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Despite recent advances in behavioral interventions for cannabis use disorders, effect sizes remain 

modest, and few individuals achieve long-term abstinence. One strategy to enhance outcomes is 

the addition of pharmacotherapy to complement behavioral treatment, but to date no efficacious 

medications targeting cannabis use disorders in adults through large, randomized controlled trials 

have been identified. The National Institute on Drug Abuse Clinical Trials Network (NIDA CTN) 

is currently conducting a study to test the efficacy of N-acetylcysteine (NAC) versus placebo 

(PBO), added to contingency management, for cannabis cessation in adults (ages 18–50). This 

study was designed to replicate positive findings from a study in cannabis-dependent adolescents 

that found greater odds of abstinence with NAC compared to PBO. This paper describes the 

design and implementation of an ongoing 12-week, intent-to-treat, double-blind, randomized, 

placebo-controlled study with one follow-up visit four weeks post-treatment. Approximately 300 

treatment-seeking cannabis-dependent adults will be randomized to NAC or PBO across six study 

sites in the United States. The primary objective of this 12-week study is to evaluate the efficacy 

of twice-daily orally-administered NAC (1200 mg) versus matched PBO, added to contingency 

management, on cannabis abstinence. NAC is among the first medications to demonstrate 

increased odds of abstinence in a randomized controlled study among cannabis users in any age 

group. The current study will assess the cannabis cessation efficacy of NAC combined with a 

behavioral intervention in adults, providing a novel and timely contribution to the evidence base 

for the treatment of cannabis use disorders.
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1.0 Introduction

Cannabis is the most commonly used illicit substance in the United States (US), and rates of 

use continue to rise [1]. While the public perception of risks is diminishing, cannabis use is 

associated with substantial health-related effects and impairments [2, 3]. Cannabis use 

disorders (CUDs) are increasingly prevalent and frequently lead individuals to seek 

treatment, with approximately 305,000 individuals entering inpatient and outpatient 

substance use disorder treatment for CUDs in the US in 2012 (17.5% of all admissions) [4]. 

Daily cannabis use among adolescents is rapidly rising, which is expected to lead to 

increased rates of CUDs, especially among young adults [5]. A recent meta-analysis showed 

modest benefit with behavioral treatments targeting CUDs (i.e., contingency management, 

relapse prevention, motivational interviewing, cognitive behavioral therapy, and 

combinations) compared to control conditions [6], yet there remains substantial room for 

improvement, as the majority of patients fail to achieve sustained periods of abstinence [7–

9]. The development of pharmacological interventions to complement behavioral treatments 

represents a potential avenue to improve outcomes [10–14], and contingency management 

(CM) has specifically been identified as a preferred evidence-based behavioral platform to 

conduct pharmacotherapeutic efficacy trials [15]. Several promising agents to treat CUDs 

exist [16, 17], but to date, an effective medication targeting cannabis dependence in adults 

has not been established [12, 14, 18, 19], leaving clinicians and patients with limited 

options.
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Preclinical research has demonstrated dysregulation in glutamatergic signaling within a 

corticostriatal circuit (prefrontal cortex-nucleus accumbens) following periods of self-

administration and withdrawal across multiple substances of abuse [20–24]. These data 

indicate that glutamate plays a key role in drug-seeking and reinstatement models, 

suggesting that glutamate is a promising neurochemical target for medication development 

to treat substance use disorders (SUDs) [25, 26]. Further, evidence suggests that cannabinoid 

administration disrupts normal glutamate functioning [27–33] and indirectly disinhibits 

dopamine transmission [34, 35]. Among potential glutamate-targeted pharmacotherapies for 

SUDs, N-acetylcysteine (NAC) has emerged as a particularly strong candidate [21, 25, 26]. 

NAC is an N-acetyl pro-drug of the naturally occurring amino acid cysteine, and stimulates 

cystine-glutamate exchange, thus increasing non-synaptic glial release of glutamate [36]. 

NAC has also been shown to reduce the reinstatement of drug-seeking in animal models 

across multiple substances [36–43].

In addition to promising preclinical findings, NAC also has a favorable safety profile. NAC 

is approved by the US Food and Drug Administration (FDA) as a mucolytic agent for 

bronchopulmonary disorders [44] and as an oral or intravenous antidote to treat 

acetaminophen poisoning [45]. NAC is also available as an inexpensive over-the-counter 

product commonly sold as a nutritional supplement. Preliminary clinical studies have 

suggested efficacy for NAC as a pharmacotherapuetic agent for several psychiatric 

disorders, including compulsive disorders and SUDs [46, 47]. Specific to CUDs, a single-

site, randomized controlled study showed that NAC compared to PBO, when paired with 

CM to promote abstinence, doubled the odds of negative urine cannabinoid tests among 

cannabis-dependent adolescents [16]. NAC is among the first medications to improve 

measures of abstinence in a randomized placebo-controlled study among cannabis users in 

any age group, but has yet to be tested among adult cannabis users.

With rates of cannabis use continuing to rise [1] and largely ineffective treatment options for 

those wishing to quit, it is vital and timely to identify efficacious treatment options and 

extend promising treatments to new and diverse populations of cannabis users. In response 

to the study conducted by Gray and colleagues [16], a study has been developed through the 

National Institute on Drug Abuse Clinical Trials Network (NIDA CTN) to evaluate the 

efficacy of NAC compared to PBO, in combination with CM, to promote abstinence from 

cannabis in adults. This paper details the design and implementation of CTN-0053, 

Achieving Cannabis Cessation - Evaluating N-Acetylcysteine Treatment (ACCENT).

2.0 Study Design and Procedures

2.1 Study Overview and Design

The ACCENT study is a 12-week, double-blind, randomized, placebo-controlled, multisite 

study that will enroll approximately 300 cannabis-dependent adults. The primary objective 

of this 12-week study is to evaluate the efficacy of NAC versus matched PBO, when added 

to contingency management, on cannabis abstinence throughout the treatment phase. 

Secondary objectives include evaluating the efficacy of NAC, compared to PBO, each 

paired with CM, on several measures of abstinence (e.g., 2- and 4-week continuous 
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abstinence at the end of treatment, etc.) and other cannabis-related measures, such as 

craving, withdrawal, compulsive use, and cannabis-associated problems.

The ACCENT study protocol was developed by a multidisciplinary group of researchers and 

community treatment program providers with expertise in clinical trials methodology, 

pharmacology, statistics, cannabis use disorders, and substance use disorder treatment, 

which make up the ACCENT protocol development team. The Southern Consortium node 

(based at the Medical University of South Carolina [MUSC] in Charleston, SC) of the CTN 

is responsible for scientific oversight of the study and serves as the Lead Investigators. The 

ACCENT study is registered under an investigational new drug (IND) application from the 

US FDA (IND 78,927; Gray).

