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Competing risk analysis in R is a crucial statistical method used to evaluate the occurrence of
multiple potential events that can preclude the occurrence of the primary event of interest. This
analysis is particularly relevant in fields such as survival analysis, epidemiology, and clinical trials,
where researchers need to understand how different types of events can influence the outcome.
Competing risks occur when an individual can experience one of several different events, and the
occurrence of one event prevents the observation of the others. This article explores the principles
of competing risk analysis, its implementation in R, and the various packages and functions available
for conducting such analyses.

Understanding Competing Risks

Competing risks arise in situations where individuals are at risk of multiple events. For example, in a
clinical study on cancer patients, the primary event of interest might be death due to cancer.
However, patients may also die from other causes, such as heart disease or complications from
treatment. When analyzing the data, it is essential to account for these competing events to avoid
biased results.

Key Concepts in Competing Risk Analysis

1. Cumulative Incidence Function (CIF): This function estimates the probability of the occurrence of



a particular event in the presence of competing risks over time. It provides insights into how the risk
of each event changes as time progresses.

2. Cause-Specific Hazard Function: This function describes the instantaneous risk of a specific event
occurring at a particular time, given that the event has not yet occurred. It helps in understanding
the underlying risk dynamics.

3. Subdistribution Hazard Function: This is a modification of the cause-specific hazard function that
accounts for the fact that other competing events could prevent the occurrence of the event of
interest.

Why Use Competing Risk Analysis?

The need for competing risk analysis arises from the limitations of traditional survival analysis
methods—such as the Kaplan-Meier estimator—which do not properly account for competing events.
Key reasons to use competing risk analysis include:

- Improved Accuracy: By considering competing events, researchers can derive more accurate
estimations of event probabilities.

- Comprehensive Understanding: It provides a better understanding of the different types of risks
affecting the population under study.

- Informed Decision-Making: Findings can guide clinical decisions and public health policies by
illuminating the relative risks of different outcomes.

Implementing Competing Risk Analysis in R

R is a powerful tool for performing competing risk analysis, offering several packages that facilitate
this type of analysis. The most commonly used packages include:

- survival: This is the foundational package for survival analysis in R, providing functions for creating
survival objects and performing Kaplan-Meier analysis.

- cmprsk: Specifically designed for competing risks data, this package allows for estimation of
cumulative incidence functions and regression modeling.

- riskRegression: This package provides tools for risk estimation and prediction based on competing
risks.

Step-by-Step Guide to Competing Risk Analysis in R

Here is a straightforward guide to performing competing risk analysis using the "cmprsk™ package:

1. Install and Load Required Packages:
R

install.packages("cmprsk")
library(cmprsk)



2. Prepare Your Data: Ensure that your dataset includes:
- A time-to-event variable.
- An event indicator variable, where different values correspond to different types of events.

Example dataset structure:

SR

data <- data.frame(

time = ¢(5, 6, 7, 8, 9),

status = c¢(1, 2, 1, 0, 2) 1: event of interest, 2: competing event, 0: censored

VRN

3. Estimate Cumulative Incidence Function:
SR
cif <- cuminc(ftime = data$time, fstatus = data$status)

4. Plot the Cumulative Incidence Function:
SR
plot(cif, xlab = "Time", ylab = "Cumulative Incidence", main = "Cumulative Incidence Function")

5. Perform Cause-Specific Regression Analysis: You can use the "crr’ function to fit a cause-specific
regression model.

SR

fit <- crr(ftime = data$time, fstatus = data$status, covl = data.frame(covariatel, covariate2))
summary(fit)

Interpreting the Results

Interpreting the results of a competing risk analysis involves examining the cumulative incidence
curves and the regression outputs. Key points to consider include:

- Cumulative Incidence Curves: These curves visually represent the probability of experiencing each
event over time. The area under each curve reflects the risk associated with that event type.

- Regression Coefficients: In a cause-specific regression model, the coefficients indicate the effect of
covariates on the hazard of the event of interest, adjusting for the presence of competing events.

- Subdistribution Hazards: These can help identify how covariates affect the likelihood of the event
of interest in the presence of competing risks.

Common Pitfalls in Competing Risk Analysis

When conducting competing risk analysis, researchers should be aware of common pitfalls:



- Neglecting Competing Risks: Simply applying standard survival analysis techniques without
accounting for competing events can lead to biased estimates.

- Misinterpretation of CIF: It is crucial to remember that the CIF reflects the probability of the event
occurring in the presence of competing risks, which may differ from the overall survival
probabilities.

- Overfitting Models: Care should be taken to avoid overfitting when including multiple covariates in
regression models.

Conclusion

Competing risk analysis in R is a vital technique for researchers dealing with multiple event
types. By utilizing specialized packages such as "~cmprsk’ and understanding the underlying
concepts of cumulative incidence, cause-specific hazards, and subdistribution hazards, analysts can
derive meaningful insights from their data. This approach not only enhances the accuracy of survival
estimates but also aids in making informed decisions based on the nuanced understanding of risks
within a given population. As you explore this analytical technique, remember to carefully consider
the implications of competing risks on your research findings.

Frequently Asked Questions

What is competing risks analysis in R?

Competing risks analysis is a statistical approach used to analyze time-to-event data when
individuals can experience one of several different events, where the occurrence of one type of event
prevents the occurrence of others. In R, it is often performed using packages like '‘cmprsk' and
'survival'.

Which R packages are commonly used for competing risks
analysis?

Commonly used R packages for competing risks analysis include '‘cmprsk’, 'survival', and
'riskRegression'. These packages provide functions for estimating cumulative incidence functions
and performing regression analyses.

How do you set up a competing risks model in R?

To set up a competing risks model in R, you typically need to define your event data (time to event,
event type) and then use functions like 'cuminc' from the 'cmprsk' package to estimate cumulative
incidence functions for different event types.

What is the purpose of the cumulative incidence function in



competing risks analysis?

The cumulative incidence function (CIF) provides a way to estimate the probability of each type of
event occurring over time, accounting for the fact that other types of events prevent the occurrence
of the event of interest.

How do you interpret the results of a competing risks
analysis?

In a competing risks analysis, the results typically include estimates of the cumulative incidence
functions for each event type and can be interpreted as the probability of experiencing each event
type over time, considering the presence of other competing events.

Can competing risks analysis be used for survival data?

Yes, competing risks analysis is particularly useful for survival data where individuals are at risk of
multiple types of events that may occur at different times, allowing for a better understanding of the
time to each specific event.

What is the Fine-Gray model in competing risks analysis?

The Fine-Gray model is a regression model used in competing risks analysis to estimate the
subdistribution hazard of a particular event type while accounting for the presence of other
competing events. It can be implemented in R using the 'cmprsk' package.

How can you visualize competing risks data in R?

Competing risks data can be visualized in R using functions like 'plot' from the 'cmprsk' package to
create cumulative incidence plots, which show the probability of different types of events over time.

What assumptions are made in competing risks analysis?

Key assumptions in competing risks analysis include the independence of censoring and event
occurrence, and the assumption that the risk of each event does not change due to the occurrence of
another event.

What are some limitations of competing risks analysis?

Some limitations of competing risks analysis include the complexity of interpretation, the need for
sufficient sample size to detect differences, and potential biases if the assumptions of the analysis
are not met.
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