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Abstract

Aims—We evaluated the immunogenicity, efficacy, and safety of succinylnorcocaine conjugated

to cholera toxin B protein as a vaccine for cocaine dependence.

Methods—This 6-site, 24 week Phase III randomized double-blind placebo-controlled trial

assessed efficacy during weeks 8 to 16. We measured urine cocaine metabolites thrice weekly as

the main outcome.

Results—The 300 subjects (76% male, 72% African-American, mean age 46 years) had smoked

cocaine on average for 13 days monthly at baseline. We hypothesized that retention might be

better and positive urines lower for subjects with anti-cocaine IgG levels of ≥ 42 μg/mL (high

IgG), which was attained by 67% of the 130 vaccine subjects receiving five vaccinations. Almost

3-times fewer high than low IgG subjects dropped out (7% vs 20%). Although for the full 16

weeks cocaine positive urine rates showed no significant difference between the three groups

(placebo, high, low IgG), after week 8, more vaccinated than placebo subjects attained abstinence

for at least two weeks of the trial (24% vs 18%), and the high IgG group had the most cocaine-free

urines for the last 2 weeks of treatment (OR=3.02), but neither were significant. Injection site

reactions of induration and tenderness differed between placebo and active vaccine, and the 29

serious adverse events did not lead to treatment related withdrawals, or deaths.

Conclusions—The vaccine was safe, but it only partially replicated the efficacy found in the

previous study based on retention and attaining abstinence.

Keywords

cocaine; vaccine; clinical trial; immunotherapy

1. INTRODUCTION

Stimulant use disorders remain a significant public health concern (SAMHSA, 2012). For

example, cocaine was noted more often than any other illicit drug among emergency

department visits in the United States (SAMHSA, 2013). Currently, there are no medications

that have regulatory approval for cocaine addiction leading to an urgent need for novel

therapeutic approaches. TA-CD is a vaccine being developed for the treatment of cocaine

dependence. Cocaine is a molecule that, by itself, is too small to elicit an antibody response.

However, conjugation to larger, immunogenic protein carriers can enable production of

antibodies specific to small molecules. The B subunit of cholera toxin (CTB) is a highly

immunogenic protein known to elicit a potent antibody response.

TA-CD vaccine is designed to induce formation of anti-cocaine antibodies. This cocaine

vaccine covalently links succinylnorcocaine (SNC) to cholera toxin B (rCTB), which has a
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worldwide safety record for cholera immunization (Jertborn et al., 1992, 1994; Holmgren et

al., 1994; Svennerholm et al., 1984). The anti-drug antibodies elicited by TA-CD bind to

cocaine entering the bloodstream, forming antigen-antibody complexes too large to cross the

blood-brain barrier. In sufficient quantity and appropriate affinity, such antibodies can

therefore prevent high concentrations of cocaine from reaching the mid-brain. The absence

of reward stimulus in the brain should reduce the reinforcing psychoactive effects of

cocaine. By blocking the pleasurable response to cocaine, it is expected that cocaine usage

could be reduced in subjects undergoing treatment for cocaine dependence.

The concentration of anti-cocaine antibody in the blood must be sufficient to bind a

significant amount of the drug in order to be effective. The peak plasma amount of cocaine

that users need to experience pleasure in human laboratory studies is approximately 0.5 μM.

(Jenkins et al., 2002), and to bind 90% of this amount of cocaine requires approximately 42

ug/ml of moderately high affinity antibody (Fox et al., 1996, 1997; Orson et al., 2007). We

therefore compared reductions in cocaine use for the placebo group to two groups of

vaccinated subjects: those with peak IgG antibody levels above (high IgG) versus below

(low IgG) 42 ug/ml IgG. We also know from previous work that the window of optimal IgG

levels would be after week 8 and that after week 16 these IgG levels would fall. (Kosten et

al., 2002; Martell et al., 2005, 2009). Thus, we hypothesized that subjects with high IgG

levels above 42 ug/ml should have more cocaine-free urines, more sustained abstinence (>2

weeks) and greater treatment retention than the subjects getting placebo or having low IgG

responses to the vaccine.

