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A hierarchical kidney outcome using win
statistics in patients with heart failure from
the DAPA-HF and DELIVER trials
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W Check for updates

Win statistics offer anew approach to the analysis of outcomes in clinical
trials, allowing the combination of time-to-event and longitudinal
measurements and taking into account the clinicalimportance of the
components of composite outcomes, as well as their relative timing. We
examined this approachinapost hoc analysis of two trials that compared
dapagliflozin to placebo in patients with heart failure and reduced ejection
fraction (DAPA-HF) and mildly reduced or preserved ejection fraction
(DELIVER). The effect of dapagliflozin on a hierarchical composite kidney
outcome was assessed, including the following: (1) all-cause mortality; (2)
end-stage kidney disease; (3) adeclinein estimated glomerular filtration
rate (eGFR) of 257%; (4) a decline in eGFR of >50%; (5) adecline in eGFR of
>40%; and (6) participant-level eGFR slope. For this outcome, the winratio
was 1.10 (95% confidence interval (CI) =1.06-1.15) in the combined dataset,
1.08 (95% CI =1.01-1.16) in the DAPA-HF trial and 1.12 (95% Cl = 1.05-1.18) in
the DELIVER trial; that is, dapagliflozin was superior to placebo in both trials.
The benefits of treatment were consistent in participants with and without
baseline kidney disease, and with and without type 2 diabetes. In heart
failure trials, win statistics may provide the statistical power to evaluate the
effect of treatments on kidney as well as cardiovascular outcomes.

In patients with heart failure, kidney functionis a powerfulindepend-  pharmacological treatments, including renin-angiotensin system
ent predictor of future heart failure hospitalization and death, irre-  blockers and mineralocorticoid receptor antagonists (MRAs), can be
spective of left ventricular ejection fraction (LVEF)'™*. The natural initiated and continued in patients with heart failure and it determines
history of heart failure is characterized by progressive worsening of  eligibility for transplantation and mechanical circulatory support®®,
the syndrome over time and this usually includes worsening of kid- It is therefore important to understand the effect that new therapies
ney function**”. Kidney function also influences whether life-saving  for heart failure have on kidney function; an aspiration with any
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Table 1| Participant characteristics in the pooled DAPA-HF Table 1 (continued) | Participant characteristics in the

