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Overview: LIFETEST Procedure

A common feature of lifetime or survival data is the presence of right-censored observations due either to
withdrawal of experimental units or to termination of the experiment. For such observations, you know only
that the lifetime exceeded a given value; the exact lifetime remains unknown. Such data cannot be analyzed by
ignoring the censored observations because, among other considerations, the longer-lived units are generally
more likely to be censored. The analysis methodology must correctly use the censored observations in
addition to the uncensored observations.

Texts that discuss the survival analysis methodology include Collett (1994), Cox and Oakes (1984);
Kalb eisch and Prentice (1980); Klein and Moeschberger (1997); Lawless (1982); Lee (1992). Users
interested in the theory should consult Fleming and Harrington (1991); Andersen et al. (1992).

Usually, a rst step in the analysis of survival data is the estimation of the distribution of the survival times.
Survival times are often callefdilure times, andeventtimes are uncensored survival times. The survival
distribution function (SDF), also known as the survivor function, is used to describe the lifetimes of the
population of interest. The SDF evaluated &tthe probability that an experimental unit from the population
will have a lifetime that exceeds—that is,

S.t/ D Pr.T >t/

whereS.t/ denotes the survivor function afdis the lifetime of a randomly selected experimental unit. The
LIFETEST procedure can be used to compute nonparametric estimates of the survivor function either by
the product-limit method (also called the Kaplan-Meier method) or by the life-table method (also called the
actuarial method). The life-table estimator is a grouped-data analog of the Kaplan-Meier estimator. The
procedure can also compute the Breslow estimator or the Fleming-Harrington estimator, which are asymptotic
equivalent alternatives to the Kaplan-Meier estimator.

Some functions closely related to the SDF are the cumulative distribution function (CDF), the probability
density function (PDF), and the hazard function. The CDF, dereted is de ned asl  S.t/ and is the
probability that a lifetime does not excekedrhe PDF, denoteflt/ , is de ned as the derivative ¢ .t/ , and

the hazard function, denotéxct/, is de ned asf.t/=S.t/ . If the life-table method is chosen, the estimates

of the probability density function can also be computed. Plots of these estimates can be produced with ODS
Graphics.

An important task in the analysis of survival data is the comparison of survival curves. It is of interest to
determine whether the underlying populationkdk 2) samples have identical survivor functions. PROC
LIFETEST provides nonparametriesample tests based on weighted comparisons of the estimated hazard
rate of the individual population under the null and alternative hypotheses. Corresponding to various weight
functions, a variety of tests can be speci ed, which include the log-rank test, Wilcoxon test, Tarone-Ware test,
Peto-Peto test, modi ed Peto-Peto test, and Fleming-HarrinGtofamily of tests. PROC LIFETEST also
provides corresponding trend tests to detect ordered alternatives. Strati ed tests can be speci ed to adjust for
prognostic factors that affect the events rates in the various populations. A likelihood ratio test, based on an
underlying exponential model, is also included to compare the survival curves of the samples.
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There are other prognostic variables, called covariates, that are thought to be related to the failure time. These
covariates can also be used to construct statistics to test for association between the covariates and the lifetime
variable. PROC LIFETEST can compute two such test statistics: censored data linear rank statistics based on
the exponential scores and the Wilcoxon scores. The corresponding tests are known as the log-rank test and
the Wilcoxon test, respectively. These tests are computed by pooling over any de ned strata, thus adjusting
for the stratum variables.

One change in SAS 9.2 and later is that the calculation of con dence limits for the quartiles of survival
time is based on the transformation speci ed by the CONFTYPE= option. Another change is that the
SURVIVAL statement in SAS 9.1 is folded into the PROC LIFETEST statement; that is, options that were
in the SURVIVAL statement can now be speci ed in the PROC LIFETEST statement. The SURVIVAL
statement is no longer needed and it is not documented.

Starting in SAS/STAT 14.1, you can use PROC LIFETEST to carry out nonparametric analysis of competing-
risks data. Competing risks arise in studies in which individuals are subject to a number of potential failure
events and the occurrence of one event might impede the occurrence of other events. You can use PROC
LIFETEST to estimate the cumulative incidence function (CIF), which is the probability subdistribution of
failure of a speci c cause. If you have more than one sample of competing-risks data, you can use PROC
LIFETEST to perform Gray's test (Gray 1988) to compare the CIFs of the samples.

Getting Started: LIFETEST Procedure

(View the complete code for this example dittps://github.com/sassoftware/doc-
supplement-statug/tree/main/Examples/h-l/liftgs.sas )

You can use the LIFETEST procedure to compute nonparametric estimates of the survivor functions, to
compare survival curves, and to compute rank tests for association of the failure time variable with covariates.

For simple analyses, only the PROC LIFETEST and TIME statements are required. Consider a sample of
survival data. Suppose that the time variabl& snd the censoring variable Gswith value 1 indicating
censored observations. The following statements compute the product-limit estimate for the sample:

proc lifetest;
time t *c(1);
run;

You can use the STRATA statement to divide the data into various strata. A separate survivor function is then
estimated for each stratum, and tests of the homogeneity of strata are performed. However, if the GROUP=
option is also speci ed in the STRATA statement, the GROUP= variable is used to identify the samples
whose survivor functions are to be compared, and the STRATA variables are used to de ne the strata for
the strati ed tests. You can specify covariates (prognostic variables) in the TEST statement, and PROC
LIFETEST computes linear rank statistics to test the effects of these covariates on survival.

For example, consider the results of a small randomized trial on rats. Suppose you randomize 40 rats that

have been exposed to a carcinogen into two treatment groupg X andPlacebo). The event of interest is

death from cancer induced by the carcinogen. The response is the time from randomization to death. Four

rats died of other causes; their survival times are regarded as censored observations. Interest lies in whether
the survival distributions differ between the two treatments.
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The following DATA step creates the data &bposed, which contains four variable®ays (survival time
in days from treatment to deatt8tatus (censoring indicator variable: O if censored and 1 if not censored),
Treatment (treatment indicator), anflex (gender: F if female and M if male).

proc format;
value Rx 1=Drug X 0= Placebo;

run;

data exposed;
input Days Status Treatment Sex $ @@;
format Treatment RX.;

datalines;

179 1 1 F 378 0 1 M
256 1 1 F 355 1 1 M
262 1 1 M 319 1 1 M
256 1 1 F 256 1 1 M
255 1 1 M 171 1 1 F
224 0 1 F 325 1 1 M
225 1 1 F 325 1 1 M
287 1 1 M 217 1 1 F
319 1 1 M 255 1 1 F
264 1 1 M 256 1 1 F
237 0 0 F 291 1 0 M
156 1 0 F 323 1 0 M
270 1 0 M 253 1 0 M
257 1 0 M 206 1 0 F
242 1 0 M 206 1 0 F
157 1 0 F 237 1 0 M
249 1 0 M 211 1 0 F
180 1 0 F 229 1 0 F
226 1 0 F 234 1 0 F

0 0 M 209 1 0 F

268

PROC LIFETEST is invoked as follows to compute the product-limit estimate of the survivor function for
each treatment and to compare the survivor functions between the two treatments:

ods graphics on;

proc lifetest data=Exposed plots=(survival(atrisk) logsurv);
time Days * Status(0);
strata Treatment;

run;

ods graphics off;

In the TIME statement, the survival time variabBagys, is crossed with the censoring variakatus, with

the value 0 indicating censoring. That is, the valueBayfs are considered censored if the corresponding
values ofStatus are 0; otherwise, they are considered as event times. In the STRATA statement, the variable
Treatment is speci ed, which indicates that the data are to be divided into strata based on the values of
Treatment. ODS Graphics must be enabled before producing graphs. Two plots are requested through the
PLOTS= option—a plot of the survival curves with at risk numbers and a plot of the negative log of the
survival curves.

The results of the analysis are displayed in the following gures.

Figure 77.1 displays the product-limit survival estimate forineg X group (freatment=1). The gure lists,
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for each observed time, the survival estimate, failure rate, standard error of the estimate, cumulative number
of failures, and number of subjects remaining in the study.

