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Abstract

Objectives: The win ratio (WR) has been used with increasing frequency in clinical trials with hierarchical composite end points. This
meta-epidemiological study aims to systematically evaluate the contemporary use of the WR in clinical trials. Specifically, we sought to (1)
describe temporal trends in WR application, (2) quantify its use across therapeutic areas, and (3) examine component directional contri-
butions and conclusion consistency between analyses summarized by the WR and the original analyses.

Methods: We conducted a systematic review (PRISMA 2020) of PubMed, Embase, and Web of Science (search date: 26 March 2025).
Eligible studies were published clinical trials or reanalyses that summarized treatment effects using the WR based on individual data.
Studies were classified by application type (prespecified vs reanalysis) and mapped to International Classification of Diseases (ICD-10)
categories. After inclusion, we further screened for studies with comparable data, then performed two comparisons: first, the component
directional contribution between end point component and the overall WR result; and second, the conclusion-level consistency between
each WR-reported analyses and the conclusions of the original trials.

Results: A total of 90 studies were included: 35 prespecified end point analyses and 55 reanalyses. Circulatory system trials accounted
for about 80% of the applications. We included 57 studies for comparison, and discrepancies between component-level results and overall
conclusions were common. In prespecified end point analyses, 36 of 139 components (25.9%) had directional discordance or neutrality with
the overall WR point estimate, compared with 17.0% in reanalyses, although the difference was not statistically significant (generalized
linear mixed-effects model with study as a random effect, P = .114). Among the 35 studies included for conclusion-level comparison,
22 reached WR-reported conclusions that were consistent with those of the original trials. Nearly all observed discrepancies in conclusions
were associated with changes in the selection or prioritization of end point components.

Conclusion: The use of the WR in clinical research has steadily increased and is expanding beyond cardiovascular trials. Hierarchical
composite end points constructed using the WR may differ from conventional composites in component selection, and directional discor-
dance among components is not uncommon. In WR-reported reanalyses, changes to end point components may influence clinical interpre-
tation. Careful attention to the appropriate use of the analytical framework, end point definition, and result interpretation is essential to
ensure the interpretability and validity of WR-reported analyses. © 2026 The Author(s). Published by Elsevier Inc. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The win ratio (WR) is being used more frequently in
clinical trials, since its introduction in 2012 as an alterna-
tive to traditional composite outcomes [1]. Traditional com-
posite end points are limited to components of the same
type and often present interpretative challenges, particu-
larly when weighing the relative importance of individual
components. WR offers a statistical framework for
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What is new?

Key Findings

e The use of the win ratio (WR) in clinical trials has
increased, with most applications found in cardio-
vascular research. Directional discordance or
neutrality between individual components and the
overall WR result was common. Most conclu-
sion-level discrepancies were associated with
changes in end point selection or prioritization.

What this adds to what is known?

e This meta-epidemiological study systematically
maps contemporary WR applications by applica-
tion type and therapeutic area. It further links
component-level directional discordance and
conclusion-level consistency to changes in hierar-
chical end point structure.

What is the implication and what should change

now?

e WR-reported analyses should clearly justify end
point component selection and prioritization. Trial
reports should transparently present level-specific
win-loss results and inferential methods to support
clinical interpretation.

analyzing hierarchical composite end points composed of
mixed outcome types (eg, time-to-event, binary, contin-
uous), and can also accommodate recurrent events [2,3],
while explicitly incorporating prespecified clinical prioriti-
zation of components, thereby allowing the inclusion of
patient-reported  outcomes (PROs) and laboratory
measures—an essential advancement for patient-centered
trial design [4].

The flexibility in end point types, intuitive interpret-
ability of results, suitability for analyses that violate con-
ventional  parametric ~ assumptions, and improved
information efficiency and statistical power have all
contributed to the growing interest in the WR [5,6]. WR
has often been used alongside the original Finkelstein—
Schoenfeld (FS) test, and is now a widely used effect measure
within hierarchical end point analyses under the generalized
pairwise comparison framework [7,8].

Although the WR has gained considerable attention for
analyzing prioritized outcomes, its real-world application
has not been systematically quantified. In particular, its
application may potentially influence clinical decision-
making by altering the interpretation of trial results—
especially when the incorporation of additional outcome
components changes the clinical meaning of composite
end points. In some cases, the WR has been used to

introduce new components without adequately addressing
their impact on the overall clinical conclusions.

This meta-epidemiology research aims to address these
gaps by providing a comprehensive synthesis of how and
where the WR has been applied in contemporary clinical
trials. Specifically, this research aims to (1) describe the
time trends of WR application in clinical trials; (2) quantify
its application landscape across therapeutic domains; and
(3) focus on component-level contributions and, where
applicable, assess the consistency between conclusions
from analyses summarized by the WR and those from the
original statistical analyses, thereby evaluating the potential
impact of methodological adaptations on clinical
interpretation.

Collectively, this work seeks to offer an overview of the
contemporary applications, methodological considerations,
and practical challenges associated with using the WR in
clinical trials.

2. Method
2.1. Systematic review of WR applications

This review was conducted in accordance with the
PRISMA 2020 (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines [9]. A systematic
literature search was conducted in three major electronic
databases—PubMed, Embase, and Web of Science—on
March 26, 2025. The search term was restricted to “win ra-
tio,” with no limitations on language or publication date.
After deduplication, titles and abstracts were screened inde-
pendently by two reviewers (Q.L. and Y.Z.), followed by
full-text assessment. Disagreements about inclusion or
exclusion were resolved by discussion; if unresolved, a
third reviewer adjudicated. The following eligibility criteria
were applied:

Inclusion criteria:

1. Clinical trials in which the WR method was applied
to the analysis of trial results, including use in prespe-
cified primary/secondary end point analyses and rean-
alyses (including subgroup analyses, pooled analyses,
and long-term outcome assessments).