and DELIVER dataset pooled DAPA-HF and DELIVER dataset
Dapagliflozin Placebo P Dapagliflozin Placebo P
n=5,503 n=5,501 n=5,503 n=5,501
Age, years 69.4+10.6 69.4+10.4 0.98 Hypertension 4,516 (82.1) 4,558 (82.9) 0.27
Female sex 1,928 (35.0) 1,927 (35.0) >0.99 Myocardial infarction 1,830 (33.3) 1,900 (34.5) 0.5
Region 0.96 Stroke 524 (9.5) 539 (9.8) 0.62
Europe and Saudi Arabia 2,588 (47.0) 2,571 (46.7) Medical therapy
North America 762(13.8) 764 (13.9) ACEi 2,476 (45.0) 2,480 (45.1) 0.93
South America 1,003 (18.2) 994 (18.1) ARB 1,807 (32.8) 1,769 (32.2) 0.45
Asia and the Pacific 1,150 (20.9) 1172 (21.3) ARNI 415 (7.5) 394 (7.2) 0.45
Ethnicity 0.40 Beta-blocker 4,869 (88.5) 4,863 (88.4) 0.90
White 3,875 (70.4) 3,894 (70.8) MRA 3,036 (55.2) 3,000 (54.5) 0.50
Asian 1,182 (21.5) 1,208 (22.0) Loop diuretic 4,309 (78.3) 4,326 (78.6) 0.67
Black or African American 203 (3.7) 182(3.3) Digitalis 595 (10.8) 587 (10.7) 0.81
Other 243 (4.4) 217 (3.9) CRT-D or ICD 709 (12.9) 700 (12.7) 0.80
Baseline body mass index, 291+6.1 29161 0.99 Data are presented as the mean+s.d. or median (interquartile range) for continuous
kgm™ measures, and n (%) for categorical measures. Continuous variables were compared
. . using a two-sided t-test or Wilcoxon rank-sum test; categorical variables were compared
Vital signs using a chi-squared test. Adjustments for multiple comparisons were not made. Body
Heart rate, beats per min 71.5+11.7 71.5+11.7 0.98 mass index was missing in eight participants; NT-proBNP was missing in one participant;
AF/AFL on ECG was missing in two participants; time from diagnosis of heart failure was
Systolic blood pressure, 125.6+16.1 125.4+16.1 0.54 missing in five participants; and NYHA functional class was missing in one participant.
mmHg ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AFL, atrial flutter;
K . ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor;
E]I?:LO[IC blood pressure, 73.8+104 73.7+10.5 061 CRT-D, cardiac resynchronization therapy-defibrillator; ECG, electrocardiogram; HbA1c,
9 glycated hemoglobin; ICD, implantable cardioverter-defibrillator; KCCQ-TSS, Kansas City
Laboratory values Cardiomyopathy Questionnaire-Total Symptom Score; NT-proBNP, N-terminal pro-B-type
natriuretic peptide; NYHA, New York Heart Association.
HbAlc, % 6.6+1.4 6.5+1.4 0.69
Creatinine, pmol” 103.0+30.6 103.6+31.0 0.28
eGFR, mlmin™1.73m 63.0419.4 62.9419.4 035 treatment for heart failureis to atleast preserve and, ideally, improve
kidney function.
eGFR<60mlmin™ 2,478 (45.0) 2,518 (45.8) 0.43 y . . . . .
173m™ (%) Unfortunately, few trials in patients with heart failure have been
large enough and long enough to accrue a sufficient number of ‘hard’
NT-proBNP, ngl” 1178 1178 0.63 Kid dpoi 1l istically rob luati fth
(708-2129) (698-2.117) idney endpoints to allow a statistically robust evaluation of these
s - ) 049 outcomes using conventional statistical approaches, for example,
NT-proBNP, ngl™ i 1.5 1,525 .4 P B . :
baseline ECG in AF/AFL (1034-2534)  (1.033-2,481) time-to ﬁrsF occurrence of death, end stage k}dney disease (EIEZIED) or
; alarge decline in estimated glomerular filtration rate (¢GFR)" . The
NT-proBNP, ngl” if 970 961 >0.99 rate of decline over time (slope) in eGFR has been used as an alterna-
baseline ECG not in (563-1,820) (566-1,846) . . ( p ) . Lo
AF/ AFL tive means of evaluating the effect of treatment on kidney function;
however? ¢, while statistically more powerful, this measure does not
AF/AFL on ECG (%) 1,896 (34.5) 1,875 (34.1) 0.68 . .
incorporate death or initiation of renal replacement therapy and the
Heart failure characteristics clinical relevance of small changes in eGFR slope have been questioned.
Previous hospitalization 2,393 (43.5) 2,395 (43.5) 0.96 The use of hierarchical composite endpoints analyzed with win
due to heart failure statistics may solve some of these problems by integrating death,
Time from diagnosis of 0.29 relatively infrequent major kidney events (for example, ESKD), the
heart failure occurrence oflarge changes in eGFR that are somewhat more frequent,
< year 1,520 (27.6) 1,579 (287) and changes intheeGFR slope, \I.Vith eachofthese componen.ts orde.red
ina hierarchy reflecting their clinicalimportance? *. The hierarchical
1-5 years 2,173 (39.5) 2,181(39.7) . . .
composite outcome created by this approach consists of components,
>5 years 1,807 (32.9) 1,739 (31.6) allof whichreflect the progression of kidney disease, and this endpoint
NYHA functional class 0.097 is both clinically relevant and statistically powerful*°.
land Il 3,919 (7112) 3,995 (72.6) .ln this post. hO.C stud.y, we eyaluated the effects of dapag!lﬂo.zm
onkidney functionin patients with heart failure and reduced ejection
fland IV 1584 (28.8) 1505 (274) fraction, and heart failure and mildly reduced or preserved ejection
Baseline KCCQ-TSS 75.0 75.0 0.40 fraction®-*?, using a hierarchical composite kidney outcome, analyzed
(56.3-89.6) (58.3-89.6) using win statistics.
Baseline LVEF (%) 4424137 4424141 0.75
Clinical history ReSUItS . . . . . .
Of'the 11,004 participantsincluded in the Dapagliflozin and Prevention
T2D 2,394 (43.5) 2,395 (43.5) 0.97 . . .
of Adverse Outcomes in Heart Failure (DAPA-HF) and Dapagliflozin
AF 2,627 (47.7) 2,655 (48.3) 058 Evaluation to Improve the Lives of Patients with Preserved Ejection
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W Dapagliflozin wins

DAPA-HF and DELIVER

Win ratio 1.10 (95% Cl = 1.06-1.15)
P <0.001
Net benefit 4.8% (95% Cl = 2.7-7.0%)

52.4%
Overall
47.6%

Tier 1

All-cause mortality

Tier 2
ESKD or
eGFR <15 ml min™1.73 m™

0.3% 0.2%

0.3% 0.3%

Tier 3
Decline in eGFR 257%

0.7% 1.0%

0.5% 0.6%

Tier 4
Decline in eGFR 250%

1.0% 1.5%

0.9% 1.0%

Tier 5
Decline in eGFR 240%

Tier 6
eGFR slope

33.7%
29.7%

Net benefit 4.0% (95% Cl = 0.7-7.3%)

W Dapagliflozin losses

DAPA-HF DELIVER
Win ratio 1.08 (95% Cl = 1.01-1.16) Win ratio 1.12 (95% CI = 1.05-1.18)
P=0.017 P <0.001

Net benefit 5.5% (95% Cl = 2.6-8.4%)
52.0% 52.7%

48.0% 47.3%

0.4%
0.2%

0.4%
0.4%

0.6%
0.8%

32.7% 34.4%

31.0% 28.7%

0 10 20 30 40 50 60 0 10

20 30 40 50 60 0 10 20 30 40 50 60

Fig.1| Effect of dapagliflozin on the hierarchical composite kidney outcome. Win statistics were two-sided. Models were stratified according to diabetes status
(and accordingto trial in the pooled dataset). Adjustments were not made for multiple comparisons. The exact P values were 0.00001in the pooled dataset and

0.0002inthe DELIVER dataset.