Figure 77.1 Survivor Function Estimate for the Drug X-Treated Rats

Figure 77.2 displays summary statistics of survival times folthgy X group. It contains estimates of the

25th, 50th, and 75th percentiles and the corresponding 95% con dence limits. The median survival time for
rats in this treatment is 256 days. The mean and standard error are also displayed; however, these values are
underestimated because the largest observed time is censored and the estimation is restricted to the largest

event time.

Figure 77.2 Summary Statistics of Survival Times for Drug X-Treated Rats



5756 F Chapter 77: The LIFETEST Procedure

Figure 77.2 continued

Figure 77.3 and Figure 77.4 display the survival estimates and the summary statistics of the survival times for
Placebo (Treatment=0). The median survival time for rats in this treatment is 235 days.

Figure 77.3 Survivor Function Estimate for Placebo-Treated Rats
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Figure 77.4 Summary Statistics of Survival Times for Placebo-Treated Rats

A summary of the number of censored and event observations is shown in Figure 77.5. The gure lists, for
each stratum, the number of event and censored observations, and the percentage of censored observations.

Figure 77.5 Number of Event and Censored Observations

Figure 77.6 displays the graph of the product-limit survivor function estimates versus survival time. The two
treatments differ primarily at larger survival times. Note the number of subjects at risk in the plot. You can
display the number of subjects at risk at speci ¢ time points by using the ATRISK= option.
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Figure 77.6 Plot of Estimated Survivor Functions

Figure 77.7 displays the graph of the log survivor function estimates versus survival time. Neither curve
approximates a straight line through the origin—the exponential model is not appropriate for the survival

data.
Note that these graphical displays are generated through ODS. For general information about ODS Graphics,
see Chapter 24, “Statistical Graphics Using ODS.”
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Figure 77.7 Plot of Estimated Negative Log Survivor Functions

Results of the comparison of survival curves between the two treatments are shown in Figure 77.8. The rank
tests for homogeneity indicate a signi cant difference between the treatmen3.0175 for the log-rank test

andp = 0.0249 for the Wilcoxon test). Rats treated wittug X live signi cantly longer than those treated

with Placebo. Since the survival curves for the two treatments differ primarily at longer survival times, the
Wilcoxon test, which places more weight on shorter survival times, becomes less signi cant than the log-rank
test. As noted earlier, the exponential model is not appropriate for the given survival data; consequently, the
result of the likelihood ratio test should be ignored.

Figure 77.8 Results of the Two-Sample Tests

Next, suppose male rats and female rats are thought to have different survival rates, and you want to assess
the treatment effect while adjusting for the gender differences. By specifying the veésmbie the STRATA
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statement as a stratifying variable and by specifying the varitbbégment in the GROUP= option, you can
carry out a strati ed test to te3teatment while adjusting forSex. The test statistics are computed by pooling
over the strata de ned by the values®dx, thus controlling for the effect dfex. The NOTABLE option is
added to the PROC LIFETEST statement as follows to avoid estimating a survival curve for each gender:

proc lifetest data=Exposed notable;
time Days * Status(0);
strata Sex / group=Treatment;
run;

Results of the strati ed tests are shown in Figure 77.9. The treatment effect is statistically signi cant for
both the log-rank tesp(= 0.0071) and the Wilcoxon tegb € 0.0150). As compared to the results of the
unstrati ed tests in Figure 77.8, the signi cance of the treatment effect has been sharpened by controlling for
the effect of the gender of the subjects.

Figure 77.9 Results of the Strati ed Two-Sample Tests

SinceTreatment is a binary variable, another way to study the effectrefitment is to carry out a censored

linear rank test withfreatment as an independent variable. This test is less popular than the two-sample
test; nevertheless, in situations where the independent variables are continuous and are dif cult to discretize,
it might be infeasible to performlasample test. To compute the censored linear rank statistics to test the
Treatment effect, Treatment is speci ed in the TEST statement as follows:

proc lifetest data=Exposed notable;
time Days * Status(0);
test Treatment;

run;

Results of the linear rank tests are shown Figure 77.10. pivedues are very similar to those of the
two-sample tests in Figure 77.8.

Figure 77.10 Results of Linear Rank Tests of Treatment
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With Sex as a prognostic factor that you want to control, you can compute a strati ed linear rank statistic to
test the effect ofreatment by specifyingSex in the STRATA statement anfleatment in the TEST statement

as in the following program. The TEST=NONE option is speci ed in the STRATA statement to suppress the
two-sample tests faex.

proc lifetest data=Exposed notable;
time Days * Status(0);
strata Sex / test=none;
test Treatment;

run;

Results of the strati ed linear rank tests are shown in Figure 77.11 pTadues are very similar to those of
the strati ed tests in Figure 77.9.

Figure 77.11 Results of Strati ed Linear Rank Tests of Treatment

Syntax: LIFETEST Procedure

The following statements are available in the LIFETEST procedure:

PROC LIFETEST <options > ;
BY variables ;
FREQ variable </ option > ;
ID variables ;
STRATA variable < (list) > <...variable < (list) >> </ options > ;
TEST variables ;
TIME variable < censor (list) > </ option > ;
WEIGHT variable ;

The simplest use of PROC LIFETEST is to request the nonparametric estimates of the survivor function for
a sample of survival times. In such a case, only the PROC LIFETEST statement and the TIME statement
are required. You can use the STRATA statement to divide the data into various strata. A separate survivor
function is then estimated for each stratum, and tests of the homogeneity of strata are performed. However, if
the GROUP= option is also speci ed in the STRATA statement, strati ed tests are carried out to tiest the
samples that are de ned by the GROUP= variable while controlling for the effect of the STRATA variables.
You can specify covariates in the TEST statement. PROC LIFETEST computes linear rank statistics to test
the effects of these covariates on survival.
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The PROC LIFETEST statement invokes the procedure. All statements except the TIME statement are
optional, and there is no required order for the statements that follow the PROC LIFETEST statement. The
TIME statement speci es the variables that de ne the survival time and censoring indicator. The STRATA
statement speci es a variable or set of variables that de ne the strata for the analysis. The TEST statement
speci es a list of numeric covariates to be tested for their association with the response survival time. Each
variable is tested individually, and a joint test statistic is also computed. The ID statement provides a list of
variables whose values identify observations in the product-limit, Breslow, or Fleming-Harrington estimates.
When only the TIME statement appears, no strata are de ned and no tests of homogeneity are performed.

PROC LIFETEST Statement
PROC LIFETEST <options > ;

The PROC LIFETEST statement invokes the LIFETEST procedure. Optionally, this statement identi es an
input data set and an output data set, and speci es the computation details of the survivor function estimation.
Table 77.1 summarizes tlptions available in the PROC LIFETEST statement. Thestions are described

in alphabetic order.

ODS Graphics is the preferred method of creating graphs. Many new features have been added to the ODS
Graphics plots. For example, you can display the number of subjects at risk in a survival plot. For information
about ODS Graphics options, see the PLOTS= option.

If no plotting options are speci ed, PROC LIFETEST displays a table that shows the product-limit estimate
of the survivor function. If ODS Graphics is enabled, PROC LIFETEST also displays a plot of the estimated
survivor function. Otheoptions for displaying the estimated survivor function are documented in the section
“Plot Options Superseded by ODS Graphics” on page 5817.

