


Additional file 3 – Weighted difference in Kaplan-Meier curves and restricted mean survival time methods    
This approach was first introduced by Pepe and Fleming in 1989,(1) where the WKM statistic for the difference of two curves was defined as follows:
 

Where: 
·  denotes the KM estimators of the survival functions at time t for i =1,2.

·  denotes a random weight function, with the main purpose of giving weight to certain parts of the difference in KM curves.

·  denotes the sample size for groups i =1,2; and .

·  denotes the minimum of the last censored observation in groups i =1,2.

They considered two types of weight functions which depend on the censoring distributions and the proportion of patients included in each group. However, this method has not gotten much attention in the literature. Shen and Cai 2001 generalised the work by Pepe and Fleming by considering weights depending on a nonnegative continuous function varying on the interval [0,1].(2)  When this function equals 1, the resulting test statistic is the Pepe and Fleming WKM test. More recently, Uno et al. 2015 developed a method that gives more weight to the time points where the difference in KM estimates is larger.(3)

A similar but more popular alternative is based on the difference or ratio of the RMST. The RMST is defined as the mean survival time truncated at τ > 0 and, therefore, it is simply the area under the survival curve S(t) from 0 to τ.  Applications of the RMST as an alternative to the HR can be found for example in the work of Uno and colleagues. (4,5) Several other approaches have also been proposed adding complexity to the way the RMST is estimated. Royston and Parmar 2011 suggested several methods to estimate the RMST including jack-knife and parametric survival models,(6) and in a further work, they proposed a joint test combining the Cox test with a test of the RMST difference.(7) Finally, Tian et al. 2014 estimated the RMST based on patients’ baseline covariates,(8) and Zhao et al. 2016 estimated a time-dependent RMST.(9)   

Note that even though the RMST can be used as a test statistic to test the hypothesis of equal survival time distributions, it is also a treatment effect measure. Thus, the difference (or ratio) in RMST is often presented as an option to estimate the added benefit of a treatment instead of the HR or the difference in median survival time (it is not uncommon that in some trials the median survival time is not observed). When estimating the RMST, the choice of the cut-off point τ, i.e., until which time the area under the curve is included, is of special importance. This point needs to be specified before data analysis to avoid bias. A fixed time point of specific clinical relevance could be chosen (e.g., x years), whilst Huang and Kuan 2018 also suggest using 1) the minimum of the largest observed event time of each treatment group, or 2) the minimum of the largest observed time (event or censoring) of each treatment group.(10) The R package survRM2 provides different options to estimate the RMST by calculating the area under the KM curve.(11) Other ways to select τ were presented in Royston and Parmar.(6,12)

In the papers by Huang et al. 2022 and Zhang et al. 2022, the concept of the RMST is generalized to the area between two survival curves (ABS) and a class of outcomes, i.e., the restricted survival benefit (RSB), respectively.(13,14) The ABS is defined as the accumulated absolute difference in treatment effects from time 0 to the end of follow-up. Thus, the difference in the RMST represents a relative difference in effects, whereas the ABS describes the absolute difference throughout the complete follow-up period. When the survival curves do not cross, the ABS is the same as the difference of the two RMST. The RSB is the expected value of a function of the survival times under different treatments, includes the difference in RMST, but can also be the restricted chance of a longer survival. Note that for the interpretation of these quantities the PH assumption does not need to hold. Hence, these quantities could be more meaningful than the hazard ratio in assessing the treatment efficacy for IO therapies. Zhang et al. 2022 show how the RSB can be estimated using an inverse probability censoring weighted (IPCW) procedure to account for the right-censored data that is typical of clinical studies.(14) R code is available to estimate the ABS,(13) whereas this does not seem to be the case for the RSB.
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