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Abstract

A three-fold increase in fatal cocaine overdoses during the past decade highlights the critical
lack of medications for cocaine use disorders. The brain response to drug cues can predict future
drug use; however results have been mixed. We present preliminary evidence that a sustained
response to repeated cocaine cues within a single task is a significant predictor of drug-use
outcomes. Seventy-three cocaine inpatients were administered a passive-viewing fMRI task,
featuring 500ms novel evocative (cocaine, sexual, aversive) and neutral comparator cues in the
first half (halfl), which were then repeated in the second half (half2). After the baseline scan,
patients received eight outpatient treatment weeks with twice-weekly drug screens. Drug use
outcome groups were empirically defined based on cocaine-positive or missing urines averaged
across the outpatient phase: Good (<40%), Poor (>85%) and Intermediate (INT, between 40—
85%) outcomes. Differences of response to initial (half1) and repeated (half2) cues in a priori
(cue-reactive) regions were tested between outcome groups (3 [Group] x 2 [Halves] ANOVA).
An interaction was found in the brain response to drug (but not sex or aversive) cues, with a
significant difference between the Good and Poor outcome groups in half2, driven by a significant
decrease in brain response by the Good group, and a sustained brain response by the Poor group,
to repeated cocaine cues. The brain response to repeated drug cues may be a useful predictor

of future drug use, encouraging future intervention studies to restore a ‘healthy’ (decreasing)
response to the repeated presentation of drug cues.
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Introduction

During the past decade, drug overdose deaths have increased substantially, including more
than a 3-fold increase in deaths associated with cocaine, largely due to contamination with
fentanyl 1. Unfortunately, there are still no FDA-approved medications to treat cocaine use
disorder, and rates of relapse remain very high 2. Uncovering neural correlates of drug

use would aid development of behavioral and pharmaceutical interventions. Across the past
two decades, many imaging studies have characterized the brain response to drug cues
(both in our own lab 3-8 and in others -1%). Fewer have pursued the brain response to
drug cues as a potential relapse ‘biomarker’ 16-18 and most of these have been conducted
in alcohol and nicotine populations, with far fewer in stimulant or opioid users. Across
multiple substance-use disorders, hyperactivity in motivational circuits is linked to worse
outcomes 19-26,

Given extensive preclinical research demonstrating that cocaine-associated cues can trigger
drug-seeking / reinstatement 27-30, it is perhaps surprising that only two clinical studies have
used fMRI to investigate the brain response to drug cues in cocaine patients as it relates to
future cocaine use3132, Kosten et al. (2006) preliminary study in 17 cocaine patients found
an association between the brain response in posterior regions (e.g., posterior cingulate
gyrus [PCC], superior temporal gyrus [STG]) to cocaine videos with cocaine-use outcomes.
Prisciandaro et al. (2013) found a relationship of the brain response to cocaine images in
striatal, insula, and visual association areas (e.g., fusiform [FUSI]) between baseline scans
and relapse one week later. Worth noting, a third study with stimulant (14 cocaine; 28
methamphetamine) users found the ventral striatum was associated with time to relapse26.
The current investigation expands this domain and offers the largest sample size in cocaine
patients to date.

