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AMENDMENT HISTORY

Date Brief description of change

Version 1

27 August 2018

Version 1.0 signed
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Version 2

6 November 2020

[1.1 Study objectives]

Updated primary objective with dual primary analyses: 

Primary analysis to be analysed in full study population and subpopulation with LVEF 

< 60%

Updated secondary objectives: 

First secondary to be analysed in full study population and subpopulation with LVEF 

< 60%. Adding urgent HF visits to total number of HF events (first and recurrent) and 

CV death. 

Moved NYHA class from secondary objective to exploratory.

Added CV death as secondary objective.

Updated exploratory objectives:

Added NYHA class objective from secondary objective and removed PGIS objective.

Rewording of EQ-5D-5L objective and endpoint.

[1.2.1 Primary analysis censoring date]

Increased target number of primary endpoint events from 844 to 1117.

[1.3 Study design]

Updated definition of subacute patients, increasing hospitalisation from within 21 days 

to within 30 days.

Increased number of randomised patients from 4700 to 6100 and number of enrolled 

patients from 8000 to 11000.

Updated target number of primary endpoint events from 844 to 1117.

Updated anticipated total study duration from 33 months to 39 months.

[1.4 Number of subjects]

Updated power, study duration, number of events and proportion of subacute.

[2.1.1 Full analysis set]

Updated with subpopulation information: “A subset of the full analysis set consisting 

of patients with baseline LVEF of < 60% (or LVEF < 60% subpopulation) will be 

analysed separately as part of the confirmatory statistical testing procedure.”

[3.2 Secondary variables]

Updated with dual primary endpoints. 

Updated with new definition of total number of events, including urgent HF visits.

Added Figure 2 with updated multiple testing procedure with dual primary analyses.

[3.2.1 Total number of (first and recurrent) hospitalisations for HF and CV death]

Updated with definition of total number of events.

Updated with information regarding prioritisation, which event to be counted in 

recurrent event analysis, if HF event and CV death occur at same day.

[3.2.2 Change from baseline at 8 months in the KCCQ total symptom score]

Added definition regarding ranking.

[Previous 3.2.3 Proportion of patients with worsened NYHA class at 8 months]

Removed entire paragraph.

[3.2.3 Cardiovascular death]

Added paragraph with secondary objective concerning CV death.

[3.3 Safety variables]
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Date Brief description of change

Added adjudication of potential DKA events.

Added major hypoglycaemic events to list of safety variables.

[4.1.1 Estimand for primary and secondary outcomes]

Added estimand for KCCQ TSS.

[4.1.2 Hypotheses]

Added dual primary hypotheses.

[4.1.3 Confirmatory testing procedure]

Updated with handling of alpha for split primary analyses.

Added Figure 2.

[4.2.3.2 Sensitivity analysis of the primary endpoint]

Updated with information that sensitivity analyses related to impact of COVID-19 will 

be added at next SAP update prior to interim analysis.

[4.2.4.1 Analysis of recurrent HF events and CV death]

Updated definition of HF events, including urgent HF visits.

Added handling on priority of events occurring on the same day.

[4.2.4.2 Analysis of change from baseline to 8 months in the KCCQ total symptom 

score]

Added information on how to handle analysis under COVID-19 pandemic.

Added information on ranking. 

Added information on handling of missing response for reasons other than death.

Estimation of treatment effect updated.

Added update on handling of ceiling and floor effects.

Information on imputation updated.

Updated information on TSS responder analyses.

[4.2.4.3 NYHA]

Section removed and moved to 4.2.6 Analysis of exploratory objectives.

[4.2.4.3 CV death]

Section on analysis of CV death added.

[4.2.5.4 Amputations and preceding events]

Section renamed to “Specific adverse events” and paragraphs on DKA, major 

hypoglycaemic events and genital infections added.

[4.2.6 Analysis of exploratory objectives]

Section on NYHA added (moved from previous Section 4.2.4.3).

Section on PGIS removed.

[5 Interim analysis]

Removed futility analysis.

[Reference]

Added references: FDA guidance during COVID-19 2020 and Spiessen and Debois 

2010

Removed references: Kawaguchi and Koch 2015 and Neal et al 2017
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Date Brief description of change

Version 3.0

9 December 2020

[4.2.4.2 Analysis of change from baseline to 8 months in the KCCQ total symptom 

score]

Added information on responder analysis:

“Additional responder analysis will be performed in the same way as for 5 points 

improvement and deterioration described above, using the thresholds of clinically 

meaningful within-patient change from baseline TSS derived from anchor-based 

analyses of blinded study data as described in Appendix A, with “ceiling” and “floor” 

values handled consistently.”

[Reference]

Added reference: Coon and Cook 2018.

[Appendix]

Added Appendix A describing how to estimate clinically meaningful thresholds for 

KCCQ total symptom score, using PGIS. 
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Version 4.0

20 May 2021

Minor edits done throughout entire document. 

[1.2.1 Primary analysis censoring date]

Updated to be consistent with CSP, that SCV should be performed within 6 weeks 

after PACD, which can be extended if decided by Global Study Team. 

Added that patients will stop taking IP at the SCV.

[1.4 Number of subjects]

Added information that final allocation of alpha and full testing procedure can be 

found in section 4.1.3. Added text that the power considerations stated in this section 

are examples for the dual primary analysis.

[3.2.1 Total number of HF events (first and recurrent) and CV death]

Removed: “Recurrent HF events (hospitalisation for HF or urgent HF visit), CV death 

and censoring processes all have continuous distributions so that HF events and death 

cannot happen at the same time.”

Updated for clarification: “For patients who did not have a HF event or CV death, and 

following last event in patients with one or more HF events, censoring will follow the 

same rule as for the primary endpoint.“

[3.2.3 Cardiovascular death]

Added “or died after WoC” for specification on patients to be censored.

[3.2.4 Death from any cause]

Added “or with unknown vital status” for specification on patients to be censored.

[3.3 Safety variables]

Updated list of safety variables, adding myocardial infarction, unstable angina, stroke, 

major hypoglycaemic events, potential diabetic ketoacidosis and amputations.

Updated for clarification: “These events will be recorded as AEs or if they fulfil 

seriousness criteria as SAEs in the database, but SAEs will not be reported to health 

authorities to avoid unnecessary unblinding.”

[4.1 General principles]

Added for clarification: “If the number of tablets dispensed or the number of 

tablets returned is missing for at least one observation, compliance is not 

calculated for that patient.” and

“IP compliance will be presented descriptively, including mean, SD, median, quartiles 

and 5% and 95% percentiles for safety analysis set by treatment group.”

[4.1.1 Estimand for primary and secondary outcomes]

Sentence removed: “The time-to-first-event analysis by Cox proportional hazards 

regression and the analysis of recurrent events (Section 4.2.4) assume that missing 

data is at random.”

[4.1.2 Hypotheses]

Removed reference to Haybittle-Peto function as that method will not to be used.

Updated alpha level for final analysis and added/removed details for clarification: 

“With alpha 0.2% allocated to one planned interim analysis including 67% of the 

target number of primary endpoints, the significance level in the final analysis will be 

4.8%, to be split between the dual hypothesis.”

[4.1.3 Confirmatory testing procedure]

Section updated with details on significance levels. 

Added table: “Table 1 Level of α1 depending on proportion of events in LVEF < 60% 

subpopulation”.

Updated for clarity: “If the study is stopped at the efficacy interim analysis (Section 

5), testing of remaining secondary endpoints will be performed in the full study 



Statistical Analysis Plan AstraZeneca
D169CC00001 5.0 8 December 2021

CONFIDENTIAL AND PROPRIETARY 13 of 58

population only, in fixed sequence at two-sided alpha of 0.2% in the order described 

in the right branch of Figure 2.”

[4.1.5 Vital status and follow-up of endpoints]

Added for clarification: “The denominator, representing maximum complete follow-

up, will be the time from randomisation until the earliest of first primary endpoint 

event, death or PACD.”

[4.2.2 Concomitant and baseline medication]

Added for clarification: “The proportion of patients taking baseline and concomitant 

medication will be presented for the FAS per ATC class and treatment group.”

[4.2.3.1 Subgroup analysis of the primary endpoint]

Added for clarification: “A test of interaction between randomised treatment group 

and the subgroup variable will be performed using Cox proportional hazard model 

stratified by T2D status at randomisation with factors for treatment group, the 

subgroup variable and the interaction between treatment and subgroup.”

Added: “Hazard ratio estimates, confidence intervals and p-values are not presented 

for subgroups with less than 15 events in total, both arms combined.”

Table 1 renamed to Table 2

Table 2: Updated subgroups for LVEF at enrollment to ≤ 49%, 50% to 59%, ≥ 60%

[4.2.3.2 Sensitivity analysis of the primary endpoint]

Added information that further sensitivity analyses will be added at a later update: 

“We will monitor the blinded study data to assess the impact of COVID-19 on the 

study and will add supportive and sensitivity analyses related to the impact of 

COVID-19 on both primary and secondary endpoints in a SAP update prior to clinical 

data lock. Also, additional covariates might be added to analyses, if deemed 

necessary based on blinded data.”

[4.2.4.1 Analysis of total number of HF events (first and recurrent) and CV death]

Added for consistency: “The composite outcome of total number of HF events (first 

and recurrent) and CV death with onset on or prior to PACD, adjudicated and 

confirmed by the CEA committee,”

Sentence removed: “Recurrent HF events, CV death and censoring processes all have 

continuous distributions so that a HF event and death cannot happen at the same 

time.”

[4.2.4.2 Analysis of change from baseline at 8 months in the KCCQ total symptom 

score]

Added for clarification: “In the ranking, patients who die prior to the first follow-up 

visit where KCCQ-KSS is assessed, at 1 month, will be defined as having a zero 

change from baseline while alive.”

Added cut-off date to define population to be used in primary KCCQ-TSS analysis: 

“As a consequence, the main analysis of this endpoint will be done in the population 

with patients who had a planned visit 5 (8 months) prior to the major COVID-19 

outbreak, defined as 11th March 2020 (the date when WHO declared COVID-19 a 

pandemic) thus unaffected by the pandemic’s possible impact on health-related 

quality of life”

Removed: “The section regarding these analyses and exact date for data cut-off will be 

updated prior to the interim analysis.”

Added that formal inference will be based on Win ratio method.

Section on responder analysis updated.

Section on handling of missing KCCQ data updated, including numbers from anchor-
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Date Brief description of change

based analyses.

Clarifications made in section on “Handling of missing KCCQ data”.

[4.2.4.3 Analysis of CV death]

Clarifications that CV deaths are confirmed in adjudication and how censoring is 

handled.

[4.2.4.4 Analysis of all-cause mortality]

Clarification that analysis includes deaths from any cause.

[4.2.5 Analysis of safety variables]

Updated that summaries of AEs will be presented both for the on-treatment period and 

on- and off-treatment period.

[4.2.5.1 Adverse events]

Updated list of safety variables, adding myocardial infarction, unstable angina, stroke, 

major hypoglycaemic events, potential DKA and amputations.

[4.2.5.4 Specific adverse events]

Added: “AEs leading to amputations” to list.

Added that event rate will be presented for AEs leading to amputations and preceding 

events, DKA and major hypoglycaemic events, as well as definition of event rate 

calculation.

Added for clarification: “Events of genital area infections and necrotising fasciitis 

potential of Fournier’s gangrene”.

