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(Kaplan-Meier Curve; Univariable-Log-rank test; Multivariable-Cox PH model)

Statistical Power in Survival Analysis

Outline
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Survival Analysis
Background

http://www.kingston.ac.uk/
https://journal.chestnet.org/article/S0012-3692(20)30470-0/fulltext
https://journal.chestnet.org/article/S0012-3692(20)30470-0/fulltext


Survival Analysis
Background

http://www.kingston.ac.uk/
https://statsandr.com/blog/what-is-survival-analysis/


Survival Analysis

Survival analysis uses the survival function.

Survival function is a time to failure function that gives the probability that an 

individual survives past a time point. This probability depends on whether a 

subject is censored (due to dropout/withdrawal or loss to follow-up) or had the 

adverse outcome or event (like relapse, metastasis, death). All remaining 

subjects at the end of the follow-up period who have not yet had the event are 

censored.

The Kaplan-Meier method is used to estimate the survival function and to 

illustrate the survival curve/s (in comparative groups, if any). 

The log-rank test checks whether the survival curves are statistically 

significantly different from one another. It is a univariate test and cannot be 

adjusted for potential confounders. This analysis yields a hazard ratio as the 

"effect size" and its confidence interval.

The Cox proportional hazards model is used for multivariable modelling to 

identify risk factors and to obtain an "adjusted" hazard ratio.

http://www.kingston.ac.uk/


Survival Analysis

http://www.kingston.ac.uk/
https://www.emilyzabor.com/tutorials/survival_analysis_in_r_tutorial.html
https://www.emilyzabor.com/tutorials/survival_analysis_in_r_tutorial.html


Survival Analysis

http://www.kingston.ac.uk/
http://www.bandolier.org.uk/painres/download/whatis/What_are_haz_ratios.pdf
http://www.bandolier.org.uk/painres/download/whatis/What_are_haz_ratios.pdf


Survival Analysis

Time-to-event/censoring Survival curves

A censored subject is not deemed to have failed, but removed from 
the count that makes up the denominator in the estimation of 
survival function / hazard.

http://www.kingston.ac.uk/
https://www.sciencedirect.com/science/article/pii/S1756231716300639
https://www.sciencedirect.com/science/article/pii/S1756231716300639


Survival Analysis

Time-to-event/censoring

http://www.kingston.ac.uk/
https://www.emilyzabor.com/tutorials/survival_analysis_in_r_tutorial.html
https://www.emilyzabor.com/tutorials/survival_analysis_in_r_tutorial.html


Survival Analysis in R

http://www.kingston.ac.uk/
https://rviews.rstudio.com/2017/09/25/survival-analysis-with-r/
https://rviews.rstudio.com/2017/09/25/survival-analysis-with-r/
https://rviews.rstudio.com/2017/09/25/survival-analysis-with-r/


Survival Analysis in R

Survival analysis involves: 

- Time-to-event data and who has reached the event during follow-up (others are 
right-censored)

- Kaplan-Meier plot (survival curves)

- Log-rank statistics for the curve (no adjustment for covariates/potential confounders)

- Cox proportional hazard modeling (uses the hazard function with adjustments). It 
assumes that the hazards of the two groups being compared are constant over time. 

Necessary variables:

- time (time taken to reach the event, or time in follow-up until attrition)

- event (relapse, mortality, recovery)

- status (intervention/treatment vs control/placebo) 

http://www.kingston.ac.uk/
https://www.datacamp.com/community/tutorials/survival-analysis-R
https://www.datacamp.com/community/tutorials


Survival Analysis in R

time variable
(time-to-event/censoring)

event variable
(event/censored)

status variable
(treatment group)

http://www.kingston.ac.uk/
https://www.datacamp.com/community/tutorials/survival-analysis-R
https://www.datacamp.com/community/tutorials


Survival Analysis in R
Basic Approach
(Kaplan-Meier Curve)

The slope of each curve 
represents the hazard.

The ratio of hazards in each 
group should be consistent 
throughout follow-up 
(proportional hazard 
assumption).

