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1. 

Win Ratio in the Presence of Censored Data: Can 
Probabilistic Variants Improve Robustness?
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Background
• Win ratio (WR) – what is it?
o Developed for composite hierarchical outcomes in randomized clinical 

trials (RCTs)
o Each patient of arm X is compared with each one of arm Y;
o WR(X vs Y) =

• Case of interest
o Substantial censoring in the top-ranked time-to-event component

• What’s the problem?

WR is sensitive to censoring, which increases bias, accentuates its inherent non-
transitivity, and heightens the risk of subgroup paradoxes.

Methods
Variants of the WR estimation
• V0: Standard (deterministic) approach
• V1: Probabilistic; uses the Kaplan–Meier (K–M) curve for X in Period I, then 

follows the V0 approach 
• V2: Probabilistic; uses the K–M curves for X and Y in both Period I and Period II 
• V3: Probabilistic; uses the K–M curves for X and Y in both Period I and Period II, 

accounting for time-varying numbers at risk (down-weighted tails)

Results

Discussion & Conclusion

• Standard WR estimates can be highly misleading; higher censoring rates lead to 
substantially increased bias and RMSE.

• Probabilistic methods evaluated here show potential to reduce both bias and 
RMSE.

• Performance varied by scenario: the V1 method, which applied the probabilistic 
approach only in Period I, performed better under imbalanced censoring, whereas 
V2 and V3 showed better suitability with balanced censoring.

• Further investigation and testing of methods applicable for non-random censoring 
patterns (e.g. incorporating IPCW modeling) merit further exploration.
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Standard WR treats all pairs as ties 
…even though it is likely that:
• x performed worse than y and z
• z performed better than y

Case study

Scenarios: 9 scenarios as a combination of:
• 3 levels of censoring rates:

• X = 30%, Y = 30%
• X = 60%, Y = 30%
• X = 60%, Y = 60%

Methods of testing
• Simulation approach: 1,000 random simulations of events and censoring on E1, 

and of the score on E2
• Gold standard: standard WR calculated under a hypothetical scenario with no 

censoring
• Measure of method fit:

o Bias of log(WR)
o Root Mean Squared Error (RMSE) of log(WR)

Objectives and concepts
• To highlight how censoring-sensitive the WR can be. 
• To propose and evaluate the probabilistic alternatives for WR estimations.

Patient x censored before time of event or censoring of y (Ty)
➢ Standard (deterministic) WR:
• x just ties with y at this endpoint

➢ Probabilistic WR:
• Estimate the probability that x would experience the event before Ty 

(i.e. P(x<Ty)) under the hypothetical scenario in which x was not 
censored prior to Ty and use this probability in the WR calculation.

• In case y censored at Ty, estimate P(x>y |x>Ty), P(x<y |x>Ty) and P(x=y= 
TMAX |x>Ty) assuming neither x nor y were censored before TMAX and 
use these probabilities in the WR calculation

• 3 survival curve patterns:
• Pattern 1: curves substantially separated
• Pattern 2: curves close to each other
• Pattern 3: curves intersecting
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What if x not 
censored?

What if x not 
censored?

What if x and y not 
censored?
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V0 (standard WR) V1 V2 V3 Interpretation: 
Bias – the closer to zero, the better
RMSE – the smaller the better
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Arm Y
50 pts
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E2: Continuous (~75% of pairwise wins favored 
the Y arm over the X arm)

Hierarchical composite endpoint definition

E1: Time to first event (favourable for X over Y)

Distribution of the 
1st endpoint

Censoring 
rate per arm

Variant 1 Variant 2 Variant 3

X: 30%,
Y: 30%

0.83 1.61 1.75 1.78

X: 60%,
Y: 30%

0.62 1.62 2.36 2.22

X: 60%,
Y: 60%

0.43 1.09 1.78 1.51

X: 30%,
Y: 30%

0.59 0.95 1.10 1.09

X: 60%,
Y: 30%

0.47 0.96 1.53 1.38

X: 60%,
Y: 60%

0.36 0.71 1.12 0.96

X: 30%,
Y: 30%

0.60 0.91 1.05 1.03

X: 60%,
Y: 30%

0.48 0.87 1.30 1.20

X: 60%,
Y: 60%

0.36 0.66 0.97 0.87

Win ratio estimations in different variants of probabilistic approach, compared to standard WR calculation

Scenario Probabilistic WR
Reference WR
(no censoring)

Standard 
(deteministic) 

WR

Curve pattern 1

Curve pattern 2

Curve pattern 1

1.77

1.01

1.04

Number of wins for X
Number of wins for Y
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