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Abstract
BACKGROUND The primary end point in most heart failure (HF) trials is a composite of

time to a first worsening HF event or cardiovascular death. Prevention of recurrent events
and improvements in symptoms/quality of life are also important for patients but are
usually analyzed separately. Win statistics can integrate all these outcomes into a single
composite end point, which is analyzed in hierarchical order, reflecting the clinical impor-

tance of each component.

METHODS The Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure
(DAPA-HF, n=4744) and Dapagliflozin Evaluation to Improve the Lives of Patients with
Preserved Ejection Fraction Heart Failure (DELIVER, n=6263) trials enrolled patients
with New York Heart Association class II, III, or IV HF, elevated natriuretic peptides, and
either an ejection fraction of 40% or less (DAPA-HF) or greater than 40% and left atrial
enlargement/left ventricular hypertrophy (DELIVER). We examined the effects of dapa-
gliflozin compared with placebo on a hierarchical composite outcome, including cardio-
vascular death, total (first and recurrent) HF hospitalizations, total urgent HF visits, and
improvement/deterioration in Kansas City Cardiomyopathy Questionnaire total symptom
score (KCCQ-TSS; range from O to 100, with a higher score indicating fewer symptoms

and physical limitations) at 8 months.
The author affiliations are listed

RESULTS For this composite outcome, the win ratio was 1.30 (95% confidence interval at the end of the article.

[CI], 1.23 to 1.36) in the pooled cohort, 1.33 (95% CI, 1.23 to 1.43) in the DAPA-HF trial, Dr. McMurray can be contacted at

and 1.27 (95% CI, 1.18 to 1.36) in the DELIVER trial. Win odds and net benefit in overall John.memurray @glasgow.ac.uk or
at British Heart Foundation

patients were 1.19 (95% CI, 1.14 to 1.24) and 8.7% (95% CI, 6.6 to 10.9%), respectively. Cardiovascular Research Centre,

University of Glasgow, 126
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KCCQ-TSS; 52.4% were settled by the KCCQ-TSS tier in the pooled cohort. 8TA, United Kingdom.

In the overall pooled cohort, the majority of wins and losses were accounted for by
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CONCLUSIONS In both the DAPA-HF and DELIVER
trials, dapagliflozin led to a significant improvement in
composite outcomes that incorporated patient-reported
outcomes along with total HF events, as well as cardio-
vascular deaths. These analyses provided a comprehen-
sive presentation of win statistics and illustrated the
utility and flexibility of win statistics in describing the
effects of dapagliflozin in two recent clinical trials in
patients with HF. (Funded by British Heart Foundation
Centre of Research Excellence and others; clinical trial
registration numbers, NCT03036124 and NCT03619213.)

Introduction

odium-glucose cotransporter 2 (SGLT2) inhibitors

are beneficial in patients with heart failure (HF)

and reduced ejection fraction (HFrEF) and are
recommended in practice guidelines."* Recently, it was
confirmed that these agents are also beneficial in patients
with HF and mildly reduced ejection fraction and pre-
served ejection fraction (HFmrEF/HFpEF).” As in most
cardiovascular outcome trials, the efficacy of treatment
was evaluated using a composite end point with a fatal
component and one or more nonfatal components ana-
lyzed utilizing a Cox proportional hazards model based on
time-to-first-event analysis. The limitations to this conven-
tional approach have been reviewed elsewhere”” and
include the equal weighting, statistically, given to each
component of composites, even though they may not have
equivalent clinical importance — especially because recent
composite HF outcomes often include milder worsening
events not leading to hospital admission. Once nonfatal
events have occurred, many fatal events are ignored in a
Cox proportional hazards model that examines time to
first events, although these are usually presented sepa-
rately. Thus, the benefit of a treatment for a composite
outcome may be driven by a less clinically important non-
fatal event. Conversely, nonfatal events can occur more
than once, and such recurrent episodes are ignored in
time-to-first-event analyses. Last, although several statisti-
cal approaches to evaluate multiple time-to-event para-
meters have been proposed,”'” improvement in symptom
burden, physical limitations, and health-related quality of
life, measured at fixed time points during follow-up, are
difficult to incorporate in composite morbidity/mortality
outcomes and are usually analyzed as separate secondary
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outcomes. However, these outcomes are highly relevant to
patients, and improving them is an important goal of HF
therapy.””

To manage these limitations, Pocock and colleagues pro-
posed a win ratio approach that uses a composite outcome
that accounts for clinical priorities and patient prefer-
ences.'" This approach not only allows the creation of a
hierarchical composite outcome based on the clinical
importance of the components but also has been adapted
to include recurrent events and incorporate other continu-
ous or categorical components, such as patient-reported
outcomes or biomarkers. Due to these perceived advan-
tages, the win ratio approach has attracted substantial
recent attention. However, some questions remain, includ-
ing how to present the win ratio over time, as is routinely
depicted with conventional analyses, and presentation of
subgroups. Another suggested shortcoming of the win
ratio is that it ignores ties that arise when pairs are com-
pared to obtain the win ratio, and Dong and colleagues
proposed using the “win odds,” a modification of the
win ratio that accounts for ties.'” Other win statistics
have been proposed, including “net benefit,” conceptually
similar to absolute risk reduction.'”"*

To help understand how these approaches compare with
conventional time-to-first-event analysis and analysis of
total events using alternative methods based on exten-
sions of the Cox proportional hazards model, in a prespe-
cified analysis, we applied these different win statistics
to the Dapagliflozin Evaluation to Improve the Lives
of Patients with Preserved Ejection Fraction Heart Failure
(DELIVER; Clinicaltrials.gov identifier, NCT03619213)
trial.” In further post hoc analyses, we expanded the data
set to include the Dapagliflozin and Prevention of Adverse
Outcomes in Heart Failure (DAPA-HF; Clinicaltrials.gov
identifier, NCT03036124) trial and the pooled DAPA-HF
and DELIVER data set, because the effect of randomized
therapy in these trials was consistent over the range of
ejection fraction.”"”

