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Working with communities.

✧ The SAMHSA-funded Opioid Response Network (ORN) assists 
states, organizations and individuals by providing the 
resources and technical assistance they need locally to 
address the opioid crisis and stimulant use.

✧ Technical assistance is available to support the evidence-
based prevention, treatment and recovery of opioid use 
disorders and stimulant use disorders. 
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Working with communities.

✧ The Opioid Response Network (ORN) provides local, 
experienced consultants in prevention, treatment and 
recovery to communities and organizations to help address 
this opioid crisis and stimulant use. 

✧ ORN accepts requests for education and training. 

✧ Each state/territory has a designated team, led by a regional 
Technology Transfer Specialist (TTS), who is an expert in 
implementing evidence-based practices. 
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Contact the 
Opioid Response Network

✧ To ask questions or submit a request for technical 
assistance: 

• Visit www.OpioidResponseNetwork.org 
• Email orn@aaap.org 
• Call 401-270-5900
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Overview

✧ Embracing complexity
✧ What’s going on with cannabis policy?
✧ What is the endocannabinoid system?
✧ What is cannabis?
✧ What are cannabinoids?
✧ Should we be excited?
✧ Should we be cautious?
✧ What do we need to learn?



Polarization



Perspective(s)



Duality

✧ "It seems as though we 
must use sometimes the 
one theory and sometimes 
the other, while at times we 
may use either. We are 
faced with a new kind of 
difficulty. We have two 
contradictory pictures of 
reality; separately neither 
of them fully explains the 
phenomena of light, but 
together they do.” – Albert 
Einstein



Duality



Embrace complexity!

✧ Cannabis can

– Be potentially safe and benign

– Contain potentially medicinal components

– Be potentially risky and harmful

✧ These can all be true simultaneously

✧ And there can still be a lot more to learn



Avoid paralysis!

✧ This topic is complex. We’re still learning about it, 

and that’s OK

✧ Let’s make the best decisions we can (and advise 

our patients) based on what we know now

✧ Let’s pursue research to address what we don’t 

know now



Cannabis policy

✧ Not a black and white issue
✧ There is a full range of options, each with potential 

risks and benefits
– Prohibition
– Decriminalization
– Medicalization
– Legalization
– Commercialization

✧ Who is at risk? Who benefits? What factors drive policy 
changes?  Are there unintended effects?



Cannabis policy: Federal

✧ Cannabis is classified as a Schedule I Controlled 
Substance by the United States Drug Enforcement 
Agency

✧ Substances in this schedule have no currently 
accepted medical use in the United States, a lack of 
accepted safety for use under medical supervision, and 
a high potential for abuse

✧ Some examples of substances listed in Schedule I are: 
heroin, lysergic acid diethylamide (LSD), marijuana 
(cannabis), peyote, methaqualone, and 3,4-
methylenedioxymethamphetamine ("Ecstasy”)



Cannabis policy: States

✧ 37 states have legalized 
“medical marijuana”

✧ 18 states have legalized 
recreational cannabis use
– Age 21 and up



The endocannabinoid system

✧ Located in central and peripheral nervous system

✧ Involved in appetite, pain sensation, mood, memory, immune 
function, and neurodevelopment

✧ Two well-described cannabinoid receptor types
– CB1 and CB2

✧ Two well-described endogenous cannabinoids
– anandamide and 2-arachidonoylglycerol

✧ Tetrahydrocannabinol (THC), the main psychoactive ingredient 
in cannabis, binds to CB1 receptors to produce its psychoactive 
effects (“high”), though it binds to both CB1 and CB2



Cannabis

✧ Use dates back to at least 2700 
B.C.

