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Abstract

Background and objectives: Concurrent use of cocaine and opioids is a persistent and
challenging problem, particularly within methadone maintenance settings, and there are no
approved pharmacotherapies for this population. Galantamine, a cholinesterase inhibitor, was
found in a randomized clinical trial to reduce cocaine use among methadone-maintained
individuals who were also cocaine dependent. Because of the potential of galantamine to reduce
multiple drugs of abuse, it may also reduce opioid use.

Methods: We conducted a secondary analysis of a randomized, double-blind, placebo-controlled
trial of 120 methadone-maintained individuals with concurrent cocaine dependence. Participants
were randomized to galantamine or placebo in a 12-week trial with a 6-month follow-up (97% of
intention to treat sample reached for final follow-up).

Results: There was a significant main effect for galantamine over placebo on percent of urine
specimens that were negative for opioids, both within treatment (77% for galantamine versus 62%
for placebo, /=5.0, p=.027) and through a 6-month follow-up (81% versus 59%, respectively,
F=10.8, p=.001). This effect was seen regardless of whether participants used non-prescribed
opioids during the baseline period. Galantamine effects were seen early in treatment, with
participants in placebo submitting the first opioid positive urine specimen significantly sooner
than participants in galantamine (median day 15 vs. 53, Wilcoxon= 5.7, p=.02).

Conclusions and scientific significance: If these results are supported in future trials,
galantamine may hold promise across multiple drugs of abuse, including opioids.

Introduction

Opioid use remains at epidemic levels in the US, and access to and retention in
medication-assisted treatment is a key component of the public health strategy 1. In a
recent randomized, placebo-controlled trial, we tested the efficacy of galantamine and
computerized cognitive behavioral therapy as a treatment for cocaine use disorder in
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patients stabilized on methadone for co-occurring opioid use disorder 2. As galantamine

is a cognitive enhancer used for the treatment of mild to moderate Alzheimer’s dementia
and similar neuropsychiatric disorders with cognitive deficits 3, we hypothesized that it
would improve outcomes via improvement of attention and memory, and hence, the ability
to benefit from cognitive behavioral therapy. Results indicated significant reductions in
frequency of cocaine use over time, with significant treatment by time effects for both
galantamine over placebo and computerized cognitive behavioral therapy over standard
methadone treatment, but no evidence of significant benefit of the combination over either
treatment alone. Moreover, although cognitive indicators such as memory and attention were
strongly associated with cocaine use outcomes, there was no evidence that galantamine
improved cognitive functioning as assessed by these indicators. Given that galantamine had
no discernable effect on cognitive functioning, it is possible that it reduces cocaine use via
other mechanisms.

At the synapse, galantamine increases acetylcholine (ACh) concentrations by inhibiting
acetylcholinesterase, the enzyme that breakdowns ACh. Galantamine also allosterically
potentiates nicotinic cholinergic receptors 4. ACh impacts a broad range of CNS functions
including sleep, nociception, mood, stress response, cognitive and reward functions >/, For
example, it has been suggested that dopamine (DA)/ACh balance in the nucleus accumbens
may affect reward and aversion spectrum such that, while increases in DA/ACh ratio
facilitates reward, decreases in DA/ACH ratio facilitates aversive states &. In preclinical
studies, administration of cholinesterase inhibitors reduces self-administration of cocaine or
opioids in primates and rodents -1, Cholinesterase inhibitors also attenuate conditioned
place preference induced by opioids or cocaine 12. Consistent with these preclinical studies,
galantamine reduced the number of drinks in recently detoxified alcoholics 13 and reduced
smoking behavior in overnight abstinent smokers 14. Together, these data indicate that the
acetylcholine system may be related to a broad range of substance-use behaviors and that,
correspondingly, galantamine may be effective in reducing substance use in general 15,

To test whether galantamine might also reduce opioid use, we conducted a secondary
analysis of the aforementioned trial. We hypothesized, first, that there would be less illicit
opioid use during the trial among participants treated with galantamine versus placebo and
that the effect would be seen soon after medication initiation. Because not all participants
used illicit opioids during the baseline period, we also stratified the sample by the presence
of indicators of non-prescribed/illicit opioid use (urine toxicology screens or self-report), to
explore possible interactions of medication with baseline illicit opioid use. Finally, based on
the preclinical studies suggesting that galantamine may target a common mechanism across
drugs of abuse, we hypothesized that reductions in cocaine and illicit opioids would be
related.