Methods

STUDY PATIENTS

The DAPA-HF and DELIVER trials were approved by
ethics committees at each investigative site, and written
informed consent was obtained from each patient. The trial
designs and primary results are published in the protocol
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(available with the full text of this article at evidence.nejm.
org).">'>" Briefly, each trial enrolled patients with a diag-
nosis of HF; New York Heart Association (NYHA) functional
classes II, III, and IV; and elevated natriuretic peptides. The
main difference between the two trials was that patients
with a left ventricular ejection fraction (LVEF) of 40% or
less were randomly assigned in the DAPA-HF trial, and
those with an LVEF greater than 40% were randomly
assigned in the DELIVER trial. In the DELIVER trial,
patients were required to have evidence of structural heart
disease, defined as either left atrial enlargement or left
ventricular hypertrophy. The key exclusion criteria were
type 1 diabetes and an estimated glomerular filtration rate
(eGFR) <30 ml/min/1.73 m? in the DAPA-HF trial and
<25ml/min/1.73 m? in the DELIVER trial.

In both trials, patients were randomly assigned to receive
dapagliflozin at a dose of 10 mg once daily, or a matching
placebo, in addition to standard therapy. In both trials,
randomization was stratified based on a diagnosis of type
2 diabetes confirmed at screening.

The primary outcome for both DAPA-HF and DELIVER was
the composite of worsening HF or death from cardiovascular
causes, analyzed as the time to first event. An episode of
worsening HF was defined as either an unplanned hospitali-
zation for HF or an urgent visit resulting in intravenous ther-
apy for HF. In the DAPA-HF trial, dapagliflozin reduced the
primary composite outcome of worsening HF events or car-
diovascular death (hazard ratio [HR], 0.74; 95% confidence
interval [CI], 0.65 to 0.85), and in the DELIVER trial, the
same primary outcome was reduced by dapaglifiozin (HR,
0.82; 95% CI, 0.73 to 0.92). Secondary outcomes for both
trials included at least the change from baseline to 8 months
in the Kansas City Cardiomyopathy Questionnaire total
symptom score (KCCQ-TSS; scores range from O to 100,
with a higher score indicating fewer symptoms and physical
limitations). All potential worsening HF events and all deaths
were adjudicated by an independent clinical events commit-
tee. In the present analysis, cardiovascular death included
deaths from undetermined causes.

Because the win ratio is affected by the duration of follow-
up and the censoring distribution," "' *"*'
hierarchical composite outcome in two models. The win
ratio was previously used to examine the efficacy of
dapaglifiozin in the DAPA-HF and DELIVER trials on
death and KCCQ-TSS."” In contrast, in this prespecified

we examined a
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analysis, we used a hierarchical composite outcome to
examine the efficacy of dapagliflozin on a range of other
fatal and nonfatal outcomes that are important goals of
therapy in HF and calculated the win statistics. The fol-
lowing components were included in the models. Model 1
included cardiovascular death up to 8 months (tier 1), total
(first and recurrent) HF hospitalizations up to 8 months
(tier 2), total urgent HF visits up to 8 months (tier 3), and
change in KCCQ-TSS from baseline to 8 months (tier 4).
Model 2 included the whole duration of follow-up and
included tier 1 to 3 events (i.e., it did not include a change
in KCCQ-TSS, the analysis of which was prespecified at
8 months). Model 1 was used to enable KCCQ-TSS to be
explored as part of a hierarchical composite outcome
rather than a stand-alone patient-reported outcome (the
prespecified time for analysis of KCCQ-TSS was 8 months
in each trial). In model 2, we analyzed the original primary
composite end point (cardiovascular death, unplanned
hospitalization for HF, or urgent HF visits) as a hierarchi-
cal outcome over the whole duration of follow-up; patients
were randomly assigned to a group between February
2017 and August 2018 and were followed up until June
2019 in the DAPA-HF trial, and patients were randomly
assigned to a group between September 2018 and January
2021 and were followed up until February 2022 in the
DELIVER trial. The cutoffs for the KCCQ-TSS used in this
study were larger for improvement than deterioration, as
demonstrated in a recent anchor-based analysis.”””’

Although the analysis of the DELIVER trial using win sta-
tistics was prespecified as an alternative approach for eval-
uating the efficacy of dapagliflozin, the order for the
hierarchical composite outcome was not prespecified. The
win statistics analyses were then extended, post hoc, to
the DAPA-HF trial and to the pooled DELIVER and
DAPA-HF data set.