Fraction Heart Failure (DELIVER) trials, 4,742 were enrolled in DAPA-HF
and 6,262 in DELIVER. Participants were assigned equally to dapagli-
flozin (n=5,503) or placebo (n=5,501).

Participants

The participant characteristics according to the randomized treatment
groups were well-balanced at baseline (Table1). Inthe pooled dataset,
there were 1,111 composite events of all-cause mortality, a decline of
>40% in eGFR or ESKD or an eGFR <15 mI min™1.73 m, in the dapa-
gliflozin group, and 1,151 events in the placebo group; in the DAPA-HF
trial, there were 458 in the dapagliflozin group and 509 in the placebo
group; in the DELIVER trial, there were 653 in the dapagliflozin group
and 642 in the placebo group (Table 2). The effects of dapagliflozin
on conventional composite outcomes, analyzed as the time-to-first
event,areshowninTable 2.Inthe pooled dataset, the total eGFR slope
in the dapagliflozin group was significantly lower thanin the placebo
group (-1.77 + 0.07 (mean = s.e.) versus —2.28 + 0.07 ml min™" 1.73 m™
per year, P<0.001) (Table 2 and Extended Data Fig. 1). Similarly, in
DAPA-HF and DELIVER separately, the total eGFR slope in the dapa-
gliflozin group was significantly less steep than in the placebo group
(DAPA-HF,-2.76 + 0.11 (mean % s.e.) versus —3.22 + 0.11ml min™" 1.73 m™>
per year, P<0.001; DELIVER, -1.03 + 0.08 (mean + SE) versus —1.56
0.08 mlmin™1.73 m2peryear, P=0.004).

Win ratio and proportion of wins and losses in each tier

The effects of dapagliflozin on the hierarchical composite kidney out-
come, as estimated using win statistics, are summarized in Fig. 1. The
hierarchical composite kidney outcome included the following tiers:
(1) all-cause mortality; (2) ESKD or eGFR<15mImin™1.73m™?% (3) a
decline in eGFR of >57%; (4) a decline in eGFR of >50%; (5) a decline in
eGFR of 240%; and (6) participant-level eGFR slope. The win ratio was
1.10 (95% confidence interval (CI) =1.06-1.15) in the pooled dataset, 1.08
(95% Cl1=1.01-1.16) in DAPA-HF dataset and 1.12 (95% CI =1.05-1.18) in
the DELIVER dataset, demonstrating that dapagliflozin was superior

toplacebowithregardto the hierarchical composite kidney outcome
compared in all three analyses. The eGFR slope accounted for most
wins andlosses, and incorporation of the participant-level eGFR slope
inthis model reduced the proportion of ties that would have occurred
(in 63.4% of pairs in the pooled DAPA-HF and DELIVER dataset). The
net benefit was 4.8% (95% Cl =2.7-7.0%) in the pooled dataset, 4.0%
(95% Cl=0.7-7.3%) in the DAPA-HF dataset and 5.5% (95% Cl = 2.6-8.4%)
inthe DELIVER dataset.

Sensitivity analyses. Inthe sensitivity Model1analysis, which excluded
thetier foradeclinein eGFR of 240%, win ratios remained higher than
1.0 for participants in the pooled dataset, and in the DAPA-HF and
DELIVER trials separately (Extended Data Fig. 2). In sensitivity Model 2,
whichexcluded both thetier foradeclineineGFR of 240% and the eGFR
slope, the lower Cls of the win ratios and win odds (accounting for ties
because of the exclusion of the eGFR slope) were not higher than 1.0
inthe DELIVER dataset (Extended DataFig. 3). The win ratios obtained
using sensitivity Model 2 were similar to the 1/hazard ratios (HRs) for
the composite kidney endpoints estimated using conventional statisti-
cal approaches and evaluated with the similar composite of all-cause
mortality, ESKD or eGFR <15 ml min™1.73 m™, or decline in eGFR of
>50% (Table 2). Adding the eGFR slope back into sensitivity Model 2
increased the net benefit from 1.7% to 5.3% in the pooled dataset. In
sensitivity Model 3, which excluded all-cause mortality, almost identi-
calresultsto the main model were observedin the pooled dataset, and
the DAPA-HF and DELIVER datasets separately (Extended DataFig. 4).

Proportions of wins and losses over time

For all-cause mortality, differencesin the proportion of wins and losses
betweentreatmentsincreased gradually over timeinthe pooled data-
set, and in the DAPA-HF and DELIVER datasets separately (Fig. 2).Inthe
three datasets, the proportion of losses with dapagliflozin for a decline
in eGFR of 240% was larger than that of wins, but this difference nar-
rowed over time. The proportions of wins and losses for ESKD or an
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— Dapagliflozin wins on all-cause mortality
--- Dapagliflozin losses on all-cause mortality

Dapagliflozin wins on decline

in eGFR 240%

Dapagliflozin losses on decline in eGFR 240%
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Fig.2|Proportion of wins and losses over time. Each figure was plotted every 10 days for up to 720 days.

eGFR <15 mImin™1.73 m? and declines in eGFR of 257% and >50%, were
smalland differed little throughout the follow-up. For comparison, the
effects of dapagliflozin versus placebo, plotted using the Kaplan-Meier
method are shown in Extended Data Fig. 5.