2. Analyses must be based on individual-level partici-
pant data, derived from either single trials or pooled
datasets.

Exclusion criteria:

. Methodological or theoretical studies and reviews;

. Clinical trial protocols;

. Conference abstracts and commentaries;

. Observational studies, including cohort studies, regis-
try studies, and cross-sectional studies.

RS NELOS I N R

Following systematic literature screening and selection,
records were classified into two categories based on study
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design and the specific application of the WR: (1) use of the
WR to analyze prespecified end points (Published in major
publications; excluding sensitivity and exploratory ana-
lyses) (2) reanalyses of completed trials using the WR,
including subgroup analyses, pooled analyses, and long-
term outcome assessments, defined as studies analyzing
long-term follow-up outcomes not included in the original
primary trial publication.

To ensure accurate identification and avoid duplication,
the clinical trials referenced in each study were further
tracked using unique trial identifiers, such as
ClinicalTrials.gov registration numbers (NCT numbers) or
other relevant registry codes.

In addition to methodological categorization, studies
were also classified according to their therapeutic areas,
aligned with the major chapters of the International Classi-
fication of Diseases (ICD-10) classification system. We also
examined the application of the WR in long-term analyses,
with a focus on whether the WR-reported hierarchical end
point analysis was newly introduced compared with the
original trial publications.

2.2. Data extraction and end point characterization

After completing the review and classification of the
included studies, we further extracted detailed information
regarding the use of the WR, focusing primarily on efficacy
end point analyses, including trial characteristics and sam-
ple size (number randomized), end point components,
win—loss counts by hierarchical level (when reported),
and study conclusions. The characterization of end points
was based on two aspects: changes in their composition
(eg, the number of components and the types of newly
added components), and the presence of a hierarchical
structure. We regarded the end points as equivalent when
the original study employed a composite end point and
the subsequent hierarchical end point analysis summarized
by the WR retained an identical set and number of under-
lying clinical components, even if their operational defini-
tions or expressions were modified. This scenario was
defined as “Composite Refined to Hierarchical (no changed
in components)”’. We did not differentiate between
different expressions of the same component (e, (i)
whether the event occurred, (ii) how soon the event
occurred, (iii) how many events occurred, or (iv) how se-
vere the events were) [4], and treated them as equivalent.
For example, ‘““any hospitalizations” was considered equiv-
alent to “time to hospitalization”. Component outcomes in
traditional composite end points are typically expressed in a
uniform format, such as binary or time-to-event outcomes,
thereby restricting end point structures, whereas WR allows
greater flexibility in the types of outcomes included. Given
the common use of such transformations when moving
from traditional composite end points to hierarchical com-
posite end points, we assumed equivalence for the purpose
of our assessment.

2.3. Component directional contribution

To evaluate study end points, we considered only the
first WR-based composite end point reported in each study,
typically corresponding to the primary analysis, without
considering sensitivity analyses or alternative end point
definitions. We defined directional contributions as concor-
dant, discordant, or neutral [8]. We compared the numbers
of wins and losses (absolute counts were used as the first
criterion when available, followed by percentages) for each
hierarchical level to determine whether the direction of
each component was aligned with the direction of the over-
all WR point estimate. If aligned, the component was clas-
sified as exhibiting directional concordance; if opposite, as
exhibiting directional discordance; and if wins and losses
were equal, as directionally neutral. During data extraction,
we found that not all studies reported win—loss counts for
each level. When such information was unavailable, our
principle was to infer which group the individual compo-
nent favored.

After completing agreement assessments, we quantified
the win contribution of hierarchical components by calcu-
lating the proportion of wins attributable to each level
among all wins:

Wi
L
> Wi

m=1

Ck:

where W, denotes the number of wins determined at the
k-th hierarchical level and L represents the total number
of hierarchical levels. In the present analysis, we specif-
ically compared the contribution of the highest-priority
component (C;) with that of the lowest-priority component

(Co).

2.4. Conclusion-level consistency

Conclusion-level consistency (within the same study)
was defined as whether the conclusions derived from
WR-reported hierarchical end point analyses were consis-
tent with those from the original studies using their original
analytic methods. To assess the consistency of conclusions,
we adopted the concept of “‘regulatory agreement” [10].

In assessing conclusion-level consistency, considering
the possibility that reanalyses may involve different ap-
proaches, such as matched vs. unmatched comparisons, or
include various types of sensitivity analyses, we catego-
rized the agreement between conclusions into three groups:
agree, disagree, and possibly disagree. WR-based results
were classified as agree if they supported a consistent
conclusion, and as disagree if they did not. The ‘““possibly
disagree” category was assigned when different analytic
strategies or component selections (eg, matched vs un-
matched comparisons, or a 3-component vs 4-component
end point) yielded divergent conclusions. Rather than
testing methodological robustness, we aimed to assess
whether the use of the WR resulted in meaningful shifts
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in the direction or strength of clinical conclusions, particu-
larly from a regulatory or decision-making perspective.

The applicable scope of the two types of consistency
evaluation was as follows:

For WR-reported analyses of prespecified secondary end
points (Published with major publications), we first as-
sessed component directional contribution and then
compared these results with the original primary end point
conclusions.

For WR-reported reanalyses of the original trial popula-
tion (excluding pooled analyses, subgroup analyses, and
long-term follow-up), we again first examined component
directional contribution and then reviewed each original

trial to determine whether the WR-based findings remained
consistent with the original trial conclusions.

