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Abstract

Background—Amphetamine analogues have been demonstrated to have some efficacy in 

reducing use in cocaine dependent individuals. However, these agents also have potential for 

abuse. Lisdexamfetamine (LDX), a lysine+dextroamphetamine formulation, has been approved 

for the treatment of Attention-Deficit/Hyperactivity Disorder (ADHD) and as a prodrug, has less 

abuse potential.

Objective—This pilot study sought to evaluate the safety, tolerability, and efficacy of LDX as a 

candidate treatment for cocaine dependence.

Methods—A randomized, double-blind, placebo-controlled parallel group study served to 

evaluate LDX in 43 cocaine-dependent individuals: (1) Placebo (PBO; 0 mg, n = 21), (2) LDX (70 

mg, n = 22). Participants received medication for 14 weeks. Cocaine use was determined based on 

urine analysis for benzoylecgonine (BE; a cocaine metabolite).

Results—Retention rates were higher though not significantly different in the PBO (71.4%) than 

the LDX condition (57.1%). Compared to those in the PBO condition, those receiving LDX were 

more likely to report experiencing (ps < .05) diarrhea (45.5% vs. 14.3%), headaches (45.5% vs. 

9.5%), and anxiety (31.8% vs. 4.8%). No differences in medication conditions were observed for 

blood pressure, heart rate, or body weight. In the randomized sample, no differences in cocaine 
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use were seen. Those receiving LDX reported significantly less craving for cocaine than 

participants receiving PBO.

Conclusions—LDX did not significantly reduce cocaine use compared to PBO in the 

randomized sample.
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1. INTRODUCTION

Numerous candidate pharmacotherapeutics have been evaluated to promote cessation or 

reduction of cocaine use (Amato et al., 2007, 2011; Castells et al., 2010; Minozzi et al., 

2008; Pani et al., 2011). Despite several decades of effort, it has been difficult to identify 

medications that consistently reduce cocaine use. One approach that has shown promise for 

the treatment of cocaine dependence involves agonist-like medications (Amato et al., 2011; 

Grabowski et al., 2004b; Herin et al., 2010; Rush and Stoops, 2012). Agonist-like 

medications are thought to reduce cocaine use through several mechanisms that support or 

enhance the dopaminergic system essential in response to cocaine. Mechanisms may involve 

inhibition of dopamine reuptake or metabolism (e.g., bupropion, disulfiram, 

methyphenidate, modafinil; Anderson et al., 2009; Poling et al., 2006; Schottenfeld et al., 

2014; Winhusen et al., 2006), replenishment of dopamine stores (e.g., levodopa; Schmitz et 

al., 2008), or indirect enhancement of dopaminergic function via reversal of the dopamine 

transporter (e.g., dextroamphetamine; Grabowski et al., 2001, 2004b; Levin et al., 2015; 

Mariani et al., 2012; Mooney et al., 2009; Schmitz et al., 2012; Shearer et al., 2003).

In humans, double-blind clinical studies have demonstrated as much as a 50% reduction in 

cocaine use following amphetamine analogue treatment in cocaine-dependent individuals 

(Grabowski et al., 2001, 2004a; Levin et al., 2015; Mooney et al., 2009; Shearer et al., 

2003). Evidence of the efficacy of other psychostimulants for the treatment of cocaine 

dependence has been less clear (Castells et al., 2010). Given the significant reduction in 

cocaine use achieved with amphetamine analogues, initiation of large scale Phase III trials 

would not be unreasonable. Several amphetamine mixtures and formulations are approved 

by the Food and Drug Administration (FDA) for the treatment of Attention-Deficit/

Hyperactivity Disorder (ADHD), including Adderall®, Concerta®, and Benzedrine® 

(Micromedex® Healthcare Series., n.d.). However, a critical barrier has seriously challenged 

further evaluation of amphetamine analogues or other stimulant-like agents in cocaine-

dependent individuals in the community. Specifically, amphetamine analogues have the 

potential for abuse and diversion (Grinspoon and Hedblom, 1975; Heal et al., 2013b; 

Kollins, 2007). Indeed high-dose, non-therapeutic use of amphetamines can have dire health 

effects, and in rare instances, cause death (Barr et al., 2006; Grinspoon and Hedblom, 1975; 

Lineberry and Bostwick, 2006). Potential risks and benefits along with challenges to 

evaluation for FDA approval have been very recently reviewed (Negus and Henningfield, 

2014).
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However, a novel formulation of dextroamphetamine, lisdexamfetamine dimesylate (LXD; 

