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Abstract
Aims—Whether the selective serotonin reuptake inhibitor sertraline at 200 mg/day delays relapse
in recently abstinent cocaine dependent individuals

Design—12-week, double blind, placebo-controlled clinical trial with 2-week residential stay
followed by 10-wk outpatient participation

Setting—Veterans Affairs residential unit and outpatient treatment research program

Participants—Cocaine-dependent volunteers (N=86) with depressive symptoms (Hamilton
score > 15), but otherwise no major psychiatric or medical disorder or contraindication to
sertraline.

Measurements—Participants were housed on a drug-free residential unit (wks 1–2) and
randomized to receive sertraline or placebo. Participants then participated on an outpatient basis
during weeks 3–12 while continuing to receive study medication. Patients participated in a day
substance abuse day treatment program during weeks 1–3 and underwent weekly cognitive
behavioral therapy during weeks 4–12. The primary outcome measure was thrice-weekly urine
results and secondary measure was Hamilton Depression scores.

Findings—Pre hoc analyses were performed on those who participated beyond week 2.
Generally no group differences in retention or baseline characteristics occurred. Sertraline patients
showed a trend toward longer time before their first cocaine-positive urine (“lapse,” χ2=3.67,
p=0.056), went significantly longer before having two consecutive urine samples positive for
cocaine (“relapse,” χ2=4.03, p=0.04) and showed significantly more days to lapse (26.1±3.2±10.5;
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z = 2.89, p=0.004) and relapse (21.3±10.8 vs 32.3±14.9; z=2.25, p=0.02). Depression scores
decreased over time (F=43.43, p<0.0001), but did not differ between groups (F =0.09, p = 0.77).

Conclusions—Sertraline delays time to relapse relative to placebo in cocaine dependent patients
who initially achieve at least two weeks of abstinence.

Keywords
cocaine dependence; randomized clinical trial; placebo control; sertraline; relapse prevention;
cognitive behavioral therapy

INTRODUCTION
Cocaine dependence is a major US public health problem.[1–3] Problems associated with
cocaine use include psychiatric disorders,[4] injection use, high-risk sexual behavior,[5]
HIV and HCV transmission,[5] crime and fetal drug exposure.[6] Despite these compelling
factors, no robustly effective pharmacotherapy for cocaine dependence has been developed.

Depressive symptoms are common among cocaine abusers[7–13] and have been associated
with greater severity of cocaine dependence and impairment [13–17] as well as poor
treatment outcome.[18–21] In addition, a lifetime history of depression is associated with
greater self-reported cocaine withdrawal.[22] Although most well-controlled trials have had
disappointing results with antidepressants in unselected cocaine-dependent patients,[23–32]
antidepressants have shown some efficacy in treating depressed subgroups of cocaine-
dependent patients [31, 33–36] (for exception [37]). These findings suggested that depressed
cocaine dependent patients would most likely benefit from antidepressants.

In order to select an appropriate antidepressant for this patient subgroup, we tried to identify
a serotonin reuptake inhibitor (SSRI) that might block both dopamine and serotonin
reuptake, since these appear to be the most critical neurotransmitters involved in both
depression and stimulant dependence. For example, chronic cocaine use is associated with
dopaminergic [38–44] as well as serotonergic [42, 45] deficits. Moreover, protracted cocaine
withdrawal can include about two weeks of depressive symptoms [46–48] and cessation of
repeated cocaine administration in rats alters prolactin response to certain serotonin agonists,
reflecting an alteration in serotonin function similar to that observed in depression. [49]
These deficits after chronic cocaine administration suggest a neurobiological link to
depression, because the dopaminergic system has also been implicated in depression. [50,
51] Meanwhile, because serotonin stimulates dopamine release, [52, 53] a serotonergic
deficit, suggested as one primary abnormality in depression, [54–56] could also lead to a
dopaminergic deficit. Consequently, administration of antidepressants that inhibit both
dopamine and serotonin reuptake would modulate serotonergic and/or dopaminergic
neurotransmission. Thus, we examined the efficacy of the selective serotonin reuptake
inhibitor (SSRI) sertraline, [57] which has putative dopamine reuptake inhibition properties
[58, 59] as well as no norepinephrine reuptake inhibition and sigma receptor blockade, [60–
63] to prolong abstinence in recently abstinent cocaine dependent patients with depressive
symptoms. Because deficits in serotonergic functioning are thought to underlie both
depression [64, 65]and the expression of cocaine withdrawal,[66, 67] which might impact
relapse, a relapse paradigm was employed such that participants abstained from cocaine
during weeks 1–2 and time to reinstatement of cocaine use was determined.
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METHODS
Participants

