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Supplemental Methods 
 
  
Measures of Cocaine Craving 
 
Cocaine-use history was assessed with the Timeline Follow-back (TLFB) (1). The TLFB uses a 

calendar and other memory aids to gather retrospective estimates of an individual’s cocaine use 

(days used and dollars spent) across the lifetime (from age of first use) as well as during the 90 

days prior to abstinence. The Cocaine Craving Questionnaire (CCQ) is a 10-item self-report 

measure adapted from the original 45-item CCQ-Now that asks subjects to indicate how much 

they agree or disagree with statements related to cocaine craving. The Obsessive Compulsive 

Cocaine Scale is a 14-item self-report questionnaire adapted from the Obsessive-Compulsive 

Drinking Questionnaire (2). It is used to examine obsessive thoughts of cocaine use and 

compulsive cocaine use.  

 

Quantification of Regional Cerebral Blood Flow 

The following equation was then used to estimate regional cerebral blood flow (rCBF) (3): 
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where fpCASL(x, y, z) is the blood flow value at voxel (x,y,z) in milliliters of blood per minute per 

100 g brain tissue; the labeling efficiency α = 0.86 (3); the blood-brain partition coefficient λ = 

0.98 mL/g (4); δ is the arterial transit time of blood from the labeling place to the imaging slice 

and assumed to be 2 s (5); the post labeling delay w = 1.525 s; the brain tissue T1 = 1.165 s (6); 

the arterial blood T1a = 1.624 s (7); the brain tissue T1 in the presence of off-resonance 
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irradiation T1RF = 0.75 s (8); and, Mb
0(x, y, z) is the value of equilibrium magnetization of brain 

tissue at voxel (x,y,z), which was approximated by the intensity of average control images. 

 

Predictive Models of Relapse 

As time to relapse was assessed for up to 24 weeks following discharge from residential 

treatment, we considered whether functional imaging measures differing between the three 

groups further predicted days to relapse up to 168 days. A hierarchical survival analysis was 

performed to predict the time to relapse post-treatment using the average rCBFn values and the 

average resting state functional connectivity (rsFC) strength extracted from the brain regions 

showing significant group effects as predictors in a Cox regression model (SPSS 20.0, IBM 

Corporation, Armonk, NY). At the first regression step (model 1), the time to relapse was 

predicted by rCBFn. At the second step (model 2), functional connectivity strength was added to 

the model. All hypotheses were tested at a global type I error of a = 0.05. 

Time-dependent receiver operator curves (ROC) were also used to estimate the positive 

predictive value of the relapse model. Time-dependent ROC analysis calculates sensitivity and 

specificity of cumulative relapse cases that accrue for any point of time (e.g., 30 day intervals) 

over a fixed time period (168 days in this study). Using this approach, relapse cases are 

observed for any point of time (t) and can characterize the sequence of predictions that occur 

continually for any time t (9). Time-dependent ROC first uses Cox regression models to 

estimate predicted relapse rate and then predicted rates plus rCBF and rsFC measures were 

supplied as inputs to a time-dependent ROC analysis to estimate the area under the curve 

(AUC) at time t, (t = 30, 60, 90, and 120 days). RisksetROC with the R software framework, was 

used to create time-dependent ROC curves and calculate time-dependent area under curve, 

AUC (t) (cran.r-project.org).   
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