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Abstract:

A SAS macro to extend the Cox proportional haz-
ards regression model to allow for positive stable
frailties is presented. This macro computes, using a
modi�ed EM algorithm, estimates of the model pa-
rameters and their respective standard errors. The
likelihood ratio test of the independence assumption
is also provided. An example data set is used to
illustrate the macro.

1 Introduction

Frailty or random e�ects models are useful in sur-
vival analysis for modeling associations between in-
dividuals in certain groups. For example, if one is
interested in studying risk factors for a particular
disease outcome or the e�ectiveness of some treat-
ment, it is reasonable to believe that siblings who
share a common genetic code and early environmen-
tal exposure will have event times more closely re-
lated than non-siblings. In human (or animal) stud-
ies, the family (or litter) forms natural groupings,
and th



among subgroup members. The strength of associa-
tion bet



times); d(k) is the number of deaths at T(k); R(T(k))

is the set of individuals at risk at time T(k); Ŵ



maximum likelihood estimate, standard error, Wald
test p-value, and relative risk (both within group
and between group). Also reported are Kendall's �
and the last computed value of the log full likeli-
hood. The likelihood ratio test of the independence
assumption that � = 1 is performed automatically
and the degrees of freedom, chi-square statistic and
the corresponding p-value are printed.
Note that, for comparison's sake, the analysis

of variance table and the log partial/full likelihood
from the usual Cox independence model are printed
�rst in the summary report of the �nal results.
To make the best use of the macro, there are sev-

eral printing and output data set options that the
user may wish to specify. The printing options in-
clude the report of grouping information, the itera-
tion history and/or a summary table from it, the es-

timated variance-covariance matrix of �̂ and �̂, and
con�dence limits for the relative risks (it's also pos-
sible to change the con�dence coeÆcient for the rel-
ative risks). The output data set options are: (1)

a data set containing �̂, �̂, the estimated variance-
covariance matrix of �̂ and �̂, and the last computed
value of the log full likelihood; (2) a data set con-
taining ordered event times, baseline hazard rates,
standard



/*******************************************/

/* Positive Stable Frailty Model */

/*******************************************/

Dependence Parameter: THETA= 0.9497

Kendall's TAU = 0.0503

Log full likelihood = -228.7531

Likelihood Ratio Test of Independence Model (H0: THETA=1)

DF Chi-square p-value

1 0.3912 0.5317

Analysis of Maximum Likelihood Estimates

EFFECT DF Estimate Stderr p_Wald RR_within RR_between

Depend Parm 1 0.9497 0.0876 0.5663 . .

DRUG 1 0.8023 0.3146 0.0108 2.2306 2.1425

SEX 1 -3.1808 0.7973 0.0001 0.0416 0.0488

5 Discussion

The positive stable frailty model is gaining popular-
ity in survival analysis. This SAS macro has made
the model more accessible and certainly many people
will take advantage of it. The macro calculates the
model parameter estimates and respective standard
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