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Background: Alcohol Use Disorder (AUD) is a pervasive and chronic condition that causes considerable individual and societal
burden. Therapeutic interventions remain limited, highlighting the critical need for the development of more effective interventions.
Objective: This study aims to explore therapeutic targets in AUD by analyzing interventional clinical trials registered on
ClinicalTrials.gov. It seeks to identify prevailing pharmacological and behavioral treatment strategies and emerging areas of
investigation.

Methods: A comprehensive search of ClinicalTrials.gov using the keywords “Alcohol Use Disorder” identified 209 completed
interventional trials. Trials were categorized by intervention type, pharmacological targets, study phase, and participant demographics.
Descriptive statistics were used to assess the prevalence and characteristics of the therapeutic strategies under investigation.
Results: Pharmacological interventions were predominant, targeting systems such as cholinergic (nicotinic receptors), opioid,
GABAergic, and glutamatergic pathways. Behavioral interventions were also common, frequently combined with pharmacological
treatments. Trials investigating novel targets such as neuroinflammation and neuromodulation are emerging. Most studies were small
in scale and were at early to mid-phase stages. Overall, the treatment outcomes showed modest to moderate success in reducing
alcohol cravings, increasing abstinence duration, and preventing relapse, though larger confirmatory trials remain limited.
Conclusion: The clinical trials for AUD reflects a strong focus on neurotransmitter-targeted pharmacotherapy, supplemented by
behavioral approaches. Newer interventions targeting neuroimmune pathways and brain stimulation techniques show promise but
require further investigation in larger, more advanced trials.
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Introduction
Alcohol Use Disorder (AUD) is a chronic, prevalent mental disorder that affects millions worldwide. A national survey
on drug use and health revealed that almost 29 million people aged 12 and above had AUD in the past year in the United
States.! This condition is associated with several negative consequences affecting quality of life.”* These effects increase
the risk of damage to the nervous, endocrine, pulmonary, gastrointestinal, cardiovascular, and other systems.*® AUD can
specifically contribute to multiple complications such as periodontal problems, nutritional deficiencies, liver cirrhosis,
brain stroke, coronary artery disease, sexually transmitted infections, hypothyroidism, and diabetes complications.*’’
AUD has also been associated with the development of different types of cancer.'® !> Moreover, AUD patients are more
likely to place an economic burden on health systems.'*'*

AUD is associated with significant alterations in neurotransmitter systems, leading to acute and chronic neuroadaptive
changes.'>!” The key neurotransmitters involved include Gamma-aminobutyric acid (GABA), glutamate, dopamine,
serotonin, and endogenous opioids.lg*20 These alterations contribute to the behavioral, emotional, and cognitive

symptoms of AUD. For instance, chronic alcohol consumption enhances GABAergic inhibition and suppresses
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glutamatergic excitation, leading to tolerance and withdrawal symptoms upon cessation.?' > Moreover, dysregulation of
dopamine pathways in the mesolimbic system reduces sensitivity to natural rewards, reinforcing alcohol-seeking
behavior.”*** Serotonin deficits contribute to mood instability and impulsivity, while alterations in the endogenous
opioid system amplify alcohol’s rewarding effects.”**” Based on that, these neurotransmitters are classified as major
targets for pharmacological treatments. The diverse pharmacological mechanisms of action involve inhibition of
aldehyde dehydrogenase, dopamine B-hydroxylase, serotonin, and opioid receptor antagonist,®®>’
GABA activity in the brain.>*'®

AUD affects several key brain regions, leading to significant neuroadaptive changes. Dysfunctions in the prefrontal

and modulating

cortex, which plays a role in decision making and impulse control, may contribute to compulsive alcohol-seeking
behaviors and difficulties with regulating consumption.'®** The amygdala, which plays a crucial role in stress and
emotional regulation, exhibits heightened reactivity, leading to increased anxiety, emotional dysregulation, and a greater
susceptibility to relapse.*' * The nucleus accumbens, a key component of the brain’s reward system, undergoes changes
in dopamine signaling, resulting in altered reward processing and intensified cravings for alcohol.**° Additionally, the
hippocampus, critical for learning and memory, experiences neurotoxicity and structural damage, leading to cognitive
deficits.’’° These neurobiological alterations collectively contribute to the progression and persistence of AUD, making
it challenging for individuals to control their alcohol consumption and maintain long-term abstinence.

