Additional file 5 – Comparisons of methods     

Connock et al. 2019 compared 11 oncology studies advanced/metastatic non-small cell lung cancer to assess the impact of treatment on OS.(1) OS assessment was based on the difference in RMST (estimated to the longest time common across the compared studies of interest), and the difference in total mean survival estimated through parametric survival modelling. Three methods of estimating the total (unrestricted) mean survival time based on extrapolation were employed. Much variation was observed between the 4 outcomes per trial. For some trials the difference in RMST was much smaller than the difference in total mean survival, whereas for others the reverse was true. Clear differences could also be observed between some of the different extrapolation methods highlighting the importance of the appropriate selection of the parametric model. From Connock et al. 2019 supplementary materials, we could compare the RMST difference with the HR’s. There was a clear correlation between them, for small gains in OS the HR was in general close to one whereas for larger gains in OS, the HR would be smaller. Also, in most situations when the HR < 1 was statistically significant, the gain in RMST was also statistically significant.

Huang et al. 2022 reported results of different treatment effect measures based on three RCTs.(2) The measures of treatment effect included in the study were the HR, the difference in median survival time, the difference in RMST and several variations of the ABS (area between two survival curves). The paper focuses on situations when two survival curves cross; thus, the PH assumption is violated and the differences in median survival time, when observed, can be misleading.  When the survival curves do not cross, ABS and the difference in RMST provided similar results; however, when they cross, results can differ, and ABS is deemed more appropriate to capture (significant) differences in treatment effects. 

Huang and Kuan 2018 conducted an extensive simulation study comparing RMST with the HR, including treatment effect estimation and statistical power.(3) A wide range of potential scenarios under both PH assumptions and non-PH assumptions were explored. Furthermore, for the RMST analysis the cut-off time could either be based on the minimum of the last event in each group or on the minimum of the last observation in each group. They found that in the non-PH scenarios where late separation of survival curves is observed, the RMST-based test performed better than the LRT when the truncation time is based on the last observation, though the performance was clearly worse than the LRT when truncation time was based on the last event. However, in most of the non-PH scenarios with crossing hazards the RMST-based test using last event performed best, with the LRT and the RMST-based test based on last observation close behind. 

Jiménez 2022 conducted a simulation study comparing the LRT, WLRT and a test based on the difference in RMST (including a treatment effect estimation) under non-proportional hazards patterns, including delayed effects, crossing hazards, and waning treatment effects. The study concluded that when the PH assumption is violated, the HR and the weighted hazard ratio have no clear clinical interpretation unlike the RMST and, therefore, the latter is suggested to express treatment effects.(4) The R code used for the simulation study is available on GitHub, following a link provided in the main text of the paper.
Lin and León 2017 proposed a time-varying HR to quantify treatment effect based on a time dependent Cox model.(5) In their paper, their method was compared with the HR derived from the standard LRT (thus, under PH) and with a short- and long-term HR’s model previously developed by Yang and Prentice.(6,7) They simulated two main settings, one with a delayed treatment effect and one with a reduced long-term treatment effect due to treatment discontinuation, and studied a combination of 30 different scenarios. Their results indicated that their proposed model produced unbiased treatment effect estimates when the weight function is correctly specified, unlike the standard Cox model which produced biased estimates. Their model also resulted in better model fit and could be used under non-PH.
Lin et al. 2020 also conducted a simulation study comparing the LRT, WLRT, KM-based tests (including WKM and RMST), and combination tests (such as Breslow test, Lee’s combo test, and MaxCombo test).(8) Scenarios representing PH and non-PH patterns (including delayed effects, waning effects and crossing hazards) were simulated using piece-wise exponential models to generate those patterns. They also reported the results of two case studies based on real RCTs. Besides the treatment effect measures used in the simulation study, piece-wise HRs were also estimated in the two case studies. Overall, results indicated that no measure is consistently preferred over the others across all scenarios and case studies, and it was concluded that, given the changes in treatment effect over time, an overall measure of the treatment effect is unlikely to be represented by a single measure. 

