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Abstract

Background: In a previous study, ondansetron, a serotonin 5-HT3 receptor antagonist, reduced 

drinking intensity (drinks/drinking day [DPDD]) among European-ancestry (EA) participants with 

moderate-to-severe alcohol use disorder (AUD) and variants in genes encoding the serotonin 

transporter (SLC6A4), and 5-HT3A (HTR3A) and 5-HT3B (HTR3B) receptors. We tested whether 

1) ondansetron reduces DPDD among individuals of either European or African ancestry (AA) and 

2) that reductions in DPDD are greatest among ondansetron-treated individuals with population-

specific combinations of genotypes at SLC6A4, HTR3A, and HTR3B.

Methods: In this 16-week, double-blind, placebo-controlled, parallel-group clinical trial, adults 

with AUD were randomized to receive low-dose oral ondansetron (0.33 mg twice daily) 

or placebo stratified by “responsive” vs. “non-responsive” genotype defined using population-

specific genotypes at the three genetic loci. Generalized estimating equation regression models 

and a modified intent-to-treat analysis were used to compare the treatment groups on the primary 

outcome—DPDD—and two secondary outcomes—heavy drinking days per week [HDD] and 

drinks per day [DPD] across 16 weeks of treatment.

Results: Of 296 prospective participants screened, 95 (58 EA and 37 AA) were randomized 

and received at least one dose of study medication. In the modified intent-to-treat analysis, the 

ondansetron group averaged 0.40 more DPDD (p=0.51), 1.35 times as many HDD (p=0.16), and 

1.06 times as many DPD (p=0.59) as the placebo group. There were no significant interactions 
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with genotype. There were no study-related serious adverse events (AEs) and similar proportions 

of participants in the two treatment groups experienced AEs across organ systems.

Conclusions: We found no evidence that low-dose oral ondansetron is beneficial in the 

treatment of AUD, thus failing to confirm prior study findings. However, the study was 

underpowered to identify medication by genotype interactions.
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INTRODUCTION

Alcohol use disorder (AUD) is a heterogeneous, chronic, relapsing condition characterized 

by both acute and chronic heavy drinking (Witkiewitz et al., 2019). Globally, AUD is the 

seventh most common, and in the United States the third most common, preventable cause 

of morbidity and mortality (National Institute on Alcohol Abuse and Alcoholism, 2019). In 

2020, 11.0% of US individuals 18 or older (27.6 million people) had a past-year alcohol use 

disorder (Substance Abuse and Mental Health Services Administration, 2021).

Despite the substantial clinical and public health burden of AUD, there is no broadly 

effective treatment for the disorder. Medications currently approved by the US Food and 

Drug Administration have modest therapeutic effects and are not well tolerated by some 

patients (Witkiewitz et al., 2019; Kranzler and Soyka, 2018). The heterogeneity in treatment 

response is due, in part, to individual differences in the molecular pathophysiology of 

AUD. A personalized pharmacogenetic approach offers the prospect of greater efficacy and 

tolerability by matching participants with specific genetic variants to appropriate treatments 

to increase the probability of a positive treatment outcome while potentially reducing 

adverse events.

Variation in the SLC6A4 gene, which encodes the serotonin transporter (5-HTT) protein, 

offers a promising target for a personalized approach to AUD pharmacotherapy. The 5-HTT 

is the main regulator of synaptic serotonin levels that modulate physiologic mechanisms 

underlying drinking behaviors (Kelai et al., 2003; Boyce-Rustay et al., 2006). Several 

studies have shown that two polymorphisms in SLC6A4 (5-HTTLPR in the promotor region 

and rs1042173 in the 3’-UTR region) differentially alter 5-HTT mRNA expression levels in 

individuals with AUD. These findings were subsequently validated in vitro in cells exposed 

to alcohol (Seneviratne et al., 2009; Seneviratne and Johnson, 2012; Johnson et al., 2008). 

These allelic variants also influenced the treatment response to ondansetron in adults with 

AUD. In an 11-week, controlled clinical trial involving 283 alcohol-dependent adults of 

European ancestry (EA).Participants with the 5-HTTLPR:LL genotype, either alone or in 

combination with the 3′-UTR variant rs1042173:TT, who received ondansetron (4 μg/kg 

orally, twice daily) had a significantly greater reduction in heavy drinking than those 

receiving placebo (Johnson et al., 2011). In a human laboratory study with a naturalistic 

drinking component, treatment with ondansetron (0.5 mg/day orally) for three weeks 

significantly reduced drinking intensity, compared to the 7 days preceding treatment, in 

adults with AUD and the 5-HTTLPR:LL genotype (Kenna et al., 2014; Kenna et al., 2009).
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Ondansetron is a specific antagonist at serotonin-3 (5HT3) receptors, which in pre-clinical 

models are upregulated by the direct effects of alcohol (Engleman et al., 2008; Shelton et 

al., 2004). Variation in SLC6A4 is thought to increase the availability of synaptic serotonin, 

stimulating post-synaptic 5HT3 receptors, an effect counteracted by ondansetron’s 5HT3 

receptor blockade. A post hoc analysis of the study (Johnson et al., 2011) evaluated the 

effect of allelic variation in genes encoding the 5-HT3A and 5-HT3B receptors (HTR3A 
and HTR3B, respectively) on the response to treatment with ondansetron (Johnson et al., 

2013). It showed that three HTR3A and HTR3B genotypes (from among 18 SNPs selected 

for study) were significantly associated with a positive treatment response to ondansetron 

among EA participants.

