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Background: Unlike conventional time-to-event analysis of composite endpoints in clinical trials, the “win ratio”
method allows for flexibility in prioritizing their components. Here, we compare the EVOLVE trial findings using
the win ratio with those from time-to-event analysis.
Methods: Exposure: Randomization to cinacalcet or placebo.
Outcome: The primary composite endpoint combining all-cause mortality and non-fatal myocardial infarction,
hospitalization for unstable angina, heart failure, and peripheral vascular events.
Analysis: In an unadjusted analysis, we paired each participant from the cinacalcet arm with every participant
from the placebo arm within randomization strata. Pairs were classified as “winners” or “losers,” according to
which participant died first during the shared follow-up time, or experienced the next ranked event first. We
ranked non-fatal events in two ways: 1) all ranked evenly; and 2) prioritized by their effect on health-related
quality of life. The win ratio equaled the total winners divided by total losers. Further analyses were conducted
where the win ratio was stratified by, or adjusted for, age.
Results: The unadjustedwin ratio for the primary composite endpoint was 1.09 (95% CI 0.97 to 1.21), a statistical-
ly non-significant result which supports the primary trial result — unadjusted hazard ratio 0.93 (95% CI 0.85 to
1.02). Age-stratified analyses showed a nominally significant benefit of cinacalcet (win ratio 1.14, 95% CI 1.04
to 1.26). Ranking of non-fatal outcomes by their relative effects on quality of life did not materially alter the results.
Conclusion: The win ratio method corroborated the findings of EVOLVE based on conventional time-to-event
analysis.
EVOLVE ClinicalTrials.gov number: NCT00345839.
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1. Introduction

Clinical trials in nephrology are relatively scarce; in the United
States, fewer than 3% of clinical trials registered between 2007 and
2010 were directly related to kidney disease. Of those, only 4% had a
sample size of 500–1000 and only 1.7% included more than a thousand
patients [1], underscoring the importance of statistical power for trials
in this field. Composite endpoints, commonly used in clinical trials,
offer the advantages of higher statistical power, a more comprehensive
evaluation of treatment effect, andminimal issueswith competing risks.
However, conventional time-to-event analysis implicitly attaches the
same level of importance to each of their components. This approach
may not produce fully relevant results, particularly if one component
of a composite endpoint carries more importance to patients than
others or when there is heterogeneity in the treatment effect across
the individual components [2,3]. For example, in a meta-analysis of
114 cardiovascular clinical trials, the pooled treatment effect on

mortality and critical outcomes, which were considered to be more
important, was smaller than that for less critical outcomes [4]. Effects
of interventions on individual components of the composite endpoint
are often included as secondary trial endpoints, but lower event rates
reduce statistical power and subsequently the precision of effect esti-
mates; in a meta-analysis of anti-platelet agent trials, the pooled effect
of anti-platelet therapy on the primary composite endpoints indicated
a treatment benefit that did not manifest when focusing on the all-
cause mortality component only [3].

Several methods were proposed to cater for differences in relative
importance or severity among composite endpoint components, while
evaluating the net benefit of treatment. In a trial of thrombolytic
regimens [5], a Delphi panel of experts developed a priori severity
weights for clinical efficacy endpoints common in cardiovascular trials,
using them in a Kaplan Meier analysis. O′Brien [6] proposed the global
rank method where participants are ranked by their worst outcome —

those with the same outcome are further ranked by the time to that
outcome. The data can then be analyzed by conventional statistical
methods for rank data. Buyse described the proportion in favor of treat-
ment, based on pairwise comparisons of each participant from one
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randomization armwith every participant from the other arm [7,8]. The
win ratio method is closely related but groups pairs into winners and
losers based on which pair member had the event considered first,
working from top-ranked events downwards [9]. The win ratio is also
related to the global rank method [10].

Patients with end-stage kidney disease are at an exceptionally high
risk of mortality and morbidity, of which cardiovascular disease is the
major cause. The suite of highly correlated fatal and non-fatal clinical
events that occur frequently in these patients justifies the use of com-
posite endpoints when evaluating the effect of interventions, but raises
the aforementioned concerns. The EValuation Of Cinacalcet Hydrochlo-
ride (HCl) Therapy to Lower CardioVascular Events (EVOLVE) trial was
the largest trial in patients with end-stage kidney disease, with primary
results based on conventional analysis. Herein, we apply the win ratio
method to evaluate the unadjusted and age-adjusted effect of cinacalcet
on mortality and major cardiovascular events, comparing results with
conventional time-to-event analysis.