Table 77.1 Options Available in the PROC LIFETEST Statement

Option Description

Input and Output Data Sets

DATA= Speci es the input SAS data set

OUTCIF= Names an output data set to contain cumulative incidence function
(CIF) estimates

OUTSURV= Names an output data set to contain survivor function estimates

OUTTEST= Names an output data set to contain rank test statistics for

association of survival time with covariates

Nonparametric Estimation

ERROR= Speci es the variance method of the CIF estimator
INTERVALS= Speci es interval endpoints for life-table estimates

NELSON Adds the Nelson-Aalen estimates

METHOD= Speci es the method to compute survivor function
NINTERVAL= Speci es the number of intervals for life-table estimates
RMST Performs the restricted mean survival time (RMST) analysis
RMTL Performs the restricted mean time lost (RMTL) analysis

WIDTH= Speci es the width of intervals for life-table estimates
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Table 77.1 continued

Option

Description

Con dence Limits for Survivorship

ALPHA=

BANDMAXTIME=

Sets the con dence level for interval estimation estimates
Speci es the maximum time for con dence band

BANDMINTIME=  Speci es the minimum time for con dence band
CONFBAND= Speci es the type of con dence band in the OUTSURV= data set
CONFTYPE= Speci es the transformation applied to the survivor function to

ODS Graphics
MAXTIME=
PLOTS=

Control Output

obtain con dence limits

Speci es the maximum time value for plotting
Speci es plots to display

ATRISK Adds the number of subjects at risk to the survival estimate table

INTERVALS= Displays only the estimate for the smallest time in each interval

NOLEFT Suppresses the Number Left and Number Event columns in the
survival estimate table

NOPRINT Suppresses the display of printed output

NOTABLE Suppresses the display of survival function estimates

REDUCEOUT Lists only INTERVALS= or TIMELIST= observations in the
OUTSURV= data set

TIMELIST= Lists the time points at which to display the survival estimate

Miscellaneous

ALPHAQT= Sets the con dence level for survival time quartiles

CIFVAR Displays the variance of the CIF estimator

MISSING Allows missing values to be a stratum level

SINGULAR= Sets the tolerance for testing singularity of covariance matrix of
rank statistics

STDERR Outputs the standard error for the survival estimators to the
OUTSURV= data set

TIMELIM= Speci es the time limit used to estimate the mean survival time and
its standard error

ALPHA=

speci es the level of signi cance forthe100.1 / % con dence intervals for the survivor, hazard,
and density functions. For example, the option ALPHA=0.05 requests the 95% con dence limits for
the survivor function. The default value is 0.05.

ALPHAQT=
speci es the signi cance level for the100.1 / % con dence intervals for the quartiles of the
survival time. For example, the option ALPHAQT=0.05 requests a 95% con dence interval for the
quartiles of the survival time. The default value is 0.05.
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ATRISK
adds a column that represents the number of subjects at risk to the survival estimate table. Also added
is a column that represents the number of events at each observed time. This option has no effect for
the life-table method.

BANDMAXTIME=value

BANDMAX=value
speci es the maximum time for the con dence bands. The default is the largest observed event time. If
the speci ed BANDMAX= time exceeds the largest observed event time, it is truncated to the largest
observed event time.

BANDMINTIME=value

BANDMIN=value
speci es the minimum time for the con dence bands. The default is the smallest observed event time.
For the equal-precision band, if the BANDMIN= value is less than the smallest observed event time, it
is defaulted to the smallest observed event time.

CIFVAR
displays the variance of the cumulative incidence function (CIF) estimator for competing-risks data.
By default, PROC LIFETEST displays the standard error of the CIF estimator.

CONFBAND=keyword
speci es the con dence bands to be output to the OUTSURV= data set. Con dence bands are available
for METHOD=KM, METHOD=BRESLOW, or METHOD=FH. You can use the followikgywords:

ALL outputs both the Hall-Wellner and the equal-precision con dence bands.
EP outputs the equal-precision con dence bands.
HW outputs the Hall-Wellner con dence bands.

CONFTYPE=keyword
speci es the transformation applied ®.t/ to obtain the pointwise con dence intervals and the
con dence bands for the survivor function in addition to the con dence intervals for the quartiles of
the survival times. The followingeywords can be used; the default is CONFTYPE=LOGLOG.

ASINSQRT the arcsine-square root transformation,
g.x/ D sin 1P
LOGLOG the log-log transformation,

g.x/ D log. log.x//

This is also referred to as the log cumulative hazard transformation since it applies
the logarithmic function to the cumulative hazard function. Collett (1994) and
Lachin (2000) refer to it as the complementary log-log transformation.

LINEAR the identity transformation,

g.x/ D x
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LOG the logarithmic transformation,
g.x/ D log.x/
LOGIT the logit transformation,

X
g.X/ D |Og ﬁ

DATA=SAS-data-set
names the SAS data set used by PROC LIFETEST. By default, the most recently created SAS data set
is used.

ERROR=AALEN | DELTA
speci es the method of calculating the variance of the CIF estimator. When ERROR=AALEN, the
variance estimator is based on the theory of counting process (Aalen 1978). When ERROR=DELTA,
the delta method is used to compute the variance. By default, ERROR=AALEN. For more information,
see the section “Estimation of the CIF” on page 5800.

INTERVALS=values

speci es a list of interval endpoints for the life-table method. These endpoints must all be nonnegative
numbers. The initial interval is assumed to start at zero whether or not zero is speci ed in the list. Each
interval contains its lower endpoint but does not contain its upper endpoint. When this option is used
with METHOD=KM, METHOD=BRESLOW, or METHOD=FH, it reduces the number of survival
estimates displayed by showing only the estimates for the smallest time within each speci ed interval.
The INTERVALS= option can be speci ed in any of the following ways:

a list separated by blanks INTERVALS=1 3 5 7

a list separated by commas INTERVALS=1,3,5,7

xtoy INTERVALS=1 to 7

XtoyBY z INTERVALS=1 to 7 by 1

a combination of the above INTERVALS=1,3 to 5,7

For example, the speci cation

intervals=5,10 to 30 by 10

produces the set of intervals

fEO; 5/; E5; 10/; E10; 20/; E20; 3D/{ gE30;

MAXTIME=value
speci es the maximum value of the time variable allowed on the plots so that outlying points do not
determine the scale of the time axis of the plots. This option affects only the displayed plots and has
no effect on any calculations.
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METHOD=type

speci es the method to be used to compute the survival function estimates. Valid valugsfare as
follows:

BRESLOW
speci es that the Breslow estimates be computed. The Breslow estimator is the exponentiation of
the negative Nelson-Aalen estimator of the cumulative hazard function.

FH
speci es that the Fleming-Harrington (FH) estimates be computed. The FH estimator is a tie-
breaking modi cation of the Breslow estimator. If there are no tied event times, this estimator is
the same as the Breslow estimator.

KM

PL
speci es that Kaplan-Meier estimates (also known as the product-limit estimates) be computed.

ACT
LIFE

LT
speci es that life-table estimates (also known as actuarial estimates) be computed.

By default, METHOD=KM.

MISSING
treats missing values as valid values for the stratum variables. By default, PROC LIFETEST does not
use observations that have a missing value in any stratum variables. For more information, see the
section “Missing Values” on page 5782.

NELSON

AALEN

produces the Nelson-Aalen estimates of the cumulative hazards and the corresponding standard errors.
This option is ignored if METHOD-=LT is speci ed.

NINTERVAL=value
speci es the number of intervals used to compute the life-table estimates of the survivor function. This
parameter is overridden by the WIDTH= option or the INTERVALS= option. When you specify the
NINTERVAL= option, PROC LIFETEST tries to nd an interval that results in round numbers for the
endpoints. Consequently, the number of intervals can be different from the number requested. Use the
INTERVALS= option to control the interval endpoints. The default is NINTERVAL=10.

NOLEFT

suppresses the Number Left and Number Event columns in the survival estimate table. This option has
no effect for the life-table estimate.
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NOPRINT
suppresses the display of output. This option is useful when only an output data set is needed. It
temporarily disables the Output Delivery System (ODS); For more information about ODS, see
Chapter 23, “Using the Output Delivery System.”

NOTABLE
suppresses the display of survival function estimates. Only the number of censored and event times,
plots, and test results is displayed.

OUTCIF=SAS-data-set
creates an output SAS data set to contain the point and interval estimates for the cumulative incidence
function (CIF). The data set also contains the number of subjects at risk, the number of events of interest,
and the number of events of all types. For more information about the contents of the OUTCIF= data
set, see the section “OUTCIF= Data Set” on page 5804.

OUTSURV=SAS-data-set

OUTS=SAS-data-set
creates an output SAS data set to contain the estimates of the survival function and corresponding
con dence limits for all strata. For more information about the contents of the OUTSURV= data set,
see the section “OUTSURV= Data Set” on page 5805.