Baseline characteristics were summarized by randomized
groups as means with standard deviations or medians with
interquartile ranges for continuous variables and as counts
and percentages for categorical variables. The method
used to evaluate the hierarchical composite outcome is
summarized in Figure 1. The proportions of wins (Pywy),
losses (Pp), and tied pairs (P) for patients assigned to the
dapagliflozin group were obtained using the hierarchies
described. The win ratio was calculated using the method
of Pocock et al. and the corresponding variances based
on the U-statistic method of Luo et al.'*** A win ratio

For personal use only. No other uses without permission. Copyright © 2023 Massachusetts Medical Society.


https://evidence.nejm.org
https://evidence.nejm.org

@ Death M Heart failure hospitalization A Censoring

Shared follow-up period

Tier 1. Cardiovascular Death

A A Win
B ®
A l ® Win
B ®
A = ® Tie
B A

Time to cardiovascular death was compared during the shared follow-up
period.

If tied, tier 2 was compared next.

Tier 2. Total Heart Failure Hospitalizations

Tier 4. KCCQ-TSS Change from Baseline to 8 Months
1) 10-Point Improvement

Baseline 8 Months  10-Point Improvement
A 80 92 Yes Win
B 70 72 No
A 97 91 Yes Win
B 80 78 No
A 70 72 No Tie
B 80 70 No

If a patient has >90 points at both baseline and 8 months, this patient is
regarded as a 10-point improvement (i.e., Yes). If tied for a win,

A A Win deterioration compared next.
L . . .
P 2) 5-Point Deterioration
g = - - A Win Baseline 8 Months  5-Points Deterioration
70 72 No Win
A = = ® Win B 80 70 Yes
B L i A
A = - o Win A 96 92 No Tie
B - A B 80 83 No
A B—A Tie If a patient has <5 points at both baseline and 8 months, this patients is
B A regarded as a 5-point deterioration (i.e., Yes).

The number of heart failure hospitalizations was compared.

If there was at least one hospitalization in each patient and the number of
heart failure hospitalizations was the same, time to first heart failure
hospitalization was compared.

If tied, tier 3 was compared next.

In tier 3 (total urgent heart failure visits), the same method was applied.

Figure 1. Testing the Hierarchical Composite Outcome.
We used the unmatched win ratio method, in which every patient in the dapagliflozin group was paired and compared with every patient in
the placebo group.®'" Comparisons were made in descending order of event tier (from 1 to 4); once a tier was settled, the next tier was not
assessed, and if the last tier was not settled, the comparison pair was considered a tie. First, in tier 1, time to cardiovascular death was
compared during a shared follow-up period, defined as the minimum of their follow-up times. Noncardiovascular death was treated as
censoring. Next, in tier 2, the number of heart failure hospitalizations was compared. If there was at least one hospitalization in each patient
and the number of heart failure hospitalizations was the same, time to first heart failure hospitalization was compared. If tied (e.g., no heart
failure hospitalization), tier 3 was compared next. In tier 3 (urgent heart failure visits), the approach used in tier 2 was applied. In tier 4
(model 1 only), whether there was a 10-point or greater improvement in KCCQ-TSS; range from 0 to 100, with a higher score indicating fewer
symptoms and physical limitations), the change from baseline to 8 months was compared as a binary outcome, after which a 5-point or
greater deterioration was compared as a next binary outcome (these thresholds represent a clinically important improvement or deterioration,
respectively”™). If a patient had a baseline KCCQ-TSS >90 points, that is, near the “ceiling,” they were defined as having a 10-point
improvement if they still had a KCCQ-TSS >90 points at 8 months. Similarly, if patients had a baseline KCCQ-TSS <5 points, that is, near the
“floor,” they were defined as having a 5-point deterioration if they still had a KCCQ-TSS <5 points at 8 months. The proportion of pairs with a
win (Py), a loss (Py), or a tie (Py) in the dapagliflozin group was obtained. The win statistics (win ratio, win odds, and net benefit) were defined
as Py/Py, (Pw+0.5P1)/(P.+0.5P), and Py._P,, respectively. For example, if Py is 30%, P is 20%, and P is 50%, the win ratio is 1.50, the win

odds is 1.22, and the net benefit is 10%. KCCQ-TSS denotes Kansas City Cardiomyopathy Questionnaire total symptom score.

describes the ratio of the proportion of win pairs to the
proportion of losses, and a win ratio >1 with a lower 95%
CI >1 indicates that dapagliflozin is better than placebo.
For the reasons outlined in the introduction, we also calcu-
lated the “win odds,” which is a modification of the win
ratio accounting for ties, and “net benefit,” which is the
difference between the proportion of win pairs and loss
pairs'»”” When summarized, these win statistics were
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defined as win ratio (Pw/Pr), win odds [(Pw+0.5P1)/
(P +0.5P1)], and net benefit (Pw_P;). The win ratio
depends on the duration of follow-up and the censoring
distribution'»'*'*; for example, if the patient dies, but
the other patient is censored earlier, a “win” cannot be
determined for this pair, which introduces a tie. Thus, we
plotted the win ratio with 95% CI, as well as the proportion

of wins or losses, over time, every 10 days.”® This plot was
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drawn only for the hierarchical composite outcome in
model 2, because KCCQ-TSS in model 1 represents the
outcome as of 8 months only, making it difficult to assess
win ratios over time in other models.

