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*** The Neurobiology of Relapse and Models to Support Recovery***



Addiction



First ..let us consider……

Are 
YOU 

having 
a “GO!” 
moment

? 



We humans are exquisite reward detectors! 



But hmmnnn….is there a disadvantage, a 
“dark side” to our reward sensitivity? 



Yes -- a possible “dark side” 
to reward sensitivity…. 
A brain that responds very quickly to reward 
signals (even when “unseen” -- without our 
awareness) may have greatly helped our early 
species survival – 

….BUT – ironically -- very rapid, almost 
automatic, brain responses may NOT help in 
the battle against relapse –>>  greater reward 
sensitivity may be a…relapse vulnerability !!                        



RELAPSE

Our research efforts….

driven by our addicted patients’ struggles with



    Outline
Context :  
•  Two brain systems implicated in relapse vulnerability:  “GO!”  and  

STOP! circuits 

 Part 1 :    Visible Drug Cues
• Can we image the brain response to visible drug cues ?
•  Can we link the  brain response to relapse?

 Part II :   “Unseen” Drug Cues 
•  Can we image the brain response to 33 msec “unseen” drug 

cues?    
• Can we link the brain response to “unseen” cues  to relapse?

 
 Part III :   Why are  some more vulnerable to drug cues ?   
•  (Genetics?  Epigenetics / prior Trauma / Abuse)?
 
Part IV :  Is there hope?  Can we impact the “cue-vulnerable”  phenotype 

with  a  medication?  With other new tools?  
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In a vulnerable brain….

..the brain’s frontal (STOP!) 
circuitry is not modulating 
downstream (GO!) systems – the 
“brain brakes” may be bad – or 
the connection between the 
brakes and the other regions may 
be “broken”. 

Result: poor decision-making…poor 
impulse control…greater risk-taking…poor 
inhibition…an “over-reacting” brain



VULNERABILITY
“ GO!” “STOP!”

*** A delicate balance ***



In a normal, adult brain….

Go!Stop!

...the brain’s frontal circuitry 
acts as a “brake”  (STOP!) on 
downstream motivational 
(GO!) systems critical for 
survival – for pursuing rewards 
such as food and sex – for 
responding to danger (fear 
and aggression).

This enables good moment-to-moment 
decision-making…good evaluation of 
risk…good impulse control.



Vulnerability:                            
Can “GO!” and “STOP!” 
Differences in the Brain

Help Us Explain

WHY are some more vulnerable – 
•To relapse? 
•To addiction itself? 



VULNERABILITY
“ GO!” “STOP!”

Brain substrates of 
cue-induced drug 
motivation……

….and its regulation 
(or lack thereof : 
deficits in frontal 
modulatory circuits)

    ( a little Stopping 
at the end !)



Our initial focus was conscious 
desire....to highly visible cues….

Brain substrates of cue-induced drug motivation (GO!”)



Drug cues

Relapse



Drug cues

Relapse

“GO!”



How Do Drug Cues Come to 
Trigger Drug Craving?

Drug Cues ---- signal --> Cocaine

 Drug Cues  
        Desire

         “Craving”
         “GO!”
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What are the Brain 
Substrates of 

Cue-Induced  Desire
(GO!) ?

Limbic Structures  as Candidate Circuit



VTA  
V. striatum (NAc) / pallidum   amygdala    
OFC      mPFC     insula  Ant.cingulate

Drug Cues  Should Activate 
Mesocorticolimbic Circuitry



PET Session Timeline

Baseline Neutral Videos Resting Cocaine Videos

0   Minutes    86

Scan 1  Scans 2 &3  Scan 4  Scans 5 & 6

• PET   O-15

• Cocaine Patients

• Cocaine-naïve Controls



Were we able 

to elicit a 

“GO!” state? 
(under these hostile

Laboratory Conditions)?



Did we find 

limbic 
activation? 



Brain Activation
 During Craving Triggered

By Cocaine Cues
Bottom 

R. Side

Middle

Three views of the brain’s 
activity* in cocaine patients 
viewing a cocaine video 
which triggered desire for 
cocaine.

 
*Statistical parametric map showing  brain regions 
differentially activated  by a cocaine  video  as 
compared to a non-drug (nature) video. 
  
Childress, et al.  American Journal of Psychiatry 
1999

 



Nicotine  Cues                         Marijuana  Cues  

Prescription Opioid  Cues Examples of VISUAL drug cues 
used in our current fMRI projects.

Patients view cues reflecting the way(s) 
their particular problem drug is used in 
the Philadelphia region. 

In our early polygraph studies of cue 
reactivity, we included not only visual, but 
sound, smell, taste and tactile cues!



