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ELEKT-D is an open label, multi-center clinical trial to compare electroconvulsive therapy (ECT) 

with ketamine (KET) in patients with treatment resistant depression (TRD). The specific study 

aims include: 

• Aim 1: to investigate the comparative effectiveness of ECT and ketamine on measures of 

depression. 

• Aim 2: To investigate the relative impact of ECT and ketamine on measures of memory 

and cognitive function. 

• Aim 3: To investigate the relative impact of ECT and ketamine on patient reported QoL 

measures after acute treatment and at follow-up over six months. 

Table 1 below lists the primary, secondary and safety endpoints measured from the study 

participants. More details and the measurement schedules of these endpoints are described in 

the study protocol.  

 

Analysis of baseline characteristics. The analysis will be based on the randomized population 

(i.e., all participants randomized). Participant characteristics at baseline will be summarized as 

descriptive statistics (mean, standard deviation [SD], median, inter-quartile range, or range for 

continuous data, and count and percentage for categorical data). The baseline characteristics will 

be compared between the two study groups using the t-test, the Wilcoxon rank sum test, or the 

chi-squared test as appropriate.  

 

Analysis of primary endpoint. The primary endpoint of the trial is treatment response, which is 

defined as a ≥ 50% decrease in QIDS-SR-16 scores from the baseline visit/visit 1 to the end of 

treatment visit in the acute phase. The study hypothesis is that the response rate of ketamine is 

non-inferior to ECT with a margin of -10%, that is,  

H0: Pk - Pe ≤ -10% vs.  H1: Pk - Pe > -10% 

where Pk represents the response rates in the ketamine group, and Pe represents the response 

rate in the ECT grou; H0 and H1 denote the null and alternative hypotheses, respectively. The 

primary endpoint of treatment response will be summarized as proportions, along with 95% 

confidence intervals, for each treatment group. The Farrington-Manning score test will be then 

used to compare the response rates between ECT and KET at an inferiority margin of -10% 

(ketamine minus ECT) and a one-sided type I error of 0.025. The difference of the two response 

rates will be also reported with the 95% confidence interval.  
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 The principal analysis of the primary outcome will be based on the modified intention to 

treatment (mITT) population, which include the participants who receive at least one treatment 

and have at least one QIDS-SR-16 measurement during the acute phase. Multiple sensitivity 

analyses will be performed by imputing the missing primary endpoints. (1) Multiple imputations 

based on the chained-equation approach will be applied to the dataset, including baseline 

demographic and illness characteristics, the QIDS-SR-16 and MADRS scores at baseline, and 

their percent changes at the EOT visit. The imputed percent changes of QIDS-SR16 are then 

dichotomized to derive the imputed response outcomes. The Farrington-Manning score test will 

be applied to each of the five imputed datasets, and the results need to be summarized using 

Rubin’s rule. (2) The worst-best and best-worst imputation methods will be used to examine the 

results in the extreme cases of the missing data. The former method will impute all missing 

outcomes in ECT as responders and all missing outcomes in KET as non-responders, and the 

latter imputes the missing outcomes in ECT as non-responders and all missing outcomes in KET 

as responders. The results from these two methods can be considered as the range of uncertainty 

due to the missing data.  

 

Analysis of secondary endpoints. The secondary outcome of MADRS response will be tested 

for noninferiority of KET using the same approach as the primary outcome. MADRS response is 

defined as 50% or greater decline in the MADRS total score from baseline to the EOT visit. 

Similar as the primary outcomes, the MADRS response rates will be compared between the two 

groups to test the non-inferiority of KET at a margin of -10% and one-sided alpha of 0.025.  

The other dichotomous secondary outcomes such as remission will be summarized as 

percentages by group and compared using the chi-squared test.  

 Since the QIDS-SR16 score itself is repeatedly measured over time, a linear mixed-effects 

model will be applied to estimate its trajectories of the two groups during the acute treatment 

phase. The model will include measurement time, treatment group, their interaction, and site as 

fixed effects, and a Gaussian random intercept at the patient level. Baseline patient characteristics 

with statistically significant differences between the two groups may be also included as fixed 

effects if deemed necessary. The covariance matrix of the repeated measurements within each 

patient will be selected from the candidates of compound symmetric, first-order autoregressive 

(AR1), Toeplitz, and unstructured structures using the information criterion. Least-square 

estimates will be derived to estimate the QIDS-SR16 mean at each visit by group, and 

corresponding linear contrasts can be used for group comparison at each visit. Since the 

responders will be further followed at months 1, 3 and 6 after the acute phase, another linear 
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mixed-effects model with the same formation will be applied to the subgroup of responders for 

their longitudinal QIDS-SR-16 data until the end of the follow up phase. The model for the change 

of QIDS-SR-16 score will include the score changes as the dependent variable and further 

include the baseline QIDS-SR-16 score as a covariate. For the other continuous secondary 

endpoints measured longitudinally, their analyses will follow the analysis of the QIDS-SR-16 

score. These endpoints include various patient and clinician rated scales for depression, 

suicidality, and cognitive function (e.g., MADRS and YMRS).  

For the cross-sectional endpoints such as the MoCA rating assessed at the end of 

treatment visit, linear regression will be used to analyze and compare the data between the two 

groups. Generalized linear regression (e.g., logistic regression or ordinal logistic regression) will 

be applied to binary or multi-categorical outcomes, depending on the variable type of the outcome.   

  

Analysis of safety endpoints. Mortality will be summarized as percentage by group, and the 

chi-squared test will be used to compare the mortality rates between the two groups. If the 

expected number of deaths is small, the Fisher’s exact test will be used instead. The other 

dichotomous safety outcomes such as the unexpected adverse events, adverse events causing 

treatment discontinuation and serious adverse events will be analyzed in the same manner.  