The present study sought to confirm this pharmacogenetic effect on ondansetron’s efficacy 

and address several limitations of the earlier post-hoc pharmacogenetic analysis. First, we 

sought to expand the study population to include African ancestry (AA) adults with AUD 

and recruit an independent sample of EA adults. Second, we prospectively stratified the 

randomization using predicted ondansetron “responsive” and “non-responsive” genotype 

subgroups in both populations. Because different, but overlapping, variants in HTR3A and 

HTR3B are potential moderators of ondansetron response in the two population groups, we 

used different genotype combinations to define responsive and non-responsive subgroups in 

AAs and EAs.

We hypothesized that ondansetron would reduce drinking intensity (i.e., drinks/drinking 

day), the measure on which it showed the greatest efficacy in a prior study (Johnson et al., 

2011), among individuals with the population-specific combination of responsive genotypes.

MATERIALS AND METHODS

Study Design.

We conducted a 16-week, randomized, double-blind, placebo-controlled, 2-arm, parallel-

group, phase 2 clinical trial to determine the efficacy of oral ondansetron (0.33 mg 

twice daily) in reducing drinking intensity among heavy drinking adults with AUD. The 

randomization was stratified on selected genotypes at the 5-HTTLPR, 5-HT3A and 5-HT3B 

receptor genes (SLC6A4, HTR3A, and HTR3B, respectively). All participants received 

a low-intensity psychosocial intervention (Brief Behavioral Compliance Enhancement 

Treatment [BBCET]) (Johnson et al., 2007) at each treatment visit. The study was 

conducted from August 2015 to March 31, 2020 (when funding ended), at the University 

of Pennsylvania (UPenn) in Philadelphia, PA, and the University of Maryland Baltimore 

(UMB) in Baltimore, MD. The study was approved by the institutional review board at each 

site and the conduct of the study was monitored by a single independent data and safety 

monitoring board.

Participants and Procedures.

EA or AA men and women aged 18 to 70 were recruited through print, broadcast, and 

internet advertisements, distribution of flyers at relevant clinical and non-clinical community 

sites, and by outreach to potentially eligible patients identified in medical record searches 
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in the Philadelphia and Baltimore metropolitan areas. Interested participants were briefly 

screened by telephone after they gave oral consent and, if potentially eligible, were invited 

for in-person screening.

At the in-person visit, after providing written informed consent, participants received 

a comprehensive medical and psychiatric evaluation to establish study eligibility. This 

included the Structured Clinical Interview for the Diagnostic and Statistical Manual of 

Mental Disorders, 4th Edition (SCID-IV) (First et al., 2002) administered by trained 

interviewers (except for the diagnosis of AUD, which was made using diagnostic criteria 

of the Diagnostic and Statistical Manual of Mental Disorders, 5th edition [DSM-5]), a 

standard medical history and physical examination, clinical laboratory tests (chemistry 

panel, CBC, urinalysis), 12-lead ECG, urine drug screen, urine pregnancy test (for women 

of reproductive potential), the Alcohol Use Disorders Identification Test (AUDIT), and an 

alcohol and other substance use history using the Time Line Follow-back method (TLFB) 

(Sobell et al., 1996) to cover the preceding 90 days.

Eligibility criteria

Inclusion criteria.—Participants were required to have a DSM-5 diagnosis of current 

alcohol use disorder (and an AUDIT score > 8 at the UMB site). Women had to consume 

≥14 standard drinks/week and have ≥6 heavy drinking days (HDDs) [i.e., ≥4 standard 

drinks in a day (one standard drink = 14 g alcohol) and men had to consume ≥21 standard 

drinks/week and ≥6 HDDs, (≥5 standard drinks in a day) over the previous 28 days and 

be currently drinking during the 7 days prior to randomization. Participants had to report 

an intent to reduce or stop drinking, have a 6th grade or higher English language reading 

level, use adequate contraception (if a woman of reproductive potential); weigh < 110 kg; 

and self-identify as EA or AA. When ancestry was ambiguous, we used 24 genetic ancestry 

informative markers (AIMs) to determine ancestral proportions prior to randomization and 

included only participants with >75% European or >75% African ancestry (Johnson et al., 

2011).

Exclusion criteria.—Participants were excluded if they reported >14 consecutive 

abstinent days in the 4 weeks preceding screening; had a Clinical Institute Withdrawal 

Assessment for Alcohol scale-revised (CIWA-Ar) score (Sullivan et al., 1989) >10 at the 

baseline visit, or any of the following current psychiatric disorders: schizophrenia or other 

psychotic disorder, bipolar disorder, severe major depressive disorder, post-traumatic stress 

disorder, panic disorder, eating disorder, or substance use disorder (other than alcohol, 

tobacco, or cannabis); current or recent (within 4 weeks prior to baseline) treatment with 

any medication likely to interact with ondansetron to produce adverse effects or with any 

investigational medicinal product within 30 days; current or recent participation in an AUD 

treatment program; have a score of >9 on the suicide risk assessment (module B) of the 

Mini International Psychiatric Interview (MINI) version 6.0 (Sheehan et al., 1998); have a 

clinically significant, unstable physical illness, body weight > 110 kg, a clinically significant 

abnormality on laboratory tests or ECG, a current or past history of clinically significant QT 

prolongation, or a first-degree biological relative with long QT syndrome.
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Participants who met study eligibility criteria were randomized to receive treatment 

with either ondansetron or placebo using a block randomization procedure that balanced 

treatment groups within subgroups stratified by study site, race (EA or AA), sex, and 

genotype (Table 1). A pharmacist at the UMB Investigational Drug Service (IDS), who was 

not otherwise involved in the study, performed the randomization and assignment of eligible 

participants into treatment groups for both sites. All participants and other study staff were 

blinded to treatment condition.