Opiate cues ( in stable MM patients, 
prior to daily dose )   Daniel Langleben, 
et al. Am. J. Psychiatry, 2007

Cigarette cues ( 
independent of 
nicotine withdrawal )  
Teri Franklin, et. al, 
Neuropsychopharm. 
2007 

MJ cues  Marina Goldman, et al.  2013

Limbic activation 
(amyg, striatum / v. pallidum, 
insula, OFC / VMPFC, ant. 
cing.) by cocaine cues &
opiate, cigarette smoking, and 
marijuana cues  * (expectancy)    



Other Desires?
Desire Substrates
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      “Dangerous liaisons”: Heightened intra-limbic connectivity during 
 subliminal cocaine cues is a relapse-vulnerable endophenotype  

A. R. Childress1 , K.Jagannathan1, J.J. Suh1,2, Z. Monge1 , K. Young1 , Z. Wang1, T. Franklin1, D. D. Langleben1,2   
 Z. Li1, K. Kampman1,2, R. Wetherill1, R. Ehrman1,2 , M.Gawrysiak1, R. Szucs-Reed1,2 and C. P. O'Brien1  

 

1Dept. Psychiatry, Center for Studies on Addiction, Univ. of Pennsylvania Perelman Sch. Med., and 2VA MIRECC, Philadelphia, PA 

  Abstract 
 
Aims:  Our laboratory has shown that even “unseen” 33 msec 
cocaine cues are sufficient to activate limbic motivational circuitry in 
cocaine patients. Heightened connectivity between the amygdala 
and other motivational nodes during these subliminal cues may 
reflect a ‘dangerous liaison’ – increasing cocaine relapse risk. We 
tested this hypothesis in a new cocaine cohort, examining (pre-
treatment) amygdala connectivity for patients with GOOD vs. 
POOR cocaine use outcomes. 
 
Methods: We analyzed (SPM 8) amygdala connectivity for 
cocaine-related and other 33 msec cues (48 per per category), 
presented subliminally with "fast" event-related BOLD fMRI for 
cocaine inpts (n=39) -- later separated into GOOD (< 30% cocaine 
pos/missing; n=9); vs. POOR (>90% cocaine pos/missing; n=12) 
outcome (2x/wk urines -12 wks). 
 
Results:  POOR pts. evidenced dramatic, widespread connectivity 
between the r. amygdala and multiple limbic nodes (l. amygdala, 
midbrain, bliateral striatum, pallidum, and insula (peak [24,6,-20] t = 
40.9; p<0.000, FWE corrected) during cocaine cue exposure. In 
contrast, GOOD pts. showed connectivity restricted to the 
amygdalae and temporal poles.  
 
Conclusions:  Heightened intra-limbic connectivity to subliminal 
cocaine cues is indeed linked to future cocaine use, revealing a 
“cue-vulnerable” endophenotype. Conscious behavioral strategies 
may be of limited use for this vulnerability, underscoring the need 
for brain-targeted pharmacotherapies. The “unseen” cue paradigm 
may be useful both for screening medications, and for identifying 
the “cue-vulnerable” patients who will need these medications to 
achieve sustained recovery.  
�
. 

Grant Support 
 
Commonwealth of Pennsylvania Department of Health: CURE Addiction Center of 
Excllence (Brain Mechanisms of Relapse and Recovery); NIH/NIDA U54 Cocaine 
Cooperative Medication Development Center.  
The authors have no conflicts of interest for the reported research .  

  

“Unseen” 
Cue 

Paradigm
33 msec  

targets

467 msec 
“masks” 

Materials and Methods 

 
Both recall and forced choice category recognition tasks have shown that the 33 msec targets 
remained “unseen” under these presentation parameters. 
 
Outcome criteria: Participants submitted 2 urines per week for 12 outpatient weeks; 23 outpatient 
urines were the basis for the outcome phenotypes (% cocaine positive urines/23). Based on the urine 
outcome histogram, we selected phenotypic extremes (POOR, >90% urines cocaine positive; GOOD, 
< 30% urines cocaine positive) for examination of the brain response to the 33 msec targets. 
 

Image Acquisition and Analysis  
    
 Image acquisition parameters.  A Siemens 3T scanner was used for acquiring T2*-weighted Blood 
Oxygen-Level-Dependent (BOLD) images with single shot gradient echo (GRE) echo planar imaging 
(EPI) sequence (field of view (FOV)=192 mm, matrix 64x64, TR=2 sec, TE=30 msec, flip angle=80°.  
 
Image pre-processing and statistical analysis. After slice-timing correction of the images, SPM8  was 
used for image realignment, smoothing with a 3-D 9mm isotropic Gaussian kernel, and normalization 
into the Montreal Neurological Institute 152 averaged template. Regression-based functional 
connectivity, using (left or right) amygdala as seed, was calculated for each cue condition (cocaine, 
sex, aversive, neutral) at the individual level; these individual files were later used to generate 
statistical t-maps for each sub-group (one-sample t-test; -10<t<10 for display); as the basis for a two-
sample t-test between the phenotypic groups. 

 
 
 

Subjects.   39 teatment-seeking male cocaine patients meeting general medical and 
psychiatric inclusion/exclusion/ stabilization criteria, with the additional fMRI exclusion 
criteria of metal in the body and known claustrophobia.  The two groups (POOR, n=12; 
with greater than 90% cocaine positive urines during the 12 week outpatient phase;  
GOOD, n=9;  < 30% cocaine positive urines)  were demographically similar (age: 46.4 
vs. 46.6 years;  years of cocaine use:  18.0 vs. 18.3; years of education : 12.6 vs. 11.8 
years). 
 
Procedures 
Selection of stimuli:  Cocaine and neutral stimuli were selected from our laboratory 
archives; Aversive and Sexual  stimuli were selected from the International Affective 
Picture System  (IAPS); drug and neutral stimuli . 
 
Stimulus presentation: 24 unique cues from each category were presented twice, inter-
stimulus interval (ISI )of 1500 msec. Data in the current presentation are from the entire 
task (48 trials per cue cateory).  Backward-masking (following the 33 msec cues with 467 
msec neutral non-drug pictures) was used to prevent conscious visual processing of 
these items. 
 