Vyvanse®), has been approved by the FDA for the treatment of ADHD. LDX is a prodrug 

consisting of dextroamphetamine covalently bonded to the amino acid lysine. Following oral 

administration, unlike other amphetamines, red blood cells convert the pro-drug (LDX) to 

the active drug (dextroamphetamine) by enzymatic rate-limited hydrolysis of lysine from 

amphetamine (Pennick, 2010). The kinetics of the rate limiting enzymatic reaction are such 

that the medication has a slow onset and long-lasting efficacy similar to a sustained-release 

amphetamine preparation (Biederman et al., 2007; Jasinski and Krishnan, 2009b; Pennick, 

2010); this can further minimize abuse potential. In a preclinical study using a cocaine-

trained rodent model, LDX did not serve as a reinforcer, although LDX did generalize to 

dextroamphetamine (Heal et al., 2013a). Most recently, researchers have identified more 

specifically the hydrolysis pathways determining stability of dose exposure, longer duration 

of action, and lowered plasma concentrations, along with longer time to peak concentration 

compared to immediate release dextroamphetamine, notably when delivered by routes other 

than oral (e.g., IV; Ermer et al., 2010; Jasinski and Krishnan, 2009a, b; Wigal et al., 2010). 

Studies conducted in rhesus monkeys found that LDX had a slower onset and longer 

duration of action than amphetamine but retained amphetamine’s efficacy to reduce cocaine 

choice in a cocaine-vs.-food choice procedure (Banks et al., 2015). These results were 

interpreted to suggest that LDX may have lower abuse liability than amphetamine but 

similar therapeutic efficacy for treatment of cocaine abuse (Banks et al., 2015). In 

combination, these factors are posited to limit abuse liability of LDX (Hutson et al., 2014).

This proof-of-concept study is the first to evaluate the safety, tolerability, and efficacy of 

LDX as an agonist-like therapy for cocaine dependence. Participants received LDX (70 mg, 

≈ 30 mg dextroamphetamine) or Placebo and cognitive-behavioral therapy over the 14-

week trial. Compared to placebo, we hypothesized that the greatest reduction in cocaine use 

would occur in individuals receiving LDX. Safety was determined via monitoring of self-

reported side effects and vital signs, and tolerability was operationalized in terms of 

treatment retention and medication adherence. Efficacy outcomes included cocaine use and 

cocaine craving.

2. MATERIAL AND METHODS

2.1 Participants

This study and all related materials were reviewed and approved by the University of 

Minnesota Committee for the Protection of Human Subjects (Study Number: 0812M54801). 

This was a randomized, placebo-controlled, double-blind parallel groups study in adults with 

cocaine dependence examining the effects of LDX on cocaine use (ClinicalTrials.gov 

identifier: NCT00958282). Participants were recruited through advertisements in local 

media sources (September, 2009 to December, 2012), and underwent a telephone interview 

to establish initial eligibility. To be included, participants had to be: (a) treatment-seeking; 

(b) between 18 and 65 years of age; (c) in generally good psychiatric and medical health 

with a normal electrocardiogram (ECG) and no history of heart disease; and (d) cocaine-

dependent at time of intake by Diagnostic and Statistical Manual of Mental Disorders-IV 

(DSM-IV) criteria (American Psychiatric Association, 1994).
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Exclusion criteria included: (a) DSM-IV diagnoses for current psychotic disorders, mood 

disorders (except substance-induced depression), anxiety disorders, ADHD, and other 

current substance dependence (except marijuana and nicotine dependence); (b) alcohol 

dependence (with or without physiological dependence); (c) current use of any prescription 

medications contraindicated by dextroamphetamine; (d) currently pregnant or nursing; (e) 

current elevation of liver enzyme levels above twice normal limits; (f) existing 

cardiovascular disease as determined by physician, and ECG evaluation; (g) history of 

significant acute or chronic physical illness precluding participation; and (h) history of 

hyperthyroidism, glaucoma, or seizures. Study enrollment and attrition data are presented in 

Figure 1.

2.2 Procedures

The research was conducted at the Ambulatory Research Center, a component of the 

Department of Psychiatry at the University of Minnesota. The four study phases were: (1) 

intake (1 week), (2) medication induction (1 week), (3) treatment (14 weeks), and (4) 

medication reduction (1 week).

