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Abstract

Background: Although abstinence has traditionally been considered the only suitable outcome
for alcohol treatment, reduced drinking is also associated with improved functioning and medical
and psychiatric outcomes. The World Health Organization (WHO) risk drinking levels (RDLS)
have been shown to be valid outcome measures in treatment trials for alcohol use disorder (AUD).

Methods: We conducted a secondary analysis of two 12-week, randomized controlled trials
(RCTs), in which a total of 308 individuals with problematic alcohol use received topiramate or
placebo treatment. We compared the utility of the WHO RDLs with other treatment outcomes,
including self-reported measures of alcohol consumption, alcohol-related problems, and quality of
life, and the biomarker gamma-glutamyltransferase.

Results: Topiramate treatment was associated with small effect sizes for both a 1-level (d=0.26)
and a 2-level (d=0.19) reduction in WHO RDL, effects that were not significant after correction
for multiple comparisons. No heavy drinking days, one of the outcome measures recommended
by the US Food and Drug Administration for alcohol medication registration trials, also exhibited
a small effect (0.21), while an effect size for abstinence could not be calculated. There were
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medium effects of topiramate on continuous measures of percent heavy drinking days (d=0.49)
and alcohol-related problems (d=0.41).

Conclusions: Topiramate is an efficacious pharmacotherapy for AUD. Although continuous
measures of drinking and alcohol-related problems yielded larger effect sizes than the WHO
RDLs, the latter capture changes in drinking behavior in response to treatment with topiramate and
provide a categorical alternative for use in both clinical care and pharmacotherapy trials.
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Introduction

Heavy drinking and alcohol use disorder (AUD) are prevalent worldwide and are associated
with adverse physical, psychological, economic, and social consequences (Rehm et al.
2014) and increased mortality risk (World Health Organization, 2019). Despite AUD’s high
prevalence (Grant et al. 2015), only a minority of affected individuals receives treatment,
particularly evidence-based care, for the disorder (Cohen et al. 2007; Grant et al. 2017).

A primary factor contributing to this disparity is the belief, common to both affected
individuals and healthcare providers, that abstinence is the only acceptable goal of treatment
(Keyes et al. 2010; Wallhed et al. 2014), which may discourage individuals from seeking
care because they believe the goal to be unachievable or undesirable (Witkiewitz et al.
2016).

In response to the need for other metrics of successful treatment outcome, multiple studies
have been undertaken with a goal of reduced drinking (Aubin and Daeppen 2013). These
have shown that non-abstinent reductions, particularly in the frequency of heavy drinking,
are associated with improved overall functioning and health (Kline-Simon et al. 2013;
Laramée et al. 2015). Thus, the most recent guidance from the US Food and Drug
Administration (FDA) considers both abstinence and no heavy drinking days (HDDs)

as acceptable primary outcomes in pharmacotherapy registration trials (Food and Drug
Administration, 2015). One non-abstinent treatment outcome measure that has recently been
studied is a reduction in the World Health Organization (WHO) risk drinking levels (RDLS).
The four WHO RDLs when, defined in terms of daily alcohol consumption, include: low
(1-40 g for men; 1-20 g for women), medium (41-60 g for men; 21-40 g for women),

high (61-100 g for men; 41-60 g for women), and very high (101+ g for men; 61+ g for
women) (World Health Organization, 2000). Reductions in RDLs have been endorsed by the
European Medicines Agency (2020) as an outcome for medication trials to treat AUD, as
they are a quantifiable, clinically meaningful measure of changes in alcohol consumption
(Falk et al. 2019).

