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Abstract

Background—Cocaine dependence is a major public health problem with no available robustly

effective pharmacotherapy. This study’s aim was to determine if treatment with sertraline (SERT)

or SERT plus gabapentin (GBP) improved treatment retention, depressive symptoms, and/or

cocaine use.

Methods—Depressed cocaine-dependent patients (N = 99) were enrolled in a 12-week, double-

blind, randomized, placebo (PLA)-controlled, clinical trial and placed in research beds at a

residential treatment facility (Recovery Centers of Arkansas). They were randomized by

depressive symptom severity and inducted onto 1 of the following while residing at the Recovery

Centers of Arkansas: SERT (200 mg/d), SERT (200 mg/d) plus GBP (1200 mg/d), or PLA.

Participants transferred to outpatient treatment at the start of their third week, continued receiving

study medications or PLA (weeks 3–12), and participated in weekly individual cognitive

behavioral therapy. Compliance was facilitated through the use of contingency management

procedures. Supervised urine samples were obtained thrice weekly and self-reported mood

weekly. At the end of 12 weeks, participants were tapered off the study medication over 5 days

and referred to a local treatment program.

Results—Sertraline, but not SERT plus GBP, showed a significantly lower overall percentage of

cocaine-positive urine samples compared with that of PLA. A significantly greater percentage of

participants experienced relapse in the PLA group (88.9%) compared with that of the SERT group
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(65.2%). Hamilton depression ratings decreased significantly over time regardless of the treatment

group. Retention in treatment did not differ significantly between the treatment groups.

Conclusions—Sertraline plus GBP may not be superior to SERT alone in delaying relapse

among abstinent cocaine-dependent individuals undergoing cognitive behavioral therapy.
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Cocaine dependence is a major public health problem that is associated with serious

medical,1 psychiatric,2 and social3 problems. Despite these compelling factors, no robustly

effective pharmacotherapy for cocaine dependence has been developed. Depressive

symptoms are common among cocaine-dependent patients4 and have been associated with

greater severity of cocaine dependence and impairment5 as well as poor treatment outcome.6

Although most well-controlled trials have had disappointing results with antidepressants in

unselected cocaine-dependent patients,7 antidepressants have shown some efficacy in

treating depressed subgroups of cocaine-dependent patients8,9 (for exception10).

Dopaminergic11 and serotonergic12 deficits have been shown to occur after long-term

cocaine administration, suggesting a neurobiological link to depression, because the

dopaminergic system has also been implicated in depression.13 Consequently,

administration of antidepressants that inhibit both dopamine and serotonin reuptake would

theoretically modulate serotonergic and/or dopaminergic dysfunction associated with

cocaine abuse and/or depression. In a recently published study, we were able to demonstrate

that the selective serotonin reuptake inhibitor (SSRI) sertraline (SERT), which also blocks

reuptake of dopamine,14 significantly delayed time to relapse in recently abstinent cocaine-

dependent patients presenting with depressive symptoms.8 These findings suggest that

SERT may have utility as a relapse prevention agent for cocaine dependence.

Nevertheless, response to SERT was not complete, with 53.1% of SERT-treated participants

versus 70.3% of placebo (PLA)-treated participants having relapsed.8 Thus, the purpose of

this study was to determine whether the prior results with SERT alone can be not only

replicated, but also enhanced, with the addition of another agent to augment SERT’s effects.

More recent evidence suggests that gamma-aminobutyric acid (GABA) function is also an

important factor to be considered both in depression15 and cocaine dependence.16 Moreover,

ample evidence suggests that cocaine interacts with the GABA system.17 Augmenting the

efficacy of antidepressants with GABAergic agents has also been examined for the

treatment of depression.18 Thus, we examined the clinical efficacy of the SSRI SERT,19

augmented with a low dose of the GABAergic agent gabapentin (GBP) that promotes

release of GABA.20 As in our recently published SERT study,8 a relapse paradigm was used

such that participants abstained from cocaine while residing at a residential facility during

initial study medication induction and reinstatement of cocaine use was determined during

subsequent outpatient treatment.