Material and methods

Overview of parent trial

Participants were recruited from individuals stabilized on methadone maintenance at
Recovery Network of Programs (Bridgeport, Connecticut) between September 2009 and
April 2015 (clinicaltrials.gov #NCT0080935). Individuals were included as participants if
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they were 18 years or older and met DSM-IV-R criteria for current cocaine dependence
or abuse, as assessed by the Structured Clinical Interview for DSM-1V-R (SCID)16 and
provided at least one cocaine-positive urine test during screening. Individuals were excluded
if they (1) were currently dependent on another illicit drug (other than opioids) or had
principal drug use that was not cocaine (7=1), (2) had a current medical condition
contraindicating galantamine (e.g. asthma, chronic obstructive lung disease, history of or
current gastrointestinal ulcer, hepatic or renal impairment, cardiac rhythm disturbance,

or pregnancy) (7=3), as assessed by baseline physical examination (EKG, urinalysis and
blood work), (3) had a screening liver function test greater than 3 times normal (/7=5),

(4) used medications (including beta-blockers and nonsteroidal anti-inflammatory drugs)
contraindicated with galantamine (/77=1), or (5) were not sufficiently stable for outpatient
treatment (/7=2). Two individuals were incarcerated prior to randomization and 16 did not
complete the screening process (Figure 1).

One hundred twenty of the 150 individuals screened were determined to be eligible,
provided written informed consent approved by the Yale School of Medicine IRB and

were randomized. A masked, computerized urn randomization program 17 used in previous
trials 18 was used to produce equivalent group size and balance groups with respect to
baseline level of cocaine use (more or less than 11 days per month), gender, ethnicity (ethnic
minority/non-minority), age (over/under 40), and baseline Shipley estimated 1Q score (over/
under 100) 19,

All participants received standard methadone treatment, consisting of daily methadone and
weekly individual or group counseling, with access to other program services. Participants

met twice weekly with research staff blind to medication condition who collected urine and
breath samples and monitored other clinical symptoms. Adverse events and blood pressure
were monitored weekly.

Galantamine: Participants assigned to galantamine were prescribed a maximum dose of 8
mg/day galantamine extended release (ER), given limited tolerability of the 16 mg/day dose
in our previous pilot study in cocaine users 20. Galantamine or matched placebo capsules
were dispensed daily at the time of methadone dosing and observed by program nurses.

Computerized Cognitive Behavioral Therapy (CBT4CBT): As described in detail
in previous publications 2122, the CBT4CBT program uses video vignettes, quizzes and
interactive exercises to model effective use of skills and strategies. Although there was

a significant effect of CBTACBT on reduction of cocaine use in the trial, we found no
evidence of galantamine’s hypothesized effect of cognitive functioning enhancing learning
or response to CBT4CBT.

Assessments

Participants were assessed before treatment, weekly during treatment, at the 12-week
treatment termination point and at in-person follow-up interviews conducted 1, 3, and
6 months after the end of treatment. In cases where a randomized participant did not
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initiate (7=3), was withdrawn from treatment (/=3; one for elevated blood pressure, one

for suicidal ideation, one for deliberately breaking the medication blind), or dropped out of
treatment (/7=25), he or she was interviewed at the 12-week point to collect data from the
intent-to-treat sample, regardless of level of treatment involvement. Thus, complete 12-week
self-report data were available for 118 of 120 (98.3%) of the randomized sample; complete
follow-up data were available on (116/120) 96.7% of the randomized sample.