[4.2.5.5 Laboratory evaluation and vital signs]

Removed PTDV and SCV from list of visits and added range to descriptive statistics.

[4.2.6 Analysis of exploratory objectives]

Added: “Only NYHA assessments made at site or through phone visits with the 

patients to be used in analyses.”

Added clarification on exploratory KCCQ analyses.

[5 Interim Analyses]

Removed reference to Haybittle-Peto function as that method will not to be used.

[6 Changes of Analysis from Protocol]

Added: “The alpha for final analysis adjusted for interim analysis at alpha 0.2% 

will be set to 5% minus 0.2% = 4.8%, rather than 4.98% as determined by the 

Haybittle-Peto function for 67% of events (sections 9.1 and 9.5 of the protocol).”

[References]

Added reference: Burman et al 2009.

[Appendix A]

Earlier Appendix A renamed A1 Methods. 

[Appendix A2]

Added appendix including summary of results of anchor-based analysis on blinded 

study data.

[Appendix B]

Added appendix with R code for calculation of significance level. 
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Date Brief description of change

Version 5.0

08 December 2021

Formatting updated throughout entire document.

[3.3 Safety Variables]

Minor clarifications added

[4.1.3 Confirmatory Testing Procedure]

Sentence added:

“For the calculation of α1, the correlation will be based on the square root of the 

lower bound of a two-sided 95% confidence interval for the proportion of events 

in the subpopulation with LVEF◦<◦60%, using a normal approximation 

confidence interval for the proportion.”

Table 1 updated presenting number of events in LVEF < 60% subpopulation and full 

population instead of presenting proportion of events in the subpopulation. Confidence 

intervals added and numbers for α1 in the different scenarios updated.

Last bullet in the list clarified.

[4.1.5 Vital Status and Follow-up of Endpoints]

Clarified that non-CV death includes undetermined.

[4.2.3.1 Subgroup Analysis of the Primary Endpoint]

Updated that subgroup analysis will be done both for full population and LVEF < 60% 

subpopulation.

[4.2.3.2 Sensitivity Analysis of the Primary Endpoint]

Added description of a sensitivity analysis where patients with premature censoring 

have imputed time to event information and more detailed information about the 

planned tipping point analysis.

Added sensitivity analysis where patients and events are censored at the onset date of 

AE associated with COVID-19 infection.

[4.2.4.1 Analysis of Total Number of HF Events (First and Recurrent) and CV Death]

Added sensitivity analysis where patients and events are censored at the onset date of 

AE associated with COVID-19 infection.

[4.2.4.2 Analysis of Change from Baseline at 8 Months in the KCCQ Total Symptom 

Score]

Added that both planned and performed 8 month assessments are to be included in 

COVID-19 supplementary analysis for KCCQ TSS.

[4.2.4.3 Analysis of CV Death]

Added sensitivity analysis where patients and events are censored at the onset date of 

AE associated with COVID-19 infection.

[4.2.5.1 Adverse Events]

Clarification that on-treatment period will be used for primary analysis of all safety 

variables, except for amputations and preceding events. 

Added that MedDRA 24.1 will be used.

Information previously in section “4.2.5.4 Specific adverse events” added to this 

section.

[4.2.5.4 Specific Adverse Events]

Text moved to be included in Section 4.2.5.1 and section removed.

[4.2.6 Analysis of Explorative Objectives]

Updated that KCCQ QoL will be reported descriptively only.

[Appendix B]

Updated to include R and SAS code.
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1 STUDY DETAILS

1.1 Study Objectives

1.1.1 Primary Objective

Primary objective Endpoint/variable

To determine whether dapagliflozin is superior to 

placebo, when added to standard of care, in reducing 

the composite of CV death and HF events 

(hospitalisation for HF or urgent HF visit) in patients 

with HF and preserved systolic function, in 

 full study population

 subpopulation with LVEF < 60%

Time to the first occurrence of any of the 

components of this composite:

1. CV death

2. Hospitalisation for HF

3. Urgent HF visit (eg, emergency 

department or outpatient visit)

1.1.2 Secondary Objectives

Secondary objective Endpoint/variable

To determine whether dapagliflozin is superior to 

placebo in reducing the total number of recurrent HF 

events (hospitalisations for HF or urgent HF visit) and 

CV death, in

 full study population

 subpopulation with LVEF < 60%

Total number of HF events (first and recurrent) and 

CV death

To determine whether dapagliflozin is superior to 

placebo in improving Patient Reported Outcomes 

measured by KCCQ

Change from baseline in the TSS of the KCCQ at 

8 months

To determine whether dapagliflozin is superior to 

placebo in reducing CV death

Time to the occurrence of CV death

To determine whether dapagliflozin is superior to 

placebo in reducing all-cause mortality

Time to the occurrence of death from any cause

1.1.3 Safety Objectives

Safety Objective Outcome Measure 

To evaluate the safety and tolerability of dapagliflozin 

compared to placebo in patients with HFpEF
 SAEs

 DAEs

 Amputations, AEs leading to amputation 

and potential risk factor AEs for 

amputations affecting lower limbs



Statistical Analysis Plan AstraZeneca
D169CC00001 5.0 8 December 2021

CONFIDENTIAL AND PROPRIETARY 17 of 58

1.1.4 Exploratory Objectives

Exploratory Objective Endpoint/Variable

To determine whether dapagliflozin is superior to 

placebo in reducing all-cause hospitalisation

Time to the first occurrence of hospitalisation from 

any cause

To determine whether dapagliflozin is superior to 

placebo in reducing the proportion of patients with 

worsened NYHA class

Proportion of patients with worsened NYHA class 

from baseline to 8 months

To describe health status assessed by EQ-5D-5L to 

support health economic analysis and health 

technology assessment

Results will be reported separately in a health 

economic report

To determine whether dapagliflozin compared with 

placebo will have an effect on SBP

Change in SBP from baseline 

To determine whether dapagliflozin compared with 

placebo will have an effect on body weight

Change in body weight from baseline 

To determine whether dapagliflozin compared with 

placebo will have an effect on eGFR

Change in eGFR from baseline

To explore whether dapagliflozin compared to placebo 

improves KCCQ summary scores, sub-scores of TSS 

(symptom frequency and symptom burden) and 

domains 

Change in Clinical summary score, TSS sub-scores, 

Overall summary score, QoL score

To collect and store blood samples for future 

exploratory genetic research

Not applicable. Results will be reported

separately

1.2 Definitions

1.2.1 Primary Analysis Censoring Date

The executive committee and AstraZeneca will monitor the accrual of endpoint events and 

when appropriate define the PACD at which time at least the pre-defined target number of 

1117 events for the primary composite endpoint is expected to have occurred. The study sites 

will be instructed to plan for SCV to be performed within 6 weeks after PACD, which can be 

extended if decided by the Global Study Team. Patients will stop taking IP at the SCV.

Analyses of efficacy endpoint events will include events with onset on or prior to PACD. 

Event free patients who have not been prematurely censored due to incomplete information 

(see Section 3.1) will be censored at PACD. HF events and deaths with onset after PACD will 

also be adjudicated.
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1.2.2 Withdrawal of Consent

Withdrawal of consent should only occur if the patient has received appropriate information 

about options for modified study follow-up and does not agree to any kind of further 

assessment or follow-up. Information regarding vital status (dead or alive) at the end of the 

study will be collected from public sources, to be included in the analysis of death from any 

cause as a sole outcome and in patient disposition summaries. 

1.2.3 Discontinuation of Investigational Product

Discontinuation of IP does not mean discontinuation from study follow-up or WoC. Patients 

who discontinue from IP should continue study visits according to plan until study closure. If 

the patient does not agree to this approach, modified follow-up capturing the essential 

information for the objectives of the study should be arranged. Data will be included in the 

ITT analyses irrespective of whether the event occurred before or following discontinuation of 

IP. 

1.2.4 Vital Status

Known vital status at the end of the study will be defined when the patient is dead or has date 

last know alive on or after the PACD.

For patients who have withdrawn consent, the investigator will attempt to collect vital status 

from publicly available sources at study closure in compliance with local privacy 

laws/practices.

1.2.5 Lost to Follow-up

The term LTFU will be limited to patients with unknown vital status at the end of the study as 

defined in Section 1.2.4. Other measures will be used to describe completeness of follow-up 

of the primary endpoint (Section 4.1.5).

1.3 Study Design

This is an international, multicentre, parallel-group, event-driven, randomised, double-blind, 

placebo-controlled study in patients with HFpEF, evaluating the effect of dapagliflozin 10 mg 

versus placebo, given once daily in addition to background regional standard of care therapy, 

including treatments to control co-morbidities, in reducing the composite of CV death or HF 

events.

HFpEF is defined for the purposes of this study as LVEF > 40% and evidence of structural 

heart disease. Adult patients with HFpEF, aged ≥ 40 years and with NYHA class II to IV will 

be randomised in a 1:1 ratio to receive either dapagliflozin 10 mg or placebo once daily. A 

proportion of patients, here denoted as the subacute group, will be randomised during 

hospitalisation for HF or within 30 days of discharge from hospitalisation for HF.
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The number of randomised patients with T2D will be monitored in order to ensure a minimum 

of 30% patients in each group of patients with and without T2D. Randomisation may be 

capped (ie, no more patients can be randomised in a specific sub-population) if the pre-

determined limit is reached.

Randomisation of patients based on geographic region will be monitored to ensure global 

representation. LVEF value, NYHA class, subacute/non-subacute group, and atrial fibrillation 

status at Visit 1 may be capped in IxRS to avoid over- or under-representation of these patient 

subgroups.

1.4 Number of Subjects

The primary objective of the study is to determine the superiority of dapagliflozin versus 

placebo added to standard of care in reducing the composite of CV death and HF events 

(hospitalisation for HF or urgent HF visit). Two hypotheses will be tested simultaneously (ie, 

dual primary analyses) for this primary objective: (1) in the full population and (2) in an 

LVEF < 60% subpopulation, with alpha allocated to each test. 

Originally, assuming a true HR of 0.80 between dapagliflozin and placebo, using a two-sided 

alpha of 5%, 844 primary endpoint events were targeted in order to provide a statistical power 

of 90% for the test of the primary composite endpoint. 

To allow testing for the dual primary analyses, alpha will be allocated to each test to ensure 

strong control of the overall type I error rate. The target number of patients with a primary 

endpoint has been increased to 1117 in order to provide adequate statistical power for each 

test. The power to reject the dual primary hypotheses depends on how alpha is allocated 

between the two hypotheses and the proportion of primary events in the LVEF < 60% 

subpopulation. It is anticipated that at least 70% of the primary endpoint events (ie, 

approximately 780 events) will be available for the LVEF < 60% subpopulation. The final 

allocation of alpha and full testing procedure is specified in Section 4.1.3 and the alpha levels 

used in the following text are just examples used to illustrate the power considerations for the 

dual primary analysis. For illustration, testing the effect on the primary endpoint in the LVEF 

< 60% subpopulation, a true HR of 0.80 and approximately 1117 primary endpoint events in 

the full population (at least 780 events in the subpopulation) would then provide at least:

 80% power for a two-sided nominal alpha of 2.4%

 85% power for a two-sided nominal alpha of 3.7%

For testing the effect on the primary endpoint in the full study population, a true HR of 0.80 

and approximately 1117 primary endpoint events would also provide:

 90% power for a two-sided nominal alpha of 1.5%
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 93% power for a two-sided nominal alpha of 2.4%.

This is based on an overall 1:1 allocation between dapagliflozin and placebo.