An overview of the ACCENT study design is shown in Figure 1. The screening/baseline 

assessment visit occurs after interested individuals have been pre-screened to ascertain 

preliminary eligibility status and have provided informed consent to participate in the study. 

Following consent and a thorough eligibility screening assessment, participants are 

randomized to receive NAC or matched PBO twice daily for 12 weeks. Participants then 

attend two weekly clinic visits during the 12-week treatment period to provide urine 

samples, complete assessments, and receive contingent reinforcement. One weekly study 

visit is a long visit (“a” visit), in which participants complete weekly assessments and meet 

with the medical clinician to review any medication side effects, adverse events, and to 

address medication adherence. The second weekly visit is a brief “drop-in” visit (“b” visit) 

that lasts approximately 10–15 minutes in which participants provide a urine sample and 

receive contingent reinforcement. Along with medication, all participants concurrently 

receive CM twice weekly during treatment. The CM schedule employs escalating cash 

reinforcement with resets, targeting both attendance at scheduled visits, and cannabis 

abstinence as determined by a negative qualitative urine cannabinoid dipstick test 

(Quicktox® Drug Screen Dipcard). Participants then return for one post-treatment follow-up 

visit 16 weeks after randomization (week 17).

2.2 Study Design Decisions

2.2.1 Replication of the Adolescent Study—The ACCENT study was designed to 

replicate and extend the positive efficacy study of NAC in the treatment of CUDs conducted 

by Gray and colleagues with cannabis-dependent adolescents [16], with the inclusion of 

some key modifications. First, the length of the treatment phase in the adolescent study was 

8 weeks of NAC or matched PBO. This was extended to 12 weeks of treatment in the 

current adult study. The Lead Investigators and the NIDA-appointed external protocol 

review board felt that 12 weeks of active treatment was consistent with the 

recommendations of the NIDA guidelines, which state that three months is the minimum 

amount of time that an individual should be engaged in treatment for SUDs [48].

Another important modification to the ACCENT study from the adolescent trial was the 

magnitude of cash reinforcement being used. CM is being used in the ACCENT study to 

reinforce abstinence from cannabis, as well as attendance at scheduled study visits. This 

“two-tiered” CM schedule was used in the adolescent study, but was set at a higher 

magnitude of reinforcement for the ACCENT study. The starting attendance and abstinence 
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compensation for the adolescent study was set at $5 with escalations of $2 per visit. 

Participants could earn a total of $640 in that study. It was reasoned that adults may require 

increased compensation for engagement in the ACCENT study since they may have 

competing employment and family obligations, making attendance more difficult compared 

to an adolescent population. Therefore, to maximally reinforce completion of study visits, 

the starting attendance compensation in the ACCENT study is set at $10. In total, 

participants may earn a maximum of $1100 for uninterrupted study attendance and 

abstinence (see Section 2.3.3. for further details on the CM schedule).

Finally, while the ACCENT study was intended to replicate the results of the adolescent trial 

[16] in adult cannabis users, it is also intended to extend these results and contribute novel 

and innovative findings to researchers and clinicians. The ACCENT study is enrolling a 

large number of participants across several sites within the US. This will contribute greatly 

to the diversity of the study sample and add to the generalizability of study results.

2.2.2 Randomization—Eligible participants who return for the randomization visit are 

assigned to one of the two treatment groups (NAC or PBO) for 12 weeks of treatment. 

Assignment is on a 1:1 ratio to one of the two groups, and is stratified by two important 

criteria: 1) study site; and 2) self-reported tobacco smoking status, which emerged as an 

important randomization stratum because the literature from both laboratory and outpatient 

studies have shown that tobacco users have greater odds of relapse to cannabis compared to 

non-tobacco users [49, 50] and tend to have poorer cannabis treatment outcomes [51]. The 

randomization procedure is conducted centrally through the CTN Data and Statistics Center 

(DSC).

2.2.3 Efficacy Outcomes—To assess for an effect of treatment on abstinence from 

cannabis, it was decided by the Lead Investigators and the protocol development team that 

the ACCENT study would consider the entire 12-week treatment period as the primary 

outcome. This decision was made in order to closely replicate findings from the Gray and 

colleagues adolescent study [16], which also considered the entire treatment period. This 

design decision is somewhat inconsistent with recommendations from the CTN Treatment 

Effect and Assessment Measures (TEAM) Task Force, which advocates for the assessment 

of a treatment effect only in the last four weeks of the active treatment phase. The feasibility 

of using the CTN TEAM Task Force recommendation within the ACCENT study was 

assessed and found that, with the proposed sample of 300 participants, the study is 

reasonably powered for four-week end-of-treatment abstinence as a secondary outcome 

(details of the power calculation can be found in Section 8.0). Therefore, results from the 

ACCENT study will be powered to detect efficacy for both the entire treatment period (12 

weeks) and the last four weeks of active treatment (weeks 10–13). Recommendations from 

the CTN TEAM Task Force can be found at: http://ctndisseminationlibrary.org/PDF/

522.pdf.

2.3 Clinical Interventions

2.3.1 Pharmacological Intervention/Adherence—United States Pharmacopeia (USP) 

grade NAC powder was encapsulated in 600 mg quantities (two 600 mg capsules per dose 
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plus 25 mg of riboflavin to each capsule). Matched PBO capsules (containing 25 mg of 

riboflavin and corn starch) were also prepared. All capsules are packaged in 7-day blister 

packs, with individual labels for day/date of each dose. Participants are given a two-week 

supply of medication to take home, with instruction to take two capsules twice daily, in 

approximately twelve-hour intervals. This dose was chosen due to its demonstrated 

tolerability and evidence of effect on cannabis use in cannabis-dependent adolescents [16].

During weekly visits, study personnel review medication logs and perform pill counts to 

monitor medication adherence. By assessing adherence via pill count, the extent of 

adherence is obtained, and the use of blister packs with labeled day/date of individual doses 

provides added benefit in the assessment and enhancement of adherence [52–54]. Weekly 

riboflavin measurement is also being used for biological confirmation of medication 

adherence, with 25 mg of riboflavin in each NAC or PBO capsule. Urine aliquots from 

weekly study visits are sent to a central laboratory (Clinical Neurobiology Laboratory at 

MUSC) to be tested for riboflavin. Urine riboflavin levels are determined via a fluorescence 

plate reader [55]. Levels of >1500 ng/mL are considered consistent with adherence as 

defined by taking 80–100% of prescribed study medication per week [56]. Additional 

methods to assess adherence were considered, such as the Medication Event Monitoring 

System (MEMS), but were not included due to added cost with unclear added benefit [57]. 

Studies of pill count combined with patient self-report have demonstrated good concordance 

with MEMS cap data in primary care populations [58].