Winratio and proportions of wins and losses in the subgroups

Winratios, and the proportion of wins and losses, in the dapagliflozin
groupsaccordingto a history of type 2 diabetes (T2D), eGFR category
(<60 versus 260 ml min™1.73 m™) are shown in Fig. 3. The treatment
effect estimate from the win ratio analysis was consistent across these
subgroups, thatis, there were no apparent differencesin the estimates.

Power analysis

When using a hierarchical composite endpoint, sample size require-
ments are smaller than the time-to-first composite endpoint evaluated
using the Cox proportional hazards model (Extended Data Fig. 6).

Discussion

These post hoc analyses show how win statistics can be used to demon-
strate the benefit of atreatment for heart failure (in this case, dapagliflo-
zin) onkidney functionin patients with both heart failure and reduced
ejection fraction and heart failure and mildly reduced or preserved
ejection fraction. Itis generally difficult to demonstrate the potential
kidney benefits of cardiovascular drugs using a conventional renal
endpoint because of the small number of events in an ‘unenriched’
population (for example, without albuminuria) during a relatively
short-term follow-up. In such a setting, the hierarchical composite
endpoint examined in the present study provides greater statistical
power and may offer the opportunity to demonstrate both cardio-
vascular and kidney benefits in the same populationin the same trial.
Inaddition to the summary of win statistics usually shown in analyses
of this type, we also presented the proportion of wins and losses over
time, similar to the depiction of event rates over time provided using
traditional statistical methods.

Although superficially similar, the win statistics approach used
in this study differs substantially from time-to-first-event analysis
for acomposite endpoint. The most obvious difference is that events
are analyzed according to a hierarchy”?®. All-cause mortality was the
most significant event in the composite hierarchical outcome and
was tested as the first tier in the hierarchy. Unlike time-to-first-event
analysis, the win statistics approach includes all deaths, including
those occurring after a worsening kidney disease event. With the win
statistics approach, a hierarchy of worsening kidney disease events
was also created, reflecting their clinical importance, for example,
the development of ESKD or an eGFR <15 mI min™1.73 m?, and large
decreasesin eGFR. As afurther refinement, itis also possible to extend
the hierarchy toinclude different proportional declines ineGFR; in the
present analysis, weincorporated declinesin eGFR of >57%, >50% and
>40%. An additional advantage of win statisticsis that the hierarchical
composite outcome can logically incorporate continuous variables
such as the eGFR slope? %’ Because the statistical power for conven-
tional composite kidney outcomesis ofteninsufficient whenanalyzing
events such as those discussed above (because of their low incidence
rate in some populations), analysis of the eGFR slope has been sug-
gested asan alternative %, However, the eGFR slope is evaluated as
asingle ‘stand-alone’ outcome; its interpretation alongside other more
important kidney endpoints simultaneously may not be easy. By con-
trast, the win statistics approach provides an outcome thatintegrates
all relevant outcomes and all patients contribute to the analysis. One
issue with the eGFR slope, either as a stand-alone endpoint or part of
thewinratio approach, is that some drugs may cause aninitial decline
in eGFR*™, The slope after initiation may more accurately reflect
the chronic effect of these drugs, but may overestimate treatment
benefit***’; thus, more appropriately, we calculated the eGFR slope
over the whole treatment period using a piece-wise, linear, two-slope
model accounting for the effects of the acute and chronic phases™.

Acloser look at the proportion of wins and losses revealed several
findings. Despite the less steep eGFR slope with dapagliflozin compared
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Dapagliflozin Placebo Dapagliflozin Dapagliflozin Win ratio
(no. of patients) (no. of patients) wins losses , (95% Cl)
DAPA-HF and DELIVER :
eGFR (ml min™"1.73 m™) |
>60 3,025 2,983 52.8% 47.2% | —— 112 (1.05-1.19)
<60 2,478 2,518 52.1% 47.9% |- 1.09 (1.02-1.16)
T2D mellitus |
No 3,109 3,106 52.2% 47.8% | 1.09 (1.03-1.16)
Yes 2,394 2,395 52.7% 47.3% | —— 1.11 (1.04-1.19)
DAPA-HF |
eGFR (mlmin™1.73 m™) [
>60 1,410 1,406 51.5% 48.5% H—— 1.06 (0.97-1.16)
<60 962 964 52.7% 47.3% —— 1.11(1.01-1.24)
T2D mellitus 3
No 1,379 1,380 52.1% 47.9% —— 1.09 (1.00-1.18)
Yes 993 990 51.8% 48.2% - 1.08 (0.97-1.19)
DELIVER :
eGFR (ml min™"1.73 m™) !
260 1,615 1,577 54.0% 46.0% : —— 1.17 (1.08-1.27)
<60 1,516 1,554 51.7% 48.3% n‘—I—c 1.07 (0.99-1.16)
T2D mellitus |
No 1,730 1,726 52.3% 47.7% ‘I—I—l 1.10 (1.02-1.19)
Yes 1401 1,405 53.3% 46.7% | —— 1.14 (1.05-1.24)
|

0.8
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Placebo better Dapagliflozin better

Fig. 3| Effect of randomized treatments on the hierarchical composite kidney outcome according to selected subgroups. Models were stratified according
to diabetes status (and according to the trialin the pooled dataset). The squares indicate the win ratios and the bars indicate the upper and lower boundaries of

the 95% CI.