2.5. Statistical analysis

For descriptive analyses, categorical variables were sum-
marized as frequencies and percentages, and continuous
variables were summarized as medians (IQR), because
normality testing indicated that none of the variables were
normally distributed. Publication year was summarized as a
range (minimum—maximum). In addition, when comparing
the proportion of different types of contributions across
article types, because each study could contribute multiple

Records identified through databasesearching
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~"  Duplicates records excluded
n=438
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. 118 Methodological research and review
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(n=35)

Primary endpoint
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Secondary endpoint
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Re-analysis
using win ratio
(n=55)

30 Records excluded
18 Subgroup analysis
6 Long-term analysis
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Re-analysis conclusion |
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Figure 1. Flowchart of study selection and scenario establisher.



Q. Li et al. / Journal of Clinical Epidemiology 196 (2026) 112315 5

components, we used generalized linear mixed-effects
models with study as the clustering unit. For the compari-
son between the highest-priority and lowest-priority
components, we used the exact McNemar’s test. The
two-sided significance level was set at 0.05. Data collection
and organization were performed using Excel 2021, with
SAS 9.4 (SAS Institute Inc, Cary, North Carolina, USA)
used for supplementary analyses and R 4.2.1 software em-
ployed for data visualization.

3. Results
3.1. Summary of WR applications

As shown in Figure 1, a total of 1609 records were iden-
tified through systematic searches of PubMed, Embase, and
Web of Science. In addition, one study published after the
search date was manually added, and six further studies
were added through cross-checking during data extraction,
bringing the total to 1616 records.

Following full-text review and application of inclusion
and exclusion criteria, 90 studies were ultimately included
and categorized based on their analytical focus. Among
them, 35 studies analyzed prespecified end points, each cor-
responding to a unique clinical trial. Fifty-five studies were
reanalyses of clinical trials, covering overall trial popula-
tions, prespecified secondary analyses that were not re-
ported with the primary results, specific subgroups, as
well as pooled and long-term analyses. In addition, one
sensitivity analysis and one exploratory analysis of a pre-
specified end point were included.

Trends by Category (2012-2025)

Category

20 Pre-specified Primary Endpoint
Pre-specified Second Endpoint

Re-analysis of the Clinical Trial

=

Number of Studies Applying the Win Ratio Method
3

Figure 2 illustrates the temporal trends in clinical studies
applying the WR, categorized by type of application, from
2014 to the date of literature retrieval (March 26, 2025).
The results reveal an overall upward trend in the number
of studies using WR for outcome analysis over time, with
a noticeable acceleration after 2020, although the formal
test for trend was not statistically significant. All categories
demonstrate increasing uptake, reflecting the growing
recognition and acceptance of the WR across diverse clin-
ical research settings. It is also worth noting that the data
for 2025 only cover the first quarter; therefore, the total
number of studies for the full year is likely to be higher,
suggesting that the application of the WR will continue
to rise. Among the 23 studies (each corresponding to a
distinct clinical trial) using WR to summarize the primary
end point, the trial information is shown. One study was
a secondary analysis conducted after the primary end point
did not meet its prespecified hypothesis; we categorized
this study as using the WR to summarize secondary end
points [11].

Figure 3 presents the distribution of disease categories,
classified according to the major chapters of ICD-10, based
on the primary objectives and primary end points of the
clinical trials that applied the WR method.

Across all categories, diseases of the circulatory system
(ICD-10 Chapter IX) overwhelmingly dominate the use of
the WR, accounting for 78.3% (18/23) in studies analyzing
prespecified primary end points, 75.0% (9/12) in those
analyzing secondary end points, and 85.5% in reanalysis.
Although less common, applications of the WR method
were also observed in other ICD chapters, such as neo-
plasms, respiratory diseases, nervous system disorders,

2012 2013 2014 2015 2016 2017

2019 2020 2021 2022 2023 2024 2025

Figure 2. Temporal trends in the application of the win ratio in clinical trial outcome analyses.
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2(8.7%)

Lox
W 1(13)1(1.5)‘1(1-&

C xix118)

2(3.6)

Xvii
1(8.3%)

Category

|-Certain infectious and parasitic diseases

II-Neoplasms

IV-Endocrine, nutritional and metabolic diseases

IX-Diseases of the circulatory system

VI-Diseases of the nervous system

X-Diseases of the respiratory system

XIX-Injury, poisoning and certain other consequences of external causes
XVII-Congenital malformations, deformations and chromosomal abnormalities

XVIII-Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified

Figure 3. Distribution of disease categories applying the win ratio based on ICD-10 Classification. A, Prespecified analyses—primary end points.
B, Prespecified analyses—secondary end points. C, Reanalyses. ICD-10, International Classification of Diseases.

endocrine and metabolic diseases, and infectious
diseases—primarily within the context of reanalyses, each
representing a smaller proportion of the overall studies.
For studies analyzing long-term outcomes using the WR
(6 studies involving seven clinical trials), WR was newly intro-
duced in four cases. The remaining two studies used the WR
consistently across both initial and follow-up publications.

3.2. Characteristics of studies included in the
assessment

After reviewing the application trends of the WR
method, we examined the study end points and assessed
component directional contribution and conclusion-level
agreement (including all studies classified as prespecified
analyses and reanalyses, excluding subgroup, pooled, and
long-term follow-up analyses because these change the
study population or follow-up status). In those trials
applying the WR, the majority of analyses were performed
on hierarchical composite end points. Two studies applied

the WR to a nonhierarchical composite end point. These
two studies were excluded from subsequent comparisons.
The characteristics of all studies included in the compari-
sons are presented in Table 1.

