 2: Meta-analysis / Review / Retracted article / Not a full research article

Reason 3: No pharmacological treatment tested

Reason 4: Sodium oxybate efficacy not tested or not tested alone

Reason 5: Not a randomized controlled trial (RCT)

Reason 6: Re-analysis of an excluded study

Reason 7: Number of patient per group is missing / None of reported outcome
fulfilled our endpoints of interest / Treatment duration not available

Reason 8: Study not conducted in the maintenance of abstinence

Reason 9: Article not in English

Reason 10: Other

Fig. 2. Flow diagram of study selection.

Dealing with missing data

We used results from the intention-to-treat population. Since
relapse was the main documented reason for dropout in
previous trials (Guiraud et al., 2022), dropouts were treated
as treatment failures for abstinence rate (patient not continu-
ously abstinent) in all retained studies. For PDA, we used the
efficacy results and thus the imputation method for missing
data reported in the article.

Assessment of risk of bias

The revised Cochrane risk of bias tool for randomized trials
(RoB2) (Sterne et al., 2019) was used to assess the risk of bias
in five domains: bias arising from the randomization process;
bias due to deviations from intended interventions; bias due to
missing outcome data; bias in measurement of the outcome;
and bias in selection of the reported result. Three reviewers
conducted the assessment of the risk of bias. Any disagreement
between reviewers or uncertainty was discussed and resolved.
Information supporting the risk of bias assessment was pre-
sented in a bespoke Excel spreadsheet (see supplementary
material).

Data synthesis

SMO efficacy was investigated using a NMRA with popula-
tion severity and treatment duration as covariates and was
then explored in each population severity group separately
using a network meta-analysis. Network meta-analysis is a
technique for comparing three or more interventions simul-
taneously in a single analysis by combining both direct and
indirect evidence across a network of studies. NMRA is a
technique to investigate whether certain study characteristics

References screened | References excluded by title or abstract
(n=2337) (n=12)
£
= References sought for . _
g retrieval (n = 2325) —»| References not retrieved (n = 87)
3l
References d for | :
eligibility (n = 2238) References excluded:
\ ) Reason1(n=921) Reason6 (n=92)
l Reason 2 (n=449) Reason7 (n=67)
—
Reason 3 (n=280) Reason8(n=53)
B 7 RCTs included (8 Reason4 (n=225) Reason9(n=29)
-l references) corresponding to Reason 5 (n = 97) Reason 10 (n = 17)
T=a 8 (sub)studies: high-severity
= (n=4) and mild-severity (n=4)
—

are associated with the intervention effects in the network
meta-analysis (Higgins et al., 2022).

To address the risk of overfitting, a sensitivity analysis using
a NMRA with only population severity as a covariate was
conducted for the primary endpoint on the overall sample of
retained studies. A second sensitivity analysis using NMRA
was performed with only double-blind RCTs.

Results for all comparisons were synthetized using risk
ratio (RR) for abstinence rate and mean difference for PDA,
including the 95% confidence interval. For evaluations of
consistency in the network, we used the design-by-treatment
interaction model (Higgins et al., 2012). Analyses assumed
random effects for intervention effects within a frequentist
framework.

The statistical software that we used was STATA® SE 14.2.
NETWORK META was used for performing NMRA and
network meta-analysis models.

Credibility and plausibility of findings

The following criteria defined by the EMA and the Cochrane
were used to assess the reliability of the subgroup findings:
(a) a statistically persuasive and clinically relevant treatment
effect has to be demonstrated in the whole population, (b)
existence of external evidence defining the subgroup of inter-
est, (c) existence of a pharmacological rationale of the differ-
ence of treatment effect between subgroups, (d) the magnitude
of the difference of treatment effect between subgroups is sta-
tistically significant and practically important, (e) differences
of treatment effect between subgroups are observed within
and between studies and existence indirect evidence in support
of the findings and (f) the subgroup analysis was pre-specified
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naltrexone

SMO + naltrexone

placebo

Fig. 3. Network plot of efficacy studies in abstinence rate. SMO: sodium
oxybate. Nodes represent the interventions in the network and lines
show the available direct comparisons between pairs of interventions,
e.g. SMO vs. placebo. The size of the nodes corresponds to the number
of participants assigned to each treatment. The thickness of the line and
the reported number both indicate the number of trials evaluating the
specific comparison.

