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Abstract:



A time-to-first event composite endpoint analysis has well-known shortcomings in evaluating a
treatment effect in cardiovascular clinical trials. It does not fully describe the clinical benefit of
therapy as the severity of the events, events repeated over time, and clinically relevant non-survival
outcomes cannot be considered. The generalized pairwise comparisons (GPC) method adds flexibility
in defining the primary endpoint by including any number and type of outcomes that best capture
the clinical benefit of a therapy as compared to standard of care. Clinically important outcomes,
including, bleeding severity, number of interventions, and quality of life, can easily be integrated in
one single analysis. The treatment effect in GPC can be expressed by the net treatment benefit, the
success odds or the win ratio. This review provides guidance on the use of GPC and the choice of
treatment-effect measures for the analysis and reporting of cardiovascular trials.

Condensed Abstract:

Generalized pairwise comparisons is a statistical method for outcome analysis and reporting of
prioritized composite endpoints in cardiovascular trials. All clinically meaningful outcomes can be
included in a single analysis. The three treatment measures, net treatment benefit, success odds and
win ratio, lead to equal p-values but differ in their estimation of the treatment effect. For survival
times, the three measures depend on follow-up time, except the win ratio under a constant hazard
ratio. The net treatment benefit and success odds are recommended under a time-varying hazard
ratio and when categorical (non-survival) outcomes are included in the analysis.
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Consensus statements' recommend selecting a single, clinically meaningful endpoint to assess
the efficacy and/or safety of a randomized treatment in a clinical trial, but in cardiovascular
(CV) clinical trials the treatment effect is often evaluated with a primary composite endpoint,
combining two or more related clinical events (e.g., all-cause death, disabling non-fatal
stroke, non-fatal myocardial infarction (MI), or urgent coronary revascularization).
Composite endpoints are often evaluated in a time-to-first event analysis, using conventional
statistical methods such as the Kaplan—Meier estimator, log-rank test, and Cox proportional
hazards regression®. However, this conventional reporting of composite endpoints has inherent
limitations. It considers all contributory events of the primary endpoint as equally important
and considers only each patient's first event; all further events are ignored.

Non-fatal events, irrespective of how serious they are, are considered just as important as fatal
events and since they often occur earlier in the trial, the conventional analysis is often
dominated by lesser important events** ™. This may support the need to report the treatment
effect on the composite endpoint as well as on all individual components >*'?, but it may lead
to misleading conclusions if the composite endpoint is considered in the primary analysis.

In addition, the time-to-first event analysis ignores recurrent events* and disregards the
association between events in the composite endpoint. Finally, the time-to-first event analysis
is restricted to survival outcomes, even though categorical or continuous outcomes, such as
quality of life (QoL), left ventricular ejection fraction, or 6-minute walk test, may also be of
interest. Hence, the time-to-first event analysis is limited in assessing the clinical benefit of an
experimental therapy.

The generalized pairwise comparisons (GPC) method was introduced to overcome these
shortcomings"'*. GPC is a flexible statistical tool that allows prioritizing any number and type
of outcomes by clinical severity to reflect the overall clinical benefit of a therapeutic

intervention'.



While initially proposed as a testing procedure in 1999 by Finkelstein and Schoenfeld”, the
GPC method was formally introduced in 2010 by Buyse' and the win ratio in 2012 by Pocock
et al.”. Although it has been applied in other clinical areas, the CV disease area has witnessed
a fast uptake of GPC, including post-hoc analyses of CV trials >, clinical trial design***,
and primary endpoint analyses’*. Health authorities have approved Tafamidis for cardiac
amyloidosis based on a GPC analysis in the ATTR-ACT trial*'. The treatment effect in a GPC
analysis can be expressed in several measures, including the net treatment benefit, win ratio
and success odds**, but the win ratio has gained popularity in CV trials. However, these
measures of treatment effect do not always provide the same insights into the clinical
treatment effect.

The aim of this manuscript is to review the available treatment effect estimates for GPC,
pointing to differences between these estimates and suggesting recommendations for their

implementation in CV trials.

