1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Subst Abuse Treat. Author manuscript; available in PMC 2020 December 01.

-, HHS Public Access
«

Published in final edited form as:
J Subst Abuse Treat. 2019 December ; 107: 29-37. doi:10.1016/j.jsat.2019.08.009.

Randomized Placebo-Controlled Trial of Galantamine in
Individuals with Cocaine Use Disorder

Elise E. DeVitol, Kathleen M. Carrolll, Theresa Babusciol, Charla Nichl, Mehmet
Sofuoglul?
lyale University, School of Medicine, Department of Psychiatry, New Haven, CT

2VA Connecticut Healthcare System, West Haven, CT

Abstract

No pharmacotherapies are approved for the treatment of cocaine use disorder (CUD).
Galantamine, a cholinesterase inhibitor, has shown initial promise for cocaine use reduction in
methadone-maintained individuals with CUD and cognitive improvement in abstinent individuals
with past CUD. However, galantamine has not previously tested in individuals with current CUD
and no comorbid opioid use disorder or methadone maintenance. The goal of this 13-week,
double-blind, placebo-controlled, randomized controlled trial was to test the efficacy of
galantamine (8mg or 16mg/day; extended release (ER)) for reducing cocaine use and improving
cognitive function in individuals with cocaine use disorder (CUD). Ninety-three treatment-seeking
cocaine users were randomized to placebo (n=32), 8 mg/day galantamine (n=31) or 16 mg/day
galantamine (n=30). The medication was well-tolerated with minimal reports of side-effects.
However, there were no significant treatment group differences in cocaine use outcomes (as
measured by self-report or urines). The 16mg galantamine group had a greater improvement in
working memory capacity (Backwards Digit Span), but there were no other significant treatment
group differences on key cognitive outcomes. These findings did not provide support for the
efficacy of galantamine as a treatment for cocaine use in this sample of individuals with CUD.
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1. INTRODUCTION

Cocaine use disorder (CUD) remains an important public health problem in the United
States with significant costs to the individual and society (John & Wu, 2017), yet there are
no FDA-approved pharmacotherapies for the treatment of CUD. The brain acetylcholine
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(Ach) system may be a promising target for the treatment of CUD (Mehmet Sofuoglu &
Mooney, 2009). Among medications targeting Ach, acetylcholinesterase inhibitors have
shown promise in reducing cocaine use in preclinical and clinical studies. Cholinesterase
inhibitors increase synaptic Ach levels by blocking its breakdown, and among those
galantamine is also an allosteric modulator of nicotinic receptors (Giacobini, 2004;
Schilstrom, Ivanov, Wiker, & Svensson, 2007). In preclinical studies, administration of
cholinesterase inhibitors reduces self-administration of cocaine in primates and rodents
(Kenneth Grasing, Yang, & He, 2011; Liu et al., 2012; Wilson & Schuster, 1973), and
reduces liking/motivation for cocaine as indicated by diminished cocaine-induced
conditioned place preference (Hikida, Kitabatake, Pastan, & Nakanishi, 2003). In addition,
clinical trials have shown effects of galantamine on reducing cocaine use. In a small pilot
study, individuals with CUD who were also stabilized on methadone for opioid use disorder
were randomized to galantamine (8mg until week 4 then increased to 16mg; N=14) or
placebo (N=14)(M. Sofuoglu & Carroll, 2011). The group randomized to galantamine
showed a trend towards better cocaine use outcomes (reduced cocaine use as measured by
self-reported days of use and urine toxicology)(M. Sofuoglu & Carroll, 2011). In a separate
larger 12-week clinical trial (N=120), also in individuals with CUD who were also stabilized
on methadone for opioid use disorder, the group randomized to galantamine (8mg) showed
significantly better cocaine use outcomes (reduced cocaine use as measured by self-reported
days of use and trend towards lower urine toxicology) than the placebo group (Carroll, Nich,
DeVito, Shi, & Sofuoglu, 2018).