EA participants were stratified into two subgroups based on the presence of one or a 

combination of the ondansetron responsive genotypes (Table 1) as previously identified 

(Johnson et al., 2013) to achieve an equal probability of potentially responsive and non-

responsive participants being assigned to receive ondansetron or placebo. Specifically, 

we used the same 5 genotypes tested in the preliminary study (Johnson et al., 2013) 

among EAs, and a 3-genotype combination in AAs that included the same SLC6A4 
genotypes (5-HTTLPR:LL and rs1042173:TT), but a different, population-relevant HTR3B 
polymorphism. As the efficacy of ondansetron has not been specifically tested in 

predominantly AA populations stratified by HTR3A or HTR3B variants, we chose a 

missense polymorphism – rs1176744 in HTR3B – that has been associated with AUD 

in AAs and with various metabolic and substance use disorders (Hammer et al., 2009; 

Enoch et al., 2011; Kwon et al., 2019; Han et al., 2018; Horjales-Araujo et al., 2013). The 

prevalence of the minor rs1176744:C allele is highest among African-ancestry individuals 

(~40%)(Sherry et al., 2001).

AA participants were first stratified into two rs1176744 genotype subgroups: CC/CA or AA, 

with each subgroup having an equal probability of being assigned to receive ondansetron 

or placebo. Each rs1176744 genotype subgroup was then balanced by two additional 

polymorphisms: 5-HTTLPR and rs1042173. Based on these genotype combinations, there 

were 8 genotype strata (2 × 2 × 2 genotype combinations at the 3 loci) for AAs, 

and 2 genotype strata (responsive vs. non-responsive genotype combinations) for EAs. 

As described below, we reduced the multiple combinations among AAs to two strata—

responsive and non-responsive genotype groups.

DNA extraction and genotyping procedures.

At the initial in-person screening visit, a peripheral venous whole blood sample was 

collected for DNA extraction and genetic analysis, which was conducted at the UMB 

Institute for Genome Sciences, according to previously established protocols (Johnson et al., 

2011; Johnson et al., 2013). Genotyping the AIMs panel was conducted post hoc, except for 

participants whose self-reported ancestry was ambiguous (see Exclusion criteria above).

Following the baseline visit, participants entered a 16-week treatment period with weekly 

visits for the first 6 weeks, biweekly visits during weeks 7–12, and an end-point visit at 

week 16. A follow-up visit was conducted at week 20 to assess post-treatment safety and 

changes in drinking patterns. Assessments performed at each in-person visit are described 

below. The same study procedures were used at both sites.
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Study medication.

Based on the weight-adjusted dose of ondansetron used in prior AUD clinical trials (4 

μg/kg for individuals whose average weight was 82.5 kg) (Johnson et al., 2011; Johnson 

et al., 2000; Sellers et al., 1994), participants received ondansetron 0.33 mg or matching 

placebo capsules twice daily, formulated specifically for the study by the University of 

Maryland School of Pharmacy, Baltimore, MD. Each participant ingested an observed dose 

of ondansetron at the baseline visit (study Week 0) and the first weekly dose at study Weeks 

4 and 8.

Study visits.—At each treatment visit, participants had their breath alcohol concentration, 

body weight and vital signs measured. Blood samples for planned RNA expression studies 

were obtained at weeks 4, 8 and 12; urine screen for drugs of abuse at week 8, urine 

pregnancy test at weeks 4, 8, 12, and 16; and ECG at visit 5. At every visit, participants 

completed the Other Drug Use questionnaire, were queried regarding concomitant 

medication and treatment received since the last visit, reported study medication adherence 

for comparison with a count of returned medication and medication packaging, and were 

queried regarding adverse events.

Assessments

Measures of alcohol use.—The 10-item AUDIT (Bohn et al., 1995) was used at 

screening to assess hazardous/harmful alcohol consumption. The TLFB method (Sobell et 

al., 1996) was used to assess participants’ daily alcohol intake (in standard drinks) at each 

visit.

Primary efficacy outcome measure:  Weekly mean drinks per drinking day (DPDD) 

(adjusted for baseline value [as covariate] in the statistical analysis).

Secondary efficacy outcome measures:  Weekly number of drinking days (DD), weekly 

number of heavy drinking days (HDD), and weekly absence of heavy drinking days (No 

HDD).

Medication adherence.—Adherence to study medication was assessed at each treatment 

visit by self-report and by asking participants to return medication packaging and all unused 

study medication.

Adverse events.—Adverse events were assessed by open-ended questions at each visit.

Psychosocial counseling.—Manualized brief (lasting 10–15 minutes) individual 

counseling (BBCET) was delivered at each visit by a trained nurse or master’s-level 

clinician. BBCET uses a motivational enhancement approach to improve treatment 

adherence, especially for study medication (see Supplementary Material).

Follow-up visit.—An in-person or telephone follow-up visit was conducted at study Week 

20, to assess the persistence of adverse events.
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Other questionnaires and rating scales that were administered included the Clinical 

Institute Withdrawal Assessment Alcohol Scale Revised (CIWA-Ar) (Sullivan et al., 1989), 

MINI International Neuropsychiatric Interview (MINI 6.0) Suicide Risk Assessment Scale 

(Sheehan et al., 1998), Beck Depression Inventory (BDI) (Beck et al., 1993), and Short 

Index of Problems (SIP) (Alterman et al., 2009). These questionnaires and BBCET are 

described in Supplementary Table S1 and Supplementary Material.

Statistical Analysis

Data quality assessments.—Data collected at both sites were entered directly into 

a HIPAA-compliant, web-accessible electronic data capture and database system hosted 

and maintained by the UPenn Data Management Unit. Additional details are presented in 

Supplementary Material.

Assessment of genetic ancestry proportions for statistical modeling.—We 

estimated genetic ancestry proportions for each participant using the software program 

Structure (Pritchard et al., 2000), as detailed in Supplementary Material, and used the 

individual ancestry proportion estimates as covariates in all statistical models.