✧ Plant source is Cannabis sativa
– Mixture of dried seeds, stems, 

leaves, and flowering top
✧ Traditionally smoked in rolled 

form (joints, blunts), in a pipe 
(bowl), or in a water pipe (bong), 
to produce a characteristic “high”

✧ Edibles are increasingly popular
✧ Newer formulations: concentrates 

(dabs, wax), vape pen delivery



Cannabis formulations



Cannabis & cannabinoids

✧ The terms are not interchangeable
✧ Cannabis contains more than 500 active chemicals 

and more than 100 unique cannabinoids
– Many cannabinoids have distinct, dose-dependent 

effects
– Cannabis is not consistently standardized in dose, 

potency, or chemical constituency, though in some 
states regulations require quality control regarding 
contents in dispensary-sold cannabis preparations

– Cannabis edibles may have poor labeled dose accuracy 
(Vandrey et al., 2015)



Cannabinoid concentrations

✧ Average concentration of delta-9-tetrahydrocannabinol (THC) in 
seized cannabis increased from 4% in 1995 to 12% in 2014 (ElSohly et 
al., 2016)

✧ Over the same time, average cannabidiol (CBD) concentration 
decreased from 0.28% to 0.15%

✧ The ratio of THC to CBD concentration increased from about 14 
to about 80

✧ The increase in THC concentration coincided with an increase in 
treatment admissions for cannabis use disorder (CUD)

✧ Formulations such as dabs/wax may contain 90% or higher THC 
concentration



Cannabinoid concentrations



Cannabis & cannabinoids

✧ Some cannabinoids have been isolated and studied as 
oral compounds for medical applications
– Dronabinol (Marinol) – Oral delta-9-tetrahydrocannabinol 

(THC)
– Nabilone (Cesamet) – Oral synthetic cannabinoid (similar to 

THC)
– Cannabidiol (CBD; Epidiolex) – Non-“high”-inducing 

cannabinoid with possible anticonvulsant, anxiolytic, and 
antipsychotic properties

– Nabiximols (Sativex) – 1:1 THC:CBD standard-dose oral spray 
derived from cannabis plant



What level of evidence is needed?

✧ FDA approval of medication typically requires, at minimum, 2 
independent randomized controlled trials with positive primary 
outcomes reflecting efficacy and safety with standardized dosing

✧ With cannabis we have an unusual situation, with federal DEA 
Schedule 1 designation in parallel with wide public access and 
significant potential for commercialization at the state level
– Rigorous research is difficult to conduct
– High likelihood of bias in observational/non-rigorous studies

✧ We must objectively and critically evaluate an imperfect but 
improving body of research on cannabis and cannabinoid 
therapeutics



Cannabinoid therapeutics

✧ Dronabinol and Nabilone have FDA indications in adults for
– Loss of appetite in HIV/AIDS (Dronabinol only)

– Chemotherapy-induced nausea and vomiting (Dronabinol and Nabilone)

✧ Cannabidiol (CBD) (isolated in oral dosing form under the name 
Epidiolex)
– FDA approved in 2018 for seizures in Lennox-Gastaut syndrome and Dravet

syndrome (Devinsky et al., 2017)

– Inverted U-shaped curve response for public speaking anxiety (Zuardi et al., 2017)

– Mixed findings as adjunctive treatment for psychosis (McGuire et al., 2017; Boggs et al., 2018)

✧ Nabiximols (oral 1:1 THC:CBD) under FDA review for a potential 
multiple sclerosis indication



Cannabinoids & pain

✧ Cannabinoid drugs (THC is most-studied) may increase pain thresholds 
(De Vita et al., 2018) and decrease pain sensitivity
– Oral THC has longer duration of analgesic activity than smoked cannabis (Cooper 

et al., 2013)

– Overall low-quality evidence for primary pain outcomes; higher rates of 
adverse events with cannabis products (Mücke et al., 2018)

– Tolerance may develop leading to dose escalation over time (Cuttler et al., 2020)

✧ CBD does not appear to convey analgesic effects and leads to increases 
in some painfulness measures (Arout et al., 2022)

✧ Nabiximols and THC have no effect on pain, sleep problems and opioid 
consumption in patients with cancer pain with insufficient pain relief 
from opioids (Häuser et al., 2019)



Cannabinoids & mental health

✧ “There is scarce evidence to suggest that cannabinoids 
improve depressive disorders and symptoms, anxiety 
disorders, attention-deficit hyperactivity disorder, 
Tourette syndrome, post-traumatic stress disorder, or 
psychosis. There is very low quality evidence that 
pharmaceutical THC (with or without CBD) leads to a 
small improvement in symptoms of anxiety among 
individuals with other medical conditions. There 
remains insufficient evidence to provide guidance on 
the use of cannabinoids for treating mental disorders 
within a regulatory framework. Further high-quality 
studies directly examining the effect of cannabinoids 
on treating mental disorders are needed.” (Black et al., 2019)



