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Abstract

Despite the withdrawal of CB1 antagonists, such as rimonabant, from the market and from active 

clinical development due to concerns about their side effect profiles, research suggests that the 

endocannabinoid system may play an important role in modulating nicotine’s effects. We report 

the combined results, using a pooled analysis, of three previously unpublished trials assessing 

rimonabant as a smoking cessation pharmacotherapy conducted between 2002–2004. Smokers 

(n=2097) motivated to quit were enrolled in three randomized, double-blind, placebo-controlled 

trials, STRATUS EU, US, and META, which consisted of a 10-week treatment period with either 

rimonabant 20 mg (n=789), 5 mg (n=518; used in only 2 of the 3 studies), or placebo (n=790), in 

conjunction with brief counseling. The impact of drug on prolonged abstinence and adverse events 

was examined at 8 weeks (end-of-treatment; EOT) and at 48 weeks (available for STRATUS EU 

and US) after the targeted quit date (TQD). Rimonabant 20 mg resulted in significantly higher 

abstinence at EOT and at 48 weeks post-TQD compared with placebo, while rimonabant 5 mg and 

placebo did not differ. Serious AEs did not differ by drug group. The 20 mg rimonabant dose, 

compared to placebo, produced increased nausea, diarrhea, anxiety symptoms, hyporexia, and 

vomiting, and decreased headache, constipation, and cough. These results support rimonabant 20 

mg as a modestly effective aid for smoking cessation. Although work on CB1 antagonists such as 

rimonabant has mostly been stopped due to unacceptable adverse events, these results may inform 

and spur the development of other endocannabinoids for smoking cessation.
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INTRODUCTION

While much of the focus of previous research on nicotine addiction has been related to its 

direct effects on reward processes and mesolimbic dopamine (DA) neurotransmission 

(Pidoplichko et al., 1997; Pontieri et al., 1996), a growing body of literature suggests that the 

endocannabinoid system may play an important role in nicotine’s modulation of these 

neuroregulatory pathways. Three CB1 receptor antagonists, rimonabant (also known as 

Acomplia and Zimulti), surinabant (Tonstad & Aubin, 2012), and taranabant (Morrison et 
al., 2010), were evaluated as smoking cessation pharmacotherapies. However, none were 

ever approved for smoking cessation, primarily because rimonabant, which was approved for 

weight control, was removed from the market due to concerns and regulatory action about its 

potential for adverse events (AEs). Most of the clinical trials that evaluated these drugs for 

smoking cessation have not been published in a peer-reviewed forum. The purpose of this 

manuscript was to evaluate whether rimonabant, the most thoroughly evaluated CB1 receptor 

antagonist, demonstrated any indication as a smoking cessation aid, and to document its 

risks and impact on weight change. We conducted a pooled analysis of three unpublished 

rimonabant smoking cessation clinical trials with similar study designs. Our intention was to 

highlight the potential role for and spur further research on endocannabinoids as a smoking 

cessation pharmacotherapy, despite the failure of these first generation of CB1 receptor 

antagonist medications.

Endocannabinoids differ from other neurotransmitters in that they are not are not released 

from vesicles, but rather are generated on an as-needed basis in response to receptor 

activation or to the increase in intracellular Ca2+ associated with neuronal depolarization 

(Xie et al., 2007). The two most widely studied endocannabinoids are anandamide and 2-

arachidonylglycerol (2-AG) (Mechoulam, Fride & Di, 1998). Studies suggest that these 

molecules act as synaptic retrograde messengers, which when released from postsynaptic 

neurons (following depolarization), activate CB1 receptors on axon terminals and inhibit 

subsequent neurotransmitter release from that neuron. In this sense, the endocannabinoid 

system provides a means for postsynaptic neurons to regulate their own synaptic activity 

(Alger, 2002; Wilson & Nicoll, 2002). CB1 receptors are present on axons throughout the 

CNS but are highly concentrated in olfactory and cortical regions (neocortex and pyriform 

cortex), cerebellar cortex, brainstem, and hypothalamic nuclei, and limbic areas including 

the amygdala, hippocampus, basal ganglia, and thalamic areas (Herkenham et al., 1990). It is 

important to note that these cortico-limbic areas have been implicated in smoking-related 

cue reactivity (Chiamulera, 2005; Engelmann et al., 2012).

In addition to the short-term regulation of synaptic activity, endocannabinoids may be 

involved in long-lasting synaptic plasticity, such as long-term depression in areas of the 

brain such as the nucleus accumbens (NAc) and the dorsal striatum (Gerdeman & Lovinger, 

2003; Gerdeman, Ronesi & Lovinger, 2002; Hoffman et al., 2003; Lupica, Riegel & 
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Hoffman, 2004; Robbe et al., 2002). This may have implications for drug addiction, 

including smoking, given the prominent role of DA release in the NAc in association with 

drug self-administration. For example, preclinical studies have shown that chronic nicotine 

administration stimulates endocannabinoid release in the NAc (Gonzalez et al., 2002). 