Generalized pairwise comparisons (GPC) and treatment effect measures

What is GPC? The generalized pairwise comparisons method is a multivariate extension of
the Mann-Whitney form of the Wilcoxon test”’. It aims at comparing two groups of
observations based on multiple prioritized outcomes. In our example all-cause death is the
most severe event and disabling stroke may be ranked hierarchically higher than MI (Figure
1). Urgent coronary revascularization may be considered the less severe event and may be
assessed by time (i.e., the time to first revascularization) or frequency (i.e., number of
revascularizations). In a prioritized GPC, every possible patient-to-patient pair is formed. That
is, every patient on the new treatment is compared with every patient on the control treatment.

Within each pair, the outcome of the highest priority is compared to determine which of the



two patients had the more favorable outcome. If this cannot be assessed on the outcome of
highest priority, the comparison is performed on the next prioritized outcome. The evaluation
continues until a more favorable outcome can be determined, or until the last outcome results
in no assignment of a more favorable outcome. In this case, there is a ‘tie’ (Figure 1). Ties
occur when the two patients of the pair have the same observed value (e.g., the same event
time, the same category of QoL improvement, etc.) or through the censoring of either value in
a pair. In case of censoring, the outcomes are evaluated on the pair’s common duration of
observation (Figure 1).

The definition of a better outcome is determined per outcome and may depend on a
threshold". For example, a patient could have a more favorable outcome than another patient
only if the difference in survival were longer than 1 month, or any other threshold considered
clinically relevant. This feature makes the method highly flexible in defining outcomes that
are considered clinically meaningful. Introducing a threshold will increase the number of ties
due to equal observed values. If one patient dies at 6 month and the other at 6 months and 1
day, the pairwise comparison without threshold will result in a favorable outcome for the
latter patient, while the pairwise comparison with a threshold of 1 month difference will result

in a tie.

Time-to-worst event versus time-to-first event. In contrast to a time-to-first event analysis,
when outcomes are prioritized from the most to the least clinically relevant, the GPC method
results in a time-to-worst event analysis. The emphasis is on the severity of the event, rather

than its time of occurrence (Figure 1).

Treatment effect measures in GPC. The pairwise comparisons result in a count of wins for

the experimental treatment, a count of losses for the experimental treatment (or wins for the



control treatment) and a number of ties. With these three counts, several GPC treatment effect
measures can be estimated (Table 1). Initially, Finkelstein and Schoenfeld proposed the
difference in wins, which depends on the sample size . Buyse later suggested dividing this
difference by the number of pairwise comparisons, i.e., the difference in win proportions, to
estimate the net treatment benefit (NTB)." This absolute measure of the treatment effect
always lies between -1 and 1. Values above zero indicate a benefit for the experimental
treatment and below zero harm. As the net treatment benefit is an absolute measure of
treatment effect, its inverse provides the number needed to treat (NNT), frequently used in
health technology assessment of devices and drugs. The win ratio (WR) is the ratio of the win
proportions', resulting in a relative measure of treatment effect.

Finally, the success odds*** (SO) is a ratio of the win proportions with half the number of ties
added to each proportion (Table 1). Moreover, it is a transformation of the NTB to a ratio, . It
is obvious that when there are no ties among the pairwise comparisons, the WR and SO are
equal. In the presence of ties, the success odds is always smaller®®* (Table 2). The success
odds is also called win odds**, but from a patient’s perspective, success/failure may sound
better than win/loss.

A wide array of variance estimators has been suggested for the GPC treatment effect
measures, based on either relations to rank procedures, asymptotic U-statistic theory,

permutations or bootstrapping***.

Odds interpretation. The interpretation of the win ratio has been illustrated by drawing the
parallel to odds in betting on horses”. However, odds require the probabilities in the
denominator and the numerator to be complementary, i.e., adding up to 1. By ignoring the
ties, the probabilities in the win ratio will not add up to 1 and, therefore, cannot be interpreted

as an odds, in contrast to the success odds.



Outcome contributions. A major difference between the GPC measures is that only the net
treatment benefit has the convenient property that the contributions of all outcomes in the
GPC analysis are additive (Table 3). In other words, the net treatment benefit can be
decomposed in partial contributions of each outcome to the overall treatment effect. Note that
the contribution of each outcome is not the treatment effect on this particular outcome, except
for the highest prioritized outcome': it is the treatment effect on this outcome conditional on

no effect on higher priority outcomes.