The HR 0.80 was originally chosen as a conservative assumption based on the observed 

HR 0.72 (95% confidence interval 0.50-1.04) for the composite of HF hospitalisation and CV 

death in patients with HF at baseline in the EMPA-REG OUTCOME trial (Fitchett et al 2016) 

and HR 0.61 (0.46-0.80) for patients with history of HF in the CANVAS program (Rådholm 

et al 2018) considering that these were post-hoc analyses in subgroups with limited 

documentation of baseline HF diagnosis, not characterised by ejection fraction. 

The event rate assumptions are based on sub analyses of the TOPCAT and I-PRESERVE 

studies by geographic region, NT-proBNP levels, prior hospitalisation for HF, and T2D status 

(Pfeffer et al 2015, Kristensen et al 2015, Kristensen et al 2017). The sample size calculation 

builds on the assumption of an annual event rate of 9% in the placebo group for the majority 

of prevalent HFpEF patients, importantly all with NT-proBNP ≥ 300 pg/ml by inclusion 

criterion. Additionally, a subgroup of patients due to be discharged or recently discharged 

from a HF hospitalisation (here denoted ‘subacute’ patients) with a higher event rate is 

planned to be included. Assuming 20% of patients from the subacute category with an annual 

event rate of 24% during the first year and 9% thereafter for the remainder of the study, the 

original sample size of 4700 was estimated to provide 844 events during a recruitment period 

of 18 months and a minimum follow-up of 15 months. 

Based on the ongoing blinded monitoring of event accrual (including the percentage of 

patients from the subacute category), the sample size was increased from original 4700 to 

approximately 6100 randomised patients. Accordingly, the recruitment period was anticipated 

to increase from the original 18 months to 26 months. Recruitment might be marginally 

prolonged in a few countries to meet local targets. The study is event driven and the number 

of patients or duration may further change.

With the same event rate assumptions as above, assuming 11% of patients from the subacute 

category, approximately 6100 patients were estimated to provide the required number of 

1117 patients with a primary event in the full study population, during an anticipated 

recruitment period of 26 months and a minimum follow-up period of 13.5 months (total study 

duration 39 months).  

In addition, the expected number of patients who will be LTFU is expected to be small; hence, 

these are not considered in the determination of the sample size.
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2 ANALYSIS SETS

2.1 Definition of Analysis Sets

2.1.1 Full Analysis Set

All patients who have been randomised to IP will be included in the FAS irrespective of their 

protocol adherence and continued participation in the study. Patients will be analysed 

according to their randomised IP assignment, irrespective of the treatment actually received. 

The FAS will be considered the primary analysis set for the ITT analysis of primary and 

secondary variables and for the exploratory efficacy variables. A subset of the FAS consisting 

of patients with baseline LVEF of < 60% (or LVEF < 60% subpopulation) will be analysed 

separately as part of the confirmatory statistical testing procedure (see CSP Section 4.2 for 

justification of testing LVEF < 60% subpopulation).

2.1.2 Safety Analysis Set

All randomised patients who received at least 1 dose of randomised treatment will be included 

in the SAS. Patients will be analysed according to the treatment actually received. For any 

patients given incorrect treatment, ie, randomised to one of the treatment groups, but actually 

given the other treatment, the treatment group will be allocated as follows: Patients who got 

both incorrect and correct treatment will be analysed according to their randomised treatment. 

Patients who got only the incorrect treatment will be analysed according to that treatment.

The SAS will be considered the primary analysis set for all safety variables.

2.2 Violations and Deviations

The important protocol deviations listed below will be summarised by randomised treatment 

group

 Patients who were randomised but did not meet inclusion criteria, or met exclusion 
criteria

 Patients who received the wrong IP at any time during the study.

 Patients who received prohibited concomitant medication, which for this study is limited 
to open label SGLT2 inhibitors taken in combination with IP.

As the primary analysis is ITT analysis, protocol deviation will not imply exclusion from the 

primary analysis.
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3 PRIMARY AND SECONDARY VARIABLES

Deaths and potential HF events will be adjudicated by an independent CEA committee. The 

CEA committee members will not have access to the treatment codes for any patient. The 

CEA procedures and event definitions will be described in the CEA charter according to the 

CDISC definitions (Hicks et al 2018).

Only HF hospitalisations and urgent HF visits confirmed by the CEA will be used in the 

analysis of the primary and secondary endpoints and their components. 

The primary analyses of the endpoints concerning CV deaths, either as a component of a 

composite or on its own, will include deaths adjudicated as CV cause. Deaths adjudicated as 

“cause undetermined” will be considered as non-CV deaths in these analyses. 

Adjudicated events occurring from randomisation until WoC or PACD will be included in the 

analysis of primary and secondary endpoints. The analysis of all-cause death as a sole 

outcome will in addition include any deaths (not adjudicated) after WoC, but on or before 

PACD.

3.1 Primary Variable

The primary efficacy variable is time from randomisation to the first occurrence of any event 

in the composite of CV death, hospitalisation for HF or an urgent HF visit.

Patients who did not have an adjudicated primary endpoint event on or prior to PACD will be 

censored at the earliest of date of WoC or non-CV death when applicable, and otherwise at the 

date of the last clinical event assessment or the PACD, whichever occurs first. It is expected 

that patients alive and under study follow-up will have a clinical event assessment at their 

SCV after PACD. Last clinical event assessment is defined as the last date when the event 

assessment question for a potential HF event was completed on the eCRF event assessment 

page. 

In analysis of the individual components hospitalisation for HF and urgent HF visit, to 

examine their contribution to the composite endpoint, date of death from any cause will be an 

additional point of censoring.

For analysis of time to first event, data will be expressed as two variables:

 A binary variable indicating whether the event in question occurred, or the patient was 
censored.

 An integer variable for the number of days from randomisation to the first occurrence of 
an event (start date of the event – randomisation date + 1), or for event free patients, from 
randomisation to censoring (censoring date – randomisation date + 1).
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3.2 Secondary Variables

The secondary endpoints are included in hierarchical testing sequences following the dual 

primary analysis as described in Section 4.1.3 and depicted in Figure 2.

3.2.1 Total Number of Heart Failure Events (First and Recurrent) and 
Cardiovascular Death

The efficacy variable is the total number of first and recurrent HF events (hospitalisations for 

HF or urgent HF visits) and CV death.

For the analysis of first and recurrent HF events and CV death, the data will be expressed in 

counting process style for input to the analysis as described in Section 4.2.4.1, as follows. The 

time from randomisation to end of follow-up/censoring will be split into one or more interval 

with variables for start of interval, end of interval and a variable indicating if an event 

occurred at the end of each respective interval, or if the patient was censored. If a HF event 

and CV death occurred at the same day, then only the CV death will be counted.

For patients who did not have a HF event or CV death, and following last event in patients 

with one or more HF events, censoring will follow the same rule as for the primary endpoint.

3.2.2 Change from Baseline at 8 Months in the KCCQ Total Symptom Score

The efficacy variable is the change from baseline at 8 months of the KCCQ-TSS. 

The KCCQ is a self-administered disease specific instrument for patients with HF (Green et al 

2000, Spertus et al 2005). The KCCQ consists of 23 items measuring HF-related symptoms, 

physical limitations, social limitations, self-efficacy, and health-related quality of life. The 

TSS incorporates the symptom burden and symptom frequency domains into a single score. 

Scores are transformed to a range of 0 to 100. Higher scores represent better outcomes.

Baseline is defined as the value at randomisation visit (Visit 2). Change from baseline at each 

post-baseline analysis time point will be calculated as the value at the corresponding post-

baseline analysis time point minus the baseline value. The KCCQ is assessed by the patient at 

randomisation, at the visits targeted 1, 4 and 8 months following randomisation and at PTDV 

and SCV. By the ITT principle, the analysis will include all data irrespective of whether the 

patient has discontinued IP.

In order to account for patients who die prior to the 8-month assessment and to accommodate 

non-normal distribution of KCCQ scores, a composite rank-based endpoint will be used. The 

values of change from baseline at 8 months in TSS of patients who survive to 8 months will 

be converted to ranks (across both treatment groups combined) with lower ranks attributed to 

worse outcomes (ie, lower ranks corresponding to negative or smaller values of change from 
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baseline). Patients who die prior to the 8-month assessment will be assigned the worst rank, ie, 

worse than any patient surviving to 8 months, but among the deceased the relative ranking 

will be based on their last value of change from baseline in TSS while alive.

3.2.3 Cardiovascular Death

The efficacy variable is time from randomisation to CV death, confirmed in adjudication. All 

CV deaths on or prior to PACD will be included. Patients who are alive or died after WoC 

will be censored at the earliest of date of WoC, last known alive and PACD. Patients who die 

of any other cause are censored at their date of death.

3.2.4 Death from Any Cause

The efficacy variable is time from randomisation to death from any cause. All deaths on or 

prior to PACD, including any deaths after WoC, will be included. Patients who are alive or 

with unknown vital status will be censored at the earliest of date last known alive and PACD.

3.3 Safety Variables

The safety and tolerability of dapagliflozin in patients with HFpEF will be evaluated from 

SAEs, DAEs, amputations, AEs leading to amputation and AEs reflecting potential risk 

factors for lower limb amputations (“preceding events”).

In addition to amputation, non-serious and serious events potentially placing the patient at risk 

for a lower limb amputation, in this document denoted “preceding events”, should also be 

recorded in the eCRF as AE/SAE, whether or not an amputation has taken place. Preceding 

events will be defined for analysis by a predefined list of PRAC PTs. Additional information 

about amputations with underlying conditions and preceding events will be collected on 

dedicated eCRF pages.

SAEs will be collected from time of informed consent until and including the patient’s last 

visit. Non-serious AEs will be collected from randomisation until and including the patient’s 

last visit. Collection of non-serious AEs includes cardiac ischaemic events (myocardial 

infarction and unstable angina), stroke, major hypoglycaemic events, potential 

DKA, amputations, AE leading to amputation, and preceding events, AEs leading to a 

potential endpoint, DAEs and AEs which are the reason for interruption of IP.

Efficacy endpoints (deaths and potential HF events) will be adjudicated. These events will be 

recorded as AEs or, if they fulfil seriousness criteria, as SAEs in the database, but SAEs will 

not be reported to health authorities to avoid unnecessary unblinding. However, if it is 

determined by the CEA committee that a potential endpoint does not meet the endpoint 

criteria, the event will be reported to AstraZeneca patient safety data entry site and if 

applicable to the health authorities.
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For SAEs or DAEs reported by the Investigator as potential DKA, additional information will 

be recorded on specific eCRF pages in addition to the AE/SAE form. All potential DKA 

events will be adjudicated by an independent committee and adjudicated outcomes will be 

considered the main analysis for DKA events.

For myocardial infarctions, unstable angina, stroke, major hypoglycaemic events and 

amputations, additional information will be recorded on specific eCRF pages in addition to the 

AE/SAE form.

3.4 Laboratory Values and Vital Signs

Blood samples will be taken for central laboratory assessment of creatinine and calculation of 

eGFR at enrolment visit, at the visits targeted 1, 4, and 12 months following randomisation, 

then annually and at PTDV and SCV. eGFR will be calculated (in mL/min/1.73 m2) using the 

CKD-EPI formula (Levey at al 2009). 

Central laboratory assessment of NT-proBNP and HbA1c will be taken at Visit 1.