Cannabinoids & PTSD

✧ The short-term impact of 3 smoked cannabis 
preparations versus placebo on PTSD symptoms: A 
randomized cross-over clinical trial (Bonn-Miller et al., 2021)

✧ High THC (12%) vs High CBD (11%) vs THC+CBD 
(about 8% each) vs Placebo for 3 weeks

✧ No difference in change in PTSD symptom severity 
between groups
– Placebo response was higher than expected
– All groups showed improvement in PTSD symptoms



Cannabinoid therapeutics

✧ There is exciting evidence (amid an overall mixed 
picture) from well-conducted research indicating 
specific benefits of specifically dosed and safely 
delivered specific cannabinoid compounds for specific 
conditions

✧ We should be cautious about extrapolation
– No cannabinoid compound (or any medicine) is a “panacea” 

– be careful interpreting claims
– Evaluation of cannabis (as opposed to orally delivered 

specific cannabinoids in reliable doses) is a difficult 
endeavor, and the evidence base is currently unclear



Is there reason for caution?

✧ Many people may have occasional, benign, and 
pleasant experiences with recreational cannabis use

✧ There is evidence of therapeutic roles of some 
cannabinoids

✧ However, there may be times when benefits are 
outweighed by risks and/or alternatives

✧ The balance between risk and benefit may depend 
upon several factors, both at the human level (age, 
genetic and environmental factors) and at the 
cannabis/cannabinoid level (strain, constituency, 
route of administration)



What do we know about
cannabis-associated risks?

✧ Acute/intoxication
– Driving performance and decision-making

✧ Chronic/repeated use
– Cannabis use disorder (CUD)

• More prevalent than previously thought
– 1/5 lifetime users, of whom 23% are symptomatically severe, of 

whom 48% are not functioning in any role (e.g., work)

• Treatment outcomes are limited – room for improvement!
– Use during pregnancy – effects on neonate/child
– Exposure/use during childhood/adolescence

• Higher (∼2×) rate of CUD than in adult cannabis users
• Effects on cognition, emotion, and development

(for review, Hasin 2018)



What should we be doing?

✧ Policy and clinical 

decisions should take into 

account current evidence

✧ Limitations in knowledge 

and priorities for 

advances should guide 

research directions



Observational research

✧ Epidemiology, phenomenology, development, etc.



Cannabinoid therapeutics 
research



CUD treatment research

✧ Studies examining novel treatments in adolescents 

and adults, spanning behavioral and 

pharmacological approaches

✧ Considering several outcomes, including changes 

in cannabis use, withdrawal, craving, cognitive 

performance, emotions, and quality of life



Evidence-based 
CUD treatments

✧ Psychosocial/behavioral approaches supported by evidence
– Motivational Interviewing
– Cognitive Behavioral Therapy
– Family Interventions (primarily with adolescents)

✧ While these treatments are effective for cannabis reduction, long-term 
abstinence outcomes are generally poor 
– Average point prevalence abstinence of 23% across studies at short-term 

follow-up (Gates et al., 2016)

✧ Contingency Management can be used to reinforce abstinence and 
enhance outcomes

✧ There is room for improvement!



A role for medication?

✧ Pharmacotherapies are used to augment psychosocial 
treatments in tobacco, alcohol, and opioid use disorders

✧ To date, there are no FDA-approved medications for cannabis 
use disorder (CUD)

✧ Potential behavioral targets of pharmacotherapies for CUD
– Reducing withdrawal
– Reducing craving/seeking
– Causing negative effects with drug use (aversion)
– Reducing positive effects with drug use (decreased reward)
– Reducing symptoms that may lead to drug use (e.g., anxiety, insomnia)



Human Laboratory Controlled Trials Pilot Controlled Trials Fully Powered Controlled Trials

Discouraging Encouraging Discouraging Encouraging Negative/Null Positive

Bupropion SR
(N=10)

(Haney et al., 2001)

Rimonabant
(N=63, 36)

(Huestis et al., 2001; 
Huestis et al., 2007)

Divalproex
(N=25) 

(Levin et al., 2004)