 
 

 

Conclusions 
 

 

1)  Cocaine patients with POOR outcome (>90% 
cocaine positive urines) after discharge from a 
controlled setting showed a dramatic pre-treatment 
brain response (strong intra-limbic connectivity -- 
between amygdala and striatum, VP, VTA, insula) to 
cocaine images…even though these 33 msec cues 
were “unseen”.  

Cocaine patients with GOOD (30% or fewer cocaine 
positive urines) did not exhibit the widespread 
intra-limbic response to cocaine cues.  
 
2)  Amygdala connectivity with the dorsal striatum 
was significantly greater in the POOR group – and 
may indicate that the amygdala is driving the dorsal 
striatum, thus fueling habitual behaviors such as 
drug use. Directional connectivity models (e.g., 
dynamic causal modeling)  can test the anatomical  
portion of this hypothesis. 
 
3) The heightened connectivity response to 
“unseen” drug cues identifies a “cue-vulnerable” 
phenotype: addicted individuals who may require 
medications to prevent relapse. The “unseen” fMRI 
probe may be used to discover these agents. 

Top Figure. Dramatic brain response to 6 second cocaine (v. neutral) video 
clips for cocaine patients with POOR (n=12) v. GOOD (n=9) outcomes.  
SPM8  Images (t maps) thresholded at 2<T<5 for display on MNI template. 
      [ Images above based on first half of the 6-second  task, to minimize  impact  of carryover  on 

 the  neutral referent. Data available for n=9 from “GOOD” ; n=12 from the “POOR” subgroup ].  

Bottom Figure. Histogram of two phenotypic extremes chosen to examine 
the brain response to 6 sec cocaine videos:  “GOOD”, < 30% cocaine 
positive/missing urines during 12 outpatient weeks, and “POOR” (>90% 
cocaine positive or missing urines during the 12 outpatient weeks.  

OUTCOME Phenotype 
 

 “GOOD”               “POOR” 
 

Heightened amygdala - striatal connectivity during 
33 msec “Unseen” Cues In Cocaine Patients is 

Associated with POOR outcome 

Delayed  

Rapid  

Cocaine patients with future POOR drug use outcomes 
have a heightened brain response to 6 second Cocaine (v. 
Neutral) VIDEO clips – in our Craving Inhibition task.  

Interestingly, amygdala connectivity with the dorsal striatum was 
greater (peak t = 4.57) in the POOR outcome phenotype.  
 
This enhanced amygdala-dorsal striatal connection may enable cue-
triggered limbic motivation (even when outside awareness) to drive the 
dorsal striatum, facilitating the highly-practiced behavior of drug use.  
 

1156
1140
1120
1107
1060
1059
1056
1043
1040
1027
1020

1131 1008
1155 1083 1006
1088 1074 1076 1149 1118 1003
1034 1066 1029 1147 1073 1002

1124 1026 1127 1041 1044 1086 1011 1122 1025 1000

(,<,30%,,cocaine,positive,urines,) (,91%,to,100%,,cocaine,positive,urines,),

“POOR”  > “GOOD”  

d. striatum 

Cocaine 
Cues 

Yes – 
We  can link the brain 
response to  (visible) 
cocaine cues to 
relapse.

Individuals who will 
proceed to “POOR” 
urine outcomes (>90%  

cocaine-positive or missing)  
have a heightened 
brain response to 
cocaine 
cues…whereas those 
proceeding to “GOOD” 
outcome have a low 
response.  
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Cocaine patients often describe conscious 
craving as volcanic -- erupting rapidly --  
seemingly “out of nowhere”:

“…I don’t know what 
happened -- one second I 
was OK -- and the next -- I 

was on a mission  -- out the 
door, looking for cocaine…”

Struggling against an “unseen” foe



By the time our patients can “label” 
the state triggered by exposure to drug 
cues…they are already in big trouble!

Does the “trouble” -- the brain response 
to drug cues --  begin  instantly………even 
outside awareness?



To test this, we used:

Exceedingly Brief 
(33 msec- 

backward-masked)
“Unseen” Cues…

Struggling against the “unseen”  foe



“Unseen” 
Cue 

Paradigm
33 msec  targets

467 msec “masks”

Advantages: 
•A “demand-free” measure of the 
reward circuitry ( unaffected by 
secondary responses of  regret, shame, 
embarrassment…or by attempts to modulate 
the response)….

• thus – it reveals the early, 
“uncontaminated’ response of the 
reward circuitry…



“Unseen” 
Reward Cues

trigger

  limbic      
activation: 
amygdala  
v. striatum      

     v. pallidum       
   

insula         OFC



OK, Anna Rose --- nice demo 
of the brain response to 
“unseen” drug cues – 
but ……

…. does this brain response 
have any thing do with “real-
world” vulnerability to 
relapse? 



    Outline
Context :  
•  Two brain systems implicated in relapse vulnerability:  “GO!”  and  

STOP! circuits 

 Part 1 :    Visible Drug Cues
• Can we image the brain response to visible drug cues ?
•  Can we link the  brain response to relapse?

 Part II :   “Unseen” Drug Cues 
•  Can we image the brain response to 33 msec “unseen” drug 

cues?    
• Can we link the brain response to “unseen” cues  to relapse?