Pak et al. 2017 compares HR, median and RMST within one trial.(9) In that trial, the PH assumption was not valid. All estimates were consistent in which treatment was favoured. 

Rauch et al. 2018 provided a comparison between the AHR and the standard HR (derived from the LRT) under PH and non-PH settings.(10) Two different approaches to the AHR were considered, one based on Kalbfleisch and Prentice 1981 (weighted Cox regression) and the other based on Schemper et al. 2009 (plug-in estimator).(11,12) They provided the results of a simulation study and an application to a real RCT. Their results suggested that the AHR is preferred under the non-PH assumption and both approaches to estimate the AHR showed similar performance. 

Roychoudhury et al. 2021 used data from three published RCTs to compare different treatment effect measures.(13) These measures included those used in Huang et al. 2022,(2) except the ABS, plus an WHR derived from the Max-Combo test and the net chance of longer survival by at least 6 months, where this is calculated as the probability that a random patient in the intervention arm has a longer survival by at least 6 months than does a random patient in the comparator arm minus the probability of the opposite situation.(14) The RCTs represented scenarios with crossing survival, delayed effect, and PH. They concluded that a single measure of treatment effect is not appropriate under non-PH. In that case, alternative measures such as piecewise HR, milestone survival or difference in RMST should be used. 

Royston and Parmar 2011 compared 3 different methods to estimate the RMST for 3 RCTs, whilst also testing for PH and presenting the HR.(15) Here, the direction of the observed effect was consistent as was the statistical significance implied by the confidence intervals. Similar results were found in Royston and Parmar 2013, where the HRs and differences in RMST were compared for 4 RCTs. (16)
Snapinn et al. 2022 introduced the concept of generalised hazard difference (GHD) and they proposed two approaches to define the GHD and used a simulated RCT to compare them (at four different prespecified time points: 6 months, 12 months, 18 months, and 24 months) with the difference in RMST and in milestone time survival.(17)  Results indicated that the two GHD methods were similar at all timepoints. The main limitation of reporting the difference in milestone time survival or in RMST separately is that they may fail to capture a treatment effect at a certain time point. The GHD can be used to overcome this issue.

The paper by Trinquart et al. looked at 54 papers reporting on RCTs in oncology and compared the reported HRs to the differences in RMST and the ratios of RMST.(18) In general, there was agreement between RMSTs and HRs on the statistical significance of the treatment effect. RMST treatment-effect measures produced more conservative estimates than the HRs. 

Uno et al. 2014 compared some alternative to the HR to quantify the differences in treatment effect under non-PH, including milestone survival probability, percentile survival and RMST.(19) These were applied to three published studies. All three alternative measures were preferred over the HR under non-PH. The first two measures were recommended for studies in which the interest is on quantifying survival differences at fixed time points. The RMST was recommended when there is interest in capturing an overall profile of the treatment effect difference with a single summary measure. 
Following up on their previous work, Uno et al. 2015 explored how these alternative measures perform when applied to noninferiority studies.(20) The conclusions of this study were in line to those in their 2014 paper.

Zhang et al. 2021 introduced the concept of RSB (as the expected value of a function of the survival times under different treatments).(21) They defined four measures of treatment effect: the difference RMST, the restricted probability of a longer survival, the restricted probability of a longer survival by a percentage, and the restricted net probability of a longer survival. They applied these measures to an already published study including OS and PFS data. These RSB measures were not explicitly compared to the HR presented in the original study, in which the PH assumption was not violated. Instead, they presented different ways to estimate the RSB measures and these were compared to each other. RSB was proposed as a complement of the HR. No measure was deemed more appropriate than the other ones, but the authors expressed their interest in the RMST and the restricted net chance of a longer survival, because these are easier to interpret (when they equal 0 there is no treatment effect). 
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