Buspirone
(N=50)

(McRae-Clark et al., 2009)

Dronabinol
(N=156)

(Levin et al., 2011)

N-acetylcysteine
(N=116 adolescents)

(Gray et al., 2012)

Nefazodone
(N=7)

(Haney et al., 2003)

Dronabinol
(N=7, 8)

(Haney et al., 2004; 
Budney et al., 2007)

Bupropion SR
(N=106, 22)

(Carpenter et al., 2009; 
Penetar et al., 2012)

Gabapentin
(N=50)

(Mason et al., 2012)

Venlafaxine XR
(N=103)

(Levin et al., 2013)

Nabiximols
(N=128)

(Lintzeris et al., 2019)

Divalproex
(N=7)

(Haney et al., 2004)

Lofexidine+
Dronabinol

(N=8) 
(Haney et al., 2008)

Nefazodone
(N=106)

(Carpenter et al., 2009)

Oxytocin
(N=16)

(Sherman et al., 2017)

Buspirone
(N=175)

(McRae-Clark et al., 2016)

Quetiapine
(N=130)

(Mariani et al., 2021)

Baclofen
(N=10)

(Haney et al., 2010)

Zolpidem CR
(N=20) 

(Vandrey et al., 2011)

Atomoxetine
(N=78)

(McRae-Clark et al., 2010)

Nabiximols
(N=9, 40)

(Trigo et al., 2016, 2018)

Lofexidine+
Dronabinol

(N=122) 
(Levin et al., 2016)

Dronabinol; 
Lofexidine+Dronabinol

Re-analysis focused on 
heavymoderate use

(Levin et al., 2021)

Mirtazapine
(N=11)

(Haney et al., 2010)

Nabilone
(N=11)

(Haney et al., 2013)

Escitalopram
(N=52)

(Weinstein et al., 2014)

PF-04457845 (FAAH inhibitor)
(N=70)

(D’Souza, 2019)

N-acetylcysteine
(N=302)

(Gray et al., 2017)

Naltrexone
(N=14, 31, 29)

(Wachtel & de Wit, 2000; 
Haney et al., 2003; Cooper 

& Haney, 2010)

Nabiximols
(N=51)

(Allsop et al., 2014)

Lithium
(N=41)

(Johnston et al., 2014)

Cannabidiol
(N=48)

(Freeman et al., 2020)

Quetiapine
(N=14) 

(Cooper et al., 2013)

Naltrexone
(N=51)

(Haney et al., 2015)

Vilazodone
(N=76)

(McRae-Clark et al., 2016)

Varenicline
(N=72)

(McRae-Clark et al., 2021)

Cannabidiol
(N=31)

(Haney et al., 2016)

Zolpidem+Nabilon
e

(N=11)
(Herrmann et al., 2016)

Topiramate
(N=66 adolescents)

(Miranda et al., 2016)

Tiagabine
(N=12)

(Wesley et al., 2018)

Guanfacine, Lorcaserin
(N=15 each)

(Haney et al., 2019, 2021)

Nabilone
(N=18)

(Hill et al., 2017)



What can we make of these trials?

✧ It is not unusual for many candidate medications 
(regardless of target condition) to show early promise 
but not yield a positive finding in a full-scale 
randomized controlled trial

✧ Most of the trials, even with double-blind placebo-
controlled designs, are underpowered (small sample 
sizes) to test efficacy outcomes, limiting 
interpretability

✧ With more experience, we are working toward 
harmony in methods, target outcomes, etc., across 
trials



Implications for clinical care

✧ The cornerstone of treatment is behavioral (e.g., MI,  CBT, 
CM), but effect sizes and abstinence rates are low

✧ There is no foolproof pharmacotherapy approach to 
treating CUD, but amid mixed findings there is wisdom to 
guide clinicians
– Cannabinoid agonists (e.g., dronabinol, nabiximols) may have 

value in reducing withdrawal, craving, and heavy use and 
increasing retention in treatment

– Quetiapine improves abstinence in youth but not adults
– Other agents such as alpha agonists (e.g., lofexidine), gabapentin, 

and varenicline may have roles in treatment
– Noradrenergic agents (e.g., venlafaxine) may worsen withdrawal
– NAC improves abstinence in youth but not adults