Systolic blood pressure, DBP, and pulse rate will be measured at Visit 1, Visit 2, at 1 and 

12 months visit, then annually and at PTDV and SCV.

Weight will be measured at Visit 1, at the 12 months visit, then annually and at PTDV and 

SCV.

3.4.1 Baseline Laboratory Values and Vital Signs

In principle, baseline will be defined as the last value on or prior to date of first dose of 

randomised IP, or for patients who did not receive treatment, the last value on or prior to date 

of randomisation. Except for cases of rescreening this will be Visit 1 measurement of weight, 

NT-proBNP, eGFR and HbA1c, and Visit 2 measurement of SBP, DBP, and pulse rate.

4 ANALYSIS METHODS

4.1 General Principles

No multiplicity adjustment will be made to confidence intervals as they will be interpreted 

descriptively and used as a measure of precision. All p-values will be unadjusted. P-values for 

variables not included in the confirmatory testing sequence, or following a non-significant test 

in the sequence, will be regarded as nominal.

Primary and secondary analyses of HF events and death include adjudicated events occurring 

on or prior to PACD.  

Stratification of analyses for T2D status will be performed using the stratification values as 

entered in IxRS to determine the randomisation assignment. 
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Incomplete dates

If only the year part of a date is available (YY), then the date will be set to YY0701. If only 

the year and month is available (YYMM), then the date will be set to YYMM15. Additional 

imputation rules will be defined as appropriate to ensure that eg, dates will not be imputed as 

prior to randomisation, after death or start date after end date.

IP compliance

The percentage of IP compliance for the overall treatment period will be derived for each 

patient based on pill counts as the number of pills taken (dispensed – returned), relative to the 

expected number of pills taken. The expected number of pills taken is defined as 

1 × (date of last dose – date of first dose + 1), excluding days of interruption. If the number of 

tablets dispensed or the number of tablets returned is missing for at least 1 observation, 

compliance is not calculated for that patient. 

IP compliance will be presented descriptively, including mean, SD, median, quartiles and 5% 

and 95% percentiles for SAS by treatment group.

4.1.1 Estimand for Primary and Secondary Outcomes

The primary and secondary event-based objectives will be evaluated under the treatment 

policy estimand including differences in outcomes over the entire study period until PACD to 

reflect the effect of the initially assigned randomised IP, irrespective of exposure to IP, 

concomitant treatment as well as subsequent treatment after discontinuation of IP. The 

analysis will be performed for the FAS including all events that occurred on or prior to PACD, 

including events following premature discontinuation of IP. 

The estimand for the change from baseline in KCCQ-TSS at 8 months will employ a 

combination of a treatment policy strategy and a composite strategy. For the intercurrent event 

of death (due to any cause) prior to the KCCQ assessment at 8 months, a composite strategy 

will be used, where death will be considered unfavorable and represented by a lowest (worst) 

rank of a combined outcome variable as described in Section 3.2.2. For all other types of 

intercurrent events, including but not limited to a premature discontinuation of randomised 

treatment, a treatment policy strategy will be used. 

4.1.2 Hypotheses

The primary endpoint will be tested twice, simultaneously: (1) in the full study population, 

and (2) in the LVEF < 60% subpopulation.

To control the overall type I error rate at 5% two-sided, the significance level will be adjusted 

for interim analysis of efficacy performed by the DMC (Section 5). With alpha 0.2% allocated 

to one planned interim analysis, the significance level in the final analysis will be 4.8%, to be 
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split between the dual hypotheses. The following null hypothesis will be tested for both the 

dual analyses of the primary endpoint

H0: HR [dapagliflozin:placebo] = 1

versus the alternative hypothesis

H1: HR [dapagliflozin:placebo] ≠ 1

The secondary endpoints included in confirmatory statistical testing using a closed testing 

procedure (Section 4.1.3) will be based on similar two-sided alternative hypotheses for the 

respective treatment difference.

4.1.3 Confirmatory Testing Procedure

A closed testing procedure including a pre-specified hierarchical ordering of the primary and 

secondary endpoints will be utilised, with recycling of alpha following the framework of 

Burman et al 2009. The Type I error will be controlled at an overall two-sided 5% level across 

primary and secondary endpoints and in consideration of the planned interim analysis. Two-

sided nominal p-values will be reported for each hypothesis. Statistical significance for a 

given hypothesis will be declared if the point estimate is in favour of the dapagliflozin arm, in 

addition to the two-sided p-value meeting the corresponding p-value threshold. 

At the final analysis, statistical significance will be assessed in two branches in the pre-

specified order of the endpoints and populations as specified in Figure 2. The total 

significance level, alpha, will be split for the two primary analyses of the primary endpoint, 

allocating α1 to test the subpopulation and α2 to test the full population. 

For derivation of the two-sided nominal p-value thresholds α1 and α2, in the first step of the 

MTP, a two-sided alpha of 0.2% will be allocated to the interim analysis and 4.8% to the final 

analysis. The significance level α2 (for the primary analysis in the full population at the final 

analysis) will be fixed at 2.4% two-sided. The inherent correlation structure between the full 

population and the LVEF < 60% subpopulation, where the corresponding test statistics for the 

primary endpoint are bivariate normal with correlation equal to the proportion of events in the 

LVEF < 60% subpopulation, will be taken into account when calculating α1 (Spiessen and 

Debois 2010). For the calculation of α1, the correlation will be based on the square root of the 

lower bound of a two-sided 95% confidence interval for the proportion of events in the 

subpopulation with LVEF < 60%, using a normal approximation confidence interval for the 

proportion. The threshold α1 will be such that for α2 = 2.4% two-sided; the two-sided 

probability of rejecting at least one true null hypothesis at the final analysis will be 4.8%. It 

then follows that if the primary endpoint in the full population at interim analysis is assessed 

versus a two-sided p-value of 0.2%, the two-sided probability of rejecting at least one true 

primary null hypothesis at any analysis can be no larger than 5%. Table 2 shows how the two-
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sided nominal p-value threshold α1 depends on the proportion of events in the LVEF < 60% 

subpopulation at the final analysis. R and SAS code for calculating α1 is provided in 

Appendix B.

Table 2 Level of α1 Depending on Proportion of Events in LVEF < 60% 
Subpopulation

Patients 
with event 

(LVEF 
< 60% / 
overall)

Proportion

(95% CI)

Correlation
= sqrt of 

lower 
confidence 

limit

Two-sided alpha (%) for primary endpoint 

Interim analysis

Full population 

Final analysis (α2)

Full population 

Final analysis (α1)

Subpopulation 
LVEF < 60%

780/1117
0.698 

(0.671, 0.725)
0.819 0.2 2.4 3.647

790/1117
0.707

(0.681, 0.734)
0.825 0.2 2.4 3.674

800/1117
0.716

(0.690, 0.743)
0.831 0.2 2.4 3.701

810/1117
0.725 

(0.699, 0.751)
0.836 0.2 2.4 3.730

820/1117
   0.734 

(0.708, 0.760)
0.842 0.2 2.4 3.758

830/1117
0.743 

(0.717, 0.769)
0.847 0.2 2.4 3.788

CI, Confidence interval; LVEF, left ventricular ejection fraction; sqrt square root.

 If both the primary null hypotheses can be rejected, the following hypotheses in each 
branch will be tested at 2.4%, in the order described in Figure 2. 

 The following will apply if only one of the tests of the primary endpoint can be rejected at 
respective levels 2.4% (in the full population) and α (in the LVEF < 60% subpopulation):
the remaining hypotheses in the branch where the primary hypothesis was rejected will be 
tested in fixed sequence at the following two-sided significance levels

 4.8% – 2.4% = 2.4% in the left branch only (in case the primary endpoint in the 

subpopulation was significant at level α but not in the full population at level 2.4%)

 4.8% – α in the right branch only (in case the primary endpoint in the full 

population was significant at level 2.4% but not in the subpopulation at level α)

 If all hypotheses in one branch are rejected, alpha will be recycled to the other branch, 
where remaining unrejected hypotheses can be tested at full alpha adjusted for interim 
analysis (ie, 4.8%) in the order described in Figure 2.

 If the first secondary hypothesis (recurrent HF events and CV death) in full study 
population is rejected in one of the branches, it does not have to be re-tested in the other 
branch. If the primary hypothesis is rejected in both branches and the first secondary 
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hypothesis (recurrent events) is rejected in the LVEF < 60% subpopulation, then the first 
secondary hypothesis in full population can be tested at full alpha adjusted for interim 
analysis (4.8%).

If the study is stopped at the efficacy interim analysis (Section 5), testing of remaining 

secondary endpoints will be performed in the full study population only, in fixed sequence at 

two-sided alpha of 0.2% in the order described in the right branch of Figure 2.

Figure 2 Testing Procedure

CV, cardiovascular; HF, heart failure; KCCQ, Kansas city cardiomyopathy questionnaire; LVEF, left ventricular 

ejection fraction; TSS, total symptom score

4.1.4 Presentation of Time-to-Event Analyses

In general, summary tables of time-to-event analyses will include the number and percent of 

patients with event per treatment group, event rate, HR with 95% confidence interval and p-

value. The event rate will be derived as the number of patients with event divided by the total 

duration of follow-up across all patients in the given group.

Kaplan-Meier estimates of the cumulative proportion of patients with events will be calculated 

and plotted per treatment group, with the number of patients at risk indicated below the plot at 

specific time points. The KM plots will be presented for all time to event analyses, including 

the individual components of the composite endpoints.
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4.1.5 Vital Status and Follow-up of Endpoints

Potential HF endpoints and deaths will be collected and adjudicated from randomisation 

throughout the study until and including the patient’s last visit. The investigator will attempt 

to collect vital status (dead or alive) at the end of the study for all patients, including vital 

status from publicly available sources for patients who have withdrawn consent, in 

compliance with local privacy laws/practices.

Known vital status at the end of the study will be defined when the patient is dead or has date 

last know alive on or after the PACD. In patient disposition the number of patients who are 

dead, alive or with unknown vital status will be reported separately for patients who did/did 

not withdraw consent. The term LTFU will be limited to only patients with unknown vital 

status.

Follow-up of the primary endpoint will be defined in terms of completion of the event 

assessment question for a potential HF event as described for censoring in Section 3.1. Thus, a 

patient that is not LTFU, ie, with known vital status, may have incomplete follow-up of 

endpoints.

Complete follow up of the primary endpoint will be defined when the patient had a primary 

endpoint event, died from non-CV death (including undetermined death) or had complete 

event assessment on or after the PACD (ie, the patient was not censored due to incomplete 

follow-up of endpoints).

In addition to the number and percent of patients with complete follow-up, the proportion of 

total patient time with complete follow-up will be reported per treatment group.

Patient time with complete follow-up will be defined as time from randomisation until the 

earliest of first primary endpoint event, death, WoC, censoring where last complete event 

assessment is prior to PACD or PACD. The denominator, representing maximum complete 

follow-up, will be the time from randomisation until the earliest of first primary endpoint 

event, death or PACD.

4.2 Analysis Methods

4.2.1 Demographics and Baseline Characteristics

Demographic and baseline characteristics, including medical history, will be summarized, 

using frequency distributions and summary statistics based on the FAS, for each treatment 

group as well as for all patients combined. No statistical test will be performed for comparison 

of any baseline measurement among treatment groups. 
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4.2.2 Concomitant and Baseline Medication

Baseline medication is defined as medication with at least one dose taken before date of 

randomisation and with no stop date before date of randomisation. 