Among the 33 prespecified studies (each an independent
trial) published between 2018 and 2025, almost all were
randomized (97.0%) and fewer than half were blinded
(48.5%). The 25 reanalysis studies, conducted between
2015 and 2025 with no duplication of trial populations,
were 96.0% randomized and 64.0% blinded. The median
number of composite end point components was 4.0
(3.0—6.0) in prespecified studies and 3.0 (3.0—4.0) in rean-
alyses. The Finkelstein—Schoenfeld test was the most
frequently reported method for P value -calculation,
whereas confidence intervals were mainly derived using
bootstrap or asymptotic normal approximation (including
analytic/asymptotic normal or Wald-type approximations,
large-sample approximations from regression or rank-
based tests, and the Gehan—Wilcoxon method); however,
many studies did not report the specific inferential methods.
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Characteristic

Study type

Prespecified study (n = 33)

Reanalysis study (n = 25)

Publish-year, min-max
Randomization
Blinding
Unmatched
Sample size, median (IQR)
Primary, median (IQR)
Secondary, median (IQR)
Number of components, median (IQR)
Primary
Secondary
Patient-reported outcomes
Pathophysiological measures
Method for P value
Finkelstein—Schoenfeld test
Bootstrap
Asymptotic normal inference
NR
NA
Method for Cl
Bootstrap
Asymptotic normal inference
NR
NA
Conclusion (positive)
Primary
Secondary

Win—loss counts by level reported

2018-2025
97.0% (32 33)
48.5% (16/33)

100% (33/33)
507 (337—632)

2015-2025
96.0% (24/25)
64.0% (16/25)

(
92.0% (23/25)
3883 (337—11052)

507 (215—632) NA
507.5 (360—878) NA
3.0 (3.0-4.0)
3.0-5.0) NA
4.0-7.0) NA

(

(

(

(

(

0 (3.0-6.0)
0 (

5 (

42.4% (14/33)
39.4% (13/33)

30.3% (10/33)
3.0% (1/33)

27.3% (9/33)

33.3% (11/33)

6.1% (2/33)

15.2% (5/33)
18.2% (6/33)
63.6% (21/33)
3.0% (1/33)
48.5% (16/33)
39.1% (9/23)
70% (7/10)
69.7% (23/33)

/33
/33

20.0% (5/25)
36.0% (9/25)

5/25)
1/25)
1/25)
11/25)
7/25)

IS
Q
>

~ o~~~

28.0%

16.0% (4/25)
32.0% (8/25)
52.0% (13/25)
0%
68.0% (17/25)
NA
NA
84.0% (21/25)

Contribution of the C;, median (IQR)
Contribution of the C;, median (IQR)

13.3% (4.9-24.0) (n = 21)
37.3% (14.1-57.4) (n = 21)

35.3% (19.4—45.9) (n = 20)
30.5% (18.9-42.3) (n = 20)

Cl, confidence interval; NA, not applicable (no distinction between primary and secondary end points; no P values; no confidence intervals
[CIs]); NR, not reported; C;, highest-priority component; C;, lowest-priority component.

Table 2 shows more details on prespecified end point. In
almost all studies, death was placed as the top-priority
component in the hierarchical composite end point, and
in many cases, it was defined as all-cause mortality. Only
one study in the field of orthopedics used radiographic heal-
ing as the top-priority component, as adverse events such as
death were extremely rare in that patient population [12].
Furthermore, PROs and pathophysiological components
were also frequently included in these hierarchical compos-
ite end points. The WR was used to summarize secondary
hierarchical end points consisting of 2—7 components. In
nearly all cases, these hierarchical composite secondary
end points encompassed the original primary end point.
In most studies, intercomponent correlation was not explic-
itly considered in sample size planning at the trial design

stage; only four studies incorporated assumptions about
correlations between components.

Furthermore, we observed that the application of the WR
method is not limited to extending adverse clinical events to
include PROs or pathophysiological measures. In some
cases, trials originally designed with pathophysiological
measures as primary end points incorporated clinical adverse
events, such as death, when using the WR for analysis. For the
highest-priority component—death—both all-cause mortality
and cause-specific mortality (eg, cardiovascular death) were
used, whereas two studies conducting WR analyses excluded
death from their hierarchical end points [12,13].

As shown in Table S1, from the perspective of end point
definition when analyzing the same study population with
different analytical approaches, 25 reanalyses (excluding
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Analysis ID

Author

Year

Trial

Trial identifiers

Sample size

End point

WR-based prespecified primary end point analysis

PE-1

PE-2

PE-3

PE-4

PE-5

PE-6

PE-7

PE-8

PE-9

PE-10

PE-11

PE-12

Mathew S. M.

Kosiborod, M. N.

Lopes, R. D.

Bohula, E. A.

Fonseca, H. A. R.

Hepprich, M.

Shah, S. J.

Voors, A. A.

Freund, Y.

Mentz, R. J.

Richard, J. C.

Sorajja, P.

2018

2021

2021

2022

2022

2022

2022

2022

2023

2023

2023

2023

ATTR-ACT

DARE-19 [33]

ACTION [34]

COVID-PACT [35]

VIP-ACS [36]

11371

REDUCE LAP-HF Il [38]

EMPULSE [39]

/1401

FAIR-HF [41]

VT4ACOVID [42]

TRILUMINATE [43]

NCT01994889

NCT04350593

NCT04394377

NCT04409834

NCT04001504

NCT04510493

NCT03088033

NCT04157751

NCT04653597

NCT03037931

NCT04349618

NCT03904147

441

1250

615

390

1801

116

626

530

237

3065

215

350

(1) Mortality

(2) Hospitalization

(1) Death from any cause through day 30

(2) New/worsened organ dysfunction

(3) Clinical status at day 30 for patients
still hospitalized and without any
worsening organ dysfunction

(4) Hospital discharge before day 30 and
alive at day 30

(1) Time to death

(2) Duration of hospitalization

(3) Duration of supplemental oxygen use
through 30 d.