The Timeline Follow Back 23 method was used to collect detailed day-by-day self-reports of
substance use throughout the 84-day treatment period. Analyses of cocaine and opioid use
self-reports were verified through onsite urine toxicology screens (ToxCup™ Drug Screen
Cup 5 with adulterant checks), obtained twice weekly. Self-reports of opioid use were highly
consistent results of urine toxicology tests: Of 1976 urine specimens collected, 8.3% of
urine samples tested indicated recent opioid use when the participant denied it (87.2% were
consistent with self-report; 4.6% were negative although the participant reported recent use
in the past 3 days). Multiple cognitive tasks, drawn from the CANTAB 24 were administered
at baseline and end of treatment to evaluate effects of study treatments on indicators of
cognitive function. These included potential effects of galantamine on sustained attention
(Rapid Visual Information Processing, RVP A’), response inhibition (Stop Signal Reaction
Time) and visual memory (Pattern Recognition Memory, PRM percent correct). Sleep was
measured using the Pittsburgh Sleep Quality Index 2° and general functioning was measured
using the SF-36 26,

Data analyses

Results

For this secondary analysis focused on opioid use outcomes, we used general linear models
evaluating self-report as well as urine toxicology screens negative for opioids (other than
methadone), both within treatment and during follow-up. Survival analyses were conducted
to evaluate differences in time from medication induction to first non-prescribed use. These
analyses were conducted for the full intention to treat sample, as well as with relevant
subgroups (e.g., participants with evidence of non-prescribed opioid use during the baseline
period). As there was no evidence of differential effects of the behavioral therapy condition
on opioid use outcomes (either main or interactive effects), we collapsed behavioral therapy
conditions (CBT4CBT versus standard care) for the analyses presented here.

Sample description and protocol adherence.

Overall, the sample was predominantly male (67%); about half were white, 21% were
African-American, and 27% were Latino; most (73%) were unemployed. Participants
reported they used cocaine an average of 14 days of the 28 prior to baseline; their mean
methadone dose at baseline was 70.5 mg. Because study medication was dispensed at
the same time as the daily methadone dose, adherence to study medication was excellent
(participants took their study medication on 92% of study days).

Seventy-one individuals reported non-prescribed opioid use during the baseline period prior
to randomization or submitted one or more urine screens positive for any opioid other
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than methadone, whereas the remaining 49 individuals had no evidence of non-prescribed
opioid use in the month prior to treatment. As shown in Table 1, there were no significant
baseline differences between these two groups in all but one of the many baseline variables
evaluated, including demographic characteristics; rates of DSM-1V psychiatric disorders;
frequency or chronicity of non-opioid substance use, including alcohol, nicotine, alcohol,
or benzodiazepine use; baseline scores on the cognitive tests and multiple other indicators
of sleep, stress, and psychological symptoms. The only statistically significant difference
found was for number of previous inpatient treatment episodes, which were higher among
those who used opioids during the baseline period (4.0 for the opioid users versus 1.8 for
those who did not use opioids at baseline). Thus, although participants status regarding use
of non-prescribed opioids during baseline was not included in the randomization program
as an urn, or balancing, variable, those who used nonprescribed opioids at baseline did not
appear to differ systematically from those who did not on multiple variables that might be
associated with response to treatment in general or galantamine in particular; including dose
of methadone at baseline or end of treatment. Finally, there was no significant difference
between these groups in terms of likelihood of assignment to galantamine versus placebo.

Galantamine effects on opioid use—Within treatment there was a significant main
effect of galantamine over placebo on percentage of urine samples that were negative for
opioids (galantamine 76.7% versus placebo 62.4%, p=.03) and a significant difference for
self-reported days of abstinence from illicit opioids (galantamine 92.5% versus placebo
86.3%, p=.03). Survival analyses showed that participants in the placebo condition provided
an opioid-positive urine specimen significantly earlier in treatment than those in the
galantamine condition (median day 14.5 for placebo, day 52.5 for galantamine, Wilcoxon
statistic= 5.72, df1, p=.02).