Different therapeutic options have been used to manage AUD, including pharmacological and behavioral
treatments.**** Precisely, the most effective management strategy for AUD involves both pharmacological and psycho-
social interventions.*****

The Food and Drug Authority has approved only a limited number of medications for use with addiction, including
disulfiram, naltrexone, and acamprosate.””***> These medications play a crucial role in the treatment of substance use
disorders by targeting different aspects of addiction management.?®*®*’ Disulfiram works by creating an adverse reaction

to alcohol consumption, while naltrexone helps reduce cravings and the rewarding effects of alcohol and opioids.** ™!

Acamprosate is primarily used to maintain abstinence by restoring the balance of neurotransmitters in the brain.’*
Table 1 provides a summary of AUD medications’ pharmacology.

Emerging interventions for AUD include novel pharmacotherapies such as GLP-1 receptor agonists, for example
semaglutide, liraglutide, and tirazeptide. These have shown promise in reducing alcohol intake through appetite and
reward modulation.’*>” Additionally, psychedelic-assisted therapies using psilocybin, MDMA, and other psychedelics
might facilitate behavior change, reduce cravings, and support long-term abstinence when combined with
psychotherapy.”® ©° These innovative and emerging approaches may offer alternatives to traditional treatments, particu-
larly for individuals with treatment-resistant AUD.®"%*

Psychosocial interventions play a crucial role in the comprehensive management of AUD, aiming to address the
behavioral, emotional, and social aspects of the condition.®*** These interventions include cognitive-behavioral therapy

(CBT), motivational interviewing (MI), contingency management, and group-based therapies such as 12-step programs

Table | Medication, Pharmacological Class, Mechanism of Action, Uses in AUD

Medication Pharmacological Mechanism of Action Uses in Alcohol Use Disorder
Class (AUD)

Disulfiram Aldehyde Inhibits aldehyde dehydrogenase, leading to accumulation of Used as an aversion therapy to
dehydrogenase acetaldehyde. discourage alcohol consumption.
inhibitor

Naltrexone Opioid antagonist Blocks opioid receptors, reducing the rewarding effects of Reduces alcohol cravings and prevents

alcohol and decreasing cravings. relapse.

Acamprosate | Glutamate modulator Modulates glutamatergic neurotransmission to restore balance | Helps maintain abstinence by

in the brain. stabilizing neurotransmitter activity.
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(eg, Alcoholics Anonymous).®> 7 They help individuals identify and change maladaptive drinking behaviors, develop
coping skills to handle triggers and stressors, and enhance motivation for maintaining abstinence.

The pathophysiology of AUD is complex and current research reflects efforts to target specific neurotransmitter
systems, such as GABA, glutamate, and the opioid system. Additionally, neuromodulatory techniques, immune-targeting
therapies, and behavioral interventions continue to gain traction as adjunctive or standalone treatments. This paper
explores the diverse therapeutic strategies identified in clinical trials and examines their potential to improve outcomes
for patients with AUD. As AUD becomes increasingly recognized as a neurobiological disorder, there is growing interest
in identifying new therapeutic targets that can address the diverse mechanisms contributing to addiction. Advances in
clinical research, particularly trials cataloged on platforms such as ClinicalTrials.gov, provide a rich resource for
understanding the evolving landscape of therapeutic strategies for AUD.

Methods

The data for this paper were obtained from ClinicalTrials.gov using the search term “Alcohol Use Disorder” to identify
relevant clinical trials up to 26 March 2025 (see Supplementary File). The dataset included information on trial status,

interventions, targeted mechanisms, and outcomes. For the purpose of this review, the trials were filtered based on their
intervention type (pharmacological, behavioral, or other), phase of development, and study status (ongoing, completed,
or terminated). Age group classifications are defined by ClinicalTrials.gov, as child (birth—17 years), adult (18—64 years),
and older adult (65 years and older).

The analysis included trials from Phase I through to Phase IV, with a focus on completed studies to evaluate efficacy,
as well as ongoing studies to highlight promising future treatments. Descriptive statistics were used to summarize the
data. Figure 1 shows the filtration process of the included studies. Statistical analyses were performed to identify trends
in therapeutic targets and to assess the success rates of different approaches.

Results

A total of 209 interventional clinical trials focused on Alcohol Use Disorder (AUD) have been completed and their
results reported on ClinicalTrials.gov. All were interventional in nature, and the majority targeted adult populations, as
shown in Table 2.

The vast majority of studies focused on adults and older adults, with a limited inclusion of children, consistent with
AUD prevalence. A summary of age distribution in AUD clinical trials is presented in Table 3.