Power analysis.—The original protocol called for a sample size of 256, drawn equally 

from the two sites. Its primary aims were to examine drug-placebo differences among 

individuals with responsive genotypes. Due to delays in initiating the study imposed by 

the funding agency, we reduced the intended sample size to a total of 128 and dropped 

consideration of multiple individual genotypes, focusing instead on a binary responsive/non-

responsive subgrouping.

In the planned sample of N=128, the primary goal of the study was to examine the 

ondansetron effect in the subsample of genotype-responsive participants. For a two-sided 

test at an alpha level of 5%, based on an expected sample size of 73 genotype-responsive 

participants (i.e., using the same genotype combination to stratify both the AA and EA 

groups) equally split between the ondansetron and placebo groups, and assuming 15–20% 

dropout and a within-participant correlation of about 0.6, the study had 84% power for an 

effect of Cohen’s d=0.59 in the genotype-responsive group. The group sizes for genotype-

responsive participants achieved in the study were 34 in the ondansetron group and 39 in 

the placebo group, which yields 85% power for an effect of Cohen’s d=0.63 in the genotype 

responsive group. The study was also planned to examine the overall ondansetron effect, 

pooling over genotype. Based on an expected sample size of 64 in each of the ondansetron 

and placebo arms (i.e., N=128 over both sites), with the same assumptions as above, the 

study had 81% power to detect an effect of size of Cohen’s d=0.44 in the difference in 

the primary outcome measure (DPDD) between the two treatment groups (irrespective of 

genotype). In the study, we had samples sizes of 46 in the ondansetron group and 49 in the 

placebo group. With the same assumptions as above, this yielded 80% power for an effect 

of size of Cohen’s d=0.53. The study also planned to explore the difference between the 

ondansetron effects in the genotype-responsive and non-responsive participants but was not 

powered for the ondansetron-by-genotype interaction. For example, it provided 80% power 
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for an interaction effect of Cohen’s d=0.8, e.g., an ondansetron effect of Cohen’s d=0.1 in 

the genotype non-responsive group and Cohen’s d=0.90 in the genotype-responsive group.

Outcome Analyses.—Outcome measures were analyzed using an intent-to-treat principle 

and included only randomized participants who received at least one dose of study 

medication. Randomized participants who did not receive a first dose of study medication 

had their randomization code re-assigned to the next qualified participant at that study 

site. One randomized participant at the UMB site started study medication and was later 

discovered to be ineligible. Their data were excluded from analysis.

Baseline Comparisons:  Descriptive statistics were calculated for continuous (mean, 

standard deviation) and categorical (counts, proportions) variables. We compared baseline 

characteristics across groups using t-tests for continuous variables and χ2 tests for 

categorical variables. Factorial models crossing treatment assignment with genotype group 

(responsive vs. non-responsive) were analyzed using a linear model for continuous variables 

and logistic regression for binary variables.

Of the 95 participants included in the analysis, 67 were from the UPenn site and 28 from the 

UMB site.

Comparisons over the 16-week treatment period:  The numbers of missed treatment 

visits and weeks with medication non-adherence (based on self-report) were compared 

using negative binomial models with robust standard errors. A week was defined as non-

adherent if the participant reported less than seven days of medication use in that week. 

The analysis of drinking outcomes used generalized estimating equations models, with a 

normal distribution and identity link function for the DPDD variable, a Poisson distribution 

and log-link function for the HDD and DD variables, and a binomial distribution with logit 

link for the binary no-heavy-drinking-days variable. The independent variables of primary 

interest were two binary factors indicating treatment group (ondansetron vs. placebo), and 

genotype (responsive vs. non-responsive). To account for randomization strata, the models 

included factors for study site (UPenn vs UMB), sex (male vs. female), and genotype 

(responsive vs. non-responsive), with the baseline version of the response included to reduce 

error variance. To account for within-participant correlations among the weekly repeated 

measures, the models used a first-order autoregressive working correlation structure with 

robust standard errors. We first examined site-by-treatment effects, based on a model that 

included the site-by-treatment interaction, and report estimated ondansetron effects within 

each site. Next, to address the primary hypothesis concerning the overall ondansetron 

effect, we estimated the effects from a model with neither genotype-by-treatment nor site-

by-treatment interaction terms. To address the primary hypothesis on the ondansetron effect 

within responsive participants, we included a genotype-by-treatment interaction term, and 

report estimates of the ondansetron effect within each of the responsive and non-responsive 

participants. We used pattern mixture models to examine the impact of missing data, with 

a binary variable indicating whether a participant completed the 16 weeks of treatment as a 

summary of missing data. Comparing results using the adjustment for genotype as a binary 

responsiveness variable vs. using ancestry scores yielded the same conclusions. We report 

Seneviratne et al. Page 8

Alcohol Clin Exp Res. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



results based on the binary responsiveness variable and include the approach involving 

ancestry scores in Supplementary Material.

Secondary analyses examined similar hypotheses for the number of heavy drinking days and 

number of drinking days, using the same analytic approach as described above.

Adverse Events:  We used the Medical Dictionary for Regulatory Activities (MedRA) 

(https://www.meddra.org/) to categorize all adverse events (AEs) by organ system.

RESULTS

The final study sample included 95 participants who received at least one dose of study 

medication (see CONSORT diagram [Figure 1], which shows the flow of study participants). 

Sociodemographic and clinical characteristics at baseline are presented in Table 2. The study 

sample consisted predominantly of middle-aged (mean=51.2 years, SD=2.08, range=24–70), 

married (57.6%), employed (81.2%), white (63%) males (71.2%) with a college education 

(mean=15.7 years of education, SD=3.25, range=8–28). Over the 3 months prior to the 

baseline visit, participants drank alcohol on a mean of 6.0 days per week (SD=1.4, 

range=0.7–7.0), drinking heavily on 5.1 days per week (SD=1.8, range=0.7–7.0). The 

lifetime prevalence of major depression was 21.5% and of any anxiety disorder 14.7%. 