Studies evaluating the validity of the WHO RDLs have used data from both the National
Epidemiological Survey on Alcohol and Related Conditions (NESARC), a large population-
based survey, and a variety of alcohol pharmacotherapy trials. These studies show that
individuals who reduce their alcohol consumption by at least one risk level (e.g., from very
high risk to high risk) have lower odds of AUD, drug use disorders, anxiety, depression, liver
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disease, cardiovascular disease, and a positive Alcohol Use Disorders Identification Test
(AUDIT) score at follow-up (Hasin et al. 2017; Knox et al. 2018; Knox et al. 2019a; Knox et
al. 2019b: Knox et al. 2020). In secondary analyses of the COMBINE study, a large clinical
trial that compared different combinations of medication and psychosocial treatments, a
reduction of at least one or two risk levels was associated with reduced blood pressure and
liver enzyme levels, better quality of life, fewer alcohol-related consequences, and improved
mental health (Witkiewitz et al. 2018; Witkiewitz et al. 2019).

Falk et al. (2019) conducted a secondary analysis of data from placebo-controlled, multi-
center trials of naltrexone, varenicline, and topiramate to evaluate the utility of the WHO
RDLs in gauging treatment response in AUD pharmacotherapy trials. Patients in the active
treatment condition in all three trials were better able to achieve at least a 1- or 2-level
reduction in RDLs than either abstinence or no HDD. Further, the effect sizes for a reduction
in WHO RDLs for naltrexone and varenicline were larger than those for abstinence or

no HDD. In the topiramate trial, however, the effect size was similar for a 2-level RDL
reduction and no HDD, while abstinence showed the largest effect size.

Topiramate, first approved by the FDA in 1996 as an anticonvulsant, has been shown in a
meta-analysis of seven RCTSs to yield medium effects on abstinence and heavy drinking, and
small effects on gamma-glutamyl transferase [GGT] concentration and craving (Blodgett et
al. 2014). In large RCTs of topiramate for AUD, topiramate reduced alcohol consumption,
craving, drinking-related consequences, and GGT concentration, and increased quality of
life and physical well-being (Baltieri et al. 2008; Johnson et al. 2003; Johnson et al. 2008).
Following the finding of an association with AUD of the rs2832407 single nucleotide
polymorphism (SNP) located in GR/KI (Kranzler et al. 2009), we conducted a post

hoc examination of the moderating effect of this SNP on topiramate treatment response
(Kranzler et al. 2014). In that study, European-American, C-allele homozygotes treated
with topiramate reported significantly fewer heavy drinking days than A-allele carriers or
those treated with placebo. A subsequent prospective trial (Kranzler et al. 2021A), failed

to replicate that finding. In a recent combined analysis of the two RCTs, although both the
number of heavy drinking days and alcohol-related problem severity were reduced in the
topiramate-treated patients, the effects were not moderated by rs2832407 (Kranzler et al.
2021B).

We report here the results of a secondary analysis of two topiramate trials (Kranzler et al.
2014; Kranzler et al. 2021), in which we tested the utility of the WHO RDLSs as an outcome
measure. We hypothesized that patients treated with topiramate would be more likely to
achieve 1- and 2-level reductions in WHO RDLs than placebo-treated patients, an effect that
would be comparable in magnitude to the effects on other drinking outcome measures.

Patients and Procedures

Full descriptions of the procedures for both studies can be found in the primary publications
(Study 1, n=138, Kranzler et al. 2014; Study 2, n=170, Kranzler et al. 2021A). In brief,
308 heavy drinking individuals were recruited to participate in one of two randomized,
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double-blind, 12-week trials in which they received up to 200 mg/day of topiramate or
placebo. Patients were enrolled and treated at the University of Connecticut Health Center
in Farmington, CT (Study 1 only, n=76), or two sites in Philadelphia—the University of
Pennsylvania Perelman School of Medicine (Study 1 n=62, Study 2 n=164, total n=226) and
the Corporal Michael J. Crescenz Veterans Affairs Medical Center (Study 2 only, n=6).