2. METHODS

2.1 Site and population

We recruited cocaine dependent subjects (DSM IV-TR criteria; American Psychiatric

Association, 1994) into outpatient clinical programs at six sites: Baylor/Houston MED

VAMC, Columbia University, Johns Hopkins, New York University, University of

Pennsylvania and University of Cincinnati. This study followed Good Clinical Practices, and

subjects signed informed consents that included financial inducements for study retention

and were approved by the institutional review boards of each participating institution.

2.2 Participants

Between October, 2010 and March, 2012 we randomized 300 of 736 screened cocaine

dependent men and women who had cocaine metabolites in their urine and were aged 18 to

55. Figure 1 summarizes subject recruitment, screening exclusions and retention. Subjects

were excluded primarily for lack of cocaine positive urines during screening, for no

motivation to stop using cocaine or for major medical or psychiatric illness, current

infection, psychotropic or corticosteroid medications, or a history of other vaccinations or

blood product use within thirty days. Female participants had to be on birth control or be

incapable of child bearing. Complete medical examinations included routine blood testing

and an electrocardiogram.
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2.3 Interventions

2.3.1 Vaccination—The TA-CD vaccine is succinylnorcocaine covalently linked to

cholera toxin B (SNC-rCTB) that is adsorbed onto aluminum hydroxide adjuvant. The

placebo contained saline and aluminum hydroxide. Subjects were randomized to five 0.5 ml

intramuscular vaccinations of 400 micrograms of active (SNC-rCTB) or placebo vaccine at

weeks 1, 3, 5, 9, and 13 (Kosten et al., 2002; Martell et al., 2009).

2.3.2 Randomization—Subjects were randomized equally to each treatment and all

subjects were analyzed. Randomization assignments were securely stored centrally, and

research staff, investigators, and subjects were blinded until the database was unlocked in

January 2013.

2.3.3 Counseling—Masters level substance abuse counselors provided optional individual

cognitive behavioral therapy (CBT) sessions for 30–45 minutes (SAMSHSA, Treatment

Improvement Protocol 33, 2010). The patients participated in an average of 11.2 (SD 4.4)

out of 16 therapy sessions with no difference between the active and placebo groups.

2.4 Safety monitoring

Medical staff evaluated the vaccination site for erythema, induration, and/or tenderness after

injection and monitored subjects for general health and subjective adverse events.

Hematology and clinical chemistries were drawn at baseline and weeks 12, 16 and 24.

Medical interventions or medications started after vaccination were considered possible

adverse events (AE) and along with reasons for study termination were tabulated by

treatment group.

2.5 Objectives

The overall goal of the study was to compare the effect of TA-CD to placebo on the degree

of modulation of cocaine use in cocaine-dependent individuals (DSM-IV-TR) who are

motivated to quit or reduce use of cocaine. The primary objective of this study is to evaluate

the effect of 5 doses of TA-CD 400 μg compared to placebo on cocaine use over 8 weeks

(Weeks 9 to 16 inclusive).

Secondary objectives included evaluating the safety and tolerability of vaccination through

the week 24 study follow-up.

2.6 Outcome measures

2.6.1 Efficacy analysis—We compared serum IgG anti-cocaine levels from baseline to

week 24 in actively vaccinated subjects and then compared the weekly rate of cocaine-free

urines between the placebo and two groups of actively vaccinated subjects – those above 42

ug/ml and those less than or equal to 42 ug/ml of anti-cocaine IgG. The primary statistical

analyses followed the intention to treat principle. All efficacy and retention analyses

controlled for potential site differences using fixed effects. Retention analyses used Kaplan-

Meier Curves and Cox Proportional Hazards. Longitudinal analysis of the probability of

cocaine-positive urines as a function of time, treatment and their interaction used

generalized linear mixed modeling. Secondary, per protocol analyses of longitudinal
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cocaine-positive urines evaluated each of these outcomes as a function of antibody titre (i.e.

