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Treatment Gaps in Addiction 
and Brain-Based Therapeutics
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Substance Use Disorders (SUDs)

Globally, approximately 35 million people have SUDs

Global burden due to SUDs is increasing over time 
(disability adjusted life years) 
Socioeconomic costs: healthcare, medications, 
productivity loss, disability, crime
Associated mental and physical comorbidities
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 Opioid overdose crisis
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Increasing prevalence of harms and a shifting landscape…

https://www.canada.ca/en/health-canada/services/opioids/data-surveillance-research/modelling.html
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 Increasing contribution of stimulant use disorder
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Increasing prevalence of harms and a shifting landscape…

Tanz LJ, et al. (2025) MMWR Morb Mortal Wkly Rep
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 Cannabis legalization, increase in CUD, high potency THC, recreational use, association with severe 
mental illness, and perceptions changing to cannabis being harmless
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Increasing prevalence of harms and a shifting landscape…

Myran et al. (2025) JAMA Network Open
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 Nicotine 🡪 decreasing cigarette use, shifting patterns in youth, shifting to vaping

 Smoking tobacco decreasing in prevalence in overall population, but not the same in people with 
severe mental illness
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Increasing prevalence of harms and a shifting landscape…

Tanz LJ, et al. MMWR Morb Mortal Wkly Rep
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The Treatment Gap

Nicotine/Tobacco: Currently approved treatments have 
sustained quit of 10-30% success
Opioids: >50% relapse or discontinue, patients who 
overdose have had previous treatment
Stimulants/Cannabis: No approved treatments, no 
evidence-based pharmacotherapy
Psychosocial treatments difficult to access and poorly 
resourced

Jha et al. (2013) NEJM; West (2007) Addiction; Greiner (2021) J Subst Abuse Treat
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• Like many mental health concepts, addiction is subject to 
misunderstanding

• Similarly, it can describe:
•A continuum of behaviour
•A social construct
•An illness or disease state
•Normal variation

10

Addiction: Concept vs. Disease

© abbydesigns - http://www.redbubble.com/people/abbydesign
“I’m Addicted to you” Facebook
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• Evidence has advanced in recent decades showing addiction as a disease of the brain

• Brain disease usually refers to:
• Neurobiological PREDISOPOSING factors (e.g. family history, inherent responses to substances)
• Neurobiological CHANGES as a RESULT of chronic drug use (e.g. transition to compulsive behaviour that is 

difficult to control)

• Parallels to other chronic diseases defined by the medical model (e.g., diabetes, HTN)
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The Brain Disease Model of Addiction (BDMA)
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Neurobiological Framework for Addiction

Strang et al. (2020) Nat Rev Dis Primers
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I want more of 
this

I can’t stop 
thinking about it

I feel terrible 
without it
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Matching the Tool to the Target

Thurn et al. (2025) Curr Addiction Reports
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rTMS and Addiction

Weak cognitive 
control 

processes

Too strongly 
developed automatics 
reactions to substance 

related cues

Dual Process Model of Addiction

Hanlon et al. (2017) Curr Behav Neurosci Rep
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Targets for Brain Stimulation Trials in Addictions

Ekhtiari et al. (2019) Neurosci Biobehav Rev



Copyright © 2020, CAMH19

Repetitive Transcranial Magnetic Stimulation (rTMS)

• Non-invasive stimulation 
with electromagnetic coil 
to induce electric field in 
brain

• Target, 
modulate, 
change at 
neurocircuit 
level

 Current Clinical Use of rTMS in Psychiatry

 - Most common and widespread use: MDD

 - Regulatory approvals for MDD, MDD with anxiety, OCD, and smoking cessation

 - Evidence for possible efficacy: schizophrenia (negative symptoms), PTSD, and bipolar depression

Diana et al. (2017) Nature Comm
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rTMS for Addiction
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 2023 review and meta-analysis: 94 RCTs across rTMS, tDCS, and DBS

 51 rTMS RCTs across, alcohol, tobacco, stimulants, cannabis, opioid use disorders

 Most studies were in tobacco or alcohol – meta-analysis

 ALCOHOL: Sig. reductions in craving and consumption used for multiple Tx, but not single Tx

 TOBACCO: Sig. reductions in consumption for multiple Tx, but not effect on craving. No effect with 
single Tx.

