Using R to fit Cox Proportional Hazards Model with time-dependent covariates

Say the original data is in the following format:

ID Eventtime  Status  Cov(time=5)  Cov(time=8)  Cov(time=10)   Cov(time=12)

1       5       1               2

2       8       0(censored)     2.3       4.6

3       10      1               2.1       4.2              6.1

4       12      1               2.9       4.8              6.7           8

....

Then  organize the data as the following:

ID     start   end     eventtime       status  cov

1       0       5       5               1       2

2       0       5       8               0       2.3

2       5       8       8               0       4.6

3       0       5       10              0(Note) 2.1

3       5       8       10              0(Note) 4.2

3       8       10      10              1       6.1

4       0       5       12              0(Note) 2.9

4       5       8       12              0(Note) 4.8

4       8       10      12              0(note) 6.7

4       10      12      12              1       8

And fit the model using:

fit<-coxph(Surv(start, end, status)~cov);

Note: At time 5, subject 2 has not died yet, so the status is 0. Similarly for the other 0’s followed by a “(Note)”. For censored subjects, status is always 0. For each died subject, there is only one “status=1” at the end (its own death time).
If you need fit a Cox model with time dependent covariate x(t)=x*log(t), where x is a fixed covariate, then you have two ways to do it.

Method I:  Create a data set similarly as above.  Suppose the original data are shown below:
ID Eventtime  Status            X

1       5       1               2

2       8       0(censored)     2.3       

3       10      1               2.1       

4       12      1               2.9  

Then  create the data as the following:

ID     start   end     eventtime       status    x    xt   

1       0       5       5               1       2
 2*log(5)

2       0       5       8               0       2.3   2.3*log(5)

2       5       8       8               0       2.3
 2.3*log(8)

3       0       5       10              0(Note) 2.1   2.1*log(5)

3       5       8       10              0(Note) 2.1   2.1*log(8)

3       8       10      10              1       2.1   2.1*log(10)

4       0       5       12              0(Note) 2.9   2.9*log(5)

4       5       8       12              0(Note) 2.9   2.9*log(8)

4       8       10      12              0(note) 2.9   2.9*log(10)

4       10      12      12              1       2.9   2.9*log(12)

And fit the model using:

fit<-coxph(Surv(start, end, status)~x + xt);

A test for the proportional hazards assumption for x would be testing whether the coefficient for xt equals zero.

Method II: Fit a time transform model using the built-in but to-be-defined-by-user tt function.
Suppose we want to include a term age*log(t+1).

coxph(Surv(time, status) ~ ph.ecog + age + tt(age), data=lung,

tt=function(x,t,...) x*log(t+1))

The R manual provides an example as follows:

coxph(Surv(time, status) ~ ph.ecog + tt(age), data=lung,

tt=function(x,t,...) pspline(x + t/365.25))

coxph(Surv(time, status) ~ ph.ecog + age + ttfun(age), data=lung,

ttfun=function(x,t,...) x*log(t+1))

Note: this function name “tt” is fixed, changing it to anything else, such as “ttt” or “abc”, will fail, not recognized by coxph().

PS: test the PH assumption by cox.zph

cox0 <- coxph(Surv(time, status) ~ ph.ecog + age, data=lung)

test <- cox.zph(cox0)

The above code gives results like this:

      chisq df    p

ph.ecog 2.163  1 0.14

age     0.312  1 0.58

GLOBAL  2.226  2 0.33

This shows that the covariate ph.ecog does not violate the PH assumption (p=0.14>0.05), and the covariate age does not violate the PH assumption either (p=0.58>0.05). The GLOBAL test shows that the PH assumption is not violated by any of the covariates in the current model (p=0.33>0.05).