Pharmacological interventions in AUD trials targeted a range of neurobiological systems implicated in alcohol use
and dependence. The cholinergic system, particularly via nicotinic receptors (eg, varenicline), was the most frequently
studied target (n = 8). This was followed by the opioid system (eg, naltrexone) and combined GABAergic/glutamatergic
systems (eg, topiramate), each represented in 5 trials. Additional studies targeted the serotonergic system and GABAergic
system independently, highlighting the diversity of neurochemical pathways explored in AUD pharmacotherapy devel-
opment. The pharmacological targets studied in AUD trials are outlined in Table 4.

Pharmacological and behavioral interventions were the most frequently tested therapeutic strategies. Placebos were
used in nearly one-third of trials, and device-based interventions were comparatively rare. An overview of the types of
therapeutic interventions investigated is provided in Table 5.

Among the 209 AUD trials, Phase 2 was the most common (n = 77), followed by Phase 1 (n=27), and Phase 4 (n=19).
Phase 3 trials were less frequent (n = 15), and early-phase studies accounted for just 4 trials. Notably, 88 studies did not
report a specific phase, but the total count of clinical trial phases was still 229. This reflects the fact that some AUD studies
are registered under multiple phases (eg, Phase 1 and Phase 2), resulting in more phase entries than the 209 unique trials
analyzed. The distribution of clinical trial phases for AUD is provided in Table 6.

Most trials were modest in size, enrolling fewer than 200 participants. Very few trials exceeded 500 enrollees, indicating
a need for larger confirmatory studies in AUD. The distribution of participant numbers in AUD trials is shown in Table 7.

Common outcome measures in AUD clinical trials primarily focused on behavioral and physiological indicators of
alcohol use. Craving scores were frequently assessed using visual analog scales or standardized questionnaires.
Percentage of drinking days and abstinence duration were typically recorded through self-report methods such as the
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Figure | Prisma chart of clinical trials used for AUD.

Timeline Followback (TLFB). Relapse rates, often defined as time to first drink or binge, were another key outcome.
Some studies also included liver function tests to evaluate physiological recovery. Table 8 provides a brief description of

the common trial outcome measures.
Table 2 Overview of Clinical Trials for AUD

Metric

Value

Total Studies

209

Study Type

Interventional (Clinical Trial)

Status Filter

Completed

Studies with Results Posted

Yes

Condition

Alcohol Use Disorder
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Table 3 Age Distribution in AUD Clinical

Trials
Age Group Number of Trials
Adult, Older Adult 157
Adult only 37
Child, Adult 7
Child, Adult, Older Adult 7

Child only

Table 4 Pharmacological Target Systems Investigated in AUD

Clinical Trials

Pharmacological Target System Number of Trials
Other/Unclassified 170
Cholinergic (Nicotinic Receptor) 8
Opioid System 6
GABAergic/Glutamatergic System 5
GABAergic System 4
Serotonergic System 4
GABA-B Receptor 3
Alcohol Metabolism (Aversive Agent) 2
Glutamatergic System 2
Dopaminergic/Serotonergic System 2
Neuroimmune (PDE4 Inhibition) |
Glutamatergic System (NMDA Antagonist) |
Neurosteroid (GABAergic Modulation) |

Table 5 Overview of the Types

of Therapeutic Interventions

Investigated with Number of

Clinical Trials

Therapeutic Target | Count
Pharmacological 117
Behavioral 95
Device-Based 9
Other 7
Nutritional |
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Table 6 Distribution of Clinical
Trial Phases for AUD

Trial Phase | Frequency (Est.)
Early Phase 4
Phase | 27
Phase 2 77
Phase 3 15
Phase 4 19
Not Specified 88

Table 7 Distribution of Participant
Numbers in AUD Trials

Participant Range | Number of Trials
<50 71
50-99 57
100-199 42
200499 22
500-999 I
>1000 6

Table 8 Outcome Categories

Common Outcome Measures Description

Craving Scores

Visual analog scale, questionnaires

Percent Drinking Days

TLFB or self-report

Relapse Rate

Time to first drink or binge

Liver Function Tests

For physiological improvement

Abstinence Duration

Often measured in weeks/months

Several pharmacologic agents were evaluated for their potential to reduce cravings, prevent relapse, or modulate
underlying neurobiology in AUD. Table 9 provides a summary of commonly studied medications, their pharmacological
classes, and the rationale for their inclusion in AUD clinical trials.

Box 1 highlights the behavioral interventions most frequently employed in phase 4 clinical trials for AUD, including
stepped care management, medical management counseling, and cognitive behavioral therapy (CBT), among others.
These strategies emphasize structured and scalable approaches suitable for real-world implementation. Their repeated use
reflects their practical value in enhancing treatment engagement, medication adherence, and long-term recovery out-
comes. The table provides concise descriptions to assist in understanding how each strategy contributes to AUD care.