2.2.1 Intake—Callers meeting initial telephone screen criteria received an appointment for 

the consent process and a pre-treatment evaluation, which included a medical history and 

complete physical examination. Following acquisition of informed consent, a nurse 

practitioner (under the supervision of S.S.) met with prospective subjects, conducted a 

physical examination and obtained a medical history. In addition, subjects underwent an 

ECG and provided urine and blood samples for laboratory tests. Diagnostic interviews were 

conducted to assess psychiatric history (i.e., Structured Clinical Interview for DSM-IV Axis 

I Disorders [SCID], First et al., 1995), as well as substance abuse and psychosocial 

functioning (Addiction Severity Index, [ASI], McLellan et al., 2006). All evaluation data 

were presented to the study PI (D.H. and later, M.M.) and study physician (S.S.) who 

determined final eligibility.

2.2.2. Medication Induction—Following intake and randomization to LDX or PBO, 

subjects underwent a 1-week induction period. Subjects receiving LDX underwent a gradual 

dose increase until reaching the target dose of 70 mg/day. Subjects randomized to PBO 

received identical capsules on the same schedule. The medication schedule is based on our 

previous double-blind cocaine studies (Grabowski et al., 2001, 2004a) using a 1-week run-

up to reach 30 mg/day of dextroamphetamine (about equivalent to 70 mg/day of LDX). We 

used the highest approved dose of LDX, 70 mg; this daily dose contains slightly less than 

half (≈30 mg) of dextroamphetamine, with the remainder (≈40 mg) composed of the amino 

acid lysine (Jasinski and Krishnan, 2009b; Krishnan and Zhang, 2008). In this study, the 

selected dose of LDX was 70 mg, since this was the highest approved dose by the FDA.

2.2.3. Treatment—After daily attendance during medication induction, subjects began the 

14-week intervention phase, during which twice weekly attendance was required. Given 

concerns in the field regarding risks associated with such trials, we applied exceptionally 

stringent criteria for continuing participation as in previous trials. For any rolling two-week 

period, participants were required to provide at least 75% of the requested data.
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2.2.4. Study end Dose Reduction—The dose reduction sequence reversed the 

induction phase and was followed by final evaluation.

2.3 Interventions

2.3.1. Medication—Participants were randomly assigned to receive Placebo (0 mg/day, n 

= 21) or LDX (70 mg/day, n = 22). LDX (purchased from Shire Pharmaceuticals, Inc.) was 

over-encapsulated in a gel cap by the University of Minnesota Medical Center, Fairview, 

Investigational Drug Service (IDS) to match identically appearing placebo capsules. 

Monitoring of medication compliance in urine samples was enhanced by the IDS addition of 

supradietary levels of riboflavin to each capsule (50 mg) (Del Boca et al., 1996).

2.3.2. Therapy—A manual-based, cognitive-behavioral therapy (CBT) was provided for 

one hour each week by a master’s-level therapist. The CBT emphasized relapse prevention 

and coping skills (for a full description see Schmitz et al., 2001)

2.4. Measures

2.4.1. Biological Measures—At each visit, subjects provided urine samples, which were 

analyzed for benzoylecgonine (BE; a cocaine metabolite) and riboflavin. BE was assessed 

semi-quantitatively using the PROFILE® -V MEDTOXScan® Drugs of Abuse Test System 

(MEDTOX, 2009), with cocaine positive tests equaling or exceeding 150 ng/mL. Riboflavin 

levels range from 0 to 99 fluorescence units, with levels at or below 20 units considered to 

reflect non-compliance with medication administration (Mooney et al., 2004a).

2.4.2. Subjective Measures—On a weekly basis, patients completed measures of 

cocaine craving (Halikas et al., 1997). Medication side effects were assessed via a 

questionnaire previously developed to capture known amphetamine side effects (Grabowski 

et al., 2001, 2004a; Mooney et al., 2009, 2007; Schmitz et al., 2012). Mood was assessed 

using the Beck Depression Inventory – II (Beck et al., 1996). The integrity of the study blind 

was assessed at the end of the treatment phase (i.e., week 14) by having participants and the 

study physician judge to which medication group the participant had been assigned (Mooney 

et al., 2004b).

2.5. Statistical Analyses

2.5.1. Assumptions—All analyses were conducted using the Statistical Analysis System, 

Version 9.4. (SAS Institute Inc., 2014). Except for baseline analyses, all analyses included 

only data from the 14-week treatment phase. Values of p<.05 were considered statistically 

significant for main effects and interactions. The Type I error rates in all post-hoc 

comparisons was controlled using Tukey-Kramer adjustments. Due to participant attrition 

and frequent missing data, the number of subjects or data points available for statistical 

analysis varied (see Figure 1 for aggregate attrition figures).

