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Abstract

Purpose of Review—Adolescent cannabis use represents a significant public health concern.
Cannabis experimentation typically begins in adolescence and increases the odds of meeting
criteria for cannabis use disorder. Cannabis use disorder is associated with numerous short- and
long-term adverse consequences for adolescents, highlighting the critical need for efficacious
behavioral treatments. This brief review aims to synthesize the state of the behavioral treatment
literature on adolescents with cannabis use disorder and to discuss new pathways to leverage
neuroscience to inform novel targets for behavioral intervention.

Recent Findings—To date, effective treatment options for adolescent cannabis use disorder that
have been tested in randomized controlled trials include cognitive behavioral therapy, motivational
enhancement therapy, and multidimensional family therapy. However, established behavioral
treatment approaches focus on higher-order cognitive control and have only been modestly
effective.

Summary—There is a need to develop new pathways that translate neuroscience findings into
novel targets for behavioral interventions.
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Introduction

A substantial number of adolescents use cannabis, posing a significant public health concern
both globally [1] and locally [2]. The 2017 Youth Risk Behavior Surveillance Study found
that 36% of 9th—12th graders in the United States (U.S.) report lifetime use of cannabis [3]
and approximately 6% of high school seniors report daily use [4]. Notably, the 2017
National Survey on Drug Use and Health in the U.S. reported that 2.2% of adolescents met
the criteria for CUD based on the Diagnostic and Statistical Manual of Mental Health
Disorders, DSM-1V [3, 5].

The shifting landscape of medicinal and recreational use of cannabis in the U.S. is coupled
with increased approval of use and decreased perception of harm [4, 6, 7]. In a nationally
representative survey of U.S. adolescents conducted in 2018, about 27% of 12th graders
reported their perception of regular cannabis use as harmful (compared with about 60% two
decades ago) [4]. To date, cannabis is the second most commonly used intoxicant after
alcohol in adolescents and is the most commonly used substance (75%) post-discharge from
substance use treatment [2, 8]. Decreasing perception of harm, increasing cannabis
legalization, and high prevalence use rates in adolescent community and clinical populations
are concerning, especially since adolescents who initiate cannabis use before age 18 are four
to seven times more likely to develop a cannabis use disorder (CUD) and may be at greater
risk for poor cognitive and psychological functioning [9-12].

To date, effective treatment options for adolescent CUDs that have been tested in
randomized controlled trials are sparse and include cognitive behavioral therapy (CBT),
motivational enhancement therapy (MET), and multidimensional family therapy (MDFT)
[13]. Even with several behavioral treatment options available, effect sizes are modest,
suggesting there is a need for improvement in the treatment of CUD in adolescence.
Advances in adolescent cannabis research have facilitated a better understanding of the
effects of CUD on the adolescent brain. By leveraging insights from the neuroscience
literature, there is a potential to redefine novel targets for intervention and advance the
efficacy of treatment for CUD in adolescents. This brief review aims to synthesize the state
of the behavioral treatment literature on adolescents with CUD and to discuss new pathways
to leverage the neuroscience literature to inform novel targets for behavioral intervention.

Adverse Effects of Cannabis

Adolescence is a critical period of rapid physiological, psychological, and neurocognitive
development, coinciding with increased cannabis use [14-16]. Cannabis use during
adolescence is associated with changes in brain development, neural functioning, and
neurocognitive performance (i.e., learning, memory, executive functioning, and processing
speed) [17, 18]. Academic adverse consequences have been linked to cannabis use,
including academic unpreparedness, unsatisfactory academic performance, and increased
delinquency [19]. Studies have also shown an association between cannabis use during
adolescence and psychiatric disorders [20-24]. Moreover, heavy use of cannabis during
adolescence has been linked to psychosocial problems later in life, including lower-income,
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greater need for socio-economic assistance, unemployment, and lower life satisfaction in
adulthood [25].

Short- and long-term emaotional and physical symptoms associated with reducing and/or
stopping cannabis use often result in continued use despite adverse consequences [26]. A
cluster of abstinence symptoms, termed cannabis withdrawal syndrome (CWS), is
recognized in the DSM-5 [27] and is common among adolescents in treatment.
Approximately 40 to 75% of adolescents who have sought treatment for CUD experienced
CWS [28, 29] and rates are even higher among adolescents with comorbid psychiatric
conditions [30]. The presentation of CWS typically includes changes in emotions (i.e.,
anxiety, depressed mood, and irritability), a sensation of restlessness, decreased appetite,
sleep difficulty, and cannabis craving. CWS usually peaks within the initial week of
abstinence and symptoms can ensue for as long as 1 month. Though some research suggests
that CWS is associated with relapse among adolescents [30], other studies have found that
the presence of CWS was not associated with frequency of cannabis use following treatment
[31, 32].