Specifically, CB1 receptor binding on presynaptic glutamatergic neurons in the NAc has 

been found to enhance VTA DA release by attenuating the inhibitory influence of 

GABAergic neurons on DA neurons (Cohen, Kodas & Griebel, 2005).

Rimonabant is a selective CB1 antagonist/inverse agonist that was initially developed and 

approved as a means for weight reduction, but was eventually removed from market due to 

concerns about adverse events (AEs). Rimonabant has a mean half-life of 16–32 days and is 

metabolized by CYP3A4 and amidohydrolase (predominantly hepatic) pathways in vitro, 

and has a mild inhibitory effect on CYP2C8 (European Medicines Agency, 2009). 

Rimonabant was found to reduce food intake in animal models (Di Marzo & Matias, 2005; 

Rinaldi-Carmona et al., 2004) and was evaluated for human use in a series of trials called 

Rimonabant in Obesity (RIO), which found that one year of the 20 mg dose led to modest 

weight reduction compared to placebo (Despres, Golay & Sjostrom, 2005; Pi-Sunyer et al., 
2006; van Gaal et al., 2005; van Gaal et al., 2008). Rimonabant was approved in the EU in 

2006, and eventually in 37 countries, but not in the US (Saul, 2007), as an adjunct to diet 

and exercise for the treatment of obese patients (BMI ≥ 30 kg/m2), and of overweight 

patients (BMI > 27 kg/m2) with associated risk factor(s), such as type 2 diabetes or 

dyslipidemia. However, in October 2008, rimonabant was withdrawn from the European 

market, due to concerns associated with psychiatric side effects, specifically depressive 

symptoms (European Medicines Agency, 2008). A meta-analysis of psychiatric AEs across 

the obesity trials highlighted these concerns, concluding that the risk-benefit ratio for weight 

loss did not favor continued use of the medication (Christensen et al., 2007).

Rimonabant’s pharmacological properties also led it to be evaluated as a smoking cessation 

intervention. Rimonabant has been shown to interfere with the action of endocannabinoids 

on GABAergic and glutamatergic neurons that contribute to the release of DA in the NAc 

(Schlicker & Kathmann, 2001). Given the centrality of the role NAc DA release is thought to 

have in the development and maintenance of nicotine dependence (Volkow et al., 2007), 

rimonabant was investigated for its ability to reduce nicotine use. Studies with experimental 

animals have shown that rimonabant reduces nicotine self-administration as well as the 

nicotine-induced DA release in the shell of the NAc (Cohen et al., 2002). In addition, 

pretreatment with rimonabant reduced responding maintained by nicotine-associated cues, in 

the absence of nicotine, several weeks after nicotine withdrawal (Cohen et al., 2005).

Prior to voluntarily suspending all clinical trials involving the drug in November 2008 

(Sanofi-aventis, 2008), Sanofi-Aventis evaluated the effectiveness of rimonabant for 

smoking cessation against placebo in a series of four trials called the Studies with 

Rimonabant and Tobacco Use (STRATUS), conducted in the US and EU. Following its 

withdrawal from the market, rimonabant was not submitted for regulatory approval as a 

smoking cessation therapy and none of the results of the initial STRATUS trials have been 

published. Two trials, one in Europe (STRATUS EU; study code EFC4474; 

ClinicalTrials.gov identifier: NCT00464165) and one in the US (STRATUS US; EFC4964; 
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ClinicalTrials.gov identifier: NCT00358228) were identical in design and involved a 10-

week treatment course with rimonabant (5- and 20-mg doses) with a 40 week post-treatment 

follow-up. A third trial conducted in the US (STRATUS META; EFC5794; 

ClinicalTrials.gov identifier: NCT00464256) involved only a 10-week treatment course, 

with no 5-mg dose or extended follow-up. The fourth, STRATUS World Wide (WW; 

EFC4796; ClinicalTrials.gov identifier: NCT00459173), evaluated the maintenance of 

smoking abstinence by exposing participants to 52 weeks of rimonabant, and re-randomized 

participants who were abstinent at 10 weeks. A fifth sponsored study, CIRRUS (EFC4798; 

ClinicalTrials.gov identifier: NCT00458718), examined rimonabant combined with the 

nicotine patch (Rigotti et al., 2009).