2.5.2. Sample Size—Power analyses were conducted using Monte Carlo simulations for 

generalized linear mixed models, and using NCSS-PASS for Poisson and logistic regression, 

with assumptions based on our previous dextroamphetamine studies (Grabowski et al., 2001, 

2004). It was determined that a sample of 100 would permit 80% power. However, a total 
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sample of 43 subjects was randomized to treatment, about 40% of that needed for sufficient 

power. Given the observed cocaine abstinence rates, a total of 102 subjects per treatment 

(204 total) group would have been needed to have 80% power to detect the observed effect 

(Rochon, 1998).

2.5.3. Analytic Samples and Treatment of Missing Data—Cocaine use data were 

approached via two different analytic samples, and two different analytic strategies 

concerning the treatment of missing data. Two analytic samples were evaluated in this trial: 

(1) Randomized (N = 43 subjects who were randomized to treatment); and (2) Completers 

(N = 27 subjects who completed the 14-week treatment phase). Each sample was analyzed in 

two ways: (1) Intention to treat (ITT; each missing value for a cocaine urine test was 

imputed to indicate cocaine use); and (2) Missing as missing (MAM; missing values were 

left as missing).

2.5.4. Techniques—Comparability of study groups across baseline demographic and 

substance-use variables was evaluated using t-tests for continuous variables and chi-square 

tests for categorical variables. Kaplan-Meier survival analysis with right censoring was used 

to test for differences in the duration of treatment as a function of condition. In the case of 

repeated measures analyses, we employed multilevel models with between-subjects effects 

of treatment, within-subjects effects of time, and the interaction of treatment and time. 

Appropriate link functions were employed (e.g., Gaussian, Logit).

2.5.5. Models—In repeated measures models, each model included tests for effects of 

Medication (i.e., 0 = Placebo, 1 = LDX), Time (i.e., 1 – 14 weeks), and their interaction. The 

value of the dependent measure during the intake phase was used as a covariate. One 

exception was cocaine use analyses in which self-reported cocaine use in the 30 days 

preceding treatment was employed as the covariate (Carroll et al., 2004; McLellan et al., 

2006).

3. RESULTS

3.1. Sample Description

Sample characteristics including demographics, substance use variables, and psychosocial 

functioning are presented in Table 1. No differences were observed across conditions.

3.2. Retention

Survival analysis indicated no difference in dropout rates (see Figure 2), Log Rank Statistic, 

χ2(1) = .9318, p = .3344, with 64.3% of participants randomized to treatment completing 

treatment (Placebo, 71.4%; LDX, 57.1%).

The two groups did not differ in the number of weeks completed (Placebo, M = 11.9, SD = 

4.1; LDX, M = 10.6, SD = 4.4). Of the 16 subjects lost from the study (Placebo, N = 6; LDX, 

N = 10), the majority (n = 11) were lost to follow-up, the others self-excluded from the study 

(n = 2) or were discontinued from the trial for protocol violations (n = 3, e.g., sporadic 

attendance).
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3.3. Adverse Events

If a subject endorsed an AE one or more times during the 14-week treatment phase, the 

subject was coded as having the AE (see Table 2). Those in the LDX group reported higher 

rates of diarrhea, headaches, and anxiety. None of these adverse events required treatment. 

No subjects discontinued treatment due to intolerance of study medication. There were two 

serious adverse events in this trial. In the first case, a patient was hospitalized with psychosis 

(assigned to the placebo condition). She had apparently binged on cocaine prior to her 

psychotic episode. In addition, she failed to reveal to study staff that she was diagnosed with 

schizoaffective disorder. She recovered but decided to stop participating in the study. In the 

second case, a patient was hospitalized for chest pain and diagnosed with angina that was 

possibly related to the study drug (assigned to LDX condition). He did not continue in the 

study.

3.4. Vital Signs

3.4.1. Weight—Body weight did not differ by medication group, time, or their interaction 

(See Supplemental Data1; Placebo, M = 192.9 lbs., SE = 8.19; LDX, M = 193.8 lbs., SE = 

8.19)

3.4.2. Blood pressure and heart rate—No effects of medication group, time, or their 

interaction were observed for systolic blood pressure (Placebo, M = 120.9 mmHg, SE = 

1.66; LDX, M = 122.6 mmHg, SE = 1.71). Diastolic blood pressure tended to fluctuate 

slightly over time, F(13, 285) = 2.21, p = 0.0094, (Placebo, M = 74.0 mmHg, SE = 0.96; 

LDX, M = 74.5 mmHg, SE = 0.99). No effects of medication group, time, or their 

interaction were observed for heart rate (Placebo, M = 77.4 beats per minute, SE = 1.38; 

LDX, M = 81.3 beats per minute, SE = 1..43).