2.3.2 Medication Management—To ensure that each site is providing consistent but 

minimal support and encouragement to study participants, non-manualized medication 

management is performed by the medical clinician weekly throughout treatment. This is a 

low-intensity intervention that emphasizes medication adherence, retention, and abstinence, 

but does not incorporate more intensive modalities, such as cognitive behavioral therapy or 

12-step facilitation. Medical clinicians received training on medication management at the 

national ACCENT protocol training by the study principal investigator (Kevin M. Gray), 

and additionally were urged to use clinical judgment and skills when meeting with 

participants to discuss adherence to study medication.

2.3.3 Contingency Management (CM)—All participants receive the behavioral 

intervention in the form of twice-weekly CM. Cash rewards are provided to study 

participants for (a) cannabis abstinence, and (b) visit attendance (i.e., attending scheduled 

study visits). This CM intervention is based on prior use of CM in the treatment of cannabis 

use disorders previously reported in the literature [9, 15, 59–62]. This “two-tiered” CM 

approach was used with significant effect on both study retention and cannabis abstinence in 

a prior young adult CM study [59]. An additional potential benefit of the “two-tiered” 

approach is that it increases early exposure to contingent rewards. Among frequent cannabis 

users, urine cannabinoid metabolites may take two to four weeks to test negative after 

initiation of abstinence. In the context of a CM procedure that only rewards negative urine 

testing, several participants, even if abstaining from use, would potentially not be eligible 

for rewards for two to four weeks after achieving abstinence. Rewarding attendance may 

help to sustain motivation among participants initiating a quit attempt until urine tests yield 
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negative results. Study staff are also sensitive to the possibility of delayed negative urine 

tests, and were trained to encourage continued abstinence among study participants. The 

Lead Investigators are particularly interested in this two-tiered method of reinforcement 

given the lack of single-tiered CM (reward only for substance abstinence) effect on study 

retention in a prior adolescent smoking cessation study [63].

CM feedback and rewards are delivered twice weekly during treatment, starting at the week 

1b visit (i.e., “drop-in” short visit), which includes escalating schedules of cash 

reinforcement with resets. An escalating reinforcement schedule, in which participants are 

able to earn rewards of increasing monetary value over successive displays of desired 

behavior, is being used. The reinforcement schedule is shown in Table 2. For attendance, the 

reward for attending the first scheduled visit is $10. For each successive visit at which 

participants attend scheduled study visit, the reward increases by $2, up to a maximum of 

$30. If participants attend all scheduled visits, they receive a total of $610 during the 12-

week treatment period. If participants subsequently fail to attend a study visit, they do not 

receive an attendance-contingent reward at that visit, and the attendance-contingent reward 

value for the next session is re-set to $10. For abstinence, the initial reward is $5. For each 

successive visit at which participants are abstinent, the reward increases by $2, up to a 

maximum of $25. If participants have a negative urine cannabinoid dipstick test at each visit 

during the 12-week treatment period, they receive a total of $490. If participants test positive 

for cannabinoids at a subsequent visit, they do not receive an abstinence-contingent reward 

at that visit, and the abstinent-contingent reward value for the next negative urine 

cannabinoid test is re-set to $5. If, at a given visit, the participants test positive but adhere 

with study procedures, they may still collect the attendance reward as scheduled, but is not 

eligible for abstinence reward. The rate of contingent reward escalation and the total 

potential contingent reward are comparable to those in previous cannabis cessation studies 

[9, 59–62]. The escalating reinforcement schedule with reset contingency is used in the 

current study as it has been shown to be more effective than fixed schedule or escalating 

schedule without reset contingency [64].

Contingent rewards are delivered in the form of cash payment. Prior research indicates that 

this form of contingent compensation, when compared with the use of gift cards or 

vouchers, is associated with improved research follow-up and retention rates and does not 

increase drug use or perception of coercion [65–67]. Alternative CM designs were 

considered, such as prize-based reinforcement, which has demonstrated improved cost-

effectiveness in some settings [68]. However, no controlled trials supporting the efficacy of 

prize-based CM targeting cannabis cessation were found to support this approach. 

Additionally, given the positive primary outcome noted in the adolescent study, which used 

an escalating cash-based CM schedule with resets [16], the Lead Investigators and protocol 

development team determined that it would be prudent to closely mirror that study’s CM 

design.
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3.0 Study Sites

3.1 Site Selection

Potential study sites that were considered for inclusion consisted of both academic research 

settings and community treatment programs that were part of the NIDA CTN. The CTN is 

comprised of centers across the US that vary widely in terms of patient demographics, 

services provided, level of care, etc. [69]. Sites interested in participating in the ACCENT 

study initially completed surveys that described their previous performance in conducting 

research, potential participant pools, recruitment strategies, and any regulatory issues. Sites 

were first selected based on answers to the survey. Sites then completed extensive telephone 

interviews and had in-person site visits to judge their appropriateness for recruitment and 

implementation of the ACCENT study. Sites were required to: 1) have access to a medical 

clinician (e.g., physician, physician’s assistant, nurse practitioner, etc.) to perform medical 

assessments, determine participant eligibility, regulate the medication dose appropriately, 

evaluate severity and relatedness of adverse events (AEs), and provide the medication 

management intervention; 2) have access to, or the ability to contract with, a pharmacy/

pharmacist to store/dispense study medications if required by state and/or local regulations; 

3) be able to provide after-hours clinical backup for study-related emergencies; 4) provide 

adequate space to accommodate research staff and study protocol procedures including on-

site urine collection/testing and space to conduct study assessments; 5) be willing to provide 

cash incentives for CM purposes; and 6) be able to recruit enough individuals with cannabis 

dependence to meet recruitment goals.

Sample size estimations concluded that 300 participants would be adequate to power the 

study for efficacy. Six sites will enroll 4–6 subjects per month in order to complete 

recruitment over a 12-month period. Recruitment is being reviewed periodically to ensure 

adequate enrollment of women and minorities in the trial based on demographics of the 

study sites (38% women, 20% Hispanic). In addition, efforts are being made to recruit a 

study sample that reflects, or exceeds, the proportion of minorities in the communities where 

the sites are located. The six sites participating in the ACCENT are Behavioral Health 

Services of Pickens County (Pickens, SC), The APT Foundation (New Haven, CT), 

University of Kentucky Medical Center (Lexington, KY), University of California, Los 

Angeles Integrated Substance Abuse Programs (Los Angeles, CA), The University of Texas 

Health Science Center at San Antonio (San Antonio, TX), and CODA, Inc. (Portland, OR).

3.2 Training of Study Sites

Staffing for the protocol include the following: a site principal investigator, a full-time study 

coordinator, a full-time research assistant, a part-time research assistant/recruiter, a part-time 

medical clinician and a part-time phlebotomist. Research staff members were trained in the 

specifics of the protocol during a two-and-a-half-day national protocol training, hosted by 

the Lead Investigators in Charleston, South Carolina. The principal investigator, study 

coordinator, research assistant and medical clinician for each site attended. The training was 

also streamed live for additional staff and video-recorded using Adobe® Connect for staff 

hired after the training. Training modules (16 in total) each had a quiz that required 80% 

accuracy to be considered proficient. Separate practicum training exercises were completed 
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for the informed consent document, the online data entry system, and administration of the 

Mini International Neuropsychiatric Interview Plus (M.I.N.I. 6.0) [70].