OUTTEST=SAS-data-set

OUTT=SAS-data-set
creates an output SAS data set to contain the overall chi-square test statistic for association with failure
time for the variables in the TEST statement, the values of the univariate rank test statistics for each
variable in the TEST statement, and the estimated covariance matrix of the univariate rank test statistics.
For more information about the contents of the OUTTEST= data set, see the section “OUTTEST=
Data Set” on page 5807.

RMST< (options) >
performs the analysis of the restricted mean survival time (RMST). You can specify the following
options:

BC
applies bias correction to standard error estimation.

TAU=value
speci es the upper time limit of the RMST. Thalue must be positive. The default is the largest
observed time.

RMTL< (options) >
performs the analysis of the restricted mean time lost (RMTL). You can specify the foll@piings:

BC
applies bias correction to standard error estimation.
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TAU=value
speci es the upper time limit of the RMTL. Thelue must be positive. The default is the largest
observed time.

PLOTS< (global-plot-options) >=plot-request < (options) >

PLOTS< (global-plot-options) >=(plot-request < (options) > <. .. plot-request < (options) >>)
controls the plots produced using ODS Graphics. When you specify onlglataequest, you can
omit the parentheses around thiet-request. Here are some examples:

plots=none
plots=(survival(atrisk=100 to 350 by 50) logsurv)
plots(only)=hazard

ODS Graphics must be enabled before plots can be requested. For example:

ods graphics on;

proc lifetest plots=survival(atrisk);
time T * Status(0);
run;

ods graphics off;

For more information about enabling and disabling ODS Graphics, see the section “Enabling and
Disabling ODS Graphics” on page 687 in Chapter 24, “Statistical Graphics Using ODS.”

If ODS Graphics is enabled but you do not specify the PLOTS= option, PROC LIFETEST produces a
plot of the survivor function estimates, unless you use the FAILCODE option in the TIME statement to
stipulate a competing-risks analysis. In such a case, PROC LIFETEST creates a plot of the cumulative
incidence function (CIF) estimates.

You can specify the followinglobal-plot-option:

ONLY
speci es that only the speci ed plots in the list be produced; otherwise, the default survivor
function plot is also displayed. This option has no effect if you use the FAILCODE option in the
TIME statement to stipulate a competing-risks analysis.

Theplot-requests andplot-request options include the following.

ALL
produces all appropriate plots. For METHOD=KM, METHOD=BRESLOW, or METHOD=FH,
specifying PLOTS=ALL is equivalent to specifying PLOTS=(SURVIVAL LOGSURV
LOGLOGS); for the life-table method, specifying PLOTS=ALL is equivalent to specify-
ing PLOTS=(SURVIVAL LOGSURV LOGLOGS DENSITY HAZARD). For a competing-risks
analysis, specifying PLOTS=ALL is equivalent to specifying PLOTS=CIF.
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CIF< (cif-options) >
plots the cumulative incidence function (CIF) estimates. If you specify a STRATA statement
without the GROUP= option, PROC LIFETEST overlays the cumulative incidence curves of the
strata in the same plot. If you specify a STRATA statement with the GROUP= option, PROC
LIFETEST produces a panel plot, with one cell per stratum, and each cell contains the cumulative
incidence curves for the groups within the given stratum.

You can specify the followingif-options:

CL
displays pointwise con dence limits for CIF.

TEST
displays thep-value of Gray's test (Gray 1988) for testing the homogeneity of CIFs.

HAZARD < (hazard-options) >

H <hazard-options >
plots the estimated hazard functions. Kernel-smoothed estimates are produced for
METHOD=KM, METHOD=BRESLOW, or METHOD=FH. You can specify the follow-
ing hazard-options, but only the CL option can be used for the life-table method:

BANDWIDTH=bandwidth-option

BW=bandwidth-option
speci es what bandwidth is chosen for the kernel-smoothing and how it is chosen. You can
specify one of the followindpandwidth-options.

value
sets the bandwidth to the givealue.

numeric-list
selects the bandwidth from the giveameric-list that minimizes the mean integrated
squared error.

RANGE(lower,upper)
selects the bandwidth from the interviaer, upper) that minimizes the mean integrated
squared error. PROC LIFETEST uses the golden section search algorithm to nd the
minimum. If there is more than one local minimum in the interval, there is no guarantee
that the local minimum found is also the global minimum.

See the section “Optimal Bandwidth” on page 5793 for details about the mean integrated
squared error. If thBANDWIDTH= option is not speci ed, the default BANDWIDTH=
RANGE(0.,20), whereb D %3, g, andg, are the values of the GRIDL= and
GRIDU= options, respectively, amtis the total number of noncensored observations.

CL
displays the pointwise con dence limits for the smoothed hazard.
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GRIDL=number
speci es the lower grid limit for the kernel-smoothed estimate. The default value is the time
origin.

GRIDU=number
speci es the upper grid limit for the kernel-smoothed estimate. The default value equals the
maximum event time.

KERNEL=kernel-option
speci es the kernel used. You can specify the followkegnel-options:

BIWEIGHT

BW
Kew.x/ D 2.1 x2/2; 1 x 1

EPANECHNIKOV

E

Kex/ D 3.1 X2 1 x 1
UNIFORM
U

Ku.x/ D 3; 1 x 1

By default, KERNEL=EPANECHNIKOV.

NGRID=number
speci es the number of grid points. By default, NGRID=101.

NMINGRID=number
speci es the number of grid points that are used in determining the mean integrated square
error (MISE). By default, NMINGRID=51.

LOGLOGS

LLS
plots the log of negative log of estimated survivor functions versus the log of time.

LOGSURYV

LS
plots the negative log of estimated survivor functions versus time.

NONE
suppresses all plots.

PDF <(CL)>
P<(CL)>
plots the estimated probability density functions (life-table method only). Pointwise con dence
limits are displayed optionally by specifying the CL option.
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RMST<CL>
plots the restricted mean survival time (RMST) versugalues. If you specify a STRATA
statement without the GROUP= option, PROC LIFETEST overlays the RMST curves of the
strata in the same plot. If you specify a STRATA statement with the GROUP= option, the
procedure produces a panel plot that has one cell per stratum, and each cell contains the RMST
curves for the groups within the given stratum. The CL option displays pointwise con dence
limits for the RMST.

RMTL<CL>
plots the restricted mean survival time (RMTL) versusalues. If you specify a STRATA
statement without the GROUP= option, PROC LIFETEST overlays the RMTL curves of the
strata in the same plot. If you specify a STRATA statement with the GROUP= option, the
procedure produces a panel plot that has one cell per stratum, and each cell contains the RMTL
curves for the groups within the given stratum. The CL option displays pointwise con dence
limits for the RMTL.

SURVIVAL < (survival-options) >

S <(survival-options) >
plots the estimated survivor functions. Censored times are plotted as a plus sign on the Kaplan-
Meier, Breslow, or Fleming-Harrington survival curves unlessNECENSORoption is spec-
i ed. You can customize the display by using the followigwgyvival-options. If these options
are not suf cient for your purposes, you can customize the survival plot by modifying its graph
template. (For more information, see the section “Modifying the Survival Plots” on page 5825.)

ATRISK < (options) > <=number-list >
displays the numbers of subjects at risk at the given times. You can specify the following
options:

ATRISKTICK

ATRISKLABEL
guarantees that tick values are shown on the time axis for those times when the numbers
of subjects at risk are displayed. If this option is not speci ed, you might not be
able to tell at exactly which times the number of subjects at risk are displayed. If the
ATRISKTICKONLY option is also speci ed, it takes precedence over the ATRISKTICK
option.

ATRISKTICKONLY
speci es that tick values on the time axis be shown only at the times that are given in
the ATRISK=list. If the ATRISKTICK option is also speci ed, it is ignored; that is,
ATRISKTICKONLY takes precedence over ATRISKTICK.