The most obvious violation 
of the proportional hazard 
assumption would be 
crossing of the curves.

http://www.kingston.ac.uk/
https://s4be.cochrane.org/blog/2016/04/05/tutorial-hazard-ratios/


Survival Analysis in R
Basic Approach
(Kaplan-Meier Curve)

http://www.kingston.ac.uk/
https://journals.sagepub.com/doi/pdf/10.1016/j.otohns.2010.05.007
https://journals.sagepub.com/doi/pdf/10.1016/j.otohns.2010.05.007


Survival Analysis in R
Basic Approach
(Kaplan-Meier Curve)

http://www.kingston.ac.uk/
https://www.rdocumentation.org/packages/survival/versions/2.11-4/topics/survfit
https://www.rdocumentation.org/packages/survival/versions/2.11-4/topics/survfit
https://rdrr.io/cran/survival/man/survfit.html


Survival Analysis in R

The usage of the function survfit():
survfit(Surv(survivaltime, event) ~ group, data = df)

library("survival")   # load the R package "survival"

data(leukemia)    # load the dataset "leukemia" 

df <- leukemia     # rename the dataset "df" (optional)

df$survivaltime <- df$time  # rename the time variable as "survivaltime"

df$event <- df$status   # rename the event variable as event

df$group <- df$x    # rename the treatment group as "group"

fit <- survfit(Surv(survivaltime, event) ~ group, data = df)

        # model the survival data

plot(fit)      # plot the K-M plot based on the created model

summary(fit)     # get the details of the model

Script: survival.R

Basic Approach
(Kaplan-Meier Curve)

http://www.kingston.ac.uk/
http://www.dorak.info/r/
https://rdrr.io/cran/survival/man/survfit.html


Survival Analysis in R
Basic Approach
(Kaplan-Meier Curve)

Script: survival.R

http://www.kingston.ac.uk/
http://www.dorak.info/r/


Survival Analysis in R

A little improvement on the basic plot:

plot(fit, lty = c(1,2), col = c("green", "red"), xlab = "Time 

(days)", ylab = "Survival Probability", main = "An Example 

Survival Curve")

legend(115, 1, legend = c("CT Maintained", "CT not Maintained"), 

col = c("green", "red"), lty = 1:2, cex = 0.8)

  OR 

# legend("topright", legend = c("CT Maintained", "CT not 

Maintained"), col = c("green", "red"), lty = 1:2, cex = 0.8)

Basic Approach
(Kaplan-Meier Curve)

Script: survival.R

http://www.kingston.ac.uk/
https://rdrr.io/cran/survival/man/survfit.html
http://www.dorak.info/r/


Survival Analysis in R
Basic Approach
(Kaplan-Meier Curve)

Script: survival.R

http://www.kingston.ac.uk/
http://www.dorak.info/r/


Survival Analysis in R

Log-rank statistics for equality of survivor functions:

survdiff(Surv(time, status) ~ x)                           # Looks at the survival differences by 

                                                                                    the group/status variable "x" like "caco"

               time: time-to-event 
               status: the event variable (yes/no)
               x: group variable (intervention/placebo; male/female)

Basic Approach
(log-rank test)

Script: survival.R

http://www.kingston.ac.uk/
https://rdrr.io/cran/survival/man/survdiff.html
http://www.dorak.info/r/


Survival Analysis in R

Alternative log-rank test methods

When survival times are tied, use the exact test 
(data = "glioma" in this example). Package = coin

Basic Approach
(log-rank test)

Script: survival.R

http://www.kingston.ac.uk/
https://www.rdocumentation.org/packages/coin/versions/1.3-1/topics/SurvivalTests
https://cran.r-project.org/web/packages/coin/coin.pdf
https://cran.r-project.org/web/packages/coin/coin.pdf
https://cran.r-project.org/web/packages/coin/coin.pdf
http://www.dorak.info/r/


Survival Analysis in R

Create a survival object using time and event variables:

These are times to the event or los to follow-up. A (+) behind survival times indicates censored data points.

This survival object is used in coxph() function to fit Cox 

proportional hazard model when covariates are present

Script: survival.R

http://www.kingston.ac.uk/
https://www.datacamp.com/community/tutorials/survival-analysis-R
https://www.datacamp.com/community/tutorials
http://www.dorak.info/r/


Survival Analysis in R

Cox Proportional Hazard modelling for equality of survivor functions with adjustments 
for potential confounders:

coxph(Surv(time, status) ~ x + age + sex + eth + ses)     
# Examines the survival differences by the group/status variable "x" like "caco" with the possibility of 
including potential confounders in the model

                 time: time-to-event 
                 status: the event variable (yes/no)
                 x: group variable (intervention/placebo)
         age, sex, eth, ses (etc.): potential confounders 