4.0 Participant Eligibility

A detailed list of study inclusion and exclusion criteria and the rationale for each criterion, 

are shown in Table 1. The study sample will consist of men and women aged 18–50. This 

age range was chosen since it encompasses the vast majority of adults over the age of 18 

who enter treatment for CUDs [4]. The Lead Investigators and the protocol development 

team felt that participants over the age of 50 would not be representative of those patients 

who typically present for CUD treatment. The study will include those who are interested, 

but not currently enrolled in treatment for CUDs and meet criteria for CUDs in the past 30 

days [71]. The Lead Investigators chose to use the Diagnostic and Statistical Manual of 

Mental Disorders-IV (DSM-IV) checklist [72] for SUD criteria determination as well as the 

Mini International Neuropsychiatric Interview Plus (M.I.N.I. 6.0) [70], while adding an 

additional question related to craving in order to have the ability to make a DSM-5 diagnosis 

as well. The substance withdrawal item from DSM-IV was also modified to capture 

cannabis withdrawal, which is consistent with DSM-5. Notably, although DSM-5 criteria 

were published just prior to the initiation of the ACCENT study, the Lead Investigators 

chose to use DSM-IV criteria for identifying SUDs and co-occurring psychiatric disorders 

because there was not yet a DSM-5 version of the MINI available at the time of study 

initiation. Also of note, DSM criteria capture past year SUDs, but in addition to past year 

problematic use, the ACCENT study required current (past 30 day) problematic use to be 

eligible for the study. This was done to ensure that participants were actively using cannabis 

at the time of study enrollment.

In an effort to be more inclusive, it was decided by the Lead Investigators and the protocol 

development team to enroll participants who were interested in achieving abstinence from 

cannabis, but also in reducing their cannabis use. Since the ACCENT study provides 

contingent reinforcement based on abstinence, it was felt that even those only motivated to 

reduce at the beginning of the study may be sufficiently motivated by incentives to abstain 

completely during the study. This design decision was also consistent with the adolescent 

trial [16], which included cannabis-dependent adolescents motivated to quit or reduce their 

cannabis use. Additionally, this may be more representative of clinical presentations of 

CUDs, in which individuals may wish to reduce their use to recreational levels without 

stopping entirely.

Participants are required to have a positive urine cannabinoid test during the screening visit 

as an entry criterion to help avoid enrollment of individuals who have already successfully 

achieved cannabis abstinence. The ACCENT study was not designed to test the effects of 

NAC on relapse prevention, which is a different empirical question from the one being 

asked. The adolescent study conducted by Gray and colleagues [16] found that 91% of 

participants had positive urine cannabinoid tests at screening, suggesting that this criteria 

would not unnecessarily exclude the majority of participants. Self-reported use of synthetic 

cannabinoids during the 30 days prior to screening is exclusionary to avoid enrollment of 

individuals who may be at increased risk of switching to use of synthetic cannabinoid 
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products as a means for continuing substance use, but still receiving incentives for cannabis 

abstinence. It should be noted that biological tests for synthetic cannabinoids are not being 

conducted routinely in the ACCENT trial, but only after the first negative urinary 

cannabinoid test during the 12-week treatment period.

Study participants must not meet criteria for other SUDs (except for nicotine) and must not 

be receiving agonist treatment for opioid dependence. Use of other drugs that qualifies an 

individual for a SUD has the potential to interfere and may confound results from the 

ACCENT study. The impact of other SUD treatment and/or opioid replacement medications 

on the treatment intervention in the ACCENT study are unknown and could bias clinical 

response. Co-occurring nicotine dependence was deemed acceptable for inclusion for 

feasibility purposes, given the high frequency of co-use of tobacco and cannabis, though 

tobacco use status is being considered for randomization purposes (see Section 2.2.2 

Randomization). Participants must not have a positive urine drug screen (UDS) at 

randomization for any substance other than cannabis. However, participants with a diagnosis 

of attention deficit hyperactivity disorder (ADHD) with a valid stimulant prescription could 

participate and a positive UDS for amphetamines would be excused. This was considered 

appropriate for feasibility purposes, given the high frequency of co-occurrence of ADHD 

and SUDs among young adults [73, 74].

Several inclusion and exclusion criteria were chosen to ensure the safety of study 

participants. Female participants who are pregnant or breastfeeding are not eligible to 

participate due to the unknown safety risks of NAC during pregnancy and lactation. 

Additionally, women of childbearing potential must agree to use some form of birth control 

during the study due to the unknown risks associated with NAC use during pregnancy. Any 

known allergy or intolerance to NAC is exclusionary, as is the use of carbamazepine or 

nitroglycerin. Participants with a recent history of asthma (last 3 years) are excluded since 

allergic reactions to intravenous NAC have been shown to be more likely in those with 

asthma [75]. Finally, those with a history of seizure disorder, bipolar disorder, 

schizophrenia, or other significant or unstable medical or psychiatric illness that may place 

the participant at increased risk are excluded from the study.

5.0 Measures/Assessments

5.1 Cannabis Use/Abstinence

Cannabis use and abstinence are assessed through several qualitative, quantitative, and self-

reported measures and assessments. A qualitative urine drug dipstick test (Quicktox® Drug 

Screen Dipcard) is performed at each visit to test for 10 substances (i.e., benzodiazepines, 

amphetamines, cannabis, methamphetamines, opiates, cocaine, ecstasy, oxycodone, 

methadone, and barbiturates). A separate dipstick test for buprenorphine (CLIAwavied™, 

Inc. Single Drug Dipstick Test) is used only at screening and randomization visits. The 

cannabis results from the dipstick test are being used for twice-weekly CM purposes. All 

collected urine samples are being tested for adulteration with the UrineCheck 7 Adulterant 

Test Strips (Lifeloc Technologies, Inc.), as well as temperature strips within the urine 

collection cups. The observation of providing urine samples is not routine or required in the 

ACCENT study. The Lead Investigators felt that the temperature and adulteration testing 
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being conducted was adequate to ensure the authenticity of samples. Since sites included 

academic research settings as well as community treatment programs, not all sites had 

appropriate facilities to observe urines easily. Therefore, it was felt that observed urines 

would not substantially add benefit beyond the adulterant and temperature testing. However, 

individual study sites are not prohibited from observing urine samples (given proper 

approval from their Institutional Review Board) if this is routine practice in their clinic. One 

of the two weekly urine samples is additionally being sent to a central laboratory (Clinical 