The current study offers a novel approach to the investigation of cue-reactivity as a potential
relapse biomarker by utilizing very brief (500 msec) evocative (e.g., cocaine, sexual,
aversive) cues to probe drug-use vulnerability. This brief stimulus duration allows for “fast”
event-related designs that include other evocative cues (e.g., sexual, aversive), enabling the
examination of specificity related to drug-cue findings. Furthermore, as dozens of brief
cues are presented in the first half of the task and then repeated in the second half, the
design offers a natural opportunity for examining the brain response to repeated drug cues.
Interestingly, research into several other psychiatric disorders has investigated the brain
response to repeated emotional cues and identified a non-decreasing response as a marker
of pathology for anxiety 33:34 autism 3236 and schizophrenia 37. A differential decrease in
response to repeated evocative cues may offer a sensitive predictor of future drug use that
would otherwise be obscured with the common approach of ‘signal averaging’ across the
entire task.
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Prior studies reporting on the neural response to drug cues associated with drug-use
outcomes have revealed several brain regions of interest (for review, see Moeller and Paulus,
201817). In addition to regions noted above (e.g., striatum, insula, FUSI, STG, PCC), early
research found a link between the brain response to drug cues and outcome in the amygdala
and thalamus in smokers 19. More recent work has shown the importance of the medial
prefrontal cortex, anterior cingulate cortex, and visual areas, among others21:23-26.32 These
studies suggest that the ‘outcome-predictive’ brain response to drug cues can be widespread
and involve regions that process motivation, reward, attention, self-reflection, and sensory
information. Thus, the current analyses utilize this previous research and other studies on
cue-reactivity vulnerability 28920 to examine several a prioriregions of interest. The study’s
primary focus is to examine the relationship of both initial and repeated cocaine cues to
drug-use outcomes, as the change in brain response within a single task may play a role in
differentiation of outcome groups and may also undermine traditional analyses.

Seventy-three treatment-seeking cocaine patients participating in imaging studies in our lab
from 2004 to 2014 were included in this study. Studies using subsets of the participants
have been reported previously*#:38:39 put none of these previous studies investigated the
association of brain response at baseline to future drug use outcomes. Standard eligibility
for imaging studies has been described previously 8. Briefly, inclusion criteria were: cocaine
dependence (DSM IV) or cocaine-use disorder (DSM V), with reported (smoked) cocaine
use on at least 8 of the last 30 days and availability for a 7-10 day inpatient stay. Exclusion
criteria included: contraindications for functional magnetic resonance imaging (fMRI); a
history of psychosis, head trauma, head injury, seizures, or other organic brain syndrome;
medications that affect dopamine transmission; significant cardiovascular, hematologic,
hepatic, renal, neurological, and/or endocrine abnormalities. As screened by the Mini-
International Neuropsychiatric Interview 49, patients with Axis | psychiatric disorders other
than cocaine-use disorder generally were excluded with the following exceptions: nicotine,
marijuana, and alcohol-use disorders (not requiring detoxification); current depression
associated with cocaine use and/or cessation.

Study Design

Patients were stabilized for 7-10 days in a controlled, inpatient setting in order to diminish
potential effects of cocaine intoxication or early cessation symptoms during testing. After
stabilization, patients provided baselines measures: addiction severity index, which included
prior cocaine use (total years and past 30 days), alcohol use, cannabis use, heroin use,

and questions on prior [emotional, physical, or sexual] abuse); Beck’s Depression Index
(BDI); and Beck’s Anxiety Index (BAI). Subsequently, they participated in an fMRI scan
session. that included a “fast” event-related task to evaluate the brain response to evocative
cues (Figure 1). There were two halves of the task, each with 120 target presentations per
half. Of these, 72 were stimulus categories (24 cocaine, 24 sexual, 24 aversive), 24 were
comparator cues (neutral), and 24 were null images (grey screen with crosshair). In the
first half, targets were presented in a quasi-random order (i.e., no more than three of a
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kind in a sequence), with an interstimulus interval (grey screen with cross-hair) of 1500
msec presented in between each cue. In the second half, the stimulation category cues

were repeated in pseudo-random order. Cocaine and neutral cues were from our laboratory
archives. Sexual and aversive cues were obtained from the top quartile of “pleasant” and
“unpleasant”, respectively, from the International Affective Picture System 41. Length of the
task was 8.5 minutes.