Mancino et al. Page 2

J Clin Psychopharmacol. Author manuscript; available in PMC 2014 June 24.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



METHODS

Participants

One hundred fifty-eight male and female cocaine-dependent individuals seeking treatment

of cocaine dependence were recruited from the greater Little Rock, Ark area from December

of 2005 through April 2009 after giving informed consent to participate in this randomized

clinical trial approved by the University of Arkansas for Medical Sciences Human

Investigations Review Board. Participants had to meet the Diagnostic and Statistical Manual

of Mental Disorders, Fourth Edition (DSM-IV) criteria for cocaine dependence, as

determined from the Structured Clinical Interview for DSM-IV, have results for urine

toxicologic examination positive for cocaine or benzoylecgonine during the month before

study entry, have a history of cocaine use of at least 1 g during the previous 3 months, and

have a score greater than 15 on the Hamilton Depression Scale (HAM-D) at the screening

visit. Exclusions included medical conditions contraindicating use of SERTor GBP (eg,

pregnancy or breast-feeding, significant history of seizures, significant history of head

trauma or serious neurological disorders, liver enzyme levels greater than 3 times the

reference value, or medications that might have a major interaction with SERT or GBP [eg,

use of monoamine oxidase inhibitor within 2 weeks before starting SERT]), current use of

psychiatric medications, a current diagnosis of drug (nicotine excluded) or alcohol

physiological dependence (ie, reported withdrawal symptoms upon abrupt cessation or,

when dependence is suspected, inability to produce negative alcohol breath test results with

no symptoms over at least 3 consecutive days), a history of major psychiatric disorder

(psychosis, schizophrenia, or bipolar), ill health (eg, major cardiovascular, renal, endocrine,

hepatic disorder), current suicidal tendency, and an inability to read and understand the

consent form. Women of childbearing age were included provided they had a negative urine

pregnancy test result, agreed to use adequate contraception to prevent pregnancy during the

study, and agreed to monthly pregnancy tests.

Design and Procedure

Participants were initially evaluated to determine their eligibility to participate in this 12-

week randomized, double-blind clinical trial through a 1-week, centralized recruiting/

screening procedure. Eligible participants were then randomly assigned to receive SERT,

SERT plus GBP, or PLA and admitted to research beds in the Recovery Centers of Arkansas

during weeks 1 and 2. Then participants transferred to the Outpatient Treatment Research

Unit at the University of Arkansas for Medical Sciences and continued to receive SERT,

SERT plus GBP, or PLA during weeks 3 to 12. The data manager performed the

randomization using a computerized urn randomization program,21 balancing groups on sex,

race, and depressive symptom severity. Only the research pharmacist and the data manager

were aware of the medication condition.

During weeks 1 and 2, participants attended the 2-week Recovery Centers of Arkansas

Residential Treatment Program. During weeks 3 to 12, subjects participated in weekly 1-

hour, manual-driven individual cognitive behavioral therapy.22 The session also provided an

opportunity for subjects to review critical issues and problem areas. During weeks 3 to 12,

participants attended the outpatient treatment research program at least 3 d/wk to complete
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study tasks, undergo counseling (weeks 3–12), and receive study medication. Compliance

with study requirements during weeks 3 to 12 was facilitated through the use of contingency

management procedures, whereby subjects were given monetary compensation for clinic

attendance and for returning take-home blister packs. Because dropout during the residential

stay was high (32.7%) with the first 67 subjects, monetary compensation was added for

participation in the 2-week residential stay, resulting in lower dropout during the residential

portion of the study (18.75%) for the remainder of the trial. Supervised urine samples, self-

reported adverse effects, and vital signs were obtained thrice weekly; mood and drug use

self-reports were obtained once weekly. At the end of 12 weeks, participants were tapered

off the study medication and referred to an appropriate treatment program.

Because cocaine abstinence had to be initiated and maintained during weeks 1 and 2,

subjects had to submit urine samples negative for cocaine by the beginning of week 2 and

were administratively discharged from the study if a urinalysis result became positive for

cocaine or other drugs during this time. Subjects were discharged from the trial if they

missed attending clinic to receive their weekly medication, missed 3 consecutive supervised

gathering of urine samples, or the investigator felt that subjects’ health or well-being was

threatened by continuation in the study. Female participants were withdrawn from the study

and referred to an appropriate treatment program if a pregnancy test result was positive.