Neurobiology Laboratory at MUSC) for quantitative testing of Creatinine-corrected 

metabolites of Δ9-tetrahydrocannabinol (THC COOH) [76, 77], which is being run by the 

central laboratory on the ARCHITECT c4000 system for immunoassay testing. Qualitative 

urine cannabinoid testing (dichotomized using standard cutoff of 50 ng/mL) conducted at 

study sites (at baseline, at randomization, weekly throughout treatment, and at post-

treatment follow-up) is the primary outcome of the efficacy assessments. Upon the first 

negative urine cannabinoid dipstick test that occurs after randomization, a urine Synthetic 

Cannabinoid Test [78] is conducted by a second laboratory (Soft Landings Laboratory) to 

ensure that cannabis cessation is not achieved via substitution of synthetic cannabinoids 

(e.g., K2, Spice). Currently, the assay tests for the presence of six synthetic cannabinoids 

(JWH 018, JWH 018N, JWH 0815, JWH 073, JWH 0734, and JWH 073N). The number of 

synthetic cannabinoids being tested may change throughout the ACCENT study to reflect 

new formulations that may emerge during the enrollment period. The Lead Investigators and 

protocol development team felt that it was important to test for synthetic cannabinoids 

initially during cannabis abstinence, but felt it would be too costly to maintain throughout 

the active treatment period. By testing for synthetic cannabinoids at the first negative 

cannabinoid result, there is greater certainty that participants are not substituting synthetics 

during the initial period of abstinence, arguably the most likely time they would substitute to 

deal with withdrawal and craving. Synthetic cannabinoid test results will not be immediately 

available to research staff, and so they will not be able to address the use of synthetic 

cannabinoids with participants during their study enrollment. These results will, however, be 

accounted for in the statistical analyses of cannabis abstinence should they be positive.

Self-reported measures of cannabis use are also collected throughout study participation. 

The Timeline Follow-Back (TLFB) procedure [79] is being used to elicit the participant’s 

self-reported use of substances. At screening, cannabis and other substance use are assessed 

for the 30-day period prior to screening. Since standard TLFB procedures do not account for 

precise quantity and potency measures of cannabis, an additional cannabis quantification 

procedure is being conducted at screening to supplement the TLFB. Participants are asked to 

quantify cannabis use by weighing out amounts of an inert cannabis surrogate (motherwort) 

and reporting on that amount’s potency through dollar value estimates. Methods of use in 

the past 30 days are quantified using this system (e.g., bowls, bongs, blunts, oral ingestion, 

etc.). These procedures have been used previously [80] and provide superior estimates of 

cannabis use. Methods of cannabis use that are not easily quantifiable with this measurement 

technique are being collected via the TLFB and grouped based on preparation (e.g., resin, 

hash, hash oil, edible formulations, and assorted high potency extracts). The TLFB is 

administered weekly throughout the active treatment phase and through the end of the 

follow-up period to document the participant’s self-reported use of cannabis and other 
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substances. Capturing quantitative, qualitative, and detailed self-reported measures of 

cannabis use will allow for comprehensive comparisons between methods at the end of the 

study.

Several other cannabis-specific assessments will be collected, including: the Cannabis 

Withdrawal Scale (CWS) [81], Marijuana Craving Questionnaire (MCQ) [82, 83], and the 

Marijuana Problem Scale [84]. Additionally, the Obsessive Compulsive Drug Use Scale [85] 

has been adapted to specify cannabis as the primary substance, and will be used to assess 

obsessive and compulsive cannabis use-related symptoms.

5.2 Medical/Psychological Assessments

At the screening assessment, a medical history and physical exam is performed by 

appropriately credentialed medical personnel (e.g., physician, physician’s assistant, nurse 

practitioner) to assess whether individuals are medically stable for study inclusion. For 

safety purposes, all medications taken by participants for the 30 days prior to screening and 

during the study are documented. Vital signs including height (screening visit only), weight, 

and blood pressure are recorded at screening, every fourth week during active treatment, and 

at the follow-up visit. Appropriately qualified and trained study personnel assess for any 

medical or psychiatric side effects. AEs are recorded at each visit.

A battery of psychological assessments are also conducted at screening and some throughout 

the study, including: the Hospital Anxiety and Depression Scale (HADS) [86, 87], and The 

Pittsburgh Sleep Quality Index (PSQI) [88]. The Concise Health Risk Tracking—Self 

Report (CHRT-SR) [89] is a participant self-reported assessment of suicidality and related 

thoughts and behaviors that is administered at each weekly study visit. This scale is designed 

to quickly and easily track suicidality in a manner consistent with the Columbia 

Classification Algorithm of Suicide Assessment (C-CASA) [90]. The CHRT-SR assesses 

high risk suicide ideation by a positive response (Agree or Strongly Agree) on any of the last 

three questions (thoughts of, thoughts of how, and/or a specific plan to commit suicide) and 

prompt a clinician assessment for suicide risk before leaving the clinic. Additionally, 

tobacco smoking status is assessed and nicotine dependence is determined via the 

Fagerström Test for Nicotine Dependence (FTND) [91].

For safety purposes, a urine pregnancy test is performed at screening, randomization, weeks 

5 and 9, and at End of Treatment for all women (Quicktox® Pregnancy Urine Test Cassette). 

If a woman is found to be pregnant at any point during the study, she will be allowed to 

continue in the study but be withdrawn from study medications and followed until resolution 

of the pregnancy.

5.3 Genetic Testing

The ACCENT study involves an optional blood draw, which may occur any time after 

randomization. Although not specifically tied to this study, participants are asked if he or 

she is willing to provide a 10 mL blood sample that will be sent to the Rutgers University 

Cell and DNA repository. Refusal to provide a blood sample has no influence on study 

participation. Efforts are being made across studies conducted through the NIDA CTN 

research platform to collect and bank blood samples for genetic testing. The ACCENT study 
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is able to contribute samples from cannabis-dependent adults who are racially and ethnically 

diverse for better understanding of cannabis dependence and pharmacotherapeutic response. 

Further information regarding policies for access and distribution of DNA and clinical data 

from NIDA-funded studies on the genetics of addiction vulnerability may be found at: http://

www.drugabuse.gov/about-nida/organization/workgroups-interest-groups-consortia/

genetics-workgroup-gwg/nida-genetics-consortium-ngc.

6.0 Safety Monitoring

Unlike many other potential candidate medications for cannabis dependence [10], NAC has 

a long-established safety record, with FDA approval since 1963. NAC has been used safely 

for several decades, often at doses greatly exceeding those proposed for the present study 

[92, 93]. A meta-analysis of studies evaluating long-term oral treatment with NAC for 

prevention of chronic bronchitis found that NAC was well-tolerated, with generally mild, 

most commonly gastrointestinal adverse effects that did not require treatment interruption 

[44]. Systemic allergic reactions to NAC have been observed, but only with intravenous 

administration [94].

