
Survival Data Analysis (BIOS 7210)
Breheny

Assignment 7

Due Thursday, October 26

1. Suppose that the hazard function λ(y) for a variable Y satisfies

log λ(y) = α+ βy.

Show that T = eY follows a Weibull distribution. State the parameters of that Weibull distribution
(λ and γ) in terms of α and β.

2. Suppose that we fit the Weibull regression model stated at the bottom of slide 18 on the 10-10 notes to
obtain estimates α̂, β̂

∗
, and σ̂. Based on these estimates, we are interested in predicting the survival

distribution of the time-to-event T for an individual with covariates xi. State what distribution T
follows, along with the parameters of that distribution, in terms of α̂, β̂

∗
, and σ̂.

3. As we saw in last week’s homework, the score test for the hypothesis H0 : βj = 0 is based on

uj

√
(I−1)jj

.∼ N(0, 1),

where the score u and information I are both evaluated at βj = 0 and where β−j maximizes
`(β−j |βj = 0).

(a) Suppose we fit a model with X as a design matrix, thereby obtaining β̂, W, and V(β̂) =
(XTWX)−1. We are considering adding a new variable, β∗. In terms of X, W, and V(β̂) from
the original fit, give expressions for (I−1)∗ and the score statistic for testing H0 : β∗ = 0. These
expressions should not contain any matrix inverses.

(b) Fit an exponential regression model to the pbc data, with stage and bili as explanatory
variables. Carry out score tests for the significance of trt, hepato, and ascites. Note that
carrying out these tests can be performed without actually fitting a model with any of the terms
present.

4. The problem re-visits the question of a treatment-age interaction in the GVHD data that we also
examined in Assignment 6. As in Assignment 6, censor the times on study at 60 days (for any subject
still at risk on day 60). Now, however, fit a Weibull AFT model to the data, again including Age,
Group, and the Group by Age interaction.

(a) Is there significant evidence that the Weibull model provides a superior fit to the data than an
exponential model?

(b) Provide an estimate along with a 95% confidence interval for the Weibull shape parameter γ.
Provide some explanation for how you arrived at this interval.

(c) Consider the question of estimating the treatment effect for an individual of age a. Let θ̂ denote
the vector of parameter estimates yielded by the AFT model you fit, with covariance matrix
Vθ̂. There is no explicit parameter for the treatment effect at age a. However, the treatment
effect can be constructed as a linear combination of the parameters in the model. I.e., there
exists a contrast ∆a such that ∆T

a θ is equal to the treatment effect at age a. What is ∆a? Also,
provide an expression for the Wald 95% confidence interval for ∆T

a θ in terms of ∆a, θ̂, and Vθ̂.
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(d) Use your result from (c) to construct a plot of the age-specific treatment effect versus age.
Include a gray shaded band to represent the confidence intervals. If you have not done this
before, a confidence band can be plotted using the polygon function using the following code:

polygon(c(a, rev(a)), c(lwr, rev(upr)), col=’gray85’, border=NA)

where lwr and upr are vectors containing the lower and upper bounds of the interval. In one
or two sentences, summarize the main implications of the plot as far as what it says about the
treatment benefits of MTX+CSP compared to MTX alone.

(e) Plot the estimated survival functions for four representative patients: (1) a 10 year-old treated
with MTX alone (2) a 10 year-old treated with MTX+CSP (3) a 30 year-old treated with MTX
alone (4) a 30 year-old treated with MTX+CSP. Provide a single plot with the four survival
curves overlaid, along with a legend or some other annotation to indicate which line belongs to
which subject.
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