(1) Death attributable to venous or arterial
thrombosis

(2) Pulmonary embolism

(3) Clinically evident DVT

(4) Type 1 myocardial infarction

(5) Ischemic stroke

(6) Systemic embolic or acute limb
ischemia

(7) Clinically silent DVT

(1) All-cause death

(2) Myocardial infarction

(3) Stroke

(4) Hospitalization for unstable angina

(5) Hospitalization for heart failure

(6) Urgent coronary revascularization

(7) Hospitalization for respiratory
infections

(1) Longer survival time

(2) Longer ventilation-free time

(3) Longer ICU-free time

(4) Shorter hospitalization time within
29 days

(1) Cardiovascular death or nonfatal
ischemic stroke

(2) Recurrent HF events

(3) Change in KCCQ

)
(1) Time to all-cause death
(2) Number of HF events
)
)

(3) Time to first HF event

(4) A >5 point difference in change from
baseline in the KCCQ-TSS after 90 d of
treatment

(1) Death

(2) ICU length of stay

(3) Hospital length of stay

(1) Death within 12 months

(2) Hospitalizations for heart failure
within 12 mo

(3) Change in the 6-minute walk distance
from baseline to 6 mo

(1) All-cause mortality at day 90

(2) Ventilator-free days at day 60

(1) Death from any cause or tricuspid-
valve surgery

(2) Hospitalization for heart failure

(3) An improvement in quality of life as
measured with the KCCQ, with an
improvement defined as an increase of
at least 15 points assessed at the 1-
year follow-up

(Continued)
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Analysis ID

Author

Year

Trial

Trial identifiers

Sample size

End point

PE-13

PE-14

PE-15

PE-16

PE-17

PE-18

PE-19

PE-20

PE-21

Gillmore, J. D.

James, S.

Lefaivre, K. A.

Rohde, L. E.

Stone, G. W.

Tavares, C. A. M.

Estep, J. D.

Hahn, R. T.

Jaber, W. A.

2024

2024

2024

2024

2024

2024

2025

2025

2025

ATTRibute-CM [44]

DAPA-MI [45]

COTS [12]

MESSAGE-HF [46]

RELIEVE-HF [47]

DEFENDER [48]

ALIVE [49]

TRISCEND II [50]

PEERLESS [51]

NCT03860935

NCT04564742

NCTO01766648

NCT04062461

NCT03499236

NCT05558098

NCT02931240

NCT04482062

NCT05111613

632

4017

193

699

508

507

126

400

550

(1) Death from any cause

(2) Cumulative frequency of
cardiovascular-related hospitalization

(3) The change from baseline in the NT-
proBNP level

(4) The change from baseline in the 6-
minute walk distance

(1) Death

(2) Hospitalization for HF,

(3) Nonfatal MI

(4) Trialibrillation/flutter event

(5) New diagnosis of type 2 diabetes

(6) NYHA Functional Classification at the
last trial visit

(7) Body weight decrease of 5% or more
from baseline to the last trial visit

(1) Radiographic healing

(2) Clinical fracture-healing.

(1) Time to cardiovascular death

(2) Time to first HF hospitalization

(3) Relative change of more than 20% in
NT-proBNP level from study inclusion
to 180 days of follow-up

(1) All-cause death

(2) Cardiac transplantation or LVAD
implantation

(3) HFHs

(4) Outpatient worsening HF events

(5) Change in KCCQ from baseline by at
least five points

(1) Hospital mortality

(2) Initiation of kidney replacement
therapy

(3) ICU length of stay through 28 d

(1) Cardiovascular mortality

(2) Hospital readmission for new or
worsening HF

(3) Improvement in the MLHFQ

(4) Improvement in 6MWT

(5) Improvement in NYHA functional
classification by > 1 grade.

(1) Any cause

(2) Durable implantation of a right
ventricular assist device or heart
transplantation

(3) Tricuspid-valve surgery or
percutaneous tricuspid intervention
after any index intervention

(4) Annualized rate of hospitalization for
heart failure

(5) An improvement of at least 10 points
in the score on the KCCQ-0S

(6) An improvement of at least one NYHA
functional class

(7) An increase in the 6-min walk
distance of at least 30 m.

(1) All-cause mortality

(2) ICH

(3) Major bleeding per International
Society for Thrombosis and Hemostasis
definition

(4) Clinical deterioration and/or
escalation to bailout therapy

(5) Postprocedural ICU admission and
length of stay.

(Continued)
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Analysis ID Author

Year

Trial

Trial identifiers

Sample size

End point

PE-22 Mieghem, N. M. V. 2025

PE-23 Konstam, M. A.

2024

TAVR UNLOAD [52]

AT HOME-HF [53]

WR-based prespecified secondary end point analysis

SE-1 Butler, J.

SE-2 Hill, K. D.

SE-3 Kandzari, D. E.

SE-4 Kosiborod, M. N.

SE-5 Mentz, R. J.

SE-6 MS Maurer

SE-7 Kosiborod, M. N.

SE-8 Donal, E.

2022

2022

2023

2023

2023

2023

2024

2025

DIAMOND [54]

STRESS Network [11]

SPYRAL HTN-ON MED [13]

STEP-HFpEF [55]

PARAGLIDE-HF [56]

APOLLO-B [57]

STEP-HFpEF DM [58]

Tri.Fr [59]

NCT02661451

NCT04593823

NCT03888066

NCT03229538

NCT02439775

NCT04788511

NCT03988634

NCT03997383

NCT04916470

NCT04646811

178

51

878

1263

337

529

466

360

616

300

(1) All-cause death

(2) Disabling stroke

(3) Hospitalizations related to HF
symptomatic aortic valve disease or
nondisabling stroke

(4) The change in KCCQ at 1 y.

