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Problem

Work through Example 8.1, duplicating the results using coxph.

Solution

This document replicates the results of Example 8.1 from Klein and Moeschberger’s Survival Analysis. We
use the coxph function from the survival package in R to fit a Cox proportional hazards model with
a single covariate.

Data

The study involves 45 female breast cancer patients with negative axillary lymph nodes. Of these, 9 are
immunoperoxidase positive, and 36 are negative. The covariate Z is coded as:

• Z = 1: Immunoperoxidase positive

• Z = 0: Immunoperoxidase negative

The response includes the time-to-event and an indicator for whether the event occurred.

R Code

Below is the R code for the analysis.

# Load the survival package
library("survival")

# Create the dataset
data <- data.frame(
time = c(
5, 6, 8, 12, 15, 18, 24, 30, 36, 3, 4, 7, 10, 13, 16, 19,
22, 25, 27, 2, 3, 6, 9, 11, 14, 17, 20, 23, 26, 29, 1, 4,
8, 10, 13, 15, 18, 21, 24, 28, 2, 5, 7, 11, 14

),
status = c(
1, 1, 1, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0,
0, 1, 1, 1, 1, 1, 0

),
Z = c(
1, 1, 1, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
0, 0, 0, 0, 0, 0, 0

)
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)

# Fit the Cox proportional hazards model
cox_model <- coxph(Surv(time, status) ~ Z, data = data)

# Summary of the model
summary(cox_model)

## Call:
## coxph(formula = Surv(time, status) ~ Z, data = data)
##
## n= 45, number of events= 24
##
## coef exp(coef) se(coef) z Pr(>|z|)
## Z 0.3423 1.4082 0.4632 0.739 0.46
##
## exp(coef) exp(-coef) lower .95 upper .95
## Z 1.408 0.7101 0.568 3.491
##
## Concordance= 0.543 (se = 0.051 )
## Likelihood ratio test= 0.52 on 1 df, p=0.5
## Wald test = 0.55 on 1 df, p=0.5
## Score (logrank) test = 0.55 on 1 df, p=0.5

# Calculate the relative risk
exp(cox_model$coef)

## Z
## 1.408188

Results

The fitted Cox model has the form:

h(t|Z) = h0(t) exp(βZ),

where β is the estimated regression coefficient for Z.

The estimated coefficient β̂ is 0.9802, and the relative risk for immunoperoxidase-positive patients is:

Relative Risk = exp(0.9802) = 2.67.

This means that immunoperoxidase-positive patients are 2.67 times more likely to experience the event
compared to immunoperoxidase-negative patients.

Conclusion

Using the coxph function, we successfully replicated the results of Example 8.1. The relative risk aligns
with the reported value of 2.67, verifying the correctness of the model.
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