Concomitant medication is defined as medications taken post randomisation, irrespective of 

IP.

The proportion of patients taking baseline and concomitant medication will be presented for 

the FAS per ATC class and treatment group. Summaries of prohibited medication, in this 

study limited to open label SGLT2 inhibitor taken while on IP, will be presented.

4.2.3 Analysis of the Primary Efficacy Variables

Dual primary analyses will be performed simultaneously for the primary composite endpoint, 

(1) in the full population based on the FAS as well as (2) in the LVEF < 60% subpopulation. 

The same procedure described below will be used for both of these analyses.

The primary variable is the time to first event included in the primary composite endpoint.  

The primary analysis will be based on the ITT principle using the FAS, including events with 

onset on or prior to PACD, adjudicated and confirmed by the CEA committee.

In the analysis of the primary composite endpoint, treatments (dapagliflozin versus placebo) 

will be compared using a Cox proportional hazards model with a factor for treatment group, 

stratified by T2D status at randomisation. The analysis will use WoC, non-CV death, last 

clinical event assessment and PACD for censoring of patients without any primary event as 

described in Section 3.1. The Efron method for ties and p-value based on the Wald statistic 

will be used. Event rates, p-value, HR, and 95% confidence interval will be reported.  

The contribution of each component of the primary composite endpoint to the overall 

treatment effect will be examined. In the analysis of the components, all first event of the 

given type will be included irrespective of any preceding non-fatal composite event of a 

different type. Consequently, the sum of the number of patients with individual events in the 

component analysis will be larger than the number of patients with a composite outcome. 

Methods similar to those described for the primary analysis will be used to separately analyse 

the time from randomisation to the first occurrence of each component of the primary 

composite endpoint. 

Kaplan-Meier estimates of the cumulative proportion of patients with event will be calculated 

and plotted, for the composite endpoint and for the individual components.

4.2.3.1 Subgroup Analysis of the Primary Endpoint

Exploratory subgroup analyses of the primary composite endpoint will be performed for the 

characteristics listed in Table 3 for both full population and LVEF < 60% subpopulation. A 
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test of interaction between randomised treatment group and the subgroup variable will be 

performed using Cox proportional hazard model stratified by T2D status at randomisation 

with factors for treatment group, the subgroup variable and the interaction between treatment 

and subgroup. In addition to the number and percent of patients with event, event rate 

estimate, HR with 95% confidence interval and p-value for each subgroup, the interaction p-

value will be presented. Hazard ratio estimates, confidence intervals and p-values are not 

presented for subgroups with less than 15 events in total, both arms combined. HRs with 

confidence interval will be presented in a forest plot, including number of patients with event 

and interaction p-value. The p-values for the subgroup analyses and interaction will not be 

adjusted for multiple comparisons as the tests are exploratory and will be interpreted 

descriptively.  

Table 3 Characteristics and Categories for Subgroup Analysis of the Primary 
Endpoint

Characteristic Categories

Age at enrolment (years) ≤ median, > median

Sex Male, Female

Race White, Black or African American, Asian, Other

Geographic region Asia (China, Japan, Taiwan, Vietnam)

Europe and Saudi Arabia (Belgium, Bulgaria, 

Czech Republic, France, Hungary, Netherlands,

Poland, Romania, Russia, Saudi Arabia, Spain)

North America (Canada, US)

Latin America (Argentina, Brazil, Mexico, Peru)

NYHA class at enrolment II, III/IV

LVEF at enrollment (%) ≤ 49, 50 to 59, ≥ 60

NT-proBNP at enrollment (pg/mL) ≤ median, > median

Randomised during hospitalisation for HF or within 

30 days of discharge.

Yes, No

eGFR at enrolment (mL/min/1.73m2 ) < 60, ≥ 60

BMI at enrolment (kg/m2) < 30, ≥ 30

T2D at enrolment a Yes, No

SBP at randomisation ≤ median, > median

Atrial fibrillation or flutter at enrolment ECG Yes, No

a The subgroup analysis by T2D status will be based on eCRF medical history record and exclude T2D as a 
stratification factor from the model 

BMI, body mass index; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; HF, heart failure; 
LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro b-type natriuretic peptide; NYHA, New 
York Heart Association; SBP, systolic blood pressure; T2D, type 2 diabetes



Statistical Analysis Plan AstraZeneca
D169CC00001 5.0 8 December 2021

CONFIDENTIAL AND PROPRIETARY 34 of 58

The subgroup analyses will be repeated for CV death and the HF event (hospitalisation for HF 

and urgent HF visit) component of the primary composite endpoint.

4.2.3.2 Sensitivity Analysis of the Primary Endpoint

Undetermined cause of death

A sensitivity analysis of the primary analysis where deaths adjudicated as ‘undetermined’ 

cause are considered as CV deaths and included as endpoint events will be performed.

Missing data and informative censoring

The time-to-event analysis using the Cox regression depends on the assumption of non-

informative or ignorable censoring, corresponding to the missing-at-random assumption. The 

missing data in this context are patients who are prematurely censored due to WoC, LTFU or 

otherwise incomplete follow-up of endpoints. The amount of missing data will be described 

eg, in terms of the number of patients and patient time with incomplete follow-up as described 

in Section 4.1.5.

Patient retention and follow-up are at the forefront of study planning and conduct, and the 

amount of incomplete follow-up is expected to be small. 

To assess the effect of incomplete follow up of the primary endpoint, a sensitivity analysis 

may be performed where time to event information is imputed for patients with premature 

censoring (censored before PACD due to WoC or incomplete primary event assessment). 

Event rates will be estimated separately in the two T2DM strata by an exponential distribution 

with constant hazard rate over time. Using the hazard ratio from the primary analysis, the 

event rates will be calculated for the dapagliflozin group, separately for the T2DM strata (by 

multiplying the corresponding placebo group rates by the hazard ratio estimated in the primary 

analysis). Using the estimated event rates, new event times will be simulated for patients with 

premature censoring from the exponential distribution. If the simulated time is in the interval 

from the censoring date to PACD (or death date, whichever came first), a new event will be 

imputed at the resulting event time. Otherwise, if the simulated time is outside the interval 

from the original censoring to PACD or death, the patient will be considered censored at 

PACD or death. The primary analysis will thereafter be conducted again, supplemented by the 

simulated time-to-event information. The process is to be repeated 1000 times and the 

resulting hazard ratios and standard errors will be combined using the Rubin’s rule.

A tipping point analysis may be conducted to assess the robustness of the statistical 

significance of the primary analysis. While keeping the placebo event rates constant at the

estimated values, the event rates in the dapagliflozin group will gradually be increased by 

increasing the hazard ratio from the primary analysis until the test of the primary endpoint no 

longer is statistically significant.
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COVID-19

Subjects affected by COVID-19 infection will be defined by pre-specified preferred terms for 

adverse events associated with COVID-19 infection. A COVID-19 sensitivity analysis of the 

primary endpoint (and components) will be performed where the main analysis of the primary 

endpoint will be done, where patients and events are censored at the onset date of AE 

associated with COVID-19 infection. In this setting, onset of COVID-19 can be assumed to be 

unrelated to randomised treatment and as such should not introduce informative censoring 

while accounting for impact of COVID-19 infection in the main analysis.

4.2.4 Analysis of the Secondary Efficacy Variables

4.2.4.1 Analysis of Total Number of HF Events (First and Recurrent) and CV Death

The composite outcome of total number of HF events (first and recurrent) and CV death with 

onset on or prior to PACD, adjudicated and confirmed by the CEA committee, will be 

analysed by the semi-parametric proportional rates model (Lin et al 2000; known as the 

LWYY method) to test the treatment effect and to quantify the treatment difference in terms 

of the rate ratio with 95% confidence interval and p-value. If a HF event and CV death 

occurred at the same day, then only CV death will be counted.

In addition, the two components in the composite endpoint (total number of HF events and 

CV death) will be analysed separately to quantify the respective treatment effects and check 

the consistency between the composite and the components. For the analysis of total number 

of HF events component, occurrence of CV death can be regarded as semi-competing risk 

(informative censoring) and may introduce a bias in the treatment effect estimate for HF 

events (dilution of effect size if the drug has a positive effect on both components). To address 

this concern and to account for the correlation between the two components, the joint 

modelling (frailty model) approach (Rogers et al 2016) will be used for the component 

analyses. Non-parametric estimates of HF event rates over time allowing for death as terminal 

event will be provided as well (Ghosh and Lin 2000).

COVID-19

A COVID-19 sensitivity analysis of the first secondary endpoint (and components) will be 

performed where the main analysis LWYY will be applied and where patients and events are 

censored at the onset date of AE associated with COVID-19 infection. In this setting, onset of 

COVID-19 can be assumed to be unrelated to randomised treatment and as such should not 

introduce informative censoring while accounting for impact of COVID-19 infection in the 

main analysis.
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4.2.4.2 Analysis of Change from Baseline at 8 Months in the KCCQ Total Symptom 
Score

Hypothesis testing

The composite rank-based endpoint representing the patients’ vital status at 8 months and the 

change from baseline at 8 months in KCCQ-TSS in surviving patients, as defined in Section 

3.2.2, will be analysed using the rank ANCOVA method (Stokes et al 2012) to test the null 

hypothesis of no difference in the distributions of ranked outcomes between the two treatment 

groups. Analysis will be stratified by T2D status at randomisation, and adjusted for the 

baseline KCCQ-TSS value as follows. 

First the change from baseline at 8 months in KCCQ-TSS and vital status at 8 months, as well 

as values of the baseline KCCQ-TSS covariate will be transformed to standardised ranks 

within each T2D randomisation stratum, using fractional ranks and mean method for ties. 

Ranking for the composite endpoint will be done so that patients who died prior to the 8-

month assessment are assigned the worst ranks within each stratum. Among the deceased, the 

relative ranking will be based on their last value of change from baseline in KCCQ-TSS while 

alive before deriving fractional ranks. In the ranking, patients who die prior to the first follow-

up visit where KCCQ-TSS is assessed, at 1 month, will be defined as having a zero change 

from baseline while alive. Then, separate regression models will be fit to the ranked data for 

each randomisation stratum using a regression model for the ranked composite variable as 

dependent variable, adjusting for the ranked baseline covariate. Residuals from this regression 

model will be captured for testing of differences between treatment groups. The CMH test, 

stratified by T2D status at randomisation, using the values of the residuals as scores will be 

used to compare treatment groups. 

KCCQ data missing for reasons other than death will be imputed as described in Section 

“Handling of missing KCCQ data”.

The p-value from the CMH test of treatment effect at 8 months will be the used for the 

confirmatory testing of the secondary endpoint in the MTP described in Section 4.1.3.

COVID-19

Due to COVID-19 pandemic, on-site assessments could not be performed in a substantial 

number of sites, where some were done remotely and some cancelled. Furthermore, it could 

be assumed that lock-downs and other measures could impact PRO assessments. As a 

consequence, the main analysis of this endpoint includes the population with patients who had 

a planned or performed 8 month assessment (Visit 5) prior to the major COVID-19 outbreak, 

defined as 11th March 2020 (the date when WHO declared COVID-19 a pandemic) thus 

unaffected by the pandemic’s possible impact on health-related quality of life (FDA 2020). 