(European Medicines Agency, 2019; Higgins et al., 2022). See
supplementary material for additional information.

RESULTS
Study selection

In total, 2337 references were screened and 2329 were
excluded. The main reasons for exclusion were the following:
study not about the treatment of AD (n2=921), review,
meta-analysis, retracted article, not a full-length original
research paper (e.g. conference paper, poster) (7=449), no
pharmacological treatment tested (7 =280) and SMO efficacy
not tested (17 =225) (Fig. 2 — see list in supplement).

Seven RCTs (reported in eight references) totaling 1082
treated patients fulfilled the selection criteria and were
included: four double-blind, placebo-controlled trials testing
SMO efficacy and safety (Gallimberti ef al., 1992; Di Bello
et al., 1995; van den Brink et al., 2018; Guiraud et al., 2021,
2022), one open-label RCT comparing SMO to naltrexone
(Caputo et al., 2003), one open-label study comparing SMO
to naltrexone and the combination of SMO and naltrexone
(Caputo et al., 2007) and one open-label study comparing
SMO to naltrexone and disulfiram (Nava et al., 2006)
(Fig. 3). All retained studies reported the abstinence rate in
each treatment group, whereas three (double-blind placebo
controlled) RCTs reported PDA or the cumulative abstinence
duration (Gallimberti et al., 1992; Guiraud et al., 2021,
2022). The retained RCTs recruited patients from sites in
nine European countries. See Supplementary Table S2 for
additional information on included studies.

Risk of bias assessment

Risk of bias assessment showed a low risk or only some
concerns for all domains except for the risk of bias due to
missing outcome data and for the risk of bias in measurement
of the outcome. The dropout rates and the lack of sensitivity
analyses for missing data imputation may have affected the
treatment effects for four studies, although we considered

129

dropout as relapse/failure for abstinence rate analysis. The
high-risk bias in measurement of the outcome for five studies
was mainly due to the treatment allocation not being blind in
four studies (Supplementary Table S3).

Study allocation to population severity subgroups

One RCT recruited both mild-severity and high-severity
patients and the related article reported efficacy data per
severity subgroups (Guiraud et al., 2021). For this RCT,
each population severity subgroup was considered as a
standalone study in the NMRA and was assigned to the
group of mild-severity and high-severity studies, respectively.
In addition, three RCTs were allocated to the mild-severity
group of studies, whereas three RCTs were allocated to the
high-severity group of studies (see Supplementary Table S2).
Consequently, the mild-severity group in the NMRA consisted
of 4 (sub)studies totaling 756 patients and 4 (sub)studies
totaling 326 patients were allocated to the high-severity group
(Table 1).

Main characteristics of retained studies

Mean age at baseline, percentage of men and mean alcohol
consumption at baseline were similar in the two popula-
tion severity subgroups. However, mean abstinence duration
before treatment initiation in the high-severity and in the
mild-severity group of studies were very different: 4.7 and
17.4 days, respectively (Table 1). The assignment of studies
to the mild-severity group was driven by a long abstinence
duration before treatment initiation for three studies and
by a non-heavy alcohol consumption at baseline for one
study (Supplementary Table S2). Other baseline characteris-
tics scores were available in less than two studies or were
expressed differently (e.g. categories vs mean score) and are
not reported here.

Primary analysis

In the main analysis, simultaneously including population
severity and treatment duration as covariates, the SMO treat-
ment effect in abstinence rate (compared to placebo) was
significantly dependent on population severity (P = 0.004) and
it was increased by an RR (95% CI) of 3.16 (1.45; 6.85)
in the high-severity group of studies compared with SMO
treatment effect in the mild-severity group of studies (Table 2).
In this analysis, treatment duration was not a significant effect
modifier of SMO in abstinence rate (P =0.139; Table 2). The
sensitivity analysis using only double-blinded RCTs provided
very similar results as the main analysis, both in terms of
point estimates and statistical significance. The NMRA using
only population severity as covariate also showed a significant
effect of population severity on SMO treatment effect in
abstinence rate with a point estimate very similar to the one
in the main analysis.