3.5. Medication Adherence

Prior to beginning LDX or PBO capsules that included supradietary levels of riboflavin, the 

rate of detectable riboflavin was low (2%). Adherence rates based on riboflavin did not 

differ by medication assignment, F(1, 32.52) = 3.96, p = .0550, but did significantly vary 

across time, F(1, 27) = 1.94, p = .0030. The interaction term between medication and time 

could not be estimated due to insufficient variation. Those in the PBO condition tended to 

show consistently higher rates of adherence (93.4%), while participants in the LDX 

condition demonstrated lower and somewhat more variable adherence rates (80.3%).

3.6. Cocaine Use (Randomized Sample)

3.6.1. Randomized Sample, ITT—Analysis of cocaine use rates, where missing 

observations were imputed to indicate cocaine use, revealed no differences by medication 

assignment on covariate-adjusted cocaine use rates (Placebo, 92.4% positive, LDX, 86.5%), 

F(1, 32.02) = 0.53, p = 0.4728 (see Figure 4A). Cocaine use rates tended to rise over the 

course of treatment, F(27, 1063) = 2.21, p<0.0004.

1Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:…
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3.6.2. Randomized Sample, MAM—The forgoing analysis was repeated leaving 

missing value as missing, yielding similar results, indicating no effect of medication 

assignment on covariate-adjusted cocaine use rates (Placebo, 88.0% positive, LDX, 66.3%), 

F(27, 772) = 2.69, p = 0.1106 (see Figure 4B).

3.6.3. Completer’s Sample, ITT—To evaluate the effects of completed treatment, we 

conducted an analysis focused on the 27 subjects (PBO, n = 15; LDX, n = 12) finishing the 

14-week trial. Prior to analysis, we compared completion status (completer versus non-

completer), treatment condition, and their interaction on baseline variables in Table 1. No 

main effects of completion status or medication assignment were observed, nor their 

interactions.

This secondary analysis revealed no effect of medication assignment on covariate-adjusted 

cocaine use rates (Placebo, 94.8% positive, LDX, 59.6%), F(1, 18.06) = 3.95, p = 0.0622 

(see Figure 4C).

3.6.4. Completer’s Sample, MAM—Finally, the analysis in section 3.6.3. was conducted 

while leaving missing values as missing. This secondary analysis did show a significant 

effect of medication assignment on covariate-adjusted cocaine use rates (Placebo, 95.2% 

positive, LDX, 42.9%), F(1, 19.11) = 5.18, p = 0.0035 (see Figure 4D).

3.7. Cocaine Craving

As assessed on a 100-mm visual analogue scale of cocaine craving since last visit, those 

receiving LDX reported less “Needing cocaine”, F(1, 62.6) = 5.94, p = 0.0176, (Placebo, M 

= 28.7, SE = 3.21; LDX, M = 17.5, SE = 3.30). “Needing cocaine” tended to decline over the 

14 weeks of treatment, F(13, 267) = 1.48, p = 0.0107 (see Figure 5).

3.8. Mood

An effect of time was noted for the BDI-2 with scores tending to decline over the course of 

the study, F(2, 524) = 3.90, p = 0.0265. At the beginning of medication induction, BDI-2 

levels were in the non-depressed range (M = 11.40, SE = 1.33).

3.9. Study Blind Integrity

Research participants were largely successful at judging medication assignment, χ2(1) = 

10.59, p = 0.0011, (accuracy rate, PBO = 81.8%; LDX = 84.6%). The research physician 

also judged medication assignment, and was also successful in ascertaining actual 

medication assignments χ2(1) = 721, p = 0.0072, (accuracy rate, PBO = 76.9%; LDX = 

85.7%).

4. DISCUSSION

4.1. Key Findings

We conducted a double-blind, randomized, placebo-controlled parallel group design study to 

investigate the safety, tolerability, and efficacy of LDX in treatment seeking cocaine-

dependent subjects. LDX was generally safe and well-tolerated under the restricted 
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conditions of this pilot study. Cocaine use rates did not differ between LDX and placebo-

treated subjects. Nonetheless, those receiving LDX reported significantly less craving for 

cocaine than those receiving placebo treatment.