≥ 42 μg/ml versus < 42 μg/ml). All statistical analyses used SAS v. 9.3.

2.6.2 Quantitative antibody measurement—Serum anti-cocaine IgG was measured by

an Enzyme-Linked ImmunoSorbent Assay (ELISA). Briefly, cocaine conjugated to bovine

serum albumin (BSA) was bound to ELISA plates overnight (2 μg/well) and then incubated

with dilutions of patient serum. After washing, human IgG antibodies bound to the plates

were detected with anti-human IgG antibody conjugated with horseradish peroxidase and an

appropriate substrate (Kosten et al., 2002; Martell et al., 2009). Background antibody

binding to the target conjugate protein (BSA) alone was subtracted, and each ELISA plate

included wells with serially diluted polyclonal human IgG to provide an internal standard

curve. This ELISA’s specificity and reproducibility was validated using serial dilutions of a

humanized monoclonal antibody to cocaine, 2E2, from Dr. Andrew Norman at the

University of Cincinnati (Paula et al., 2004).

2.6.3 Urine cocaine metabolites—Urine was qualitatively tested for benzoylecgonine

(BE) at the time of screening and thrice weekly for the duration of the 16 week study and 8

week follow-up. Urine BE values of at least 300 ng/ml were considered positive.

Pharmacokinetic studies have shown that anti-cocaine antibodies in the circulation did not

change BE excretion, and our subjects’ anti-cocaine IgG had less than 15% cross-reactivity

with BE (Norman et al., 2007; Martell et al., 2009).

2.7 Sample size estimate

The primary analysis compared the TA-CD group to placebo. With a two-sided t-test of the

difference in the weekly fraction of cocaine-free urines between TA-CD (0.65) and placebo

(0.50) with a common standard deviation of 0.40, the sample size needed with an 80%

power is 113 for TA-CD and 113 for placebo, at a two-sided alpha of 0.05. Thus, the total

sample size needed for the study would be 226 subjects in the efficacy evaluable sample.

However, assuming approximately 20% of randomized subjects will drop out by the start of

the efficacy evaluable period and be excluded from the efficacy evaluable population, a total

of 300 subjects were randomized (resulting in an increase to 150 subjects for TA-CD and

150 subjects for placebo). Although the primary analysis did not use the t-test, it is

anticipated that the primary analysis was more powerful than the t-test.

3. RESULTS

3.1 Baseline characteristics and retention

The vaccine and placebo subjects were comparable in age, gender and ethnicity, but most

were African American preventing ethnic sub-analysis (Table 1). They had a long history of

cocaine use (17 years) and on average used 13 days in the month prior to treatment (Table

2). Alcohol use was relatively low with an average of 4 days per month with few subjects

reporting use to intoxication. Cannabis use was uncommon. For intention-to-treat analysis,

Cox Proportional Hazard Analysis failed to demonstrate differential retention as a function

of treatment condition (83% vs 80% completed both 16 and 20 weeks) (Wald χ2(1) = 0.07, p

≤ 0.79). Among participants receiving active vaccine, those reaching an antibody titre ≥ 42
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μg/ml showed greater retention (93% vs 80%) and a decreased hazard of attrition (HR =

0.39, 95% CI 0.16–0.97).

3.2 Cocaine vaccine specific IgG levels

Of the 152 subjects randomized to receive active vaccine, the mean peak antibody levels

were 46 ug/ml at week 9 and 59 ug/ml at week 16 with a 95% confidence interval of 0 to

186 ug/ml. Figure 2 is the histogram showing the peak antibody levels for the vaccinated

subjects. Every subject’s IgG levels fell during weeks 16 to 24 indicating that potential

vaccine efficacy in blocking cocaine was decreasing.