Eighty-six male and female cocaine-dependent individuals (ages 18–52, including 33
females, 61 African-Americans, 5 Hispanics, 19 Caucasians, and 1 other) seeking treatment
for cocaine dependence were recruited from the greater West Haven area from December of
1999 through November of 2003 after giving informed consent to participate in this
randomized clinical trial approved by the Yale Human Investigations Committee and the
VA Connecticut Human Studies Subcommittee. Participants met the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV) criteria for cocaine dependence, as
determined from the Structured Clinical Interview for DSM-IV (SCID), had urine
toxicologies positive for cocaine or benzoylecgonine during the month prior to study entry,
had a history of cocaine use being a minimum of 70 dimes during the preceding 3 months
and at least one previous episode of using at least 1 gram within a five day period, and had a
score of >15 on the Hamilton Depression Scale. Exclusions included medical conditions
contraindicating use of sertraline (e.g., pregnancy or breastfeeding, liver enzyme levels
greater than three times normal, or medications that might have a major interaction with
sertraline), a current diagnosis of drug (nicotine excluded) or alcohol physical dependence
(i.e., reported withdrawal symptoms upon abrupt cessation or, when dependence is
suspected, inability to produce negative alcohol breath tests with no symptoms over at least
3 consecutive days), a history of major psychiatric disorder (psychosis, schizophrenia, or
bipolar), ill health (e.g., major cardiovascular, renal, endocrine, hepatic disorder), current
suicidality and an inability to read and understand the consent form. Women of childbearing
age were included provided they had a negative urine pregnancy test, agreed to use adequate
contraception to prevent pregnancy during the study and agreed to monthly pregnancy tests.

Design and Procedure
Ninety-four participants were initially determined as being eligible to participate in this 12-
week randomized, double blind, clinical trial through a 1-week, centralized recruiting/
screening procedure. Participants were admitted to research beds in the Quarterway House
(QWH) at the Veterans Affairs Connecticut Healthcare System during weeks 1–2 and
randomly assigned to receive either sertraline or placebo. Then participants transferred to the
Outpatient Treatment Research Program at the West Haven Veterans Affairs Healthcare
System and continued to receive sertraline or placebo during weeks 3–12. The data manager
performed the randomization using a computerized urn randomization program, [68]
balancing groups on age, sex and race. Only the research pharmacist and data manager were
aware of the medication condition.

Starting in week 1, participants attended the 3-week VA Substance Abuse Day Treatment
Program. During weeks 4–12, subjects participated in weekly 1-hour, individual cognitive
behavioral therapy,[69] manual-driven as a controlled element of the study. The session also
provided an opportunity for subjects to review critical issues and problem areas. During
weeks 3–12, participants attended the outpatient treatment research program at least 3 days/
wk to attend the Day Treatment Program (week 3) complete study tasks, undergo
counselling (weeks 4–12) and receive study medication. Compliance with study
requirements during weeks 3–12 was facilitated through the use of contingency management
procedures, whereby subjects are given monetary compensation for clinic attendance and for
returning take-home bottles. Participants could earn up to $250 for attending all scheduled
appointments and returning blister packs. Supervised urines, 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, patients were tapered off the study medication and
referred to an appropriate treatment program.
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Because cocaine abstinence must have been initiated and maintained during weeks 1–2,
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 three consecutive
supervised urines or the investigator felt that subjects' health or wellbeing was threatened by
continuation in the study. Subjects were withdrawn from the study and referred to an
appropriate treatment program if pregnancy test 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 sertraline induction, patients received either placebo or an initial dose of 50 mg
sertraline hydrochloride once daily via blue opaque capsules starting the day after admission
to the residential unit (day 1 of week 1). This dose was gradually increased over a 3-week
period until subjects received 200 mg once daily. [70] Riboflavin was added to the capsules
to ascertain compliance. Subjects were then maintained on this dose for the duration of the
trial. When subjects were transferred to the outpatient program, they were administered
capsules once weekly, with take-home doses given in blister packs to take once 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 dose pack, for which they received monetary compensation.
At the end of the 12 weeks, participants were tapered off sertraline or placebo over a five-
day period.