Efficacious Behavioral Treatments for Cannabis Use Disorder

To date, relatively few behavioral treatments have been tested in randomized controlled trials
specifically tailored to adolescents diagnosed with CUD. The Cannabis Youth Treatment
(CYT) investigation was a multi-site study consisting of two randomized clinical trials. The
study aimed to test the efficacy and cost-effectiveness of five short-term interventions across
four U.S. study sites with 600 adolescents, aged 12 to 18, who self-reported one or more
DSM-IV criteria for cannabis abuse or dependence [5, 33]. The two primary outcomes of the
study included days of abstinence over a 12-month follow-up period and the percent of
adolescents in recovery (i.e., living in the community, abstinent, and no longer meeting
criteria for a substance use disorder) at follow-up. In the first trial, participants were
randomized into three different treatment groups. The first group received MET/CBT5 (n=
102), comprised of two individual MET sessions and three group CBT sessions, with the
total duration of treatment lasting 6 to 7 weeks. The second group received MET/CBT12 (n
= 96), which extended MET/CBT5 with seven additional CBT sessions in a group format,
with the combined duration lasting 12 to 14 weeks. The third group received MET/CBT12/
Family Support Network (FSN; 7= 102), which extended MET/CBT12 by adding an FSN
focus which included six parent education group meetings, four therapeutic home visits,
referral to self-help support groups, and care coordination. In the second trial of the CYT
study, participants were randomized into three different groups. The first group received
MET/CBTS5 (n=100), as designed in trial one, and the second group received the adolescent
community reinforcement approach (ACRA,; 7= 100). ACRA includes a combination of
operant conditioning, skills training, and a social systems approach. MET/CBT5 included
ten individual sessions with the adolescent, four sessions with caregivers (two of which are
with the whole family), and a limited amount of case management over a period of 12 to 14
weeks. The third group received Multidimensional Family Therapy (MDFT; n= 100), to
include 12 to 15 sessions (six with the adolescent, three with parents, and six with the whole
family), and case management provided over a period of 12 to 14 weeks. In both trials, all
groups improved in days of abstinence and percentage in recovery, and there were no
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significant between-group effects (effect sizes were generally small, Cohen’s 7= 0.1). MET/
CBT5 was the most cost-effective in trial one, and ACRA was the most cost-effective in trial
two [33].

A 2011 treatment study conducted in the Netherlands enrolled 109 adolescents, aged 13 to
18, from two substance abuse treatment sites [34]. Participants self-reported a history of
cannabis abuse or dependence in the year prior based on the Diagnostic and Statistical
Manual of Mental Disorders, DSM-1V, criteria [5] and recent, daily cannabis use (= 26 days
in the 90 days preceding baseline interview). Participants were randomized to receive either
CBT (control group; n=54) or MDFT (experimental group; 7 =55), and complete follow-
up assessments at four additional time points (3, 6, 9, and 12 months post-treatment). The
CBT control group included 5 to 6 months of weekly outpatient therapy for 1 h with the
adolescent and one family session a month for an hour. The individual adolescent sessions
focused on motivation to change: (a) substance addictive behavior, (b) maladaptive
behaviors, and (c) cognitions, through skills training and relapse prevention. The monthly
family sessions were psycho-education and support focused. The MDFT experimental group
comprised of 5 to 6 months of weekly outpatient therapy, for 2 h, with the adolescent,
parent(s) and/or family, and school, courts, or other involved systems. The treatment was
family-based and developmentally tailored to the adolescent’s cannabis use while also
targeting the adolescent’s relationships with parents, family members, and systems that
influenced the adolescents use (i.e., school, work, drug-using peers, and juvenile justice
system). The study’s primary outcome measure was the frequency of cannabis use (i.e., days
of cannabis use and the number of joints smoked) in the 3 months since the last follow-up
interview. Additional outcome measures included the percentage of treatment responders,
percentage of recovered adolescents, number of property and violent crimes committed in
the 3 months prior, and treatment retention [34]. MDFT (experimental group) did not report
less cannabis use and/or cannabis-related behaviors as compared with CBT (control group)
on any of the outcome measures. Adolescents in both treatment groups demonstrated
substantial decreases in cannabis use and delinquency from baseline to 1-year follow-up,
with treatment effects in the moderate range (Cohen’s d= 0.39-0.61) [34].

The aforementioned studies are the only two investigations that have relied on randomized
controlled trial design to test the efficacy of behavioral treatments specifically for
adolescents with CUD. In summary, the current behavioral treatment options available that
are tailored specifically for adolescent CUD are limited. They require active participation,
some degree of higher-order cognitive control (e.g., CBT, MET, and MDFT), and have only
been modestly effective [13, 33, 34]. In both randomized controlled trials described above,
relapse rates remained relatively high 12 months post-treatment, across all treatment
modalities (e.g., CBT, MET, and MDFT). In CYT (CBT/MET/MDFT), 50% of the
participants experienced periods of recovery and relapse one or more times post-discharge,
and about 67% reported substance use or related problems at the 12-month follow-up
interview [33]. In the 2011 treatment study conducted in the Netherlands, participants used
cannabis on 70% of days leading up to treatment and 50% of days at 12-month follow-up
[34]. No treatment has been found to be superior for treating adolescents with CUD [34].
Existing treatments are limited and leave considerable room for improvement. Research that
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focuses on how to supplement behavioral treatments with cost-effective, low burden, and
accessible adjunctive treatments is needed.