 
 Part III :   Why are  some more vulnerable to drug cues ?   
•  (Genetics?  Epigenetics / prior Trauma /Abuse )?
 
Part IV :  Is there hope?  Can we protect the “cue-vulnerable”  phenotype 

with  a  medication? 



(N =17 v. 8)  drug- neut,  2< t < 5 fpr display 

(MonteCarlo corrected, k=533; voxel=.005, cluster =.05)

v. striatum
v. pallidum

v. striatum

 v. pallidum

amygdala

amyg

“Unseen” (subliminal) 33 msec COCAINE cues trigger 
“GO!” – and the brain response predicts future relapse! 

Rapid > Delayed Relapse 

Rapid>Delayed; Sex-neut

Response to sexual or aversive cues 
not predictive of rapid relapse

Rapid>Delayed;  Aver-neut

Is the rapid relapse prediction 
specific to cocaine cues?  Yes
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DAT 10  homozygotes

DAT 9 carriers 

DAT 9 carriers vs.  DAT 10 homozygotes
N
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Smoking vs. Non-smoking Cues

Franklin, et al. Neuropsychopharmacology, 2008; Addiction Biology, 2011.



Cocaine and Opioid patients (left panel) carrying the G-allele variant of
FKBP5 SNP rs 3800373 (associated with heightened cortisol signaling, as
compared to TT homozygotes) demonstrate a heightened limbic (striatum,
v. pallidum, amygdala, midbrain, anterior insula) and extra-limbic (p.
cingulate, visual cortex) brain response to DRUG cues, (n=56 total)

T/G and G/G subgroup (n=31) T/T homozygotes (n=25)

500 msec fast-event-related fMRI task; first half (Drug1—Neut1); SPM 8 parametric maps 
thresholded 2<t<5 for display.  
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Enhanced  Limbic Reactivity to 33 msec 
“Unseen” COCAINE Cues In 

CocainePatients with Prior Trauma 

No Prior Trauma          Prior Trauma 

Drug1-neut1
n=10                                                                                                n=9

Dr. Jesse J. Suh



Paul Regier, Ph.D. 
NIDA T32 Fellow

Cocaine patients 
with a prior history 
of abuse (physical, 
emotional , or 
sexual) have a 
heightened brain 
response  to 500 
msec cocaine cues.

Addiction Biology, 
2016.

New results with our 500 msec cue task:  An Abuse Endophenotype



WHEW – Cues are everywhere – 
sometimes even “unseen” – thus 
very difficult to battle….

…. what can we do to protect 
against this vulnerability  --  to 
assist our patients in their 
struggle?  ….. Is there hope?   

Yes:  ongoing intervention 
studies
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B. Brain maps obtained with SPM showing the difference in the 
distribution volume images of [11C]raclopride between the neutral 
and the cocaine cue condition (p < 0.05, uncorrected, treshold > 
100 voxels).  Note that there were no differences in the ventral 
striatum (-4 and -8 planes). 

Evidence of striatal DA release to cocaine cues in humans.

June 2006, Journal of Neuroscience.



Can we modulate 
the“GO!”substrates with 

 a Medication?
Hypothesis: 
 If limbic DA release is one substrate for 
cue-induced cocaine craving, then a 
GABA B agonist  medication might help 
blunt  both subjective and brain 
responses to cocaine cues.



Baclofen for 

“ GO!”
• “Unseen” cues predict rapid v. 

delayed relapse 

• Resting perfusion (PCASL)  in 
ventral striatum predicts  cue-
induced limbic activation

 “trouble waiting to happen”…
• GABA  B agonist baclofen protects 

against “unseen” cues….

• Dr. Kim Young. a  NIDA T-32 Fellow, 
has been energizing our baclofen 
efforts!

PCASL

Protection against the “unseen”  foe…

Baclofen – Placebo  (n=20)

Placebo  (n=10)

Baclofen reduces limbic activation to “unseen” 
cocaine cues (drug-neutral contrast; t-maps 
thresholded at 2>t<5 for display.)



(A) Baclofen-as compared to placebo-treated cocaine patients (B) show blunted activation in a large inter-connected 
cluster spanning v. striatum, v.pallidum, amygdala, midbrain and OFC.   Our “unseen” cue probe is sensitive to a DA-
modulating medication.                                               Young et al. Journal of  Neuroscience, 2014.



Coming Attractions: New Tools, New Targets 
Much of our anti-relapse work has targeted the  “cue-reactive” 
subcortical circuitry – and we are continuing to do this with new 
brain tools: LIFU… and… DBS….      

However, we are expanding our targets to include ‘neurocognitive 
flexibility’,  helping patients get ‘unstuck’ from vicious relapse 
cycles, and to support sustained recovery.  We have two ongoing 
psilocybin trials in our patients struggling with OUD.   



                 SUMMARY 
Context :  
•  Two brain systems implicated in relapse vulnerability:  “GO!”  and  

STOP! circuits 

 Part 1 :    Visible Drug Cues
• Can we image the brain response to visible drug cues ?  
•  Can we link the  brain response to relapse?

 Part II :   “Unseen” Drug Cues 
•  Can we image the brain response to 33 msec “unseen” drug 

cues?    
• Can we link the brain response to “unseen” cues  to relapse?