3.3 Cocaine-free urines by IgG response to vaccine versus placebo

We found no significant differences between the vaccine and placebo groups in an intention

to treat analysis using generalized linear mixed modeling. Figure 3 shows the biweekly urine

toxicology results for the placebo vs active vaccine groups. Considering the full 16 weeks of

the trial, analyses failed to identify a difference in the probability of cocaine-positive urines

as a function of time (F(1,287) = 0.15, p≤0.70), treatment (F(1,1551) = 0.31, p≤0.58) or the

interaction of time and treatment (F(1,1551) ≤ 0.01, p≤0.95). Among participants in the

active treatment condition generalized linear mixed modeling failed to identify a statistically

reliable effect of antibody titre (<42 μg/ml v. ≥ 42 μg/ml) (F(1,785) = 3.38, p≤0.07) after

controlling for time (F(1,140) = 0.14, p≤0.71). In addition to the cut-off of ≥42μg/ml we

reanalyzed the data utilizing the 50th, 75th, and 90th percentiles of the whole sample as

antibody titre cut-points, and similarly found no differences between the high and low

antibody titer groups.

Remaining abstinent from cocaine for at least two weeks of treatment occurred more often

in the active than placebo vaccine group (24% vs 18%), but not significantly (O.R. = 1.67,

95% CI = 0.90–3.51). Among the vaccinated patients those with the high antibody titer (>42

ug/ml) had a greater odds ratio of being cocaine-free for their final 2-weeks in treatment

compared to the low antibody titer group (O.R. = 3.02, 95% CI = 0.92–10.18), although only

15 patients attained abstinence for their last 2 weeks of treatment. Reanalyzing the data

utilizing the 50th, 75th, and 90th percentiles as antibody titre cut-points yielded the same

relative odds ratios between the high and low antibody groups.

3.4 Adverse events (AE)

Table 3 shows the number of individuals reporting side-effects from specific body systems.

Also provided are raw p-values and False Discovery Rates (FDR) evaluating these counts as

a function of treatment condition. The only category showing differential reporting as a

function of treatment condition is “General disorders and administration site conditions”

(Table 3). Further evaluation of preferred diagnostic terms occurring under “General

disorders and administration site conditions” indicated differential reporting for an

“Injection Site Reaction” (12 vs. 0; P<0.0004; FDR 0.015).

All these AEs were mild or moderate and none led to dropout from treatment. There were

also no differences in side-effects related to peak antibody levels. Treatment-emergent

severe AEs among randomized subjects included 29 hospitalizations: 14 in the active
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vaccine and 15 in the placebo group. Two in the placebo group were considered possibly

related to the vaccine, but none in the active vaccine group were considered treatment

related. Depression with suicidality was the most common event: 6 in the active vaccine and

5 in the placebo group. Cocaine use accounted for 3 in the vaccine and 2 in the placebo

group. Other hospitalizations in the active vaccine group were for a leg ulcer, chronic

obstructive lung disease, erectile dysfunction, and alcohol intoxication. Other

hospitalizations in the placebo groups were for loss of consciousness, coronary vasospasm,

foot pain, leg cellulitis, chest pain and a pelvic bone fracture.

4. DISCUSSION

In contrast to our previous study with this cocaine vaccine TA-CD (Martell et al., 2009), we

did not find a significant attenuation of outpatient cocaine use, even when adequate antibody

levels were attained. Instead, the patients with higher antibody levels had more cocaine-

positive urines than those with the lower levels of 42 ug/ml or less throughout the first 16

weeks of the study. However, several findings suggested some efficacy for the vaccine.

