	
STATISTICAL ANALYSES PLAN (SAP) for VIRTUES+PM CIED

First Approved - Amendment 3 – Protocol version 4, August 28, 2018

Hypothesis
Remote monitoring of pacemakers, with in-clinic visits when necessary, is superior to routing in-clinic visits in use of health care resources, non-inferior in safety and cost-effective.

Analysis Populations
For the purposes of data analysis, two study populations will be defined, as follows:  

Intent-to-treat (ITT) Population: Included in this population will be all eligible patients who are allocated to the care arm Virtual Integrated Reliable Transformative User-driven E-health System (VIRTUES) or standard or care (SOC), regardless of whether they actually received this care.  In all analyses, the patient care arm will be categorized according to their allocation, regardless of what care they receive, if any, following allocation.

Per-protocol (PP) Population: Included in this population will be all patients who received the care and have not experienced a major protocol violation significantly impacting efficacy and safety or have not been lost to follow-up or crossed over from allocated care arm.  

Background and Demographic Characteristics
Descriptive statistics will be used to summarize the demographic and clinical variables. Rates of events will be reported as percentages of total population.  Patient in-clinic visits will be calculated for pacemaker patients as the number of visits that occur at their usual follow-up site divided by the number of patient-years for follow-up.  Descriptive statistics will be used to summarize the demographic and clinical variables. Rates of events will be reported as percentages of total population.  Patient in-clinic visits will be calculated for pacemaker patients as the number of visits that occur at their usual follow-up site divided by the number of patient-years for follow-up.  The baseline characteristics of the two study groups will be compared by two-sided χ2 test for nominal, qualitative variables, and by Student’s t-test for normally distributed, quantitative, continuous and discrete variables. The normal distribution of variables will be verified, using the Kolmogorov– Smirnov and Shapiro–Wilk tests. 
SAS procedures:	 PROC UNIVARIATE  
 PROC FREQ 
 PROC NPAR1WAY 
 PROC MEANS 
 PROC TTEST  

Primary Safety Outcome
The primary safety outcome is time to major adverse events.  The definition of major adverse events is based upon prior studies performed on remote monitoring. These include:  death, stroke, hospitalization for complications related to the device system, hospitalization for an adverse cardiovascular event (Cardiovascular event is defined as any unplanned hospitalization (admission with an overnight stay in hospital) due to one of the following causes: acute coronary syndrome, presyncope / syncope, transient ischemic attack / stroke, atrial fibrillation, flutter, pulmonary embolism / deep vein thrombosis /systemic embolism, worsening congestive heart failure including pulmonary edema or dyspnea of cardiac origin), other events including syncope and device-related ER visits will be collected.  In addition, as part of addressing the targets in CANet, specific secondary outcomes will be: time to detection of ventricular arrhythmia events, AF detection/AF-related hospitalization and rate of syncope will be collected. Survival free from the primary outcome will be estimated by the Kaplan–Meier method and compared, using the log-rank test. Cox proportional hazard regression analysis will be used to estimate the likelihood of survival, after verifying the proportional hazard assumption. The time to the primary outcome in the VIRTUES+ICD and SOC care arms will be compared using survival analysis techniques.  The survival experience (i.e. time-to-event of the composite outcome) in each of the two care arms will be summarized using Kaplan-Meier product limit estimates, and the hazard ratio (HR) and associated 95 percent confidence interval (95% CI) will be calculated.  In addition, in a sensitivity analysis, the Cox proportional hazards model will be used to assess the consistency of the care arm effect on this outcome adjusting for key baseline covariate differences. Underlying assumptions for these statistical procedures will be assessed; in particular, the proportional hazards assumption will be assessed using graphical methods (i.e., visual inspection of the log‐negative‐log plot), statistical tests and graphical diagnostics based on the scaled Schoenfeld residuals and numerical tests (i.e., test of the interaction term group x time). The null hypothesis is that the time-to-event of the composite outcome for VIRTUES is inferior to SOC and the alternative hypothesis is that the time-to-event for VIRTUES is non-inferior to SOC. A p-value< 0.025 will be considered significant. The ITT and PP population will be used. 
SAS procedures:	PROC LIFETEST
PROC PHREG  