Cox PH Modelling
(for multivariable analysis)

Script: survival.R

http://www.kingston.ac.uk/
https://rdrr.io/cran/survival/man/coxph.html
http://www.dorak.info/r/


EXAMPLE:

library(survival)

data(veteran)

cox <- coxph(Surv(time, status) ~ trt + celltype + karno + diagtime + age 

                                                 + prior , data = veteran)

summary(cox)

# OR

library(survival)

data(veteran)

survival_object = Surv(veteran$time, veteran$status)

cox <- coxph(survival_object ~ trt + celltype + karno + diagtime + age 

                                                 + prior , data = veteran)

summary(cox)

Script: 
survival.R and survival_coxph.R

Usage of coxph() with covariates:
coxph (survival_object ~ group_variable + covariate1 + covariate2 + … )  

Cox PH Modelling
(for multivariable analysis)

Survival Analysis in R

http://www.kingston.ac.uk/
http://www.dorak.info/r/


Survival Analysis in R

Cox PH Modelling
(for multivariable analysis)

Cox Proportional Hazard model is 
for equality of survivor functions 
with adjustments for potential 
confounders.

http://www.kingston.ac.uk/
https://rss.onlinelibrary.wiley.com/doi/full/10.1111/1740-9713.01633


Survival Analysis in R

coxph() function of the survival package is used to fit a 

Cox proportional hazard (PH) model

survival_object  =  Surv(time = time-to-event variable, event = event/status variable)

Usage of coxph():
coxph (survival_object ~ group_variable)  

>>> equivalent to univariate log-rank test <<<

Usage of coxph() with covariates:
coxph (survival_object ~ group_variable + covariate1 + covariate2 + … )  

Cox PH Modelling
(for multivariable analysis)

Script: survival.R

http://www.kingston.ac.uk/
https://www.rdocumentation.org/packages/survival/versions/3.2-3/topics/coxph
http://www.dorak.info/r/


Survival Analysis in R

library(survminer)

ggforest(cox, data = veteran)  
# cox is the coxph object generated in the previous slide

Cox PH Modelling
(visualising the  multivariable analysis)

Script: 
survival.R and survival_coxph.R

https://www.rdocumentation.org/packages/survminer/versions/0.4.9/topics/ggforest
http://www.kingston.ac.uk/
http://www.dorak.info/r/


The easiest way is the visual examination of the univariate Kaplan-Meier curves. If 
during the follow-up, the curves of the univariate analysis cross each other or have 
sharp turns, it is most likely that the preconditions for the proportional hazard 
assumption are not fulfilled. [Unterrainer et al, HLA 2018]

A major assumption of the Cox proportional hazards model is that the effect of a 
given covariate does not change over time. If this assumption is violated, the simple 
Cox model is invalid, and more sophisticated analyses are required. Graphical 
methods are available for detecting violations of the proportional hazards 
assumption. Smoothed plots of the scaled Schoenfeld residuals are recommended 
for assessing PH violations because they provide information about the time 
dependence of the covariate effects. [Hess KR. Stat Med 1995]

Survival Analysis in R

Cox PH Modelling 
(assumptions)

See also: 

http://www.kingston.ac.uk/
https://onlinelibrary.wiley.com/doi/abs/10.1111/tan.13191
https://onlinelibrary.wiley.com/doi/abs/10.1002/sim.4780141510
https://bookdown.org/sestelo/sa_financial/how-to-evaluate-the-ph-assumption.html


Cox PH Modelling 
(assumptions)

For a review of checking Cox PH model assumptions in R, see this video:

Survival Analysis

Script: survival_coxph.R

http://www.kingston.ac.uk/
https://mail.google.com/mail/u/0/?zx=7yw9s2jenlh1#inbox/QgrcJHsNmtSlsGvznzlhtVsmgDvMltGMQgl
http://www.dorak.info/r/


Survival Analysis in R

Visualising survival analysis results

http://www.kingston.ac.uk/
http://www.kingston.ac.uk/
https://cran.r-project.org/web/packages/survminer/survminer.pdf
https://rpkgs.datanovia.com/survminer/survminer_cheatsheet.pdf


Survival Analysis in R

Script: survival_survminer.R

For a more detailed survival analysis using the dataset "lung", 
follow the annotated script "survival_survminer.R" 