First, treatment dropout was significantly different and almost 3-times lower for the high

IgG than for the low IgG or placebo groups (7% vs 20%). Second, the active vaccine group

was more likely than placebo to attain sustained abstinence during the last two weeks of

treatment, particularly those with the higher antibody levels (>42 ug/ml). The odds ratio of

3.02 suggests that having more abstinent patients than the 5% (15/300 patients) obtained in

this study or having a greater sample size of 466 would have demonstrated the vaccine

efficacy for those attaining the higher antibody levels with a statistical power of 80%. Third,

based on the mean antibody levels at weeks 9 and 16 the vaccine showed sufficient

immunogenicity with two thirds of the patients attaining peak levels above 42 ug/ml. Thus,

the vaccine may have therapeutic value for a portion of cocaine dependent patients, although

many will try to override the partial blockade that is possible with this vaccine. Furthermore,

it took us 17 months from multiple trial sites to recruit 300 cocaine addicted persons who

were nominally motivated to cease using cocaine. This suggests that even an effective

vaccine may not be much more attractive to the cocaine abusing treatment population than

are current psychosocial treatments.

We are concerned that adequately immunized subjects may have increased their cocaine use

to overcome the competitive anti-cocaine antibody blockade. As Haney and colleagues

(2010) showed, these antibody levels were only sufficient to block modest doses of cocaine.

Overall, this vaccine is designed to reduce relapse among cocaine dependent patients who

are motivated to stop using cocaine. The high rate of cocaine use and low rate of sustained

abstinence shown by these study patients clearly reflected a population that was using

cocaine several times per week and rarely attempted abstinence during the clinical trial. In

the previous study the high antibody level patients achieved 48% cocaine-free urines during

weeks 9 to 16 compared to only 25% in the present study. Having only half the rate of

cocaine-free urines in the present Phase III study compared to the previous Phase IIb study

in methadone maintained patients may reflect several non-pharmacological differences in

design and programmatic structure between the two studies. Some salient differences

include first the study setting, which involved a daily methadone program with monitoring 6

days per week vs three times weekly monitoring in the current study. Second, delivery of
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Cognitive Behavioral Therapy was mandated in the Phase IIb methadone study and optional

in this Phase III study. The participation rates in the therapy involved about two-thirds of the

sessions in this study. Third, the single study site of opiate addicts who had secondary

cocaine use was more homogenous than the primary cocaine users drawn from six sites in

different regions of the country. Fourth, financial incentives of $55 per week plus $65 for

each of the five vaccinations were approximately three times higher in this Phase III study

than the compensation in the previous methadone based study, which may have made more

funds available to purchase or trade for cocaine. In view of these differences future studies

would benefit from a more structured study setting such as a day-treatment program that

helps the patients become motivated for abstinence. This should lead to a more

homogeneous population of patients who have been at least 2-weeks cocaine-free prior to

starting the TA-CD vaccinations. In this way the study would shift from an abstinence

initiation to a relapse-prevention design and potentially greater integration of CBT to

facilitate the maintenance of abstinence. Future studies also may benefit from the

development of high activity cholinesterase enzymes that will more rapidly metabolize the

cocaine to inactive metabolites (Gao et al., 2004, 2010). Because these enzymes appear to

act relatively slowly compared to the rapid entry of cocaine into the brain, the fast kinetics

of antibody-drug interactions are ideally suited to being combined with these enhanced

enzymes to produce extremely effective blockers of cocaine’s actions on all organ systems

including both the brain and heart (Carroll et al., 2014, in press).
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Figure 1.
Flow chart of study participants screened, randomized and completing study according to

CONSORT guidelines.
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Figure 2.
Distribution of maximum antibody titers for actively vaccinated subjects (n=152)
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Figure 3.
Proportion of cocaine positive urines between active vs. placebo groups by biweekly

treatment intervals (16 weeks of treatment, n=300)
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Table 1

Baseline clinical characteristics of sample

Variable Active (n = 152) Placebo (n = 148)

Mean (Std.) Mean (Std.)