MAXLEN=nN
speci es the number of characterghat are allowed for displaying the stratum labels. If
n is greater than or equal to the maximum length of the stratum labels, the stratum labels
are used in the at-risk display; otherwise, the stratum numbers are used. The default is
MAXLEN=12.
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OUTSIDE< (p) >
speci es that the at-risk table be drawn outside the plot area. PROC LIFETEST uses a
graph template that has a two-row lattice layout. The upper cell displays the survival
plot, and the bottom cell displays the at-risk table. You can specify an optional npmber
that represents the fractional proportion of the at-risk table height relative to the overall
grid height, but that speci cation is not necessary. By defauig the preferred row
weight in the GTL layout lattice statement that ensures that the plot displays well. If
you specify a value ob too small for the table to be properly displayed, some of the
rows might get cut off.

Thenumber-list identi es the times when the numbers at risk are displayed. Ifhthsber-
list is not speci ed, PROC LIFETEST displays the number of subjects at risk at each default
tick value on the time axis of the survival plot.

CB <=keyword >
displays the con dence bands (that is, simultaneous con dence intervals) for the survivor
functions. You can specify one of the followikgywords. The default is CB=HW.

ALL
displays both the equal-precision and the Hall-Wellner bands.

EP
displays the equal-precision band.

HW
displays the Hall-Wellner con dence band.

CL
displays the pointwise con dence limits for the survivor functions.

FAILURE

F
changes all the displays for survivor functions to those for the failure functions. For example,
if both the FAILURE and CL options are speci ed, the plot displays the failure curves in
addition to the pointwise con dence limits for the failure functions.

NOCENSOR
suppresses the plotting of the censored times on a Kaplan-Meier, Breslow, or Fleming-
Harrington survival curve.

STRATA=strata-option
speci es how to display the survival/failure curves for multiple strata. This option has no
effect if there is only one stratum. You can choose one of the followtraga options:

INDIVIDUAL

UNPACK
speci es that a separate plot be displayed for each stratum.
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OVERLAY
speci es that the survival/failure curves for the strata be overlaid in one plot.

PANEL
speci es that separate plots for the strata be organized into panels of two or four plots,
depending on the number of strata.

The default is STRATA=OVERLAY.

TEST
displays thep-value of a homogeneity test speci ed in the STRATA statement. If more than
one test is produced, the test is chosen in the following otd@GRANK, WILCOXON,
TARONE, PETO, MODPETO, FLEMING, and LR.

REDUCEOUT
speci es that the OUTSURV= data set contain only those observations that are included in the
INTERVALS= or TIMELIST= option. This option has no effect if the OUTSURV= option is not
speci ed. It also has no effect if neither the INTERVALS= option nor the TIMELIST= option is
speci ed.

SINGULAR=value
speci es the tolerance for testing singularity of the covariance matrix for the rank test statistics. The
test requires that a pivot for sweeping a covariance matrix be at least this number times a norm of the
matrix. The default value is 1E-12.

STDERR
speci es that the standard error of the survivor function (SDF_STDERR) be output to the OUTSURV=
data set. If the life-table method is used, the standard error of the density function (PDF_STDERR)
and the standard error of the hazard function (HAZ_STDERR) are also output.

TIMELIM=time-limit
speci es the time limit used in the estimation of the mean survival time and its standard error. The
mean survival time can be shown to be the area under the Kaplan-Meier survival curve. However, if
the largest observed time in the data is censored, the area under the survival curve is not a closed area.
In such a situation, you can choose a time lim#nd estimate the mean survival curve limited to a
timeL (Lee 1992, pp. 72-76). This option is ignored if the largest observed time is an event time.
Valid time-limit values are as follows:

EVENT

LET
speci es that the time limit. be the largest event time in the data. TIMELIM=EVENT is the
default.

OBSERVED

LOT
speci es that the time limit. be the largest observed time in the data.
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number

speci es that the time limit. be the givemumber. Thenumber must be positive and at least as
large as the largest event time in the data.

TIMELIST=number-list
speci es a list of time points at which the Kaplan-Meier estimates are displayed. The time points
are listed in the column labelédmelist. Since the Kaplan-Meier survival curve is a decreasing step
function, each given time point falls in an interval that has a constant survival estimate. The event time
that corresponds to the beginning of the time interval is displayed along with its survival estimate.

WIDTH=value

sets the width of the intervals used in the life-table calculation of the survival function. This parameter
is overridden by the INTERVALS= option.

BY Statement
BY variables ;

You can specify a BY statement in PROC LIFETEST to obtain separate analyses of observations in groups
that are de ned by the BY variables. When a BY statement appears, the procedure expects the input data
set to be sorted in order of the BY variables. If you specify more than one BY statement, only the last one
speci ed is used.

If your input data set is not sorted in ascending order, use one of the following alternatives:

Sort the data by using the SORT procedure with a similar BY statement.

Specify the NOTSORTED or DESCENDING option in the BY statement in the LIFETEST procedure.
The NOTSORTED option does not mean that the data are unsorted but rather that the data are arranged
in groups (according to values of the BY variables) and that these groups are not necessarily in
alphabetical or increasing numeric order.

Create an index on the BY variables by using the DATASETS procedure (in Base SAS software).

The BY statement is more ef cient than the STRATA statement for de ning strata in large data sets. However,
if you use the BY statement to de ne strata, PROC LIFETEST does not pool over strata for testing the
association of survival time with covariates, nor does it test for homogeneity across the BY groups.

When the life-table method is used to estimate survivor functions, each BY group might have a different set
of intervals. To make intervals the same across BY groups, use the INTERVALS= or WIDTH= option in the
PROC LIFETEST statement.

For more information about BY-group processing, see the “Grouping Data” sect@a®Programmers
Guide: EssentialsFor more information about the DATASETS procedure, see the discussionBatee
SAS Procedures Guide
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FREQ Statement
FREQ variable </ option > ;

The FREQ statement identi es\ariable that contains the frequency of occurrence of each observation.
PROC LIFETEST treats each observation as if it appeatgdes, where is the value of the FREQ variable

for the observation. The FREQ statement is useful for producing life tables when the data are already in the
form of a summary data set. If it is not an integer, it is truncated to an integer unless the NOTRUNCATE
option is speci ed. If it is missing or less than or equal zero, the observation is not used.

The followingoption can be speci ed in the FREQ statement after a slash (/):

NOTRUNCATE

NOTRUNC
speci es that the frequency values are not truncated to integers. This option does not apply to the
Fleming-Harrington estimator (METHOD=FH).

ID Statement
ID variables ;

The ID statement identi esariables whose values are used to label the observations of the Kaplan-Meier,
Breslow, or Fleming-Harrington survivor function estimates. SAS format statements can be used to format
the values of the ID variables.

STRATA Statement

STRATA variable < (list) > <...variable < (list) >> </ options > ;

The STRATA statement identi es the variables that determine the strata levels. Strata are formed according
to the nonmissing values of these variables. The MISSING option can be used to allow missing values as a
valid stratum level. Other options enable you to specify varlesample tests, strati ed tests, or trend tests

and to make multiple-comparison adjustments for paired differences.

In the preceding syntaxariable is a variable whose values determine the stratum levelslisind a list

of endpoints for a numeric variable. The valuesvariable can be formatted or unformatted.vHriable is

a character variable, orvfriable is numeric and no list appears, then the strata are de ned by the unique
values of the STRATAvariable. More than onevariable can be speci ed in the STRATA statement, and
each numeric variable can be followed by a list. Each interval contains its lower endpoint but not its upper
endpoint. The corresponding strata are formed by the combination of levels. If a variable is numeric and is
followed by a list, then the levels for that variable correspond to the intervals de ned by the list. The initial
interval is assumed to start &t , and the nal interval is assumed to endlat

The speci cation of a STRATAvariable can have any of the following forms:
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a list separated by blanks Age(5 10 20 30)

a list separated by commas Age(5,10,20,30)

xtoy Age(5 to 10)
xtoybyz Age(5 to 30 by 10)

a combination of the above Age(5,10 to 50 by 10)

For example, the speci cation

strata Age(5,20 to 50 by 10) Sex;

indicates the following levels for thege variable:
f. 1 ;5/;E5;20/; &20; 30/; &30; 40/; E40; 3D/ GESO;

This statement also speci es that thge strata be further subdivided by values of the variag#g. In this
example, there are six age groups by two sex groups, forming a total of 12 strata.