We conducted sensitivity analyses (Table S1 in the Supple-
mentary Appendix) by prioritizing KCCQ-TSS deterioration
over improvement (sensitivity model 1), using different
thresholds for KCCQ-TSS improvement and deterioration
(sensitivity models 2 and 3), examining KCCQ-TSS change
as a continuous variable without thresholds (sensitivity
model 4), using all-cause death instead of cardiovascular
death (sensitivity models 5 and 6), using different censoring
periods (sensitivity model 7), weighting HF hospitalizations
and urgent HF visits the same (sensitivity models 8 to 10),
and conducting complete case analysis for the model includ-
ing KCCQ-TSS (sensitivity model 11). To examine the impact
of competing causes of death, we included noncardiovascu-
lar deaths in the hierarchy (sensitivity models 12 and 13).

Multiple imputation was applied for missing KCCQ-TSS
values at baseline or at 8 months using the prespecified
method (Text S1), and 10 patients whose KCCQ-TSS could
not be imputed were excluded from analysis in the models
including KCCQ-TSS. As prespecified, analyses were strat-
ified by baseline type 2 diabetes and trial,” and the results
are shown separately for all HF patients in the pooled
DAPA-HF and DELIVER cohort, for HFrEF patients alone
in the DAPA-HF trial, and HFmrEF/HFpEF in patients in
the DELIVER trial.

For comparison with the win statistical analyses, we also used
conventional statistical approaches to obtain hazard ratios for
time to first events using Cox proportional hazards models
(for cardiovascular death) and rate ratios for total (first and
recurrent) events using the Lin, Wei, Ying, and Yang method
(to aid direct comparison, these are presented as 1/hazard
ratio and 1/rate ratio).'” All analyses were conducted using
STATA version 17.0 (StataCorp, College Station, TX) and R
version 4.2.2. The current analyses were performed by the
independent academic group at the University of Glasgow.

Results

Of the 11,007 participants included, 4744 were randomly
assigned in the DAPA-HF trials and 6263 in the DELIVER
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trial (Fig. S1). Patients were assigned equally to placebo
(n=5503) and dapagliflozin (n=5504). The median dura-
tion of follow-up was 1.8 years (interquartile range [IQR],
1.4 to 2.4) in the pooled cohort, 1.5years (IQR, 1.2 to 1.8)
in the DAPA-HF trial, and 2.3 years (IQR, 1.7 to 2.8) in the
DELIVER trial.

The demographic and clinical characteristics of the ran-
domized treatment groups were well balanced at baseline
(Table 1 and Tables S2 and S3). The population included
in this study was broadly representative of patients with
HFrEF and HFmrEF/HFpEF (information describing the
representativeness of the population and the generalizabil-
ity of our findings is included in the Supplementary
Appendix). At 8 months, a total of 469 worsening HF
events and cardiovascular deaths were observed in the
dapagliflozin group, with 684 events in the placebo group
(Table 2). Over the full follow-up, there were 1459 of these
events in the dapagliflozin group and 1901 in the placebo
group. Regarding KCCQ-TSS change from baseline to
8 months, a 10-point or greater improvement in KCCQ-
TSS was observed in 55.6% of patients in the dapagliflozin
group and 49.3% in the placebo group. A 5-point or
greater deterioration was observed in 25.2% of the dapa-
gliflozin group and 31.0% of the placebo group.

Win statistics are shown in Figure 2 and additionally sum-
marized in Table S4. The win ratio for model 1 (four tiers,
8 months) was 1.30 (95% CI, 1.23 to 1.36) for all patients in
both trials, 1.33 (95% CI, 1.23 to 1.43) for patients with
HFrEF (DAPA-HF), and 1.27 (95% CI, 1.18 to 1.36) for
patients with HFmrEF/HFpEF (DELIVER), demonstrating
more wins in the dapagliflozin group in all three analyses. In
this short, 8-month follow-up period, the majority of wins
and losses were accounted for by KCCQ-TSS; 52.4% were
settled by the KCCQ-TSS tier in the pooled cohort. Compa-
rable analyses using conventional statistical approaches to
the analysis of total (first and recurrent) worsening HF
events and cardiovascular death and KCCQ-TSS are shown
in Table 2. The results of sensitivity models including alter-
native approaches to analyzing the change in KCCQ-TSS
are shown in Table S4. These alternative approaches
included prioritizing deterioration over improvement, the
use of different point thresholds to define improvement and
deterioration, and analyzing changes in KCCQ-TSS as a
continuous variable (sensitivity models 1 to 4). All of these
analyses gave win ratios similar to that of the main analysis;
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Table 1. Characteristics of the Patients at Baseline.*
HFYrEF (DAPA-HF) HFmrEF/HFpEF (DELIVER)

Characteristic Dapagliflozin (n=2373) Placebo (n=2371) Dapagliflozin (n=3131) Placebo (n=3132)
Age (yr) 66.2+11.0 66.5+10.8 71.849.6 71.549.5
Female sex 564 (23.8) 545 (23.0) 1364 (43.6) 1383 (44.2)
Region

Europe and Saudi Arabia 1094 (46.1) 1060 (44.7) 1494 (47.7) 1511 (48.2)

North America 335 (14.1) 342 (14.4) 428 (13.7) 423 (13.5)

South America 401 (16.9) 416 (17.5) 602 (19.2) 579 (18.5)

Asia/Pacific 543 (22.9) 553 (23.3) 607 (19.4) 619 (19.8)
Race

White 1662 (70.0) 1671 (70.5) 2214 (70.7) 2225 (71.0)

Asian 552 (23.3) 564 (23.8) 630 (20.1) 644 (20.6)