Secondary analysis

In the secondary analysis, simultaneously including pop-
ulation severity and treatment duration as covariates, the
SMO treatment effect in PDA (compared with placebo) was
also dependent on population severity (P <0.001) and the
SMO treatment effect was increased by a mean difference
of +26.9% in the high-severity group compared with SMO
treatment effect in the mild-severity group (Table2). In
contrast to the abstinence rate analysis, SMO efficacy in
PDA was also significantly dependent on treatment duration:
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Table 1. Descriptive statistics and main characteristics in retained studies
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Characteristics Statistical parameters Overall Mild-severity population High-severity population
Retained studies N studies 8 4 4
Sample size N patients total 1082 756 326
Mean (SD) 135 (125) 189 (162) 82 (52)
Min; Max 175339 17; 339 35;154
Treatment duration Mean? (SD) 4.9 (3.2) 6.8 (3.8) 3.0 (0.0)
(months) Min; Max 3.0; 12.0 3.0;12.0 3.0; 3.0
Mean age of patients (years) Mean? (SD) 45.2 (4.1) 44.7 (2.9) 45.6 (5.5)
Min; Max 37.5;48.8 40.7; 47.3 37.5;48.8
% males Mean? (SD) 75.7 (7.4) 80.3 (3.4) 71.1(7.7)
Min; Max 63.0; 84.8 76.5; 84.8 63.0; 78.2
Mean alcohol consumption at Mean? (SD) 103.0 (36.4) 95.9 (41.3) 113.6 (38.8)
baseline (g/day)® Min; Max 48.2;141.1 48.2;121.2 86.1; 141.1
Mean abstinence duration Mean? (SD) 11.0 (9.7) 17.4 (10.3) 4.7 (2.6)
prior to treatment (days)? Min; Max 1.05 30.0 5.5;30.0 1.0; 7.0

aUnweighted estimate. PThe threshold values from inclusion/exclusion criteria regarding alcohol consumption at baseline and/or abstinence duration prior
to treatment initiation were used for descriptive statistics computation for studies not reporting mean values (see Supplementary material).
In the overall population, the mild- and high-severity subgroups from the RCT conducted by Guiraud et al. (2021) were considered as standalone studies for

the computation of descriptive statistics.

Table 2. Effect of population severity and treatment duration on SMO versus placebo treatment effect

Covariates Estimate 95% CI P value
Main analysis: abstinence rate, 8 studies, 18 arms, 1082 participants

Population Severity RR 3.16 1.45-6.85 0.004
Treatment Duration RR 1.14 0.96-1.35 0.139
Secondary analysis: PDA, 4 studies, 8 arms, 878 participants

Population Severity MD 26.9% 17.5-36.2 <0.001
Treatment Duration MD 11.3% 6.0-16.5 <0.001

RR: risk ratio; MD: mean difference; CI: confidence interval; PDA: percentage of days abstinent

SMO treatment effect in PDA in a given severity group was
increased by +11.3% per extra month of treatment duration
(P <0.001) (Table 2).

Network meta-analysis separately for each
population severity subgroup

Given these results, the SMO treatment effect (compared
to placebo) was further investigated using a network meta-
analysis conducted separately in each severity group for absti-
nence rate and in each severity group and according to treat-
ment duration for PDA. In the high-severity population and
compared with placebo, SMO showed a clinically relevant
effect in abstinence rate (RR 2.91; 95%CI 1.11-7.65) and
in PDA after a 3-month treatment duration (mean differ-
ence + 16.9%; 95%CI 10.9-23.0). In the high-severity pop-
ulation, the combination SMO and naltrexone was also supe-
rior to placebo in abstinence rate (RR 5.94; 95%CI 1.42-
24.96).

However, in the mild-severity population, the magnitude of
the effect was numerically in favor of placebo for naltrexone
and disulfiram and placebo was significantly superior to SMO
in PDA at 3 months (Table 3). The exception was a significant
benefit for SMO compared with placebo in PDA in the mild-
severity population after a 6-month treatment duration (mean
difference +23.9%; 95%CI 15.9-32.0) (Table 3).

No evidence of inconsistency based on a random effects
design-by-treatment interaction model was found in the net-
work meta-analysis conducted in the high-severity group of
studies (x2=1.31, P=0.25) or in the mild-severity group of
studies (x2=0.14, P=0.71).