 
 Part III :   Why are  some more vulnerable to drug cues ?   
•  (Genetics?  Epigenetics / prior Trauma / Abuse )?
 
Part IV :  Is there hope?  Can we impact the “cue-vulnerable”  phenotype 

with  a new tools?  (LIFU; DBS) ? New targets: getting “unstuck”: 
Psilocybin



….but
is “GO!” the 
whole story?

VULNERABILITY 



VULNERABILITY
“ GO!” “STOP!”

Brain substrates of 
cue-induced drug 
motivation……

….and its regulation 
(or lack thereof : 
deficits in frontal 
modulatory circuits)



Addiction
In a vulnerable brain….

..the brain’s frontal (STOP!) 
circuitry is not modulating 
downstream (GO!) systems – the 
“brain brakes” may be bad – or 
the connection between the 
brakes and the other regions may 
be “broken”. 

Result: poor decision-making…poor 
impulse control…greater risk-taking…poor 
inhibition…an “over-reacting” brain



“ Bad Brakes?”    
 (Poor Frontal Endowment) 

What if some patients have a deficit in their 
frontal (“STOP!”) circuitry?

Why it’s hard to say NO……...



….Though Phineas 
suffered NO speech, 
motor, memory, or 
intellectual 
deficits….he was no 
longer able to make 
good life decisions 
…to be responsible, 
to plan ahead, to  
consider 
consequences…he 
was disinhibited, 
profane, took to 
drink…was never 
able to again hold the 
same level job. 
Suffered profound 
decline. Died in 1861. In 1994, the D’Amasios (Iowa) reconstructed 

the likely trajectory of the tamping iron, 
noting the similarity of his deficits to those 
of their patients with lesions of VMPFC….



PET O-15

Hypoactivity

Reduced

 Gray Matter

Cocaine Patients

Science, May 31, 2002



“ GO!” “STOP!”

NEURO targets: Relapse Prevention 

Scan Day 1
Scan Anatomical ASL BOLD    Brief Cue I Brief Cue II High Res.

Localizer Resting Scan Resting Scan (33 msec) Go-NoGO (500 msec) Structural De-Brief 
Minutes 30 sec 5 5 8.25 5.5 8.25 3

Scan Day 2  Task  Day
Scan Anatomical ASL BOLD    Craving- High Res. Affect Behavioral

Localizer Resting Scan Resting Scan Inhibition Structural Regulation De-Brief Tasks De-Brief 
Minutes 30 sec 5 5 7.5 3 7.5  (60 min)



Imaging

Cocaine 
– neg 
(n=8)

Cocaine -  
-pos 

( n=11)

Attempted “STOP!”

fMRI session prior to discharge

As a group, cocaine patients were poor inhibitors….but when divided according to a 
prognostic clinical phenotype (cocaine + vs. cocaine – urine at entry)  ---  the “good 
prognosis” phenotype showed an inverse relationship between amygdala (seed) and r. 
dorsal cingulate; this pattern was absent in the “poor prognosis” subgroup. 



1– What is the brain signature for 
‘auccessful  inhibition’ in our 
Affect-Congruent  Go-NoGo Task? 

2 – In our Inhibition of craving 
task → What is the brain pattern 
for cocaine patients with a “good 
prognosis” (cocaine negative 
urine at treatment entry) 
phenotype?

During attempted inhibition of craving →  “good prognosis” 
cocaine (neg) patients have a sustained inverse relationship 
between amygdala and dorsal cingulate     ( Lam, et al. 2013, DAD)

“STOP!”



How can we determine whether these brain 
differences we see in adults were present even 
before drug exposure?     Important, in terms of 
what we target – or can expect – from treatment!



https://abcdstudy.org/es/publications/

Importantly -- most of our work on 
“GO” and “STOP” substrates has 
been conducted in adults with 
addiction – and has documented 
differences in the brain response to 
probes for reward and inhibition – 
but – we still need to understand the 
big “chicken-egg” question: which 
differences are the ‘result’ of drug 
use/exposure, and which may have 
pre-dated, and even predisposed the 
progression to addiction?

The goal is to identify the strongest 
brain, behavioral and environmental 
predictors of vulnerability to later 
mental health and drug use problems 
– toward early intervention and 
improved (even novel)  treatments.

>11,000 9-10 year olds to be assessed regularly for 
at least a decade (2018-2028), with many MANY 
phenotypic measures and brain probes for reward, 
inhibition, working memory and emotion recognition 
( along with structural and resting brain function).

A great research opportunity   -- with no data 
collection required !   



    Summary 
Context :  
•  Two brain systems implicated in relapse vulnerability:  “GO!”  and  

STOP! circuits 

 Part 1 :    Visible Drug Cues
• Can we image the brain response to visible drug cues ?  Yes
•  Can we link the  brain response to relapse?  Yes
 Part II :   “Unseen” Drug Cues 
•  Can we image the brain response to 33 msec “unseen” drug 

cues?   Yes
• Can we link the brain response to “unseen” cues  to relapse? Yes
Part III :   Why are  some more vulnerable to drug cues ?   
•  Genetics and  Epigenetics, e.g., prior Trauma may modulate
Part IV :  Is there hope? Yes   We may be able to protect the “cue- 

 vulnerable”  phenotype with  DA-modulating or other  
medications.  And a NEW target:  Neurocog Flexibility: Psilocybin

Part V:  The ‘STOP’ system  (poor recruitment – and/or compensatory over-
recruitment of the ‘stop’ circuitry) may also be a relapse vulnerability….and 
some individuals may be more vulnerable, even before drug exposure.