Assessments
At intake, participants were interviewed using the Structured Clinical Interview for DSM-
IV,[71] the Addiction Severity Index,[72] and the Cocaine Selective Severity Assessment
(CSSA) [73, 74]. The clinician-rated version of the Hamilton Depression Scale (HAM-D)
[75] 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 co-rated interviews in order 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
AU 640 Emit system (Olympus America Inc., Melville, NY) with a cut-off concentration of
300 ng/ml. Self-report assessments of cocaine (e.g., 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 day1 of each week using
analog scales and 7-day recall method instruments developed in previous studies.[76, 77]
Participants were monitored at every visit for any adverse symptoms.

Compliance with taking medications was verified by inspecting a 15 ml aliquot of each
urine sample under an ultraviolet light (long wave setting - 366 nm) in a dimly lit room for
riboflavin fluorescence. The urine sample was considered positive (consistent with taking
the study medication) if a bright fluorescence glow is observed while the sample is
examined under the ultraviolet light.

Data Analyses
Because cocaine use beyond the residential portion of the trial was the primary study
outcome and participants had to demonstrate two weeks of abstinence in order to continue in
the study, only data from those participants who were retained in the study beyond the
residential stay were used in the analyses (see figure 1). In addition, data from 8 participants
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were excluded from analyses (except for averse event reports) because their HAM-D scores
did not meet inclusion criterion. Differences in baseline subject characteristics between
treatment groups were determined using t test or its non-parametric analogue, Wilcoxon or
Kruskal-Wallis test for continuous variables and Pearson Chi Square tests for categorical
variables. All participants that dropped out of the study after entering the outpatient portion
of the trial were considered treatment failures at the time they left the study even if they had
submitted only cocaine-free urine samples during their study participation. Kaplan-Meier
survival analysis was performed to test for differences in retention, time to lapse (i.e., first
cocaine-positive urine sample) and time to relapse (two consecutive cocaine-positive urine
samples) between treatment groups. Between-groups differences in number of days to lapse
or relapse were determined using t-tests. Repeated measures mixed modelling was used to
determine differential changes over time between groups in weekly self-reported alcohol
(days) or cocaine (days, dimes) use and HAM-D score. For all analyses, p < 0.05 was used
to infer statistical significance. SAS software (SAS System for Windows Version 9.2, SAS
Institute Inc., Cary, NC, USA) was employed.

RESULTS
Retention, Adverse Events, Missing Data, Compliance

Of the 86 participants who were enrolled into the study proper and met inclusion criteria, 27
(31.4%) dropped out prior to the outpatient portion of the study irrespective of treatment
group (χ2=0.04, df=1, p=0.84; figure 1). Those who dropped out had a significantly greater
number of years of education than those who were retained through the residential stay (11.4
± 2.9 yrs vs 8.7 ± 4.1 yrs; z=2.41, df=1, p=0.02), 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= 1.55, df=1, p=0.21; figure 2) with 34
(39.5% of intent-to-treat sample) participants completing the protocol. Fifty-two participants
did not complete the protocol for the reasons specified in figure 1. Eight study-related
adverse events occurred; that is, sexual dysfunction (N=2), symptoms suggestive of
sertraline withdrawal during the taper (N=1), and suicidal ideation (N=5), 2 of which
resulted in voluntary withdrawal from the study and admittance to a local treatment facility
(figure 1).

The mean number of missing urine samples during the outpatient portion of the trial out of
the total possible (i.e., 30 urine samples) did not differ between placebo and sertraline
groups (i.e., 6.9 (±9.8) versus 4.2 (±5.4); χ2=0.31, df=1, p=0.58). Essentially all urine
samples showed some degree of fluorescence when inspected under UV light.

Baseline Characteristics
Of the 94 enrolled into the study proper, eight participants did not meet eligibility
requirements and 27 did not participate beyond week 2 (Figure 1). Table 1 shows the
demographic data for the 59 participants who were retained in the study beyond the
residential portion of the trial. Groups generally did not differ in terms of subject
characteristics, except for the number of days alcohol was ingested during the month prior to
study entry; however, this did not appear to be clinically significant, particularly given that
the prevalence of alcohol dependence did not differ across groups (table 1).