Credibility and plausibility of findings

Data support fulfilment of the EMA and Cochrane criteria
for credibility and the plausibility of the findings: (i) SMO
showed efficacy in the whole study population; (ii) external
evidence for the definition of the selected subgroups exists;
(iii) a pharmacological rationale of the difference of treatment
effect between subgroups exists; (iv) the difference between
subgroups was clinically important and statistically significant
and treatment effect in the high-severity was larger than in
the mild-severity group, (v) effects of population severity
and treatment duration on SMO efficacy have been observed
within and across trials and are supported by external evi-
dence from trials on other AD medications; (vi) the protocol
for this review was registered in PROSPERO. See supplemen-
tary material for the empirical justification of these statements
and the supporting literature references.

DISCUSSION

SMO has shown evidence of efficacy in the treatment of AD
in a series of RCTs and meta-analyses and treatment with
SMO is safe and well-tolerated (van den Brink et al., 2018;
Addolorato et al., 2020). However, substantial heterogeneity
of SMO treatment effects has been identified within and
across studies (van den Brink ez al.,2018; Guiraud et al.,2021,
2022). Heterogeneity in the efficacy of pharmacotherapies is
common in the treatment of AD (Rosner et al., 2010; Litten
et al.,2013;van den Brink et al., 2018 ; Scherrer et al., 2021).
It is, therefore, important to determine the moderators of the
treatment effect as well as the target population in which these
medications are (most) effective.
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Table 3. Treatment effect of active compounds vs. placebo in each population severity group for abstinence rate and per population severity and treatment

duration for PDA

Analysis Treatment No of arms?® No of participants® Estimate (95% CI) P value

Primary outcome: abstinence rate

High-severity group of studies SMO + NTX 1 18 RR 5.94 (1.42-24.96) 0.015
SMO 4 192 RR 2.91 (1.11-7.65) 0.030
NTX 2 34 RR 1.22 (0.35-4.28) 0.751

Mild-severity group of studies SMO 4 473 RR 1.06 (0.77-1.47) 0.706
NTX 1 27 RR 0.80 (0.42-1.51) 0.484
DSF 1 31 RR 0.64 (0.33-1.25) 0.192

Secondary outcome: PDA

High-severity — 3 months Tx SMO 149 MD +16.9% (10.9-23.0) <0.001

Mild-severity — 3 months Tx SMO 1 282 MD —-9.9% (—17.7 to =2.2) 0.012

Mild-severity — 6 months Tx SMO 1 154 MD +23.9% (15.9-32.0) <0.001

SMO: sodium oxybate; DSF: disulfiram; NTX: naltrexone; Tx: treatment duration; RR: risk ratio; MD: mean difference; CI: confidence interval; PDA:
percentage of days abstinent; ?Mild severity group included three placebo arms (225 participants) and high-severity group included two placebo arms (82

participants);

Here we studied population severity and treatment duration
as two potential effect modifiers of SMO using NMRA. Pop-
ulation severity is a categorical variable with two categories
that have been defined in literature as a potential effect
modifier. It distinguishes heavy drinkers without ‘spontaneous
improvement’ before treatment initiation (high-severity) from
other patients (mild-severity) (van den Brink ez al., 2018;
Scherrer et al., 2021). Treatment duration is a continuous
variable reflecting the planned treatment duration in the
retained studies.

In our NMRA of eight studies with 1082 treated AD
patients, the effect of SMO compared with placebo was
dependent on population severity and was increased in the
high-severity group of studies compared with the group
of mild-severity: RR 3.16 (P=0.004) for abstinence rate
and mean difference +26.9% (P <0.001) for PDA. The
relationship between SMO treatment effect and treatment
duration was not significant (P=0.139) for the abstinence
rate analysis, but it was significant for the PDA analysis with
an increase of 11.3% per extra month of treatment duration
(P <0.001). It should be recognized, however, that meta-
regressions have low power to detect relationships (especially
with dichotomous outcomes) and that at least 10 studies are
generally required to detect a modifier effect (Higgins et al.,
2022).