In this paper, we conducted pooled analysis of three of these Sanofi-Aventis-sponsored 

randomized double-blind clinical trials (STRATUS EU, US, and META) of rimonabant as a 

smoking cessation pharmacotherapy (because of differences in design, STRATUS WW and 

CIRRUS were not included in our analyses). Our primary objectives for these analyses 

involved evaluation of drug-associated prolonged abstinence, using a 2 week grace period 

following the targeted quit date (TQD), at end of treatment (EOT) and at 48 weeks post-

TQD. We also report FDA 4-week continuous smoking abstinence at EOT because it was the 

primary outcome in the original protocols. Our secondary objectives involved examining the 

impact of drug on weight change and AEs, with particular emphasis on neuropsychiatric 

side effects. This manuscript differs from a meta-analysis conducted by the Cochrane 

Collaboration (Cahill & Ussher, 2011) because (1) we had access to the raw STRATUS data, 

rather than to unpublished reports, (2) we had access to and were able to include STRATUS 

META in our combined analyses, which extended our ability to compare the 20-mg dose 

against the placebo dose, and (3) we excluded STRATUS WW from our analyses because of 

its major differences in design. Our intentions are to present these previously unpublished 

findings in a peer-reviewed format, and to evaluate whether endocannabinoid antagonists 

may have a future role as a smoking cessation pharmacotherapy.

MATERIAL AND METHODS

Study Design

The studies were designed by the sponsor in consultation with several of the authors. 

STRATUS EU was performed in 32 centers in Europe (Belgium, Denmark, France, Spain, 

Sweden, Switzerland, and the United Kingdom). STRATUS US and META were conducted 

in the USA at 11 and 10 sites, respectively. STRATUS EU and US were identical in design 

and involved a 10-week treatment course with rimonabant (5 and 20 mg doses) with a 40 

week post-treatment follow-up. STRATUS META involved only a 10-week treatment 

course, with no 5-mg dose or extended follow-up. All sites received approval to conduct the 

study from their institutional review boards (IRBs) or from Western IRB (Puyallup, WA, 

USA) if a local IRB was not used, and all study procedures were conducted in accordance 

with the Declaration of Helsinki. The study was monitored by an independent Data Safety 

and Monitoring Board established by the sponsor.
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Study Selection

We conducted pooled analysis of three randomized, double-blind, placebo-controlled 

clinical trials of rimonabant as a smoking cessation pharmacotherapy, including STRATUS 

EU, US, and META. We excluded two other trials, STRATUS WW and CIRRUS, because 

of major differences in design. STRATUS WW differed from STRATUS EU, US, and 

META in that it exposed participants to 52 weeks of rimonabant and re-randomized 

participants who were abstinent at 10 weeks. CIRRUS examined rimonabant combined with 

the nicotine patch or placebo patch but had no true placebo condition (Rigotti et al., 2009).

Participants

Participants met inclusion criteria if they were 18 years of age or older, smoked >9 cigarettes 

per day (CPD), had a level of motivation to quit of 6 on a scale ranging from 1 to 10, 

completed a physical exam, had blood chemistries and 12-lead ECG within normal limits, 

were the only participant in a household, and provided informed consent. Participants were 

excluded if they were pregnant, were breast feeding, were of childbearing potential and not 

using a medically acceptable method of birth control, had taken an investigational drug 

within the month prior to screening, were currently being treated for a seizure disorder, had 

recent myocardial infarction, unstable angina, stroke or other major cardiovascular event 

within the 6 months prior to screening, had current clinically significant medical illness, met 

criteria for a current psychiatric disorder, had a history of cancer within the 5 years prior to 

screening, required previous systemic pharmacological treatment for drug related allergies, 

tested positive for marijuana metabolites the urine drug screen (UDS), had used smoking 

cessation, anti-depressant, amphetamine, non-selective antihistamine, or systemic long-

acting corticosteroid pharmacotherapies, or used medication or herbal preparations for 

treatment of obesity or weight reduction, for more than 7 consecutive days within the month 

before the screening visit, or had participated in smoking cessation counseling on more than 

3 days within the month preceding screening.

Procedures

Following a 2-week screening period, participants were randomized to placebo, 5 mg 

(STRATUS EU and US), or 20 mg of rimonabant. Randomization was assigned via a 

centralized computer system and balanced by site to maintain equal treatment assignment. 

Participants were seen weekly, in-clinic, for 12 weeks (all studies) including a 2 week pre-

treatment screening, followed by randomization and 10-weeks of drug treatment. The target 

quit date (TQD) was set at the end of the second week of treatment in all studies (Day 15). 

In STRATUS EU and US, follow-up visits were conducted at 11, 14, 22, 30, 39, and 48 

weeks after TQD. Visits at weeks 11, 22, and 39 were conducted via telephone.