Age 45.76 (7.25) 46.40 (5.75)

Education (yrs.) 12.96 (1.90) 12.67 (2.05)

Employment (Days in Last 30) 4.96 (3.14) 5.66 (3.04)

n (%) n (%)

Male 114 (75) 114 (77)

 Hispanic 12 (7.9) 11 (7.4)

 Caucasian 33 (22) 33 (22)

 African-American 109 (72) 108 (73)

 Asian 1 (0.7) 2 (1.4)

 American Indian/Alaskan Native 2 (1.3) 1 (0.7)

 Unknown 7 (4.6) 4 (2.7)
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Table 2

Baseline drug use characteristics of sample

Variable Active (n = 152) Placebo (n = 148)

Median (25th, 75th) Median (25th, 75th)

Alcohol (any; past 30 days) 4.0 (1.0, 15.0) 4.5 (1.0, 12.0)

Alcohol (to intoxication; past 30 days) 0.0 (0.0, 4.0) 0.0 (0.0, 5.0)

Cocaine (past 30 days) 14.0 (7.0, 22.5) 12.0 (7.0, 20.0)

Cannabis (past 30 days) 0.0 (0.0, 2.0) 0.0 (0.0, 1.0)

> 1 Substance per Day (past 30 days) 4.0 (0.5, 13.0) 3.0 (0.0, 10.0)

Alcohol (any; lifetime years) 19.0 (4.5, 30.0) 15.0 (3.0, 26.0)

Alcohol (to intoxication; lifetime years) 4.5 (0.0, 19.0) 4.0 (0.0, 17.0)

Cocaine (lifetime years) 16.5 (10.0, 22.0) 18.0 (10.0, 23.0)

Cannabis (lifetime years) 6.0 (0.0, 15.0) 5.0 (0.0, 15.0)

> 1 Substance per Day (lifetime years) 10.0 (1.5, 20.0) 10.0 (1.0, 20.0)

n (%) n (%)

Heroin (past 30 days) 8 (5.59) 6 (4.35)

Other opiates/analgesics (past 30 days) 9 (6.25) 8 (5.80)

Sedatives/Hypnotics/Tranquilizers (past30 days) 4 (2.92) 5 (3.76)

Barbituates (lifetime) 1 (0.74) 3 (2.27)

Sedatives/Hypnotics/Tranquilizers 4 (2.92) 7 (5.30)

Other opiates/analgesics (lifetime) 13 (9.03) 16 (11.76)

Heroin (lifetime) 10 (6.99) 12 (8.76)

Amphetamines (lifetime) 13 (9.49) 10 (7.46)

Inhalants (lifetime) 4 (2.96) 3 (2.27)

Hallucinogens (lifetime) 14 (10.00) 18 (13.33)
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Table 3

Summary of Adverse Events (AEs)

Organ System Active (n) Placebo (n) p-value FDR

Blood and Lymphatic System 6 2 0.2828 0.8176

Cardiac 5 7 0.5687 0.8176

Ear and Labyrinth 5 3 0.7230 0.8315

Eye 9 12 0.5035 0.8176

Gastrointestinal 52 47 0.7129 0.8315

General and Administrative Site Conditions 87 64 0.0208 0.4773

Immune System 9 5 0.4133 0.8176

Infections and Infestations 47 40 0.5248 0.8176

Injury, Poisoning and Procedural Complications 26 20 0.4255 0.8176

Investigations 22 25 0.6346 0.8315

Metabolism and Nutrition 8 6 0.7857 0.8606

Musculoskeletal and Connective Tissue 65 56 0.4113 0.8176

Neoplasms 2 0 0.4984 0.8176

Nervous System 44 56 0.1123 0.8176

Pregnancy, Puerperium and Perinatal 0 1 0.4933 0.8176

Psychiatric 45 38 0.5189 0.8176

Renal and Urinary 1 5 0.1170 0.8176

Reproductive System and Breast Disorders 5 7 0.5688 0.8176

Respiratory, Thoracic and Mediastinal 36 28 0.3274 0.8176

Skin and Subcutaneous Tissue 20 21 0.8671 0.9065

Social Circumstances 2 1 1 1

Surgical and Medical procedures 3 4 0.7202 0.8315

Vascular 4 6 0.5372 0.8176
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