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Brain Addiction Disease Model

Dysregulation:
i N - Affect
" Gas Pedal — Drive to Use “‘\ - Reward
[‘"“““““ } / D o \ \ - Cue Reactivity

Dysregulated circuits must be modulated for positive
Iong-term addiction treatment outcomes

P Stress and
todme reward L.
Preoccupation / NeurOpIaStICIty
and anticipation

\ Neuroadaptations /
Neurocircuits <&—3» Synaptic <€—% Molecules <=3 Epigenetics

/ / Tha Iam\us .
Break — Ablllty to Stop Use - Executive Control
, : o )) LW ithdrawal and ]
ci;1 unae::c: ex — “ - ‘ \ | negative affect ]
A s N (RAL ... X Drug agnostic model

Volkow, Koob, & McLellan
NEJM, 2016

systems




Brain Addiction Disease Model
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Transcranial Magnetic Stimulation (TMS)

TMS modulation

(TMS coil

TMS coil 3

Primary Activations

Secondary Activations <<

Additional Reading/Discussion:
Steele, Biological Psychiatry, 2021; mCER
Steele, EBioMedicine, 2020;
Steele, Front Neurosci, 2020 | 5— Glutamatergic projection
Steele & Maxwell, Pharm, BioChem, Beh, 2021, >—— Dopaminergic projection
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Diana et al., 2017, Nature Reviews Neuroscience ® Subcortical reward circuitry




Transcranial Magnetic Stimulation

TMS coil Repetitive TMS (rTMS)

Continuous Theta-Burst
Stimulation (cTBS)

Primary Activations

N

Secondary Activations

Additional Reading/Discussion:
Steele, Biological Psychiatry, 2021,
Steele, EBioMedicine, 2020;
Steele, Front Neurosci, 2020
Steele & Maxwell, Pharm, BioChem, Beh, 2021,

Intermittent Theta-Burst
Stimulation (iTBS)

Diana et al., 2017, Nature Reviews Neuroscience




..

[S e

Resting *

Seed-based

rsFC Analysis

CAU L
(-12,21,3)

l

Tan et al, Brain Topography, 2022

e

Diana et al., 2017, Nature

A

e

Reviews Neuroscience

=

‘.-

DLPFC L
(-39,33.21)

3.22

4
>
O
T

Measure:

CAU_L-DLPFC_L

P<0.001
R=-0.624

Craving for HC food cues



Hartford b

Current Study M

Hospital
A Hartford HealthCare Partner
Proposed N =10

Todate:N =5

1 male/ 4 females
Obese — pre-bariatric surgery Mean age: 44.33
- Treatment-Seeking Mean BMI: 48.58
- Active vs sham acute ITBS

- Within participant manipulation Power of Food mean: 4.25

Disinhibition of food mean: 4.33

How do neural changes relate
to behavioral changes?

_ Screened N = 36
Arrive to study days fasted Enrolled: N = 12

Assessing changes related to: Completed: N =5
- Relative-reinforcing value of food (RRV) In processes: N = 3
- Monetary reward task Withdrew: N = 3

: : : Excluded: N =1
Which circuits are malleable?

Bond et al., in review
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Current Study: Monetary Reward Task
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Current Study: Monetary Reward Task

Feedback: Gain versus Loss

Acute rTMS:

Increased reward processing "
. : mal Psychology, (2011)
brain signals
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Button
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Button
Presses

. ~ Pre TMS o )
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Bond et al., in review



Current Study: RRV Hartford 64

Acute rTMS: Hospital
Decreased food wanting [rEasss

RRYV Pre/Post Difference

Difference Score

Increased breakpoint

Active Sham

TMS Type Bond et al., in review



Summary & Next Steps

Preliminary evidence in a pilot study that

—rTMS may be an effective way to...
* Increase reward processing
 decrease food wanting

A very promising beginning...
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Summary & Next Steps

« Many potential next steps
— More rTMS pulses
— More rTMS sessions
. . . Additional Reading/Discussion:
— Longitudinal behavioral measures Steele, Biological Psychiatry, 2021

t Steele, EBioMedicine, 2020;
_ e C' Steele, Front Neurosci, 2020
Steele & Maxwell, Pharm, BioChem, Beh, 2021;

* This opens the door to applying rTMS In other clinical
populations

— This I1s not a silver bullet

— r'TMS could modulate a targeted circuit to affect brain and
behavioral changes in many situations
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Dosing TMS
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Hartford s
Hospital

A Hartford HealthCare Partner

Obese — pre-bariatric surgery
- Treatment-Seeking

- Active vs sham acute iTBS

How do neural changes relate
to behavioral changes?

RRYV + reward task during EEG
Arrive to study days fasted

Assessing changes related to:
Relative-reinforcing value of food (RRV) Sham rTMS
Monetary reward task

RRYV + reward task during EEG
Which circuits are malleable?

Bond et al., in review



Current Study: Monetary Reward Task

Feedback Outcome Relative Feedback Outcome Outcome
Stimulus Valence Outcome Stimulus Valence Magnitude

“ Gain  Correct -- Gain Small
.- Gain Error -- Gain Large
.- Loss  Correct -- Loss Small
“ Loss Error -- Loss Large

O = Selected Qutcome Bernat et al., Psychophysiology, (2015)
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Gehring & Willooughby, Science, (2002)
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Stimulus Valence Outcome Stimulus Valence Magnitude

Gain  Correct -- Gain Small
Gain Error -- Gain Large
Loss  Correct -- Loss Small
Loss Error -. Loss Large

O = Selected Outcome

Bernat et al., Psychophysiology, (2015)
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FDA Phase 0: Feasibility Study

Week 1| Week 2| Week 3 | Weeks 4 |Week 7 R Does chronic rTMS decrease
.. iTBS
10 Participants ) Follow-Up Are other behaviors affected?
with Cocaine Use Disorder
Open_|abe| Steele et al., Brain Stimulation, 2018; Steele et al., Frontiers in Neuroscience, 2019

L-dIPFC targeted for iTBS Down regulation of craving

during iITBS




FDA Phase 0: Feasibility Study

Week 1| Week 2| Week 3 | Weeks 4 |Week 7 | Does chronic rTMS decrease
.. iTBS
10 Participants - Follow-Up Are other behaviors affected?
with Cocaine Use Disorder
Open_|abe| Steele et al., Brain Stimulation, 2018; Steele et al., Frontiers in Neuroscience, 2019
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Current and Future Studies
Stage 2

i~ Scalable for FDA indication

EEG fMRI
EEG fMRI

Methadone maintained
- Treatment-Seeking

- Active vs sham acute iTBS/cTBS . .
Intervention Trial

Methadone maintained
How do neural changes relate || BE sy Ry

to behavioral changes? - Active vs sham, chronic iTBS/CTBS

Assessing neural changes related to: Assessing behavioral changes related to chronic rTMS:
Cue reactivity Opioid use; other substance use
Inhibitory control Off-target changes (mood, etc.)

Which circuits are malleable? Is behavior malleable?
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