In the high-severity group of studies, SMO showed a clin-
ically meaningful benefit vs. placebo both in abstinence rate
(RR 2.91) and in PDA (mean difference + 16.9%). In contrast,
no clinically relevant benefit in abstinence rate vs. placebo
was shown in the mild-severity population. In this popula-
tion, placebo was significantly superior to SMO in PDA at
3 months. This result is explained by data from the Guiraud
et al. (2021) RCT where the placebo response in PDA at
3 months in the mild-severity subgroup was very high (mean
87.2%) and higher than in SMO group (mean 77.3%) (see
supplementary material). The exception was a positive and
clinically relevant effect of SMO in PDA for a treatment
duration of 6 months in the mild-severity group, illustrating
the significant effect of treatment duration on SMO efficacy
in this endpoint. The placebo response in PDA was much
lower for a 6-month than for a 3-month treatment duration
in the mild-severity group (mean 37.9 vs. 87.2% - see supple-
mentary material). At treatment group level, PDA measures
the differences in abstinence rate as well as the differences
in abstinence duration in relapsing patients. The significant

beneficial effect of SMO in PDA in the mild severity popula-
tion at 6 months can probably be explained by the combina-
tion of a longer abstinence duration in relapsing patients and a
numerically higher abstinence rate in the SMO compared with
the placebo group (Guiraud et al., 2022). Therefore, and in
our network meta-analysis, SMO efficacy in PDA in the high-
severity group of studies was mainly explained by a beneficial
effect of SMO in abstinence rate, whereas in the mild-severity
group of studies, the beneficial effect of SMO in PDA at
6 months was mainly driven by a longer abstinence duration
in relapsing patients and a numerically higher abstinence
rate.

Fortunately, and in contrast to a recent network meta-
analysis (Cheng et al., 2020) that did not adjust treatment
effects for population severity and treatment duration, no evi-
dence of inconsistency between direct and indirect estimates
of SMO treatment effects was found in the present network
meta-analyses, suggesting that population severity and treat-
ment duration are important sources of inconsistency. The
lack of evidence of inconsistency may also be due to the small
number of studies retained.

The present NMRA investigates differences between studies
and individuals were not randomized to go in one trial or
another. Hence, this analysis is observational with a risk of
bias by confounding, chance findings and aggregation bias,
especially when the sample of studies retained is relatively
small compared with the number of covariates/moderators
tested (Higgins et al., 2022). To address these risks, it is
important to assess the reliability of the findings. The EMA
and the Cochrane provided criteria to be fulfilled to reduce
the risk of false causal relationship in meta-regression and to
assess the credibility and the plausibility of exploratory sub-
group findings (European Medicines Agency, 2019; Higgins
et al., 2022). Our data support the fulfilment of these criteria
and, thus a probable causal relationship between the tested
covariates (population severity and treatment duration) and
SMO treatment effect seems to exist.

The sensitivity analysis using only double-blind studies
provided very similar results as the main analysis and
the assignation of these studies to the population severity
groups were only based on inclusion/exclusion criteria (see
Supplementary Table S2). These data support a low risk of
aggregation bias and indicate that results of the main analysis
were not markedly affected by the potential bias due to the
lack of blinding in some studies.
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Drop-out rates in the retained studies were relatively high
and were consistent with those commonly observed in AD
trials and those in RCTs that were used to establish efficacy
of approved compounds in the treatment of Ap (Nice, 2011;
European Medicines Agency, 2012). However, drop-outs were
considered as treatment failures in the analysis of abstinence
rate and relapse was the main documented reason for dropout
in previous trials (Guiraud et al., 2022).

The combination of SMO and naltrexone showed promis-
ing results in abstinence rate in the high-severity group,
whereas naltrexone and disulfiram did not show any
significant benefit in both severity populations. These results
have limitations and should be interpreted with caution since
they were based on only one direct comparison with a small
sample size for most of these interventions.

In conclusion, the present work provides data to explain
heterogeneity of SMO efficacy in the treatment of AD. Results
support the efficacy of SMO independent of treatment dura-
tion in high-severity populations and of long-term SMO treat-
ments in mild-severity populations. Our results may help
healthcare providers in the use of SMO for the treatment of
AD. Other subgroupings, e.g. according to genetic, neurobio-
logical, and other clinical features, might also be important
effect modifiers of SMO (Lesch et al., 2020). They need to
be further investigated to improve precision medicine for AD
patients.
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