Choice between treatment effect measures. When testing for a treatment effect in a
randomized clinical trial, in general, trialists do not have to choose between the GPC
measures upfront, since all GPC measures will always result in approximately identical p-
values™*. However, there are differences between the GPC measures for estimating and
reporting the treatment effect. These differences are pointed out in two situations which lead
to ties, one where only survival outcomes compose the multivariate endpoint (with ties due
only to censoring), and one where non-survival outcomes complement the survival outcomes
(with ties due to both censoring of the survival outcomes and equal observations of the
categorical outcomes). While it is often claimed that the win ratio ignores the number of ties,
an alternative view is that it redistributes the ties to wins and losses according to the observed
win proportions (Supplementary material). Thus, the win ratio implicitly assumes that the still
unobserved events of survival outcomes behave similarly to observed events. Similarly, and
more problematic, ties due to equal observations are redistributed according to the observed
win proportions. On the other hand, the success odds redistributes ties equally to wins and

losses, which is more in line with the concept of a tied observation.



GPC measures for survival outcomes

Time-dependency of survival. The presence of censored observations hallmarks survival
endpoints, since not all patients experience a clinical event during the prespecified follow-up
period of a clinical trial. Therefore, only part of the survival curve is observed, and we are
unaware of what would happen after the trial period (Figure 2).

The analysis of survival endpoints thus depends on the time of analysis. The hazard ratio
(HR) of the events between the two treatment arms is often assumed constant to avoid this
time dependence (often called “proportional hazards assumption™). In this situation, the
hazard ratio and win ratio estimates remain constant regardless of the time of analysis (Figure
2 top row). The net treatment benefit and success odds do not assume a constant hazard ratio,
but an alternative net treatment benefit can be defined that does (Supplementary material).
When a constant hazard ratio is present, the net treatment benefit and success odds will differ
from the win ratio and converge towards the win ratio with increasing time. However, when a
constant hazard ratio is not present, e.g., when there is a late treatment effect (Figure 2 middle
row) or when hazards are crossing (Figure 2 bottom row), all GPC treatment measures as well

as the hazard ratio depend on time of analysis.

Hazard ratio versus GPC. Conveniently, when the constant hazard ratio assumption applies,
the win ratio equals the inverse of the hazard ratio. However, for multiple endpoints, the win
ratio will only be equal to the inverse of the hazard ratio when the hazard ratio is constant in
both the joint survival outcome and each survival outcome individually*. It is unlikely that
these assumptions are met over the entire survival curve. Nevertheless, they may be present
during the limited observation time in a clinical trial period”. The advantage of using the

time-to-worst rather than the time-to-first event analysis is that the interpretation may be more
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clinically intuitive. Moreover, the number of clinically more important events is increasing
over time in GPC, while they’re not in a time-to-first event analysis. This may be of interest
when authorities request additional follow-up of a trial to investigate the effect of the
treatment on severe clinical events, such as death. In a time-to-first event analysis, many
deaths will remain hidden over time by minor events, while ultimately, GPC will evaluate
survival. The net treatment benefit and success odds are also related to the hazard ratio, but

via the amount of censoring.

MATRIX trial. The MATRIX trial was a randomized, multicenter, superiority trial
comparing trans-radial (n= 4197) against transfemoral access (n= 4207) in acute coronary
syndrome patients who underwent coronary angiography and percutaneous coronary
intervention®, evaluating if radial artery access decreases severe bleeding events and clinical
outcomes under combined antithrombotic therapy, compared with femoral artery access. The
30-day coprimary endpoints were major adverse cardiovascular events (MACE), including
all-cause death, MI, stroke, and net adverse clinical events (NACE), including major bleeding
events according to Bleeding Academic Research Consortium (BARC) grading (BARC 3 or
5). The time-to-first event analysis showed superiority on the NACE endpoint (p=0.0079), but
not on the MACE endpoint (p=0.0278) at the prespecified two-sided confidence level of
0.025. In the NACE endpoint, BARC 3 bleeding was the most frequent first event, masking
later occurring MACE events. Clinically, however, it seems more appropriate to account for
the event severity, rather than the first event. GPC allows to define an endpoint prioritizing
the MACE outcomes and the severity of bleeding events (Figure 3).