Subjects were not discontinued for illicit drug use during the outpatient portion of the trial

unless the investigators felt a safety issue for the subject was at hand. Subjects

administratively discharged from the study were offered referral to a local treatment

program.

Medication

During SERT and GBP induction, subjects received either PLA or an initial dosage of 50

mg SERT hydrochloride once daily via blue opaque capsules starting the day after the

admission to the residential unit (day 1 of week 1). This dosage was gradually increased

over a 3-week period until subjects received 200 mg once daily.23 Although GBP has not

been shown to reduce cocaine-positive urine samples relative to PLA in either non–opioid-

dependent24 or methadone-stabilized cocaine-dependent patients,25 the dosage of GBP may

have been too high, potentially due to intolerable adverse effects. Thus, we selected the 1200

mg/d dosage because it showed some efficacy relative to PLA during the up-titration of

GBP in the trial of Gonzalez et al25 and has been associated with a decrease in subjective

effects of self-administered cocaine.26 Participants assigned to receive GBP were given an

initial dosage of 200 mg twice daily on days 1 to 5, 400 mg twice daily on days 6 to 10, and

then 600 mg twice daily from day 11 on. Subjects were maintained on this dosage for the

duration of the trial. If symptoms persisted, subjects’ participation was terminated. All study

medications were administered using a double dummy procedure, such that all subjects,

regardless of randomization, took the same number of capsules in identical packaging during

the 12-week trial. When subjects were transferred to the outpatient program, they were

administered capsules once weekly, with take-home dosages given in blister packs to take

twice a day for the rest of the week. Subjects were required to return take-home blister packs

when they came in to receive their next weekly dosage pack, for which they received

monetary compensation. Compliance assessments were made based on client self-report and
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pill counts. At the end of the 12 weeks, participants were tapered off SERT, SERT and GBP,

or PLA over a 5-day period.

Assessments

At intake, participants were interviewed using the Structured Clinical Interview for DSM-

IV27 and the Addiction Severity Index, Fifth Edition.28 The clinician-rated version of the

HAM-D29 was completed at screening, intake and weekly thereafter. After initial training by

a physician investigator, experienced clinical research staff had to show 100% agreement on

at least 3 corated interviews to administer the scale and participated in quarterly reviews to

prevent drift. Supervised urine samples were obtained thrice weekly and tested for the

presence of cocaine metabolite (benzoylecgonine) and other drugs using an Olympus

AU640 Emit system (Olympus America Inc, Melville, NY) with a cutoff concentration of

300 ng/mL. Self-report assessments of cocaine (eg, days during which cocaine was used,

dimes of cocaine used with a dime roughly equivalent to $10 street worth, or 100 mg of

cocaine or crack cocaine) and other drug use were obtained on day 1 of each week using

analog scales and 7-day recall method instruments developed in a previous study.30

Participants were monitored at every visit for any adverse symptoms.

Data Analyses

Because participants had to demonstrate 2 weeks of abstinence to continue in the study, and

cocaine use, determined by urine toxicology screens, beyond the residential portion of the

trial was the primary study outcome, outcome data were analyzed only for those participants

who remained abstinent during and completed the 2-week residential stay (Fig. 1).

Differences in baseline subject characteristics between treatment groups were determined

using t test or its nonparametric analog, Wilcoxon or Kruskal-Wallis test, for continuous

variables and Pearson χ2 tests for categorical variables. Hierarchical linear model was used

to analyze the percentage of urine samples positive for cocaine over the course of the trial

and to examine the changes over time in HAM-D scores. For analyses specifically

examining lapse and relapse, our analytic approach was similar to that for a prior study

using this paradigm,8 such that lapse is defined as the first cocaine-positive urine sample and

relapse as 2 consecutively positive urine samples. In addition, study dropouts after entering

the outpatient portion of the trial were considered to have the next 2 urine samples as

positive for the purposes of determining lapse and relapse rates at the time they left the study

if they had submitted only cocaine-free urine samples up to that point. Otherwise, missing

urine samples after dropout and during trial participation were recorded as missing. A