4.2. Safety and Tolerability

No differences in treatment retention were observed between groups. Those in the LDX 

group reported higher rates of diarrhea, headaches, and anxiety compared to the placebo 

group. These side effects have been observed to be elevated in LDX-treated adults compared 

to placebo (Adler et al., 2008; Childress and Sallee, 2012; Weisler et al., 2009). No 

differences in heart rate, weight, or blood pressure were observed. As in our previous reports 

with dextroamphetamine (Grabowski et al. 2001, 2004) and methamphetamine (Mooney et 

al. 2009), average blood pressures and heart rates fell in the normal range. Overall, LDX 

was generally safe and well tolerated.

A primary concern about the use of amphetamine analogues for the treatment of those with 

extant stimulant dependence is that they may cause more illicit stimulant use (Jasinski and 

Krishnan, 2009a; Kollins, 2008). However, the rationale for using agonist-like medications, 

including amphetamines for the treatment of cocaine dependence, is homologous 

conceptually, if not mechanistically, with opioid-replacement therapy for those dependent 

on opioids (Grabowski et al., 2004a, 2004b; Rush and Stoops, 2012). Thus, Charnaud and 

Griffiths (1998) reported “substitute prescribing” of methadone for opiate users and 

dextroamphetamine for amphetamine users in a community treatment sample, noting 67% of 

the former and 70% of the latter had ceased illicit use at discharge. These findings are 

consistent with preclinical and human laboratory research (Heal et al., 2013a; Jasinski and 

Krishnan, 2009a; Rowley et al., 2012). Again, and importantly, the dosage of LDX (70 mg) 

was modest, equivalent to 30 mg dextroamphetamine (Jasinski and Krishnan, 2009a; 

Krishnan and Zhang, 2008).

4.3. Efficacy

The quest for cocaine-dependence pharmacotherapies that reduce cocaine use more than a 

placebo treatment has been protracted (Amato et al., 2007, 2011; Castells et al., 2010; 

Minozzi et al., 2008; Pani et al., 2011). The current study failed to find a statistically 

significant difference between LDX and placebo in the randomized sample. While this result 

might discourage further evaluation of LDX as a candidate medication for cocaine 

dependence, other observations in this trial suggest LDX may warrant additional study. 

Compared to placebo-treated subjects, those receiving LDX reported significantly lower 

craving for cocaine over the 14-week treatment phase. Cocaine cravings can be pervasive 

and intense and are related to cocaine relapse (Pahwal et al., 2008; Preston et al., 2009). In a 

secondary data analysis of subjects completing the 14-week course of treatment, LDX-

treated subjects had significantly lower cocaine use rates than placebo-treated subjects. 

Importantly, this relationship cannot be interpreted as causal since the full randomized 

sample was not analyzed. Yet, the possible efficacy of LDX is suggested and further 

supported by Banks et al. (2015) preclinical results. Finally, as noted below, FDA dosing 

constraints existed for this preliminary proof of concept study.
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4.4. Future Directions

In this study, per the FDA agreed upon IND, this proof of concept trial was limited to a 

maximum dosage of LDX, 70 mg/day allowed for ADHD, yielding about 30 mg of 

dextroamphetamine. Previous studies using 30 mg of a generic dosage of 

dextroamphetamine (Grabowski et al., 2001; Schmitz et al., 2012) produced a meaningful 

reduction in cocaine use. However, more favorable findings have been found at higher 

dosages of dextroamphetamine (Grabowski et al., 2004a). Future research should explore 

the effects of higher dosages of LDX in cocaine users. Human laboratory models may be 

useful in elucidating the dose-response function between LDX and cocaine use behavior and 

subjective responses. Single doses of LDX of 100,150, 200, and 250 mg have been safely 

tolerated in human subjects (Ermer et al., 2010).

Amphetamine analogues are posited to reduce cocaine use indirectly, enhancing 

dopaminergic function via reversal of the dopamine transporter (e.g., amphetamines 

Grabowski et al., 2001, 2004a; Mooney et al., 2009; Shearer et al., 2003). Arguably 

optimum treatment may require medication combinations targeting additional mechanisms, 

for example inhibition of dopamine reuptake or metabolism (e.g., bupropion, disfulfiram, 

methyphenidate, modafinil, Anderson et al., 2009; Poling et al., 2006; Schottenfeld et al., 

2014; Winhusen et al., 2006) and replenishment of dopamine stores (e.g., levodopa, Schmitz 

et al., 2008). However, a recent report of a low dose generic sustained release 

dextroamphetamine preparation and modafinil (Schmitz et al., 2012) demonstrated no 

benefit. Still, successful pharmacotherapeutic interventions may require targeting, 

serotonergic (5-HT) noradrenergic (NE) and cholinergic (Ach) as well as dopaminergic 