Drug-Use Outcomes

After scanning and hospital discharge, patients participated in outpatient treatment, which
consisted of at least 8 weeks of twice-weekly, manualized psychosocial treatment (drug
counseling and active strategies for coping with craving) and urine samples screened for
benzoylecognine (BE), the primary cocaine metabolite. Urine samples with BE values
greater than 300 nanograms/ml were considered “cocaine-positive”; values less than 300
ng/ml were considered “cocaine negative”. If participants failed to submit the requested
urine sample (usually due to a missed appointment), the missing sample was considered
cocaine-positive for the purpose of the outcome analyses. To encourage treatment retention,
patients received small travel reimbursements at each visit, along with weekly incentives for
attending study appointments.

fMRI Acquisition

Blood-oxygenated-level-dependent (BOLD) images were acquired with a Siemens 3T (Tim
Trio) scanner, using an 8-channel head-coil. A 5 min high-resolution 3-D T1-weighted
(MPRAGE) structural scan (parameters: repetition time (TR) = 1620 msec; echo time (TE)
= 3.97 msec; 160 slices; slice thickness = 1 mm; matrix = 192 x 256; flip angle = 15°)

was used for normalization and co-registration purposes. Functional images were acquired
via a T2*-weighted single-shot gradient-echo, planar-imaging sequence with the following
parameters: TR 2000 msec; TE 30 msec; 33 interleaved slices; slice thickness 3 mm without
any gap between adjacent slices; FOV 192 mm; matrix 64 x 64; and flip angle 80°.

Regions of Interest (ROIs)

The focus of the primary analysis was the brain response in anatomically defined a
prioriregions to novel and repeated evocative cues and its relation to drug-use outcomes.
Prior studies have demonstrated that the response in several regions can be predictive

of drug-use (e.g., cocaine, nicotine, alcohol, opioid, methamphetamines, etc.) outcomes
19,21,23-26,31,32 These include the anterior (ACC) and posterior cingulate (PCC) cortices,
amygdala (AMYG), thalamus (THAL), striatum (STR), orbitofrontal cortex (OFC), superior
temporal gyrus (STG), insula (INS), and visual association areas, such as the fusiform gyrus
(FUSI). In addition to these areas, other “cue-reactive” regions (e.g., hippocampus [HIPP],
parahippocampus [P-HIPP], midbrain [MB]), that our lab has previously found to have a
differential response related to risk 42 and vulnerability 8, may also be related to drug-use
outcomes in cocaine patients. The regions listed above (n=13) were identified, thresholded
(e.g., min 10 or 20 voxels), and binarized via FSL.
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Data Analysis

Results

Drug-use outcomes: The average percent cocaine-positive urines (urine analysis [UA]
scores) was calculated for each patient as total positive urines divided by the total
opportunities to provide a urine sample (e.g., 1 sample in the first week after discharge

and then 2 samples/week for the remainder of treatment, total opportunities = 15). For the
primary analysis, hierarchical clustering, using MATLAB (The Mathworks, 2019a) of UA
scores, first identified natural cutoffs, creating 7 groups; after which, tertiles were created
from the natural cutoffs, with the clinical goal of capturing groups of patients with relatively
GOOD, relatively POOR, and intermediate (INT) outcomes. Based on this clustering, three
groups were empirically identified: an outcome group with urine samples >85% cocaine
positive (Poor, n=34); an outcome group with urine samples <40% cocaine-positive (Good,
n=15); and an intermediate group (INT, n=24), with outcome scores between the Good and
Poor groups (>50% and <81%).

fMRI First-level analyses: Preprocessing was completed with SPM8 (Wellcome
Department of Cognitive Neurology, London, UK), run with MATLAB. It was

identical to previous studies 478, including slice-timing correction, motion correction,
temporal filtering, spatial smoothing, co-registration to high-resolution structural images,
normalization to Montreal Neurological Institute (MNI) standard space and smoothing with
a 8 mm FWHM kernel. Motion statistics ensured inclusion of patients for whom motion
did not exceed 2 mm in any plane. A canonical hemodynamic response function with
both the first (time) and the second (dispersion) derivatives was fitted to the onset of each
event. Six first-level contrasts were defined: cocaine vs. neutral (first [cocainel-neutrall]
and second half [cocaine2-neutral2]); sex vs. neutral (first [sex1-neutrall] and second
half [sex2-neutral2]), and aversive vs. neutral (first [aversivel-neutrall] and second half
[aversive2-neutral2]).