Kaplan-Meier survival analysis was performed to test for differences in retention, time to

lapse, and time to relapse between treatment groups. Between-group differences in number

of days to lapse or relapse were determined by 1-way analysis of variance. Because of the

nonnormality of the data, a nonparametric analysis of variance was performed on the ranks

of percentage of missing urine samples. After log transformation to achieve normality of the

data, repeated measures mixed modeling was used to determine differential changes over

time between groups in HAM-D score. The test statistic used was a t statistic to determine

the time effect in the model. Depression measures including HAM-D score at week 2,

lifetime depression diagnosis, and current depression diagnosis were also included as a

covariate or cofactor in the cocaine use analyses previously to determine the differential
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impact of depressive symptoms on outcomes. For all analyses, P < 0.05 was used to infer

statistical significance. The SAS software (SAS System for Windows Version 9.2, SAS

Institute Inc, Cary, NC) was used.

RESULTS

Retention, Adverse Events, Missing Data, Compliance

One hundred fifty-eight participants were initially recruited to determine their eligibility to

participate in this 12-week randomized, double-blind clinical trial through a 1-week,

centralized recruiting/screening procedure (Fig. 1). Of those 116 who were eligible, 107

participants were randomized, and 99 participants entered the residential treatment facility.

Of these, 25 (25.2%) dropped out before completing the residential portion of the study,

irrespective of treatment group (χ2 = 0.04, df = 1, P = 0.84; Fig. 1). Those who dropped out

of the residential portion of the study reported using cocaine a significantly greater number

of days in the previous 30 days than those who were retained through the residential stay

(median, 27 vs 20 days; rank sum test, P < 0.05), but no other significant baseline

differences were observed. During the outpatient portion of the study, participant retention

rates did not differ between treatment groups (χ2 = 0.30, df = 2, P = 0.86) with 23 (31.1% of

those completing the residential portion of the study) participants completing the entire 12

weeks of the protocol. Fifty-one of those 74 participants who completed the residential stay

and were included in the analysis did not complete the outpatient portion of the protocol for

the reasons specified in Figure 1. Sertraline participants that were included in the analysis

did not differ from those who dropped out during the residential portion of the study in

cocaine use frequency in the month before study entry (median, 24 vs 27 days; rank sum

test, P = 0.69). Twenty-one study-related adverse events occurred, that is, sexual

dysfunction (n = 5), drowsiness (n = 4), nausea/vomiting (n = 3), tremor (n = 2), dizziness (n

= 1), anxiety (n = 1), yawning (n = 1), insomnia (n = 1), diarrhea (n = 1), and bruxism (n =

1). One participant in the SERT plus GBP group experienced a potentially life-threatening

allergic reaction resulting in emergency department treatment with rapid resolution,

immediate withdrawal from the study and subsequent referral to a local drug treatment

facility (Fig. 1).

The percentage of missing urine samples differed significantly among the 3 groups during

the outpatient portion of the trial (F2 = 3.25, P = 0.044). Using the Tukey-Kramer multiple

comparison post hoc procedure for the 3 groups, the SERT plus GBP group (15%) was

significantly different from the SERT group (3%; 95% simultaneous confidence limits of the

difference between group means were 0.418 and 32.760 but not the PLA group, 8%).

In terms of compliance, the percentage of pills returned (not taken by the participant) did not

differ among the PLA (1.19% ± 1.47%), SERT (1.73% ± 2.95%), and SERT plus GBP

(0.72% ± 1.07%) groups during the outpatient portion of the trial (χ2 = 0.94, df = 2, P =

0.63).
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Baseline Characteristics

The 74 participants who were retained in the study beyond the residential portion of the trial

had a mean (SD) age of 39.5 (7.3), 71.6% were African American, 23% were female, 56.8%

had a high school education or less, 62.2% were unemployed, 86.5% lived alone, 34.7%

were currently alcohol dependent, and 33% did not have a lifetime alcohol use disorder.

