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Abstract 

In the field of Survival Analysis, a great deal of 
research has been carried out to provide useful 
summaries of the distribution of survival times. The 
most common summary involves plots of the estimated 
survival and hazard functions, typically using the 
Kaplan-Meier estimator. In addition, the proportional 
hazards model is widely used to model the change in the 
hazard function as a function of one or more 
covariates/factors. The Mean Residual Life function 
and Dynamic Prediction of survivor function are two 
useful, but underused alternatives. Hence, we introduce 
them and highlight their benefits as graphical 
summaries of time to event data. 
 
1. Introduction 
 

     Survival analysis is a collection of statistical 
methods to analyse time to event data, in the presence 
of censoring. In survival analysis, it is often of interest 
to estimate the survivor function 𝑆(𝑡) = 𝑃(𝑇 ≥ 𝑡); the 
probability that an individual survives beyond time t. 
The probability density and hazard function are other 
useful (mathematically equivalent) complements to the 
survivor function. Recently, plots of the Mean Residual 
Life [1] and Dynamic Prediction of survival [3] have 
been suggested as more informative graphical 
summaries. 
 
2. Mean Residual Life 
 

    Inference based on the expected time remaining is 
more intuitive to communicate compared to summaries 
on a probabilistic scale or as ratios of hazards. For 
example, it is simpler to tell the patient that the 
treatment in question increases your life by, on average, 
x years, rather than using probability or hazard ratio. 
     The MRL function is defined as the expected 
survival time given survival till the current time: 

𝑀𝑅𝐿(𝑡) = 𝐸(𝑇 − 𝑡|𝑇 > 𝑡) =
1
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     Not only is this function easier to interpret, since its 
values are given in units of time, but again it also 
completely characterizes the survival distribution (with 
a finite mean). 
 
3. Dynamic Prediction of survival 
 

     The Kaplan-Meier estimator describes the prognosis 
of an individual at the start of the follow-up (t = 0). 

However in practice, the summary given to the patient 
is typically the median survival time which is open to 
misinterpretation. The median survival is unlikely to be 
relevant at the patient level a patient has survived 6.5 
months they are still at risk when the median survival is 
6 months. In contrast, considering the probability of 
dying within a window of fixed width 𝑤 could supply 
useful information for the patient at any time during the 
follow up. This conditional failure function is defined 
as: 

𝐹𝑤(𝑡) = 1 − 𝑆(𝑡 + 𝑤|𝑡) = 1 −
𝑆(𝑡 + 𝑤)
𝑆(𝑡)

 
 
4. An Illustrative Example 
 

     Here we use data from the historical 6-MP study [2], 
the first randomised, double-blind, placebo-controlled 
sequential study in acute leukaemia. 
     In Figure 1 the three different methods are used to 
summarise the effect of drug use on the time to death 
for this population: survivor function, estimated Mean 
Residual Life function [1], and estimated Dynamic 
Prediction of survivor function with a window width 
(w) of 10 months [3]. 

 

 
Figure 1: Example of survival function, MRL 
and Dynamic Prediction plots for the 6-mp 

data. 
 



     The survivor function plot clearly shows a 
considerable difference between the two groups as the 
median survival time for intervention group is 22 weeks 
compared to 7.5 weeks for the control group. The MRL 
function suggests that the intervention group have, on 
average, 50 weeks remaining compared to 5 for the 
control group. The Dynamic Prediction plot shows 
relatively constant probabilities of dying with a much 
reduced probability for the intervention group. 
 
5. Conclusion 
 

     This study focuses on different ways of summarising 
time to event data. In particular, the Mean Residual Life 
and Dynamic Prediction of Survivor functions. There is 
a need to present the results from survival analysis 
studies in ways that provide clear and simple 
interpretations for both clinicians and patients. The 
MRL and Dynamic Prediction plots are useful for 
comparing different treatments, or the presence of 
certain risk factors, and they provide an easily 
understood summary, avoiding hazard ratios or 
probability scales that require careful interpretation. 
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