To understand these findings in terms of participants’ use of non-prescribed opioids at
baseline, Table 2 shows treatment retention, rates of opioid-negative urine specimens, and
self-reported opioid use by medication condition (galantamine versus placebo), baseline
non-prescribed opioid use (yes/no), and their interaction. There were no significant
differences for treatment retention by medication condition or baseline opioid use status.
As noted above, there was a main effect of medication condition indicating more opioid-
negative urine specimens among those assigned to galantamine versus placebo, as well as
a main effect of opioid use at baseline. Thus, as expected, those who did not use opioids
during the baseline period submitted a significantly higher percentage of opioid-negative
urine specimens than those who used opioids during baseline. The interaction of medication
and pretreatment opioid use was not significant, however, suggesting that galantamine’s
association with more opioid-negative urine specimens occurred in both those who did and
did not use opioids during baseline. This effect was also apparent for self-reported opioid
use.

The level of illicit opioid use in the sample was not negligible: Among those who used
non-prescribed opioids during baseline, 74% (23/31) of those assigned to galantamine versus
85% (34/40) of those who were assigned to placebo submitted at least one urine specimen
positive for non-prescribed opioids (X2= 1.29, df1, p=.26). Among the sample who did not
report opioid use during baseline, 25% (6/24) of those assigned to galantamine versus 52%
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(13/25) of those assigned to placebo submitted at least one opioid-positive urine specimen
(X2=3.76, df=1, p=.02).

Table 2 also provides rates of opioid-negative urine specimens collected during the 6-
month follow-up. During follow-up, the main effect of galantamine versus placebo on
rates of opioid-negative urine specimens was statistically significant, as was the main
effect of pretreatment opioid use, with no significant interaction, suggesting a durable
effect of galantamine on reduced opioid use, regardless of whether the participant used
non-prescribed opioids during the baseline period.

Relationship with cocaine use—When treatment effects on cocaine use (percent
cocaine-negative urine specimens) were evaluated with the same model, neither the effect

of medication nor pretreatment opioid use were significant, but the interaction p-value (.06)
highlighted that those assigned to galantamine who had pretreatment opioid use had better

a higher percentage of cocaine negative urine specimens than those on placebo who had
pretreatment opioid use (32.7 vs. 15.3), which was the opposite of those on placebo who had
pretreatment opioid use compared to those on placebo who had no pretreatment opioid use
(18. 9 vs. 22.7). Thus, although not statistically significant, galantamine appeared to reduce
both opioid and cocaine use in this sample.

Effects of galantamine versus placebo on measures of cognitive function

and psychological symptoms—As the original study hypothesis was that galantamine
would enhance response to treatment by improving cognitive function, we also evaluated
galantamine’s effects on change in cognitive function from baseline to posttreatment overall,
as well as within the subgroup who used opioids in the baseline period. None of the
cognitive indicators from the CANTAB indicated a significant effect for time, medication
condition, or medication condition by time, suggesting no benefit of galantamine over
placebo on these measures of cognitive function in the sample. Thus, it is unlikely that the
apparent benefit of galantamine on reducing opioid use in this sample was driven by its
effect on cognitive function in this subgroup.

Finally, in an effort to rule out other alternative explanations for the galantamine effect

on opioid use as demonstrated in these secondary analyses, we also explored whether
galantamine may have exerted its apparent effect on reducing opioid use in this sample by
reducing negative affect (BSI subscale and total scores), improving sleep (as indicated by
the Pittsburgh Sleep Quality Index 2°), or reducing pain (as indicated by the pain scale of
the SF-36). This did not appear to be the case: although there was a consistent significant
effect of time for these measures, indicating general improvement over time, there were no
significant interactions of time with medication condition, suggesting that galantamine was
not more effective than placebo in reducing these symptoms and problems (data not shown).

