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ABSTRACT 

Data Visualization plays a very important role in data analysis and reporting. Due to the increase in the high 
volume of data it has become essential to display data in the form of different types of graphs. Kaplan- 
Meier graph using PROC LIFETEST is a well-known name to display time-to-event data in the field of 
clinical SAS programming due to its widespread usage in reporting survival analysis. 

The purpose of this paper is to explain how Kaplan-Meier (KM) graph is developed and analyzed in both 
SAS and R in a stepwise manner. Often, customizing the graph to include additional parameters appears 
challenging in SAS however its comparatively easier in R. Understanding with the help of an example based 
on two small treatment groups of hypothetical data, new users can understand how the process works and 
can lead to a pioneer discussion on leveraging open-source software like R. Shown examples also illustrate 
the crucially important point during the comparative analysis and may provide an alternative way of creating 
graphs to statistical programmers and help explore various functionalities in R.  

INTRODUCTION  

The Kaplan-Meier (KM) graph is commonly used to analyze time-to-event data, such as the time until death 
or the time until a specific event occurs. KM Plot is a widely used data visualization method for survival 
analysis. In clinical trials, the effect of a treatment is assessed by measuring the number of subjects survived 
or saved after the treatment over a period. Sometimes it is interesting to compare the survival of subjects 
in two or more treatments. The time starting from a defined point to the occurrence of a given event is called 
as the survival time and the analysis of group data as survival analysis. 

The Kaplan-Meier estimate is also known as “product limit estimate”. The KM survival curve is defined as 
the probability of surviving in a given length of time while considering time in many small intervals. The 
survival probability at any particular time is calculated by the formula given below: 

 

 
 

For each time interval, survival probability is calculated as the number of subjects surviving divided by the 
number of patients at risk. Subjects who have died, dropped out, or move out are not counted as “at risk” 
i.e., subjects who are lost are considered “censored” and are not counted in the denominator. 
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DATA STRUCTURE EXAMPLE FOR KM PLOT 

Let’s look at the example data set Bone Marrow Transplant (BMT) (Table 1) from the SASHELP.BMT to 
build KM plot (Table 4a). This data set will be used as an example throughout this paper. The analysis data 
set contains variables required to understand programming logic and has been updated to include two 
Stratification groups (TRTN) i.e. ALL and AML- Low Risk. 

 

BMT data from SASHELP library has been used in this example and variables aval and cnsr are created to resemble 
alike ADTTE (Time to Event) data. 

 

Annotation of variables provides additional information about the data.  

USUBJID = Unique subject identifier 

TRT= Stratification Group, ALL – Acute Lymphocytic Leukemia, AML – Acute Myelocytic Leukemia (Low-Risk) 

TRTN = Stratification Group, 1 = ALL, 2 = AML  

AVAL = Time (in days)   

CNSR = Censor (0), Event (1) 

 

Table 1: SASHELP.BMT (Bone Marrow Transplant) 

  

 

KM PLOT USING SAS STUDIO 

Let’s see first how we create KM plot in SAS by running the program below and produce various output 
objects that may be added to the graph to enhance its appearance in detail. 

We are using PROC LIFETEST and ODS OUTPUT to create output objects such as Numbers at risk, 
events and censored summary, median survival time, survival probability by time, p-value and Hazard ratio. 
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We can see from above results that correct way to compute Hazard ratio is to explicitly define reference 
group using REF= option in the class statement otherwise SAS considers second group as reference and 
first group as active group when group is numerically coded in ascending order. 

 

Figure 1. KM Plot in SAS Studio 
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KM PLOT USING R STUDIO 

Now let’s see how we create KM plot in R by running the program below and produce similar output objects 
created by SAS that may be added to the graph and then we can see comparison. 

The following step by step approach helps the user to create KM plot in R. 

 

Below listed packages need to be installed where “survival” and “survminer” packages are meant for 
survival analysis and KM Plot customization. However, “dplyr” package is used for data manipulation, 
packages “readxl” and “writexl” are used for importing and exporting of data in excel format and package 
“gtsummary” is used to print summary of regression results in publication-ready tabular format. After 
installation, each package needs to be loaded into R session using library() function. 