to placebo, the proportion of wins with dapagliflozin (over placebo)
fortier 5of the hierarchy (thatis, adecline in eGFR of >40%) was lower
thanthe proportion of losses. The probable explanation for thisis that
DAPA-HF and DELIVER did not have an active run-in period and the
initial drop in eGFR in some patients randomized to dapagliflozin led
to a decline in eGFR counting as an ‘event*>**2, On examining the
proportion of wins and losses over time, it can also be seen that the
difference in the tier representing a decline in eGFR of 240%, which
may reflect the initial drop with dapagliflozin early after randomiza-
tion, was progressively smaller over time in the DAPA-HF and DELIVER,
supportingthis explanation and identifying the longer-term benefit of
dapagliflozin on the kidney. Indeed the kidney benefits of both these
drugs were more apparent over time, observed as the changing propor-
tionof wins and losses over time, whichis analogous to the divergence
of Kaplan-Meier plots using conventional analysis.

Win statistics are arelatively new approach to analyzingtrial data
and may still be unfamiliar to some physicians****. However, their use
isincreasing rapidly, particularly in cardiovascular medicine; several
recent trials had primary endpoints analyzed using win statistics* .
At least one treatment has received regulatory approval based on a
trial of this type®. Next, there is always debate about which compo-
nentstoincludeinahierarchical composite outcome and these should
be discussed between the relevant stakeholders, including patients,
clinicaltrialists, and regulatory and reimbursement agencies. Although
all-cause mortality isusually included as the first tier insuch analyses, it
couldbeargued that this is not akidney-specific outcome®®. Toaddress
this concern, we added a sensitivity analysis excluding all-cause mor-
tality from the hierarchy, which showed essentially the same findings.
Third, treatments may not affect each component of acomposite out-
comeequally, although thisis also anissue with composite endpoints
evaluated using conventional statistics. Therefore, it is important to
examine the proportion of wins or losses for each component of the
composite tointerpret the overall result.

This study has several limitations. eGFR was obtained at differ-
ent scheduled visits in the two trials, while the incidence of the renal

endpoints defined according to eGFR may have been affected by the
frequency of the eGFR measurements. The hierarchical composite
renal outcome used in this study was created post hoc. However, the
selected hierarchy reflected the natural progression of kidney disease.
Itwas validated in multiple sensitivity models and by comparison with
the analysis of a conventional composite outcome analyzed using
a standard method. The thresholds for declines in eGFR were also
decided post hoc; thus, ‘sustained’ eGFR decline could not be con-
firmed using repeat measurement. The eGFR slope may also have
been affected by the number of scheduled visits, visit intervals and the
follow-up period in each trial.

In conclusion, it was possible to create a comprehensive,
multicomponent, hierarchical composite kidney endpoint thatis both
clinically relevant and statistically powerful when analyzed using win
statistics. With this approach, we confirmed the benefits of dapagli-
flozin on kidney function in patients with heart failure. This benefit
was observed regardless of LVEF, baseline eGFR and T2D status. This
approach can improve the power and precision around the estimate
of effects on kidney outcomes and should be considered in future
heart failure trials.
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Methods

Study participants

In this post hoc study, we analyzed the DAPA-HF and DELIVER
trials®*2. These were randomized, double-blind, placebo-controlled
trials, and the trial designs and primary results have been published
elsewhere® >,

Briefly, DAPA-HF and DELIVER compared dapagliflozin to placebo
inpatients with adiagnosis of heart failure. Both trials enrolled patients
with NYHA functional classes II-1V and elevated natriuretic peptide
levels. The main difference between the two trials was that patients
with an LVEF of <40% were randomized in the DAPA-HF trial and those
with an LVEF >40% were randomized in the DELIVER trial. (DELIVER
had evidence of structural heart disease, defined as either left atrial
enlargement or left ventricular hypertrophy.) Key exclusion criteria
included an eGFR lower than <30 ml min™1.73 m~in DAPA-HF and an
eGFR <25 mI min™1.73 m2in DELIVER. In both trials, participants were
randomized to receive dapagliflozin 10 mg once daily or a matching
placebo. The median follow-up period was 1.5 years in the DAPA-HF
trialand 2.3 yearsin the DELIVER trial.

Both trials were approved by the ethics committees ateachinves-
tigative site and written informed consent was obtained from each
participant.

Study outcomes

The primary outcome was a composite of death from cardiovascular
causes or worsening heart failure in DAPA-HF and DELIVER. In both
trials, all-cause mortality was included asasecondary outcome, and a
composite kidney outcome was included as a secondary outcome or
prespecified exploratory outcome. All death events were adjudicated.
The definition of ESKD in each trial was prespecified as asustained eGFR
<15mlImin™1.73 m?, chronic dialysis treatment or kidney transplan-
tation in DAPA-HF and adverse event reporting, or a sustained eGFR
<15mlmin™1.73 m2in DELIVER. The endpoints driven by the eGFR
were derived from central laboratory results.

