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Project Modification: Statistical Analysis Plan

The original study design included separate, parallel assessments of amphetamine (AMPH) (vs. 
placebo (PBO)) and memantine (MEM) (vs. PBO) effects on TCT-associated clinical, 
neurocognitive and functional gains. However, these designs pre-dated the pandemic, and 
between the date that they were proposed (10/2019) and the project start date (8/2020), our 
institution implemented a pandemic-related shut-down of clinical research activities. Even with 
the gradual resumption of research activities, recruitment lagged significantly behind target 
levels. As a result, we made several pragmatic adjustments to the original study designs: 
1) Two separate but parallel protocols were approved by the UCSD IRB (protocols #191811, 
#201502) and posted on ClinicalTrials.gov.  Due to the low recruitment numbers, the two parallel 
studies were combined and placebo groups were pooled, to yield a 3-group design 2) subject 
randomization changed from 1:1 to a 2:1 active : placebo ratio; and 3) adjustments were made 
to the planned statistical analyses, appropriate to the reduced sample size. 

Based on known benefits of TCT in psychosis patients, no “placebo TCT” condition (e.g., video 
game) was included, for ethical and pragmatic reasons. Since all subjects received TCT, clinical 
gains over time in all groups might reflect, to some degree, the benefits of TCT. Pharmacologic 
augmentation by AMPH would only be evident if/when benefits in “TCT+active drug” groups 
exceeded those in “TCT+PBO” groups. 

The primary goal of this study was to assess the clinical, neurocognitive and functional gains 
associated with the addition of AMPH to a full course of TCT. In total, there were 3 primary 
outcome measures and 5 secondary outcome measures. The primary clinical outcome measure 
was the Positive and Negative Symptom Scale (PANSS) total score; positive and negative 
subscale scores were secondary outcomes. Because they were highly correlated with total 
scores (r=0.92 at T1), PANSS general scores are reported but are not outcomes. The primary 
neurocognitive outcome was the MCCB Composite Score. The primary functional outcome was 
the World Health Organization Disability Assessment Schedule (WHODAS 2.0, 12-item). 
Secondary clinical outcome measures also included the Patient Health Questionnaire (PHQ-9), 
the Young Mania Rating Scale (YMRS) and the Psychotic Symptoms Rating Scale (PSYRATS) 
hallucinations subscale. 

Clinical, neurocognitive and functional outcome scores were treated as continuous variables 
and analyzed in three ways. First, they were submitted to linear mixed-effects (LME) models59 
for both between-group (interaction model: TCT+AMPH vs. TCT+PBO) and within-group (time 
model: baseline vs. P30, all groups) analyses. LME analyses included data from all randomized 
subjects (including those who did not complete 30 AT sessions) and modeled random intercepts 
to account for within-subject dependencies. Second, because sample sizes fell well below target 
levels, to test the hypothesis that active drugs would augment the impact of a 30-session course 
of TCT, the effect size (Cohen’s d) of the change from baseline to P30 (“difference score”) was 
calculated for both between-group (TCT+AMPH vs. AT+PBO) and within-group (baseline vs. 
P30, all groups) comparisons. Between-group effect sizes were calculated as:

d = [(drug score T1-drug score P30) - (PBO score T1-PBO score P30)] / SDwav

where SDwav is the weighted average standard deviation. Within-group effect sizes were 
calculated as:

d = (score at T1 – score at P30)/SDav) 

where SDav is the average of the standard deviations of the T1 and P30 measures60,61. 



Third, to disentangle the salutary contributions of TCT alone vs. TCT+active drug to within-
subject effect sizes, a “threshold” for positive active drug effects was set at “d=0.4 above PBO 
values”: 

d(active drug) > d(PBO) + 0.4). 

Because clinical gains from TCT+PBO were expected to be approximately d=0.4, this added 
threshold of “d=0.4 above PBO” for drug-enhanced TCT meant that an estimated combined 
large effect size (at least d=0.8) would be required for a drug effect to be viewed as meaningful. 
Outcomes using thresholds from d=0.2 to d=0.6 were reported.  

The use of effect size comparisons in addition to p-values is common in clinical trials research 
as a way to measure effects independent of sample size. It is particularly useful when, as in the 
current study, sample sizes fall below targets identified based on traditional power analyses. 
Effect size “thresholds” have been used by others to argue that TCT neurocognitive benefits 
exceed levels produced via PBO or practice effects (generally d

Indirect indicators of clinical impact included subject attrition, C-SSRS responses, treatment 
satisfaction and adverse events (AEs). AMPH group subjects were evaluated for abnormal 
involuntary movements (AIMS) and for deleterious effects of AMPH cessation (AMPH Cessation 
Symptom Assessment). Analyses included non-parametric (Chi-Square) and parametric 
(rmANOVA) tests. 

Linear mixed-effects models for outcome measures included all subjects who were randomized; 
df were estimated using the Satterthwaite approximation. Between- and within-group effect 
sizes for clinical, neurocognitive and functional measures were calculated based on all subjects 
who completed 30 TCT visits and P30 testing (“completers”). For all analyses, 
0.05; for analyses of the 5 secondary outcome measures, findings were also evaluated with a 
more restrictive alpha level (0.01) to correct for multiple comparisons. 
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