(DA) systems (McDougle et al., 1994; Rothman et al., 2002, 2006). Support for such 

combination pharmacotherapy comes from a trial combining dextroamphetamine and 

topiramate, an agent that enhances gamma-Amino butyric acid (GABA; Mariani et al., 

2012). Compared to a placebo control condition, the combination of dextroamphetamine and 

topiramate significantly increased continuous abstinence from cocaine. Interestingly, 

Mooney et al. (2009), using the broader spectrum analogue, methamphetamine, 

demonstrated the most substantial beneficial effects of this strategy to date. Still, most 

recently, Levin et al. (2015) reported dose related concurrent reduction in cocaine use and 

ADHD in a population with comorbid conditions. In sum, amphetamine analogues are the 

only agents for which significant benefits have been observed and the “prodrug” strategy 

represented by LDX may be the current optimal approach (e.g., Banks et al. 2015) while 

pursuing development of medications with enhanced risk-benefit profiles for cocaine 

dependence.

4.5. Limitations

The primary limitation of this study was that the proposed sample size was not achieved. In 

fact, given the observed effect size, a sample of more than 200 would have been required to 

have 80% power. While cocaine levels were only assessed semi-quantitatively, our other 

reports using quantitative and semi-quantitative approaches demonstrated no difference in 

outcome between the methods. Most problematic, though common to studies of stimulant 

dependent populations, overall rates of treatment completion were low, with fewer than two-

thirds of subjects receiving the full course of treatment, yet it was among those completing 
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the full course of treatment with LDX that a significant benefit compared to PBO was 

detected. This was also the case in an early study by Grabowski et al. (2001). In this study, 

participants attended twice each week. Most cocaine pharmacotherapy trials involve thrice 

weekly visits. Accordingly, opportunities to observe cocaine use behavior were limited. The 

study blind in this trial was not perfectly maintained, but contrary to expectations there were 

no resultant differences in retention. While weekly manualized CBT was provided, we did 

not include measures of patient comprehension, treatment engagement, or skills acquisition. 

While we observed only one serious AE of a cardiovascular nature, more sensitive safety 

assessments including continuous measurement of vital signs might have revealed more 

cardiovascular AEs. Cardiovascular AEs are not uncommon in studies of cocaine dependent 

individuals receiving amphetamine agonist treatment (Castells et al., 2010). Increased usage 

of energy drinks, which contain variable amounts of vitamin B2 (i.e., riboflavin) may have 

led to false positive classifications for medication adherence. Finally, though substantial 

effort was made to have equal numbers of males and females in this study, the current 

disparity limits the opportunity to explore potential gender differences in response to 

treatment.

4.6. Conclusions

In summary, this current proof-of-concept trial demonstrated that a novel formulation of 

dextroamphetamine, LDX, was safe and well tolerated. In a restricted analysis, some 

evidence was observed for the superior efficacy of LDX in promoting reduced cocaine use. 

Evaluation of the higher doses of LDX may provide clearer evidence of its efficacy in 

treating cocaine dependence. Whether LDX, or any agonist-like strategy may realistically be 

considered for development and receive regulatory approval for stimulant use disorders 

remains to be determined.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Lisdexamfetamine (LDX) 70 mg QD vs. placebo for 14 weeks in 43 cocaine-

dependent treatment seekers.

• Twice weekly urine tests for benzoylecgonine analysis (BE; a cocaine 

metabolite).

• No significant differences between treatment groups in cocaine use rates.

• LDX-treated subjects reported significantly less craving for cocaine.
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Figure 1. 
Study participant flow diagram (CONSORT).

Mooney et al. Page 17

Drug Alcohol Depend. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Subject retention across the treatment phase.
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Figure 3. 
Medication adherence across the treatment phase.
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Figure 4. 
4A. Covariate-adjusted cocaine-use proportions in the randomized sample with missing 

values imputed as cocaine positive. No differences in cocaine use was seen between the 

LDX and placebo groups. 4B. Covariate-adjusted cocaine-use proportions in the randomized 

sample with missing values treated as missing. No differences in cocaine use was seen 

between the LDX and placebo groups. 4C. Covariate-adjusted cocaine-use proportions in the 

completers sample with missing values imputed as cocaine positive. Cocaine use 

proportions reflected a trend for a medication effect. 4D. Covariate-adjusted cocaine-use 

proportions in the completers sample with missing values treated as missing. Cocaine use 

proportions were significantly lower in the LDX condition.
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Figure 5. 
Cocaine craving since last visit, “Needing Cocaine” rated on a 100-mm visual analogue 

scale. Cocaine craving was significantly lower in those receiving LDX compared to placebo.
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Table 1