While there are several non-exclusive potential mechanisms through which cholinesterase
inhibitors, such as galantamine, may be hypothesized to influence CUD (e.g., ACh
influences sleep, nociception, mood, stress response and reward (K. Grasing, 2016; Sarter,
Lustig, Howe, Gritton, & Berry, 2014)), a key potential mechanism is through galantamine’s
cognitive enhancing capabilities. Galantamine is one of several cholinesterase inhibitors
used as a cognitive enhancer in the treatment of Alzheimer’s disease. Cognitive
enhancement has been proposed as potential target for substance use disorders, including
CUD (M. Sofuoglu, 2010; M. Sofuoglu, DeVito, Waters, & Carroll, 2013, 2016). ACh is
implicated in cognitive processes with relevance to addiction. For example, ACh in the
prefrontal cortex mediates attentional processes (Sarter et al., 2014). Furthermore, the ratio
of dopamine to ACh in the nucleus accumbens may affect reward and aversion spectrum
(i.e., greater dopamine relative to ACh levels may facilitate reward, diminished dopamine
relative to ACh levels may facilitate aversive states) (Hoebel, Avena, & Rada, 2007).
However, findings are mixed on whether galantamine improves cognitive function in
individuals with cocaine use disorders. A randomized placebo-controlled 10-day trial of
galantamine (8mg/day extended release (ER)) assessed the effects of galantamine on
cognitive function in abstinent individuals who met criteria for past cocaine dependence
(N=34). The group randomized to galantamine displayed greater improvements in attention
(as measured by signal detection (A’), response latency and accuracy measures on the Rapid
Visual Information Processing (RVP) task) relative to the group randomized to placebo (M.
Sofuoglu, Waters, Poling, & Carroll, 2011). However, a 12-week clinical trial (N=120), in
individuals with current CUD who were also stabilized on methadone for opioid use
disorder, found no significant benefit of galantamine (8mg) over placebo on cognitive
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function (including the RVP task), despite better cocaine use outcomes in the galantamine
group (Carroll et al., 2018).

In the current trial, we tested the efficacy of galantamine in reducing cocaine use and
improving cognitive function in individuals with current CUD and who do not have co-
morbid opioid use disorder and are not receiving methadone. We hypothesized that
galantamine treatment (8 or 16mg/day) would be more effective than placebo in a) reducing
cocaine use and b) improving attention function during the trial. If these initial hypotheses
were supported, we also hypothesized that galantamine’s efficacy in reducing cocaine use
would be mediated by galantamine’s effects on improving attention (as assessed with the
RVP task).

2. METHODS

2.1 Participants

Ninety-three treatment-seeking cocaine users between the ages of 18 to 55 were recruited
from the greater New Haven, CT area between July 2011 and October 2015 (for Consort
Diagram see Fig 1). To be included in the study, participants had to meet the DSM-1V
criteria for current cocaine dependence as determined by a study physician and confirmed
with the Structured Clinical Interview for DSM-IV (SCID) (First, Spitzer, Gibbon, &
Williams, 1996), report using cocaine at least once per week in the prior 30 days, and
provide a cocaine-positive drug urine test at screening. Women had to test negative for
pregnancy, use effective birth control methods, and take monthly urine pregnancy tests
participation. Participants had to be fluent in English, have a 6! grade or higher reading
level, be willing to be randomized to treatment, and commit to 13 weeks of treatment.
Potential participants were excluded if they met DSM-IV criteria for substance use disorders
other than cocaine or tobacco, or lifetime schizophrenia or bipolar disorder, or have a
depressive or anxiety disorder with current use of a prescribed psychotropic medication that
cannot be discontinued; if they had significant medical conditions, including asthma or
chronic obstructive lung disease, history or current gastrointestinal ulcer, hepatic or renal
deficit and cardiac rhythm disturbances, screening liver function test (AST or ALT) greater
than 3 times normal, known allergy or adverse reaction to galantamine or any other medical
conditions that the study physician deems contraindicated for galantamine treatment; or
current use of other medications including drugs that slow heart rate (e.g., beta-blockers).
Eligibility criteria were determined through medical evaluation which included blood work,
electrocardiogram (ECG), urine analysis, urine toxicology, medical and psychiatric
evaluation.

The study protocol was approved by the VA Connecticut Human Studies Subcommittee and
the Yale University Human Investigations Committee and was registered at clinicaltrials.gov
(NCT 01531153).