N-acetylcysteine (NAC)

✧ Glutamate plays an important role in addictive processes across 
multiple substances, including cannabis (Gass & Olive, 2008)

✧ Glutamate dysregulation in the nucleus accumbens underlies 
drug seeking (LaLumiere & Kalivas, 2008; McFarland et al., 2003, 2004)

✧ NAC administration activates the cystine/glutamate exchanger 
and upregulates the GLT-1 receptor, leading to reduction in 
reinstatement of drug seeking in animal models (Baker et al., 2003; 
Madayag et al., 2007; Moran et al., 2005; Reissner et al., 2015)

✧ NAC administration directly normalizes a drug-induced 
pathology (Kalivas et al., 2008)
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✧ Unlike many other potential candidate medications for cannabis use 
disorder treatment (see Hart, 2005, for review), NAC has a long-established 
safety record in adults and children, with FDA approval since 1963

✧ NAC is well tolerated, inexpensive, and readily available over-the-
counter at supplement stores

✧ These factors offer significant appeal in light of escalating FDA, 
healthcare provider, patient, and family concerns about potential 
adverse effects of psychoactive medications in children and 
adolescents (Cheung et al., 2008; Nemeroff et al., 2007)

✧ Our open-label pilot study in young cannabis users supported 
feasibility and tolerability for further study (Gray et al., 2010)

Background on NAC



Adolescent NAC trial (Gray et al., 2012)

✧ Adolescents with cannabis use disorder (n=116; ages 15-21)

✧ Eight weeks of active treatment
– Double-blind placebo-controlled NAC 1200 mg BID

✧ All participants received weekly brief cessation counseling and 
twice-weekly contingency management (CM)
– Two-tiered escalating reinforcement schedule with resets, rewarding 

both study retention and cannabis abstinence (Carroll et al., 2006)

Consent &
Eligibility 

Assessment
Weeks 1-8 (NAC 1200 mg or placebo twice daily) Week 12

Start medication End of treatment

Twice weekly urine testing and contingency management Post-treatment

Randomization
NAC n=58

Placebo n=58 Weekly brief cessation counseling (≤10 min)



Adolescent NAC trial
Primary outcome

✧ Intent-to-treat (all randomized participants) with participants assumed 
to be non-abstinent at any missed visit
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Adolescent NAC trial
Secondary outcomes

✧ Cognitive task performance improved with cannabis 
abstinence (Roten et al., 2015)

✧ Low impulsivity and high medication adherence predicted 
abstinence; adherence optimization is particularly critical 
in high-impulsivity individuals (Bentzley et al., 2016)

✧ NAC was more effective in adolescents with elevated 
depressive symptoms (Tomko et al., 2018)

✧ Tobacco use and alcohol use did not increase with 
cannabis use reduction (McClure et al., 2014; Squeglia et al., 2016)

✧ In the NAC group, but not the placebo group, reductions in 
cannabis use were associated with reductions in alcohol 
use (Squeglia et al., 2016)



Does it work in adults, too?

✧ National Drug Abuse Treatment Clinical Trials Network (CTN) effort to see if positive adolescent 
findings extend to adults (CTN-0053) (Gray et al., 2017)

✧ Adults with cannabis use disorder (N=302; ages 18-50; recruited across six CTN sites)

✧ Twelve weeks of active treatment
– Double-blind placebo-controlled NAC 1200 mg BID

✧ All participants received weekly medication management and twice-weekly contingency 
management
– Two-tiered escalating reinforcement schedule with resets, rewarding both study retention and 

cannabis abstinence

Consent &
Eligibility 

Assessment
Weeks 1-12 (NAC 1200 mg or placebo twice daily) Week 16

Start medication End of treatment

Twice weekly urine testing and contingency management Post-treatment

Randomization
NAC n=153

Placebo n=149 Weekly medication management



Adult Trial
Primary Outcome

✧ Intent-to-treat (all randomized participants) with participants assumed to be non-
abstinent at any missed visit

0

5

10

15

20

25

30

35

BL  1  2  3  4  5  6  7  8  9  10  11  12

Pe
rc

en
ta

ge
 o

f N
eg

at
iv

e 
Ur

in
e 

Ca
nn

ab
in

oi
d 

Te
st

s

Week

NAC+CM (n=153)