Despite NAC’s favorable safety profile, every effort is being made in the current study to 

ensure the medical and psychiatric safety of study participants. Medical clinicians meet with 

study participants on a weekly basis to assess AEs, and determine the severity, causality and 

seriousness of each event. For this study, mild, unrelated events are not entered into the data 

system. All other AEs are considered reportable, and must be entered into the data system 

within 7 days. Serious AEs are defined per federal regulations [95], and must be reported 

within 24 hours of the sites’ knowledge of the event. All reported AEs and SAEs, are 

reviewed centrally by the CTN appointed study Medical Monitor at the Clinical 

Coordinating Center (CCC) and summarized by system organ class and preferred term using 

MedDRA™ (The Medical Dictionary for Regulatory Activities). Additional information 

collected includes any corrective action taken by the medical clinician (e.g. dosage 

reduction). If a participant experiences intolerable adverse effects with study medication that 

are not remedied by a dose reduction, the medication may be discontinued while the 

participant continues to participate in all non-medication study interventions and procedures. 

Given the relative safety of NAC, routine blood work is not being conducted throughout the 

ACCENT study. Also due to the relative safety of this medication, it is highly unlikely that 

there would be a need to break the blind. However, in the case of an unintended pregnancy 

or medical emergency, or when knowledge of the assigned treatment group would be 

necessary for medical management, a process is in place to break the blind. This decision 

will be made by the CCC Medical Monitor in consultation with the Lead PI and site medical 

clinician.

Patient safety, study validity, and data integrity matters are monitored by the Data and 

Safety Monitoring Board (DSMB). The NIDA Center for Clinical Trials Network (CCTN) 

has appointed a CTN DSMB in accordance with the National Institutes of Health 

requirements to provide independent oversight of CTN trials. The DSMB reviews the 

research protocol and plans and make recommendations to assure that participant safety, 

study validity and data integrity are addressed appropriately. Throughout this study, the 
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DSMB assesses study progress, factors that may affect study outcome, safety and outcome 

data, critical efficacy endpoints and factors or scientific discoveries external to the study that 

may have ethical considerations or may affect the risk benefit analysis of this study.

6.1 Participant Withdrawal

Every effort is being made to retain participants in the study. If a participant experiences 

intolerable AEs due to study medication that are not remedied by a dose reduction, the 

medication may be discontinued while the participant continues to participate in all non-

medication study procedures. Given the intent-to-treat design of this study, participants are 

not withdrawn if they are non-adherent to study medication or the visit schedule.

6.2 Clinical Deterioration Plan

A clinical deterioration “rescue” plan is in place for participants who experience psychiatric 

deterioration or marked increases in substance use during the study. Symptoms are 

monitored closely throughout the study to assess for deterioration. Appropriate intervention 

will be arranged for any participant demonstrating gross clinical deterioration. The rescue 

measures include immediate assessment by the site medical clinician for a comprehensive 

psychiatric and substance use evaluation and referral for appropriate clinical intervention.

7.0 Outcomes and Data Analysis

7.1 Primary and Secondary Outcomes

The primary outcome measure for the ACCENT study is the odds of negative quantitative 

urine cannabinoid tests submitted during 12 weeks of active treatment, compared between 

the treatment groups (NAC versus PBO). Abstinence is based on the quantitative weekly 

urine samples analyzed by the central laboratory at MUSC. The first urine sample 

contributing to the primary outcome is collected at week 2, since the week 1a (long) visit 

urine sample is collected prior to randomization. The last urine sample contributing to the 

primary outcome is collected at the End of Treatment (week 13) visit. Thus, each participant 

contributes 12 indicators of abstinence, one for each week of treatment, and the primary 

outcome measure for each participant is then a vector of binary variables of length 12. 

Primary analysis is based on an intent-to-treat evaluation of all participants randomized into 

the study, with missing urine specimens imputed as positive in the analysis (i.e., missing 

data are assumed to be missing not at random). A sensitivity analysis will be performed to 

determine how the missing data affects study outcomes. Several strategies will be evaluated 

to determine the optimal method for dealing with missing data, including sophisticated 

imputation methods that have been recommended for alcohol clinical trials [96].

Secondary outcomes include the effect of NAC versus PBO, each added to CM, on the 

following: 1) end-of-treatment cannabis abstinence, measured by negative urine cannabinoid 

testing throughout the last two weeks (urine samples collected during weeks 12–13) of 

treatment as well as the last four weeks (urine samples collected during weeks 10–13); 2) 

odds of negative weekly urine cannabinoid tests during the first 8 weeks (urine samples 

collected during weeks 2–9) of active treatment; 3) two- and four-week modified end-of-

treatment cannabis abstinence, anchored at week 8, based on urine samples collected during 
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weeks 8–9 and weeks 6–9 respectively; 4) two- and four-week end-of-treatment self-

reported cannabis abstinence confirmed by negative urine cannabinoid tests; 5) other 

cannabis-related measures (e.g., craving, withdrawal, compulsive use, cannabis-associated 

problems); as well as several other comparisons (i.e., other substance use, quality of life), 

and sub-analyses based on medication adherence criteria. It is hypothesized that NAC added 

to CM will result in different rates of cannabis abstinence compared with PBO + CM, 

regardless of the measure of abstinence (e.g., two-week end-of-treatment abstinence based 

on urine testing, or four-week end-of-treatment abstinence based on self-report). While there 

are several outcomes specified a priori, there will not be formal multiple comparison 

adjustment for these tests since they are secondary and seek to replicate prior results or 

generate new hypotheses. However, results from secondary analyses will be interpreted with 

caution.

7.2 Analysis of Outcomes

7.2.1 Primary Analysis—For the primary outcome measure, a longitudinal logistic model 

will be used to analyze the odds of a negative urine cannabinoid test as an indicator of 

abstinence across all 12 weeks of treatment. At each week, the primary outcome will be an 

indicator of whether the urine sample at that visit was negative for cannabinoids. Since each 

participant will contribute up to 12 outcomes to the model, generalized estimating equations 

(GEEs) [97] will be used to adjust for this correlation, with missing urine specimens 

imputed as positive in the analysis as noted previously. This is a commonly used imputation 

strategy among SUD treatment studies [98–103]. The primary analysis will assess various 

correlation structures between observations and select the best fitting structure using the 

Quasi-likelihood under the Independence Model Criterion (QIC) [104]. GEEs are a method 

of estimating parameters from a generalized linear model where there possibly is unknown 

correlation between outcomes. In this case, the correlation being accounted for is the lack of 

independence of weekly cannabis abstinence indicators for a participant over time. An 

advantage of utilizing GEEs with the robust variance estimator is that the results are fairly 

robust to misspecification of the underlying correlation between outcomes. The longitudinal 

model will include the main effect of treatment, the main effect of time, site effects, the 

effect of baseline tobacco smoking status and a time-by-treatment interaction. Testing of the 

treatment difference will evaluate whether the coefficient of the main effect of treatment 

assignment is significantly different from zero. The primary outcome will be evaluated using 

a two-sided test with a type I error rate of 5%. All analyses will follow the intent-to-treat 

principle, where all randomized participants are analyzed and the covariate of interest is the 

treatment assignment, not the treatment received. The primary outcome analyses will be 

conducted by the DSC of the NIDA CTN coordinated by The EMMES Corporation to 

ensure independent oversight of study results.