Black or African American 122 (5.1) 104 (4.4) 1(2.6) 78 (2.5)

Other 37 (1.6) 32 (1.3) 206 (6.6) 185 (5.9)
Systolic blood pressure (mmHg) 122.0£16.3 121.6£16.3 128.2+15.4 128.2£15.3
Laboratory values

eGFR (ml/min/1.73 m?) 66.0£19.6 65.5+19.3 61.2+19.0 60.9£19.3

NT-proBNP (ng/l) 1427.6 (857.0-2654.9) 1445.8 (856.8-2641.1) 1021.0 (625.0-1777.0) 1005.0 (620.0-1735.0)
Heart failure characteristics

Prior heart failure hospitalization 1124 (47.4) 1127 (47.5) 1270 (40.6) 1269 (40.5)

NYHA functional class

I 1606 (67.7) 1597 (67.4) 2314 (73.9) 2399 (76.6)
v 767 (32.3) 774 (32.6) 817 (26.1) 732 (23.4)

Baseline KCCQ-TSS 77.1 (58.3-91.7) 77.1 (60.4-91.7) 72.9 (54.2-88.5) 72.9 (56.3-87.5)

Baseline LVEF (%) 32.0 (26.0-37.0) 32.0 (25.0-36.0) 54.0 (46.0-60.0) 54.0 (47.0-60.0)
Clinical history

Type 2 diabetes 993 (41.3) 990 (41.8) 1401 (44.7) 1405 (44.9)

AF 916 (38.6) 902 (38.0) 1711 (54.6) 1754 (56.0)

Hypertension 1762 (74.3) 1761 (74.3) 2755 (88.0) 2798 (89.3)
Medical therapy

ACEi, ARB or ARNI 2235 (94.2) 2207 (93.1) 2420 (77.3) 2412 (77.0)

Beta-blocker 2278 (96.0) 2280 (96.2) 2592 (82.8) 2585 (82.5)

MRA 1696 (71.5) 1674 (70.6) 1340 (42.8) 1327 (42.4)

Loop diuretic 1907 (80.4) 1918 (80.9) 2403 (76.7) 2408 (76.9)

* Data are presented as mean £SD or median (interquartile range) for continuous measures and number (percent) of patients for categorical
measures. eGFR and NT-proBNP were missing for one patient in the dapagliflozin group in HFrEF, one patient in the placebo group in HFrEF, and
one patient in the placebo group in HFmrEF/HFpEF. NYHA functional class was missing for one patient in the placebo group in HFmrEF/HFpEF.
Baseline KCCQ-TSS was missing for 139 patients in the dapagliflozin group in HFrEF, 162 patients in the placebo group in HFrEF, 228 patients in the
dapagliflozin group in HFmrEF/HFpEF, and 240 patients in the placebo group in HFmrEF/HFpEF. ACEi denotes angiotensin converting enzyme
inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; DAPA-HF, Dapagliflozin and
Prevention of Adverse Outcomes in Heart Failure trial; DELIVER, Dapagliflozin Evaluation to Improve the Lives of Patients with Preserved Ejection
Fraction Heart Failure trial; eGFR, estimated glomerular filtration rate; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart
failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; KCCQ-TSS, Kansas City Cardiomyopathy Questionnaire
total symptom score (range from 0 to 100, with a higher score indicating fewer symptoms and physical limitations); LVEF, left ventricular ejection
fraction; MRA, mineralocorticoid receptor antagonists; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and NYHA, New York Heart
Association.
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Figure 2. Effect of Dapagliflozin on the Hierarchical Composite Using Win Statistics.
The top panels show the results of the win statistics analysis of the hierarchical composite outcome in model 1 for the overall cohort,
patients with HFrEF in the DAPA-HF trial, and patients with HFmrEF/HFpEF in the DELIVER trial. The bottom panels show the results
for model 2. The win statistics with 95% confidence intervals (Cls) is described for each cohort. The horizontal bars at the top of the
figure show the overall proportion of wins (blue), losses (red), and ties (gray) in the dapagliflozin group for the hierarchical composite
outcome. The groups of colored bars below show the proportion of wins and losses for each tier included in the overall hierarchical
composite outcome. The widths of the Cls were not adjusted for multiplicity. Thus, the Cls should not be used to reject or not reject
treatment effects. Cl denotes confidence interval; HFmrEF, heart failure with mildly reduced ejection fraction; HFrEF, heart failure
with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; and KCCQ-TSS, Kansas City Cardiomyopathy
Questionnaire total symptom score (range from 0 to 100, with a higher score indicating fewer symptoms and physical limitations).
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only the analysis using KCCQ-TSS as a continuous variable
gave a lower win ratio (1.21 [1.16 to 1.26] vs. 1.30 [1.23 to
1.36] in the pooled cohort) with a smaller proportion of ties.
Comparable analyses of KCCQ-TSS using conventional sta-
tistical approaches for sensitivity analyses are shown in
Table S5.