Groups did not differ in subject characteristics, except for the number of days cocaine was

used in the 30 days before study entry and the prevalence of a current diagnosis of major

depression. The SERT group used significantly more days with mean (SD) of 22.9 (6.1) than

PLA with mean (SD) of 15.4 (9.2) and SERT plus GBP with mean (SD) of 19.1 (10.3) (z =

2.00, P = 0.046); however, this did not seem to be clinically significant as there was no

significant difference in the number of dimes per week of cocaine used in the 30 days before

study entry (F4 = 0.29, P = 0.89). The SERT plus GBP group had a significantly lower

prevalence of current major depression (11.1%) compared with the PLA (50%) and SERT

(71.4%) groups (χ2 = 6.21, df = 2, P = 0.045).

Cocaine Use During the Trial

Although the rate at which cocaine-positive urine samples increased over time did not differ

between SERT and PLA (P> 0.10), SERT (10.7% ± 23.4%; −2.10 ± 0.9, t = −2.35, P =

0.02), but not SERT plus GBP (21.1% ± 29.8%; −0.72 ± 0.75, t = −0.97, P = 0.33), showed

a significantly lower percentage of cocaine-positive urine samples overall compared with the

PLA group (29.7% ± 35.6%).

There was a trend toward a significant difference in the percentage of participants who

experienced a lapse between PLA and SERT (88.9% vs 69.6%; χ2 = 2.90, df = 1, P = 0.09)

and between PLA and SERT plus GBP (88.9% vs 70.8%; χ2 = 2.63, df = 1, P = 0.10) groups

(Fig. 2). Furthermore, a significantly greater percentage of participants in the PLA group

relapsed (88.9%) relative to the SERT group (65.2%; χ2 = 4.06, df = 1, P = 0.04). The PLA

group showed a trend toward a significant difference in the percentage of participants who

relapsed relative to the SERT plus GBP group (70.8%; χ2 = 2.63, df = 1, P = 0.10). Among

the participants that experienced a lapse or relapse, there was no significant difference in the

number of days to lapse (F = 0.04, P = 0.96) and relapse (F = 0.09, P = 0.91) among the

SERT (17.62 ± 4.8 and 20.33 ± 5.2), SERT plus GBP (18.06 ± 4.7 and 22.24 ± 4.9), and

PLA (16.46 ± 4.0 and 23.12 ± 4.1) groups.

Depressive Symptoms

At the time of entry into the residential portion of the study, severity of depressive

symptoms did not differ between groups (mean [SD] score, 16.3 [7.2], F2 = 0.33, P = 0.72).

Scores on the HAM-D significantly decreased over time during the 12-week study (t381 =

−10.09, P < 0.0001) but did not differ between PLA and SERT (t381= 0.08, P = 0.93) or

SERT plus GBP (t381 = 0.18, P = 0.85) group (data not shown). The 2 weeks of residential

treatment showed a significant decrease in depressive symptom severity scores (t118 =

−6.21, P < 0.0001), followed by a more gradual, but still significant, decrease during the

outpatient portion (t256 = −3.60, P = 0.0004).
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Neither HAM-D score at week 2, a lifetime depression diagnosis, nor a current depression

diagnosis interacted with treatment groups to produce differential cocaine use outcomes (P >

0.05; data not shown).

DISCUSSION

Results of this study extend the results of our prior trial with SERT from a more urban to a

more rural cocaine-dependent population.8 In the prior trial,8 SERT showed a trend toward a

higher proportion of participants who did not relapse (29.7 vs 46.9%), a significantly lower

rate of increase over time in cocaine-positive urine samples, and a significantly greater

number of days to lapse and relapse relative to PLA. Although the current study does not

specifically show a significant delay in time to lapse or relapse when SERT is compared

with PLA, there were significantly fewer cocaine-positive urine samples over time in the

SERT alone group compared with that of the PLA group. Even more importantly,

significantly fewer participants receiving SERT relapsed relative to PLA. Unlike another

clinical trial showing that baseline severity of cocaine use impacted outcomes,14 the effect

of SERT did not seem to be due to retaining individuals with less severity of cocaine use at

baseline, in that the SERT participants that were included in the analysis did not differ from

those who dropped out during the residential portion of the study in cocaine use frequency in

the month before study entry (median, 24 vs 27 days; rank sum test, P = 0.69). This finding

reduces the possibility that SERT’s effects were exclusive to those with lower severity of

cocaine dependence. Thus, the results of both studies consistently show that SERT may

improve treatment response in this population.