Our new NEURO tools will help us move us forward…

Animal Models NEURO  tools Clinical Trials

Adding  NEURO targets and tools to the development 
pipeline promises to accelerate the pace of discovery.

 These NEURO measures will allow us to embrace the 
heterogeneity within the disorders  -- and make use of 
the heterogeneity itself as a powerful tool for 
medication development in the addictions…..



…offering new hope
for managing our “old” brain’s 

GO! and STOP! circuitry…

….thus new hope for the addictions … 
…ahem….and what about managing our day-to-day 
“limbic moments” that don’t quite qualify as “addiction” 
?
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Source Definition

SAMHSA A process of change through which individuals improve their health and wellness, live a self-directed life, and strive to 
reach their full potential.

ASAM Recovery from addiction is an active process of continual growth that addresses the biological, psychological, social and 
spiritual disturbances inherent in addiction…

Recovery Science Research Collaborative Recovery is an individualized, intentional, dynamic, and relational process involving sustained efforts to improve wellness.

UK Drug Policy Commission The process of recovery from problematic substance use is characterized by voluntarily-sustained control over substance use 
which maximizes health and wellbeing and participation in the rights, roles and responsibilities of society.

William L. White Recovery is the experience (a process and a sustained status) through which individuals, families, and communities impacted 
by severe alcohol and other drug (AOD) problems utilize internal and external resources to voluntarily resolve these 
problems, heal the wounds inflicted by AOD-related problems, actively manage their continued vulnerability to such 
problems, and develop a healthy, productive, and meaningful life.

National Institute on Drug Abuse Research on the science of addiction and the treatment of substance use disorders has led to the development of research-
based methods that help people to stop using drugs and resume productive lives, also known as being in recovery.

Betty Ford Institute Recovery is a “voluntarily maintained lifestyle characterized by sobriety, personal health, and citizenship.”

Alexandre B. Laudet “…recovery goes well beyond abstinence …experienced as a bountiful ‘new life’, an ongoing process of growth, self-change 
and of reclaiming the self.”

Kelly, 2026

Recovery Definitions



Most recognize 
that recovery is 
a process and 
is both 
dimensional 
and a 
category….

• “Recovery” describes a process of salubrious change that 
occurs as individuals attempt to resolve AOD problems 

• “Recovery” also a category (“in recovery”); at some point 
people consider themselves “in recovery” but previously 
did not

• Like “remission”, also potentially different degrees of 
“recovery” that may be marked by time (alone) that 
suggest more stable “recovery” with greater time, but…

• Currently missing - markers of resilience beyond just 
“time”; which remission-based factors are indicative of 
continued remission vs elevated risk of 
relapse/reinstatement (e.g., resiliency/vulnerability)?

Kelly, 2026



Consisting of different intersecting constituent parts 
(e.g., SAMHSA)

HEALTH HOME COMMUNITY PURPOSE



Many people with broad arrary of mental health 
challenges define recovery often as consisting of five key 

elements …(C.H.I.M.E)

CONNECTION HOPE AND 
OPTIMISM

POSITIVE SOCIAL 
IDENTITY

MEANING AND 
PURPOSE

EMPOWERMENT

Adapted from source: Leamy et al, 2011, Br J Psychiatry



Recovery: Weatherproofing remission

Addiction Recovery = diminished or 
absent disease  + resilience

Kelly and Stauffer, 2026



Lingering questions on “recovery”

• Do we want to leave “recovery” as a broad organizing concept without 
defining it operationally?

• Do we want to allow people to subjectively self-define “recovery” however 
they want (“You’re in recovery when you say you are”)? 

• Do we want to obtain standardized “recovery” prevalence rates (i.e., that 
are not self-defined) like we do for diagnostic remission?

• Do we want to construct “recovery” and duration of recovery, in a 
standardized objective way to help inform and determine socio-legal 
decisions (e.g., child custody cases)

Kelly and Stauffer, 2026



Similar changes face the definition 
of “health/ healthy” and how best 
to define/operationalize…
• WHO (1948) “state of complete physical, mental, 

social well-being, not merely the absence of 
disease and infirmity”

• WHO (1984): “The extent to which an individual or 
group is able to realize aspirations and satisfy 
needs and to change or cope with the 
environment. Health is a resource for everyday 
life, not the objective of living; it is a positive 
concept, emphasizing social and personal 
resources, as well as physical capacities."

Kelly and Stauffer, 2026
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How Organisms Heal

Photosynthesis

Psychosynthesis



Recovery
(Psychosynthesis)Emotion 

Regulation

Nutrition

Activity

Social

A Social Activity Nutrition Emotion Regulation (SANER) 
Approach to Recovery

Kelly JF (2021; 2022)

Social 

Activity 

Nutrition 

Emotion 

Regulation 

(SANER) 
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50 years 
of treatment and public 
health advances facilitated 
largely by NIH and VA 
funded research has led to 
progress in many areas 
addressing addiction …



Research has led to a number of 
paradigm shifts… including 
different taxonomies and 
terminologies and contributed to 
decreased stigma…

Etiology

Neurobiology

Typology

Epidemiology

Pathways

Clinical 
Course

Treatment



Addiction 
Onset

Help 
Seeking

Full Sustained 
Remission

Risk drops 
below 15%

4-5 years 8 years 5 years

Self-
initiated 

cessation 
attempts

4-5 
Treatment 
episodes/

mutual-
help

Continuing 
care/

mutual-
help

The clinical course of addiction and achievement of stable 
recovery can take a long time …

60-75% of 
individuals 
with SUD 

will 
achieve full 
sustained 
remission

Recovery 
Priming

Recovery 
Monitoring

Recovery 
Mentoring

Opportunity 
for earlier 
detection 
through 

screening in 
non-specialty 
settings like 

primary 
care/ED

Can we speed this up?

