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Win ratio analysis of the LANDMARK trial n
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Akihiro Tobe, Niels van Royen 2, Ignacio J. Amat-Santos >*, Martin Hudec >, Matjaz Bunc®,

Alexander Ijsselmuiden %, Jose Luis Pomar '°, Liesbeth Rosseel ', Amr Gamal '>'>'# Javaid Igbal®>, Alan Soo '°,
Angela McInerney ', Scot Garg '>'?, Udita Chandra*’, Ashokkumar Thakkar *°, Osama Soliman,
Yoshinobu Onuma', Andreas Baumbach *"*?, and Patrick W. Serruys '

Abstract The LANDMARK trial reported the non-inferiority of the Myval transcatheter heart valve (THV) series compared
with the contemporary standard THV series (Sapien and Evolut) for a 30-day composite endpoint in patients with severe
aortic stenosis. This exploratory study compared the performance of the Myval THV series with the contemporary THV series

using the win ratio analysis. (Am Heart ) 2025;289:1-5.)

BACKGROUND

The Myval series (Meril Life Sciences Pvt. Ltd., India)
is a novel balloon-expandable transcatheter heart valve
(THV). The recently published LANDMARK trial demon-
strated its non-inferiority compared to the contemporary
Sapien (Edwards Lifesciences, Irvine, CA, USA) and Evo-
lut (Medtronic, Minneapolis, MN, USA) THV series in
patients with severe symptomatic native aortic stenosis
(AS), with respect to a primary composite endpoint con-
sisting of seven events at 30 days.' These seven events
differ greatly in clinical severity. Not only using the tradi-
tional method, where the occurrence of any single com-
ponent event is counted as the primary endpoint, but
also an analysis that takes clinical event severity into ac-
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count is crucial. In this exploratory sub-analysis, we com-
pared the performance of the Myval series with the con-
temporary THV series using the win ratio analysis to ex-
plore the individual hierarchized endpoints of the pri-
mary composite endpoint.

METHODS
Study population

The LANDMARK trial is a multi-center, randomized,
open-label, non-inferiority trial conducted in 16 coun-
tries, which compares the safety and effectiveness be-
tween the Myval THV series and the contemporary
THV series (Sapien and Evolut) in accordance with the
third Valve Academic Research Consortium (VARC-3)
recommendations.” The trial details are available else-
where.!>* In brief, patients with severe symptomatic
native AS were enrolled according to the European So-
ciety of Cardiology/European Association of Cardiotho-
racic Surgeons recommendations. The primary endpoint
was a composite of seven events: all-cause death, all
stroke, bleeding (VARC-3 type 3 or 4), acute kidney in-
jury (AKD stage 2-4, major vascular complication, mod-
erate or severe prosthetic valve regurgitation (PVR), and
conduction system disturbances resulting in a permanent
pacemaker implantation (PPI) at 30 days in the intention-
to-treat population (Supplementary Table 1). Between
Jan 2021 and Dec 2023, 768 patients were randomized
1:1 to the Myval (n=384) or the contemporary (n=384)
group. Echocardiograms, multi-slice computed tomogra-
phy, and electrocardiograms were analyzed by indepen-
dent core laboratories. The outcomes were adjudicated
by a clinical event committee according to VARC-3. The
30-day clinical endpoint was assessed in 381 patients
in each group. The primary composite endpoint oc-
curred in 24.7% (94/381) of the Myval group and 27.0%
(103/381) of the contemporary THV group, (a risk dif-
ference -2.3%; one-sided upper 95% confidence interval
(CD) 3.8%; P for non-inferiority<0.0001) meeting the pre-
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specified criteria for non-inferiority of the Myval group
compared with the contemporary group. There were no
significant differences in the occurrences of individual
components of the primary composite endpoint.’

Win ratio method

Details of the win ratio analysis are provided else-
where.”” In brief, a win ratio analysis summarizes hier-
archical pairwise comparisons of patients in terms of in-
dividual components of the composite endpoint, ranked
according to their clinical relevance and gravity. In this
post-hoc exploratory sub-analysis, the primary compos-
ite endpoint of the main trial at 30 days was assessed
using the win ratio in the intention-to-treat population.
The method to determine the ranking of the seven com-
ponents is described below. The time to event was con-
sidered in this sub-analysis. There were no repeated same
type of events within 30 days, therefore, only the first
event in each level was used for the analysis.