(1) CV mortality

(2) HF hospitalizations

(3) Urgent ED/clinic visits for worsening
HF over 30 d)

(4) Change from baseline in NT-proBNP
at day 7

(1
(2
(3
(4
(5

(1

Cardiovascular death
Cardiovascular hospitalization
Severe hyperkalemia event
Moderate hyperkalemia event
Mild hyperkalemia event

Operative death

(2) Heart transplantation before discharge

(3) Severe kidney failure

(4) Postoperative mechanical circulatory
support

(5) Surgical delay, reoperation, or
unplanned catheterization

(6) Cardiac arrest, organ failure, or
mechanical ventilation support

(7) Postoperative hospitalization period

(1) Change in 24-h ambulatory systolic
blood pressure (SBP) from baseline to
6 mo, with a threshold of >5 mm Hg
(2) Change in medication burden at
6 months from baseline

(1) Death (any cause)

(2) No. of heart failure events

(3) Time to heart failure events

(4) Change in KCCQ-CSS >15

(5) Change in KCCQ-CSS >10

(6) Change in KCCQ-CSS >5

(7) Change in 6-min walk distance

(2) HF hospitalizations
(3) Urgent HF visits
(4) Change in NT-proBNP.

(1) Death from any cause

(2) Cardiovascular events

(3) Change from baseline in the 6-min
walk test distance

)
)
)
)
)
)
(1) Cardiovascular death
)
)
)
)
)
)

(1) Death from any cause

(2) Number and timing of heart failure
events

(3) Change in KCCQ-CSS from baseline to
week 52

(1) All-cause death

(2) Tricuspid valve surgery

(3) Time to heart failure hospitalization

(4) Improvement of >15 points in KCCQ
score

(Continued)
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Table 2. Continued

Analysis ID Author Year Trial

Trial identifiers Sample size

End point

SE-9 Gao, C. 2025 REC-CAGEFREE 11 [60]

SE-10 Shefner, J. M. 2025 COURAGE-ALS [61]

NCT04971356 1948

NCT04944784 486

(1) All-cause death

(2) Stroke

(3) Myocardial infarction,
(4) BARC type 3 bleeding
(5) Revascularization

(6) BARC type 2 bleeding

(1) ALSFRS-R total score

(2) Time to respiratory insufficiency

(3) Survival up to week 24

(4) Change from baseline to week 24 in
percentage predicted FVC

(5) ALSAQ-40 total score

(6) Handgrip strength

PE, primary end point; SE, secondary end point; 6MWD, 6-min walk distance; 6MWT, 6-min walk test; ALSAQ, Amyotrophic Lateral Sclerosis
Assessment Questionnaire; CV, cardiovascular; DVT, deep venous thrombosis; ED, emergency department; FVC, forced vital capacity; HF, heart
failure; ICH, intracranial hemorrhage; ICU, intensive care unit; KCCQ, Kansas City Cardiomyopathy Questionnaire; KCCQ-CSS, KCCQ Clinical Sum-
mary Score; KCCQ-OS, KCCQ Overall Summary; KCCQ-TSS, KCCQ Total Symptom Score; LVAD, left ventricular assist device; MLHFQ, Minnesota
Living with Heart Failure Questionnaire; NT-proBNP, N-terminal pro—B-type natriuretic peptide; NYHA, New York Heart Association functional

class.

subgroup and pooled analyses that lacked comparable
reference points) applied the WR method to reexamine trial
outcomes. In all cases, the composite end points selected
for reanalysis encompassed the original primary end point.
Among these reanalyses, eight studies retained the original
components and merely introduced a hierarchical structure,
therefore, they can be considered to analyzing equivalent
end points. In contrast, the remaining studies made modifi-
cations to the end point composition.

c1 c2 c3
ATTR-ACT
DARE-19
ACTION
COVID-PACT
VIP-ACS
NCT04510493
REDUCE LAP-HF Il
EMPULSE
NCT04653597
FAIR-HF
VT4COVID
TRILUMINATE
ATTRibute-CM
DAPA-MI
coTs
MESSAGE-HF

Trial

RELIEVE-HF
DEFENDER
ALIVE
TRISCEND Il
PEERLESS
TAVR UNLOAD
AT HOME-HF

DIAMOND

STRESS Network
SPYRAL HTN-ON MED
STEP-HFpEF
PARAGLIDE-HF
STEP-HFpEF DM
APOLLO-B

Tri.Fr

REC-CAGEFREE Il

Component-Level
c4

3.3. Component directional contribution

Due to the lack of component-level results in one study, a
total of 57 studies were included for component-level direc-
tional contribution assessment. The component-level contri-
bution of prespecified is illustrated in Figure 4, blue
indicates directional concordance, gray indicates neutrality,
and red indicates discordance. In prespecified primary end
point analysis, only seven studies demonstrated complete

