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Study on Time to Benefit Estimation Method based on Log Cumulative

Hazard Ratio Trajectory
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Jiaotong University Health Science Center, Xi ’an 710061)

[Abstract] Objective Conventional estimation of the Time to Benefit (TTB) typically relies on Hazard Ratios (HR)
derived from sequentially truncated Cox proportional hazards models. However, this approach is limited by poorly defined
statistical properties due to repetitive data truncation, potential misinterpretation of results as time-varying effects, and high
computational intensity. This study aims to establish a more methodologically rigorous and computationally efficient
framework for TTB estimation. Methods We propose a novel TTB estimation framework based on the temporal trajectory of
the log-cumulative hazard ratio. By integrating Weibull regression models with Kaplan-Meier (KM) estimation, we
systematically compared the performance of the proposed framework against the traditional sequentially truncated Cox model
using both simulation studies and real-world clinical trial data. Results Simulation results demonstrate that the Weibull
regression model within the new framework yields superior overall performance, characterized by high estimation precision and
stability; its root mean square error (RMSE) remained consistently below 1. In contrast, the RMSE of the sequentially
truncated Cox model exceeded 10 in certain scenarios when estimating the time point of sustained significance for TTB.
Furthermore, the computational speed of the Weibull regression model was approximately 35 to 250 times faster than that of the
sequentially truncated Cox model. Conclusion The TTB estimation framework based on the temporal trajectory of the log-
cumulative hazard ratio effectively addresses the inherent flaws of sequential truncation methods. It provides a unified and

reliable methodology for the robust assessment of the temporal evolution of treatment effects.
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Cox 599. 493 1476.773
90% Weibull 5.396 12.218
KM 2.334 5.048
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