Cocaine and Alcohol Use During the Trial
Nineteen (70.3%) and 18 (56.2%) participants experienced a lapse, while 19 (70.3%) and 17
(53.1%) experienced a relapse, in the placebo and sertraline groups, respectively (χ2=2.17,
df=1, p=0.14 and χ2=3.23, df=1, p=0.07). Participants in the placebo group showed a trend
toward lapsing more quickly over time (figure 3A) and relapsed (figure 3B) significantly
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more quickly over time relative to those receiving sertraline (χ2=3.67, df=1, p=0.056 and
χ2=4.03, df=1, p=0.04, respectively). The mean time to lapse after leaving the residential
treatment facility for the placebo group was 13.2 (±10.5) days compared to a mean time to
lapse of 26.1 (±16.7) days for the sertraline group, a significant difference of almost two
additional weeks (z = 2.89, df=1, p=0.004). There was also a significant difference between
the placebo and sertraline groups in time to relapse (21.3±10.8 and 32.3±14.9 days,
respectively; z=2.25, df=1, p=0.02).

Self-reported cocaine use was quite low, with only 6 participants reporting having used
cocaine, and no significant differences between groups were observed in terms of number
dimes (F=0.79, df= 1, 53, p=0.38) or number of days used (F=0.58, df= 1, 53, p=0.45)
during the previous week (data not shown). Additionally, there was no significant change
over time in number of dimes used (F=1.23, df=9, 340, p = 0.28), or number of days used
(F=1.13, df=9, 340, p=0.34) during the previous week (data not shown). Similarly, there was
no significant difference between treatment groups in the self-reported number of days
alcohol was used (F=3.06, df=1, 53, p=0.09; data not shown). Additionally, there was no
significant change over time in self-reported number of days alcohol used (F=1.63, df= 1,
339, p=0.11; data not shown).

Depressive Symptoms
At baseline, severity of depressive symptoms did not differ between groups (table 1). Scores
on the Hamilton Depression Scale significantly decreased over time during the 12-wk study
(F = 43.43, df=12, 497, p<0.0001), but did not differ across groups (F =0.09, d=1, p = 0.77;
figure 4). This decrease in depressive symptoms occurred during the two weeks of
residential treatment, with depressive symptoms severity score remaining relatively
consistent over time during the outpatient portion of the trial (F=1.49, df=10, 391, p=0.14).

DISCUSSION
The findings of the present study suggest that sertraline delays relapse relative to placebo in
recently abstinent cocaine-dependent individuals presenting with depressive symptoms.
These results are consistent with those of a previous outpatient randomized, placebo-
controlled clinical trial, in which the SSRI citalopram reduced cocaine use in cocaine
dependent individuals.[78] In addition, preliminary data with the SSRI paroxetine suggested
that it may reduce craving,[79] although data from well-controlled clinical trials are lacking.
Sertraline showed initial promise to decrease craving in an open label pilot study[29].
However, sertraline administered at one-half the dose used in the present study did not
reduce cocaine use relative to placebo in a CREST trial for cocaine dependence[80] or
methamphetamine use relative to placebo in methamphetamine dependent individuals.[81]
Overall, these findings suggest that sertraline at doses higher than 100 mg/day may be
necessary for a therapeutic effect.

It has been suggested that SSRI’s are not efficacious for treating psychostimulant
dependence. This appears to be mainly due to results of clinical trials with the SSRI
fluoxetine that, although initially promising,[82–84] were not replicated under rigorous,
double-blind, placebo controlled conditions,[24, 25, 28] even in depressed drug dependent
populations.[37, 85, 86] The reasons for these mixed results are unclear, but may be due to
methodological differences such as in study design. The present study used a relapse
paradigm in which all participants were abstinent from cocaine for two weeks. Thus,
medication was not initially administered during concomitant cocaine use. Indeed, Schmitz
et al.[37] hypothesized that, because chronic cocaine use reduces serotonergic function, the
efficacy of SSRI’s are compromised in active cocaine users; however, serotonergic function
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is restored after cessation of cocaine use. Thus, SSRI’s may have utility in recently abstinent
cocaine dependent individuals.

Another reason for the mixed results could be the differing affinities of the SSRI’s for other
receptor sites besides the serotonin transporter.[87] For instance, fluoxetine, a more potent
inhibitor of 5-HT2C receptors than other serotonin reuptake inhibitors,[88] has activating
properties that may produce insomnia and agitation in anxious patients[89, 90] through
modulation of NE and DA systems.[91, 92] In contrast, citalopram is probably the most
selective 5-HT reuptake inhibitor among the SSRIs with minimal activity at other receptors,
except histamine H1 receptors.[87, 93] Meanwhile, sertraline has activity as a DA reuptake
inhibitor in addition to its potent serotonin reuptake inhibitor properties.[58] Rothman et al.
[94] recently postulated that agents with both serotonergic and dopaminergic based on
evidence of a dual deficit in DA and 5-HT function during withdrawal from chronic cocaine
abuse. Thus, sertraline, particularly in the context of recent abstinence from cocaine abuse,
may have the type of pharmacological profile that would be efficacious in treating cocaine
dependence.