22

Neuromodulation for Substance Use Disorders (SUDs)
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2020: First FDA Clearance for rTMS in Addictions

N=262
>1 previous quit attempt

Continuous quit rate
19.4% active rTMS

8.7% in sham
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Treatment Components
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Deep TMS (dTMS)

Fiocchi et al. (2018) IEEE
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 Although results must be 
considered non-significant, 
suggestion that treatment 
effects were larger among 
younger people and those with 
higher levels of abnormal 
incentive salience for tobacco 
smoking, as characterized by a 
higher score on a composite of 
craving subscales.

26
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COMBINATION WITH MEDICATIONS?
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Types of Substance and Patients in rTMS trials

Soleimani et al (2025) medRxiv
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Types of rTMS – location and electric field

Soleimani et al (2025) medRxiv
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Cannabis Use Disorder

30

- 200 million cannabis users 
worldwide

- 33% develop cannabis use 
disorder 

- Substantial health costs and 
clinical burden

- Negative effects on psychiatric 
disorders

- Despite this, effective treatments 
are limited

- Least tested SUD with rTMS
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Developing an rTMS treatment for Cannabis Use Disorder:
Targeting the Insula and Prefrontal Cortex
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Developing an rTMS treatment for Cannabis Use Disorder:
Targeting the Insula and Prefrontal Cortex

Pilot RCT:
To test the feasibility of treating CUD with the MMC-140 and comparing High vs. Low frequency stimulation.
20 once-daily treatment course

ClinicalTrials.Gov Registration: NCT05859347

Demonstrated safety, tolerability, and that low frequency may be superior
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rTMS and Translation to the 
Frontline

33
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Feasibility Challenges

• SUDs can be severe and destabilizing conditions. Associated with psychiatric, 
medical, social, financial, interpersonal instability.

• Infeasible protocols have been reported:
▪ Tang (2025) - MDD + OUD difficulty with recruitment, completers 50%
▪ Sahlem (2020) - cannabis use disorder difficulty with recruitment, 

completers 33%
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Can rTMS be practically implemented?

Implementation Challenge Issues to resolve
Accessibility • High operating costs ($$$)

• Infrastructure and staffing
• Travel and distance for patients

Education and Acceptability • Education and awareness among 
clinicians

• Patient health literacy and stigma
Real-world Clinical Considerations • Comparative effectiveness

• Where in treatment algorithms?
• Comorbidities

Tang VM, et al. (2023) Psychiatry Research



Copyright © 2020, CAMH36

Developing an rTMS treatment for Cannabis Use Disorder:
Ensuring scalability and practicality

Current approved 
TMS coil – 
expensive and 
requires operator

MagVenture MMC-140
• Lowest cost FDA approved device
• Central opening to visualize and wide 

field of stimulation = reduced 
technician demand

• Low freq. stimulation can be used with 
low cost/portable stimulators

Miron et al., 2021, Psychiatry Research
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 rTMS for MDD: Where are we now?
 Research since 1980s, FDA approval in 2008

 >23 RCTs in the field (Sehatzadeh et al., 2019)

37

Can rTMS be practically implemented?