Turning to model 2 (three tiers, full trial follow-up, no
KCCQ-TSS), the win ratio was 1.27 (1.16 to 1.40) for all
patients, 1.35 (1.18 to 1.54) in the DAPA-HF trial, and 1.22
(1.09 to 1.37) in the DELIVER trial. The comparable anal-
yses using Cox proportional hazards models and Lin,
Wei, Ying, and Yang methods are shown in Table 2. The
corresponding 1/rate ratios for the composite of total
(first and recurrent) worsening HF events and cardiovas-
cular death were 1.32 (1.19 to 1.45), 1.35 (1.17 to 1.57), and
1.29 (1.13 to 1.48), respectively. The results of a sensitivity
model including all-cause death instead of cardiovascular
death as the first tier of the hierarchy (sensitivity models
5 and 6) are summarized in Table S4. The results follow-
ing the addition of noncardiovascular deaths to the hier-
archy (sensitivity models 12 and 13) were similar to those
of the models without (sensitivity models 5 and 6). The
results of the analyses including all-cause death using
conventional statistical approaches are shown in
Table S6, and outcomes on noncardiovascular death are
shown in Table S7.

In model 2, despite the longer follow-up and nearly three
times as many worsening HF events and cardiovascular
deaths (and many more wins and losses for these events),
the proportion of ties was much higher than in model 1
because of the substantial contribution of KCCQ-TSS to
model 1. For all patients in both trials, the win odds were
1.19 (95% CI, 1.14 to 1.24) in model 1 and 1.08 (95% CI,
1.05 to 1.11) in model 2. The net benefits were 8.7% (95%
CI, 6.6 to 10.9%) in model 1 and 3.8% (95% CI, 2.3 to
5.3%) in model 2.

In the pooled cohort, the win ratio was substantially above
1 from early after randomization and gradually decreased
from around a value of 2 to reach a plateau after approxi-
mately 180days. Similar trends were observed in the
DAPA-HF and DELIVER trials (Fig. 3A-3C).

For total HF hospitalizations, the proportion of wins with
dapagliflozin was larger than the proportion of losses from
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early after randomization, and the difference increased to
reach a plateau after about 400 days (Fig. 3D-3F). For car-
diovascular death, a difference between the proportion of
wins and losses took longer to emerge and did not plateau
until later in the DAPA-HF trial (and not at all in the
DELIVER trial and the pooled cohort) (Fig. 3D-3F). In other
words, over time, the percentage of pairs settled by cardio-
vascular death increased compared with those settled by
total HF hospitalizations, and this temporal change occurred
earlier in the DAPA-HF than the DELIVER trial. The propor-
tion of wins for urgent HF visits was greater than losses, but
the difference between these was small throughout the
follow-up. For comparison, the effects of dapagliflozin, com-
pared with those of placebo, over time plotted using the
Kaplan-Meier and the Nelson-Aalen methods are shown in
Figure S2.

Win ratios and proportion of wins, losses, and ties in the
dapagliflozin group for model 1 according to age, sex,
race, NYHA functional class, type 2 diabetes status, eGFR
category, and N-terminal pro-B-type natriuretic peptide
(NT-proBNP) level are shown in Figure 4. The win ratio
was significantly higher than 1.0 in all subgroups.

Discussion

In this analysis of the pooled DAPA-HF and DELIVER
data set, win statistics confirmed the benefits of dapagli-
flozin when using a hierarchical composite outcome and
demonstrated the flexibility of these methods in allowing
the incorporation of total worsening HF events and cardio-
vascular deaths as well as a patient-reported outcome. In
addition to the usual summary win ratio statistic presented
in such analyses, we were also able to depict the propor-
tion of wins and losses over time, akin to event rates over
time illustrated using conventional statistical methods,
and provide subgroup analyses in a conventional forest
plot. We also calculated the win odds, an alternative win
statistic that includes ties, and the net benefit (proportion
of wins minus proportion of losses), which was 8.7% in the
overall pooled cohort (9.8% in the DAPA-HF trial and
7.9% in the DELIVER trial).

The win ratio approach is similar to conventional time-to-
first-event analyses in that it follows the intention-to-treat
principle, but it has several important differences from
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Figure 3. Win Ratio and Proportion of Wins and Losses over Time.
The top panels show the win ratio for model 2 over time in the overall pooled cohort (Panel A), patients with HFrEF in the Dapagliflozin
and Prevention of Adverse Outcomes in Heart Failure (DAPA-HF) trial (Panel B), and patients with HFmrEF/HFpEF in the Dapagliflozin
Evaluation to Improve the Lives of Patients with Preserved Ejection Fraction Heart Failure (DELIVER) trial (Panel C). The bottom panels
show the proportion of wins and losses in patients treated with dapagliflozin over time in model 2 in the overall pooled cohort (Panel D),
patients with HFrEF in the DAPA-HF trial (Panel E), and patients with HFmrEF /HFpEF in the DELIVER trial (Panel F). In Panels A to C,
the solid line shows a continuous win ratio and the interrupted lines on either side of the 95% Cl. Vertical dotted lines in Panels A to C
indicate the win ratio at 1.30 (Panel A), 1.33 (Panel B), and 1.27 (Panel C). Each figure is plotted every 10 days up to 720 days. The
widths of the Cls were not adjusted for multiplicity. Thus, the Cls should not be used to reject or not reject treatment effects. Cl denotes
confidence interval; HFmrEF, heart failure with mildly reduced ejection fraction; HFrEF, heart failure with reduced ejection fraction; and

HFpEF, heart failure with preserved ejection fraction.