There were no significant differences between the ondansetron and placebo groups on 

any baseline sociodemographic or clinical characteristics. The genotype frequencies were 

consistent with Hardy-Weinberg equilibrium (HWE) expectations for all polymorphisms 

tested in this study, as assessed by the software program Haploview (v. 4.0)(Barrett et al., 

2005). For the 5 participants included in our analyses with ambiguous self-reported ancestry 

(UPenn=4; UMB=1), we inferred genetic ancestry using AIMs, which did not differ from 

self-reported ancestry for any of these individuals.

Treatment Completion.

There was no significant difference in 16-week study completion rate between the 

ondansetron group (89%, 41 participants) and the placebo group (78%, 38 participants) 

(χ2
(1)=2.27, p=0.13, OR=2.27, 95% CI=(0.75, 7.46).

Self-reported Medication Adherence.

The placebo group averaged 5.87 days (SD=2.01, range 0.5–7) of self-reported medication 

ingestion per week, while the ondansetron group averaged 5.79 (SD=2.05, range 0–

7). The medication groups were also comparable on the number of weeks of full 

adherence to treatment, defined as having taken medication on all 7 days in a week 

[ondansetron: mean=12.59, SD=4.67, range 0–16; placebo: mean=12.84, SD=4.54, range 

1–16; χ2
(1)=0.04, p=0.85). The interaction of genotype group with medication group [χ2

(1) 

=0.20, p=0.65] and the main effect of genotype group on weeks of treatment received 

[χ2
(1)=0.28, p=0.63] were not significant.
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Ondansetron Effects: Interactions with Site and Overall

Primary outcome measure (DPDD): The site-by-treatment effect was non-significant 

(GEE χ2
(1)=3.14, p=0.08). At the UPenn site, the ondansetron group averaged 0.99 

(SE=0.46, 95% CI=0.10–1.88, p=0.03) more DPDD per week than the placebo group. At 

the UMB site, the ondansetron group averaged 0.84 (SE=0.90, 95% CI=−0.93–2.62, p=0.35) 

fewer DPDD than the placebo group. Pooling across the two sites, the ondansetron group 

averaged 0.48 (SE=0.42, 95% CI=−0.35–1.31) more DPDD per week than the placebo 

group, which was not significant (GEE χ2
(1)=1.27, p=0.26).

Secondary outcome measure (HDD): The site-by-treatment effect was non-significant 

(GEE χ2
(1)=2.11, p=0.15). At the UMB site, the mean number of HDD per week in the 

ondansetron group was 0.91 (SE=1.32, 95% CI=0.52–1.57, p=0.73) times the mean in 

the placebo group, while at the UPenn site the mean number of HDD per week in the 

ondansetron group was 1.45 (SE=1.16, 95% CI=1.08–1.57, p=0.02) times the mean in the 

placebo group. Pooling across the two sites, the mean number of HDD per week in the 

ondansetron group was 1.24 (SE=1.15, 95% CI=0.95–1.62, p=0.12) times the mean in the 

placebo group.

Secondary outcome measure (DD): The site-by-treatment effect was non-significant 

(GEE χ2
(1)=0.10, p=0.76). At the UMB site, the mean number of DD per week in the 

ondansetron group was 1.08 (SE=1.15, 95% CI=0.82–1.42, p=0.59) times the mean in the 

placebo group, while at the UPenn site mean number of DD per week in the ondansetron 

group was 1.03 (SE=1.08, 95% CI=0.88–1.20, p=0.75) times the mean in the placebo group. 

Pooling across the two sites, the mean number of DD per week in the ondansetron group 

was 1.04 (SE=1.07, 95% CI=0.91–1.19, p=0.59) times the mean in the placebo group.

Secondary outcome measure (No Heavy Drinking Days): The site-by-treatment 

effect was non-significant (GEE χ2
(1)=0.92, p=0.32). At the UMB site, the odds of No 

HDD in the ondansetron group were 0.92 times the corresponding odds in the placebo 

group (SE=1.75, 0.31–2.73, p=0.87), while at the UPenn site the odds of No HDD in the 

ondansetron group was 1.85 times the corresponding odds in the placebo group (SE=1.49, 

0.88–3.98, p=0.13). Pooling across the two sites, the odds of No HDD in the ondansetron 

group was 1.49 times the corresponding odds in the placebo group (SE=1.39, 0.79–2.84, 

p=0.22).

Effects on the three outcome measures (i.e., DPDD, HDD, DD, and No HDD) were identical 

after adjustment for body weight at screening (see Supplementary Material).

Moderating Effect of Genotype Group on the Response to Ondansetron.

Table 3 shows the sociodemographic and clinical characteristics at baseline for 

the genotype-by-treatment groups. For the DPDD outcome variable, the treatment-by-

genotype (responsive vs. non-responsive) interaction effect was not significant (GEE 

χ2
(1)=0.04, p=0.85). In the responsive group, the ondansetron group averaged 0.43 (95% 

CI=(−0.48,1.35), p=0.35) more DPDD per week than the placebo group, compared to 0.64 

(95% CI=(−1.26,2.55), p=0.51) in the non-responsive group. For the HDD outcome variable, 
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the interaction was also non-significant (χ2
(1)=0.23, df=1, p=0.63). In the responsive group, 

the mean number of HDD per week was 1.28 (95% CI=(0.96,1.72), p=0.09) times the mean 

in the placebo group, compared to 1.08 (95% CI=(0.58,2.00), p=0.80) in the non-responsive 

group. For the DD outcome variable, the interaction was also non-significant (χ2
(1)=0.06, 

df=1, p=0.81). In the responsive group, the mean number of DD per week was 1.03 (95% 

CI=(0.88,1.20), p=0.71) times the mean in the placebo group, compared to 1.07 (95% 

CI=(0.78,1.48), p=0.66) in the non-responsive group. For the No Heavy Drinking Days 

response, the genotype by treatment effect was non-significant (GEE χ2
(1)=0.61, p=0.43). 