Sample Characteristics

Randomized Samplea
(N = 43)

Completers Sampleb
(N = 27)

Condition Placebo
(n = 21)

70 mg LDXc
(n = 22)

Placebo
(n = 15)

70 mg LDXc
(n = 12)

Demographic

   Aged 46.4 (10) 45.1 (5.9) 46.7 (7.7) 43.9 (7.7)

   % Femalee 18.2 (4) 21.1 (4) 20.0 (3) 16.3 (2)

   Educationd 12.9 (1.5) 12.8 (1.7) 13 (1.7) 13.3 (1.7)

      %Racee

      Black 63.2 (12) 63.6 (14) 60.0 (9) 75.0 (9)

      White 15.8 (3) 36.4 (8) 13.3 (2) 25.0 (3)

      Other 21.1 (4) 0 (0) 26.7 (4) 0 (0)

      % Marriede 4.5 (1) 5.3 (1) 6.67 (1) 0 (0)

      % Employede 22.7 (5) 21.1 (4) 33.3 (5) 25.0 (3)

Drug Use

  %Intake Cocainee 68.2 (15) 89.5 (17) 86.7 (13) 84.1 (12)

  Cocaine Use (30
days) d

16.1 (9.1) 12.7 (6.5) 13.6 (6.4) 17.9 (6.4)

  Nicotine Use (30
days) d

26.5 (7.9) 28.5 (11.4) 26.8 (0) 30.0 (0)

  Marijuana Use (30
days) d

9.0 (10.0) 11.4 (11.9) 11.3 (12.1) 12.4 (12.1)

  Cocaine (Yrs.) d 7.1 (9.2) 13.5 (7.7) 16.5 (9.2) 6.4 (9.2)

  Alcohol (Yrs.) d 5.4 (9.7) 9.1 (10.3) 11 (9.2) 5.7 (9.2)

  Marijuana (Yrs.) d 7 (10.2) 8.9 (10.6) 7.6 (10.9) 9 (10.9)

ASI Scores

Medicald 0.27 (0.36) 0.15 (0.22) 0.17 (0.39) 0.33 (0.39)

Employmentd 0.72 (0.3) 0.78 (0.3) 0.78 (0.37) 0.65 (0.37)

Alcohold 0.10 (0.15) 0.19 (0.15) 0.24 (0.13) 0.08 (0.13)

Drugd 0.22 (0.08) 0.21 (0.06) 0.22 (0.06) 0.23 (0.06)

Legald 0.06 (0.1) 0.09 (0.17) 0.03 (0.12) 0.07 (0.12)

Family/Sociald 0.18 (0.16) 0.17 (0.12) 0.13 (0.16) 0.17 (0.16)

Psychiatricd 0.11 (0.16) 0.17 (0.18) 0.11 (0.12) 0.09 (0.12)

Note. Comparability of study groups across baseline demographic and substance-use variables was evaluated using t-tests for continuous variables 
and chi-square tests for categorical variables. No significant differences were observed among conditions on any variable.

a
Randomized Sample = 43 subjects who were randomized to treatment.
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b
Completers Sample = 27 subjects finishing the 14-week trial.

c
LDX = Lisdexamfetamine.

d
Mean and standard deviation.

e
Percentage and n.
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Table 2

Mean Rates of 15 Self-Reported Medication Adverse Events in the Treatment Phase

Side Effect
Placebo

N = 21
LDX (70 mg)

N = 22

1. Nausea 4.8 22.7

2. Vomiting 0.0 13.6

3. Diarrhea 14.3 45.5*

4. Abdominal pain 4.8 13.6

5. Chest pains 0.0 9.1

6. Changes in appetite 33.3 54.5

7. Headache 9.5 45.5†

8. Dizziness 0.0 13.6

9. Fatigue 14.3 27.3

10. Anxiety 4.8 31.8*

11. Insomnia 9.5 31.8

12. Somnolence 0.0 4.5

13. Depression 14.3 13.6

14. Itching 4.8 13.6

15. Rash 0.0 9.1

Note.

*
p < 05.

†
p <01.

Adverse event (AE) rates were monitored during the 14-week treatment phase. If a subject endorsed an AE one or more times during the treatment 
phase, the subject was coded as having the AE.
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