Secondary Safety Outcomes
A secondary safety analysis will compare VIRTUES+ICD and SOC care arms on the time to each component of the composite safety outcome:
· Death 
· Stroke 
· Device related hospitalization 
· Hospitalization due to a cardiovascular cause (i.e., admission with an overnight stay in hospital due to one of the following causes: acute coronary syndrome, presyncope / syncope, transient ischemic attack / stroke, ventricular arrhythmias, atrial fibrillation, atrial flutter, pulmonary embolism / deep vein thrombosis /systemic embolism, worsening congestive heart failure including pulmonary edema or dyspnea of cardiac origin)

The time to each secondary safety outcome in the VIRTUES and SOC care arms will be compared using survival analysis techniques. For the secondary outcome of death, the survival experience (i.e. time-to-event of death) in each of the two care arms will be summarized using Kaplan-Meier product limit estimates, and the hazard ratio (HR) and associated 95% CI will be calculated.  For the other secondary outcomes, a competing risk analysis will be performed comparing the two care arms with death as the competing risk.  Cumulative incidence function will be used in estimating the probability of outcomes in each of the two therapy groups, and the sub-distribution hazard model proposed by Fine and Gray will be used to compare the cumulative incidence curves.  The hazard ratio (HR) and associated 95% CI will be calculated. The ITT population will be used.
SAS procedures: 	PROC LIFETEST
PROC PHREG  

Primary Efficacy Outcome
For the primary composite efficacy outcome of the time to clinical decision of the important clinical events (new onset of atrial fibrillation, atrial flutter or atrial tachyarrhythmia > 12 hours, rapid ventricular rate (≥120 bpm for ≥ 6 hrs AT/AF per day), lead impedance out of range, low battery, need for device reprogramming, lead Integrity alert, ICD shock/ATP/VT storm or sustained VT > 30 seconds (for ICD only event)), the median time in the VIRTUES and SOC care arms will be compared. 

Secondary Outcomes – Quality of Life
Health-related quality of life will be assessed comparing VIRTUES and SOC.  For each group, the frequency distribution for each of the domains and component scores for the SF-36 will be tabulated and the mean, standard deviation, median and interquartile range (IQR) will be determined and 95% CIs calculated. Friedman’s nonparametric, repeated-measures analysis will be used to compare the SF-36-scale and summary scores. The number of follow-ups was estimated per patient-year, with 95% CI, in each study group, assuming a Poisson distribution. A P-value< 0.05 will be considered significant.

SAS procedures: 	 PROC MEANS 
 PROC MIXED
 PROC TTEST

Cost Analysis
For PM, resource usage will be calculated and costed for:
· ED Visits/ Unplanned Cardiovascular hospitalizations
· Physician visits - Family physician visits, Specialist visits

Health Economic Evaluation
An economic evaluation will be conducted to determine the cost-effectiveness of the remote patient management strategy. Analysis will take the form of a cost utility analysis with cost effectiveness assessed in terms of the incremental cost per quality life year.  Analysis will incorporate data on resource use and patient’s utility values for the period from initiation of remote patient management to 12 months follow-up.  Resource use associated with the remote patient management strategy will be estimated through detailed microcosting and will be contrasted with the costs of standard monitoring. Resource use associated with major clinical events will be assessed through review of patient charts.  Resource use from other clinical contacts will be assessed by patient interview at 12 months.   Patient utility values will be estimated at baseline and twelve months using the SF6D utility instrument where utility values are derived from the SF36 quality of life questionnaire which will be completed by each patient at baseline and 12 months. QALYs will be estimated using the standard area under the cover methodology, controlling for baseline utility. Total costs and QALYs for each patient will be estimated with multiple imputation for missing data. The incremental costs and QALYs and incremental cost effectiveness ratios associated with remote patient management and the uncertainty around these will be derived through non-parametric bootstrapping. 


  
	
PROTOCOL AMENDMENTS


Amendment 4 – Protocol version 5, February 15, 2019
Analysis 
· 12 month follow up was changed to 18 month follow up


Amendment 5 – Protocol version 6, September 3, 2019

Amendment 6 – Protocol version 7, June 15, 2020
Outcome
· Ventricular arrhythmias


Amendment 7 – Protocol version 8, January 18, 2021 
Intervention
· Patients will be asked to complete a VIRTUES acceptance and satisfaction questionnaire (ASQ) at the 12-month visit

Amendment 8 – Protocol version 9, February 11, 2022
Outcomes
· Other events including syncope and device related ER visits will be collected
· And number of cardiovascular and device related ER visits


Prior to Database Lock June 10, 2026
In the reporting of the COMPAS study at 18 months, the safety event rate was 19.1% in the SOC, and the noninferiority margin was (NIM) 7%.  Prorating these values at 12 months the event rate is 15% and NIM 5.55%. So, for the sample calculation, the primary safety outcome of the composite of major adverse events is assumed to be 15% in the standard of care (SOC) control group, and the non-inferiority margin (NIM) is taken to be 5.55% or a HR of 1.42 when the SOC hazard rate is 0.15. 