Ranking of the events

To perform the win ratio analysis, it is essential to de-
termine the ranking order and gravity of the individual
components of the primary composite endpoint. A con-
sensus regarding the rankings of the seven events was
achieved using the Delphi method, which is a structured
communication method to reach a consensus among ex-
perts in the field.® Ten cardiologists (eight interventional
cardiologists and two cardiothoracic surgeons), consist-
ing of five clinical event committee members (JLP, LR,
AG, JI and AS) and the top five recruiters to the trial
(NVR, IJAS, MH, MB and AI), were selected as the mem-
bers of the Delphi. AT served as the facilitator. Three
rounds of survey were anticipated and a consensus was
considered to have been reached if the rankings matched
in more than 70% of the respondents. Details of the Del-
phi method are provided in Supplementary Table 2.

Statistical analysis

The sample size of the LANDMARK trial was calcu-
lated to show non-inferiority of the Myval THV series
compared to the contemporary THV series in terms
of the primary composite endpoint, and was not de-
signed for this post-hoc win-ratio sub-analysis.” The win
ratio analysis was conducted with the same population
as the primary endpoint analysis of the main trial, in
accordance with the intention-to-treat principle, using
381 x 381=145,161 unmatched patient pairs. Win ra-
tio was presented with 95% CI using BeBu and Lachin
method.” Win difference (%wins - %losses) and win odds
([% wins + Y ties] + [% losses + ¥ ties]) were calculated
as well. All statistical tests were conducted at 5% level of
significance. Two sensitivity analyses with different rank-
ing orders were performed. Statistical analyses including
the win ratio analysis were performed using R (version
4.3.2) with WinRatio package.
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RESULTS

The surveys using the Delphi method began before
the presentation of the primary analysis and were com-
pleted after it, running from 12 April 2024 to 28 May
2024. Three rounds of survey were conducted, and the
final ranking order of gravity was: all-cause mortality, all
stroke, bleeding (VARC-3 type 3 and 4), major vascular
complication, moderate or severe PVR, AKI stage 2-4,
and new PPI. The details and process of the survey are
described in Supplementary Tables 3-5.

The result of win ratio analysis is shown in Figure 1.
Five events (all-cause death, all stroke, major vascular
complication, moderate or severe PVR, and new PPI) nu-
merically favored the Myval THV series, and two events
(bleeding and AKI) numerically favored the contempo-
rary THV series. In total, there were 34,290 wins in Myval
THYV series and 30,636 wins in the contemporary THV
series. Despite the numerically higher number of wins in
the Myval THV series, the win ratio was not statistically
significant (Win ratio: 34290/30636=1.12; 95% CI 0.84
to 1.48; p=0.43. Win difference: 2.52%. Win odds: 1.05).
The results of the sensitivity analyses were presented in
the Supplementary Figures 1 and 2.

DISCUSSION

This post-hoc exploratory sub-analysis of the LAND-
MARK trial reported the statistically non-significant win
ratio between the Myval THV series and the contempo-
rary THV series, which did not contradict the primary
analysis for non-inferiority of the primary composite end-
point.

Composite endpoints are used in clinical trials to en-
able powered studies using achievable sample sizes that
can be recruited in a timely fashion and within realis-
tic budgets. One of their shortcomings, however, is that
they treat all events equally, irrespective of severity. The
win ratio was developed to address this issue,’ and has
been used effectively in previous clinical trials.'”!!

