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Abstract

In survival analysis, when the exposure factors of study subjects change dynamically over time and
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the outcome events involve competing risks, traditional Cox proportional hazards models may yield
biased estimates. This paper aims to integrate the inverse probability of treatment weighting method
with the Fine-Gray competing risks model to propose a doubly-weighted model, in order to accu-
rately estimate the causal effect of time-varying exposure on the event of interest in the presence of
competing risks. First, inverse probability weights are constructed to adjust for time-dependent
confounding. Then, these weights are combined with the censoring weights from the Fine-Gray com-
peting risks model to form double weights, which are embedded into a weighted score equation.
Finally, using data from malignant melanoma patients, models with time-varying segmented expo-
sure variables and static binary exposure variables are established for comparative analysis. The
empirical analysis demonstrates that, in the doubly-weighted competing risks model, time-varying
exposure variables more accurately capture the dynamic effects of exposure and yield more robust
estimates compared to static exposure variables.
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Table 1. Estimated value under the time-varying exposure model

F 1 HERBERATHMEIHE

HE R Pz PR AERR p {H
X, 0.1688 0.1398 0.0270 0.0083 0.0012
X, -0.1174 —0.1054 —0.0120 0.0071 0.0910
A(t) 1.0787 0.6931 0.3855 0.0144 0.0000
Table 2. Estimated value under the static exposure model
2 BSRBERTHMIHE
HE HEE Pz PR p {H
X, 0.1574 0.1398 0.0176 0.0278 0.5270
X, —0.1596 —0.1054 —0.0542 0.0232 0.0198
T —0.1437 0.6931 —0.8369 0.3403 0.0139
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Table 4. Model estimation parameter results
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Table 5. Model estimation parameter results
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