fMRI Second-level analyses: Primary. Using SPM8 and Marsbar
(marsbar.sourceforge.net), the mean of all ROIs was extracted from the first-level contrasts
and were entered into a 3x2 ANOVA (Groups vs. Halves) for each cue-category (e.g.,
Groups: Good, INT, Poor; Halves: drugl-neutrall, drug2-neutral2). Secondary. If a
significant interaction was found in the primary analysis, individual ROIls were entered

into a 3x2 ANOVA examining differences between outcome groups and halves for each
region in a secondary analysis. Correction for false discovery rate (FDR) was applied,
separately, when examining for main effects of group, main effects of halves, interaction of
group x halves, and follow-up posthoc tests. MATLAB was used to run all analyses, using
built-in functions: anovan (multi-level anovas), fitrm + ranova (repeated measures anovas),
ttest2 (post-hoc 2-sample t-tests), ttest (paired t-test); and one custom-made function: fdr_bh
(https:/iwww.mathworks.com/matlabcentral/fileexchange/27418-fdr_bh).

Demographics and Health Variables

As shown in Table 1, participants were all males and primarily African American (88%)
with an average age of 44.6 years, 12.5 years of education, and 16.9 years of (primarily
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smoked) cocaine use. The average percentage of cocaine-positive urine samples (UA scores)
during the eight weeks of outpatient treatment was 70%. None of the demographic, health,
or psychiatric variables (e.g., Beck Depression Index, BDI; Beck Anxiety Index, BAI)
differed significantly between groups. There were main effects of group for days of cocaine
use in the past 30 days and cannabis use (% yes or no), both of which were highest in the
Poor group; differences in cannabis use did not survive correction.

fMRI: Primary Analysis

A repeated measures design was used to evaluate the mean brain response of all anatomical
ROIs (mean mask) to drug, sexual, and aversive cues, separately, between outcome groups
and across task halves (3x2 ANOVA; 3 Groups [Good, INT, Poor]; 2 Halves [Half1,
Half2], Figure 2). There was an interaction of Group x Halves in the drug (but not sex

or aversive) cue condition (p < 0.05, FDR corrected). Follow-up t-tests (drug-cue condition
only) revealed a significant decrease in the Good group from Half1 to Half2 (p < 0.05, FDR
corrected), and there was a significant difference between the Good and Poor groups in the
second half of the task (p < 0.05, FDR corrected), with the Good group having a lower
response to repeated cues compared to the Poor group. Differences between both INT vs.
Poor in Half2 and the INT (Halfl) vs. INT (Half2) comparison did not survive correction.

fMRI: Secondary Analysis

A prioriregions of interest (aROIs) that composed the mean brain response to drug cues

in the primary analysis (see above) were examined separately with 3x2 ANOVAs (Group
[Good, INT, Poor] x Halves [Halfl, Half2], Figure 3). There was a main effect of Halves

in the AMYG, HIPP, FUSI, PCC, MB, and P-HIPP (all: p < 0.05, FDR corrected). There
was a significant interaction in the FUSI (p < 0.05, FDR corrected). Main effects of group

in the AMYG and PCC did not survive correction. Post-hoc t-tests revealed between-group
and within-task differences. Specifically, Good and Poor groups differed significantly in

the second half, with the Poor group having a higher response compared to the Good

group in the AMYG, FUSI, and P-HIPP (all p < 0.05, FDR corrected). In addition,

the Good group had a lower response to repeated cues (cocaine2-neutral2) compared to
novel cues (cocainel-neutrall) in the AMYG, FUSI, MB, and P-HIPP (all p < 0.05, FDR
corrected). Interactions in the PCC and STG did not survive correction, Several between-
group differences (Good vs Poor [Half2]: MB [p = 0.08], P-HIPP [p = 0.05]) and within-task
differences (Half1 vs. Half2, Good and INT: MB [p = 0.08]) did not survive FDR correction.
See supplemental figure (SF1) for results from all 13 ROls.