2.2 Procedures/Interventions

2.2.1 Overview of Treatment Conditions: This study was a double-blind, placebo-
controlled, randomized outpatient clinical trial in which participants were randomized to one
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of three medication treatment groups: placebo, 8 mg/day galantamine or 16 mg/day
galantamine. All participants received Contingency Management (CM) to reinforce
medication adherence, and all were offered weekly individual drug counseling. Urn
randomization was used to balance treatment groups for gender, severity of cocaine use (1-
10, 11-20, or 21-30 days of cocaine use in month prior to treatment)), and smoking status
(no use, 1-10, or =11 average cigarettes per day at baseline). These variables were chosen
for the urn because gender and severity of cocaine use have been shown to predict treatment
responses in cocaine users (Poling, Kosten, & Sofuoglu, 2007), and smoking status is
relevant, given galantamine’s actions on nicotinic receptors and its potential efficacy for
smoking cessation (Ashare et al., 2016; Diehl et al., 2006; MacLean, Waters, Brede, &
Sofuoglu, 2018).

2.2.2 Visits: Subjects were asked to attend clinic visits two to three times per week
during the treatment trial. At clinic visits, subjects submitted a urine sample and
breathalyzer, filled in self reports on side effects (SAFTEE (Levine & Schooler, 1986)) and
substance use (Timeline Follow-back method), had their heart rate and blood pressure
measured, and received the study medication and CM payments. ECG was collected at week
6 and study termination. Follow-up visits were scheduled for 1, 3 and 6-months post-
treatment. A cognitive assessment (detailed below in section 2.3.1) was administered at
baseline, treatment weeks 4, 8, and 13, and follow-up visits.

2.2.3 Galantamine and Placebo Schedule: The medication schedule was designed
to initiate treatment without delay, while also enabling the gradual dose titration
recommended for galantamine. Therefore, during week 0 of treatment, all participants were
initiated with a daily placebo pill. This week allowed participants to start the clinic visit
routine and behavioral therapy (CM) to encourage compliance prior to initiation of the
galantamine and was single-blind (researchers were aware that all participants were
receiving a one week placebo lead-in). In week 1 of treatment, the group randomized to
placebo remained on placebo, while the groups randomized to 8 or 16mg of galantamine
were both started on 8mg of galantamine. Galantamine was the extended release (ER)
formulation and was taken once per day. Subjects had take-home medication for non-clinic
days. With once daily dosing, steady-state plasma levels are expected to be reached within
one week (Robinson & Plosker, 2006). For those assigned to 16 mg/day, the dose of
galantamine was increased to 16 mg at the end of treatment week 4. Treatment groups
remained on their full dosage through week 12 (end of study), at which point the study
medication was discontinued.

2.2.4 Contingency Management (CM): CM to reinforce pill compliance. For all
subjects, pills (galantamine or placebo) were dispensed at each clinic visit. For each pill-
dispensing instance that the subject complied with, they earned a minimum payment with
amounts escalating per consecutive pill session attended. If participants failed to attend a
scheduled pill dispensing session, the amount earned reset to the minimum for the
subsequent dispensing session, and again escalated for each consecutive dispensing session
attended (Peirce et al., 2006; Petry et al., 2005). The variable (Table 2) which reflects pill
compliance, as reinforced by CM, is “Percent of Clinic/Medication Dispensing Visits
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Attended (of Expected)”. In addition to CM payments, participants received reimbursement
gift cards or bus tokens for participating in the trial, to defer transportation costs.

2.2.5 Individual Drug Counseling: Regardless of treatment assignment, all
participants were offered weekly one-hour individual psychotherapy sessions. Counselors
held a Licensed Alcohol and Drug Counselor or Master’s degree or above and were
supervised in their treatment delivery by a licensed psychologist. Like other study staff, the
counselor was blinded to participants’ medication treatment condition.

2.3 Assessments/Outcomes:

The main outcome measures were cocaine use and cognitive function.

2.3.1 Substance Use Outcomes: Substance use outcomes were measured with
biomarkers and self-report. Urine samples, collected at clinic visits during the 13-week
treatment and at follow-ups, were tested for cocaine metabolite (benzoylecgonine), and other
drugs of abuse (opioids, benzodiazepines, cannabis, amphetamines). Self-reported day-to-
day use of cocaine and other substances (alcohol, tobacco, heroin, other opioids, stimulants,
sedatives and cannabis) was collected weekly using the Timeline Follow Back method.