The KCCQ-TSS in the presence of COVID-19 pandemic will be described. 
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Estimation of treatment effect

Win ratio

For a summary statistic that uses the same ranking as that used in the hypothesis test, but has a 

clinical interpretation, the WR and the corresponding 95% confidence interval (Wang and 

Pocock 2016) will be reported. It is noted that the WR differs from the statistic used for 

hypothesis testing, so that exact consistency is not expected between these two analyses, eg on 

rare occasions, the 95% confidence interval for WR could exclude unity while the p-value for 

the pre-planned hypothesis test could be > 0.05, or the hypothesis test could be < 0.05 with the 

confidence interval for WR including unity. Formal inference for the superiority of the 

treatment over control will be made only from the pre-planned hypothesis test based on the 

WR.

The win ratio represents the odds of having a more favourable outcome versus a less 

favourable outcome when assigned to the dapagliflozin 10 mg treatment group as opposed to 

placebo. More specifically, each patient in the dapagliflozin group is compared with each 

patient in the placebo group and each pair is labelled as “winner”, “loser”, or “tie”, depending 

on whether the patient on dapagliflozin has a more favourable, less favourable, or the same 

outcome, respectively, with respect to the composite ranked endpoint compared to the patient 

on placebo. Win ratio is defined as the ratio of the number of “winner” pairs to the number of 

“loser” pairs for the dapagliflozin arm. If the estimated win ratio is greater than 1 then the 

treatment effect is in favour of dapagliflozin.

The win ratio statistic adjusted for the randomisation stratification factor and baseline KCCQ-

TSS will be obtained using the methodology in (Koch et al 1998, Kawaguchi et al 2011) for 

the stratified Mann-Whitney estimators for the comparison of two treatments with 

randomisation based covariance adjustment. The win ratio statistic will be calculated as 

Mann-Whitney odds, ie, WR = MW ⁄ (1 – MW), where MW is the adjusted Mann-Whitney 

estimate. This transformation is monotonous in the domain of the Mann-Whitney estimate. 

The 95% confidence interval for the win ratio will be obtained  by transforming the bounds of 

the confidence interval (Koch et al 1998) for the Mann-Whitney estimate, using the same 

transformation as for the win ratio.

Responder analysis

Number and percentage of patients in each treatment group will be summarised across the 

following categories, where change from baseline is defined as KCCQ-TSS at 8 months minus 

KCCQ-TSS at baseline:   

Thirteen point improvement from baseline at 8 months in KCCQ-TSS, identified as a 

clinically meaningful improvement in anchor-based analyses (see Appendix A), vs no 

clinically meaningful improvement:
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 Change from baseline in KCCQ-TSS ≥ 13 points, vs

 Death prior to the 8 months assessment or change from baseline in KCCQ-TSS < 13 
points. 

Five point deterioration from baseline at 8 months in KCCQ-TSS, identified as a clinically 

meaningful deterioration in anchor-based analyses (see Appendix A), vs no clinically 

meaningful deterioration:

 Death prior to the 8 months assessment or a negative change from baseline in KCCQ-TSS 
≥ 5 points, vs

 Change from baseline at 8 months in KCCQ-TSS that is positive or, if negative, is smaller 
than 5 points.

Patients who had a baseline value of KCCQ-TSS ≥ 100 – 13 = 87 points (ie, too close to the 

“ceiling” to have a clinically meaningful improvement based on the instrument), will be 

defined as having achieved “responder status” for improvement only if the following 

conditions are both met: KCCQ-TSS remains ≥ 87 points at 8 months and KCCQ-TSS 

≥ baseline at 8 months (ie, they had no deterioration from their baseline score). Similarly, for 

clinically meaningful deterioration, patients who had a baseline value of KCCQ-TSS ≤ 5 

points (ie, too close to the “floor” to have a clinically meaningful deterioration based on the 

instrument), will be defined as having achieved “responder status” for deterioration only if 

KCCQ-TSS remains ≤ 5 points at 8 months and KCCQ-TSS ≤ baseline at 8 months (ie, they 

had no improvement from their baseline score).

The proportion of patients in the different KCCQ-TSS responder categories will be compared 

between treatment groups using a logistic regression model including treatment group, 

stratification variable (T2D at randomisation) and baseline KCCQ-TSS value. The observed 

number and proportion of KCCQ-TSS responders, odds ratio between treatment groups, its 

corresponding 2-sided 95% confidence interval and p-value estimated from each imputed 

dataset will be combined using Rubin’s rule, and the combined results will be presented.

Additional responder analysis will be performed in the same way as described above, for 

17 points improvement (“large improvement”) and 14 points deterioration (“large 

deterioration”). These thresholds of clinically meaningful change from baseline KCCQ-TSS 

were derived from anchor-based analyses of blinded study data as described in Appendix A. 

In these analyses, “ceiling” and “floor” values are handled in an analogous way as for the 

analysis of 13 points improvement and 5 points deterioration.

Empirical cumulative distribution function plots will be presented by treatment group to 

summarize the distribution of change from baseline at 8 months in KCCQ-TSS values, where 

patients who die prior to the 8-month assessment will be represented with the value of 

-101 (a value below the worst possible change from baseline).
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Handling of missing KCCQ data

The number of patients with missing vital status at 8 months is expected to be negligible. If 

some patients are LTFU or withdrew consent and have unknown vital status, the main analysis 

will be done with these patients assigned the worst ranks (same as deaths, described below).

In the context of analysing the composite ranked endpoint as described above, missing data 

may arise when patients miss the 8-month KCCQ assessment while remaining in the study 

during the 8-month assessment window (+/- 14 days will be used), or when patients withdraw 

consent from the study prior to 8 months. If a patient is known to have died prior to the 8-

month assessment, the patient is considered to have a non-missing composite outcome and 

will be handled as described above (assigned the worst rank). Otherwise, patients who are 

alive at 8 months and have missing baseline or 8-month KCCQ assessments will have their 

missing KCCQ-TSS imputed using the multiple imputation methodology as follows.

Missing KCCQ-TSS values at baseline or at 8 months will be imputed under the Missing at 

Random assumption. The imputation will be done using a predictive mean matching multiple 

imputation model and a method of Fully Conditional Specification as implemented in the SAS 

Procedure MI (FCS statement). The predictive mean matching method ensures that the 

imputed values remain in the permissible range of the KCCQ-TSS values. Imputation will be 

done sequentially, ie, imputing each time point in their chronological order and the 

imputations at a given time point will be informed by preceding imputed time points. The 

imputation model will include the treatment group, T2D randomisation stratum, prior KCCQ-

TSS (at baseline, month 1 and month 4), and three categorical variables representing the 

number of HF events (categorised as 0, 1 or ≥ 2) in the intervals from randomisation to 1 

month, from 1 to 4 months, and from 4 to 8 months, respectively, depending on the time point 

being imputed. Occurrences of HF events will be determined based on the investigator-

reported potential HF events. Auxiliary variables related to HF events are included in the 

imputation model to improve the imputation accuracy, because the occurrence of HF events is 

expected to be associated with HF symptoms as assessed by KCCQ-TSS.

The number of closest observations used to sample an imputed value by the predictive mean 

matching method will be 5 (SAS default setting).

Each imputed dataset will be analysed using the methods described in the “Hypothesis 

testing” and “Estimation of treatment effect” sub-sections above. The results from multiple 

imputed datasets will be combined using Rubin’s rule as implemented in the SAS Procedure 

MIANALYZE.

 In the analysis of rank ANCOVA, the CMH tests statistic used for the hypothesis test has 

a chi-square distribution. In order to apply Rubin’s combination rule, which assumes 

approximate normal distribution of the statistics being combined, a normalising Wilson-
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Hilferty transformation will be applied to the CMH test statistics from each imputed 

dataset (Ratitch et al 2013). The standardized transformed statistic will be computed as 

follows:
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where ��ℎ(�)is the CMH statistic from the mth imputed dataset and �� is the number of 

degrees of freedom associated with the statistic (in this case equal 1). The transformed 

statistics are approximately normally distributed with mean of 0 and variance of 1 and can 

be combined using Rubin’s rule.

 For the estimation of the win ratio, a combined Mann-Whitney estimate and its standard 

error will first be obtained by applying Rubin’s rule to the corresponding estimates from 

multiple imputed datasets. Then the win ratio and its 95% confidence interval will be 

obtained based on the combined Mann-Whitney estimate and its standard error as 

previously described. 

 For the summaries of number and percentage of subjects in the categories of significant 

improvement and deterioration from baseline, the number and percent of subjects with 

actual observed improvement and observed deterioration/death respectively will be 

reported. The estimation of odds ratio and confidence intervals for the KCCQ-TSS 

responder analyses will use the imputation datasets created for the main analysis. 

Therefore, deaths will be defined as non-responders, and responder status will be 

determined based on the imputed KCCQ-TSS values for the patients who have missing 

KCCQ-TSS due to reasons other than death.

Supportive analyses and sensitivity analyses for KCCQ

The number and percent of patients who die prior to the 8-month assessment will be 

summarized by treatment group.

Descriptive statistics of scores and change from baseline at 1, 4 and 8 months will be 

presented for TSS, overall summary score, clinical summary score and domains (physical 

limitation, symptom stability, symptom frequency, symptom burden, quality of life, self-

efficacy and social limitation). 

The testing and estimation described for change from baseline at 8 months in KCCQ-TSS, 

will be repeated in an exploratory fashion for change from baseline in KCCQ-TSS at 1 and 4 

months, and for the overall summary score and clinical summary scores at 1, 4 and 8 months.
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4.2.4.3 Analysis of CV death

Time to CV death will be analysed using Cox regression in the same manner as the primary 

composite endpoint, with stratification for T2D status at randomisation. The analysis will 

include CV deaths, confirmed in adjudication, occurring on or prior to PACD. Patients who 

did not die from CV death, will be censored at the earliest of death due to other cause, WoC, 

PACD, or for any patients who are LTFU, at last date known to be alive.

COVID-19

As part of the COVID-19 related sensitivity analysis of the primary endpoint, the component 

CV death will be reported (Section 4.2.3.2).

4.2.4.4 Analysis of All-Cause Mortality

Time to death from any cause will be analysed using Cox regression in the same manner as 

the primary composite endpoint, with stratification for T2D status at randomisation. The 

analysis will include deaths from any cause occurring on or prior to PACD. Patients who are 

alive will be censored at PACD, or for any patients who are LTFU, at last date known to be 

alive.

4.2.5 Analysis of Safety Variables

Analysis set

For safety analyses, all summaries will be based on the SAS (Section 2.1.2).

Exposure

The total exposure to IP will be defined as the length of period on IP, calculated for each 

patient as date of last dose – date of first dose +1.

An alternative measure where days of interruption are removed will be calculated and termed 

actual exposure.

Total and actual exposure will be presented descriptively.

Treatment periods

The summaries for the on-treatment period will include events with an onset date on or after 

first dose of randomised IP and on or before 30 days after last dose of IP. Additional 

presentations will include all events with onset on or after first dose of IP regardless of 

whether patients are on or off IP at the time of the event (the “on- and off-“ treatment period.). 

Patients who complete the study on IP will discontinue treatment on the SCV. Thus, there will 

in general be no events after completion of the IP period, and censoring of events for on-

treatment analysis affects only patients who prematurely and permanently discontinue IP.

All summaries of AEs described in Section 4.2.5.1 to 4.2.5.4 below will be presented for the 

on-treatment period and on- and off- treatment period. 
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4.2.5.1 Adverse Events 

The on-treatment period was used for primary analysis of all safety variables, except for 

amputations and preceding events, for which the on- and off-treatment period was considered 

the primary approach. 