Patients were included if they were 18-65 years old (Study 1) or 18-70 (Study 2). In

both studies, subjects were included if they reported heavy drinking (=24 drinks/week

for men, =18 drinks/week for women), read English at an 8t grade level, and, if a

woman of childbearing potential, were using a reliable method of birth control. The
majority of patients in Study 1 (n=113 or 92.6%) had a DSM-1V diagnosis of alcohol
dependence (American Psychiatric Association, 2000) and each had a goal of reduced
drinking. All patients in Study 2 had a diagnosis of DSM-5 AUD (American Psychiatric
Association, 2013) and a goal of either reduced drinking or abstinence. In Study 2 we
tested a pharmacogenetic hypothesis—namely, that rs2832407 moderates the response to
topiramate—the randomization in that study was stratified on genotype. Exclusion criteria
in both studies included significant physical or psychiatric comorbidities, a current DSM-1V
diagnosis of drug dependence (excluding nicotine), or a clinical condition (e.g., a recent
history of alcohol-related gastritis) that warranted abstinence from alcohol.

Patients in both studies were recruited through advertisements or clinical referrals and, if
eligible after a telephone screening interview, were invited for an in-person visit, where they
gave informed consent, provided a medical and psychiatric history, and underwent a physical
examination and clinical laboratory testing. Because a combined analysis of the rs2832407
genotype in the two trials failed to support its effect as a moderator of the response to
topiramate treatment (Kranzler et al, 2021B), we did not include genotype as a factor in the
analyses reported here.

The same treatment protocol was used in the two studies. At the initial treatment visit,
nurses dispensed the first dose of study medication and conducted the first psychosocial
treatment session. Medication was initially dosed at 25 mg/day (or one placebo capsule) at
bedtime and gradually increased to a maximum of 200 mg/day (or two placebo capsules) in
two divided doses. For the first 6 weeks, patients attended weekly medication titration visits
and by week 6 they reached the maximal dosage, after which there were three bi-weekly
visits. At each treatment visit, patients received medical management (Pettinati et al. 2004),
a brief intervention focused on medication adherence and counseling to reduce drinking and
increase abstinent days.

We used the Timeline Follow-Back (TLFB) (Sobell and Sobell, 1992) to assess the quantity
and frequency of alcohol consumption at each visit. The Short Index of Problems (SIP;
Kiluk et al. 2013), a 15-item assessment, was used to measure alcohol-related problems over
the preceding 3 months. Using the Short Form Health Survey (SF-12; Ware et al. 1996), a
12-item measure, patients rated their overall health and quality of life over the previous four
weeks. Finally, gamma-glutamyl transferase (GGT), a liver enzyme and objective measure
of alcohol intake, was assessed at baseline and at study completion.
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Statistical Analysis

Results

In the combined dataset comprising both trials, the WHO RDLs (World Health
Organization, 2000) were determined for each patient as follows: low risk (1-40 g/day

for males/1-20 g/day for females), medium risk (41-60 g/day for males/21-40 g/day for
females), high risk (61-100 g/day for males/41-60 g/day for females), or very high risk
(101+ g/day for males/61+ g/day for females). The amount of ethanol used to convert from
standard drinks to risk drinking levels was 14 g. Following the method used by Falk et

al. (2019), we added an “abstinence” category (no drinking during the study) to yield 5
WHO RDLs. We calculated the proportion of patients in the topiramate and placebo arms
who, over the 12-week treatment period: 1) experienced a 1-level+ or a 2-level+ reduction
in the WHO risk levels, 2) who experienced no HDDs, and 3) who completely abstained.
Consistent with Falk et al. (2019), patients who discontinued treatment prematurely (8.2%
of the present study sample) were coded as non-responders for all of the outcome analyses
(i.e., no reduction in WHO risk level, HDD+, non abstinent). The difference in proportions
of these categorical measures between treatment groups was converted to Cohen’s /.
Additionally, three commonly used drinking measures were calculated from the TLFB
across the 12 weeks of treatment: the percentage of HDDs, percentage of days abstained,
and drinks per day. The difference in means between treatment groups on these measures
was converted to Cohen’s d. We chose to analyze the drinking data over the entire 12-week
period because in both RCTs on which the analysis is based, differences between the
topiramate and placebo groups were evident as early as the first two weeks of the trials.