We re-analyzed the MATRIX trial at 30 days and 365 days with a prioritized MACE of all-
cause death (including BARC 5), hemorrhagic stroke (including BARC 3c), ischemic stroke

and MI, and a prioritized NACE endpoint, adding BARC3a/b and BARC 2 bleeding (Figure
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3).

Both at 30 and 365 days, there is a decrease in NACE events in the radial arm (Table 4),
which is mainly established within the first ten days (Figure 4). However, at a confidence
level of 0.025, there is no evidence for a decrease in MACE events (Table 4). Although
visually there is no major violation against a constant hazard ratio assumption (Figure 4), the
win ratio is the most variable effect size measure over time (Table 4). The treatment effect is
smaller in the success odds and net treatment benefit since the event rate is low (~10-15%),
and thus, the number of censored observations is large. The main advantage of the net
treatment benefit is that it shows immediately that the trans-radial access mainly decreases
BARC2 bleeding events, followed by MI and all-cause death (Table 4). Notice that the partial
contributions of the win ratio are not intuitive and attribute a large negative effect to
hemorrhagic and ischemic stroke, despite a small absolute difference. While the conclusion is
not different from the original time-to-first event analysis, the prioritization of the outcomes is

clinically more sound.

GPC measures for survival and non-survival outcomes

Categorical outcomes. In many recent designs of clinical trials with a prioritized GPC
analysis as a primary endpoint, categorical outcomes with two or more categories (quality of
life, left ventricular ejection fraction, improvement of 6-minute walk test, or of NT-proBNP,
etc.) are considered alongside survival outcomes®. However, for categorical data, (many) ties
due to equal observations are expected in the subjects pairwise comparisons. Because the win
ratio redistributes these ties according to the observed win proportions (Supplementary
material), it should not be overinterpreted in the presence of many equal observations*~**

(Tables 2,3) In this case, the net treatment benefit and success odds are more appropriate. %4
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Continuous outcomes. In case a continuous outcome is added to survival outcome(s), ties
due to equal observations are not likely to occur and the win ratio may be useful, given the
constant hazard ratio constraint. The ongoing PARACHUTE-HF trial (NCT04023227), for
example, evaluates in addition to CV death and time to first heart failure hospitalization, a
continuous outcome defined as the relative change in NT-proBNP. Notice that ties are
induced when thresholds of clinical importance are introduced in the pairwise comparisons of
continuous outcomes (including survival outcomes), which favours the use of the net

treatment benefit or success odds as a treatment effect measure.

TAVR UNLOAD trial. Since most of the cardiovascular clinical trials that combine survival
and non-survival outcomes are still ongoing, a simulation of the TAVR UNLOAD trial*® is
presented as an illustration. In severe aortic stenosis patients with heart failure with reduced
ejection fraction (HFrEF), transcatheter aortic valve replacement (TAVR) improves clinical
outcomes, shows a faster recovery and a more improved QoL compared to surgical valve
replacement. In patients with moderate aortic stenosis and HFrEF, current heart failure
guidelines recommend drug therapy**, which reduces the vascular resistance and prolongs
survival, but does not affect the aortic valve impairment. Hence, hemodynamic burden
persists in these patients, negatively affecting QoL. The TAVR UNLOAD trial is an ongoing,
international, multicentric, open-label two-arm trial investigating whether transfemoral TAVR
in addition to optimal heart failure therapy, improves clinical outcomes, including QoL in
moderate aortic stenosis patients with HFrEF*. The primary endpoint is defined as the
prioritized occurrence at one year of all-cause death, severity and time to disabling stroke,

frequency and duration of hospitalizations related to HF, symptomatic aortic valve disease or
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non-disabling stroke, and the change in QoL measured by the Kansas City Cardiomyopathy
Questionnaire (KCCQ) compared to baseline (Figure 3). Hence, the primary endpoint
comprises survival and non-survival outcomes, where ties due to equal observations are

expected.