Adverse event monitoring was carried out at each visit during treatment and for the first six 

weeks after treatment ended. Serious adverse events (SAEs) were recorded for the entire 

study period. Abstinence was assessed via self-report of any smoking since the last visit and 

was biochemically confirmed by expired CO ≤ 10 ppm and plasma cotinine concentration ≤ 

8 μg/L. The Hospital Anxiety and Depression Scale (HADS) (Zigmond & Snaith, 1983) was 

administered at baseline and at 4 and 8 weeks (end of treatment) post-TQD. A measure of 

nicotine dependence, the Fagerström Test for Nicotine Dependence (FTND) (Heatherton et 
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al., 1991), was carried out at the baseline visit. Plasma cotinine was collected at baseline and 

6, 8, 14, 30, and 48 weeks post-TQD. All assessments noted above beyond the 8-week post-

TQD time point were collected only in the STRATUS EU and US studies.

In all studies participants received brief (approximately 10 minute) behavioral counseling at 

each of the weekly and follow-up visits from a trained study assistant using intervention 

materials developed by the Mayo Clinic Nicotine Research Program (2000). This counseling 

was consistent with current smoking cessation guideline-based treatment (US Department of 

Health and Human Services, 2008) and other studies using counseling and a behavioral 

counseling intervention in smoking cessation trials (Cox, Tiffany & Christen, 2001; Hurt et 
al., 1997).

Data Analysis

The primary efficacy outcomes were prolonged and FDA abstinence at EOT (all studies) and 

at 48 weeks post-TQD (STRATUS EU & US), using the intention-to-treat (i.e., 

missing=relapsed) definition. Prolonged abstinence was defined using the Society for 

Research on Nicotine and Tobacco guidelines, which includes a 2-week grace period from 

the TQD and defines relapse either as “7 consecutive days of smoking” or as “smoking on at 

least 1 day on each of 2 consecutive weeks” (Hughes et al., 2003). FDA abstinence was 

defined as no smoking at all (i.e., continuous abstinence) during the last 4 weeks of 

treatment (US Food and Drug Administration, 1995). We evaluated the effects of treatment 

on abstinence, separately at each endpoint, using a logistic regression model (SAS PROC 

LOGISTIC; v9.4; SAS Institute Inc., Cary, NC) that included abstinence as a binary 

dependent variable, drug as a between-subject effect, and study as a covariate for pooled 

analyses. Odds ratios and confidence intervals (95% CI) are reported for the pooled 

analyses. In addition to the pooled results, results from the individual studies are presented 

for comparison.

In terms of secondary analyses, we analyzed pooled AEs at EOT (all studies) and at 48 

weeks (STRATUS EU & US), by drug group, using χ2 tests (or Fisher’s exact test, if AE 

frequencies were < 5). We also examined drug differences in AEs among those who 

discontinued treatment, both for those who discontinued because of AEs and for those who 

discontinued for any reason. Serious Adverse Events (SAEs) were also examined. Weight, at 

EOT and 48 weeks, and HADS, at EOT, were calculated as change scores from the pre-

medication baseline, and were analyzed using general linear models (SAS PROC GLM), 

with treatment, abstinence, and study (for pooled analyses) as predictors. Separate weight 

analyses were also conducted only on those who abstained from smoking at each time point. 

Comparisons involving significant multilevel effects were further explored using a least 

squares mean procedure to contrast pairwise differences among selected means participating 

in the effect. Student t-tests (continuous variables) and χ2 tests (discrete variables) were 

used to examine differences on baseline demographic characteristics.
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RESULTS

Participant characteristics

The study flow diagram, pooling all three studies, is presented in Figure 1. Across the three 

studies, 2751 participants were screened, 76.7% (2109) were randomized, and 76.2% (2097) 

were exposed to medication. Only the 2097 participants who were randomized and exposed 

to study medication are considered in the analyses for the intention-to-treat population are 

reported here. The baseline characteristics of the 2097 participants exposed to medication 

are summarized in Table 1. No differences were noted across the study samples in terms of 

gender, race, or CPD. However, the US samples (STRATUS US and META) were slightly 

older and showed higher BMIs, weight, expired CO, and HADS scores than their European 

counterparts (STRATUS EU).

Abstinence outcomes

FDA 4-week continuous smoking abstinence at EOT—Table 2 shows the 

percentage of participants who met criteria for FDA-defined continuous abstinence at EOT 

(weeks 4–8 following the TQD) for each study and for the pooled results. The pooled 

analysis of the EU, US, and META studies indicated that the 20 mg rimonabant dose 

produced significantly greater abstinence rates than placebo (OR = 1.66, 95% CI: 1.23, 

2.23). Smoking abstinence rates for participants who received 5 mg of rimonabant did not 

differ significantly from placebo at either time point for any of the individual or pooled 

analyses.

SRNT Prolonged abstinence at EOT (2-week grace period)—Table 2 shows the 

percentage of participants who met criteria for prolonged abstinence at EOT (from two 

weeks grace period to 8 weeks following TQD) for each study and for the pooled results. 