In this post hoc analysis, we examined a hierarchical composite
outcome including the following components: all-cause mortality
(tier 1); ESKD or eGFR <15 mI min™1.73 m (tier 2); a decline in eGFR
of 257% (tier 3); a decline in eGFR of >50% (tier 4); a decline in eGFR
of >240% (tier 5); and participant-level eGFR slope (tier 6) (Extended
Data Table 1). All-cause mortality was used for tier 1in the hierarchy
because of its ultimate clinical importance and its competing risk for
theremaining outcomes. Considering the outcomes proposed by the
international consensus definition of clinical trial outcomes for kidney
disease, ESKD (or equivalent status) and decline in eGFR with different
cutoffswere applied astiers 2-5 (ref. 53). DeclineineGFR was applied as
tier 6 because this has also been used for regulatory approval of treat-
mentinsome chronickidney disease settings®~°. To address concerns
regarding the lack of short-term verification of a change in eGFR due
to the long interval between the scheduled study visits (and because
some cutoffs were not verified as they were prespecified), declines in
eGFR notrequiring evidence that they were sustained eGFR were also
evaluated. That is, change in eGFR (tiers 2-5) was evaluated as the
time to the first meeting of the eGFR criterion based on the scheduled
study visits, with the last laboratory assessment date used for censor-
ing. eGFR was scheduled to be obtained at randomization, 14 days,
2months, 4 months, 8 months, 12 months, 16 months, 20 months and
24 months in the DAPA-HF trial; and at randomization, 1 month,
4 months, 12 months, 24 months and 36 months in the DELIVER trial.
The eGFR at randomization was used as the baseline eGFR to evaluate
the changein eGFR; participants without baseline eGFR were excluded,
thatis, two participants inthe DAPA-HF trialand one participantin the
DELIVER trial. Inthis study, the original definition of ESKD in each study
was used, alongside the aforementioned evaluation of change ineGFR.

As sensitivity analyses, we analyzed three additional models:
sensitivity Model 1, excluding the component of a decline in eGFR of

>40%, to evaluate outcomes less affected by the initial dipineGFR due
tothedirect pharmacological action of dapagliflozin; sensitivity Model
2, excludingthe component of adecline in eGFR of 240% and aneGFR
slope to address additional concerns about the clinical relevance of
the eGFR slope; and sensitivity Model 3, excluding all-cause mortality,
which is more specific to kidney disease.

Statistical analyses

To evaluate the effect of dapagliflozin across the range of LVEF, data
were analyzed for the pooled dataset of DAPA-HF and DELIVER, and
for each trial dataset separately.

Baseline characteristics were summarized according to the ran-
domized group as the mean with s.d., or the median with the inter-
quartile range for continuous variables and count with percentages
for categorical variables. Continuous variables were compared using
a t-test or Wilcoxon rank-sum test; categorical variables were com-
pared using a chi-squared test. To determine the slope of change in
eGFR for each individual patient over time according to the assigned
treatment, two-slope, mixed-effect models accounting for the acute
and chronic phases were applied using the eGFR data obtained at all
scheduled visits®’. The acute phase was defined as the period up to
the first postrandomization visit (14 days in DAPA-HF and 1 month in
DELIVER) when the acute treatment effect on the eGFR was considered
fully present. These models were adjusted for baseline eGFR values,
randomized treatment, visit time, diabetes status, spline variable
corresponding to the days since the acute phase, the interaction of
treatment and visit time, and the interaction of treatment and spline,
without an intercept term. The distributions of the individual eGFR
slopes were drawn using violin plots.

The unmatched win statistics method, in which every patients in
the dapagliflozin group was paired and compared with every patient
in the placebo group, was used”; pairs representing the product of the
number of individuals in the dapagliflozin group and placebo group
were created and compared. Comparisons were made in ascending
order of event tier (from 1to 6); once a tier was settled, the next tier
was not assessed; if the last tier was not settled, the comparison pair
was considered atie (Extended DataFig. 7). Intiers1-5, the time tofirst
event was compared during a fixed follow-up period; censoring earlier
than the defined fixed follow-up period was considered censoring at the
fixed follow-up period to address the effect of censoring distributions
onwinstatistics results***~*%, Fixed follow-up periods were defined as
720 daysin DAPA-HF and 1,080 daysin DELIVER, considering the sched-
uled visits and follow-up period. In tier 6, the participant-level eGFR
slope, which was calculated using data within these fixed follow-up
periods, was compared as a continuous variablein each pair (thatis, the
patient with a shallower eGFR slope is the winner); thus, in the model
including the eGFR slope, tied pairs did not exist. The proportions of
win pairs (Py), loss pairs (P,) and tied pairs (P;) for participants assigned
to dapagliflozin were obtained; Py is the number of win pairs divided by
the total number of pairs n,, x n, where n, and n, are the sample sizesin
the dapagliflozin and placebo group, similarly for P, and P;. The method
outlined by Pocock et al.”” and the corresponding variances based on
the U-statistic-based method by Dong et al.*” were used to compute
the win ratio. Because of a shortcoming of the win ratio that ignores
ties when comparing pairs to obtain the win ratio, we calculated the
‘win odds’ for sensitivity Model 2, which is a modification of the win
ratio accounting for ties®>®'. Net benefit was also reported, which
is the difference between the proportion of win and loss pairs®. We
calculated four win statistics (win ratio, net benefit, win odds and win
probability) defined as: winratio, P,,/P; net benefit, P,,— P,; win odds,
(Py+0.5P;)/(P_+ 0.5 P;); and win probability, Py, + 0.5 P;. Thus, in the
main model, sensitivity Model 1 and sensitivity Model 3, where tied
pairs do not exist, the winratiois identical to the win odds. Awinratio
represents the ratio of the proportion of win pairs to the proportion
ofloss pairs; awinrate greater than1with alower 95% Clgreater than1
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indicates that dapagliflozinis better than placebo. Because the win or
loss proportion depends on the duration of follow-up and the censoring
distribution, we plotted these trends over time every 10 days*®, This
plotwas drawn only for tiers 1-5 because the eGFR slope was calculated
based on data across the fixed follow-up period, meaning it was not
possible toreport an eGFR slope at a specific time point and illustrate
the proportion of the wins or losses over time for this component of
the composite outcome.