Discussion

In this secondary analysis of opioid use outcomes from a randomized clinical trial evaluating
the effect of galantamine versus placebo within a sample of methadone-maintained
individuals with concurrent cocaine use disorder, we found the following: First, there were
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significant main effect of galantamine relative to placebo in the time to first non-prescribed
opioid use; there was a significant difference in the overall number of urine specimens
negative for non-prescribed opioids; and these effects persisted into the 6-month follow-up.
Second, while there was a main effect of whether or not the participant used non-prescribed
opioids use during the month before screening baseline on opioid use within treatment

and through follow-up; there were no significant interactions of medication with baseline
opioid use status, suggesting that the effect of galantamine on non-prescribed opioid use was
apparent regardless of whether or not the participant used opioids during the baseline period.
Finally, there was no evidence that galantamine effects on reduced opioid use was associated
with a range of other factors, including effects on cognitive or emotional functioning, overall
or within the subsample who used opioids at baseline.

To our knowledge, no previous studies have suggested the impact of cholinesterase
inhibitors on opioid use in humans. Reduction of opioid use is consistent with preclinical
studies demonstrating that acetylcholine esterase inhibitors reduce opioid reward, assessed
with the conditioned place preference (CPP) test, as well as and opioid reinforcement,
assessed with self-administration paradigms 12:27. In contrast, ablation of the cholinergic
system facilitates development of CPP for opioids 12. In an open label study, donepezil, a
cholinesterase inhibitor, reduced opioid-induced sedation without negatively affecting the
analgesic effects of opioids 28. Thus, the literature suggests a possible functional coupling
between the Ach and brain opioid systems.

In this study, the effects of galantamine on opioid and cocaine use were highly correlated.
Our findings are consistent with human trials indicating galantamine-associated reductions
in heavy alcohol use 13 and cigarette use 1429, Further, in preclinical studies, cholinesterase
inhibitors reduced self-administration of cocaine, opioids and nicotine®-11.30, These findings
led us to hypothesize that galantamine, or more generally cholinesterase inhibitors, have an
“anti-addictive” effect through a common mechanism shared by different drugs of abuse3L.
This common mechanism may involve inhibition of DA’s effect by increased ACh levels

in the brain reward circuit 32. Although the functional interaction between DA and ACh is
complex 33:34 and may differ in various brain regions, increased ACh levels in the nucleus
accumbens has been suggested to inhibit reward function and facilitate aversion 8. This
proposed model remains to be further examined in both preclinical and clinical studies.

Strengths of this study include its randomized, double-blind nature with multiple
methodologic features including high rates of data availability, both within treatment and
follow-up and use of urine toxicology screens to verify abstinence. The primary limitation
was that this was a secondary analysis, hence the study was not designed to evaluate
galantamine effects on opioid use outcomes. Thus, while all participants were receiving
treatment for opioid use disorder (i.e., stabilized on methadone prior to trial entry), many,
but not all, participants used non-prescribed opioids during the baseline period prior to
screening. However, galantamine was associated with significantly more urine specimens
that were negative for opioids for the full sample, for the full randomized sample as well
as those using non-prescribed at baseline. Future studies are needed to evaluate its potential
anti-addictive effects in a range of substance-using populations. In addition, the trial was
not fully powered for this secondary analysis and the number of opioid outcomes evaluated
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raised the risk of Type | error. Finally, we used only a 5-panel urine drug screening test and
thus may have missed some opioid use in the sample.
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150 individuals assessed for eligibility]

30 Excluded

14 Met exclusion criteria:
5 Elevated liver function test
3 Medical
2 Required inpaticnt care
2 Incarcerated
1 Benzodiazepine dependent
1 Contraindicated medication

16 Did not complele screening

120 Randomized

Page 10

28 randomized to Galantamine
+CBT+CBT
27 Initiated medication
25 Initiated CBT4CBT