Cocaine use outcomes include: percent cocaine negative urines, and two measures of self-
reported abstinence during the treatment period (percent days of cocaine abstinence, longest
duration of continuous abstinence). Primary cocaine outcomes were calculated from week 4
(once dose titration was complete and placebo, 8mg and 16mg galantamine groups were
receiving their assigned treatments) through the end of the treatment period, but then
secondarily also repeated for the treatment period including the titration period but
excluding the placebo lead-in week (i.e., including week 1-12, excluding week 0.

Secondary substance use study outcomes included severity of cocaine abstinence symptoms
and nicotine dependence. The Cocaine Selective Severity Assessment (CSSA) is a clinician-
administered instrument that measures early cocaine abstinence symptomatology by rating
18 signs and symptoms associated with early cocaine abstinence based on a scale of 0 (no
symptoms) to 7 (maximum score) (Kampman et al., 1998). The CSSA was administered by
the counselor during individual drug counseling sessions at baseline, monthly during
treatment and at follow-up. The Fagerstrom Test for Nicotine Dependence (FTND) is a self-
report measure that assesses the degree of nicotine dependence (Fagerstrom, 1978), and was
collected at baseline, at the end of treatment, and at follow-up.

2.3.1 Cognitive Outcomes: Cognitive function was assessed with three computerized
tasks and a paper/pencil task.

CANTAB Rapid Visual Information Processing (RVP) task assessed sustained attention. In
this task, digits appear rapidly one at a time on the computer screen and the participant is
asked to press a button when they see the target sequences (e.g., ‘3’ followed by a ‘5’
followed by a ‘7°, with no other numbers in between) and withhold responding for non-
targets. The main outcome measure for RVP is A’, a measure of target sensitivity, where
higher scores (range 0-1) indicate greater ability to detect and respond to the target sequence
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and avoid responding to non-target sequences. Secondary RVP measures include B”, a
measure of response bias, where scores (range —1 to +1) closer to -1 indicate a bias towards
under-responding (to targets) and scores closer to +1 indicate a bias towards over-responding
(to non-targets), and false alarms (commission errors to non-targets).

CANTAB Stop Signal Task (SST) assesses the ability to inhibit a prepotent response and
consists of trials with arrows on left or right of the screen and the subject presses the
corresponding button depending on the direction of the arrow (‘Go’ trials). On a subset of
trials (‘Stop’ trials), the arrow is followed by an auditory “stop signal’. The delay between
the presentation of the arrow and the sound of the beep (stop-signal delay) is variable
therefore unpredictable. The main outcome is Stop Signal Reaction Time (SSRT), a measure
of response inhibition, and represents the estimated length of time between the go stimulus
and the stop stimulus at which the subject is able to successfully inhibit their response on
approximately 50% of the trials (range 0 to 1500 ms; lower scores reflect better response
inhibition). Secondary outcomes for SST were median and standard deviation of reaction
time on correct ‘go’ trials.

Drug Stroop: The computerized ‘Drug Stroop’ task (DeVito, Kiluk, Nich, Mouratidis, &
Carroll, 2018; DL Reeves, Schlege, & Gilliland, 1991; D. Reeves, Winter, Kane, Elsmore, &
Bleiberg, 2002) consists of a practice and a task condition. During the practice, letters (non-
words) were displayed in different colored fonts and participants were asked to press quickly
and accurately on buttons corresponding with each color fonts, to teach the color-button
pairings. During the task, participants used the same color-button pairings to press for words
that were either cocaine-related ‘drug’ (e.g., cocaine) or ‘neutral’ (e.g., chair) words. The
Drug Stroop effect is the response time to correct trials for the ‘drug’ relative to ‘neutral’
trials and serves as a measure of attentional bias to drug-related stimuli and cognitive control
(i.e., more drug-stimuli-related slowing showing more attentional bias and less cognitive
control).