Discussion

This investigation in individuals with severe cocaine use disorder examined the relationship
of the brain response to 500 msec brief, evocative cues with drug use outcomes (percent
positive urines) obtained during 8 weeks of outpatient treatment. The primary analysis
showed a significant interaction of the mean brain response (from a priori regions) between
outcome groups (Good, INT, and Poor) to novel vs. repeated drug (but not sex or aversive)
cues. Specifically, the group with a decreased brain response to repeated drug cues had
better drug-use outcomes (Good group); in contrast, the group with a sustained response to
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repeated drug cues had worse drug-use outcomes (Poor group). Secondary analyses revealed
the brain regions primarily driving these results, specifically the Good group significantly
reduced responding to repeated cues in the amygdala (AMYG), visual association areas
(e.g., fusiform, FUSI), and the parahippocampus (PARAH). This reduction, along with a
sustained response to repeated cues, in the Poor group, resulted in significant differences
between the Good and Poor groups in these regions. Similar differences in the midbrain
(MB) did not survive correction (p = 0.08, see supplemental figure [SF1] for non-significant
results). While the INT group generally exhibited a decrease to repeated cues, none of these
differences either reached significance or survived FDR correction.

The results showing a relationship of the differential response to repeated drug cues in
motivational, emotional, and sensory regions with drug-use outcomes suggest that the
temporal approach used in this investigation may capture the multi-dimensional nature of
the brain response, and its connection to real-world drug use. Additionally, the temporal
approach (analyzing the task halves separately) revealed outcome relationships for the
second half of the task — even though results for each task half was necessarily based

on fewer data points. This underscores the potential importance of temporal effects within
similar paradigms: the temporal effects may not only be strong enough to countervail a
reduction in statistical power — they could actually be obscured by the common averaging of
(twice as many) data points across the entire task. Indeed, the main effect of group (whole
task results) in the drug-cue condition did not survive correction.

Intriguingly, the change in reactivity to cocaine cues from the first to second half of the

task also showed a strong alignment with clinical outcome. As described, a small group of
individuals with a decreased response to cues across the task halves had better drug use
outcomes (Good group). Conversely, individuals with a pattern of sustained or /ncreased
responding (across the task halves) showed worse drug use outcomes (Poor group), and this
pattern was evidenced by the majority of the cocaine patients. Using this metric of change is
novel for cue studies and is a natural follow-on to examining the two task halves separately.
Both approaches may reveal effects — and relationships to clinical outcome — that may be
missed otherwise.

While results showed specificity of significant between-group differences in the brain
response to repeated drug (but not sex or aversive) cues, the Good outcome group showed
consistent decreases in brain response to all evocative cues, and the other groups were
inconsistent. For instance, the INT group had a decreased response to repeated drug cues
(but not sex or aversive), and the Poor group had a decreased response to repeated sexual
cues (but not drug or aversive), suggesting the Good group exhibited a “normal” response to
repeated cues eliciting an emotional response, while the INT and Poor groups did not.

The present results may be interpreted in the context of prior research on conditioned

drug cues, extinction, and drug-cue exposure therapies*3, possibly linked to drug seeking®.
where researchers have demonstrated individual differences in extinction learning 4546
Another possibility is the results could be related to research on the emotional response

to repeated (non-drug) cues®2, where a decrease in brain activation to repeated cues is

the common, adaptive response of a healthy brain 4. Researchers have found evidence
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of individual differences in the changing brain response to repeated stimuli, in which a
“maladaptive”, sustained (e.g., non-decreasing) brain response has been associated with
pathology33-37, such as anxiety, autism, and schizophrenia.

The present results may inform and expand on additional areas of research. The brain
response to drug cues (well-matched to the individual’s drug use history) offers an objective
response in reward and motivational circuits that has been replicated across several drug
classes®~12. However, most of this work has used a ‘magnitude’ measure for examining
primary contrasts (e.g., drug vs. neutral) and for group comparisons — rather than temporal
changes within the task. To our knowledge, the present study would be the first to find
individual differences of a sustained (e.g., non-decreasing) brain response to evocative cues
in a population with cocaine use (and possibly any substance use) disorder, wherein the
sustained response is tied to more drug use.