 

BMT data set from SASHELP library was exported in excel and then imported in R using function 
‘read_excel’ and ‘head’ function prints first 10 observations.  

 

                                        
 
 
 

                                                                                                                               

 
 

Surv() – creates a survival data set like SAS output data set from OUTSURV = DATA in PROC LIFETEST. 
The result of the Surv() is usually used as input by other survival package functions. By default, the event 
indicator expects the following format: 0=censor, 1=dead. The object ‘surv_object’ contains the time and 
events details whether the event occurred or not at a given time. 
Note: R functions are case-sensitive, so this function should always start with a capital “S”. 
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We can see in below results plus (+) symbol, which indicates censored observations like SAS output. 

 

 

survfit() – function creates survival curves using the Kaplan-Meier method based on a formula. The survfit() 
function uses the results from Surv() function as a response variable in the model formula. 

 

 

 

surv_summary() function provides survival statistics for each timepoint, and head() function prints the first 
10 observations from the output. Survival statistics summary is then exported by using write_xlsx() function 
into excel file “evnt_sum.xlsx”. 
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survdiff() function is used to find out the difference between the survival curves. We see that the survival 
curves are placed distantly apart, and the log-rank test p-value (0.03) provides evidence of a survival 
difference between ALL and AML. 

 

 

 

Let’s look at ggsurvplot() function from the survminer package which has been used to create KM plot and 
enhance its appearance by adding risk-table, log-rank p-value, survival median line etc. Various options 
under ggsurvplot() help in customizing KM plot as per user and the link has been provided in reference 
section at the end of the paper. 
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Figure 2. KM Plot in RStudio 

 

 

HAZARDS RATIO (HR): 

Cox proportional hazards regression is one of the most popular regression techniques for survival analysis.  

Here, the measure of effect is the Hazard rate (HR), which is the risk of failure (or the risk of event i.e death 
in our example), given that the participant has survived up to a specific time.  

Usually, we are interested in comparing independent groups with respect to their hazards, and we use a 
hazard ratio, which is analogous to an odds ratio in the setting of multiple logistic regression analysis.  

coxph() function from survival package can be used to compute Hazard ratio. HR above 1 indicates a 
covariate that is positively associated with the event probability, and thus negatively associated with the 
length of survival. 

 

• HR = 1: No effect 

• HR < 1: Reduction in the hazard 

• HR > 1: Increase in Hazard 
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tbl_regression() function from gtsummary package helps to print Hazard ratio in publication ready tabular 
format. This function can also be used to produce data summary reports in tabular format. 

 

                                                   

                                                                                                                   

 
 

COMPARISON: KM PLOT USING SAS VS R  

We have seen the results produced by both SAS and R in a stepwise manner. It is observed that both 
softwares are capable of producing high quality graphics. However, we also see that customizing graphics 
in RStudio appears easier due to multiple options available in the R packages. Although, the same result 
can also be achieved by modifying the template available in SAS using PROC TEMPLATE or creating 
annotation data set while using PROC SGPLOT. Not much difference was observed in execution time, 
however it also depends on size of data. Computation logic of Hazard ratio was found differently in SAS as 
compared to R due to reference group selection. By default, SAS treats ‘AML coded as 2’ as reference 
group whereas R treats ‘ALL coded as 1’ as reference group hence explicit reference must be given to 
avoid erroneous results. 

 

CONCLUSION  

We have seen the functionalities of both softwares SAS and R in producing results for survival analysis in 
the form of KM Plot. While SAS has been widely used and accepted in the pharmaceutical industry for 
producing high quality reports, now with several packages available within R, it can also be used as an 
alternative approach for producing reports, especially graphs.  

On the other hand, this paper has shown that both softwares can be used to produce KM plot outputs, thus 
it is advisable to explore new technologies and their functions from statistical programming perspective. 
Exploring graphics packages from R softwares to create customized graphs like KM plot and other graphs 
can be a more efficient and time saving approach. 

Statistical programmers interested in exploring visualization with enhanced graphics features may find this 
paper useful. Learning new software for doing the same task can always be more fun just like driving to the 
same destinations by different cars. 
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