Digit Span: Participants were read lists of numerical digits of increasing length and asked
to repeat aloud the digits either in the order they were read (Forward Digit Span; a measure
of memory capacity) or in the reverse order (Backward Digit Span; a measure of working
memory). Key outcomes include the number of correct spans and the longest correct span,
calculated separately for Forward and Backward conditions (Weschler 2008). Digit Span has
been shown to be sensitive to treatment with galantamine and other cholinesterase inhibitors
(Buchanan et al., 2008).

2.3.1 Treatment/Protocol Adherence Measures: Measures assessing treatment/
protocol adherence (see Table 2) include the a) time between initiation and either completion
or drop out from the protocol (i.e., Days in Treatment Protocol); b) the number of protocol
days for which substance use calendar data was provided (Days of Data Reported on
Substance Use Calendar (TLFB)); percent of scheduled urine specimens provided at clinic
visits (i.e., % Urines Submitted (of Expected)); pill adherence, as reinforced by CM, namely
by attendance at visits during which that day’s pill administration was observed and pills
were dispensed for take-home doses (i.e., % Clinic/Medication Dispensing Visits Attended
(of Expected)).
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2.4 Statistical Analyses

Data analyses were conducted on the full randomized (intent-to-treat) sample. The primary
treatment group comparison included three-group comparison (8mg, 16mg, placebo) to
enable assessment of differential dose effects, wherein pairwise comparisons between
groups were assessed in the event of significant finding in these three-group analyses. As a
secondary approach, reported in the Supplemental Materials (Supplemental Tables 1-3),
analyses were repeated with a two-group comparison: galantamine (8 and 16mg groups
combined) versus placebo groups, to assess overall medication effects. For the substance use
outcomes that were averaged over the treatment period (e.g., % negative urines) the primary
approach to focus on the treatment weeks after full dose titration was achieved (i.e.,
treatment week 4) through the end of treatment (i.e., treatment week 12). In addition, group
analyses of the summary measures from the entire treatment period (which includes the
placebo run-in week when all groups were on placebo and the titration weeks when the
16mg galantamine group was still on 8mg galantamine) were run to check for consistency
(data not shown).

Comparability of treatment groups on baseline characteristics (demographic, substance use,
mood, cognitive function) and measures of treatment engagement and retention was
evaluated using chi-square tests for categorical measures and ANOVA for continuous
measures. Survival analyses were run to evaluate time to drop out by treatment condition.

ANOVASs were used to assess treatment group differences in the primary cocaine use
outcomes (percentage of cocaine positive urines during the trial, self-reported percentage of
days without cocaine use during study participation), other drug and alcohol use measure
and adverse effects. Repeated measures ANOVAs assessed changes in cognitive function
from baseline (week 0) to end of treatment (week 12), with treatment group as a between-
subject factor.

Multilevel longitudinal models were run to assess change across treatment time by treatment
condition. Separate models examined whether galantamine was associated with a reduction
in the probability of obtaining a cocaine negative urine result or change in key cognitive
indicators, by treatment condition.

3 RESULTS

3.1 Baseline Characteristics, Treatment Adherence and Safety

3.1.1 Baseline Characteristics: The baseline subject characteristics are presented in
Table 1. Treatment groups were generally well-matched on baseline measures, with one
exception: the placebo group was slightly older on average than the 8 or 16mg galantamine
groups (Table 1).

3.1.2 Treatment Retention and Adherence: Of the 93 subjects randomized to a
treatment condition, 81 (87%) initiated treatment (i.e., completed the placebo lead-in week
and began the titration period (placebo group receiving placebo; 8 and 16mg groups
receiving 8mg galantamine), and 58 completed treatment (62% of the randomized sample,
71.6% of the sample that initiated treatment) (for Consort Diagram see Fig. 1). Treatment
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groups did not significantly differ in terms of treatment retention (i.e., mean days in
treatment) or treatment/protocol adherence (e.g., days of substance use calendar collected,
percent of urine specimens submitted out of expected during the protocol) (Table 2A,
Supplemental Table 2). There was no significant difference in the time to drop out by
treatment group (for details, see Supplemental Fig. 1).