Knowledge/Evidence Practice

17 years

KT & Implementation Science
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Read an 
Infographic

Complete a 
Survey

Optional Follow 
up Interview

A Mixed-Methods Evaluation of rTMS Implementation barriers 
and facilitators

Alexandra Sas 
(MSc Graduate)
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Treatment Seeking Individuals – Prior Knowledge

39

Survey Participants (n = 146)
Prior knowledge of rTMS, neuromodulation, or brain 
stimulation for Smoking Cessation Before Reading the 
Infographic, n (%)
Yes 39 (26.9%)
No 106 (73.1%)
Awareness of rTMS, neuromodulation, or brain stimulation for 
Mental Health Disorders Among Those Unaware of rTMS for 
Smoking Cessation, n (%)
Yes  11 (10.7%)
No 92 (89.3%)



Copyright © 2020, CAMH

Acceptability of rTMS for Smoking Cessation

Alexandra Sas 
(MSc Candidate)
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HCP Intervention Appropriateness
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Qualitative Themes from 20 Treatment Seeking 
Individuals

Motivators for starting rTMS
 Dissatisfaction with available treatments

Facilitators for starting rTMS

• Accessibility of rTMS treatment centre

• Flexible schedule

Barriers to starting rTMS

• Time commitment and transportation costs

“I’ve tried the nicotine replacement 
therapy from the inhaler to the 

gum, to the patches, to therapy to 
Champix, to Wellbutrin. …

So basically, nothing ever worked 
completely. It would provide some 
relief, but never to a point – except 

for Champix, but Champix, you 
have to be on it for at least six 

months. And it was like I’m 
non-functional when I’m on the 

doses that would get me to quit.” 

Alexandra Sas 
(MSc Candidate)
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Scheduling

Standard: once daily acute treatment – spread out maintenance treatment

Accelerated: multiple treatments per day, shorter course overall

Flexible: According to patient availability

Ward et al. (2025) Transcranial Magnetic Stimulation
Cole et al. (2020) Am J Psychiatry
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Feasibility - Setting Matters

• To reduce issues of drop out, safety concerns due to instability, 
unpredictable substance use status, etc., wrap-around clinical care matters.

• Treatment settings can range from inpatient to outpatient, range in intensity

• Also important to consider detoxification: most protocols or rTMS for SUD 
involve detoxification protocols before treatment start

• Our recent review found that many AUD studies, and most OUD and StUD 
rTMS studies were conducted in inpatient settings (Tang et al., 2023).
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Treating Depression in Addiction Rehab Centers
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Comorbidity is the rule

https://www.samhsa.gov/data/report/slides-2018-nsduh-annual-national-report



Copyright © 2020, CAMH

Case Vignette 1: Mr. J.D. (part 1 of 3)

Mr. J.D. is a 45-year-old male with major depressive disorder 
(MDD),  treated with multiple antidepressants, 
psychotherapies, but remains unwell.

Approximately 8 years ago, Mr. J.D. began consuming alcohol 
daily. He reports difficulty quitting due to cravings and 
insomnia. 

He has been able to reduce his drinking behavior to 2-3 
drinks per day while binge drinking every 2-3 months and 
reports total abstinence is a goal for him, but he has not 
been able to achieve it yet.

Mr. J.D. expresses interest in TMS for his depression
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•Currently, rTMS is used to target major depressive disorder, not most substance use disorders

•However, patients seeking psychiatric treatment will commonly present using substances
• 40% with mental illness reporting past year illicit drug use; 29% past month binge alcohol (NSDUH 2021)
• Can range from recreational, occasional, daily, or with addiction

•Substance use during rTMS can:
• Increase risk of adverse events (e.g., seizures)
• Interfere with mechanism of action (e.g., alter cortical excitability)
• Obscure assessment of efficacy 

48

Substance Use is Common in Psychiatric Populations
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rTMS Efficacy and Safety Questions

• Efficacy: Does rTMS work for depression when there is ongoing substance use?
• Mechanism: Does a psychoactive substance interfere with brain stimulation?
• Safety: headaches, dizziness..
• SEIZURES are rare but serious complication
• Substance use can increase seizure risk and affect seizure threshold

