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Competing risks in survival analysis: what does it mean
and does it matter?

Dr Douwe Postmus (d.postmus@umcg.nl)

Survival analysis - definitions

• Survival analysis concerns the analysis of time-to-event 
data
─ Time from birth to disease onset (years)

─ Time from treatment initiation to death (days)

• Cumulative incidence I(t): proportion of subjects with an
event time less than or equal to t
─ I(365): proportion of patients that die within one year of treatment 

initiation

• Cumulative incidence curve: the plot of I(t) against t
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Estimation of I(t) when all occurences
of the event of interest are observed

• Event times in days (n=10): 123, 345, 1143, 12, 
158, 1045, 2098, 67, 432, 600

• I(t) can readily be estimated by dividing the number
of subjects with an event time smaller than or equal
to t by the total sample size
─ I(183) = 3/10 = 0.3

─ I(365) = 5/10 = 0.5 
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Cumulative incidence curve
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What makes the analysis of time-to-
event data special: right-censoring

• A subject’s event time is right censored when the 
recording of his event time is terminated before he 
has experienced the event of interest

─ Loss to follow-up: subjects withdraw from the study before
they experience the event of interest

─ Administrative censoring: the study is closed before each
subject has experienced the event of interest
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Estimation of I(t) when event times
are right-censored

• Right-censored observations (n=10): 123, 345, 
560*, 12, 101*, 505*, 2098, 67, 303*, 600  

• How to estimate I(t) in the presence of right-
censoring?

─ 1 – minus Kaplan-Meier estimator
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1 – Kaplan-Meier estimator: example
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time 

(tj)

n.risk

(nj)

n.event

(dj)

S(tj-) h(tj) = dj/nj p(tj) = h(tj)*S(tj-)

12 10 1 1 1/10 1* 1/10 = 0.1

67 9 1 1 – 0.1 = 0.9 1/9 0.9 * 1/9 = 0.1

101 8 0 0.9 – 0.1 = 0.8 0/8 0.8 * 0/8 = 0

123 7 1 0.8 – 0 = 0.8 1/7 0.8 * 1/7 = 0.114

… … … … … …
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n.risk at time tj: number of subjects that are still

in follow-up and ‘alive’ just before tj

Cumulative incidence curve
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One minus Kaplan-Meier estimator: assumptions

• Uninformative censoring: subjects under observation
have the same risk of experiencing the event of 
interest than subjects whose event time got
censored

─ Subjects that are still in the risk set at a certain time t can
be considered to be representative for all subjects that are 
still ‘alive’ at time t
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Competing risks

• A competing risk is an event other than the event of 
interest whose occurence precludes (prevents) the 
event of interest from occuring

• Example 1:
─ Event of interest: cardiovascular-related death

─ Competing event: non-cardiovascular-related death

• Example 2:
─ Event of interest: hospitalization because of heart failure

─ Competing event: all-cause death
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Cumulative incidence curves in the presence of competing
risks: approach 1 (one minus Kaplan-Meier estimator)

1. Treat the event times of subjects that experience a 
competing event as right-censored

2. Use the one minus Kaplan-Meier estimator to
estimate the cumulative incidence curve for the 
event of interest
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What does this estimate mean?
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• Censoring because of a competing risk is informative

─ Subjects that are still under observation have some risk of 
experiencing the event of interest

─ Subjects whose event time got censored because of the 
occurence of a competing risk will CERTAINLY NOT experience
the event of interest

• The one minus Kaplan-Meier estimate reflects the 
cumulative incidence for the event of interest under the 
assumption that all competing risks have been eliminated
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Cumulative incidence curves in the presence of competing
risks: approach 2 (Aalen-Johansen estimator)

1. Define the event time as the time of occurrence of any event (i.e., either
the event of interest or a competing event)

2. Define the risk set nj at time tj as the number of subjects that are still in 
follow-up and ‘alive’  (i.e., have neither experienced the event of interest 
nor any of the competing events) just before tj

3. Estimate the probability of experiencing the event of interest at time tj

conditional on being ‘alive’ just before tj by dividing the number of subjects 
experiencing the event of interest at time tj by nj

4. Estimate the unconditional probability of experiencing the event of interest 
at time tj by multiplying h(tj) by the probability of being ‘alive’ just before
time tj

5. Estimate the cumulative incidence I(t) by summing over all values of h(tj)
between baseline and time t

13

14



9-5-2017

8

Cumulative incidence curve for all-cause
death in the COACH study (n=1023)

• Initiating event (time 
origin): hospital discharge 

• Event of interest: death by
any cause

• Event time: calendar time 
of death – calendar time of 
hospital discharge (days)
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Cumulative incidence curves for CVD death and non-CVD 
death corresponding to the two different estimates
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Difference between the two estimates

17

How does this compare to the cumulative
incidence curve for all-cause death?
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What if the number of non-CVD-
related deaths were larger?
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15% non-CVD death 25% non-CVD death

Summary

• Although the one minus Kaplan-Meier estimator is 
frequently applied to estimate cumulative incidence
curves, it gives biased results in the presence of 
competing risks

• The amount of bias gets larger in populations where
subjects are at high risk of experiencing a 
competing event
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www.umcg.nl

Questions?

21

Next lecture: 9 May (Hans Burgerhof)

Multiple linear regression