In the current design, the observed non-decreasing response to drug cues (in the Poor
outcome group) could reflect either a “failure of habituation’ or a ‘failure of extinction’, or
both, and these of course are not mutually exclusive. The pattern of results — significant
group x half interactions for the drug cue condition, but not for the aversive or sexual cue
condition, does argue for the importance of extinction processes. Simplified designs that
explicitly study both conditioning and extinction to drug-related cues, and that explicitly
examine habituation to novel stimuli — can help parse the processes underlying the sustained
brain response. Though not the focus of the study, worth noting is that specificity of
results (between outcome groups) for repeated drug (and not sex or aversive) cues could be
interpreted through the lens of research investigating the differential response to emotional
cues (e.g., devaluation of natural cues)#8:49,

While the exact mechanism of action and theoretical frame for the present results will
benefit from further study, the extent of the group differences in the brain response to
repeated cues between clinical outcome groups is clear. Significant differences occurred in
several regions including AMYG; P-HIPP; MB, and FUSI. A recent investigation, utilizing
connectome-based predictive modeling, found that large-scale networks were predictive

of outcome 0. This recent evidence along with the present results suggest a potential
biomarker developing treatments: a network of brain regions that could be targeted to
facilitate reduction of brain response to repeated, evocative images. Future prospective
studies could guide patients with temporal “sustained” cue responding toward interventions
(pharmacotherapy, behavior, or neurostimulation) to normalize this (e.g., to restore ‘healthy
extinction), with the goal of improved clinical outcomes

There are some limitations to the current study, suggesting areas for follow-on research.
First, the majority of the participants were African-American males; studies in women and
in other ethnicities will be useful to demonstrate generalizability. Further, as with many
clinical outcome studies in the substance-use disorder population, treatment retention was
often poor, even with incentives. Scaled, increasing incentives for study participation might
improve future retention, and thus the number of available urines, for linking brain response
to clinical outcomes.
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Conclusions

Even though there are no FDA-approved medications for stimulant-use disorders, accruing
evidence suggests that brain measures can reveal targets to speed the development of
therapeutics. In the present study, in individuals with cocaine-use disorders, a sustained,
non-decreasing brain response to repeated drug cues was associated with worse drug-use
outcomes, while a decreasing brain response to repeated drug cues was associated with
better drug-use outcomes. The evidence suggests the dynamics of cue-reactivity may
themselves constitute a biomarkers of relapse vulnerability. The current study in those
struggling with stimulant use also adds to the wider literature highlighting these dynamics
both as a potential indicator of pathology, and as a meaningful clinical target for therapeutic
intervention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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120 total trials (24 in each of 4 cue categories plus 24 nulls) per half

H1: Novet cues [T T T T T T T T T T

H2: Repeated Cues

Hi:NovelCues  [C[C[+|C[S[A[+[N[S[A[+][C[S|N[+[C|IN[A[S[+[S[N[N[N[S]
H2: Repeated Cues |S|S | +|N]C|C|IN|C|N|+|N|SIN|C|S|AIN[+]|A|+|C|C|A|C]|+]

Example

Cues COCAINE - SEXUAL AVERSIVE

500 ms, = 500 ms 500 ms

Cue
P ion 1500ms Null 1500ms Null 1500ms Null

Figurel.
Cue-reactivity task. Top: Representation of the 500 msec cue task in its entirety. There were