International Journal of General Medicine 2025:18
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Table 9 List of Medications Used in AUD Trials

Medication Pharmacological Class Rationale for Use in AUD
Naltrexone Opioid antagonist Reduces rewarding effects of alcohol by blocking opioid receptors. FDA-approved
for AUD.
Acamprosate | NMDA receptor modulator Restores glutamate balance to reduce cravings. FDA-approved for AUD.
Disulfiram Aldehyde dehydrogenase inhibitor Causes unpleasant reaction with alcohol; used as deterrent. FDA-approved.
Varenicline Partial nicotinic receptor agonist Modulates dopamine release, reduces craving and consumption.
Gabapentin GABA analog Reduces alcohol cravings, withdrawal symptoms, and anxiety. Off-label use in AUD.
Topiramate Anticonvulsant Modulates GABA and glutamate to reduce cravings and reward.
Ondansetron | 5-HT3 antagonist Targets early-onset AUD; modulates serotonin and dopamine.
Quetiapine Atypical antipsychotic Reduces anxiety, sleep disturbances, and cravings.
Baclofen GABA-B receptor agonist Reduces craving and withdrawal; especially in liver-impaired patients.
Aripiprazole Atypical antipsychotic Modulates dopamine; studied for relapse prevention.
Ivermectin Antiparasitic, potential GABA modulator Explored for neurological impact on craving and withdrawal.
Mifepristone Glucocorticoid receptor antagonist Targets stress systems implicated in alcohol dependence.
Pregnenolone | Neurosteroid Modulates GABAergic activity; affects stress and craving.
Apremilast PDE4 Inhibitor Reduces alcohol intake through neuroinflammatory modulation.
Ketamine NMDA receptor antagonist Studied for rapid craving reduction and neuroplasticity enhancement.
ASP8062 GABA-B receptor positive allosteric Aimed at reducing craving and relapse.
modulator

Box | Summary of the Most Common Behavioral Treatment Strategies Used in Clinical Trials for Alcohol Use Disorder (AUD)

Strategy and Description

Stepped Care Management: Tiered treatment that escalates in intensity based on patient response.

Medical Management Counseling: Structured sessions to support medication adherence and monitor drinking.

Cognitive Behavioral Therapy (CBT/CBT4CBT): Focus on coping skills, craving control, and relapse prevention; available in digital formats.

Motivational Interviewing (MI): Client-centered counseling to resolve ambivalence and enhance motivation.

Family-Involved Therapy: Involves family in treatment to improve support and accountability.

Trauma-Informed Approaches (eg, Seeking Safety, COPE): Designed for individuals with co-occurring trauma and AUD; integrates PTSD and

addiction treatment.

Discussion

The findings of this study provide a comprehensive overview of the current pharmacological and behavioral therapeutic
interventions for AUD, based on clinical trials registered on ClinicalTrials.gov up to March 2025. The dominance of
pharmacological interventions targeting classical neurotransmitter systems, particularly GABAergic, glutamatergic,
cholinergic, and opioid pathways, reflects the continued reliance on well-established neurobiological models of addiction.
These clinical trends are largely consistent with insights from recent preclinical research, which emphasize the role of
dysregulated neurotransmission, neuroinflammation, and stress circuitry in the development and persistence of AUD. For

example, The GABAergic system has long been recognized for its role in alcohol’s sedative and anxiolytic effects.®®
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Several clinical trials in the dataset explored agents acting on GABA B receptors (eg, baclofen and ASP8062) and
neurosteroids with GABA-modulating properties (eg, pregnenolone).mf73 These align with preclinical studies showing
that enhancing GABA B signaling can reduce alcohol consumption, mitigate withdrawal symptoms, and decrease
relapse likelihood by restoring the inhibitory tone in key brain circuits such as the amygdala and prefrontal cortex.®®
Likewise, the use of topiramate and gabapentin in trials reflects an interest in dual-action medications that modulate both
GABAergic and glutamatergic systems to rebalance neural excitability disrupted by chronic alcohol exposure.”*’® The
glutamatergic system’s involvement in relapse and craving is further supported by clinical interest in both acamprosate
and ketamine. Acamprosate, which is already FDA-approved, helps stabilize glutamate levels during abstinence.”””® In
contrast, ketamine is still under investigation but shows promise in preclinical and early human studies for rapidly
reducing cravings and enhancing neuroplasticity.”” ®' These agents are directly linked to mechanisms described in recent
translational research that focuses on reversing synaptic alterations and the excitotoxicity driven by alcohol dependence.