7.2.2 Secondary Analyses—For the end-of-treatment measure, a logistic model will be 

used to analyze the odds of abstinence during the last two weeks and last four weeks 

evaluation period. For the end-of-treatment logistic models, the binary outcome measure for 

each participant is defined as whether they contributed all cannabinoid-negative urine 

samples during the specified period. For example, during the four week end-of-treatment 

analysis, participants are abstinent only if they contribute four cannabinoid-negative urine 
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samples. Thus, missing urine samples are imputed as positive and thus an individual with 

any missing urine samples during the four week period will be counted as non-abstinent. 

Additional analyses will be performed that mimic those conducted for the adolescent study 

[16]. The first analysis will be the comparison of the odds of a weekly cannabinoid-negative 

urine drug screen during the first 8 weeks of treatment across treatment assignments. This 

analysis will be conducted similar to primary outcome analysis, but for the first 8 weeks of 

the evaluation period. A modified end-of-treatment cannabis abstinence analysis anchored at 

week 8 will also be performed using a logistic model similar to end-of-treatment measure. 

Conducting these analyses will allow direct comparison of results with the adolescent study 

which utilized only 8 weeks of active treatment. All of the end-of-treatment analyses will be 

repeated using a different definition of abstinence that requires both a negative UDS as well 

as self-reported abstinence on TLFB.

8.0 Sample Size Calculation

A vital component of the proposed study was to closely mimic a similarly designed 

adolescent study [16]. The sample size calculation for the ACCENT study was conducted 

using the simulation described below. The general approach was to simulate the data based 

on parameters from the adolescent study, then analyze each simulated data set using a GEE 

model with the following covariates: main effect of time, main effect of treatment 

assignment, baseline smoking status and a time-by-treatment interaction. The test of the 

main effect of treatment was calculated for each simulated data set. The power for each 

particular parameter combination was the proportion of simulated data sets that yielded a 

statistically significant test of the main effect of treatment at the 0.05 level.

The generation of simulated data requires the following parameters to generate the simulated 

data: (1) the proportion of cannabinoid-negative UDS in each week in the PBO arm, (2) the 

missing data patterns, (3) the correlation between weekly abstinence outcomes within a 

participant, (4) the proportion of participants that self-report as smokers at baseline, (5) site 

effects that allow for variation in the odds of cannabinoid-abstinence to differ across sites, 

and (6) a clinically meaningful measure of treatment effect. The first four quantities were 

obtained from analyzing the adolescent study. That study was only eight weeks long, so for 

the simulation it was assumed that the odds of a cannabinoid-negative urine were the same 

for weeks 9–13 as for weeks 4–8 of the adolescent study. Since the adolescent study 

included participants regardless of their cannabinoid-positivity at baseline, the estimated 

proportion of cannabinoid-abstinence urines samples during the active treatment phase were 

estimated using only the 52 placebo participants that had a cannabinoid-positive urine at 

baseline. The resulting estimated proportions of cannabinoid-negative UDS during active 

treatment: 20%, 33%, 40%, 41%, 40%, 37%, 36%, and 50%. Of the possible 256 (=28) 

missing data patterns in the adolescent study, there were 46 (44%) participants who were 

fully observed, 26 (25%) who contributed no UDS post-randomization, 12 (11%) dropped 

out during active treatment, and 21 (20%) had intermittent missing UDS. The correlation 

between weekly cannabinoid-abstinence indicators estimated from the adolescent study was 

0.75, and 57% of randomized participants self-reported being a cigarette smoker. Note that 

the model used assumed an auto-regressive lag-1 correlation structure since it specifies that 

urine samples collected farther apart in time are less correlated compared to those closer 
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together in time, however, GEEs are generally robust to misspecification of the correlation 

structure. The estimated weekly cannabinoid-abstinence proportions were perturbed to 

capture site variability, such that the deviations for the six sites from the log-odds of 

abstinence at any given week were: −0.05, +0.05, −0.075, +0.075, −0.1, and +0.1. To 

generate data in the NAC plus CM arm, an odds ratio (OR) of 2 was used since it had been 

determined a priori to be clinically meaningful. Using the above simulation setup, for each 

participant a string of 12 binary indicators for weekly abstinent/non-abstinent status was 

simulated using the abstinent proportion at each week incorporating the week effect, missing 

data pattern, correlation and site effect, as described above. In addition 57% of the 

participants were randomly assigned to be cigarette smokers at baseline. Simulated data 

were then analyzed using a GEE model incorporating the overall main treatment effect, a 

week effect, site effects, a week-by-treatment interaction effect and an effect of baseline 

cigarette smoking status. While a sample size of 252 would be sufficient to detect an OR of 

2 for the primary outcome analysis, it does not allow for sufficient power in replicating the 

adolescent study (8-week study). Since replication of the adolescent study was vital to the 

ACCENT study, we designed this study to be powered to detect treatment effects for both 

the 12- and 8-week anchored outcome measures, though the primary outcome only included 

treatment effect across the 12-week treatment period. A sample size of 300 participants will 

provide sufficient power (~80%) to detect the treatment difference corresponding to an OR 

of 2 with 6 sites, for analyses anchored at both the 12-week (ACCENT) and 8-week 

(adolescent study). In addition, the CTN TEAM Task Force recommends testing for a 

treatment effect only in the last four weeks of the active treatment phase. The feasibility of 

using the CTN TEAM Task Force recommendation within this study was assessed and the 

proposed sample of 300 participants would provide reasonable power (~80%, OR = 2.25 

with 6 sites) for a four-week end-of-treatment abstinence measure as a secondary outcome. 

A unique feature of the sample size calculation for the ACCENT study is that a design 

decision was based on being powered to detect a treatment effect for the primary outcome 

measure as well as a key secondary outcome measure.

9.0 Discussion

9.1 Current Status of the Study

Recruitment of study participants commenced in January 2014, with all six study sites 

having Institutional Review Board (IRB) approvals and open to enrollment as of February 

2014. Recruitment is expected to be completed by March 2015, with the final follow-up 

visits occurring in July 2015. At the time of writing this manuscript, recruitment is ahead of 

schedule and indicators of treatment exposure (doses of medication taken) and retention in 

study procedures are all excellent. Primary and secondary outcomes will be reported in 

future manuscripts.