120 trials per half, 24 in each of 4 cue categories plus 24 “null” targets (grey screen with
cross-hair). Middle Top: Example order of targets in first and second half. Targets were
pseudo-randomly presented (no more than three presentations of a target in a row) in the first
half, and then that order was quasi-randomized in the second half. N=Neutral, C=Cocaine,
A=Aversive, S=Sexual, “+” = Null. Middle Bottom: Examples of actual (neutral, cocaine)
cues and cues (sexual, and aversive) that were similar (to IAPS images) used in the task.
Bottom: Actual presentation of targets, complete with 1500 msec of ISI (grey screen with
crosshair).
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Figure2.
Mean brain response (via a priori regions, see Methods) to evocative (drug, sexual, and

aversive) minus neutral cues displayed by outcome group across task halves. a) Mean to
drug (-neutral) cues. There was an interaction of group x halves and a main effect of halves.
There was a significant difference between the Good vs. Poor outcome groups in Half2

and a significant decrease in responding in the Good group from Halfl to Half2. b) Mean
response to sex (-neutral) cues. There was a main effect of halves, in that all outcome groups
generally had a decrease from Half1 to Half2. c) Mean response to aversive (-neutral) cues.
No significant results were found. 1 significant interaction (FDR corrected, p < 0.05). #
significant main effect of halves (FDR corrected, p < 0.05). * significant difference, post-hoc
t-test (FDR corrected, p < 0.05). Good: outcome group with less than 40% positive cocaine
urines in outpatient. Poor; outcome group with more than 85% positive cocaine urines in
outpatient. INT: outcome group with percent positive urines in between Good and Poor
outcome groups.
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Figure 3.
Changing dynamics of cue-response related to outcome groups and task halves in a priori

regions that had significant results from ANOVA 3x2 (Group x Halves). Results in these
regions similarly the Poor outcome group (red) with a sustained response from Half1 to
Half2, the Good outcome group (blue) with a decreasing response from Halfl to Half2,

and the INT group (grey) decreasing but ending somewhere between the Good and Poor
groups. a) A main effect of halves was found in the amygdala, with post-hoc tests revealing
differences between Good vs Poor groups in Half2 and a significant decrease from Half1 to
Half2 in the Good outcome group. b) A main effect of halves was found in the hippocampus,
but no significant post-hoc results. c) A significant main effect of halves and a Group

x Halves interaction was found in the fusiform, with post-hoc tests revealing differences
between Good vs Poor groups in Half2 and a significant decrease from Halfl to Half2 in

the Good outcome group. d) A main effect of halves was found in the midbrain, but no
significant post-hoc results. e) A main effect of halves was found in the post-cingulate cortex
(PCCQ), but no significant post-hoc results. f) A main effect of halves was found in the
parahippocampus, with post-hoc tests revealing a significant decrease from Halfl to Half2

in the Good group and a near-significant result (p = 0.05) between Good vs Poor outcome
groups in Half2. 1 significant interaction (FDR corrected, p < 0.05). # significant main effect
of halves (FDR corrected, p < 0.05). * significant difference, post-hoc t-test (FDR corrected,
p <0.05).
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Demographics, Behavioral, Drug-Use Variables by Outcome Group

Table 1.

Total mean Good INT Poor p value
(n=73) (n=15) (n=24) (n=34) | (ANOVA)
Age | 44.39 | 42.73 | 46.33 | 43.91 | 0.31
Education | 12.52 | 12.27 | 12.82 | 12.45 | 0.73
Addiction Severity
Cocaine use (Years) 17.23 16.53 18.78 16.45 0.55
Cocaine Use (30days) 17.77 16.4 13.30 21.52 0.001
n Drug Treatments 2.99 3.00 2.77 3.12 0.91
n Alcohol Treatments 0.99 1.20 1.27 0.70 0.54
Alcohol Use (Years) | 17.62 | 18.38 | 14.47 | 19.15 | 0.49
Cannabis Use (% Yes) | 39% (20/73) | 27% (ar1s) | 219 (512¢) | 59% 20r34) | 0.008
Heroin Use (%Yes) | 1% (2/74) | 7% (1/15) | 0% (0/24) | 3% (1/34) | 0.48
BDI | 10.42 | 7.07 | 10.09 | 12.06 | 0.18
BAI | 6.49 | 5.93 | 5.86 | 7.16 | 0.72
prior Abuse (%6ves) | 5% (40/73) | 50% (7/14) | 63% (15/24) | 519% (20173) | 0.82
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