cs cé c7

Comparison Result
Directional concordant
Neutrality
Directional discordant

Primary Endpoint

Secondary Endpoint

Figure 4. Component directional contribution with composite outcome in prespecified analysis.
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agreement between all components and the end point. At the
component level, from C1 to C7 (ranked by decreasing clin-
ical priority), the counts of studies with discordance or
neutrality were as follows: C1, 8/23; C2, 6/23; C3, 6/20;
C4, 5/13; C5, 1/7; C6, 1/4; and C7, 0/4. The denominator
at each position represents the total number of components
mapped to that position, summed across studies for each
level separately. Overall, 27 of 94 component-level compar-
isons (28.7%) showed discordance or neutrality. In the
highest-priority component (C1), the rate of discordance or
neutrality was 8/23 (34.8%), while in the lowest-priority
component it was 3/23 (13.0%); however, the difference
was not statistically significant (exact McNemar’s test,
P = .180). In secondary end point, only two out of ten
studies showed any directional discordance among the com-
ponents within their highest-priority composite. Among a to-
tal of 45 components, only six exhibited a direction opposite
to that of the overall conclusion (nine when neutrality was
included). The component directional concordance contribu-
tion for secondary end points was higher than that for pri-
mary end points; however, in the logistic generalized
linear mixed-effects model with study as a random effect,
the difference was not statistically significant (P = .277).
In prespecified end point analyses, discordance or neutrality
occurred in 36 of 139 components (25.9%). We further strat-
ified trials based on whether they reported a positive overall
conclusion. Among trials with positive conclusions, 20 of 80
components (25.0%) showed a direction opposite to the

c1 c2 c3
SPYRALHTN-ON MED
INCREASE
COMET
BaSICS Study
MERINO
SOAP Il
ENGAGE AF-TIMI 48
mAFA-II
VITAL
PARADISE-MI
TRILOGY ACS
ISRCTN78129473

COMPASS

Trial

Vericiguat Global Study
EMPA-REG OUTCOME
EVOLVE

SYNTAX

GLOBAL LEADERS
EARLIER
PARAGON-HF
REVIVED-BCIS2
MRFIT

suMmIT

STRESS-L

TARGET BP |

Component-Level
ca cs5

overall WR result, compared with 16 of 59 components
(27.1%) in trials with negative conclusions (P = .779).

As shown in Figure 5, in WR-reported reanalyses, oppo-
site directions were observed in three studies (3/25) for
both the highest- and lowest-priority components. In total,
16 out of 94 components (17.0%) demonstrated a direc-
tional discordance or neutralit relative to the composite
result. When compared with the results from prespecified
primary or secondary end point analyses, this proportion
did not differ significantly (P = .114).

The contribution of the highest- and lowest-priority
components was restricted to studies in which level-
specific win—loss data were available. Among the included
studies, 44 provided component-level reporting; however,
three presented only graphical displays without numerical
data. Therefore, our analysis focused on 41 studies. The
median contribution of the first-priority component was
23.8% (interquartile range, 10.8%—42.9%), whereas that
of the last-priority component was 34.0% (18.4%—48.6%).

3.4. Conclusion-level consistency

In the prespecified secondary analyses and reanalyses
we examined, 10 studies applied the WR to analyze sec-
ondary end points against prespecified primary end points,
among which four yielded conclusions that were catego-
rized as disagree. Among the 25 reanalysis studies, 4
(16%) were classified as possibly disagree, and 5 (20%)

[ c7 cs

Comparison Result
Directional concordant
Neutrality
Directional discordant

Figure 5. Component directional contribution with composite outcome in reanalysis.
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studies were deemed disagree. Notably, in two of these five
studies, the original trials concluded noninferiority,
whereas the analysis summarized by the WR indicated su-
periority. In the remaining three, the WR analysis trans-
formed originally nonsignificant findings into statistically
significant results. Currently, eight reanalyses used iden-
tical end point components and differed only by the addi-
tion of a hierarchical structure, and yielded consistent
results. In contrast, most of the disagreements arose in
studies where the end point components had been changed,
reflecting disagreements in conclusions across different an-
alytic strategies despite analyzing the same trial, in the
same population, and using clinically relevant outcome
components (Fig 6).

4. Discussion

The application of the WR has shown a consistent up-
ward trend. Most studies applying the WR have focused
on diseases of the circulatory system, particularly within
the cardiovascular domain. Furthermore, emerging evi-
dence suggests that its use is extending into various thera-
peutic areas, with several studies applying the WR
beyond cardiovascular settings and additional publications
exploring its methodological applicability in other disease
domains [14—18].

In practice, the generalized pairwise comparison frame-
work underlying the WR allows hierarchical outcome
structures and flexible composite end point definitions to
be incorporated in a prespecified manner, helping align sta-
tistical analysis with clinically meaningful priorities.

In this study, we assessed the component directional
contribution between individual outcome components and
the overall WR result, and we adopted the concept of reg-
ulatory agreement to evaluate the extent to which conclu-
sions derived from WR analyses aligned with those of
the original studies [10]. It is important to note that our
definition does not fully align with the traditional concept

of regulatory agreement; it focuses on whether the applica-
tion of the WR, including the introduction of hierarchical
composite end points, led to conclusions that agree with
the original studies within the same study population. We
adopted this approach because we recognize that if these
clinically meaningful end points had been designated as
prespecified primary outcomes and yielded positive results,
they could possibly influence decisions made by clinicians,
patients, and regulatory authorities. A central motivation of
this part of the study was to consider the implications of
using WR as a prespecified primary analysis strategy. In
our review, when the underlying clinical components re-
mained unchanged and only hierarchical prioritization
was introduced, the overall trial conclusions were largely
consistent with those from the original analyses in most
cases.

In our results, the application of the WR frequently re-
vealed directional discordance across the components of
composite end points. As shown in Figures 4 and 5, the
most striking observation was that agreement tended to
occur primarily in components with relatively lower clin-
ical priority, although this difference was not statistically
significant. In this comparison, we recognize that we are
evaluating conditional rather than marginal effects.
Although these are often directionally consistent in prac-
tice, the original component-specific results should also
be interpreted with care. We also emphasize that we do
not expect every hierarchical level to align with the overall
result; instead, we focus on whether directional discor-
dance tends to cluster at specific levels or in study
contexts.