Neuroscience Informed Behavioral Treatments

Cannabis use is linked to brain-based vulnerabilities in reward networks that influence
cognitive control [35-37]. Thus, brain-based interventions that test novel neural targets and
implicit neural processes could be an adjunct treatment option for adolescents with CUD
[38-42]. Cognitive bias modification (CBM) paradigms have been developed to target and
modify maladaptive cognitive biases (e.g., approach bias, attention bias) and have proven to
be efficacious [43-45]. Computerized approach avoidance training (CAAT) is a
computerized training program that focuses on modifying approach bias, which is the
implicit bias to either approach or avoid a cannabis cue [46]. CAAT is cost-effective and
accessible, thus making it a potentially suitable adjunct to psychosocial treatment. CAAT
has been tested in several investigations with adult alcohol users and findings suggest that
successful modification of approach bias towards alcohol cues is linked to decreased alcohol
intake [47]. Promising findings have been reported in studies of community and clinical
alcohol-dependent populations, and via online interventions, with 30% less alcohol relapse
at 2 weeks post-treatment and up to 13% less relapse a full year post-training [43, 47, 48].

CAAT may be a particularly relevant treatment approach for adolescents with CUD since
adolescents’ cannabis use is highly dependent on setting and social context [49-51].
Exposure to cannabis and related paraphernalia and the expectation of cannabis provokes
greater cravings among adolescent cannabis users relative to adults [52]. Our group
conducted a multi-site pilot investigation of CAAT in a heavy cannabis-using adolescent
sample [53]. Eighty non-treatment-seeking heavy cannabis users (ages 17-21) were
recruited at two sites (California and South Carolina) and were randomized to complete six
sessions of CAAT (experimental group) or CAAT-sham (control group), twice a week for 3
weeks. Heavy cannabis use was defined as a pattern of weekly cannabis use that was greater
than or equal to one use per week for 52 weeks before study enrollment. The primary
outcomes of this investigation included changes in cannabis approach bias and percent
cannabis use days over study enrollment. This investigation demonstrated that the group
receiving CAAT decreased approach bias towards cannabis cues and decreased cannabis use
compared with the CAAT-sham group after 3 weeks of treatment [53]. While not statistically
significant, greater cannabis avoidance bias from baseline to post-CAAT treatment was
related to a trend-level decrease in cannabis use during treatment (r= 0.21; p=0.07),
suggesting a possible mechanism for changes in substance use. A subsample (7= 40) of
adolescents from the larger randomized controlled trial completed a cannabis cue—reactivity
task pre- and post-CAAT or sham training during a functional MRI scan. No significant
cannabis cue-induced neural response changes were found pre- to post-CAAT training in
either the experimental or sham condition. Some evidence was found that the experimental
manipulation condition (i.e., CAAT) generated small-to-medium-sized cue-induced
reductions in neural activation in the amygdala and prefrontal cortex despite the lack of
statistical significance. It is possible that the relatively small sample size limited the ability
to observe a significant group by time interaction in cue-induced neural activation. The lack
of inclusion of treatment seekers, personally relevant cannabis cues, and a substantial
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reduction in cannabis use in the substudy sample may also contribute to the lack of
neuroimaging findings. Cannabis cues vary greatly, and cannabis consumption patterns are
rapidly evolving (i.e., concentrates, edibles, vaping). Given this, it is critical that cues are
personalized specifically for cannabis users that are relevant for adolescents. Continued
research with larger sample sizes and cannabis cues that are personalized to match an
individual’s preferred product type and consumption pattern (e.g., flower, concentrate,
edible) are warranted to explore potential mechanisms of CAAT as a treatment for
adolescent CUD [54, 55].

Conclusion

Brain maturation continues throughout adolescence and cannabis has the potential to
interrupt this critical stage of brain development, thus leading to substantial short- and long-
term adverse consequences. The current behavioral treatments (CBT, MET, and MDFT)
tailored specifically for adolescent CUD populations are limited, focus on higher cognitive
control, and are only modestly effective. Our understanding of the effects of cannabis on the
developing adolescent brain needs to be translated into the current behavioral treatment
options. By developing novel targets for efficacious and accessible behavioral interventions,
we can pave the way for translational neuroscience in preventing and treating adolescent
CUD. Cognitive bias modification paradigms such as CAAT are potentially promising
adjunct behavioral treatment option that leverage cognitive neuroscience, meriting testing
via larger randomized controlled trials in adolescents with CUD [56].
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Key points

1 Adolescence is a developmental period of rapid physiological, psychological,
and neurocognitive changes that often coincides with the experimentation and
use of cannabis.

2. Adolescent cannabis use disorder leads to short- and long-term adverse
consequences. However, behavioral treatment options are limited and have
only been modestly effective.

3. Further research is needed to translate neuroscience research and enhance
behavioral treatments to reduce the considerable public health burden of
adolescent cannabis use disorder.
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