time-to-first-event analyses and total events analysis of
composite outcomes using regression-based approaches.
The most obvious difference is that the events are ana-
lyzed according to a hierarchy. In this analysis, cardiovas-
cular death was considered the most important event and
was tested first in the win ratio hierarchy. Unlike a time-
to-first-event analysis, the win ratio includes all cardiovas-
cular deaths, even those occurring after a worsening HF
event. Newer total events analyses, for example, using the
Lin, Wei, Ying, and Yang method, also include all cardio-
vascular deaths but differ from the win ratio in that wors-
ening HF events are not analyzed in patients winning or
losing because of cardiovascular death (the first tier of the
hierarchical analysis). The way multiple worsening HF
events are handled also differs. Clearly, in time-to-first-
event analyses, second and subsequent events are not

NEJM EVIDENCE

considered. Although these are included in the Lin, Wei,
Ying, and Yang method of total events, the win ratio
approach can take account of both the number of events
and the timing of events. In our approach, for the analysis
of tier 2 (HF hospitalizations), we first compared the num-
ber of HF hospitalizations, with a win or loss decided by
the number of hospitalizations. However, if the number of
HF hospitalizations was the same, a win or loss was then
decided by the timing of the first HF hospitalization.

A further advantage of win statistics is that they can
include patient-reported outcomes (and other outcomes,
such as changes in biomarkers) which can be logically
incorporated into a clinical hierarchy. We incorporated the
KCCQ-TSS as the final tier of the win ratio hierarchical
composite. The prespecified analysis of KCCQ-TSS in
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Yes 39.7% 28.7%
eGFR (ml/min/1.73m?)

<60 39.4% 30.2%

=60 37.0% 28.8%
NT-proBNP (pg/ml)

<839 35.8% 28.5%

839-1693 37.5% 28.7%

=>1694 41.0% 30.9%

Ties

32.4%

32.5%
32.4%

32.6%
32.3%

31.7%
33.9%
33.2%
38.9%

33.7%
29.2%

33.0%
31.6%

30.4%
34.2%

35.7%
33.8%
28.1%

Win Ratio
(95% Cl)
—m— 1.30 (1.23-1.36)
—— 1.30 (1.18-1.42)
—— 1.29 (1.20-1.39)
—a— 1.22 (1.06-1.37)
—m— 1.34 (1.26-1.42)
—m— 1.27 (1.19-1.35)
—. 1.33 (1.19-1.47)
= 1.51 (1.13-1.90)
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—— 1.24 (1.12-1.36)
—m— 1.23 (1.15-1.32)
—a— 1.38 (1.28-1.49)
—.— 1.31 (1.21-1.41)
—— 1.28 (1.19-1.37)
—a— 1.26 (1.10-1.42)
—— 1.31 (1.19-1.42)
—— 1.33 (1.22-1.43)
08 10 12 14 16 18 20
Placebo Better Dapagliflozin Better

Figure 4. Effect of Randomized Treatment on the Hierarchical Composite Outcome According

to Selected Subgroups.
This figure shows win ratios and the proportions of wins, losses, and ties in model 1 according to selected subgroups of patients
assigned to dapagliflozin. All subgroups were stratified by baseline type 2 diabetes and trial, and a subgroup for type 2 diabetes was
stratified by trial. The widths of the Cls were not adjusted for multiplicity. Thus, the Cls should not be used to reject or not reject
treatment effects. Cl denotes confidence interval; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-B-type

natriuretic peptide; and NYHA, New York Heart Association.

both trials was at 8 months, so we analyzed this 4-tier
composite at that time point. The most appropriate way
to analyze this component of the hierarchy is unknown and
has not been discussed elsewhere. For that reason, we car-
ried out extensive sensitivity analyses of the KCCQ-TSS
tier, including prioritizing deterioration over improvement,
using different change thresholds to define improvement
and deterioration, and analysis of KCCQ-TSS as a continu-
ous variable. All of these analyses gave consistent results in
favor of dapaglifiozin. In the analysis of KCCQ-TSS as a
continuous variable, this tier was settled by a difference
as small as one point (sensitivity model 4). Although the
proportion of wins with dapagliflozin for KCCQ-TSS was
considerably higher using this approach, the relative pro-
portion of wins to losses was smaller (44.9% wins and
37.9% losses in sensitivity model 4 vs. 29.4% wins and
23.0% losses in model 1), resulting in a lower overall win
ratio (1.21 vs. 1.30). This apparent attenuation of the

NEJM EVIDENCE

treatment effect is due to the win ratio approaching the
win odds because of the small number of ties resulting
from the use of KCCQ-TSS as a continuous variable (see
below). Other components could be added to a hierarchical
composite and analyzed, in a similar fashion, as a continu-
ous variable, for example, changes in LVEF or NT-proBNP.
Finally, a detailed evaluation of the proportion of wins and
losses in the model with the KCCQ-TSS allows for an
understanding of the effect on the composite outcome by
including this component; for example, the net benefit for
tiers 1 to 3 in model 1 is 2.4%, but including the KCCQ-
TSS increases this to 8.7%.

As an alternative approach, the proportional odds model
also can be used to analyze hierarchical outcomes. How-
ever, it requires a proportional odds assumption, whereas
the win statistics approach does not. The proportional
odds assumption can be used only for a fixed follow-up

11

For personal use only. No other uses without permission. Copyright © 2023 Massachusetts Medical Society.



period. In addition, win statistics are easier to interpret
than the common odds ratio from the proportional odds
model.

Although noncardiovascular death constituted a compet-
ing risk for all outcomes in the hierarchy, we used cardio-
vascular death as the first tier because dapaglifiozin was
unlikely to reduce the risk of noncardiovascular death.”
Consistent with this perspective, the win ratio was lower
(i.e., less) when all-cause death was used as the tier 1
event in the sensitivity analyses.