The pooled analysis of the EU, US, and META studies indicated that the 20 mg rimonabant 

dose produced significantly greater abstinence rates than placebo (OR = 1.61, 95% CI: 1.24, 

2.09). Smoking abstinence rates for participants who received 5 mg of rimonabant did not 

differ significantly from placebo at either time point for any of the individual or pooled 

analyses.

SRNT Prolonged abstinence at 48 weeks post-TQD (2-week grace period)—At 

48 weeks (from two weeks grace to 48 weeks following TQD), the pooled analysis of the 

STRATUS EU and US studies indicated that the 20 mg rimonabant dose produced 

significantly greater abstinence rates than placebo (OR = 1.50, 95% CI: 1.03, 2.17; see Table 

2). Smoking abstinence rates for participants who received 5 mg of rimonabant did not differ 

significantly from placebo at either time point for any of the individual or pooled analyses.

Weight

Weight change was calculated as change scores from the pre-medication baseline, for both 

EOT and 48 weeks post-TQD, and are depicted in Table 3 for the individual and pooled 

analyses. From the start of medication to EOT, the pooled analysis of the EU, US, and 

META studies indicated that the 20 mg rimonabant dose resulted in less weight gain than 

placebo. However, by 48 weeks post-TQD, no differences were found between the three 
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doses for the pooled EU & US analysis. Similar results were found when restricting the 

analyses to those who were abstinent from smoking at both time points.

Safety

Adverse Events—From the start of the medication phase to 6 weeks after medication 

completion, the frequency of several AEs significantly differed between the 20 mg 

rimonabant dose and placebo (see Table 4). In our pooled analysis of the EU, US, and 

META studies, the 20 mg rimonabant dose, led to increased reports of nausea, diarrhea, 

anxiety, hyporexia, and vomiting, but decreased reports of headache, constipation, and 

cough, when compared to placebo. There were no differences in AE frequencies between the 

5 mg rimonabant dose and placebo, besides increased upper respiratory disturbance and 

decreased cough.

Among those who discontinued drug treatment by EOT (8 weeks post-TQD), pooled 

analysis indicated that participants in the 20 mg rimonabant group (29.9%; n=75) were more 

likely to cite AEs as the reason for drug discontinuation than those on placebo (16.2%; 

n=41), p < .001. Among those citing AEs as a reason for discontinuation, significant 

differences (p<.05) were noted between placebo and the 20 mg groups for headache (34.2% 

vs. 13.3%), nausea (12.2% vs. 32.0%), and anxiety symptoms (2.4% vs. 29.3%), 

respectively. No differences were noted for the 5 mg condition in any of the comparisons of 

those who discontinued drug.

We also examined AE’s among those who discontinued drug treatment for any reason, 

because patients may not always specify that an AE was the reason for their discontinuation 

(or were lost to follow-up). As noted in Figure 1, there were 253 (32.1%), 193 (37.3%), and 

251 (31.8%) patients who discontinued drug for any reason in the placebo, 5 mg, and 20 mg 

conditions, respectively. Significant differences (p < .05) between placebo and the 20 mg 

condition were noted among those discontinuing drug for any reason in the frequencies of 

headache (17.4% vs. 10.0%), sleep disturbance (8.7% vs. 18.3%), nausea (5.9% vs. 19.9%), 

anxiety symptoms (2.4% vs. 14.7%), hyporexia (1.6% vs. 6.8%), and vomiting (2.0% vs. 

5.6%), respectively. Those in the 5 mg group who discontinued drug were more likely to 

report anxiety symptoms (6.2%) compared to placebo (2.4%).

Serious Adverse Events—In terms of SAEs, a total of 48 were reported for the pooled 

EU, US, & META samples, with no deaths reported in any study. The most frequent SAEs 

were hospitalizations due to injuries (7; 5 in placebo; 2 in 20 mg), unspecified infections (5 

at 20 mg), coronary artery disorders (3 in placebo), and gastrointestinal motility conditions 

(3; 1 in placebo, 2 in 20 mg). There was one suicide attempt in the EU study by a participant 

in the placebo condition. In the STRATUS US sample, there were 4 pregnancies (1 in 

placebo, 3 in 5 mg), with one in the 5 mg group resulting in a spontaneous abortion.

HADS—The HADS, a measure of depression and anxiety, was examined as a change score 

from baseline to EOT (8 weeks post-TQD) for the combined STRATUS EU & US sample. 

Compared to placebo, neither the 20 mg nor the 5 mg rimonabant dose produced significant 

differences in 8 weeks post-TQD change scores for either the HADS Depression or Anxiety 
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scales (see Table 5). There were similar findings when restricting the analyses to those who 

were abstinent from smoking.