A simulation of the TAVR UNLOAD trial (Table 5 and scenario 2 in Verbeeck et al. '*) shows
that while the test for a treatment effect is approximately the same between the three GPC
treatment effect measures, the size of the treatment effect measures is different. As the win
ratio implicitly redistributes the ties due to equal QoL change (24% of the pairs) according to
the observed win proportions, it should not be overinterpreted and the net treatment benefit
and/or the success odds should be preferred for a correct interpretation (Table 6). The
simulation shows that a patient treated with TAVR has a 24% higher probability of a better
outcome than a control patient (95% CI [9%, 39%]), p = 0.0018 and the NNT=4. This
translates to a relative risk reduction or the complement of the inverse of the SO of 39% (95%
CI [17%, 55%]), p = 0.0018. The importance of combining QoL with survival outcomes is
underlined by the required sample size to detect the treatment eftect: without QoL, NTB =
0.12, while with QoL, NTB = 0.24 (twice as large). Hence, the sample size required to
achieve the same power is approximately quadrupled since the sample size is inversely

proportional to the square of the treatment effect'.

Conclusions

The GPC method is an appealing statistical method for designing future CV trials, as it
permits the simultaneous analysis of any number of survival and non-survival outcomes of
varying severity. Hence, it allows tailoring the most optimal endpoint to evaluate the clinical
benefit of a therapy. GPC is applicable to randomized and non-randomized trials, although the

results of the latter should be considered exploratory. An advantage of GPC compared to a
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time-to-first event analysis is a higher power (and thus lower required sample size) to detect a
treatment effect when combining non-survival outcomes with survival or in the presence of
survival outcome(s) with a time-varying hazard ratio. There is no difference between the three
GPC measures (net treatment benefit, success odds and win ratio) in assessing the presence of
a treatment effect. However, there is a difference in estimating the treatment effect size when
ties are frequent (due to censoring, equal observations and thresholds). The treatment effect
measure does not need to be chosen at the outset of the trial design and allows a tailored
treatment effect measure representation. One single measure may not be sufficient in
communicating the treatment effect for each stakeholder*.

Expressing the treatment effect as a win ratio may be valuable when only survival or
continuous outcomes are considered, without thresholds and under a constant hazard ratio of
the joint outcome and the individual outcomes**. The net treatment benefit and success odds
are recommended when the constant hazard ratio assumption is violated, in the presence of a
categorical outcome or discrete survival times and when thresholds are used (Central figure).
Compared to the success odds, the net treatment benefit has the advantage that it can be
decomposed in an additive fashion over its components, clearly reflecting how much each
component contributes to the overall treatment effect. Additionally, the net treatment benefit
is an absolute risk reduction; hence, the inverse of the net treatment benefit (total

pairs/absolute difference in wins) is the number needed to treat.

Table 7 summarizes the characteristics and limitations of the time-to-first event analysis and
the three GPC measures. For further considerations and limitations of the GPC we refer to the

Supplementary material.

Data availability statement
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The data supporting this study's findings on the simulation of the TAVR-UNLOAD trial are

available upon request from the corresponding author at johan.verbeeck@uhasselt.be. The

data that support the findings of this study on the MATRIX study are available upon request

from Marco Valgimigli at marco.valgimigli@cardiocentro.org.

Highlight Bullet points

e Generalized pairwise comparisons (GPC) is a statistical method that overcomes
shortcomings of time-to-first event analyses.

e GPC can assess treatment effects as net treatment benefit, success odds and win ratio.

e This review provides guidance on the use of GPC and choice of treatment effect

measures
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Figure 1: Two examples of clinical events at 12 months in a pair of patients.

Clinical events of a composite endpoint in one patient under experimental treatment (E) and
one patient under the control treatment (C) in a clinical trial. A time-to-first event analysis
considers only the first event per patient, irrespective of its clinical severity, and ignores all
subsequent events. A patient with a later death is thus favored over a patient surviving with an
carly non-fatal MI (Example 1). Additionally, when events of varying severity occur at the
same time in two patients within the common follow-up time, e.g., urgent revascularization
and a disabling stroke, a time-to-first event analysis will treat these events as equal, while the

time-to-worst event favors the patient with the revascularization (Example 2).

Figure 2: Survival analysis at 1 and 2 years under varying hazards.

Potential Kaplan-Meier survival curves and survival analysis at 1 year (first column) and 2
years (second column) under proportional hazards (top row), late treatment effect (middle
row) and crossing of hazards at 18 months (bottom row). The analyses at 1 year are the same
for each scenario, irrespective of what happens after the time of analysis. If data up to 2 years
are analyzed the results may change drastically, except for the win ratio and hazard ratio

under proportional hazards.

Figure 3: GPC flowchart for the MATRIX trial.