Regarding missing data, we used all data available to calculate the continuous outcomes.
Using a Kaplan-Meier analysis, dropout rates did not differ by medication group (p=0.41)
and the mean number of weeks in the study was similar between the treatment groups
(topiramate=11.35, placebo=11.40). The consistency of our approach with that used in other
studies of the WHO RDLs, as well as the lack of evidence of differential dropout by
treatment group, lends confidence that the outcomes are not biased.

Using the combined dataset, both the logistic and linear regression models included
treatment group as a factor and study as a covariate. We calculated the False Discovery Rate
(FDR) using the Benjamini-Hochberg procedure for all outcomes to account for multiple
comparisons, which we chose because of the high degree of intercorrelation among the
outcome measures (Benjamini and Hochberg, 1995).

Patients were mostly male (67.2%), pregominantly of European descent (94.8%), and
middle-aged (mean=51.1 years, SD=10.3). The only significant difference between
treatment groups on demographic variables was on age (Table 1).

Figure 1 shows the percentage of patients in each WHO RDL during the pretreatment and
treatment periods. At the outset of treatment, 67.2% of patients were in the two highest
risk levels and there was no difference in the distribution of risk levels between medication
groups (Cochran-Armitage Trend Test: Z= —0.266, two-sided p=0.79). Thirty-two (10.4%)
of the patients began the study at the low-risk level, and thus could not show a 2-level
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reduction. However, none of these individuals were later classified as abstinent (they either
remained low risk or withdrew from treatment) and thus were included in the analyses

as showing no reduction in RDL. During treatment, there was a downward shift in risk
classification, with the topiramate group showing a significantly greater reduction in RDLs
than the placebo group (Cochran-Armitage Trend Test: Z=3.13, two-sided p=0.0017). This
is evidenced by the reduction from the high- or very-high-risk groups from 65.8% to 34.5%
(A=47.6%) for topiramate and from 68.5% to 55.2% (A=19.4%) for placebo, the topiramate
group showing more than a doubling of the placebo difference on this measure.

The percentage of patients that showed a 1-level reduction or a 2-level reduction, along

with the effects on other drinking outcomes, are shown in Table 2. The effect sizes for
topiramate on both the 1-level and 2-level WHO reductions were small (d=0.26 and d=0.19,
respectively). For the FDA-recommended outcomes there was a small, nonsignificant effect
of topiramate on the risk of no heavy drinking days (d=0.21), but no effect on the likelihood
of abstinence. The effects of topiramate treatment on the continuous outcomes of percentage
of heavy drinking days (d=0.49) and SIP score (d=0.41) approached the medium range

of effects and both were significant following FDR correction (g=0.0003 and g=0.005,
respectively). Small effects of topiramate on the percentage of days abstinent, SF-12 score,
and GGT concentration were not significant.

To examine potential differences between the two studies, we reran models for the 10
outcomes in Table 2 in which a study-by-drug interaction term was included. Results
showed that in no model was the interaction term significant (p-values ranged from 0.34

for the SIP to 1.00 for abstinence), with a similar effect of the drug between studies. To test
for sex effects, we also reran the models by including a sex-by-drug interaction term. Results
showed that in none of the models was the interaction significant (p-values ranged from

0.12 for no heavy drinking to 1.00 for abstinence) and the direction of effect was consistent
between sexes.