In the responsive group the odds of No HDD in the ondansetron group was 1.29 times 

the corresponding odds in the placebo group (SE=1.46, 0.61–2.72, p=0.50), while in the 

non-responsive group the odds of No HDD in the ondansetron group was 2.37 times the 

corresponding odds in the placebo group (SE=1.92, 0.66–8.52, p=0.19).

The results from models based on the ancestry scores are presented in Supplementary 

Material.

Observed Effect Sizes:

The targeted medication effect size among responsive genotype participants was Cohen’s 

d=0.6, corresponding to an average weekly difference of 0.6 standard deviations between 

the mean DPDD of the ondansetron and placebo groups, with the placebo group expected 

to show higher rates. In our data, the ondansetron effect ranged from d=−0.43 to 0.20, with 

an average of d=−0.19, so the effect size was smaller than that targeted, and in the opposite 

direction. The overall ondansetron effect, pooling responsive and non-responsive genotype 

individuals, was similar, with weekly effect sizes ranging from d= −0.48 to d=0.17, with an 

average of d=−0.22. The average weekly interaction effect, i.e., the difference between the 

weekly effect in responsive and non-responsive individuals, was d=0.12.

Integrity of medication blinding.

The medication blinding response was available for 23 of the 28 UMB participants (82%) 

and 60 of the 67 UPenn participants (90%). At the UMB site, 7 of 12 (58%) ondansetron 

participants thought that they were on the active medication, compared to 5 of 11 (45%) 

of placebo participants (chi-square(1)=0.38, p=0.54); at the UPenn site, 8 of 30 (27%) 

ondansetron participants thought that they were on the active medication, compared to 12 of 

30 (40%) of placebo participants (chi-square(1)=1.20, p=0.27). Controlling for site by the 

Cochran-Mantel-Haenszel procedure showed no association between actual treatment group 

and perceived treatment group (Chi-square(1)=0.33, p=0.57)

Impact of Missing Data on the Primary Outcome Measure.

Available weekly TLFB data were the same in both groups: mean of 14.70 (SD=3.84) weeks 

in the ondansetron group vs. 13.88 (4.35) weeks in the placebo group (Kruskal-Wallis χ2
(1) 

=1.93, p=0.17). TLFB data were available for 80 participants (84% of total study sample) 

for treatment week 16. Study completion rates did not differ significantly between the 

ondansetron group (89% [41 of 46]) and the placebo group (80% [38 of 49]) (χ2=1.62, 

df=1, odds ratio (OR)=2.10, 95% CI=(0.66,6.70), p=0.20) or between the UPenn site 

(88% [59 of 67]) and the UMB site (75% [21 of 28]) (χ2=2.53, df=1, OR=2.46, 95% 
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CI=(0.79,7.62), p=0.11). A pattern mixture analysis using a binary indicator of complete 

data as a summary of missing data showed results very similar to those reported above. 

The interaction between treatment and completion status was not significant (χ2=0.01, df=1, 

p=0.93). The site-by-treatment effect was non-significant (GEE χ2
(1)=2.78, p=0.10). At the 

UPenn site, the ondansetron group averaged 1.03 (SE=0.48, 95% CI=0.07–1.96, p=0.03) 

more DPDD per week than the placebo group. At the UMB site, the ondansetron group 

averaged 0.84 (SE=0.99, 95% CI= −1.09–2.79, p=0.39) fewer DPDD than the placebo 

group. Pooling across the two sites, the ondansetron group averaged 0.49 (SE=0.46, 95% 

CI=−0.40–1.39, p=0.28) more DPDD per week than the placebo group.

Adverse Events (AE).

There was no significant difference in the proportion of participants who reported at least 1 

AE in the ondansetron group [40 of 46 (87%)] and the placebo group [40 of 49 (82%)] (χ2 

(1)=0.51, p=0.48). Among participants reporting at least 1 AE, the median number of AEs 

in both medication groups was 2. Types of AEs that occurred in at least 10% of participants 

and the number of participants from each medication group that experienced the event are 

summarized in Supplementary Table S2. One participant (1.05%), who was in the placebo 

group, experienced a serious adverse event—atrial fibrillation—which was not related to 

study participation.

DISCUSSION

In this double-blind, randomized, placebo-controlled study of 95 heavy-drinking adults 

with AUD, we tested the efficacy of ondansetron in reducing alcohol use by applying 

a personalized medicine approach based on six genotypes in three serotonergic genes—

SLC6A4, HTR3A, and HTR3B. The genetic variants were previously reported either to 

moderate the treatment effects of ondansetron in adults with AUD (Johnson et al., 2013; 

Seneviratne and Johnson, 2012; Johnson et al., 2011) and/or increase the risk of developing 

AUD (Seneviratne et al., 2013; Enoch et al., 2011). This is the first prospective, randomized 

treatment trial to examine ondansetron treatment responses moderated by variation in 

serotonergic genes in both AA and EA individuals with AUD.

Ondansetron had no significant effect on alcohol intake in the overall study population. 