“E” = Experimental, “C” = Control, “NA” = Not Applicable.

Figure 4: Kaplan-Meier survival curves of the MATRIX trial.

MACE (left) and NACE endpoint (right).
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Figure 5: GPC flowchart for the TAVR UNLOAD trial.

“E” = Experimental, “C” = Control, “NA” = Not Applicable. Stroke severity according to
modified Rank Score (mRS). Hospitalizations are for heart failure, symptomatic aortic valve
disease, or non-disabling stroke (mRS 0 or 1). KCCQ = Kansas City Cardiomyopathy

Questionnaire.

Central illustration: Flowchart on the choice of GPC treatment effect for multivariate
outcomes.
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Table 1.

Summary of GPC treatment effect measures

Estimated by

Comments

Finkelstein-

Schoenfeld

win difference

Depends on the sample size and is therefore not

comparable between trials.

Net treatment

Or the Finkelstein-Schoenfeld measure divided by

benefit the number of pairs (=. An absolute measure of

(NTB) treatment effect with values ranging between -1
and 1. Equal to 0 if there is no treatment effect. Its
inverse is the NNT.

Win ratio tatio of wins A relative measure of treatment effect with values

(WR) ranging from O to infinity. Equal to 1 if there is no

treatment effect. Is equal to the inverse of the
hazard ratio under proportional hazards. Caution
for overinterpretation in the presence of ties. Not

interpretable as odds in the presence of ties.

Success ogglso

(SO)

of wins plus half the ties

A relative expression of the NTB with values
ranging from 0 to infinity. Equal to 1 if there is no
treatment effect. Includes the number of ties and

interpretable as odds.

Number of wins for the Experimental treatment (), the number of losses for the experimental

treatment or wins for the Control treatment (), and the number of Ties (). NNT = Number

Needed to Treat.
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Table 2.
Differences between the GPC treatment effect measures in two examples of a clinical

trial

Losses Ties

Trial 1 3 1 4,996 0.0004 1.0008 3.00

(0.06%) | (0.02%) | (99.92%)

Trial 2 3,000 1,000 1,000 0.40 2.33 3.00

(60%) (20%) | (20%)

Two examples of potential results of a clinical trial with 5,000 patients. The win ratios are
identical in Trials 1 and 2, yet there is more robust evidence of a treatment effect in Trial 2, as
indicated by the net treatment benefit and success odds. NTB= net treatment benefit, WR=win

ratio, SO=success odds.
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Table 3.

Partial contributions of GPC measures

Losses

Death 634 (6.84%) | 295(2.95%) | 9021 (90.21%) | 0.039 1.08 2.32
Stroke 0 (0%) 93(0.93%) | 8928(89.28%) | -0.009 | 0.98 0.00
MI 1700 (17%) | 787 (7.87%) | 6441 (64.41%) | 0.091 1.23 2.16
Revascularization | 2625 (26.25%) | 1413 (14.13%) | 2403 (24.03%) | 0.121 1.46 1.86
Overall 5009 (50.09%) | 2588 (25.88%) | 2403 (24.03%) | 0.242 1.64 1.94

The partial contributions of each outcome to the overall measure in a CV trial with 4
outcomes are additive for the NTB, but not for the ratios. In the partial contributions of the
NTB, it is easy to see that revascularization contributes most to the overall effect size,
followed by MI, death and stroke. The partial contributions of the SO provides similar
information, though the components of the SO are not additive. In contrast, partial
contributions of the WR mistakenly give the impression that death contributes most to the
overall treatment effect and attributes no effect by stroke. NTB=net treatment benefit,

WR=win ratio, SO=success odds.
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Table 4.