The speci cation of several STRAT#ariables, such as

strata A B C;

is equivalent to th&*B* C syntax of the TABLES statement in the FREQ procedure. The number of strata
levels usually grows very rapidly with the number of STRATA variables, so you must be cautious when
specifying the list of STRATA variables.

When comparing more than two survival curveg;sample test tells you whether the curves are signi cantly
different from each other, but it does not identify which pairs of curves are different. A multiple-comparison
adjustment of the@-values for the paired comparisons retains the same overall false positivekesatinple

test. Two types of paired comparisons can be made: comparisons between all pairs of curves and comparisons
between a control curve and all other curves. You use the DIFF= option to specify the comparison type, and
you use the ADJUST= option to select a method of multiple-comparison adjustments.

Table 77.2 summarizes thptions available in the STRATA statement.

Table 77.2 Options Available in the STRATA Statement

Option Description

Homogeneity Tests

GROUP= Speci es the group variable for strati ed tests

NODETAIL Suppresses printing the test statistic and covariance matrix
NOTEST Suppresses any tests

TEST= Speci es tests corresponding to various weight functions
TREND Requests a trend test

Multiple Comparisons

ADJUST= Requests a multiple-comparison adjustment

DIFF= Speci es the type of differences to consider

Missing Strata Value

MISSING Allows missing values as valid stratum values

Display Option

NOLABEL Uses the names of the STRATA variables in the display
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You can specify the followingptions in the STRATA statement after a slash (/).

ADJUST=method
ADJ=method
speci es the multiple-comparison method for adjusting phalues of the paired tests. See the section

“Multiple-Comparison Adjustments” on page 5796 for mathematical details; also see Westfall et al.
(1999). The adjustment methods include the following:

BONFERRONI

BON
applies the Bonferroni correction to the rgwwalues.

DUNNETT
performs Dunnett's two-tailed comparisons of the control group with all other groups. PROC
LIFETEST uses the factor-analytic covariance approximation described in Hsu (1992) and
identi es the adjustment in the results as “Dunnett-Hsu.” Note &KIUST=-DUNNETT is
incompatible with DIFF=ALL.

SCHEFFE
performs Scheffé's multiple-comparison adjustment.

SIDAK
applies the Sidék correction to the rgswalues.

SMM

GTE
performs the paired comparisons based on the studentized maximum modulus test.

TUKEY
performs the paired comparisons based on Tukey's studentized range test. PROC LIFETEST uses
the approximation described in Kramer (1956) and identi es the adjustment as "Tukey-Kramer"
in the results. Note that ADJUST=TUKEY is incompatible with DIFF=CONTROL.

SIMULATE < (simulate-options) >
computes the adjustg@values from the simulated distribution of the maximum or maximum
absolute value of a multivariate normal random vector. The simulation estimaties true
.1/ quantile, where is the value of the ALPHA=simulate-option.

The number of samples for the SIMULATE adjustment is set so that the tail area for the simulated
g is within a certain accuracy radiusof 1 with an accuracy con dence df00.1  / %. In
equation form,

PrjF.¢ 1 /j / D 1

where@is the simulated] andF is the true distribution function of the maximum; see Edwards
and Berry (1987) for details. By default,= 0.005 and = 0.01 so that the tail area @his within
0.005 of 0.95 with 99% con dence.

Thesimulate-options include the following:
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ACC=value

speci es the target accuracy radiusof a 100.1 /% con dence interval for the true
probability content of the estimateti / quantile. The default value is ACC=0.005.

ALPHA=value

speci es the value for estimating thel / quantile. The default value is the ALPHA=
value in the PROC LIFETEST statement, or 0.05 if that option is not speci ed.

EPS=value

speci es the value foral100.1 /% con dence interval for the true probability content

of the estimatedl / quantile. The default value for the accuracy con dence is 99%,
corresponding to EPS=0.01.

NSAMP=n

speci es the sample size for the simulation. By defanlfs set based on the values of the
target accuracy radiusand accuracy con denck00.1 /% for an interval for the true
probability content of the estimatei / quantile. With the default values for, , and
(0.005, 0.01, and 0.05, respectively), NSAMP=12604 by default.

REPORT

speci es that a report on the simulation should be displayed, including a listing of the
parameters, such as , and , in addition to an analysis of various methods for estimating
or approximating the quantile.

SEED=number

speci es an integer used to start the pseudorandom number generator for the simulation. If
you do not specify a seed, or if you specify a value less than or equal to zero, the seed is
generated by default from reading the time of day from the computer's clock.

DIFF=ALL | CONTROL<('string' <..., 'string' >) >
speci es which pairs of survival curves are considered for the multiple comparisons.

DIFF=ALL
requests all paired comparisons

DIFF=CONTROL < ('string' <...'string' >) >
requests comparisons of the control curve with all other curves. To specify the control curve,

you specify the quotes strings of formatted values that represent the curve in parentheses. For
example, ifCell="large" identi es the control group, you specify

DIFF=CONTROL( large )

If more than one variable is used to identify the curves (for examp&elif'large’ and Sex="F'
represent the control), you specify

DIFF=CONTROL(large F)

The order of the quoted strings should correspond to the order of the stratum variables. If no
speci ¢ curve is speci ed as the control, the rst stratum or group value is used.

By default, DIFF=ALL unless you specify ADJUST= DUNNETT, in which case DIFF=CONTROL.
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GROUP=variable
stipulates a strati ed test. You specify theriable to identify the groups whose survivor functions or
cumulative incidence functions you want to compare. Tests are strati ed on the levels of the STRATA
variables. For example, in a multicenter trial in which two forms of therapy are to be compared, you
specify the variable that identi es therapies as the GROW4#able and the variable that identi es
centers as the STRATA variable:

proc lifetest;

time T * Status(0);

strata Center / group=Therapy;
run;

With this speci cation, PROC LIFETEST performs a strati ed test to compare the therapies while
controlling the effect of the centers.

The GROUP= option has a side effect on the estimation of the survivor function or the cumulative
incidence function (CIF). Instead of estimating a survivor function (or CIF) for each stratum, PROC
LIFETEST estimates a survivor function (or CIF) for each group within a stratum. Suppose there are
10 centers and two therapies. The preceding PROC LIFETEST speci cation estimates 20 survivor
functions: two for each center, and one for each therapy for each center.

If the GROUP= option is not speci ed, PROC LIFETEST performs a homogeneity test comparing the
strata.

MISSING
allows missing values to be a stratum level or a valid value of the GROUP= variable.

NODETAIL
suppresses the display of the rank statistics and the corresponding covariance matrices for various
strata. If you speci ed the TREND option, the display of the scores for computing the trend tests is
suppressed.

NOLABEL
speci es that the names instead of the labels of the STRATA variables be used in the display of the
survival estimate table and in the legend of the survival plot.

NOTEST
suppresses thHesample tests, strati ed tests, and trend tests.

ORDER=FORMATTED | INTERNAL

speci es the sorting order of the values of the STRATA variables. The strata are presented in the
speci ed order in the analysis results. You can use this option, for example, to display the curve labels
in your preferred order in the survival plot legend (see Example 77.2 for an illustration). The default is
ORDER=F+ORMATTED, which sorts the strata according to their external formatted values, except
for numeric variable with no explicit format, which are sorted by the unformatted (internal) values.
ORDERANTERNAL sorts the strata by their internal values. The ORDER= option has no effect on a
stratum variable with cutpoints speci ed.
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TREND
computes the trend tests for testing the null hypothesis thét plopulation hazards rate are the same
versus an ordered alternatives. If there is only one STRATA variable and the variable is numeric, the
unformatted values of the variable are used as the scores; otherwise, the scar@s :arein the
given order of the strata.

TEST=test-request | (test-request <. .. test-request >)
controls the tests produced. Each test corresponds to a different weight function (see the section
“Nonparametric Tests” on page 5794 for the weight functions). t&bterequests include the following:

ALL speci es all the nonparametric tests wi=1 and 2 =0 for the Fleming and
Harrington test—FLEMING(1,0).