We also evaluated the component of the kidney hierarchical com-
posite outcome up to the aforementioned fixed follow-up period using
conventional statistical approaches to compare these results with the
onesfromthe winstatistic. Cox proportional hazards models were used
to compute the HRs (to aid direct comparison, these are presented as
1/HR) and Kaplan—-Meier curves were plotted.

Consistent with the prespecified stratification variables in each
respective trial, win statistics and Cox proportional hazards models
were stratified according to diabetes status and trial in the pooled
dataset®*.

The sample size requirements and statistical power of the hierar-
chical composite endpoint (main model) were compared using boot-
strap resampling of the pooled dataset with the time-to-first composite
endpoint (all-cause mortality, ESKD or eGFR <15 mImin'1.73 m>2,
or decline in eGFR of 240%) and eGFR slope to detect the observed
treatment effect for each endpoint. The resampling procedure was
performed with1,000 iterations at each sample size (n =200, 500 and
increments of 500 until 3,000).

Allanalyses were conducted using STATAv.17.0 and R v.4.2.2.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

AstraZeneca's data-sharing policy is described at https://astrazeneca-
grouptrials.pharmacm.com/ST/Submission/Disclosure. Researchers
need to submit a request to access anonymized patient-level clinical
data, aggregated clinical data or anonymized clinical study documents
through Vivli’'s web-based datarequest platform (https://vivli.org/). An
independent scientific review board will review requests. Timelines
vary per request and can take up to a year upon full submission of
the request for analysis, decision, anonymization and sharing of the
requested data or documents.

Code availability

The key code to obtain the eGFR slope was published by Heerspink
et al.>°. Win statistics were conducted using the WINS package of R
(https://cran.r-project.org/web/packages/WINS/index.html). The
detailed code used to generate the findings of the present study is
available from the corresponding author (john.mcmurray@glasgow.
ac.uk) uponrequest from qualified researchersin this field. Research-
ersare asked to provide information on their affiliation and experience
inthisfield and how theyintend to use the code. The timelines vary per
request and can take up to 6 months upon submission of the request.
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Extended Data Fig. 1| Distribution of the overall eGFR slope in each trial. The
numbers above the violin plots are the meantstandard error of the eGFR slope.
The white dots at the center of the violin plots show the median eGFR slope and
the boxes around these indicate the 25th to 75th percentile values. The whiskers
indicate the full range of the eGFR slope. The ‘violin’ shape is a density estimation
showing the distribution of the eGFR slope values. Wider sections of the violin
plot represent a higher probability and the narrower sections represent alower
probability of patients having the value. The eGFR slopes between randomized

Dapagliflozin

Placebo Dapagliflozin Placebo
treatment groups are compared by the two-sided t-test. Adjustments are not
made for multiple comparisons. The exact p-values were 0.0000002 in the
pooled dataset, 0.004 in DAPA-HF, and 0.000004 in DELIVER. CI, confidence
interval; DAPA-HF, Dapagliflozin and Prevention of Adverse Outcomes in Heart
Failure; DELIVER, Dapagliflozin Evaluation to Improve the Lives of Patients with
Preserved Ejection Fraction Heart Failure trial; eGFR, estimated glomerular
filtrationrate.
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Extended DataFig. 2 | Effect of dapagliflozin on the hierarchical composite Dapagliflozin and Prevention of Adverse Outcomesin Heart Failure; DELIVER,
outcome insensitivity model 1. Win statistics are two-sided. Models are Dapagliflozin Evaluation to Improve the Lives of Patients with Preserved Ejection
stratified by diabetes status (and by trial in the pooled dataset). Adjustments Fraction Heart Failure trial; eGFR, estimated glomerular filtration rate; ESKD,
are not made for multiple comparisons. The exact p-values were 0.000002 in end-stage kidney disease.

the pooled dataset and 0.00005 in DELIVER. CI, confidence interval; DAPA-HF,
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Extended Data Fig. 3| Effect of dapagliflozin on the hierarchical composite
outcome insensitivity model 2. Win statistics are two-sided. Models are
stratified by diabetes status (and by trial in the pooled dataset). Adjustments
are not made for multiple comparisons. Cl, confidence interval; DAPA-HF,

Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure; DELIVER,
Dapagliflozin Evaluation to Improve the Lives of Patients with Preserved Ejection
Fraction Heart Failure trial; eGFR, estimated glomerular filtration rate; ESKD,
end-stage kidney disease.
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Extended Data Fig. 4 | Effect of dapagliflozin on the hierarchical composite
outcome insensitivity model 3. Win statistics are two-sided. Models are
stratified by diabetes status (and by trial in the pooled dataset). Adjustments
are not made for multiple comparisons. The exact p-values were 0.0000009 in
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Extended DataFig. 5 | Effect of dapagliflozin in Kaplan-Meier plots. DAPA-HF, Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure; DELIVER,
Dapagliflozin Evaluation to Improve the Lives of Patients with Preserved Ejection Fraction Heart Failure trial; eGFR, estimated glomerular filtration rate; ESKD,

end-stage kidney disease.
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Extended Data Table 1| Summary of the hierarchical composite outcomes

eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease.

