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fMRI Acquisition and Preprocessing
MRI data were acquired using a 3T Siemens Prisma scanner, which was equipped with a twelve-channel headcoil. High resolution T1-weighted anatomical images were acquired using a spoiled gradient recalled echo sequence (FOV = 25 cm; matrix = 256 X 256; 160 sagittal slices; 1 mm thickness; TR = 2 s; TE = 4 ms; flip angle = 12°). An 8.5 minute functional scan (eyes-open) was acquired using a T2*-weighted echo planar image (EPI) sequence (matrix = 64 X 64; 30 axial slices; in-plane resolution = 3.4 X 3.4 X 4; TR = 2s; TE = 30; flip-angle = 80°). 
Imaging analysis was conducted using a combination of AFNI (Cox, 1996) and ANTsR (https://github.com/ANTsX/ANTsR). T1 images were inhomogeneity-corrected to enhance registration using the N4 bias correction method (Tustison et al., 2010). Each subject’s T1 was brain extracted, diffeomorphically registered to the 1mm mni_icbm152_nlin template, and segmented using ANTS (Avants et al., 2011; Klein et al., 2009). For preprocessing of the functional images, the first three EPI volumes were removed to allow for scanner equilibration. Next, EPI images were despiked, slice-time corrected, outliers were truncated and N4 biased corrected. EPI images were then temporally whitened to reduce bold-signal temporal autocorrelation, motion corrected, and noise components were removed using CompCor (Behzadi, Restom, Liau, & Liu, 2007), spatially smoothed using Perona-Malik anisotropic diffusion (Nam, Lee, Lee, & Park, 2011), and band-pass filtered (.001 - .01 Hz). Corrected EPI images were coregistered to the individual standardized T1 image using SyNBold. Forward and inverse registration transformations were concatenated and applied in a single step to minimize excess blurring of images. DVARs (>2.5 SD) and framewise displacement (mean FD >.3mm) were used to remove subjects due to excess motion (n=1). 
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Supplementary Figure 1. Subgrouping within group iterative multiple model estimation (S-GIMME) analysis pipeline. (a) Regions of interest (ROI’s) were chosen based upon meta-analysis of PTSD and AUD detailed (Klaming et al., 2019). (a) Time series from these ROIs were then entered into S-GIMME. (b) Using a unified structural equation modeling strategy, S-GIMME identifies and models auto-regressive, lagged (t -1), and contemporaneous paths common to the majority of the sample. (c) Next, S-GIMME uses Walktrap (Orman, Labatut, & Cherifi, 2012) community detection to cluster subjects into subtypes. (d) Effective connectivity profiles are then derived for each subgroup. S-GIMME also estimates individual subject-level connectivity profiles. 




Comparison of I-PE and I-CS on a subset of the larger clinical trial

	The sample used in our current report (n = 59) is a subset of subjects from the larger clinical trial (n = 119) examining the efficacy of Integrated-Prolonged Exposure (I-PE) compared to Integrated-Coping Skills (I-CS) on treating PTSD symptoms and drinking behavior (See Norman et al., 2019). Norman and colleagues found that I-PE led to a stronger reduction in PTSD symptoms compared to I-CS but was no different in reducing percent heavy drinking days. As part of our primary model investigating resting-state effective connectivity subtypes on PTSD symptoms and drinking behavior, we also included Therapy Group as a factor to examine whether Therapy group moderated the effect of connectivity subtypes on clinical outcomes. As stated in the main report, Therapy group interacted with resting-state effective connectivity derived subtypes, F (1,41.2) = 4.58, p = .038. 
	Like the results reported in the larger sample (Norman et al., 2019), for the CAPS-5 Total Scores we observed a main effect of Therapy Group, F(1,50.07) = 7.50, p = .009. This was qualified by a significant Therapy Group  Time interaction, F(1, 41.17) = 19.97, p = 6.03  10-5. There were no differences between the Therapy Groups at the pre-treatment baseline assessment, p = .99. However, subjects completing I-PE showed a greater decrease in PTSD symptoms at post-treatment than the I-CS group, t(78.7) = 4.31 p < .0001 (see Supplemental Figure 2a). There was no main effect or interactions of Therapy group on percent heavy drinking days (PHDD), ps > .45 (see Supplemental Figure 2b). In summary, we show that the primary clinical trial results remain significant when using approximately half of the sample reported in the larger clinical trial (Norman et al., 2019).


[image: ]
Supplemental Figure 2. Comparison of I-PE and I-CS on a subset of the larger clinical trial. (a) Box-plots depicting the significant Therapy Group  Time interaction on CAPS-5 total scores. Subjects assigned to the I-PE group had significantly lower PTSD severity after completing treatment compared to the I-CS group. *p = 6.03  10-5. (b) Box-plots depicting the non-significant effect of Therapy Group on Percent Heaving Drinking Days. Both treatments were associated with decreased drinking behavior similarly. I-CS = Integrated Coping Skills. I-PE = Integrated Prolonged Exposure.