To perform the win ratio analysis, it is essential to make
a ranking order of the components of the composite end-
point, which then needs to be accepted by a broad con-
sensus. To achieve this, we surveyed ten cardiologists
using the Delphi method and the rankings we obtained
seemed reasonable. From a physician’s perspective there
was no disagreement that death was the most severe
event, followed by stroke, which if disabling, would sig-
nificantly impair a patient’s quality of life. Hierarchical
ranking between VARC type 3 or 4 bleeding and ma-
jor vascular complications was more complex and some-
what controversial, as their definitions have some over-
lap and both can potentially lead directly to death. Mod-
erate or severe PVR significantly impacts on prognosis
but is often treatable (e.g. closure device for paravalvu-
lar leak and valve in valve for transvalvular leak).'> AKI
is also associated with mortality, but it often results from
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Figure 1. Win ratio analysis (left) and Forest plot of the primary composite endpoint and its components from the original analysis
(right). The 95% Cl and P value are two-sided. *The one-sided 95% Cl and P value for non-inferiority of the composite endpoint. # The
two-sided 95% Cl and P value for superiority of the composite endpoint. AKl=acute kidney injury, PVR=prosthetic valve regurgitation,

VARC=Valve Academic Research Consortium
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other more severe complications, can improve by itself
and can be treated if necessary by renal replacement
therapy.'® The Delphi group consider PPI as the least se-
vere event due to conflicting data regarding whether it
increases or reduces the risk of mortality.'#

The total number of wins numerically favored the My-
val THV series, but the win ratio was not statistically sig-
nificant, which is consistent with the original analysis of
the primary composite endpoint (Myval 24.7% vs con-
temporary group 27'0%> Pnon-infcriority <0'0001v Psupcriority
0.51, Figure 1).! When we look into individual events,
the respective occurrence rates of all-cause death and
stroke at 30 days were the same in both two groups
(all-cause death: 9/381 [2.4%)], all stroke: 12/381 [3.1%]
in both groups), however, in the win ratio analysis, the
numbers of wins for all-cause death (3,392 vs 3,370)
and all stroke (4,016 vs 2,918) were higher in the My-
val group. One of the reasons of this difference between
the occurrence rate and the number of wins is that time
to event was considered in this win ratio analysis. For
other events, the results between occurrence rates and
win ratios were consistent.

There were 80,235 ties, accounting for 55% of the to-
tal patient pairs. The win ratio analysis provides the most
precise estimate of the overall effect when ties are min-
imal or absent; however, a large proportion of ties can
lead to an overestimation of the treatment effect in win
ratio calculation.'>>'® To gain further insight, we calcu-
lated the win difference and win odds. While the win

ratio is a measure of relative effect, the win difference
represents the absolute effect. Additionally, the win odds
account for the number of ties. The win difference was
2.52%, indicating a small absolute effect difference be-
tween the two groups. The win odds was 1.05, which is
smaller than the win ratio of 1.12 and closer to 1. These
results suggest that the treatment effect difference be-
tween the two groups is small.

There are several limitations of this post-hoc ex-
ploratory sub-analysis. First, since the win ratio measures
the probability of winning, the statistical analysis may
have a challenge to be applied in the context of non-
inferiority study. Although the win ratio approach can
be adapted to non-inferiority test, there is no established
method to define non-inferiority margin and samples
size. Second, each event, except all-cause death and new
PPI, included a broad spectrum of severity; for exam-
ple, all stroke included both disabling and non-disabling
strokes. If the definitions of these events had been more
specific, the ranking would have resulted in different
outcomes. Third, the surveys to establish the ranking of
events were completed after the primary analysis of the
LANDMARK trial, which might have influenced the rank-
ing process and potentially introduced hindsight bias, al-
though the ranking was based on clinical experiences of
ten physicians involved in this survey.!” Fourth, to es-
tablish a ranking which was broadly accepted, we asked
ten cardiologists using the Delphi method, however, the
rankings may have been different if the survey had in-
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cluded different experts and/or a greater number. Nev-
ertheless, the rankings obtained were reasonable. Fifth,
the follow-up duration of 30 days was relatively short,
and the win ratio provides relatively small incremental
value to address repeated events.

CONCLUSIONS

The win ratio analysis of the primary composite end-
point of the LANDMARK trial numerically favored the
Myval THV series compared with the contemporary THV
series but was not statistically significant. These results
corroborate the original analysis of the primary compos-
ite endpoint reporting the non-inferiority of the Myval
THYV series compared to the contemporary THV series.

Patient consent statement

Written informed consent was obtained from all the
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