Kelly JF (2022) Psychiatr Clin North Am
. 



50 years of Progress: 
Burning building 

analogy…

• Putting out the fire –addressing 
acute clinical pathology - good job

• Preventing it from re-igniting (RP) - 
emphasized - pragmatic disconnect…

• Building materials (recovery capital) 
– mostly neglected

• Scaffolding (building skills and 
support beyond acute stabilization) 

• Granting “rebuilding permits” - 
(removing barriers  - neglected)

 



Recovery Capital
Individual 
(coping, motivation, self-efficacy)

Social 
(recovery-specific/family, friends)

Financial 
(income, resources)

Cultural 
(identity, values)



Multiple Pathways to Recovery

Acknowledges myriad ways in which individuals 
can recover: 

• Clinical pathways (provided by a clinician or 
other medical professional – both medication and 
psychosocial interventions)

• Nonclinical pathways (services not involving 
clinicians such as Alcoholics Anonymous)

• Self-management pathways (recovery change 
processes that involve no formal services, 
sometimes referred to as “natural recovery”)



Recovery support services 
have grown intended to 
facilitate access to conducive 
and supportive environments 
and recovery capital …

Recovery

Mutual help 
organizations

Peer-based 
and Recovery 

Coaching 
support 
services

Recovery 
Residences

Recovery 
community 

centers

Recovery 
supports in 
education 
and work 
settings

Clinical 
models of 
long-term 
recovery 

management



Advantages of 
recovery support 
services in 
disease/recovery 
management….

Available

Accessible

Flexible

Enduring

Low/no cost



Recovery support services 
have grown intended to 
facilitate access to conducive 
and supportive environments 
and recovery capital …

Recovery

Mutual help 
organizations

Peer-based 
recovery 
support 
services

Recovery 
Residences

Clinical 
models of 
long-term 
recovery 

management

Recovery 
community 

centers

Recovery 
supports in 
educational 

settings



Cochrane Systematic 
Review on AA/TSF 

(2020)

• Kelly, JF

• Humphreys, K

• Ferri, M



Kelly et al, 2020; Alcohol and Alcoholism



Kelly et al, 2020; Alcohol and Alcoholism



Economic Studies
Healthcare Cost Savings

• 3/4 included studies in this category (n reports = 4/5; found 
sig. health care cost saving in favor of the AA/TSF condition. 

• Economic analyses found benefits in favor of AA/TSF relative 
to outpatient treatment, and CBT interventions. 

• Magnitude - large. In addition to sig. increased 
abstinence/remission, compared to CBT interventions 
delivered in residential VA, AA/TSF reduces mental health 
and substance use related healthcare costs over next 2 years 
by over $10,000 per patient (converted to 2018 U.S. dollars). 

• >1M people treated for AUD in U.S. annually -reducing their 
health care costs by this amount would produce large 
aggregate economic savings (e.g., >$10 billion in the U.S. 
alone) as well as improving clinical outcomes

$10-15 Billion/yr savings 
in health care alone

In short: AA may be the 
closest thing public health has

to “a free lunch” 

While AA is proven to help, not everyone wants 
to use AA

Increasing the menu of recovery mutual-help 
support options is likely to engage more 
individuals in the recovery process

Kelly et al, 2020; Alcohol and Alcoholism



Do Fitness Centers Keep people fit?

•Of course!

•If you go and if you work out regularly

•Ongoing challenge is engaging and retaining people 
in some kind of ongoing exercise regimen…

•Fitness Centers therefore provide not just one, but an 
array, of different classes, spaces, equipment, pools, 
and courts, so that people can find something 
appealing…

•…and move toward increasing physical fitness

Kelly et al, 2025; American Jnl Pub Hlth



Emerging Evidence for Additional Mutual-Help 
Organizations….



RECOVERYANSWERS.ORGRECOVERY BULLETIN @RECOVERYANSWERS RECOVERY-RESEARCH-INSTITUTE RECOVERY RESEARCH INSTITUTE
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Results

Kelly et al. (2023)



Photo source

Results

Kelly et al. (2023)



Photo source

Results

Kelly et al. (2023)
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SMART vs AA vs Both vs Neither: Group Effects over Time on four outcomes across 6 months



Negative Affect 
Abstinence self-

efficacy

Social network

Spirituality

Social 
Abstinence self-

efficacy

Recovery 
motivation

Impulsivity Craving

Coping skills

Empirically-supported MOBCs through which AA confers benefit



Recovery support services 
have grown intended to 
facilitate access to conducive 
and supportive environments 
and recovery capital …