FLEMING(1, 2) species the family of tests in Harrington and Fleming (1982), whitrand 2
are nonnegative numbers. FLEMING( 2 ) reduces to the Fleming-Harrington
G family (Fleming and Harrington 1981) wheh =0, which you can specify
as FLEMING( ) with one argument. When=0, the test becomes the log-rank
test. When =1, the test should be very close to the Peto-Peto test.

LOGRANK speci es the log-rank test.

NONE suppresses all comparison tests. Specifying TEST=NONE is equivalent to
specify NOTEST.

LR speci es the likelihood ratio test based on the exponential model.

MODPETO speci es the modi ed Peto-Peto test.

PETO speci es the Peto-Peto test. The test is also referred to as the Peto-Peto-Prentice
test.

WILCOXON speci es the Wilcoxon test. The test is also referred to as the Gehan test or the

Breslow test.
TARONE speci es the Tarone-Ware test.

By default, TEST=(LOGRANK WILCOXON LR) for th&-sample tests, and TEST=(LOGRANK
WILCOXON) for strati ed and trend tests.

TEST Statement
TEST variables ;

The TEST statement speci es a list of numeric covariates (prognostic variables) that you want tested for
association with the failure time.

Two sets of rank statistics are computed. These rank statistics and their variances are pooled over all strata.
Univariate (marginal) test statistics are displayed for each of the covariates.

Additionally, a sequence of test statistics for joint effects of covariates is displayed. The rst element of the
sequence is the largest univariate test statistic. Other variables are then added on the basis of the largest
increase in the joint test statistic. The process continues until all the variables have been added or until the
remaining variables are linearly dependent on the previously added variables.
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For more information, see the section “Rank Tests for the Association of Survival Time with Covariates” on
page 5798.

TIME Statement

TIME variable < censor (list) > </ option > ;

The TIME statement is required. It is used to indicate the failure time variable, waeable is the name of

the failure time variable that can be optionally followed by an asterisk, the name of the censoring variable,
and a parenthetical list of values that correspond to right-censoring. The censoring values should be numeric,
nonmissing values. For example, the following statement identi es the varfaddecontaining the observed

failure times (event or censored):

time T *Status(0,2);
If the variableStatus has the value 0 or 2, the corresponding valug &f a right-censored value.

You can specify the followingption after a slash (/):

FAILCODE< =number-list >

EVENTCODE< =number-list >
stipulates a competing-risks analysis, which consists of estimating cumulative incidence functions and
computing Gray's test (Gray 1988) for testing the homogeneity of two or more cumulative incidence
functions. You specify a number that represents the event of interest after the equal sign. For example:

proc lifetest;
time T *Status(0) / failcode=1;
run;

For this speci cation, PROC LIFETEST regardStatus value of 1 as the event of interest, a value of
0 as a censored observation indicator, and all other values as competing events.

You can specify a list of values after the equal sign. PROC LIFETEST performs a separate competing-
risks analysis for each value, regarding it as representing the event of interest. For example:

proc lifetest;
time T *Status(0) / failcode=1 2;
run;

This speci cation produces two analyses, one for FAILCODE=1 and the other for FAILCODE=2.

If you specify the FAILCODE option without the equal sign, PROC LIFETEST produces a separate
analysis for each distinct event value. Consider a data set with an event indicator vatsailxe

that assumes four distinct values, 0, 1, 2, and 3, wBaris=0 represents observations that are
censored anBtatus=1, Status=2, andStatus=3 represent three different causes of failure. Consider
the following statements:
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proc lifetest;
time T *Status(0) / failcode;
run;

PROC LIFETEST produces three separate competing-risks analyses: one uses Status=1 as the failure
cause of interest, one uses Status=2 as the failure cause of interest, and one uses Status=3 as the
failure cause of interest. This speci cation is convenient for an exploratory analysis when there is no
predetermined failure cause of interest.

WEIGHT Statement
WEIGHT variable ;

Thevariable in the WEIGHT statement identi es the variable in the input data set that contains the weights
of the subjects. Values of the WEIGH/&riable can be nonintegral and are not truncated. Observations with
negative, zero, or missing values for the WEIGHHFiable are not used in the computation.

The implementation of weights in PROC LIFETEST is based on Xie and Liu (2005, 2011), who use inverse
probability of treatment weights to reduce confounding effects. A weight is assigned to each subject as the
inverse probability of being in a certain group. If a subject has a higher probability of being in a group, it is
considered as overrepresented and is therefore assigned a lower weight; on the other hand, if the subject has a
smaller probability of being in a group, it is considered as underrepresented and is assigned a higher weight.

You can use the WEIGHT statement only for the Kaplan-Meier curves. Other methods of estimating the
survival curves using weights are not available.

Details: LIFETEST Procedure

Missing Values

Observations with a missing value for either the failure time or the censoring variable are not used in the
analysis. If a stratum variable value is missing, the observation is not used; however, the MISSING option
can be used to request that missing values be treated as valid stratum values. If any variable speci ed in the
TEST statement has a missing value, that observation is not used in the calculation of the rank statistics.
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Computational Formulas
Breslow, Fleming-Harrington, and Kaplan-Meier Methods

Lett; <t, < <tp represent the distinct event times. Foreadh 1;:::;D, letY; be the number of
surviving units (the size of the risk set) just priorttcand letd; be the number of units that fail gt If the
NOTRUNCATE option is speci ed in the FREQ statemeYit,andd; can be nonintegers.

The Breslow estimate of the survivor function is

d.

®t/ D exp I
Y
jD1
Note that the Breslow estimate is the exponentiation of the negative Nelson-Aalen estimate of the cumulative
hazard function.
The Fleming-Harrington estimate (Fleming and Harrington 1984) of the survivor function is
X &1

Y

®t;/ D exp
kD1 jDO

If the frequency values are not integers, the Fleming-Harrington estimate cannot be computed.
The Kaplan-Meier (product-limit) estimate of the survivor functiom; as the cumulative product
Y d
§'[i/ D 1 L
. Y
jD1

Notice that all the estimators are de ned to be right continuous; that is, the evéntratincluded in the
estimate ofS.t;/. The corresponding estimate of the standard error is computed using Greenwood's formula
(Kalb eisch and Prentice 1980) as

dj

V
o0%$t/ D /ﬁx‘
1 ot _
! b Y, di!

The rst quartile (or the 25th percentile) of the survival time is the time beyond which 75% of the subjects in
the population under study are expected to survive. It is estimated by

Q25 D minft; j$t; / < 0:75¢g

If St/ is exactly equal to 0.75 fromy totj c1, the rst quartile is taken to be; C tj c1/=2. If it happens
that $t/ is greater than or equal to 0.75 for all values of t, the rst quartile cannot be estimated and is
represented by a missing value in the printed output.

The general formula for estimating the 380 percentile point is
gp D minft; j9 /<1 pg

The second quartile (the median) and the third quartile of survival times correspprddd® andp = 0.75,
respectively.
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Brookmeyer and Crowley (1982) have constructed the con dence interval for the median survival time based
on the con dence interval for th8.t/. The methodology is generalized to construct the con dence interval
for the 10(th percentile based ongatransformed con dence interval f@.t/ (Klein and Moeschberger
1997). You can use the CONFTYPE-= option to specifyghieansformation. Th&00.1 / % con dence
interval for the rst quantile survival time is the set of all poiritdhat satisfy

9.9t/ g.1 0:25
g0 Dt/ 0Dt/

z;

whereg®x/ is the rst derivative ofg.x/ andz; - isthe.100.1  5//th percentile of the standard normal
distribution.