GPC analysis of prioritized MACE and NACE endpoint of the MATRIX trial at 30 and

365 days.
%wins  %losse %ties NTB SO WR Logrank
S (95%CI) (95%CI)  (95%CI) 1/HR

Death 2.10 1.55 96.35 0.0055 1.01 1.35
Hemor. Stroke 0.05 0.07 96.23 -0.0002 1.00 0.67
Isch. Stroke 0.21 0.26 95.77 -0.0005 1.00 0.82
MI 7.23 6.31 82.22 0.0093 1.02 1.15
Total MACE 0.014 1.03 1.17 1.17

R = 8222 1 0.002:0.027) | (1.00-1.05) | (1.02-135) | (1.02-1.34)
p-value MACE 0.0281 0.0281 0.0282 0.0278
BARC3a/3b 1.22 0.87 80.13 0.0034 1.01 1.39
BARC 2 3.95 2.24 73.95 0.0171 1.03 1.76
Total NACE 0.035 1.07 1.31 1.32

olls 1301 7395 1 020-0.050) | (1.04-1.10) | (1.16-1.47) | (1.18-1.47)
p-value NACE <0.0001 <0.0001 <0.0001 <0.0001

365 days % wins % losses % ties NTB SO WR
(95%CI) (95%C1)  (95%CI
)
Death 431 3.62 92.07 0.0069 1.01 1.19
Hemor. Stroke 0.05 0.07 91.95 -0.0002 1.00 0.67
Isch. Stroke 0.41 0.29 91.25 0.0011 1.00 1.39
MI 9.70 8.90 72.65 0.0080 1.02 1.09
Total MACE 1.12 1.12
0.016 1.03
14.47 12.88 7265 | (0.000.0.031) | (1.00-106) (11 .zog)- (1.00-1.25)
p-value MACE 0.0413 0.0413 0.0414 0.0501
BARC3a/3b 1.33 0.88 70.44 0.0045 1.01 1.51
BARC 2 4.22 2.66 63.56 0.0155 1.03 1.58
Total NACE 1.22 1.23
0.036 1.07
20.02 16.42 63.56 (0.019-0.053) | (1.04-1.11) (11 4171)- (1.12-1.35)
p-value NACE <0.0001 <0.0001 <0.0001 < 0.0001

NTB= net treatment benefit, WR=win ratio, SO=success odds, HR = hazard ratio.
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Prioritized endpoint for the TAVR UNLOAD trial with the simulated treatment effects.

Outcome TAVR Control  Absolute Effect  Relative Effect
Death 5.7% 7% -1.3% -19%
Stroke* 1.5% 1% +0.5% +50%
Hospitalization** 14.7% 22% -7.3% -33%
KCCQ change >10 | 10% 5% +5% +100%
>5and <10 | 20% 5% +15% +300%
<5and>-5 | 50% 50% 0 0
<5and <-10 | 10% 20% -10% -50%
<-10 | 10% 20% -10% -50%

The survival outcomes were simulated with a constant hazard ratio. * mRS 2-5 were equally

likely simulated. ** If hospitalized the chance of 1,2, or 3 hospitalization was '2,1/3 and 1/6

and the days of hospitalization was simulated from a negative binomial distribution (NB

(7,10)). KCCQ = Kansas City Cardiomyopathy Questionnaire.
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Table 6.
GPC analysis of a simulation of the TAVR UNLOAD trial

Outcome % wins % losses %ties NTB SO WR Logrank
(95%CI)  (95%CI) (95%CI)  *

Death 6.84 2.95 90.21 0.04 1.08 2.32

Stroke 0.00 0.93 89.28 -0.01 0.98 0.00

Hospitalization 17.00 7.87 64.41 0.09 1.20 2.16

KCCQ change 26.25 14.13 24.03 0.12 1.28 1.86

Total 50.09 25.88 24.03 0.24 1.64 1.94
(0.09-0.39) | (1.21-2.23) | (1.29-2.89)

p-value 0.0018 0.0018 0.0021 0.0158

Simulation of 100 patients in each treatment arm following the treatment effects in Figure 5.
NTB= net treatment benefit, WR=win ratio, SO=success odds, KCCQ = Kansas City
Cardiomyopathy Questionnaire. * The logrank test compares times to first event, it cannot

take the KCCQ change into account.
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Table 7

Characteristics of the time-to-first event analysis and the three GPC measures

J)'r;:fst WR so* NTB*

Prioritization of multiple outcomes - +

Is appropriate for categorical outcomes - -

Relative treatment effect + + + -
Absolute treatment effect + - -

Evenly redistributes ties - - +

Best under constant hazard ratio + + - -
Shows additive contributions of each outcome - - - +
Can be interpreted as odds - - + -

Win ratio (WR), success odds (SO) and net treatment benefit (NTB). * The net treatment

benefit (NTB) and success odds (SO) are transformations of each other.
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