Exploratory connectivity-derived subgroup analyses
We conducted a series of exploratory analyses to further characterize the neural, behavioral, and clinical differences between the connectivity-derived subgroups. Due to the exploratory nature of these analyses, correction for multiple comparisons was not completed. Therefore, the following results should be interpreted with caution and for hypothesis generation purposes only.
PTSD symptom type differences. We conducted a series of independent t-tests to examine connectivity subgroup differences on PTSD symptom type (e.g., re-experiencing, avoidance, negative cognition & mood, and hyperarousal). Connectivity subgroups did not differ on pretreatment or post-treatment CAPS symptom cluster scores, ps > .52. To further probe connectivity subgroup treatment moderation outcomes for PTSD symptoms clusters, we conducted exploratory analyses where we computed four separate models, one for each symptom type (4 symptom types). The models were identical to our primary model detailed in the main report except that the dependent variable was the CAPS-5 symptom type score (e.g., re-experiencing, avoidance, negative cognition & mood, and hyperarousal). Results revealed that functional connectivity derived subgroups were primarily moderating the PTSD symptoms of avoidance (subgroup x therapy group x time interaction, p = .017) and hyperarousal (subgroup x therapy group x time interaction, p = .006 ;See Supplemental Figure 3, panels b & d). Subgroups did not moderate treatment outcome for the other two symptoms (three-way interaction ps > .26). 
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Supplementary Figure 3. Bar plots depicting the subgroup connectivity treatment moderation analyses on PTSD symptom sub-clusters. (a) Non-significant treatment moderation for CAPS-5 re-experiencing symptoms. (b) Significant treatment moderation for CAPS-5 avoidance symptoms where Subgroup 2 benefited more from I-PE. (c) Non-significant treatment moderation for CAPS-5 negative cognition & mood symptoms. (d) Significant treatment moderation for CAPS-5 hyperarousal symptoms where Subgroup 2 benefited more from I-PE, and to a lesser extent Subgroup 1 benefited more from I-CS. I-PE = integrated prolonged exposure. I-CS= integrated coping skills. 



Diagnostic comorbidity. We next examined whether there were any diagnostic comorbidity differences between the connectivity-derived subgroups. Veterans were assessed by trained for primary psychiatric disorders using the Mini International Neuropsychiatric Interview for the Diagnostic and Statistical Manual for Psychiatric Disorders, Version 5 (MINI; Sheehan et al., 1998). Results indicate that there were no differences between the subgroups on mood disorders (2 = 0.06, p = 0.81) or anxiety disorders (2 = 0.28, p = 0.59) , or number of psychiatric disorders diagnosed (t = -0.74, p = .46), see Supplementary Table 1.

	Supplementary Table 1. Diagnostic comorbidity 

	Measure
	Subgroup 1 
	Subgroup 2 
	statistic
	p-value

	Mood Disorder
	48.48% (16/33)
	45% (9/20)
	2 = 0.06
	.81

	Anxiety Disorder
	84.85% (28/33)
	90% (18/20)
	2 = 0.28
	.59

	Total Diagnoses
	8.64
	9.45
	t = -0.74
	.46

	Note. Mood disorder was considered any current or past depressive disorder. Anxiety disorder was operationalized as any current Panic, Agoraphobia, Social Phobia, or Generalized Anxiety Disorder. 




Volumetric Analysis
Cortical and subcortical segmentation of the T1 images were processed using FreeSurfer (version 6.0 0; http://surfer.nmr.mgh.harvard.edu; Fischl & Dale, 2000). Images were motion corrected, and automatically segmented into different tissue types: grey matter, white matter, Cerebrospinal fluid, and the skull. Data were smoothed (8mm full-width at half-maximum). Segmentations were registered to the MNI template. Segmentations were extracted using the Desikan/Killiany atlas (Desikan et al., 2006). Segments were within subject normalized to each subject’s intracranial volume (ICV): (brain region  ICV) 100. For connectivity-based subgroup comparisons, a series of t-tests were conducted (n = 87 regions tested). Due to the exploratory nature of this analysis and for hypothesis generation, p-values were not corrected for multiple comparisons. 
	We found connectivity subgroup brain-region volume differences in five regions, encompassing the dorsal and medial prefrontal cortex (see Supplementary Table 2). Future research will be required to further examine the implications of these regions in comorbid PTSD/AUD.  

	Supplementary Table 2. Significant Subgroup Volumetric (normalized) Differences

	Region
	Subgroup 1 volume
	Subgroup 2 volume
	t-value
	p-value

	R Frontal pole
	0.066
	0.074
	-3.11
	.003

	L Isthmus cingulate
	0.155
	0.168
	-2.13
	.04

	R pars orbitalis
	0.166
	0.179
	-2.10
	.041

	L Superior frontal
	1.35
	1.26
	2.00
	.05

	R Accumbens area
	0.032
	0.035
	-1.83
	.07

	Note. Results are from Freesurfer segmentation of cortical and subcortical Desikan/Killiany atlas. Volume mm3 was normalized to intracranial volume: (brain region/ICV)*100. P-values are reported as uncorrected. No region survived correction for multiple comparisons (Nregions = 87). 
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