3.1.3 Treatment Safety: The medication was largely well-tolerated. When restricting to
weeks 4-12 (when treatment groups were receiving their assigned treatments), more
instances of ‘insomnia’” were reported for the 16mg galantamine group (n=4; 8mg
galantamine n=0; placebo n=1; x2=6.72, df=2, p=0.04); while placebo reported more
instances of heartburn (n=2) and abdominal pain (n=2) than the galantamine group (8 or
16mg combined; n=0 heartburn, n=0 abdominal pain; x2=3.88; p=0.05). No other symptoms
differed across groups during weeks 4-12 and there were no main effects of group (8mg,
16mg, placebo) on reported adverse effects across the full duration of the trial (including
titration period) (data not shown). One subject was withdrawn from each group for medical
reasons, but these were all deemed to be unrelated to the medication (Fig 1).

3.2 Substance Use Outcomes During Treatment

There were no significant differences between treatment groups (8, 16mg, placebo) in
primary cocaine use outcomes (% cocaine negative urines, % days self-reported cocaine
abstinence, or longest duration of cocaine abstinence) from week 4 (when titration complete
and groups receiving their assigned medication conditions) through the end of treatment
(Table 2B). These findings remained consistent when considering or the entire treatment
period (including the titration period) (data not shown). Furthermore, the generalized linear
model (GLM) analysis of cocaine-negative urines from weeks 4 through 12 found no
significant change in the probability of submitting a cocaine negative urine over time (Wald
Chi-Square=0.03, df=1, p=0.86), and no significant differences by treatment condition (Wald
Chi-Square=2.44, df=2, p=0.29), nor interactions of treatment condition and time (Wald
Chi-Square=2.27, df=2, p=0.32) (Supplemental Figure 2). HLM analyses found cocaine
withdrawal severity (CSSA) reduced over the treatment period (week: F1 766=9.37,
p=0.003) but did not differ by treatment group (group: F2 121.1=0.005, p=0.995;
week*group: Fy 759=0.41, p=0.67).

Rates of other substance use during treatment weeks 4-12 did not significantly differ by
treatment groups (F< 0.58; p=0.57) and remained low during this time period (percent days
self-reported abstinence: heroin (99.9%), other opioids (99.2%), marijuana (92.6%), speed
(99.8%), alcohol (79.4%), and cigarettes (41.3%)).

3.3 Cognitive Outcomes

ANOVAs assessing end of treatment (week 12) cognitive performance relative to pre-
treatment baseline found improved short term memory capacity (Longest Digit Span
Forward) and working memory capacity (Longest Digit Span Backwards (LDSB)) and time
by treatment group interaction reflecting a greater improvement in working memory (LDSB)
in those receiving 16mg galantamine relative to 8mg or placebo (Table 3). There were no
effects of time or treatment group on the primary outcome measure of RVP A’, a measure of
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attention. However, a time by treatment group interaction on RVP B” indicated that all
groups at baseline showed a bias towards over-responding (to non-targets), and the 16mg
galantamine group showed a greater reduction in the over-responding bias (i.e., consistent
with less motor impulsivity) by end of treatment (Table 3). Correct response times improved
(were faster) at end of treatment relative to baseline in both the drug and neutral trials of the
Drug Stroop task but there was no significant change in the Drug Stroop Effect and no time
by treatment group effects on task performance. There were no time or treatment group
effects on the stop signal task, a measure of response inhibition (Table 3). Similarly, HLM
analyses of primary cognitive outcomes, including baseline and all three within-treatment
cognitive timepoints (weeks 4, 8, 12), also demonstrated improved memory performance
across repeated measures in treatment (Longest Digit Span Forward, week: F1 177,0=16.6,
p<0.001), however it did not differ by treatment group (group: F» 121,6=0.61, p=0.55;
week*group: F,, 1767=0.97, p=0.38) and the other key cognitive outcomes (as listed in Table
3A) did not show significant effects of week group, or group*week (data not shown).

Analyses did not consider whether improvement on a measure of attention (RVP A”)
moderated improvements in cocaine use outcomes. These analyses were not pursued due to
the lack of significant treatment or group effects on cocaine use or on the hypothesized
cognitive moderator (attention and signal detection as measured by RVP A’).