•  Current rTMS guidelines too vague:
• “Substances may be a risk factor…document substances used… and evaluate 

risks and benefits”1

• Substances be documented and “provide education on the effects of 
alcohol/substance use on rTMS”2

1. Rossi et al., 2009 and 2021 Clinical Neurophysiology (Safety Guidelines for rTMS)
2. McClintock et al. 2018 (National Network of Depression Centers)
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• Substance related inclusion/exclusion
• Monitoring tools/tests
• Timeline/type of use

Assessment

• How to modify protocols
• When to withhold treatment
• Abstinence, reduction, intoxication, withdrawal

Management

• Focus: Alcohol, Cannabis, Stimulant, Opioid
• Medical/Legal Cannabis
• Prescribed Opioids

Substance 
Specific

51

Topics Covered Prospective Guideline for Clinical & Research
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 Recommendation “Boxes” for general recommendations, recommendations specific to alcohol, 
cannabis, stimulants, opioids (31 recommendation statements total)

52

Organization

Research recommendations in the 
supplementary materials
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• Recommend the use of a standardized clinical tool (no consensus on the best one) and 
lab/drug tests only when clinically indicated.

• Abstinence or reduction of recreational substance use may a good overall recommendation 
or health, but abrupt or big changes to the baseline pattern of substance use are risky.

• Do not categorically exclude all substance users: No specific cut-off number for frequency or 
amount. Decide based on risk of clinical instability, severity, and safety/seizure risk.

• Less certainty with unregulated drugs, or non-oral routes (e.g., injection)

• Comorbid ADDICTION (substance use disorders): Lack of evidence, outside the scope of this 
guideline, encourage emerging research efforts, risk/benefit analysis, and certain (i.e., 
mild-moderate) conditions may favor proceeding with treatment

53

General Themes with Substance Use Assessment/Management
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Conceptualizing Efficacy and Risk with rTMS
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1. Highest risk is in unstable and unpredictable use patterns
2. Risk state is in intoxication and withdrawal syndromes
3. Be aware of substances that change activation threshold
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rTMS Treatment Stimulation

Daily rTMS Treatment Course

Stable level of alcohol
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1. Highest risk is in unstable and unpredictable use patterns
2. Risk state is in intoxication and withdrawal syndromes
3. Be aware of substances that change activation threshold

S
tim

ul
at

io
n 

In
te

ns
ity

 (0
 to

 1
00

%
) 

MT (Neuronal Activation)

Seizure Threshold 

rTMS Treatment Stimulation

Daily rTMS Treatment Course

W
ithdrawal

W
ithdrawalInt

ox
ica

tio
n

Int
ox

ica
tio

n

Seizure risk Seizure risk



Copyright © 2020, CAMH

rTMS for comorbid MDD + SUD Trials

• In general, the literature is limited, and study designs are limited
• Only a handful of trials pertaining to depression + alcohol, nicotine + alcohol
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Can rTMS target overlapping symptom construct/brain circuit in comorbidity?
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MDD and Alcohol Use Disorder
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rTMS for Psychiatric SYMPTOMS and SUD

See comprehensive review on changes in all different types of psychiatric symptoms in 
Tang et al. (2023) Neuroscience and Biobehavioral Reviews

• Most studies show improvement in mood and anxiety symptoms even in the 
absence of a diagnosis of primary MDD

• Ambiguous whether they are substance induced symptoms or not

• Shows that morbidity and symptomatology improvements can be noticed in 
patients regardless of what the comorbidities are
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Real-world naturalistic studies
Recreational Cannabis use during rTMS for depression
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Other Neuromodulation 
Modalities

62
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Transcranial Direct Current Stimulation

Ekhtiari et al. (2019) Neuroscience Biobehav Rev

Applying a low-intensity electrical 
current through electrodes on the 

scalp. 

Modulates cortical excitability by 
shifting threshold of membrane 

potential.

Anodal electrode increases 
excitability and cathode decreases.