These findings are also consistent with other studies of SSRIs SERT31 and citalopram9 for

cocaine dependence. In contrast, prior research with the SSRI fluoxetine has been mixed,

with promising results of early trials32,33 not being replicated under rigorous, double-blind,

PLA-controlled conditions.10,31 These mixed results could be due to the differing affinities

of SSRIs for other receptor sites besides the serotonin transporter34 that may result in

differing adverse effects that could undermine treatment outcomes.35

That GBP did not augment the efficacy of SERT to prevent relapse is unexpected. The

reasons for this are unclear, but may be because of several factors. First, the dosage of GBP

may not have been sufficient for augmenting the effects of SERT. Moreover, given that the

rate of cocaine use in the SERT alone group was so low, there was little room for

improvement with GBP. In addition, although GABA is considered an important factor in

cocaine dependence,36 it may not be as important as serotonin or dopamine in the prevention

of relapse. Further work is necessary to shed light whether modulating GABA activity

concomitantly with serotonin and dopamine function improves treatment outcomes.

SERT’s effects on drug use did not seem to be related to alleviating depressive symptoms,

with symptoms in all 3 groups sharply declining within the first week of the study. This is

consistent with results of the fluoxetine clinical trial in depressed cocaine abusers,10

suggesting that psychiatric symptoms at study entry may be more indicative of an acute

rather than chronic state. Given the report by Schmitz and associates10 that those with lower

depression ratings during a clinical trial of fluoxetine were more likely to have cocaine-free
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urine samples, SERT may have efficacy for cocaine dependence regardless of depression

status.

Limitations of the study include that just over 1 quarter of participants dropped out during

the residential stay, so the lack of outcome data with these individuals cannot inform our

overall results. Therefore, the fact that only data from those who participated beyond week 2

were analyzed limits the generalizability of these findings to only individuals who are

abstinent and receiving SERT for at least 2 weeks. Although retention overall was similar to

that observed in another trial with depressed cocaine-dependent participants,37 it was still

relatively low (31.1%), another limitation of the current study. Moreover, biomarkers to

determine compliance with the study medications were not used; thus, whether differential

compliance with taking the study medications occurred across groups cannot be ruled out. In

addition, classifying dropouts as treatment failures for the purposes of determining lapse and

relapse is very conservative and may discount instances where individuals remained drug

free. Nevertheless, given that the length of treatment is negatively associated with treatment

outcomes,38 we believe that this strategy was a reasonable approach. Another limitation is

that the SERT plus GBP group had a significantly lower prevalence of current, but not

lifetime, major depression. It is unclear how this difference in the prevalence of current

major depression may have impacted the results of this study, although depression measures

did not differentially impact treatment response to the study medications.

Nevertheless, the clinical significance of these results with SERT is clear. Not only did the

SERT and PLA groups differ significantly in relapse but also the percentage of SERT-

treated participants who did not relapse was more than 3 times greater than PLA-treated

participants (34.8% vs 11.1%). In summary, the present study provides additional support

for the use of SERT with cognitive behavioral therapy in abstinent cocaine-dependent

individuals who initially present with depressive symptoms. These findings add to a growing

literature suggesting the potential efficacy of certain SSRIs in treating cocaine

dependence.8,9,39 Future trials that directly and systematically evaluate SSRIs in both

depressed and nondepressed cocaine-abusing populations and attempt to identify behavioral

and biochemical mechanisms mediating treatment response to pharmacological and/or

behavioral interventions in cocaine-dependent individuals are warranted to optimize

treatment outcomes.
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FIGURE 1.
Consort diagram.
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FIGURE 2.
Percentage of participants who lapsed (ie, first urine sample positive for cocaine; panel A)

and relapsed (ie, first 2 consecutive urine samples positive for cocaine; panel B) as a

function of weeks in the PLA (open circles), SERT (closed circles), and SERT plus GBP

(closed squares) during the outpatient portion of the 12-week trial.
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