4.0 Discussion

4.1 Summary of Findings:

In this placebo-controlled randomized clinical trial of galantamine (8 or 16mg) in
individuals with CUD, the hypotheses were largely unsupported. Treatment groups did not
differ in terms of cocaine use outcomes (urine or self-report) during treatment. There was
some indication of cognitive enhancing effects of the higher dose of galantamine (16mg)
improving working memory and reducing a bias towards over-responding on a continuous
performance type task. However, the cognitive enhancing effects were modest and limited to
a subset of the measures assessed. The medication was well-tolerated, with limited reports of
adverse effects and no medication-related treatment withdrawals. Taken together, these
findings do not provide strong support for the efficacy of galantamine to treat CUD in this
subgroup of current cocaine users with no co-morbid illicit substance use disorders.

4.2 Cocaine Use Outcomes: Consistency with prior findings

The current study built off prior findings which had shown efficacy of galantamine in
reducing cocaine use (Carroll et al., 2018; M. Sofuoglu & Carroll, 2011) and improving
cognitive function, including attention (M. Sofuoglu et al., 2011). The inconsistencies
between the current findings and prior positive reports may relate to important differences in
the clinical populations targeted within each study. Two prior studies, an RCT (N=120;
(Carroll et al., 2018) and a small pilot (M. Sofuoglu & Carroll, 2011), found galantamine
reduced cocaine use significantly more than placebo. While the treatment regime was similar
(e.g., in the RCT: 8mg galantamine, extended-release formulation, offer of platform
behavioral treatment (counseling sessions), 12-week treatment protocol), both of the prior
studies included individuals who were stabilized on methadone throughout the trial, as a
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treatment for their co-morbid opioid use disorder. In fact, galantamine not only reduced
cocaine use, but also significantly reduced opioid use in the RCT sample (Carroll, DeVito,
Yip, Nich, & Sofuoglu, in press (2019)). In contrast, in the current study, in which cocaine
use was not affected by galantamine, not only was co-morbid substance use disorder (other
than tobacco) an exclusion criteria, opioid use was extremely low in this sample, other drug
and alcohol use rates were also low in this sample, and rates of other drug use did not
change differentially by treatment condition. This raises the possibility that galantamine’s
efficacy in reducing cocaine use may be either restricted to CUD with co-morbid opioid use
disorders who are receiving methadone, or may be indirectly related to galantamine’s
efficacy in reducing opioid use in this co-morbid population. Additional research into
galantamine’s efficacy in reducing opioid use in individuals with and without co-morbid
CUD is warranted.

4.3 Cognitive Outcomes: Consistency with prior findings

The cognitive findings were mixed. While the primary cognitive outcome (i.e., attention, as
measured by RVP A”) did not show the hypothesized cognitive enhancing effect of
galantamine, other cognitive measures- including working memory (digit span backwards)
did show modest cognitive enhancing effects from the higher dose (16mg) of galantamine.
One prior placebo-controlled trial in currently abstinent individuals with past CUD (and no
current other substance use disorders except tobacco) had shown cognitive enhancing effects
of galantamine (8mg/day) on several RVP measures, including RVP A’ (i.e., signal
detection), but did not include a measure of working memory (M. Sofuoglu et al., 2011). In
contrast, the RCT in methadone-maintained current CUD did not show any significant
cognitive enhancing effects of the lower dose of galantamine (8mg)- including on working
memory or RVP measures, despite improved cocaine use outcomes with galantamine
(Carroll et al., 2018). Given the possibility for intermittent cocaine use and withdrawal to
impact cognitive function, galantamine may have differential cognitive enhancing effects in
those with current CUD versus those who are in prolonged abstinence with past CUD.
Although they were modest, the effects of galantamine on working memory at the higher
galantamine dose (16mg) in the current study with active cocaine users, and improvement in
attention with a lower dose (8mg) in a past study in abstinent CUD suggest that there may be
a role for galantamine as a cognitive enhancer in some CUD subgroups. Furthermore, this
pattern of findings could be consistent with higher galantamine doses showing greater
cognitive enhancing efficacy (relative to lower doses) in more clinically severe individuals
(e.g., current cocaine users), while lower doses may be sufficient in less clinically severe
groups (e.g., individuals with CUD who are currently maintaining abstinence); a pattern
seen with galantamine’s efficacy in individuals with mild versus moderate Alzheimer’s
disease (Aronson, Van Baelen, Kavanagh, & Schwalen, 2009). If so, the lack of cognitive
enhancing effects of the 8mg dose in the prior study with a clinically severe sample (i.e.,
active cocaine users with co-morbid opioid use disorder) may have reflected an insufficient
dose to improve cognitive outcomes. As galantamine’s effects on cognition and cocaine use
outcomes appears dissociable, that also raises the possibility that the optimal galantamine
dose for each clinical sample may also differ based on the primary outcome target: cognitive
improvement or reduced cocaine use. Importantly, taken together, these current and prior
findings suggest that cognitive enhancement with galantamine is neither necessary nor
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sufficient for galantamine to improve cocaine use outcomes, and is therefore unlikely to be
the key factor moderating galantamine’s ability to reduce cocaine use. However,
galantamine’s cognitive enhancing effects may have value as an adjunct treatment in the
context of other cognitive or behavioral treatments. For example, working memory training
may improve cocaine use outcomes(Schulte et al., 2018), so future research may consider
whether cognitive enhancement with galantamine may facilitate working memory
improvements above working memory training alone, to further improve cocaine use
outcomes.