For the primary efficacy outcome of time to clinical decision of a clinically important event, the non-inferiority margin is taken to be 20% or 3.48 days based on the median difference of 15.7 days between remote monitoring and control groups in the CONNECT trial.


FINAL STATISTICAL ANALYSES PLAN (SAP) for VIRTUES+PM CIED

For the purposes of data analysis, two study populations will be defined, as follows:  

Intent-to-treat (ITT) Population: Included in this population will be all eligible PM patients who are allocated to the care arm Virtual Integrated Reliable Transformative User-driven E-health System (VIRTUES) or standard or care (SOC), regardless of whether they actually received this care.  In all analyses, the patient care arm will be categorized according to their allocation, regardless of what care they receive, if any, following allocation.

Per-protocol (PP) Population: Included in this population will be all patients who received the care and have not experienced a major protocol violation significantly impacting efficacy and safety or have not been lost to follow-up or crossed over from allocated care arm.  

Background and Demographic Characteristics
Background and demographic characteristics by care arm will be summarized by means of frequency distributions (for categorical variables) and descriptive statistics of mean, standard deviation, minimum, median and maximum (for continuous variables).  Background characteristics includes: age, sex, type of device, NYHA class, hypertension, dyslipidemia, diabetes, smoker, stroke/TIA, valvular heart disease, COPD, congenital heart disease, peripheral vascular disease, CAD, PCI, CABG, frailty score, ejection fraction, pacemaker dependent, rural, medications (beta blocker, ACEi, ARB, mineralocorticoid receptor antagonist, SGLT2i, oral anticoagulation, antiarrhythmic drug, diuretic). Continuous variables will be tested for baseline comparability between the care arms groups using the Student’s t-test or the Wilcoxon rank- sum test. Categorical variables will be tested for baseline comparability with the chi-square test or Fisher’s exact test.  Standardized differences of the background and demographic characteristics between the care arms groups will be calculated and an absolute standardized difference of less than 0.10 will be considered negligible. The ITT population will be used. 
SAS procedures:	 PROC UNIVARIATE  
 PROC FREQ 
 PROC NPAR1WAY 
 PROC MEANS 
 PROC TTEST  

Outcomes
Co-primaries of safety and efficacy
Secondary cost

Primary Safety Outcome
For the primary safety outcome of the composite of major adverse events (death, stroke, hospitalization for complications related to the device system, hospitalization for an adverse cardiovascular event), the time to the primary outcome in the VIRTUES and SOC care arms will be compared using survival analysis techniques.  The survival experience (i.e. time-to-event of the composite outcome) in each of the two care arms will be summarized using Kaplan-Meier product limit estimates, and the hazard ratio (HR) and associated 95 percent confidence interval (95% CI) will be calculated.  In addition, in a sensitivity analysis, the Cox proportional hazards model will be used to assess the consistency of the care arm effect on this outcome adjusting for key baseline covariate differences. Underlying assumptions for these statistical procedures will be assessed; in particular, the proportional hazards assumption will be assessed using graphical methods (i.e., visual inspection of the log‐negative‐log plot), statistical tests and graphical diagnostics based on the scaled Schoenfeld residuals and numerical tests (i.e., test of the interaction term group x time). Should this assumption fail, a stratified Cox model will be fitted to correct for non-proportional hazards. The null hypothesis is that the time-to-event of the composite outcome for VIRTUES is inferior to SOC and the alternative hypothesis is that the time-to-event for VIRTUES is non-inferior to SOC. A p-value< 0.025 will be considered significant. The ITT and PP population will be used. 
SAS procedures:	PROC LIFETEST
PROC PHREG  

