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Summary
• Clinical trials using composite outcomes in a hierarchy are gaining popularity, especially in 

the CV space.

• The Finkelstein and Schoenfeld (FS) test is a generalized pairwise comparison approach to 
analyze prioritized composite endpoints

• Using the FS-method as the primary statistical analysis and quantifying the magnitude of 
effect using Win ratio (WR) is a strategy many sponsors are employing in this situation.

• However, adaptive trial desings using this analytic approach are not as well-known.

• This presentation describes the successful design and implementation of an adaptive 
clinical trial with composite hierarchical endpoints, using an SSR at an Interim Analysis.



Finkelstein and Schoenfeld (FS) Method

• Used frequently in cardiovascular trials that have hierarchical composite  
outcomes.

• Pairwise comparisons based on a clearly pre-specified clinical hierarchy:
• Mortality (highest priority)
• Cardiovascular hospitalizations (CVH)
• Functional improvement (6MWT, NT-proBNP, PRO instrument etc.)

• Method is based on pairwise comparison of all patients in the trial across each of the 3 endpoints 
in order to determine a non-parametric estimate of the number of “wins”.
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FS-Method
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Image from - Redfors et. Al: European 
Heart Journal (2020) 41, 4391–4399



Large Sample distribution

5

• Ui is the score obtained by summing all the 
wins (+1) and losses (-1) for an individual 
patient i.

• T is the test statistic calculated by summing 
the total wins and losses across all patients 
for the active treatment.

• θ is the probability that a random subject i in 
the treatment group has a better outcome 
than a random subject j in the control group.

• Therefore, H0 is: θ = 1/2



Win Ratio: Quantifying Treatment Benefit

6



Trial Design for new CV investigational agent

• Hierarchical Endpoints:
• Mortality 
• # of CV Hospitalizations
• Functional response (0/1)

• Possible Adaptations at IA
• Non-binding futility
• SSR
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Optional Initial Sample Size Determination: Using Win Ratio
An Alternative to Simulation based approach
(via Yu, Ganju 2021)

• Simulate patient data per the desired HA.
• Estimate empirical WR
• Estimate p_tie
• Use asymptotic distribution to calculate N_Init.
• N_Max can be varied based on WR under MCID.
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Adaptive Design with unblinded SSR
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Operating Principles:

• Ability to increase SS at a pre-
specified IA to re-size the study 
appropriately

• Typically operationalized using 
conditional Power

• Pre-specified IA timing, Max SS, T1E 
methodology and Final analysis 
method are required

• Frequently accepted by agencies as a 
well-understood adaptive design.



CP vs Approx. PP: Both result in similar OCs
CP provides finer control, but approx. Approx. PP is easier to implement
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Image from – Marion et. al. 2024
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Final analysis
• Predictive Power & Sample Size Re-evaluation: After estimating predictive power, stage 2 data is 

collected, and the final analysis occurs once all subjects complete 12 mo. or are terminated early.

• Hypothesis Testing: The null hypothesis is rejected based on the weighted combination of test 
statistics from both stages.

• Rejection Criteria:

• No SSR at IA: 

• SSR at IA:

11

Equivalent to CHW method, that 
controls Type I error.



Simulation Study: Joint Frailty Model and Scenarios
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Results (10K runs for each scenario)
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Conclusions

Fixed Design Without SSR:

• Strong Type I error control (2.3%) with high futility stopping under the null (68.2%).
• High power (82.9% - 90.9%) in alternative scenarios with moderate sample sizes (373 - 379).
• Power drops significantly in middling scenarios (47 - 52%), highlighting risk when true effects are 

marginal.

Adaptive Design with SSR:

• Maintains Type I error control (1.9%) while preserving high futility stopping (69.1%).
• Increases power in alternative scenarios (88.7-94.5%) at the cost of larger avg. N (437 - 444).
• Middling scenarios show modest power improvements (53 - 59%), but SSR often requires 

maximum sample size (600 patients in 33% of trials).
• Suggests SSR helps address power deficits for smaller treatment effects but may demand 

substantial increases in sample size.

14



Key Takeaways

• Benefits of Adaptive SSR: Improves trial efficiency, cost savings, flexibility, and statistical validity.

• Application Challenges: Common for simple endpoints (continuous, binary, survival) but less used 
for complex endpoints.

• Proposed Approach: Uses an Adaptive design with SSR for a CV trial with F-S statistic with 
multiple hierarchical endpoints.

• Clinical Impact: Enhances adaptive design applicability, particularly in cardiovascular trials using 
the F-S statistic.

• Real World Application: This is a case study inspired by (but does not show numbers and/or the 
exact design) a CV project on which the authors consulted with a sponsor on. Quantification of 
treatment effect is a simple extension using Win Ratio.

• The trial read out in 2023-24 and was positive for the final analysis. 
• IA SSR decision was: No change to SS, since z-statistic was in the favorable zone. 
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Full Paper on arXiv
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Key References 
(Not exhaustive)
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