Another significant therapeutic target highlighted in both the clinical and preclinical domains is the opioid system.
Naltrexone, one of the most frequently studied agents in the dataset, continues to be central to reducing alcohol reward
through opioid receptor antagonism. The consistency of naltrexone’s application in clinical trials underscores its robust
evidence base and supports the concept, reinforced by animal models, that modulating endogenous opioid signaling is
critical for managing alcohol-seeking behavior.**%

Interestingly, the review also reveals increasing clinical interest in the cholinergic system, particularly through trials
involving varenicline.** ®® Acting on nicotinic acetylcholine receptors (nAChRs), varenicline is believed to reduce
alcohol consumption by modulating dopamine release in mesolimbic reward pathways. This trend is consistent with
preclinical studies suggesting that the cholinergic system plays a more significant role in AUD than previously
appreciated, particularly through its influence on impulsivity and reward valuation.®”-*®

Furthermore, the analysis identifies an emerging emphasis on novel therapeutic targets, especially neuroimmune and
stress-related targets. Apremilast and mifepristone are being evaluated for their potential to reduce alcohol intake via
modulation of neuroinflammatory pathways and hypothalamic pituitary adrenal axis activity.** > These targets mirror
the evolving preclinical understanding that AUD is not solely a disorder of reward circuitry but also involves systemic
inflammation, stress dysregulation, and neuroendocrine disruption. For instance, increased cytokine levels and immune
activation have been observed in individuals with AUD, and animal studies have shown that reducing neuroinflammation
can attenuate alcohol-seeking behavior.”*®> Moreover, neuromodulation techniques such as repetitive transcranial
magnetic stimulation represent a promising area for further studies.”®°® Preclinical findings support the modulation of
prefrontal-striatal circuits as a means of reducing impulsivity and compulsivity, which are core behavioral components of
addiction.””'°> Combining such techniques with pharmacological or behavioral treatments could provide synergistic
benefits, and future trials may increasingly adopt these multimodal strategies.

Behavioral interventions remain integral, with almost 82 trials in the dataset incorporating psychological therapies.
Their frequent combination with pharmacological agents underscores the real-world recognition that AUD is best treated
through a biopsychosocial model.'® %> CBT, motivational interviewing, and contingency management are known to
address cognitive-behavioral triggers and support long-term abstinence, particularly when combined with medications
that reduce physiological craving or enhance mood regulation.'%¢'%®

Despite these promising directions, several challenges persist. The majority of studies enrolled fewer than 200
participants, limiting statistical power and generalizability. Additionally, a large proportion of trials were early or mid-
phase, with fewer progressing to Phase 3 validation. The heterogeneity in study design, outcome measures (eg, craving
scores and abstinence duration), and target populations (eg, limited inclusion of adolescents or older adults) also hampers
direct comparison and meta-analysis. These gaps highlight the need for harmonized, large-scale trials using standardized
endpoints and stratified recruitment criteria.

Conclusion

The clinical trial landscape for AUD highlights a strong emphasis on targeting dysregulated neurotransmitter systems,
including GABAergic, glutamatergic, dopaminergic, serotonergic, cholinergic, and opioid pathways. These neurochem-
ical disruptions underlie key aspects of addiction behavior such as craving, relapse, and withdrawal, supporting the
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continued development of pharmacological interventions. Emerging therapies focused on neuroinflammation, stress-
response systems, and neuromodulation also showed promise as novel strategies. Many interventions have demonstrated
modest efficacy in reducing cravings and promoting abstinence; however, most trials are limited by small sample sizes
and early-phase designs. To advance the field, there is a pressing need for large-scale, rigorous clinical trials that adopt
standardized outcome measures. Combining pharmacological, behavioral, and neuromodulatory approaches may offer
the most effective path toward sustained recovery in individuals with AUD.

Future Directions and Recommendations

Future research on AUD should prioritize large, multicenter trials with standardized outcome measures to improve
comparability and evidence synthesis. Greater inclusion of underrepresented populations such as adolescents, older
adults, and those with comorbidities is essential to enhance generalizability. Promising therapies targeting neuroimmune
and neuromodulatory pathways should be evaluated in long-term, well-powered studies. Combining pharmacological,
behavioral, and neuromodulatory approaches may offer enhanced treatment efficacy. Incorporating real-world data and
digital tools could further optimize intervention delivery and patient outcomes.

Disclosure
The author reports no conflicts of interest in this work.
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