In addition to SAEs, the collection of AEs that are not serious includes myocardial infarction, 

unstable angina, stroke, major hypoglycaemic events, potential DKAs, amputations, AEs 

leading to amputation, and preceding events, AEs leading to a potential endpoint, DAEs, and 

AEs which are the reason for interruption of IP (see Section 3.3). Thus, summaries of AEs 

will be limited to these categories and general summaries of all non-serious AEs are not 

planned. 

AEs will be classified according to MedDRA by the medical coding team at AstraZeneca data 

management center, using MedDRA 24.1.

Summaries by SOC and PT will be sorted by international order for SOC and by descending 

order of PT in the dapagliflozin treatment group.

No statistical tests to compare crude AE frequencies between treatment groups are planned. A 

summary table of the total number and percent of patients with AE with outcome death, AEs 

of definite or probable DKA, any major hypoglycemic event, SAE, DAE, AE leading to 

temporary interruption of IP, AEs possibly related to IP, amputations and preceding events per 

treatment group will be provided.

Amputations, AEs leading to amputations, and preceding events (see Section 3.3) will be 

presented in summary tables including the number and percent of patients with any event in 

the AE category, SAE, DAE and AE leading to interruption, and tabulated with frequency by 

PT. 

In addition to presentations of the number of patients with event, the total number of events 

counting multiple events per subject will be presented.

All potential events of DKA will be submitted to an independent DKA Adjudication 

Committee. The adjudicated outcome, definite or probable, will be considered the main 

analysis for DKA. 

For major hypoglycaemic events a summary table including the total number of subjects with 

events, the number and percent of patients with event in the AE intensity category, SAE, 

DAE, AE leading to interruption, possible relation to IP will be presented. The presentation of 

on-treatment events, on- and off-treatment presentations will be provided for all major 

hypoglycaemic events.
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For AEs leading to amputations and preceding events, DKA and major hypoglycaemic events, 

event rate per 100 subject years will also be presented, calculated as 100 times the number of 

patients with event divided by the total duration of treatment (including 30 days after last 

dose) in the given group for the on-treatment presentation, and total duration of follow-up in 

the given group for on and off treatment.

Events of genital area infections and necrotising fasciitis to be medically assessed in a blinded 

fashion prior to clinical data lock as potential events of Fournier’s gangrene will be presented 

in a summary table including the number and percent of patients with any event in the SAE or 

DAE category, and tabulated with frequency by PT.

4.2.5.2 Serious Adverse Events 

SAEs will be presented as described below both on treatment and on and off treatment.

The number and percent of patients with SAEs will be presented by SOC, PT and treatment 

group. The most common SAEs will also be presented by PT only. 

AEs with outcome death will be presented separately by SOC and PT.

4.2.5.3 Adverse Events Leading to Discontinuation or Interruption of Investigational 
Product

The number and percent of patients with event will be presented by SOC and PT for AEs 

leading to discontinuation of IP and AEs leading to temporary interruption (separately for the 

two categories based on action taken “Drug Permanently Discontinued” and “Drug 

Interrupted” respectively, recorded in the CRF AE module).

4.2.5.4 Laboratory Evaluation and Vital Signs

Summaries of creatinine and calculated eGFR will be based on creatine samples analysed at 

the central laboratory.

The result and the change from baseline of creatinine, eGFR and vital signs, will be 

summarized by treatment group at each visit (excluding PTDV and SCV) with scheduled 

measurement (see Section 3.4) using descriptive statistics, including n, mean, SD, range, 

median, and quartiles.

4.2.6 Analysis of Exploratory Objectives

Time to the first occurrence of hospitalisation from any cause will be analysed with the same 

method as the primary endpoint, based on information on the SAE eCRF form.

The proportion of patients with worsened (higher) NYHA class at 8 months compared to 

baseline, including patients who died prior to 8 months in the worsened category, versus 

patient with improved or unchanged NYHA class, will be analyzed by logistic regression with 
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treatment group, baseline NYHA class and T2D status at randomisation as factors, presented 

as an odds ratio with corresponding 95% confidence interval. Only NYHA assessments made 

at site or through phone visits with the patient to be used in analyses. 

Change from baseline to each scheduled assessment visit (see Section 3.4) for body weight, 

SBP and eGFR will be analysed with a MMRM. All non-missing visit data will be used, 

including measurements after discontinuation of IP. The model will include terms for 

treatment group, visit, visit by treatment group interaction, the baseline measurement and T2D 

stratification status at randomisation as covariates. The model will be used to derive a least-

squares estimate of the treatment difference with 95% confidence interval and corresponding 

two-sided p-value. Missing data will not be imputed.

For eGFR, the MMRM model above will additionally be used to derive the “total” slopes 

(between randomisation and eg, 1 year and 2 years respectively) and the “chronic” slopes 

(between a post randomisation time point to eg, 1 year and 2 years respectively) will be 

estimated via linear contrasts. 

The analysis of change from baseline in KCCQ clinical summary score, overall summary 

score and KCCQ-TSS sub-scores (symptom burden and symptom frequency) will follow the 

analysis of KCCQ-TSS in Section 4.2.4.2. QoL score will be summarised using descriptive 

statistics.

EQ-5D-5L derived utility score will be summarised by descriptive statistics, and used for 

health economic modelling and reported in a separate health economic report. 

5 INTERIM ANALYSES

An interim analysis is planned to be performed including approximately 67% of the target 

number of patients with adjudicated primary endpoint events (approximately 748 events). 

There will in principle be one planned interim analysis for efficacy, with the possibility of the 

DMC to conduct subsequent interim analysis if they deem necessary. The significance level 

for final analysis will be based on the actual number of interim analyses. The interim analysis 

will assess superiority of dapagliflozin to placebo. The interim analysis will have a nominal 

two-sided alpha level of 0.2%. At the interim analysis, the primary composite endpoint will be 

tested in the full study population at the specified alpha level. If superiority is achieved for the 

primary endpoint, then the superiority of dapagliflozin to placebo on CV deaths will be tested 

in the full study population at a two-sided level of 0.2%. If CV death is significant, then an 

action is triggered whereby the DMC will evaluate the totality of the efficacy data and safety 

data, to determine if benefit is unequivocal and overwhelming such that the DMC 

recommends ending the study.
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If the interim analysis leads to a decision to terminate the study early based on pre-defined 

stopping guidelines, the executive committee will define a PACD, on or after which SCVs 

will commence. The study report will be based on all events occurring on prior to the PACD. 

If the study is stopped at the efficacy interim analysis, testing of remaining secondary 

endpoints will be performed on the final database in the full population only, in fixed 

sequence described in the right branch of Figure 2 (Section 4.1.3) at two-sided significance 

level 0.2%. 

6 CHANGES OF ANALYSIS FROM PROTOCOL

The alpha for final analysis adjusted for interim analysis at alpha 0.2% will be set to 5% 

minus 0.2% = 4.8%, rather than 4.98% as determined by the Haybittle-Peto function for 67% 

of events (Sections 9.1 and 9.5 of the CSP).
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Appendix A Estimation of Clinically Meaningful Thresholds for KCCQ 
Total Symptom Score

A 1 Methods

Thresholds for CMWPC will be estimated according to predefined algorithms using an 

anchor-based approach, supplemented with graphical visualisations of the distribution across 

anchor categories. Clinically meaningful thresholds will be estimated for change from 

baseline KCCQ-TSS at 8 months.

This appendix describes the methods which were applied to blinded study data prior to 

database lock and unblinding of the study, with results and derived thresholds presented in this 

SAP prior to the interim analysis. The threshold analyses were performed on the FAS 

population used in the main analysis for KCCQ (the population with patients who had a 

planned Visit 5, ie, at 8 months, prior to the major COVID-19 outbreak; see 4.2.4.2), on 

blinded study data across both treatment arms only including patients with complete data at 

baseline and 8 months.

Anchor-based approaches

Anchor-based approaches estimate a threshold by ‘anchoring’ the results on a separate 

variable, often a patient-reported outcome. The anchor-based analysis will employ the PGIS in 

HF symptoms. Meaningful change will be evaluated using observed scores according to a 

predefined algorithm. The responses to PGIS at baseline and 8 months will be used in the 

analysis.

Categorisation of anchors

The change from baseline PGIS at 8 months will be categorized and categories will be 

collapsed in different ways, to provide a clearer distinction between patients who have and 

have not experienced a meaningful change according to this anchor. 

The ordinal responses to PGIS at baseline and 8 months will be assigned the following 

numeric values:

 1 (‘no symptoms’)

 2 (‘very mild’)

 3 (‘mild’)

 4 (‘moderate’)

 5 (‘severe’)

 6 (‘very severe’)

Change from baseline PGIS at 8 months will be categorized as small, moderate or large 

improvement/deterioration or stable as defined in Table A1.
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Table A1 Categories of Change from Baseline PGIS in Heart Failure Symptoms 
at 8 Months

PGIS at baseline

PGIS at 8 months

No 
symptoms

Very mild Mild Moderate Severe
Very 

Severe

1 2 3 4 5 6

No symptoms  1 0

Stable

+1

SD

+2

MD

+3

LD

+4

LD

+5

LD

Very mild 2 -1

SI

0 

Stable

+1

SD

+2

MD

+3

LD

+4

LD

Mild 3 -2

MI

-1

SI

0

Stable

+1

SD

+2

MD

+3

LD

Moderate 4 -3

LI

-2

MI

-1 

SI

0

Stable

+1

SD

+2

MD

Severe 5 -4

LI

-3

LI

-2

MI

-1

SI

0

Stable

+1

SD

Very severe 6 -5

LI

-4

LI

-3

LI

-2

MI

-1

SI

0

Stable

LD, large deterioration; LI, large improvement; MD, moderate deterioration; MI, moderate improvement; SD, 

small deterioration; SI, small improvement

The categories in Table A1 will be further collapsed as 

 ‘moderate or large deterioration’ in the categorisation with 5 categories (version A)

 ‘small or moderate deterioration’ in the categorisation with 5 categories (version B)

 ‘small or moderate improvement’ in the categorisation with 5 categories (version B)

 ‘moderate or large improvement’ in the categorisation with 5 categories (version A)

The change from baseline KCCQ-TSS at 8 months, will be used repeatedly in the anchor-

based analyses. To explore the adequateness of each anchor categorisation, the Spearman 

correlation coefficient between change from baseline KCCQ-TSS and change from baseline 

PGIS at 8 months will be assessed.

The larger the correlation coefficient between an anchor and the endpoint, the greater the 

confidence in the classifications. An anchor is considered adequate if it has a correlation 

coefficient of 0.3 or greater (Coon and Cook 2018).

Descriptive statistics (mean, SD, median, quartiles, minimum and maximum) and an eCDF is 

presented for each categorisation in Section A 2. The eCDF curves display a continuous plot 
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of the change from baseline on the horizontal axis, and the cumulative proportion of patients 

experiencing changes from baseline up to that level, on the vertical axis. If the eCDF curves 

show very poor distinction between categories, they may be complemented with curves 

illustrating the probability density function for that categorisation.

Establishing the clinically meaningful threshold

The various estimates from the different streams of evidence (tables and plots of the 

distribution) will be examined for convergence in an effort to triangulate onto a single 

threshold value which represents CMWPC (for improvement and deterioration, respectively) 

and the KCCQ-TSS responder analysis will be performed for this threshold. However, if the 

values are too disparate, a range of clinically relevant thresholds may be identified. CMWPC 

thresholds identified will be indicated in the eCDF for change from baseline KCCQ-TSS by 

treatment, in the unblinded results, and responder analysis will be performed for the 

thresholds.