We also examined whether WR-based conclusions align
with those of the original analyses (Fig 6), recognizing that
interpretative differences may emerge even when analyzing
the same data. As with traditional composite end points
[19], the WR also poses certain interpretative challenges
in clinical application [20]. Compared with conventional
composites, WR addresses the issue of equal weighting

Comparison of consistency after using win ratio

Analysis of the
Pre-specified Secondary Endpoint 6 (60%)

Re-Analysis of the 16 (64%)

Clinical Trial

Agreement

4(40%)

4(16%) 5(20%)

50
Percentage (%)

Disagree | Possibly Disagree [11] Agree

Figure 6. Consistency of study conclusions after applying the win ratio method included in prespecified secondary end point analysis and

reanalysis.
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among components by incorporating clinical prioritization,
which aligns better with clinical decision-making logic [1].
Due to the prioritization structure of the WR, both PROs
and pathophysiological measures can be incorporated into
the primary end point [21—23]. This feature is essential
for advancing patient-centered research and upholding the
patient-centered philosophy [24]. However, when measures
beyond the original primary end point yield statistical sig-
nificance, it is critical to consider whether the conclusions
remain valid within the original decision-making context,
as this affects both interpretability and clinical
applicability.

Within the generalized pairwise comparisons frame-
work, the WR is only one of several possible effect sum-
maries. Methodological work has highlighted that the WR
can be sensitive to ties and to the conditional nature of hi-
erarchical comparisons, and that its scale may yield
misleading impressions of effect size in many realistic set-
tings, particularly when higher-priority events are rare or
when a large proportion of pairs are undecided [25]. Conse-
quently, the WR is not universally recommended as the
default summary measure. Alternative summaries such as
net treatment benefit and its transformations (eg, win odds)
or the probabilistic index have been advocated as more
interpretable or robust in many applications [8].

Therefore, when applying the WR, researchers should
carefully consider the appropriate use of the analytical
framework and any clinical implications resulting from
modifications to end point hierarchy and definitions, partic-
ularly the relative priority and interpretation of different
components used to derive the overall clinical conclusion.
The relative contribution of different components to the
overall result also requires careful interpretation. Some
visualization tools have been proposed to support this pro-
cess [26,27]. Nevertheless, how to design hierarchical com-
posite end points rationally and align them precisely with
the clinical question remains a core challenge in WR appli-
cation. Inappropriate use may lead to drawbacks, which is
one reason why the WR has sometimes been controversial
[28—30].

These findings highlight the need to be cautious about
potential shifts in clinical meaning when applying the
WR. It is also worth emphasizing that if the primary aim
is to address limitations of traditional composite end points,
such as treating all components as equally important or re-
stricting component types, it is not necessarily required to
add new outcome components. For example, the traditional
major adverse cardiovascular and cerebrovascular events
(MACCE) end point can be transformed into a hierarchical
major adverse cardiovascular and cerebrovascular events
without changing the original components, but by clearly
ranking them in order of clinical importance, thereby, strik-
ing a balance between clinical relevance and methodolog-
ical rigor.

5. Limitations

This study was not prospectively registered, which may
limit transparency. However, we sought to reduce potential
reporting bias by reporting all relevant findings identified
during the review process. We systematically reviewed
the application of the WR in clinical trials. To ensure the
empirical nature of the included studies, we excluded those
that used clinical trial data solely for methodological
demonstration or exploratory assessments of feasibility.
When studies compared multiple methods but ultimately
focused on interpreting clinical trial results, we categorized
them as reanalyses rather than methodological studies. We
believe this reflects a pragmatic approach to capturing real-
world applications of the WR. We recognized that the in-
clusion of studies analyzing multiple trials within a single
analysis may be debatable in terms of whether they should
be considered as addressing individual trials or broader
methodological application. However, we observed that
the conclusions of these studies primarily emphasized the
application of the WR within specific clinical domains,
rather than reporting results from individual trials. There-
fore, we considered their exclusion to be reasonable. In
addition, some included studies were research letters,
which may not have undergone full peer review. Neverthe-
less, since they clearly applied the WR and were based on
actual clinical trial data, their inclusion was considered
reasonable. We did not search clinical trial registries (eg,
ClinicalTrials.gov) as part of our systematic search strategy,
because our primary objective was to assess the application
of the WR method in published analyses of clinical trial re-
sults, rather than to identify protocols or planned studies
that had not yet reported outcomes. Therefore, we focused
our search on peer-reviewed literature databases to ensure
the relevance and completeness of methodological
information.

In our search, we did not include derivative metrics of
the WR, such as win odds, as our focus was specifically
on the application of the WR itself [31,32]. These related
metrics warrant particular attention in future research. In
the contribution determination process, when absolute
win—loss counts were unavailable, we used the reported
percentages for directional classification, which may have
introduced minor classification uncertainty due to rounding.
We did not infer the methods used to calculate confidence
intervals or P values when not explicitly reported. Only
methods clearly described or supported by cited statistical
references in the original publication were recorded. Rec-
ommendations from methodological WR literature were
not used to impute information. This approach may have
led to a conservative estimate of unreported inferential
methods; however, it underscores the importance of clearly
specifying statistical procedures in hierarchical end point
analyses.
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6. Conclusion

The application of the WR in clinical research has
shown a clear and steady upward trend. Its use is also ex-
panding beyond traditional cardiovascular trials into other
disease areas. In practice, hierarchical composite end points
constructed using the WR may differ from conventional or
conventional composite end points in terms of component
selection. Discordance among components is not uncom-
mon, and in WR-reported reanalyses, changes in the
selected components may further influence the clinical
interpretation of trial results. Therefore, careful attention
must be paid to the appropriateness of the WR, the defini-
tion of end point components and the interpretation of re-
sults to ensure the clinical applicability and clarity of
WR-reported analyses.
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