Discussion

This secondary analysis of two RCTs of topiramate for treating heavy drinking or AUD
examined the utility of WHO RDL reductions as a measure of treatment outcome.
Topiramate produced a small effect on both the proportion of patients who achieved a
WHO 1-level or a 2-level reduction, and although the the 1-level reduction was nominally
significant, neither RDL reduction survived correction for multiple comparisons. There was
also a small effect of the medication on the likelihood of a patient having no heavy drinking
days (HDDs), one of the measures recommended by the FDA for use in clinical trials, as
well as two outcomes that are often used in trials of medications for treating AUD: drinks
per day and percent days abstinent. Of these measures, only the effect on drinks per day
remained significant after FDR correction. The most significant outcome was a reduction in
percent HDDs, which showed a moderate effect of medication. Small effects observed for
the SF-12 and GGT levels, both favoring topiramate, may be limited by the relatively short
follow-up period, as such effects may take longer than self-reported consumption to become
evident.
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The study does not provide information on the other FDA-recommended outcome,
abstinence, as only one patient in the study achieved that goal, consistent with the focus of
the trials being on the reduction of heavy drinking rather than the promotion of abstinence.
In contrast, Falk et al. (2019) observed a small effect of topiramate on the 2-level WHO
RDL (Cohen’s £=0.23) in a multi-center trial, with a similar effect for no HDDs, and

a small-to-medium effect on abstinence (Cohen’s #=0.37). It should be noted that for the
outcome of no HDDs there was an effect size similar to that of a 2+ level RDL reduction,
only nine topiramate-treated patients achieved this outcome (compared to 28 who had the
2+ RDL reduction). This underscores the fact that the FDA-recommended outcomes are
difficult to achieve and may limit the development of medications for AUD treatment. We
also found that topiramate had medium-sized effects on the percentage of HDDs and the
SIP score, measures that were not reported by Falk et al. A key difference between this
study and that by Falk et al. (2019) is that we examined medication effects during the entire
study period, while Falk et al. reported outcomes for only the final four weeks of treatment.
Nonetheless, both studies support the efficacy of topiramate for treating AUD.

The results of this secondary analysis should be interpreted in the context of its limitations.
Combining two studies, despite their similar design and inclusion and exclusion criteria,
could introduce confounders. We sought to account for this by including study as a covariate
in the analyses. Unlike many other clinical trials for substance use, neither study required
patients to have a goal of complete abstinence from alcohol and only one patient achieved
abstinence during the treatment period. The therapeutic benefit of topiramate in the context
of an abstinence-oriented treatment trial cannot be ascertained from the current study.
Participants included in this analysis were mostly male and of European ancestry, therefore
the findings may not generalize to other groups. Primary measures of alcohol use and
alcohol-related problems were self-reported and retrospective and thus subject to recall bias
and underreporting. Because the objective measure that we used, GGT concentration, is
not sensitive to changes in drinking behavior, subsequent trials should use a more sensitive
biomarker such as phosphatidylethanol (Wurst et al. 2015). Investigation of whether gains
made during the treatment period, in this case 12 weeks, are maintained over time are

also warranted (Mejldal et al. 2021). We also did not examine the moderating effect of
rs2832407, which one of these studies was prospectively designed to test. However, our
recent analysis showed no moderating effect of this SNP on alcohol-related outcomes in
EAs, suggesting that it is not a confounder in the present study (Kranzler et al. 2021B).

The present study also had a number of strengths. The inclusion of data from two placebo-
controlled RCTs provided a larger sample in which to evaluate the utility of the WHO
RDLs as a measure of treatment outcome than either trial alone. Further, both studies had
good treatment retention and medication adherence, supporting the internal validity of the
findings.

These results add to the growing literature on the potential utility of the WHO RDLSs as an
outcome measure in alcohol clinical trials. Unlike the current FDA-recommended outcomes
of abstinence and no heavy drinking days, which are based on not exceeding a particular
cutoff of consumption, the WHO RDLs capture reductions in drinking. This is useful from
both a research and a clinical perspective insofar as reduced drinking, as captured by the
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WHO RDLs, may be a more desirable and feasible goal for individuals with problematic
alcohol use and their treatment providers (Mann et al. 2017). Our findings indicate that more
patients were able to achieve such reductions in drinking compared to the FDA endpoints.
WHO RDL reductions have been associated with improved functioning, less psychiatric
symptomatology, and better health (Knox et al. 2018; Knox et al. 2019a; Knox et al. 2019b:
Knox et al. 2020; Witkiewitz et al. 2018; Witkiewitz et al. 2019). However, the effect of
topiramate on the percentage of heavy drinking days and on the SIP score, a measure of
alcohol-related problems, was substantially larger than the effect on either a 1-level or a
2-level reduction in RDLs, indicating that such continuous outcome measures may provide
the greatest discriminatory power.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1:
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Baseline Demographics and Drinking Measures for the Total Sample and Separately by Medication Group