20 Completed treatment

7 Discontinued treatment

1 Withdrawn

27 Randomized to Galantamine +
TAU
26 Initiated medication
20 Completed treatment
4 Discontinued treatment
2 Incarcerated
1 Withdrawn

38 Randomized to Placebo +
CBT4CBT
38 Initiated medication
36 Initiated CBT4CBT
27 Completed treatment
10 Discontinued treatment
1 Withdrawn

27 Randomized to Placebo +
TAU
26 Initiated medication
25 Completed treatment
2 Discontinued treatment
0 Withdrawn

28 Complete postireatment
assessment and included
in analyses (100%)

25 Complete postireatment
assessment and included in
analyses (93%)

38 Complete postireatment
assessment and included in
analyses (100%)

27 Complete postireatment
assessment and included
in analyes (100%)

|

28 Complete 6 month follow up
and included in analysis (100%)

24 Complete 6 month follow up
and included in analysis (88.9%)

37 Complete 6 month follow up and

included in analysis (97.4%)

27 Complete 6 month follow up
and included in analysis (100%)

Figurel.

CONSORT flow diagram of participants through the trial. CBT, cognitive behavioral

therapy.

Note : Completing treatment defined as taking at least 1 day of study medication in week 12
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Time to First Opiate Positive Urine Specimen
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Figure 2:
Survival analysis: Time to first submission of a non-prescribed opioid-positive urine

specimen by medication condition. Red x indicates median time to relapse in each group.
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Table 1:
Baseline characteristics of sample, by baseline use of nonprescribed opioids
Pretreatment No nonprescribed opioid
nonprescribed opioid use use pretreatment Total
N=71 N=49 N=120

Categorical variables, number
(%) n % % % df For X2 p-value
Assigned to galantamine 31 44 24 49 55 46 1 .33 .57
Female 19 27 21 43 40 33 1 3.38 .07
Race and ethnicity

Caucasian 35 49 27 55 62 52 3 1.54 .67

African-American 14 20 11 22 25 21

Hispanic 21 30 11 22 32 27

Multiracial 1 1 0 1 1
Completed high school 53 75 33 67 86 72 1 .76 .38
Unemployed 54 76 33 67 87 73 1 1.10 .29
On public assistance 51 72 34 69 85 71 1 .08 77
Major depression ~Lifetime? 5 7 5 10 10 8 1 .38 .54
Anxiety disorder -Lifetime 10 14 5 10 15 13 1 40 .53
Antisocial personality disorder 9 13 7 14 16 13 1 .07 .80
Alcohol use disorder-lifetime 38 54 28 57 66 55 1 15 .70
Post traumatic stress disorder 2 3 1 2 3 3 1 .07 .79
Continuous variables, mean
and SD M SD M SD M SD
Days paid for working, past 28 8.41 9.89 6.18 9.49 7.50 975 1,118 1.52 22
Age 38.41 9.27 38.29 9.74 38.36 9.43 1,118 .01 .94
Days marijuana use, past 28 3.56 7.11 2.84 7.70 3.27 734 1,118 .28 .60
Days cocaine use, past 28 14.00 8.30 14.33 8.44 14.13 832 1,118 .04 .83
Days cigarette use, past 28 26.27 6.53 26.53 5.98 26.38 6.29 1,118 .05 .82
Days alcohol use, past 28 3.30 6.46 1.59 3.59 2.60 5,52 1,118 2.81 .10
Days benzodiazepine use, past
28 .45 1.39 .20 71 .35 116 1,118 1.30 .26
Years of regular cocaine use 9.87 8.75 9.69 8.36 9.80 856 1,118 .01 91
Years of regular opiate use 10.77 7.57 8.57 8.09 9.88 783 1,118 2.32 13
Lifetime number of arrests 7.86 10.45 6.51 11.30 7.31 10.78 1,118 45 .50
Prior Treatment Episodes:

Number of outpatient episodes 2.87 3.52 2.35 2.50 2.66 314 1,118 .81 37

Number of inpatient episodes 3.96 6.10 1.78 2.49 3.07 506 1,118 5.60 .02
Estimated 1Q from Shipley 100.71 11.62 100.31 11.84 100.55 11.67 1,118 .03 .85
Baseline methadone dose,
mg/day 68.10 29.00 73.65 28.01 70.45 28.60 1,118 1.07 .30
Posttreatment methadone dose,
mg. day 67.77 31.17 71.04 34.15 69.11 3232 1,115 .29 .59

a R . .
All psychiatric diagnoses from SCID interviews

Am J Addict. Author manuscript; available in PMC 2022 May 07.



Page 13

Carroll et al.

00°

€0’

00°

10

00°

de1g

08’

90

89"

g

18

L0

§5'€

0153

69’

e

L

sneisasn pioido
Juswes v .ad Aq uoiredIpa A

69 99/.¢ /6.9 Ov 99/E€ ¢¥0S 6 €LGE 6E8I asn ploido swireanald

€T 00’ 697 80" 00" ¢0T 6v 60ZLc SE€E¥8 GC 99¢€ 00v. ¥VvZ WveEl v1'G6 asn pioido juswiyeanaid oN
suawi19ads auin aAnebau-pioido Jusdlad
SaLL021N0 dn-MojJof YIUoW-XIS

69 Troc 88¢c 6 P¥I'ee PEST 0€ 929 99'¢E asn pioido juswiresllald

00 IS e 100 €2 8yT v €262 V80T V¥Z 69.2 1922 € 9TTIE  ¥6'8T asn proido Juawieanaid oN
sajdwies auln aAeBau-auIeI0d o

69 96'.T Ove8 Ov LL6T €908 6 6SVI €C/8 asn pioido juswiresllald

T 00’ 9€°¢C €0 10" 62€ 6V ve€6 T1T°/6 GC Gy¢l 8E€S6 ¥¢ 89t 16'86 asn pioido juswieanaid oN
1odai jas-aouaunsge proido Jo sAep o,

69 vE€9E G6'€ES 6 0LLE L0y 0O€E 66CE 06'C9 asn pioido juswiresllald

L 00’ T6°1Y ¥0° v0 <€V Ly T19GT T6'06 V¢ LSLT VEL8 €2 LSCT ¥9V6 asn pioido juswieanaid oN
suawi1dads aurn anirebau-pioido o,

TL 19%¢ 19%¢. Oy 89¢ 89v. 1€ VOLZ ¥6'69 asn pioido juswiresllald

T0° 4% 86" ¢0° TT" 89¢C 6v 996 6V/9 G 90vC 00€L Vv¢ €ETvE QLTI asn pioido juswieanaid oN
(ajqissod
8 J0) Juawieas) ul ske@-uonusey
SALLI0IINO JUSUILL-UIYHM

deiq d 4 deg d 4 u 3d UeN U dS UBN u  dS Usi

asn ploido Juswies P 1d uoiyeaipe N V1oL ogade|d aujwejueeo a|celren

0ZT=N ‘auljaseq 1e spioido paqriosaid-uou Jo aouasald pue UORIPUOI UoIRIIPaW AQ SaWOIIN0 asn pioido pue uonus1ey

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Addict. Author manuscript; available in PMC 2022 May 07.



	Abstract
	Introduction
	Material and methods
	Overview of parent trial
	Treatments
	Galantamine:
	Computerized Cognitive Behavioral Therapy (CBT4CBT):

	Assessments
	Data analyses

	Results
	Sample description and protocol adherence.
	Galantamine effects on opioid use
	Relationship with cocaine use
	Effects of galantamine versus placebo on measures of cognitive function and psychological symptoms


	Discussion
	References
	Figure 1.
	Figure 2:
	Table 1:
	Table 2