Placebo+CM (n=149)
Odds ratio = 1.00, p = 0.985



0

5

10

15

20

25

30

35

BL  1  2  3  4  5  6  7  8  9  10  11  12

Pe
rc

en
ta

ge
 o

f N
eg

at
iv

e 
Ur

in
e 

Ca
nn

ab
in

oi
d 

Te
st

s

Week

NAC+CM - 18-21 (n=35)
Placebo+CM - 18-21 (n=23)
NAC+CM - 22-50 (n=118)
Placebo+CM - 22-50 (n=126)

Adult Trial
Ages 18-21 versus 22-50 (post-hoc comparison)

✧ Intent-to-treat (all randomized participants) with participants assumed to be 
non-abstinent at any missed visit

Odds ratio = 2.03, p = 0.187



Adult Trial
Secondary Outcomes

✧ There was a trend-level (p=0.083) race-by-treatment 
interaction: while racial minority participants had 
overall lower abstinence rates, they differentially 
responded more favorably to NAC than placebo (Gray et 
al., 2017)

✧ Reductions in cannabis use were associated with 
improvements in anxiety, depression, and sleep 
quality (Hser et al., 2017)

✧ NAC participants, compared to placebo participants, 
had reductions in alcohol use and had higher rates of 
alcohol abstinence (Squeglia et al., 2018)



Adult vs Adolescent Trial
Interpreting discrepant findings

✧ Main findings differ between the adolescent and adult 
NAC trials for CUD
– Response to NAC for CUD may be age-dependent, with 

adolescents up to age 21 benefiting, and adults above age 21 
not yielding benefit at the 1200 mg twice daily dose.  

– Whether this may be due to developmental differences in the 
course and phenomenology of CUD, differential effects of 
NAC based on stage of brain development, potential need for 
dose adjustment based on age, differences in medication 
adherence, and/or other factors remains unclear, and is 
deserving of further examination.



Role of CM in the NAC trials

✧ These studies included contingency management 
(CM), a potentially powerful behavioral treatment 
platform.  
– This may have obscured potential medication versus 

placebo effects
– However, our prior work has shown synergy between 

medication and CM in adolescents (bupropion SR + CM 
for youth tobacco use disorder) (Gray et al., 2011)



Where are we with NAC?

✧ NAC remains the only pharmacotherapy with 
positive published intent-to-treat clinical trial 
abstinence findings for CUD in adolescents; 
efficacy may not extend to adults

✧ 1200 mg BID (without need for initial titration) is 
the dose studied to date, and tolerability was good 
in both trials
– NAC is typically available in 600 mg capsules, and 

titration may be used if there are issues with tolerability 
(e.g., gastrointestinal upset)



Where are we with NAC?

✧ NAC appears to target compulsive drug-seeking
– Best used as an adjunct to psychosocial treatments that target other core 

features of CUD, particularly when compulsive seeking/using continues 
even with significant motivation to reduce/quit

– Pharmacological effect tends to be subtle and gradual
• No “eureka moment,” but rather a reduced compulsion to seek out 

and use cannabis, often only realized in retrospect
• Patients may continue using amid easy access/availability or in social 

situations, but reduce or cease significant efforts to obtain cannabis 
for use

• Duration of treatment may vary, but generally ≥2 months is 
recommended

✧ Positive adolescent findings must be replicated, and the necessary behavioral 
treatment platform must be clarified 
– R01 DA042114 (N-Acetylcysteine for Youth Cannabis Use Disorder)



Summary (repeat!)

✧ This topic is complex. We’re still learning about it, and 
that’s OK

✧ Avoid polarization, and embrace nuance and multiple 
viewpoints
– Cannabis and cannabinoids are neither all good nor all bad
– We can be both excited and cautious

✧ Let’s make the best decisions we can (and advise our 
patients) based on what we know now
– Important to consider the implications of cannabis use in clinical 

context, tailoring messaging and interventions accordingly

✧ Let’s pursue research to address what we don’t know now



muschealth.org/youthcollab • 843-792-9257  • youth@musc.edu
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Questions?

Thank you and please 
take a few minutes to 
complete our survey:

https://tinyurl.com/544t8z6y
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