However, treatment response varied by study site. The UPenn site enrolled a greater 

percentage of AA individuals (43.3%) than the UMB site (11.4%; p=0.04). At UPenn, 

ondansetron was associated with greater DPDD (p=0.03) and a trend towards greater HDD 

(p=0.08), effects that were not observed at UMB. These site differences may have resulted 

from the different ancestral distribution of participants across the two sites. Ondansetron has 

not been studied specifically as a treatment for AUD in AA populations (Cservenka et al., 

2017) and AAs account for less than 25% of the participants in published phase II clinical 

studies of ondansetron (Brown et al., 2021; Johnson et al.; 2000, Skowronek et al., 2006) 

Another possible explanation for the site differences in ondansetron effects could be sample 

bias. The UMB site had substantially fewer participants who completed treatment than the 

UPenn site. Nonetheless, neither the pooled sample nor the individual-site data showed a 

beneficial effect of ondansetron in treating AUD, consistent with recent studies showing no 
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efficacy of the medication in majority EA populations except when a personalized genomic 

approach was applied (Johnson et al., 2013).

In contrast to the Johnson et al. (2013) study, we did not detect moderating (interaction) 

effects of selected genotypes on primary or secondary outcome measures. The responsive 

genotypes in our overall sample were present in 77% of the intent-to-treat population. 

Therefore, it is possible that the observed absence of a moderating effect was influenced 

by the unbalanced distribution of responsive vs. non-responsive genotypes across treatment 

cells, which could reduce statistical power in a small sample. Furthermore, the genetic 

variants used to identify potentially responsive subgroups that we utilized in this study were 

not identical to those of the Johnson et al. (2013) study, which included rs1042173:TT and 

5HTTLPR:LL genotypes as one combined marker and categorized all individuals with only 

one of these two genotypes as non-responders, unless they were carriers for one or more 

of the remaining three markers tested in the EA genotype panel (i.e., rs1150226:AG and/or 

rs1176713:GG and/or rs17614942:AC). Here, we utilized each genotype as an individual 

marker and prospectively randomized participants into responsive vs. non-responsive 

groups. Second, we limited the AA genetic variants to only two of the five genotypes 

identified in the Johnson et al. (2013) study, plus an additional variant (rs1176744:AC/CC) 

not used in that study. Finally, the absence of a main effect of medication makes it more 

difficult to detect an interaction with genotype. We also conducted an exploratory analysis 

of moderating effects of the genotype combination tested in the Johnson et al. (2011) study 

(5HTTLPR:LL and rs1042173:TT as a single marker; 33% of the population) excluding 

rs11176744); the findings were similar to those with the responsive genotypes used in the 

present study (see Supplementary Material).

Despite these limitations, our study has several strengths. First, we had a higher completion 

rate (74.7%) for the 16-week treatment period than the approximately 50% completion rates 

reported in previous ondansetron clinical trials (Johnson et al., 2000; Johnson et al., 2011), 

which helped to protect against attrition bias. Second, the 16-week treatment period was 

4 weeks longer than previous ondansetron trials for AUD treatment, providing a longer 

window for a possible treatment effect to emerge. Third, frequency of AEs were comparable 

in the ondansetron and placebo groups, so that, in contrast to other medications (e.g., 

topiramate) that cause high rates of adverse events (Johnson et al., 2007), unmasking of 

the blind is less likely to have occurred. This was supported by the responses provided 

by participants regarding the treatment to which they believed they were assigned. Lastly, 

participants were prospectively randomized into treatment groups stratified by ancestry-

specific responsive vs. non-responsive genotype groups based on prior knowledge of their 

influence on ondansetron treatment effects or risk for developing AUD. This allowed a direct 

evaluation of the benefits of personalized treatment.

Although treatment response is partially genetically determined (Motsinger-Reif et al. 2013), 

it is a complex trait and thus influenced by multiple genetic variants of small effect 

(Manolio et al. 2009). Despite evidence that statistical power is enhanced in the study of 

treatment-relevant variants relative to disease-related ones (Maranville and Cox 2016), it 

may be unduly optimistic to expect that a single or even a handful of genetic variants could 

moderate treatment response, particularly for a pharmacodynamic effect. An alternative 
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approach, such as the use of polygenic risk scores derived from genome-wide analyses of the 

response to the pharmacological treatment of AUD (Biernacka et al. 2021), is a promising 

alternative approach to advancing the precision medicine treatment of the disorder.

CONCLUSION

This 16-week, randomized, controlled trial showed no evidence that low-dose oral 

ondansetron is superior to an inactive placebo in treating AUD, either as a main effect 

or in interaction with a panel of genotypes. Due to a sample size that was smaller than 

planned, our trial was underpowered and may have thus failed to detect a moderating effect 

of previously proposed responsive and non-responsive genotype groups on the response 

to ondansetron. Larger clinical trials are needed to evaluate more conclusively the role of 

low-dose ondansetron in treating AUD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Consort flow diagram

A – Limiting adverse event; B – Lost to follow-up; C – Participant choice; D – Lack of 

efficacy; E – Other.
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Table 1:

Genotype groups used in ondansetron-responsive stratification for participant randomization

Ancestry/Race Gene Ondansetron Responsive Genotypes Ondansetron Non-Responsive Genotypes

European Ancestry SLC6A4 5-HTTLPR:LL 5-HTTLPR:LS/SS

rs25531:AA rs25531:AG/GG

5-HTTLPR + rs25531 = LALA 5-HTTLPR + rs25531 = LGLA; LGLG; LAS; LGS; SS

rs1042173:TT rs1042173:TG/GG

HTR3A rs1150226: AG rs1150226: AA/GG

rs1176713: GG rs1176713: GA/AA

HTR3B rs17614942: AC rs17614942: AA/CC

African Ancestry SLC6A4 5-HTTLPR:LL 5-HTTLPR:LS/SS

rs25531:AA rs25531:AG/GG

5-HTTLPR + rs25531 = LALA 5-HTTLPR + rs25531 = LGLA; LGLG; LAS; LGS; SS

rs1042173:TT rs1042173:TG/GG

HTR3B rs1176744:CC/CA rs1176744:AA

SLC6A4 – Serotonin transporter gene; HTR3A – gene encoding serotonin receptor subunit 3A; HTR3B – gene encoding serotonin receptor subunit 
3B.
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Table 2:

Baseline sociodemographic and clinical characteristics of randomized participants, by study site

Demographics Overall (N=95)
N (% or SD)

UPenn (N=67)
N (% or SD)

UMB (N=28)
N (% or SD)

P-value

 Sex (Male) 67 (70.1%) 45 (67%) 24 (86%) 0.06

 Age (yr) 51.5 (11.3) 52.5 (11.1) 49.0 (11.5) 0.17

Race (White) 60 (63%) 38 (56.7%) 22 (78.6%) 0.04

 Marital Status
1 50 (53%) 38 (57%) 12 (43%) 0.22

Genotype (% Responsive) 73 (77%) 55 (82%) 18 (64%) 0.06

 Employment Status 0.11

  Full-time 49 (52%) 30 (45%) 19 (68%)

  Part-time 14 (15%) 12 (18%) 2 (7%)

  Not Working 32 (34%) 25 (37%) 7 (25%)

 Years of Education 15.7 (3.2) 15.9 (3.4) 15.4 (3.0) 0.55

 Annual Income Level 0.60

  <$40,000 32 (34%) 22 (33%) 10 (36%)

  $40,000 - $79,999 17 (18%) 11 (17%) 6 (21%)

  $80,000 - $119,000 16 (17%) 10 (15%) 6 (21%)

  ≥$120,000 29 (31%) 23 (35%) 6 (21%)

Clinical Measures

AUDIT score 20.2 (6.4) 19.3 (6.2) 22.4 (6.4) 0.03

Height (inches) 68.0 (3.2) 67.6 (2.9) 69.1 (3.7) 0.06

Weight (pounds) 183.6 (34.9) 179.8 (31.4) 192.5 (41.4) 0.10

BMI 27.8 (4.5) 27.6 (4.4) 28.1 (4.9) 0.65

 Lifetime Major Depression 12 (13%) 12 (17%) 0 (0%) 0.02

 Lifetime Anxiety Disorder 10 (11%) 9 (13%) 1 (4%) 0.15

 BDI Score 5.2 (5.2) 5.5 (5.2) 4.6 (5.1) 0.43

 Drinks per Drinking Day
2 6.4 (2.8) 6.0 (2.6) 7.5 (3.1) 0.01

 Pct. Drinking Days
2 86.9 (18.5) 85.6 (20.3) 89.9 (13.5) 0.31

 Pct. Heavy Drinking Days
2 74.0 (18.3) 69.9 (26.0) 83.9 (20.5) 0.01

 SIP Score
2 13.4 (9.4) 12.9 (9.3) 14.5 (9.6) 0.44

1
Married or cohabiting;

2
During the 90 days preceding the screening visit; SD-standard deviation; BDI-Beck Depression Inventory; SIP-Short Index of Problems
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Table 3:

Baseline sociodemographic and clinical characteristics of randomized participants, by treatment group

Demographics Overall (N=95) N (% 
or SD)

Ondansetron (N=46) N (% 
or SD)

Placebo (N=49) N (% 
or SD)

P-value

Number of participants by study site 
(UPenn)

67 (71%) 32 (48%); 35 (52%); 0.84*

Sex (Male) 67 (70.1%) 34 (49%) 35 (51%) 0.79

Age (yr) 51.5 (11.3) 52.9 (9.8) 50.1 (12.4) 0.23

Race (White) 60 (63%) 28 (47%) 32 (53%) 0.65

Marital Status1 50 (53%) 19 (41%) 31 (63%) 0.03

Genotype (% Responsive) 73 (77%) 34 (47%) 39 (53%) 0.51

 Employment Status 0.55

  Full-time 49 (52%) 22 (48%) 27 (55%)

  Part-time 14 (15%) 6 (13%) 8 (16%)

  Not Working 32 (34%) 18 (39%) 14 (29%)

 Years of Education 15.7 (3.2) 15.6 (3.5) 15.8 (3.0) 0.76

 Annual Income Level 0.08

  <$40,000 32 (34%) 18 (40%) 14 (29%)

  $40,000 - $79,999 17 (18%) 11 (24%) 6 (12%)

  $80,000 - $119,000 16 (17%) 4 (9%) 12 (24%)

  ≥$120,000 29 (31%) 12 (27%) 17 (35%)

Clinical Measures

 AUDIT 20.2 (6.4) 21.2 (6.7) 19.3 (6.0) 0.13

 Height (inches) 68.0 (3.2) 67.5 (3.2) 68.5 (3.2) 0.09

 Weight (pounds) 183.6 (34.9) 178.6 (35.7) 188.2 (33.9) 0.46

 BMI 27.8 (4.5) 27.4 (4.8) 28.1 (4.3) 0.62

 Lifetime Major Depression 12 (13%) 5 (11%) 7 (14%) 0.62

 Lifetime Anxiety Disorder 10 (11%) 7 (15%) 3 (6%) 0.15

 BDI Score 5.2 (5.2) 5.9 (5.5) 4.7 (4.8) 0.27

 Drinks per Drinking Day2 6.4 (2.8) 6.5 (2.8) 6.4 (2.9) 0.80

 Pct. Drinking Days2 86.9 (18.5) 86.3 (20.9) 87.4 (16.2) 0.77

 Pct. Heavy Drinking Days2 74.0 (18.3) 75.8 (25.7) 87.49 (16.2) 0.52

 SIP Score2 13.4 (9.4) 14.3 (10.2) 12.5 (8.5) 0.34

*
P-value for the comparison of study site by treatment; the other p-values refer to treatment analysis ignoring site; chi-square test for categorical 

variables and Kruskal-Wallis test for continuous variables
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