Mild stimulation and minimal side 
effects. 
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tDCS vs. sham as an adjunct to varenicline for smoking cessation

Active tDCS was associated with higher continuous abstinence (69%), compared to sham (38%), but this 
was ultimately not significant (p=0.12). 

For 7 Day PPA, tDCS was associated with significantly higher quit rates than sham (p=0.04). 

LOCF= last observation carried forward, Per protocol = included all those that completed treatment 

Zhang et al. (2023) Brain Stimulation
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• Unlike other bran stimulation modalities, tDCS is more portable

• Can increase accessibility and reach underserved communities

• Efficacy has been demonstrated in a number of studies in other conditions – 
including recent FDA approval of an at-home tDCS device for depression!

• We are now conducting a clinical trial of remotely delivered at-home tDCS for 
the treatment of smoking cessation

• ClinicalTrials.gov ID NCT06798324

Currently Ongoing: A follow up larger RCT using an at-home tDCS 
protocol

Dr. Laurie Zawertailo
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 Deep Brain Stimulation: A Neurosurgical Procedure
-Place electrodes in brain circuit
-Standard of care in Parkinson’s, essential tremor dystonia
-Can reach deeper targets in the reward circuit – 
> Nucleus Accumbens and Anterior Limb of the Internal Capsule

  

66

Deep Brain Stimulation for Refractory OUD
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Advancing Brain & Behavior 
Assessments in Addiction

68
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The Addictions Neuroclinical Assessment (ANA)

Kwako et al. (2016) Biol Psychiatry 
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The Addictions Neuroclinical Assessment (ANA)

Kwako et al. (2016) Biol Psychiatry 
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 ClinicalTrials.gov ID NCT05855668

 Are there associations between specific ANA domains and treatment response?

 •Personalized treatment responses for AUD

 •Based on the association for the three ANA domains
- Executive function
- Negative emotionality
- Incentive salience

71

Phenotyping Patients With Alcohol and Cannabis Use Disorders 
Using the Addictions Neuroclinical Assessment

ANA 
Assessment

Dr. Matthew Sloan
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Cue-Induced Craving

Baseline Craving
VAS1

Post-cue
VAS2

Post-rTMS
VAS3

Dinur-Klein et al., 2014 Pilot Study
- Someone lighting up a cigarette and 

taking one puff 1 meter away from 
subject

Zangen et al., 2021 Pivotal Trial 🡪 FDA
- Imagination of personal cigarette cue
- Viewing images of smoking
- Handling and lighting real cigarette

Smoking Cue
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Cue-Induced Craving

Post-Cue Craving
VAS2

Baseline Craving
VAS1

Post-rTMS
VAS3

 No association between the magnitude of 
craving induced and quit rate.

 Higher craving before rTMS 🡪 worse 
outcomes  

Mehta et al. (2025) Biological Psychiatry: Cognitive Neuroscience & Neuroimaging 

Smoking Cue
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A Neurophysiological Craving Biomarker? TMS-EEG

Smoking 
Cue

Distract
Cue

Smoking 
Cue

Distract
Cue

Smoking 
Cue

Distract
Cue

Baseline 
TMS-EEG

Treatment-Response 
TMS-EEG

Christoph Zrenner
Brigitte Zrenner
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Conclusions

rTMS for smoking cessation is an evidence-based, efficacious, and safe approach. Emerging 
evidence points to it’s efficacy in other SUDs such as stimulant and alcohol use disorders

Current work is focusing on factors related to enhancing efficacy, determining real-world 
effectiveness, implementing approaches, and extending to other SUDs.

rTMS for depression has now been implemented into mainstream mental health services and 
clinicians should become familiar with an approach for those with co-occurring substance use

Neuromodulation represents a novel therapeutic strategy that differs from standard treatment 
approaches, has the potential to be transdiagnostic (targeting comorbidities), can leverage advances 
in neuroscientific research, and offers versatility across modalities, parameters, and targets.
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