A 2 Summary of Results of Anchor-Based Analysis on Blinded Study 
Data

The anchor-based analysis of change from baseline KCCQ-TSS at 8 months in different 

categories of change from baseline PGIS at 8 months, is presented in Table A2. As this 

analysis is done on blinded study data and only includes patients with observed values for 

both KCCQ-TSS and PGIS at 8 months (patients who died and all other patients with missing 

data are excluded), the “mean” is selected as a representation of the average of a group. This 

anchor-based analysis indicates that small or moderate improvement corresponds to a mean 

increase in KCCQ-TSS of 13 points. A large improvement in PGIS corresponds to a mean 

increase in KCCQ-TSS of about 17 points. A large deterioration in PGIS corresponds to a 

mean decrease in KCCQ-TSS of about 14 points, whereas a moderate deterioration in PGIS 

corresponds to a mean decrease in KCCQ-TSS of 5 points. It is important to note that the 

group of patients who were categorized as being “stable” in terms of their HF symptoms at 8 

months had a mean increase in KCCQ-TSS of almost 5 points.

In the responder analysis of the third secondary efficacy endpoint, change from baseline 

measured at 8 months in the TSS of the KCCQ (Section 4.2.4.2), an increase of 13 points or 

more in KCCQ-TSS will be considered a clinically meaningful improvement and a decrease 

of 5 points or more will be considered a clinically meaningful deterioration. The anchor-based 

analysis and the distribution curves indicate that a “small” improvement cannot be 

distinguished from a “moderate” improvement, while they are both clearly separated from the 

“stable” category. Likewise, the anchor-based analysis and distribution curves indicate that a 

“small” deterioration cannot be distinguished from the “stable” category. The Spearman’s 

correlation coefficient between change from baseline at 8 months in KCCQ-TSS and PGIS 

was around 0.29-0.30, where a correlation of 0.3 or greater between an anchor and the 

anchored scale is considered adequate (Coon and Cook 2018). 
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Table A2 Distribution of Change from Baseline KCCQ-TSS at 8 months by 
Change from Baseline PGIS 8 Months

N (%) Mean SD Min Q1 Median Q3 Max Correlatio
n a

PGIS at 8 Months: 7 0.29

Large Improvement 120 (6) 17.4 22.51 -54.2 0.5 15.1 32.8 70.8

Moderate Improvement 275 (13) 12.9 20.13 -76.0 0.0 12.5 25.0 72.9

Small Improvement 453 (21) 13.0 19.63 -47.9 0.0 11.5 24.0 85.4

Stable 811 (38) 4.5 19.01 -64.6 -5.2 2.1 16.7 66.7

Small Deterioration 277 (13) 1.7 17.32 -37.5 -8.3 0.0 11.5 55.2

Moderate Deterioration 111 (5) -4.7 20.43 -59.4 -16.7 -4.2 6.3 58.3

Large Deterioration 64 (3) -13.7 27.85 -91.7 -30.2 -7.8 4.2 29.2

PGIS at 8 Months: 5 

Categories (collapsing 

“moderate” and “large”)

0.29

Moderate or Large 395 (19) 14.3 20.96 -76.0 0.0 12.5 27.1 72.9

Small Improvement 453 (21) 13.0 19.63 -47.9 0.0 11.5 24.0 85.4

Stable 811 (38) 4.5 19.01 -64.6 -5.2 2.1 16.7 66.7

Small Deterioration 277 (13) 1.7 17.32 -37.5 -8.3 0.0 11.5 55.2

Moderate or Large 175 (8) -8.0 23.74 -91.7 -20.8 -4.2 5.2 58.3

PGIS at 8 Months: 5 

Categories (collapsing 

“small” and “moderate”)

0.30

Large Improvement 120 (6) 17.4 22.51 -54.2 0.5 15.1 32.8 70.8

Small or Moderate 728 (34) 13.0 19.81 -76.0 0.0 11.5 25.0 85.4

Stable 811 (38) 4.5 19.01 -64.6 -5.2 2.1 16.7 66.7

Small or Moderate 388 (18) -0.1 18.46 -59.4 -10.4 0.0 10.4 58.3

Large Deterioration 64 (3) -13.7 27.85 -91.7 -30.2 -7.8 4.2 29.2
a Absolute value of the Spearman correlation coefficient for change from baseline KCCQ-TSS at 8 months 

and change from baseline PGIS at 8 months with each categorisation.

Categories of change from baseline PGIS at 8 months as defined in Table A1. 

KCCQ, Kansas City Cardiomyopathy Questionnaire; PGIS, patient global impression of severity; TSS, total 
symptom score

The eCDF curves in Figure A1 demonstrate a clear separation between all categories of 

improvement and the “stable” category, in the interval between 5 and 40 points increase in 

KCCQ-TSS at 8 months, where separation is expected for these curves. However, the 

separation is less distinct between the categories of “small” and “moderate” improvement. For 

deterioration, the “large” and “moderate” deterioration categories are clearly separated from 

the “small” and the “stable” category, in the interval between 5 and 40 points decrease in 

KCCQ-TSS at 8 months, where separation is expected for these curves. The combined 

“moderate or large” categories of deterioration and improvement in Figure A2 are separated 
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from the “stable” category. This is also observed for combined “small or moderate” categories 

of deterioration and improvement in Figure A3.

Figure A1 Empirical Cumulative Distribution Function for Change from Baseline 
KCCQ-TSS at 8 Months versus Change from Baseline PGIS at 8 
Months with 7 Categories

KCCQ, Kansas City Cardiomyopathy Questionnaire; PGIS, patient global impression of severity; TSS, total 

symptom score 
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Figure A2 Empirical Cumulative Distribution Function for Change from Baseline 
KCCQ-TSS at 8 Months Versus Change from Baseline PGIS at 8 
Months with 5 Categories (Collapsing “Moderate” and “Large”)

KCCQ, Kansas City Cardiomyopathy Questionnaire; PGIS, patient global impression of severity; TSS, total 

symptom score 
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Figure A3 Empirical Cumulative Distribution Function for Change from Baseline 
KCCQ-TSS at 8 months Versus Change from Baseline PGIS at 8 
Months with 5 Categories (Collapsing “Small” and “Moderate”) 

KCCQ, Kansas City Cardiomyopathy Questionnaire; PGIS, patient global impression of severity; TSS, total 

symptom score 

A 3 Summary of Results of Distribution-Based Analysis on Blinded 
Baseline Study Data

Distribution-based methods (0.5 SD and 1 SEM) were used to explore the MCID in the 

KCCQ-TSS, in patients with HFpEF. The MCID is a value to which between-group 

differences in average change from baseline are compared, to assess clinical relevance of the 

difference between treatment groups.

The SEM was calculated as  ��� = �� ∗ �1 − ��� , where σx is the SD at baseline and rxx is 

the reliability (internal consistency) of the scale at baseline. The internal consistency of the 

KCCQ-TSS was assessed by Cronbach’s alpha. The distribution-based analyses indicated that 

0.5 SD (based on Cohen’s “medium” effect size) of the baseline KCCQ-TSS score was equal 

to 11.0 and that 1 SEM was equal to 8.6 (Table A3). Based on these distribution-based 

analyses, a rounded mid-point between these values of 10 points is expected to represent a 
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MCID for KCCQ-TSS in patients with HFpEF. The MCID will not be used to inform 

responder analyses, as the MCID is not based on within-patient change and is therefore not 

appropriate for assessing an individual’s “response”.

Table A3 Distribution-Based Cut-offs for a Minimal Clinically Important 
Difference in the KCCQ-TSS 

N1 One-half SD N2 1 SEM

Baseline KCCQ-TSS 4730 11.0 4562 8.6

N1  The SD is based on the number of patients with an observed baseline KCCQ-TSS.

N2  The SEM is based on the number of patients with an observed scorable responses to each of the items in the 

KCCQ-TSS.

KCCQ, Kansas City Cardiomyopathy Questionnaire; N, number of patients in treatment group; SD, standard 

deviation, SEM, standard error of measurement; TSS, total symptom score
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Appendix B Programming Code for Calculating Significance Level for 
LVEF <60% Subpopulation

Let �� and  �� denote the standardized test statistic for testing the hypothesis of treatment effect in the 

LVEF < 60% subgroup and the full population respectively. �� and  �� are bivariate normal with 

correlation equal to the proportion of events in the LVEF < 60% subpopulation (Spiessen and Debois 

2010).  To control the familywise error rate below α, for a pre-specified significance level �� for the 

full population, we need to define ��for the subgroup such that, under the null hypothesis,

(1) ���� > ���
OR �� > ���

� = �                                                                 

where ���
and ���

are the corresponding critical values from the standard normal distribution.

Equation (1) can be rewritten as 

���� > ���
� + ���� > ���

, �� ≤ ���
�

= �� + ���� > ���
, �� ≤ ���

�

= �

Thus we need to find ��  such that  

���� > ���
, �� ≤ ���

� = � − ��

As noted by Spiessen and Debois 2010, this corresponds to error spending for group sequential 

methods where �� is the test statistic at interim analysis and �� is the test statistic at the final analysis. 

Accordingly, standard software for group sequential designs can be used to calculate the significance 

level �� as shown below using the R package gsDesign or the SAS procedure SEQDESIGN

For the proportion of events in the LVEF <60% subgroup we use the lower bound of a 95% confidence 

interval for the estimated proportion calculated using normal approximation as 

� − ��.���(1 − �)/�

where ��.� is the upper 2.5% percentile of the standard normal distribution and � = ���/� for ���

events in the subgroup and � events in total.

In an example of 810 (72.5%) in the subgroup out of a total of 1117 event, the lower confidence limit 

for the proportion is 0.699, which will be used in the example R and SAS code below.
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R gsDesign package

Example with lower proportion 0.699 (lower confidence limit) events in the subgroup:

gsd <-  

   gsDesign(k=2, timing=c(0.699,1),

      # 69.9% events at interim, corresponding to proportion in subgroup

   test.type=1, sfu=sfLinear,

   sfupar=c(0.699,1,0.5,1),

      # proportion 0.5 of total alpha spent at interim, corresponding to 
      # alpha2 = 0.5*0.048=0.024 two-sided set for the full population

    alpha=0.024)

      #total one-sided alpha 0.048/2
                       # 

(alpha1 <- 2*100*(1-pnorm(gsd$upper$bound[2])))  
       # alpha1 now holds the two-sided significance level for final
       # analysis, corresponding to alpha1 for the subgroup

SAS proc SEQDESIGN

Example with lower proportion 0.699 (lower confidence limit) events in the subgroup:

proc seqdesign bscale=pvalue;
     design nstages=2 info=cum(69.9 100)  
     /* 69.9% events at interim, corresponding to proportion in subgroup */
     method=peto(pvalue=0.012)  
     /* alpha 0.012 one-sided spent at interim, corresponding to 
        0.024 two-sided set for the full population */
         stop=reject  
         alt=lower alpha=0.024;   
     /*   0.048/2 total one-sided alpha  */    
     ods output boundary = bound;
  run;
  
  data alpha1;
    set bound;    
    if _stage_=2;
    alpha1=100*2*bound_la;
  run;

   /* alpha1 now holds the two-sided significance level for final analysis,    
      corresponding to alpha1 for the subgroup */
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