Win statistics are affected by the duration of follow-up, the
censoring distribution, and competing risks.'”'“" Short-
term win statistics may differ from longer-term win statistics
due to varying effects of treatment on each component of
the hierarchy over time.”>”* Therefore, describing changes
in the win ratio over time and the proportions of wins and
losses over time for each tier of the hierarchy is important
for understanding the effect of a treatment, as these may
differ over time between treatments or according to the
component events in the hierarchy. Examining trends over
time has been proposed but rarely performed, but it may be
useful to clinicians used to such illustrations provided by
conventional analyses (e.g., Kaplan-Meier curves).”” One
criticism of the win ratio is that until recently only a
summary statistic was provided, with no depiction of the
temporal effect of therapy on the win ratio or other win sta-
tistics.””** However, analytical methods have now been
developed that allow this to be done, and in the present
analyses, we illustrated the evolution over time of the pro-
portion of wins and losses for both worsening HF events
and cardiovascular deaths.”® These figures break down the
composite into its components, shown on a single graphic.
Although superficially similar to Kaplan-Meier or cumula-
tive incidence curves, the y axis (proportion of wins/losses)
does not quantify the incidence of events, although in the
examples provided, the proportions of wins and losses did
relate to incidence rates (more wins/losses with higher
incidence rate). We observed a gradual leveling off of the
proportion of wins and losses for HF hospitalizations, as the
number of pairs compared in this second tier decreased due
to the increase over time in cardiovascular deaths, contribut-
ing to tier 1 event analysis (see above). Also, with longer
follow-up, because many patients are censored earlier, the
increase in the pairs available to change the proportion of
wins and losses decreases.

The win ratio has been criticized because it ignores ties,
which may lead to exaggeration of the treatment effect by

NEJM EVIDENCE

the win ratio. This is illustrated above in the comparison of
KCCQ-TSS analyzed as a categorical as opposed to a con-
tinuous variable. It has been proposed that the win odds,
which correspond to the odds of the patients in the active
group having a better outcome than the patients in the con-
trol group, is preferable to the win ratio when the strength
of the treatment effect is being interpreted.'”* Despite
this, win odds have not been routinely reported.” " In this
study, although these generally gave results smaller than
win ratios, they still favored dapagliflozin.

Whereas the win ratio and win odds are relative quantita-
tive indicators (similar to the hazard ratio), the net benefit
is an absolute quantitative indicator measure (similar to
absolute risk reduction). Although the Z values of the
three statistical tests (win ratio, win odds, and net benefit)
are approximately equal and the tests provide similar
P values, it may be desirable to provide all three win statis-
tics, as they are complementary and give a more complete
overall analytical picture.*

Prior studies have examined the impact of using win ratio
approaches on the sample size required to conduct a clini-
cal trial in HF.” The effect of using the win ratio on power
and sample size is not consistent, and using a win ratio
does not guarantee that a smaller sample size is required
or that power is increased. Rather, when continuous or
categorical outcomes are included in the hierarchy, power
is influenced by the treatment effect on the added compo-
nents.” A power calculation for any trial that aims to use
the win ratio must therefore use simulations that account
for various treatment effects on each of the outcomes in
the hierarchy. The components of composite outcomes
must be chosen carefully so that they are potentially modi-
fiable by the intervention being tested.

There are several limitations to this study. First, in our anal-
ysis of recurrent events, we determined a win or loss accord-
ing to which of the patient pair had an earlier event if the
number of events was the same; however, there are alterna-
tive approaches, such as comparing the timing of the last
event.”’® Second, although we believe that the method
we used to graph the win ratio over time demonstrates
the impact of censoring and is easy to understand, other
methods of statistically correcting and presenting these
data (e.g., inverse probability weighting) have also been pro-
posed.”™*"*" Third, as with other statistical approaches,
when evaluating the effect of treatment on a composite
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outcome, the effect of the treatment on each component
must be inspected, especially as a large benefit on nonfatal
outcomes might obscure an increase in mortality if mortality
is relatively infrequent. Fourth, as yet, the win ratio has not
been expanded to trials with more than two arms, although
extensions to sequential testing may make this possible; this
topic therefore requires further research. Finally, we were
aware of the effect of the randomized therapy on the out-
comes used to create the hierarchical composite outcome,
although we do not believe that the ranking of these out-
comes is controversial and we believe that it reflects patient,
clinical, regulatory, and payer perspectives on their relative
importance. Although the effect of therapy on the hierarchi-
cal outcomes was not surprising, in light of the primary
results of the trials examined, our results show how the win
statistics can be used and how they may differ so that fur-
ther clinical trials can be designed with these outcomes to
be tested a priori.

Conclusions

These analyses provided a comprehensive presentation of
win statistics and illustrated the utility and flexibility of win
statistics in describing the effects of a treatment, dapagli-
flozin, shown to be beneficial in two recent clinical trials in
HF. Not only was it possible to create a single hierarchical
composite outcome reflecting the clinical importance of
the component events, but it was also possible to account
for recurrent events as well as first events and incorporate
a patient-reported outcome in the composite. With recent
advances in win statistics methodology and graphical pre-
sentation, these approaches may offer a useful alternative
to conventional statistical analyses of clinical trials.
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