@ http://www.dorak.info/r/survival_survminer.R 

Go to: http://www.dorak.info/r 
locate: survival_survminer.R 

and right click to choose Save link as… to download the script file

http://www.kingston.ac.uk/
http://www.dorak.info/r/
http://www.dorak.info/r/survival_survminer.R
http://www.dorak.info/r
http://www.dorak.info/r/survival_survminer.R


Survival Analysis

http://www.kingston.ac.uk/
http://sphweb.bumc.bu.edu/otlt/MPH-Modules/BS/R/R-Manual/
http://sphweb.bumc.bu.edu/otlt/MPH-Modules/BS/R/R-Manual/
http://sphweb.bumc.bu.edu/otlt/MPH-Modules/BS/R/R-Manual/R-Manual21.html#headingtaglink_1
https://bioconnector.github.io/workshops/handouts/r-survival-exercises.pdf
https://statisticsbyjim.com/survival/survival-analysis/
https://global.oup.com/ushe/product/intuitive-biostatistics-9780190643560
https://global.oup.com/ushe/product/intuitive-biostatistics-9780190643560


Survival Analysis

http://www.kingston.ac.uk/
https://www.datacamp.com/courses/survival-analysis-in-r
https://www.datacamp.com/courses/survival-analysis-in-r


Survival Analysis

https://www.openintro.org/book/surv_in_r/


Statistical Power
Background

In Survival Analysis

http://www.kingston.ac.uk/


Statistical Power
Background

http://www.kingston.ac.uk/
https://journal.chestnet.org/article/S0012-3692(20)30458-X/fulltext


Statistical Power

http://www.kingston.ac.uk/
https://www.statmethods.net/stats/power.html


Statistical Power

http://www.kingston.ac.uk/
https://www.rdocumentation.org/packages/pwr
https://www.rdocumentation.org/packages/pwr
https://www.rdocumentation.org/packages/pwr


Statistical Power

Power analysis using "pwr":

library(pwr)

pwr.t2n.test(sig.level = 0.05, n1 = 32, n2 = 23, power = 0.8, 

alternative = "two.sided")    # 1,2,3 are provided

# To obtain the effect size (d) or # 4 above
# Result: 
     t test power calculation 

             n1 = 32

             n2 = 23

d = 0.7800906         # d is Cohen's d value; 

a generic effect size measure

      sig.level = 0.05

          power = 0.8

    alternative = two.sided

http://www.kingston.ac.uk/
https://www.statmethods.net/stats/power.html


Statistical Power

Now, run Script: pwr.R

http://www.kingston.ac.uk/
https://www.rdocumentation.org/packages/pwr
http://www.dorak.info/r/


Statistical Power in Survival Analysis

http://www.kingston.ac.uk/
https://www.statsdirect.com/help/sample_size/survival.htm


Statistical Power in Survival Analysis

Script: Time-to-event Sample Size Calculation.R

http://www.kingston.ac.uk/
http://www.dorak.info/r


Statistical Power in Survival Analysis

http://www.kingston.ac.uk/
https://rdrr.io/cran/gsDesign/man/nSurvival.html


R Commander

For those of you who do not 
like to type a few lines of 
code…..

… there is always 
R Commander!

http://www.kingston.ac.uk/
https://cran.r-project.org/doc/contrib/Karp-Rcommander-intro2.pdf
http://stellmack.psych.umn.edu/sites/g/files/pua2461/f/media/_the_rcmdr_guide_.pdf
https://r4stats.com/articles/software-reviews/r-commander/
http://gchang.people.ysu.edu/r/R_SurvivalAnalysis.pdf
file:///C:/Users/dorak/Downloads/v49i07.pdf


R Commander for Survival Analysis

http://www.kingston.ac.uk/
http://gchang.people.ysu.edu/r/R_SurvivalAnalysis.pdf
https://www.jstatsoft.org/article/view/v049i07/v49i07.pdf


R Studio

Want to make life easier? 
Try R Studio, the most popular integrated development environment (IDE).

Rstudio Cheet Sheet

http://www.kingston.ac.uk/
https://www.rstudio.com/
https://www.rstudio.com/wp-content/uploads/2018/08/rstudio-ide.png
https://www.rstudio.com/wp-content/uploads/2018/08/rstudio-ide.png


http://www.dorak.info

http://www.dorak.info/
http://www.dorak.info/
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