On the other hand, there was no significant difference in the percentage of participants still
completely abstinent through the last two weeks of the trial (44% in sertraline vs. 30% in
placebo), which has been suggested as a Food and Drug Administration criterion for
efficacy. However, a power calculation based on the difference in these two percentages
indicated that we would have required a sample size only about 10 subjects larger in order to
attain sufficient statistical power for our difference to be significant. Therefore, future
studies of this medication might modestly increase the sample size, since a difference in
sustained abstinence that is 47% greater than placebo has substantial clinical significance
that begs for a sufficient sample size to establish its statistical significance to FDA standards

Sertraline’s effects on drug use did not appear to be related to alleviating depressive
symptoms, with symptoms in both groups sharply declining within the first week of the
study. This is consistent with results of the fluoxetine clinical trial in depressed cocaine
abusers [37] as well as results in cocaine abusers entering non-medicated outpatient
treatment,[95] suggesting that psychiatric symptoms at study entry may be more indicative
of an acute rather than chronic state. Indeed, HAM-D scores were significantly correlated
with CSSA scores at study entry (Pearson r=0.30, p=0.02), suggesting that depressive
symptoms may reflect cocaine withdrawal severity. Nevertheless, whether co-occurring
psychiatric disorders actually arise independent of substance use disorders has been
questioned.[96] Given the report by Schmitz et al.[37] that those with lower depression
ratings during the fluoxetine study were more likely to have cocaine-free urine samples,
sertraline may have efficacy for cocaine dependence regardless of depression status.

Self-reported cocaine use results were inconsistent with urinalysis results. This is likely due
to participants not reporting or under-reporting their use, with only one-sixth of those with
positive cocaine urines reporting having used. In our experience, underreporting use is
common in this population. Given that participants were abstinent prior to the outpatient
phase, urine results do appear to be a more accurate measure for determining first use of
cocaine.

Sertraline was generally well tolerated in this population with few adverse effects, which is
consistent with recent reports of sertraline trials for cocaine dependence [80, 97]. There did
appear to be a greater incidence of suicidal ideation (5.3%) than expected in the overall
sample. These findings are in contrast with a more recently completed sertraline trial in
cocaine dependent participants with depressive symptoms whereby no suicidal ideation
occurred [97]. This result may therefore reflect some sort of sampling bias.
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Almost one-third of participants dropped out during the residential stay, so the lack of
outcome data with these individuals cannot inform our overall results. The majority of these
dropouts occurred during the first part of the study when procedures with the residential
milieu were still being clarified; however, no compensation was available during this portion
of the study and, given the general difficulty retaining stimulant users, using some form of
contingency for attendance may have increased retention during this time. Nevertheless, that
only data from those who participated beyond week 2 were analyzed limits the
generalizability of these findings to individuals who are abstinent and receiving sertraline
for at least two weeks.

Of those who were retained past the residential stay, more than one-third maintained
abstinence for the entire 10-wk outpatient phase. This is a striking finding suggesting that
initiating two weeks of abstinence followed by manual-guided CBT can facilitate delayed
relapse in such a difficult-to-treat population. More research is needed to determine the
reproducibility of these findings. Nevertheless, the results of this study suggest that
sertraline should be investigated further as a relapse prevention agent for cocaine
dependence.
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Figure 1.
Flow diagram of subject progress through the phases of the randomized clinical trial.
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Figure 2.
Weekly percentage of participants retained in each of the two treatment groups during the
outpatient portion of the 12-week trial: placebo (open circles), sertraline (closed circles).
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Figure 3.
The percentage of participants who lapsed (i.e., first urine sample positive for cocaine; top
panel) or relapsed (i.e., first two consecutive urine samples positive for cocaine; bottom
panel) each week across the outpatient portion of the 12-week trial: placebo (open circles),
sertraline (closed circles).
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Figure 4.
Weekly scores on the Hamilton Depression Scale during the 12-week trial: placebo (open
circles), sertraline (closed circles). Each point represents the mean score across all
participants for a given week. Bars represent standard deviation of the mean.
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