S[l(l)tg;)lm ¢ Tier Component of outcomes
Main model 1 All-cause death
2 ESKD or eGFR < 15ml/min/1.73 m?
3 eGFR >57% decline
4 eGFR >50% decline
5 eGFR >40% decline
6 eGFR slope
Sensitivity 1 All-cause death
model | 2 ESKD or ¢GFR < 15ml/min/1.73 m?
3 eGFR >57% decline
4 eGFR >50% decline
5 eGFR slope
Sensitivity 1 All-cause death
model 2 2 ESKD or eGFR < 15ml/min/1.73 m?
3 eGFR >57% decline
4 eGFR >50% decline
Sensitivity 1 ESKD or eGFR < 15ml/min/1.73 m?
model 3 2 ¢GFR >57% decline
3 eGFR >50% decline
4 eGFR >40% decline
5 eGFR slope
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Recruitment Recruitment was conducted at 410 sites in 20 countries (DAPA-HF) and at 353 sites in 20 countries (DELIVER) according to
the protocol inclusion and exclusion criteria.

Ethics oversight Both trials were registered at ClinicalTrials.gov before enrolment of the first patients, both protocols were approved by ethics
committees at all sites, and all patients provided written informed consent, as described in the principal results manuscripts
(see below):
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DeMets DL, Docherty KF, Jhund PS, Bengtsson O, Sjostrand M, Langkilde AM; DAPA-HF Trial Committees and Investigators.
Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction. N Engl J Med. 2019 Nov 21;381(21):1995-2008.
doi: 10.1056/NEJM0a1911303.
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Mildly Reduced or Preserved Ejection Fraction. N Engl J Med. 2022 Sep 22;387(12):10839-1098. doi: 10.1056/
NEJM0a2206286. Epub 2022 Aug 27. PMID: 36027570.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Sample size Sample size was 11007, 4744 from DAPA-HF and 6263 from DELIVER. The sample size and power calculations are described in the following:
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Fraction. N Engl J Med. 2019 Nov 21;381(21):1995-2008. doi: 10.1056/NEJM0a1911303.
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Data exclusions  None.

Replication Not reproducible because the data contains patient-specific information for over 11,000 cases

Randomization  Both were double blind placebo controlled prospective randomized trials.

Blinding Both trials were double blind.
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Clinical trial registration = NCT03036124 and NCT03619213

Study protocol Statistical plans have been submitted with manuscript. See also,
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Data collection

Outcomes
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CEA, Merkely B, Nicolau JC, O'Meara E, Petrie MC, Vinh PN, Schou M, Tereshchenko S, Verma S, Held C, DeMets DL, Docherty KF,
Jhund PS, Bengtsson O, Sjostrand M, Langkilde AM; DAPA-HF Trial Committees and Investigators. Dapagliflozin in Patients with Heart
Failure and Reduced Ejection Fraction. N Engl J Med. 2019 Nov 21;381(21):1995-2008. doi: 10.1056/NEJM0a1911303.

2: Solomon SD, McMurray JJV, Claggett B, de Boer RA, DeMets D, Hernandez AF, Inzucchi SE, Kosiborod MN, Lam CSP, Martinez F,
Shah SJ, Desai AS, Jhund PS, Belohlavek J, Chiang CE, Borleffs CJW, Comin-Colet J, Dobreanu D, Drozdz J, Fang JC, Alcocer-Gamba MA,
Al Habeeb W, Han Y, Cabrera Honorio JW, Janssens SP, Katova T, Kitakaze M, Merkely B, O'Meara E, Saraiva JFK, Tereshchenko SN,
Thierer J, Vaduganathan M, Vardeny O, Verma S, Pham VN, Wilderang U, Zaozerska N, Bachus E, Lindholm D, Petersson M, Langkilde
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Patients were randomized between February 15, 2017, and August 17, 2018, at 410 centers in 20 countries in the DAPA-HF trial, and
between August 27, 2018, and December 30, 2020, at 353 centers in 20 countries in the DELIVER trial. Data were analyzed
independently at the University of Glasgow.

Both trials were event-driven and had the same primary endpoint which was a composite of the time to the first occurrence of
worsening heart failure or death from a cardiovascular cause. Worsening heart failure was defined as unplanned hospital admission
for heart failure or an urgent visit for worsening heart failure resulting in the administration of an intravenous diuretic.

In this post-hoc paper, we analyzed a hierarchical composite outcome including the following components: all-cause death (Tier 1);
ESKD or eGFR <15ml/min/1.73 m2 (Tier 2); eGFR >57% decline (Tier 3); eGFR =50% decline (Tier 4); eGFR >40% decline (Tier 5); eGFR
slope (Tier 6).
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