For the vital signs including BMI, blood pressure and heart rate, the linear mixed-effect 

models will be applied to estimate their least-square means over time by group.  

 

Subgroup analyses. Multiple subgroup analyses will be performed in order to determine whether 

there is heterogeneity of treatment effect due to demographic and clinical risk factors. The 

predefined subgroups include: psychiatric comorbidity, depression subtype, gender, race, age, 

treatment resistance (Stage IV-V vs other) and prior history of ECT treatment.  For each subgroup 

analysis, we will test the interaction using the Breslow-Day test. Recognizing that the power to 

detect significant interactions will be low, all subgroup analyses are thus considered to be 

hypothesis generating.  

 

Missing data. The missing primary endpoints will be imputed as described in the section of 

analysis of primary endpoint. Regarding the missing data in the secondary endpoints, the mixed-

effects models or the generalization regression models implicitly assume data missing at random. 

We will also perform sensitivity analyses if needed. The first sensitivity analysis will be imputation. 
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If the endpoints are longitudinal and have mixed variable types, the set of longitudinal data will be 

arranged chronologically. The results are then summarized using Rubin’s rule. Another sensitivity 

analysis will be using the pattern mixed modeling if the missingness is considered non-ignorable 

(i.e., missing not at random).   

 

Sample size justification. For the outcome measure of QIDS-SR16 in TRD patients in standard 

anti-depressant analyses, an overall response rate of 47% was reported in the STAR*D study [1]. 

Zarate et al. showed that a 71% response rate of ketamine on HAMD-21 was associated with 

patients with major depression [2]. Murrough et al. reported a 64% response rate of ketamine on 

MADRS in patients with TRD [3]. Other studies revealed response rates of ketamine ranging from 

50% to 90% in patients with TRD [4-14]. Janicak et al. reported a 56% response rate of ECT on 

HAMD-24 in patients of major depression [15]. Our preliminary internal data showed 45.8% 

patients as responders in the ketamine group, and 45.1% patients as responders in the ECT 

group, using clinician rated MADRS scales. The patients in the ketamine group were resistant to 

ECT treatment and still had a comparable response rate as ECT. For the ELEKT-D study, patients 

do not have to be ECT resistant, and hence the ketamine response rate is expected to be even 

higher. Based on the above data from the previous studies and our pilot study, we assume a 50% 

response rate for ECT patients. At a non-inferiority margin of 10% (i.e. response rate of ketamine 

is at most 10% lower than ECT) and a one-sided alpha value of 0.025, a total sample of 346 is 

needed to provide 80% power using the Farrington-Manning score test of risk difference if the 

actual difference is +5% (i.e. response rate of ketamine is 5% higher than ECT). If the actual 

difference is +10%, the statistical power would increase to 96.4% with the same sample size; if 

the non-inferiority margin is reduced to 5%, then the power will be 80.3%. Assuming an attrition 

rate of 15%, a total number of 400 subjects (200 per treatment group) are then required. 
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Table 1. Primary, secondary and safety endpoints in ELEKT-D 

Study Endpoint Definition Measure Type 
Primary Response (≥50% reduction in 

QIDS-SR16 scores from the 
Baseline/Visit 1 to End of 
Treatment visit) 

Patient rated scale 

Secondary Remission (QIDS-SR16<5 at 
two consecutive visits)  

Patient rated scale 

 Summary score of MINI 7.0.2 
questions 

Diagnostic interview 

 Summary score of QIDS-SR-16 Patient rated scale 

 Summary score of GSE-My Patient rated scale 

 Summary score of SMCQ Patient rated scale 

 Summary score of PGI-S and 
PGI-I 

Patient rated scale 

 Summary score of QOLS Patient rated scale 

 Summary score of PRISE Patient rated scale 

 Summary score of Treatment 
Preference 

Patient rated scale 

 Summary score of MADRS Clinician rated scale 

 Summary score of CSSRS Clinician rated scale 

 Summary score of CADSS Clinician rated scale 

 Summary score of YMRS Clinician rated scale 

 Summary score of BPRS Clinician rated scale 

 Summary score of CGI-S and 
CGI-I 

Clinician rated scale 

 Summary score of MoCA Cognitive testing 

 Summary score of COWAT Cognitive testing 

 Summary score of HVLT-R Cognitive testing 

 Summary score of Stroop Cognitive testing 

 Summary score of NAART Cognitive testing 

 Summary score of CPFQ Cognitive testing 

Safety Mortality  

 Unexpected adverse event  

 Study treatment discontinuation 
adverse event 

 

 Serious adverse event  

 Vital signs (BMI, BP, heart rate)  
 



Summary of the Changes in the Statistical Analysis Plan (SAP) 

 

The two SAPs generally have the same content. The first version of the SAP was drafted for the 

original grant application, and the second version was drafted at the end of the study. The 

differences between the two versions are summarized below.  

1. Section 3.2 in version 1, the analysis plan for the secondary measures of cognitive 

assessment, was revised in version 2. In version 2, since these measures were 

longitudinal data, their analyses were proposed to follow the analyses of the 

longitudinal QIDS-SR-16 or MADRS scores (“Analysis of secondary endpoints” in version 

2).  

2. Section 4 in version 1, data analysis for follow-up period, was revised in version 2.  In 

version 2, separate linear mixed models were proposed for responders and non-

responders for the follow-up data since these two groups had different follow-up 

schedules after the acute phase.  
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