DISCUSSION

While individual study results varied, pooled analyses of the Phase III STRATUS program 

showed that 20 mg of rimonabant is a moderately effective aid to smoking cessation, but 

with increased incidence of several AEs. Abstinence was more likely at EOT (OR = 1.6, 

95% CI: 1.26, 2.12) and at 48 weeks (OR = 1.50, 95% CI: 1.03, 2.17) for the rimonabant 20 

mg dose compared to placebo. In terms of AEs, the 20 mg rimonabant dose, compared to 

placebo, produced significantly increased rates of nausea, diarrhea, anxiety symptoms, 

hyporexia, and vomiting, as well as decreased headache, constipation, and cough. There 

were no differences in abstinence rates or in AE frequencies between the 5 mg rimonabant 

dose and placebo (except for increased upper respiratory disturbance and decreased cough). 

Although rimonabant was revoked from the EU market, and never approved for the US 

market, due to AE concerns, we believe that these data support a research role for 

endocannabinoids as a potential pharmacotherapy for smoking cessation.

While the likelihood of quitting smoking for those using rimonabant 20 mg was significantly 

better than placebo at 48 weeks post-TQD (OR = 1.50, 95% CI: 1.03, 2.17), it is somewhat 

lower than that of other approved pharmacotherapies. For example, meta-analyses (Cahill et 
al., 2013) of varenicline (OR = 2.88, 95% credible interval [credI]: 2.4, 3.47), NRT (OR = 

1.84, 95% credI: 1.71, 1.99), and bupropion (OR = 1.82, 95% credI: 1.60, 2.06), compared 

to placebo, indicate higher likelihoods of remaining abstinent at 6 months or more with these 

first-line medications than what we found for rimonabant 20 mg at 48 weeks post-TQD (OR 

= 1.50). In comparison with second-line medications, as classified by the US Public Health 

Service’s Clinical Practice Guidelines (US Department of Health and Human Services, 

2008), the relative risk performance of rimonabant 20 mg versus placebo at 48 weeks post-

TQD in our pooled analyses indicates that it is somewhat less likely to lead to abstinence 

(RR = 1.45, 95% CI: 1.02, 1.97) than clonidine (RR = 1.63, 95% CI: 1.22, 2.18) or 

nortriptyline (RR = 2.03, 95% CI: 1.48, 2.78) (Cahill et al., 2013). However, it should be 

noted that the efficacy of rimonabant has not, to our knowledge, been formally compared to 

other smoking cessation pharmacotherapies, using network meta-analysis or other statistical 

procedures.

Rimonabant minimized weight gain among quitting smokers, but only while on medication. 

At EOT, rimonabant 20 mg resulted in less weight gain than placebo, and, consistent with its 

effect on weight, this dose lead to more AE reports of hyporexia compared to placebo. This 

effect on weight is consistent with those of the pooled analysis of the RIO trials (van Gaal et 
al., 2008), which found that rimonabant 20 mg led to a decrease in weight by 4 weeks on 

medication, compared to placebo. However, once off medication at 48 weeks post-TQD, 

there were no weight differences by drug group in our pooled analyses. This is consistent 

with findings from the RIO-North America trial (Pi-Sunyer et al., 2006), which found no 

weight differences by drug at 2 years among those who were switched from rimonabant to 

placebo after the first year. Given that most smokers typically gain weight after quitting, our 
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findings support the idea that endocannabinoid antagonists, such as rimonabant, can 

minimize the weight gain associated with smoking cessation.

Rimonabant 20 mg led to greater reports of AEs, and treatment discontinuation due to AEs, 

than the 5-mg and placebo doses. The 20-mg rimonabant dose produced increased nausea, 

diarrhea, anxiety, hyporexia, and vomiting, as well as decreased headache, compared to 

placebo. A similar pattern was found by the FDA for GI events across all rimonabant trials 

(US Food and Drug Administration, 2007a) and in the published pooled analyses of the RIO 

trials (van Gaal et al., 2008). Among those who discontinued treatment, our findings 

indicated that those in the 20-mg rimonabant group (11.0%) were more likely to cite AEs as 

the reason for study discontinuation by EOT than those on placebo (5.6%). These rates are 

somewhat lower than those reported in the pooled analysis of the RIO weight reduction trials 

(van Gaal et al., 2008), which found that 13.8% of patients on rimonabant 20 mg 

discontinued treatment due to AEs, compared to 7.2% on placebo, though the RIO 

frequencies were measured at one year and would be expected to be higher. Thus, our 

findings support previous published and unpublished findings that rimonabant 20 mg results 

in more AEs than placebo, particularly GI disturbances.