Secondary Safety Outcomes
A secondary safety analysis will compare VIRTUES and SOC care arms on the time to each component of the composite safety outcome:
· Death 
· Stroke 
· Device related hospitalization 
· Hospitalization due to a cardiovascular cause (i.e., admission with an overnight stay in hospital due to one of the following causes: acute coronary syndrome, presyncope / syncope, transient ischemic attack / stroke, ventricular arrhythmias, atrial fibrillation, atrial flutter, pulmonary embolism / deep vein thrombosis /systemic embolism, worsening congestive heart failure including pulmonary edema or dyspnea of cardiac origin)

The time to each secondary safety outcome in the VIRTUES and SOC care arms will be compared using survival analysis techniques. For the secondary outcome of death, the survival experience (i.e. time-to-event of death) in each of the two care arms will be summarized using Kaplan-Meier product limit estimates, and the hazard ratio (HR) and associated 95% CI will be calculated.  For the other secondary outcomes, a competing risk analysis will be performed comparing the two care arms with death as the competing risk.  Cumulative incidence function will be used in estimating the probability of outcomes in each of the two therapy groups, and the sub-distribution hazard model proposed by Fine and Gray will be used to compare the cumulative incidence curves.  The hazard ratio (HR) and associated 95% CI will be calculated. The ITT population will be used.
SAS procedures: 	PROC LIFETEST
PROC PHREG  

Primary Efficacy Outcome
For the primary composite efficacy outcome of the time to clinical decision of the important clinical events (new onset of atrial fibrillation, atrial flutter or atrial tachyarrhythmia > 12 hours, rapid ventricular rate (≥120 bpm for ≥ 6 hrs AT/AF per day), lead impedance out of range, low battery, need for device reprogramming, lead Integrity alert, ICD shock/ATP/VT storm or sustained VT > 30 seconds (for ICD only event)), the median time in the VIRTUES and SOC care arms will be compared. The difference in medians will be calculated, as wells as, the 95%CI for the median difference based on a bootstrap of 1000 samples with replacement and taking the 2.5 and 97.5 percentile of the distribution of the median differences. The null hypothesis is that the composite efficacy outcome of the time to clinical decision of the important clinical events for VIRTUES is inferior to SOC and the alternative hypothesis is that the time to clinical decision of the important clinical for VIRTUES is non-inferior to SOC. A p-value< 0.025 will be considered significant. The analysis population consists of patients that experienced any of the important clinical events. 
SAS procedures: 	MEANS
	SURVEYSELECT

Secondary Efficacy Outcomes
A secondary efficacy analysis comparing the VIRTUES and SOC care arms will be conducted separately for each of the components of the primary efficacy outcome and the same calculation of the median difference and 95%CI will be followed as for the primary efficacy outcome. The analysis population consists of patients that experienced the specific component being considered.
· New onset of atrial fibrillation, atrial flutter or atrial tachyarrhythmia > 12 hours 
· Rapid ventricular rate (≥120 bpm for ≥ 6 hrs AT/AF per day)
· Lead impedance out of range
· Low battery
· Need for device reprogramming
· Lead Integrity alert
SAS procedures: 	MEANS
SURVEYSELECT

Secondary Outcomes – Quality of Life
Health-related quality of life will be assessed comparing VIRTUES and SOC.  For each group, the frequency distribution for each of the domains and component scores for the SF-36 will be tabulated and the mean, standard deviation, median and interquartile range (IQR) will be determined and 95% CIs calculated.  A mixed model repeated measures comparing the two groups (VIRTUES vs SOC) on changes in health-related quality of life over time will be conducted. A p-value< 0.05 will be considered significant. The ITT population will be used.
SAS procedures: 	 PROC MEANS 
 PROC MIXED
 PROC TTEST

Cost Analysis
For PM and ICD separately, resource usage will be calculated and costed for:
· ED Visits/ Unplanned Cardiovascular hospitalizations
· Physician visits - Family physician visits, Specialist visits

Health Economic Evaluation
First, an analysis will be conducted whereby we will assess the expected values for the costs and QALYs gained during the trial duration. Secondly, we will develop a Markov model which will incorporate the incidence of the primary clinical outcomes death, stroke, hospitalization for complications related to the device system and hospitalization for an adverse cardiovascular event and extrapolate from the time duration of the clinical trial to a lifetime time horizon.  The model will incorporate the short-term data on costs, QALYs and clinical outcomes and will further be enhanced with data from the literature. 