Total ) p-
Sample Placebo (n=156) Topiramate (n=152) 1
(n=308) value
Study 1 Study 2 Study 1 Study 2
(n=71) (n=85) (n=67) (n=85)
Sex (% male) 207 (67.2%) | 41 (57.7%) | 60 (70.6%) | 45 (67.2%) | 61 (71.8%) | 0.54
Race (% EA) 292 (94.8%) | 66 (93.0%) | 85(100%) | 56 (83.6%) | 85 (100%) 1.0
Age 51.1+10.3 528+7.4 | 50.0+12.8 | 49.3+£9.0 | 52.3+10.5 0.02
% Heavy Drinking Days | 69.3 +25.8 66.0+27.0 | 69.1£255 | 67.0+27.0 | 74.2+233 0.49
% Days Abstinent 143+19.9 | 120+15.0 | 156+22.8 | 13.0+16.0 | 16.1+22.6 0.74
Drinks per Day 5.36 +3.03 461+181 | 566+3.19 | 453+2.15 | 6.34+3.88 0.26
SIP 147+85 155+6.7 143 +£9.7 149+8.6 142 +8.6 0.80
SF-12 735+17.2 746+16.1 | 725+16.6 | 747+18.1 | 72.6+18.0 0.98
InGGT 3.71+0.78 | 3.67+0.76 | 3.73+0.78 | 3.69+0.90 | 3.73+0.71 0.91

'ZFor the study by medication effect. Study 1, Kranzler et al. 2014; Study 2, Kranzler et al. 2021A; EA=European American; SIP=Short Index of

Problems; SF-12=Short Form Health Survey; INnGGT=natural log of the gamma-glutamy! transferase concentration
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Table 2:

Treatment Main Effects During the 12-week Treatment Period

Measures Placebo Topiramate Effect Size P-Value FDR
(95% CI)
WHO Risk Level Outcomes N (%) N (%)
1-level reduction 58 (37.2%) 76 (50.0%)  0.26 (0.03,050)  0.023  0.056
2-level reduction 18 (11.5%) 28(18.4%) 0.19(-0.04,0.42) 0.090 0.113
FDA Recommended Outcomes N (%) N (%)
No Heavy Drinking 3 (1.9%) 9(59%)  021(-0.01,044) (ggg* 0.113
Abstinence 1(0.6%) 0 (0%) N/A N/A N/A
Continuous Drinking Outcomes M (SD) M (SD)
% Heavy Drinking Days 46.7+315 31.9+282 049(0.26,0.72) <0.001  0.0003
% Days Abstinent 205+238 27.3+28.6 0.26 (0.04, 0.49) 0.028 0.056
Drinks per Day 409+220 339+241 030(0.08,053) 0011  0.037
Other Outcomes M (SD) M (SD)
SIP 10.4+8.3 7275 0.41 (0.18, 0.65) 0.001 0.005
SF-12 78.0+16.7 809+14.7 0.18(-0.05, 0.42) 0.12 0.133
InGGT 3.5+0.77 34074 0.21(-0.03,0.45) 0.089 0.113

Effect Size=Cohen’s d, Cohen’s /7, 95% CI=95% confidence interval; FDR=false discovery rate; SIP=Short Index of Problems; SF-12=Short Form

Health Survey; GGT=gamma-glutamyl transferase

*
Fisher exact test
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