Recovery

Mutual help 
organizations

Peer-based 
recovery 
support 
services

Recovery 
Residences

Clinical 
models of 
long-term 
recovery 

management

Recovery 
community 

centers

Recovery 
supports in 
educational 

settings



Oxford 
House vs. 
Usual Care

Recovery Residences had – 

• half as many using 
substances across 2 yrs

• 50% more employed 

• 1/3 re-incarceration rate

31.3

76.1

3

64.8

48.6

9

0

10

20

30

40

50

60

70

80

Substance use Employment
rate

Incarceration
rate

%

Oxford House

Usual Care

Jason et al (2008) Comm Hlth



Cost-benefit analysis of the 
Oxford House Model

• Sample: 129 adults leaving 
substance use treatment between 
2002 and 2005

• Design: Cost-benefit analysis using 
RCT data

• Intervention: Oxford House vs. 
usual continuing care

• Follow-up: 2 years

• Outcome: Substance use, monthly 
income, incarceration rates



Mean per-person societal benefits and costs

-50000

-40000

-30000

-20000

-10000

0

10000

20000

30000

40000

24-month total costs 24-month total benefits Difference
(benefits - costs)Do

lla
rs Oxford House

Usual Care
Difference

Two-year net benefit for Oxford 
House: almost $30,000/person/yr



Recovery support services 
have grown intended to 
facilitate access to conducive 
and supportive environments 
and recovery capital …

Recovery

Mutual help 
organizations

Peer-based 
recovery 
support 
services

Recovery 
Residences

Clinical 
models of 
long-term 
recovery 

management

Recovery 
community 

centers

Recovery 
supports in 
educational 

settings





SERVICES PROVIDED

Housing 
Assistance

Basic Needs 
Assistance

NARCAN 
Training

Employment 
Assistance

Recovery 
Coaching

Recreational 
Activities

Volunteering

Peer-Facilitated 
Support Groups

Medication-
Assisted 

Treatment 
Support

Health 
Nutrition 
Exercise

Technology
/Internet

All recovery 
meetings

Mutual-Help 
Meetings

Expressive 
Arts

Education 
Assistance

Family 
Support 
Services

Mental 
Health 

Support

Smoking 
Cessation

Legal 
Assistance

Financial Services

Childcare 
Services



Higher Remission Rates Fewer Substance-Related Consequences Higher Abstinence Rates

Fewer Psychiatric Problems Higher Self-Esteem and Pos. Soc. Identity Higher Life Satisfaction



Kelly et al, 2018; Beyond Abstinence; Alcoholism: Clinical Experimental Research

40-Year Time Frame of Recovery Trajectories
National 
Recovery Study 
(NRS)
N=2,002

Takes 15 yrs for recovering pop to reach
Same level as general pop.

Data now suggest individuals utilizing Recovery Community Centers’ 
“one stop shop for recovery” may achieve that same level in just 5 yrs!



How do people sustain change over 
the long-term?
Relapse + recurrence vs resilience + recovery

Long-Term Relapse - Markers, Mechanisms, and 
Implications for Disease Management





Change factors ranked by frequency
of occurrence 



Change 
factors 
ranked by 
risk 
potency
(degree to 
which  they 
“definitely” 
contributed 
to relapse)



Marginal graphs 
show change in 
frequency of 
reported change 
factors across 12 
months prior to 
relapse horizon - 
darker colors 
represent 
proportion that 
“definitely 
contributed” 
across the entire 
sample



Clinical Implications for Long-Term Disease 
Management

• Checklist for patients to complete prior to ongoing visits involved in long-term 
disease management 

• In addition to the great need for more research into this important clinical and public health 
area, the array of psychological, social, recovery health services, and biological factor 
changes that occurred in the year preceding long-term AUD relapse detected in this study, 
highlight several markers and potential mechanisms that could be incorporated into a 
checklist for patients to complete prior to ongoing visits involved in long-term disease 
management. 

• Checklist may serve as stimulus and foundation for broader clinical 
discussion…

• Such a list as those factors reported in this study the presence of one or more of which, 
could alert a clinician to focused discussion and intervention; or otherwise, serve as a 
stimulus and foundation for broader clinical discussion about the need for continued 
AUD recovery focus and successfully facing and addressing recovery and life course 
challenges that ultimately may help prevent further morbidity and mortality that can arise 
from AUD recurrence



Such a 
clinical 
checklist 
might be 
deployed in 
long-term 
disease 
management 
(e.g., in 
recovery 
management 
check-ups)…

Kelly et al (2026) Frontiers in Public Health



Connecting 
the Dots

Toward a Recovery-Oriented System of Care 
(ROSC) 

A ROSC  is  a  coordinated network  of  
treatment and community-based  services  
and  supports  that  is person-centered  and  
builds  on  the  strengths  and  resiliencies  of  
individuals,  families,  and communities  to 
help achieve  remission and  improved  
health,  wellness,  and  quality  of  life  for 
those  with  or  at  risk  of  alcohol  and  drug  
problems



Thank you!
Contact information: 
John F. Kelly, Ph.D., ABPP
Jkelly11@mgh.harvard.edu

Recovery Research Institute
National Center on Youth Prevention, Treatment, 
and Recovery
Massachusetts General Hospital
151 Merrimac St., Floor 4
Boston, MA 02114

John F. Kelly, Ph.D., ABPP

@johnkellymgh

Recovery Research             

 @RecoveryAnswers

Recoveryanswers.org

@YouthRecoveryAnswers

 @YouthCenterRRI

recoveryanswers.org
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