2. Methods

2.1. Overview of the EVOLVE trial

EVOLVE trial aimed to evaluate the effect of cinacalcet versusplacebo
onmortality andmajor cardiovascular events in patientswith end-stage
kidney disease with moderate to severe secondary hyperparathyroid-
ism (sHPT) on hemodialysis. Trial design and baseline characteristics
of participants have previously been published [11–13]. In brief, 3883
patients on hemodialysis withmoderate to severe sHPT (intact parathy-
roid hormone (PTH) N 300 pg/ml) were randomized to receive either
cinacalcet (N = 1948) or placebo (N = 1935), in addition to conven-
tional therapy (typically phosphate binders and vitamin D sterols) at
the discretion of the treating physician. Randomization was stratified
by country and diabetes status of the participant. Pre-specified fatal
and non-fatal events occurring during follow-up were adjudicated by
an independent Clinical Events Classification committee. The study
was approved by the Institutional Review Boards at each participating
site and all participants gave written informed consent.

The primary composite endpoint was the first of any of the follow-
ing: death or non-fatal myocardial infarction (MI), hospitalization
with unstable angina, heart failure or peripheral vascular event, includ-
ing revascularization or non-traumatic amputation. The unadjusted
hazard ratio was 0.93 (95% confidence interval [95% CI] 0.85 to 1.02),
while a pre-specified analysis adjusting for baseline covariates (age
being the most important) showed a nominally statistically significant
12% reduction in the primary composite endpoint rate in patients
randomized to cinacalcet (p = 0.008) [13].

2.2. Outcome

Our outcome for the win ratio approach was the primary composite
endpoint, prioritizing mortality over non-fatal events and in our initial
analysis, giving equal priority to each of the non-fatal components.
We analyzed the sensitivity of the findings to the choice of ranking
scheme by repeating the analyses, ranking non-fatal events in order of
decreasing impact on health-related quality of life in the EVOLVE trial,
as reported by Briggs et al. [14]: peripheral vascular event, heart failure,
myocardial infarction and hospitalization for unstable angina.

2.3. Analysis

2.3.1. Time-to-event analysis
We first estimated unadjusted and age-adjusted hazard ratios (HR)

(cinacalcet versus placebo) for the primary composite endpoint and
for each of its components separately. We then compared them using
the marginal Cox model of Wei, Lee and Weissfeld (WLW) [15] — a
method for testing the null hypothesis that an intervention has the

same effect on different outcomes. The analysis was stratified by coun-
try and diabetes status to account for trial design.

2.3.2. Win ratio analysis
Computing the win ratio required pairing of participants from each

randomization arm. Applying the intention-to-treat principle, partici-
pants in each pair were compared during a shared follow-up time de-
fined as the minimum of their follow-up times. Pairs were classified as
winners if participants randomized to placebo died first during the
shared follow-up time and losers if those randomized to cinacalcet
died first. If both participants in a pair completed or exited the study be-
fore death, theywere classified according towhoexperienced any of the
other non-fatal events first. A pair was tied if a decision could not be
made on whether it was a winner or a loser. This happened when it
was unknown who had the event of interest first during the shared
follow-up time or no event occurred in the follow-up time for either
member of a pair (Fig. 1).

Thewin ratio is computed as the total number ofwinner pairs divid-
ed by the total number of loser pairs or, in other words, the proportion
of winner pairs divided by the proportion of loser pairs. It can vary from
0 (no winner pairs) to infinity (no loser pairs). A win ratio larger than
one indicates benefit of the treatment being evaluated and the inverse
of the win ratio can be compared with the HR (although they would
still be different measures that are not directly comparable in
magnitude).

2.3.2.1. Unadjusted win ratio. We paired each patient randomized to
cinacalcet with every patient randomized to placebowithin random-
ization strata (total = K strata), yielding a total of 343,184 pairs. We
applied the rules described above and shown in Fig. 1 to find the
number of winner pairs and the number of loser pairs in each stra-
tum. Those were summed over the strata and the overall win ratio
was computed as the total number of winner pairs divided by the
total number of loser pairs. To get the overall variance, we first calcu-
lated the variance for the difference between the number of winner
pairs and the number of loser pairs (win difference) in each stratum
and summed it over strata using Finkelstein and Schoenfeld' method
[16] after confirming the assumption of the method that the censor-
ing distribution did not vary between the cinacalcet and placebo
groups. Applying the delta method to the variance of thewin difference
yields a reasonable approximation for the variance of the win ratio as
the former divided by the squared sum of loser pairs. Formulas 1–10
below detail these calculations:

For stratum k of sizeNk=Nck+Npk, whereNck is the total number of
patients in the cinacalcet group andNpk is the total number of patients in
the placebo group within the stratum, comparing each patient (i) with
every other patient (j) defines:

Uki ¼
X

i≠ j
uki j ð1Þ

where ukij = −1, +1 or 0 depending on whether patient i had the
event under consideration first, did not have the event first or the com-
parison was tied, respectively. The variance in each stratum kwas then
computed as

vk ¼
NckNpk

Nk Nk−1ð Þ
XNk

i¼1
U2

ki : ð2Þ

Let nwk be the total number of winner pairs and nlk be the total num-
ber of loser pairs in the k-th stratum.We can define the overall win ratio
as

W ¼
XK

k¼1
nwkXK

k¼1
nlk

ð3Þ
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