The primary reason for the removal of rimonabant from the EU market, and of non-approval 

for the US market, was concern for the potential for neuropsychiatric AEs. Our findings 

support findings from the pooled RIO analysis that suggest that rimonabant use leads to 

increased anxiety symptoms (van Gaal et al., 2008), as our pooled analysis indicated that 

those on rimonabant 20 mg were significantly more likely to report anxiety AEs than those 

on placebo (9.7% vs. 5.7%). Additionally, participants who discontinued the STRATUS 

studies included here due to AEs were more likely to have reported anxiety symptoms in the 

20-mg (28.3%) compared to the placebo (2.4%) group. However, consistent with meta-

analysis of the RIO trials (Christensen et al., 2007), we found no differences on the HADS 

Anxiety scale by drug dose. Given the sensitivity and specificity of the HADS Anxiety scale 

has demonstrated with identifying anxiety disorders (Bjelland et al., 2002), it is unclear why 

there is a discrepancy between the AE symptom reports and HADS scores across the 

rimonabant trials.

Our pooled analyses found no statistically significant evidence that 10 weeks of rimonabant 

led to increased rates of depressive symptoms. Neither the 20-mg nor the 5-mg rimonabant 

doses led to a significant increase in depressive symptom AEs compared to placebo. 

Likewise, depressive symptoms did not differ by drug group among those who discontinued 

treatment. Both of these findings are inconsistent with the pooled findings of the RIO studies 

(van Gaal et al., 2008), which found that rimonabant 20 mg, compared to placebo, led to 

increased depressive symptoms (including depressive disorders) overall (8.0% vs. 4.7%), 

and to treatment discontinuation due to depressive symptoms (2.9% vs. 1.4%). However, it 

should be noted that the RIO trials exposed participants to one year of rimonabant, 

compared to 10 weeks in the STRATUS studies that were the subject of our analyses. Our 

finding of no differences on the HADS Depression scale by drug dose is consistent with 

meta-analysis of the RIO trials (Christensen et al., 2007). Thus, there was no evidence from 

our analyses that rimonabant leads to greater depressive symptoms among smokers taking 
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20 mg of rimonabant for 10 weeks, compared to placebo, although the RIO trials suggest 

that taking rimonabant for one year increases the likelihood of these symptoms.

Using the original dataset provided to us by Sanofi-Aventis, we found only one report of 

suicidality, a completed suicide in the STRATUS-EU trial in the placebo group. However, in 

June 2007 (US Food and Drug Administration, 2007a, 2007b), at the request of the FDA, a 

blinded retrospective analysis was performed by Dr. Kelley Posner that examined 1201 

patient narratives for possible suicidality across 13 rimonabant clinical trials using the 

Columbia Classification Algorithm of Suicide Assessment (C-CASA) (Posner et al., 2007). 

A total of 91 cases were identified as either possibly or definitely suicidal, 74 of which 

occurred in studies during initial randomization to placebo (N=20), 5 mg (N=8), or 20 mg 

(N=46) rimonabant. Rimonabant 20 mg was found to have an increased likelihood of 

suicidality compared to placebo, OR = 1.9 (95% CI: 1.1, 3.1). Section 1 (Table 15) of the 

FDA report (US Food and Drug Administration, 2007b) indicates that there were 8 total 

cases of suicidality among the 3 studies (EFC4474, EFC4964, and EFC5794) included in 

our pooled analyses. The suicidality-related AEs in the smoking cessation trials analyzed 

here were too few (0–2 AEs per drug group per study) to make conclusions about the 

influence of rimonabant and suicidality among smokers receiving 10 weeks of rimonabant 

pharmacotherapy. However, one study not included in our analyses, STRATUS-WW 

(EFC4796), which provided rimonabant for a year, did find more suicidality-related AEs for 

the rimonabant 20 mg group (n=12) than the 5 mg (n=0) or placebo group (n=0) (US Food 

and Drug Administration, 2007b). Additionally, the pooled analysis of obesity (RIO) trials 

found more instances of suicidal ideation (n=17) among the rimonabant 20 mg group 

compared to the 5 mg (n=8) and placebo (n=8) groups (van Gaal et al., 2008). Taken 

together, these data suggest that there is a small increase in suicidality associated with 20 mg 

of rimonabant vs. placebo, but only among the studies where it was taken for a year.

While work on CB1 antagonists has largely halted, there is evidence warranting examination 

of other drugs in this class that might be effective and safer. Following revocation of 

rimonabant’s approval on the EU market, trials evaluating other CB1 antagonists were 

stopped, including ibipinabant (Solvay/Bristol-Myers Squibb), otenabant (Pfizer), surinabant 

(Sanofi-Aventis), and taranabant (Merck) (Jones, 2008). However, work on other 

endocannabinoid-related drugs have continued. For example, cannabidiol, a weak CB1 

inverse agonist with demonstrated neuroprotective properties, including anxiolysis 

(Bergamaschi et al., 2011), has been found to reduce smoking (Morgan et al., 2013) and 

consumption of other addictive drugs (Prud’homme, Cata & Jutras-Aswad, 2015). Other 

substances that impact the CB1 receptor, including URB597 (Forget et al., 2016), a fatty-

acid-amide-hydrolase (FAAH) inhibitor, along with VDM11 (Gamaleddin et al., 2011) and 

AM404 (Gamaleddin et al., 2013), both anandamide reuptake inhibitors, have been found to 

reduce cue-induced reinstatement in rats. With the exception of cannabidiol, these drugs 

have not been tested beyond pre-clinical trials, and their potential for AEs among humans 

are largely unknown. Thus, additional work with other cannabinoid-related drugs suggests 

that CB1 antagonists might have a role in smoking behavior.