9.2 Value of Findings from ACCENT in Treating CUDs

Cannabis use disorders are increasingly prevalent, accounting for 17.5% of all admissions to 

SUD treatment in 2012, which encompasses approximately 305,000 individuals in the US 

alone [4]. Treatment admissions due to CUDs are greater than those for cocaine (121,000), 

methamphetamine (116,000), and heroin (285,000) [4]. It is expected that rates of CUDs 
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will continue to rise [5], therefore increasing the number of individuals seeking treatment for 

problematic use. The public perception of risks associated with cannabis use continues to 

diminish [5], which may increase the pool of individuals using cannabis regularly, and 

progressing to dependence. Unfortunately, established treatments convey limited efficacy 

for all age groups. The development of a safe and efficacious medication to complement 

behavioral treatment is a critical step in addressing a significant and growing public health 

problem. Based on the positive effect in the initial clinical study in adolescent cannabis users 

[16] and a favorable safety profile, NAC is an excellent candidate for clinical evaluation for 

the treatment of cannabis dependence among all age groups.

The results from the ACCENT study have the potential to improve treatment for CUDs 

among adults and could have a marked impact on clinical practice. With the recent 

implementation of the 2010 Patient Protection and Affordable Care Act (ACA), previously 

uninsured individuals will have increased access to primary care and treatment for SUDs. 

This is expected to create added pressure for evidence-based treatment options for those 

seeking treatments for SUDs. Therefore, it is of great importance, now more than ever, to 

have efficacious treatment options available for those wishing to reduce their use of 

cannabis or abstain completely. NAC is well-tolerated and readily available as an over-the-

counter product sold as a nutritional supplement (should be noted that some, but not all 

over-the-counter NAC, is USP-grade NAC, which is the formulation used in research 

studies). This safety profile and availability may help clinicians to be more comfortable in 

recommending NAC as a pharmacotherapy for patients interested in reducing their cannabis 

use or quitting entirely.

By conducting this study within the NIDA CTN, the generalizability of study findings is 

enhanced. The multi-site study design being used by ACCENT promotes diversity in age, 

race, and ethnicity of study participants. Study sites include both academic medical centers 

and community treatment programs across the US, all with varying regulations and cultures 

surrounding cannabis. This may yield diversity with regards to CUD severity, and type and 

quantity of cannabis use and abstinence achieved.

In addition to the primary outcome of NAC’s efficacy for cannabis cessation, several 

secondary outcomes will be of value to researchers and clinicians investigating and treating 

cannabis dependence. This study is utilizing several measures of cannabis use and 

abstinence, which will provide direct comparisons of different quantification methods.

9.3. NAC for SUDs

Preclinical literature has provided support for targeting glutamatergic dysregulation as a 

treatment for SUDs with the use of glutamatergic agents that restore normal functioning. 

This demonstrated dysregulation appears to be consistent across several different substances 

of abuse [20, 21, 25], which lends support for employing glutamatergic agents across 

substances of abuse or in the case of poly-substance dependence. NAC may have the 

potential to be used in the treatment of several psychiatric disorders [46] and SUDs [47], 

though not all randomized trials have yielded positive results with NAC [105, 106]. The 

focus on CUDs in the ACCENT study may provide a template for similar work with other 

substances, among those who are dependent on several substances, or who have co-
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occurring psychiatric disorders, though the current study will not be able to answer 

questions regarding those populations. Future studies should work to address the benefit of 

NAC as a pharmacotherapy for CUDs in populations with co-occurring psychiatry disorders, 

should the results of the NAC trial be positive.

9.4 Study Limitations

There are some notable limitations of the ACCENT protocol that deserve discussion. First, 

the use of CM to reinforce abstinence from cannabis in this study may be seen as unrealistic 

for large-scale dissemination. Indeed, there are difficulties in the wide-spread 

implementation of CM as a behavioral treatment; however, it has been suggested that CM 

provides an ideal evidence-based platform for pharmacotherapy trials and treatments [15]. 

Continued work on the dissemination of CM, in conjunction with pharmacotherapy, will be 

important for future research and implementation studies. Second, biological verification of 

abstinence from cannabis may take 2–4 weeks with the tests that are currently available. 

This is not ideal for cannabis treatment trials, as false positives may emerge and discourage 

participants from remaining abstinent. It is expect that some false positives will occur early 

in abstinence in the ACCENT study, but it is also expected that the generous attendance CM 

schedule will assist in keeping participants engaged in treatment until the tests yield negative 

results. Third, the ACCENT study is excluding participants over the age of 50, which could 

be seen as limiting the generalizability of study results within and outside the US. Finally, 

this study has one follow-up visit four weeks after the treatment phase. The follow-up visit 

is largely intended to assess safety, and not necessarily continued efficacy, but we recognize 

that long-term and sustained efficacy would need to be established and assessed via future 

study.

9.5 Concluding Remarks

NAC is one of the first medications to demonstrate cessation benefit in a randomized 

controlled study among cannabis users in any age group, but has not yet been demonstrated 

in adults. While the results from the adolescent study by Gray and colleagues found that 

NAC was effective in promoting abstinence from cannabis [16], those findings require 

replication and extension among adult cannabis users. The ACCENT study was designed to 

mirror the methods from the adolescent study, with appropriate modifications for an adult 

population. If results from the ACCENT study show efficacy of NAC, plus CM, in 

promoting abstinence from cannabis among adults, this will be the first, multi-site, 

randomized controlled, intent-to-treat demonstration of an effective and safe 

pharmacotherapy for CUDs among a diverse population of adult cannabis users. Future 

studies should then work to address the clinical utility of NAC in the absence of a behavioral 

intervention or work to incorporate behavioral platforms that are easily adopted and 

delivered to patients. These results have the potential for application to clinical care and to 

improve outcomes for those seeking treatment for CUDs.
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Figure 1. 
Overview of study design.
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Table 1

Study eligibility criteria and rationale.

Criteria Description Rationale

Inclusion

1 Age 18 – 50 years Definition of study sample; encompasses large majority of 
adults seeking treatment for cannabis use disorders [4]

2 Able to understand study and give consent Good Clinical Practice requirement

3 DSM-IV diagnosis of cannabis dependence Definition of study sample

4 Interested in treatment To help ensure that participant will provide useful data

5 Positive urine cannabinoid test during screening To ensure enrollment of individuals who might benefit

6 Agree to use birth control Safety of NAC during pregnancy not established

Exclusion

1 Allergy or intolerance to NAC Safety

2 Pregnancy or lactation Safety of NAC during pregnancy/lactation not established

3 Use of NAC or NAC-containing supplements Safety; integrity of randomization

4 Use of hazardous concurrent medications Safety—potential high-risk drug-drug interactions

5 Current treatment enrollment Concurrent treatments may confound results

6 Use of synthetic cannabinoids Safety; Possible confound

7 Other substance dependence Definition of study sample

8 UDS positive aside from cannabinoids To help ensure that cannabis is primary substance

9 UDS positive for amphetamines without valid prescription To allow individuals receiving pharmacotherapy for co-
occurring ADHD to participate

10 Buprenorphine or methadone maintenance Definition of study population

11 Recent history of asthma Safety

12 Uncontrolled medical or psychiatric illness that could put 
participant at risk Safety

13 Risk of homicide or suicide Safety
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