4.4 Conclusions

Findings did not support galantamine as a treatment for reducing cocaine use in the
subgroup of individuals with current CUD who do not have co-morbid opioid use disorder
and who are not receiving methadone. Galantamine may have modest efficacy as a cognitive
enhancer in this subgroup of individuals with CUD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. No pharmacotherapies are approved for use in cocaine use disorder (CUD)
. 13-week randomized controlled trial of galantamine outpatients with CUD
. Galantamine (8 or 16mg/day) was not superior to placebo for cocaine use
outcomes
. Galantamine at 16mg/day was associated with modest cognitive
improvements
. Though well-tolerated, galantamine did not demonstrate efficacy as CUD
treatment
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Number screened: 208
Number excluded: 115
42 never returned
18 mental health diagnosis or on medication
17 not using cocaine
23 medical exclusions
15 dependence or abuse of other drugs

| N=93

P

PLACEBO GROUP
Number randomized to Placebo Group=32
Randomized non-starter=2
Number started Placebo week=30
Number started active treatment’=27
Number withdrawn=1 (undisclosed hernia, gerd)
Number completed treatment=22

Number completing cognitive assessments:
4-week assessment=21

8-week assessment=19

13-week assessment /post-treatment =17

Number randomized

I

8mg/day GALANTAMINE GROUP
Number randomized to 8mg Galantamine Group=31
Randomized non-starter = 0
Number started placebo week=31
Number started active treatment®=28
Number withdrawn=1 (needed psychiatric medications)
Number completed treatment=21

Number completing cognitive assessments:
4-week assessment=20

8-week assessment=19

13-week assessment /post-treatment =22

I
Number attended 1-month follow-up=11
Number attended 3-month follow up=9
Number attended 6-month follow-up =8

Attended at least one follow-up=18

Figure 1. Consort Diagram

I

Number attended 1-month follow-up=9
Number attended 3-month follow up=12
Number attended 6-month follow-up =9

Attended at least one follow-up=18

16mg/day GALANTAMINE GROUP
Number randomized to 16mg Galantamine Group=30
Randomized non-starter = 0
Number started placebo week=30
Number started active treatment’=26
Number started 16mg dose® =19
Number withdrawn=1 (pregnant)
Number completed treatment =15

Number completing cognitive assessments:
4-week assessment=14

8-week assessment=23

13-week assessment/post treatment =13

I
Number attended 1-month follow-up=9
Number attended 3-month follow up=7
Number attended 6-month follow-up =4

Attended at least one follow-up=13

a“Started active treatment” refers to the number who attended at least one session after the
completion of the week 0 placebo lead-in week and received pills (i.e., placebo group
received placebo; 8 or 16mg galantamine groups received 8mg galantamine).

b«Started 16mg dose” refers to the number of individuals from the group randomized to
16mg galantamine who attended at least one session after the completion of the titration
period (week 4) and received their target dose (16mg galantamine).
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