Despite the increased incidence of psychiatric and GI-related AEs, and its moderate impact 

on cessation, these rimonabant trials demonstrate that the endocannabinoid system is a 
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potential target as a smoking cessation pharmacotherapy. A major impetus for making these 

data public is to stimulate the development of future medications targeting the cannabinoid 

system. However, the side effect profiles of these endocannabinoid antagonists necessitate 

that other endocannabinoid receptors and mechanisms be explored. For example, a partial 

agonist of the CB2 receptors, such as Δ9-tetrahydrocannabivarin (THCV), may avoid many 

of the side effects associated with CB1 antagonism (McPartland et al., 2015), yet potentially 

reduce drug self-administration (Xi et al., 2011). Additionally, cannabidiol, a cannabinoid 

that does not target either the CB1 or CB2 receptors, but instead acts on a variety of receptor 

types, has been found to impact drug-related behavior (Zlebnik & Cheer, 2016). Finally, it is 

worth mentioning that the beneficial effects of rimonabant on weight loss, triglyceride 

levels, high-density lipoproteins levels, and insulin resistance that have been demonstrated in 

the RIO clinical trials (Despres, Golay, & Sjostrom, 2005; Pi-Sunyer et al., 2006; van Gaal 

et al., 2005) may make this medication class a particularly attractive choice for smokers with 

multiple metabolic risk factors for chronic disease.

In conclusion, we found that 10 weeks of rimonabant 20 mg was moderately effective at 

promoting abstinence at smoking compared to placebo, and that the effect was still present 

months after stopping medication, at week 48. Compared to placebo, rimonabant 20 mg 

minimized weight loss, but only while the drug was being taken. In terms of safety, the 

rimonabant 20 mg led to a significantly greater likelihood of side effects compared to 

placebo, including increased GI disturbances and anxiety symptoms. However, unlike 

previous reports, we did not find conclusive evidence that rimonabant 20 mg led to increased 

likelihood of depressive symptoms or suicidality compared to placebo. We believe that these 

data support a research role for endocannabinoids as a potential pharmacotherapy for 

smoking cessation.
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Figure 1. 
Consort table depicting the pooled sample sizes.
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Table 4

Analysis of the pooled STRATUS EU, US, and META adverse events (AEs) that occurred during the 10-week 

medication phase and for 6 weeks after medication ended for the studies. The listed AEs impacted at least 2% 

of the total sample.

Adverse Event (AE) Placebo (N=789) 5 mga (N=518) 20 mg (N=790)

Any AEs reported (%) 60.96% (481) 61.00 (316) 69.62 (550)***

Upper Respiratory Disturbance 21.67% (171) 27.03% (140)* 22.91% (181)

Headache 15.72% (124) 19.11% (99) 11.39% (90)*

Sleep Disturbance 12.29% (97) 13.51% (70) 15.19% (120)

Nausea 6.84% (54) 7.92% (41) 18.48% (146)***

Dyspepsia 10.14% (80) 9.85% (51) 9.75% (77)

Diarrhea 6.46% (51) 7.34% (38) 11.39% (90)***

Depressive Symptoms 7.35% (58) 6.56% (34) 9.24% (73)

Anxiety Symptoms 5.70% (45) 7.34% (38) 9.75% (77)**

Dizziness 6.59% (52) 6.37% (33) 9.11% (72)

Fatigue 5.45% (43) 4.83% (25) 6.08% (48)

Influenza 4.69% (37) 6.18% (32) 5.19% (41)

Irritability 5.45% (43) 4.63% (24) 5.06% (40)

Hyporexia 2.15% (17) 3.28% (17) 6.20% (49)***

Back Pain 3.68% (29) 3.67% (19) 4.30% (34)

Vomiting 2.03% (16) 2.12% (11) 5.32% (42)***

Dry Mouth 2.28% (18) 2.51% (13) 3.42% (27)

Attentional Disturbance 2.41% (19) 1.54% (8) 3.42% (27)

Constipation 3.68% (29) 1.93% (10) 1.52% (12)**

Cough 3.42% (27) 1.54% (8)* 1.77% (14)*

Arthralgia 2.79% (22) 2.12% (11) 1.39% (11)

Note:

*
p < .05,

**
p < .01,

***
p < .001.

a
The AEs report for the 5 mg sample are for the EU & US samples only.

EOT = end of treatment; AEs = adverse events.
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