Consider the bone marrow transplant data described in Example 77.2. The following table illustrates the
construction of the con dence limits for the rst quartile in the ALL group. Value.@%ﬁté’)t//gg@?ia that

lie between z, o=  1.965 are highlighted. o '

Constructing 95% Con dence Limits for the 25th Percentile
g. 9t/ g.1 0:25
g2t/ oDt
t Ot/ oDt/ LINEAR LOGLOG LOG ASINSQRT LOGIT

1 0.97368 0.025967 8.6141 2.37831 9.7871 4.44648  2.47903
55 0.94737 0.036224 5.4486 2.36375 6.1098 3.60151 2.46635
74 0.92105 0.043744 3.9103 2.16833  4.3257 2.94398  2.25757
86 0.89474 0.049784 29073 1.89961 3.1713 2.38164 1.97023
104 0.86842 0.054836 2.1595 1.59196 2.3217 1.87884  1.64297
107 0.84211 0.059153 1.5571 1.26050 1.6490 1.41733 1.29331
109 0.81579 0.062886 1.0462 0.91307  1.0908 0.98624  0.93069
110 0.78947 0.066135 0.5969 0.55415 0.6123 0.57846  0.56079
122 0.73684 0.071434 -0.1842 -0.18808 -0.1826 -0.18573 -0.18728
129 0.71053 0.073570 —-0.5365  -0.56842 —0.5222 —0.54859 -0.56101
172 0.68421 0.075405 -0.8725  -0.95372 -0.8330 -0.90178 -0.93247
192 0.65789 0.076960 -1.1968  —-1.34341 -1.1201 -1.24712 -1.30048
194 0.63158 0.078252 -1.5133 -1.73709 -1.3870 -1.58613 -1.66406
230 0.60412 0.079522 -1.8345 —2.14672 -1.6432 —1.92995 -2.03291
276 0.57666 0.080509 -2.1531  —2.558981.8825 —2.26871 —2.39408
332 0.54920 0.081223 -2.4722 -2.97389 -2.1070 —2.60380 -2.74691
383 0.52174 0.081672 -2.7948  -3.39146 -2.3183 —2.93646 —3.09068
418 0.49428 0.081860 -3.1239 -3.81166 -2.5177 -3.26782 —3.42460
466 0.46682 0.081788  —-3.4624  —4.23445 -2.7062 -3.59898 -3.74781
487 0.43936 0.081457 -3.8136 —4.65971 -2.8844 -3.93103 —4.05931
526 0.41190 0.080862 —4.1812 -5.08726 -3.0527 —4.26507 —-4.35795
609 0.38248 0.080260 —4.5791  -5.52446 -3.2091 -4.60719 -4.64271
662 0.35306 0.079296 -5.0059  -5.96222 -3.3546 —4.95358 —4.90900

Consider the LINEAR transformation whegex/ D x. The event times that satisfyg's’ipM
g0 Dty LDy

1:9599include 107, 109, 110, 122, 129, 172, 192, 194, and 230. The con dence of the interval [107, 230]
is less than 95%. Brookmeyer and Crowley (1982) suggest extending the con dence interval to but not
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including the next event time. As such the 95% con dence interval for the rst quartile based on the linear
transform is [107, 276). The following table lists the con dence intervals for the various transforms.

959% Cl's for the 25th Percentile
CONFTYPE [Lower Upper)

LINEAR 107 276
LOGLOG 86 230
LOG 107 332
ASINSQRT 104 276
LOGIT 104 230

Sometimes, the con dence limits for the quartiles cannot be estimated. For convenience of explanation,
consider the linear transforgux/ D x. If the curve that represents the upper con dence limits for the
survivor function lies above 0.75, the upper con dence limit for rst quartile cannot be estimated. On the
other hand, if the curve that represents the lower con dence limits for the survivor function lies above 0.75,
the lower con dence limit for the quartile cannot be estimated.

The estimated mean survival time is

»
oD S).ti VAT Y/
iD1
wheretg is de ned to be zero. When the largest observed time is censored, this sum underestimates the mean.
The standard error oDis estimated as
U
P m X1 d Ai2

1 D1 Yi.Yi di/

OOD

where
X 1

A, D Qtj /-tjC1 tj/
i Di

If the largest observed time is not an event, you can use the TIMELIM= option to specify a timé mat
estimate the mean survival time limited to the tilnand its standard error by replacibgby D + 1 with
tD c1 DL.

Nelson-Aalen Estimate of the Cumulative Hazard Function
The Nelson-Aalen cumulative hazard estimator, de ned up to the largest observed time on study, is

Xdi

HX/ D L
Vi

£
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and its estimated variance is

X d;
g Ht/ D —
t; tYi

Adjusted Kaplan-Meier Estimate
PROC LIFETEST computes the adjusted Kaplan-Meier estimate (AKME) of the survivor function if

independent sample of right-censored survival data, wheigthe possibly right-censored time,is the
censoring indicator ( D 0if T; is censored and, D 1if T; is an event time), and; is the weight
(from the WEIGHT statement). Lét <g2 < < tp be theD distinct even'gtimes in the sample. At
timet;;j D 1;:::;D, thereared; D ; {I.T; D tj/ eventsoutoft; D5 ; L.T;  tj/ subjects.
The wg,ighted number of events and the weighted number at risd*ar® ; w; {I.T; D t;/ and

YjW D ;wlT; t/,respectively. The AKME (Xie and Liu 2005) is

)t/ D Qtjtl gjw ot

J

The estimated variance &Pt/ is

2 X dv=yw
G 9t/ D D/ S
. Mj A d-WZYW/
Wt J I
where
P 2
i, Wi
Mj D —P >
iw, Wi

Life-Table Method
The life-table estimates are computed by counting the numbers of censored and uncensored observations that
number of units that enter the inten@t 1 ;tj/, and letd; be the number of events that occur in the interval.

Letb Dt t 1,and IetniO D ni w;=2 wherew; is the number of units censored in the interval. The
effective sample size of the internv@tt 1;tj/ is denoted bymio. Letty; denote the midpoint ot 1;t;/.

The conditional probability of an event @&t 1;t;/ is estimated by

and its estimated standard error is
s

ogip W

where@®@ D 1 @;.
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The estimate of the survival functiontatis

1 iDO
4/ St 1/pi 1 i>0

and its estimated standard error is

0 i/ D@t/P 0

jD1 nJ
The density function at,; is estimated by

Qti/@

f@ /D b

and its estimated standard error is

0f?@,/ DY ./{J cﬁ
n°@®

JDlJ

The estimated hazard functiontg is

26
tmi/ D —————
™M h.1C @/
and its estimated standard error is
S
1 bty /=2/2

n’@

Let &t 1;t / be the interval in whict®t; 1/ $t/=2 > Dt; /. The median residual lifetime gtis
estimated by

Qtj 1/ Qti/ZZ
§tj 1/ gj.'[j/

and the corresponding standard error is estimated by

St/
2AQ@ i/ 10

M?Dtj 1 tiij

OM/ D

Interval Determination

If you want to determine the intervals exactly, use the INTERVALS= option in the PROC LIFETEST
statement to specify the interval endpoints. Use the WIDTH= option to specify the width of the intervals,
thus indirectly determining the number of intervals. If neither the INTERVALS= option nor the WIDTH=
option is speci ed in the life-table estimation, the number of intervals is determined by the NINTERVAL=
option. The width of the time intervals is 2, 5, or 10 times an integer (possibly a negative integer) power of 10.
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Letc D log,o(maximum observed time/number of intervals), andlbe the largest integer not exceedimg
Letd D 10° P and let

abD2 Id 2/IC5 l.2<d 5/C10 I.d>5/
with | being the indicator function. The width is then given by
widthD a 1(P
By default, NINTERVAL=10.

Pointwise Con dence Limits in the OUTSURV= Data Set

Pointwise con dence limits are computed for the survivor function, and for the density function and hazard
function when the life-table method is used. Lebe speci ed by the ALPHA= option. Let-, be the
critical value for the standard normal distribution. Thaf'is, z-,/ D =2, where” is the cumulative
distribution function of the standard normal random variable.

Survivor Function

When the computation of con dence limits for the survivor funct®n/ is based on the asymptotic normality

of the survival estimatoft/, the approximate con dence interval might include impossible values outside
the range [0,1] at extreme valuestofhis problem can be avoided by applying the asymptotic normality
to a transformation o8.t/ for which the range is unrestricted. In addition, certain transformed con dence
intervals forS.t/ perform better than the usual linear con dence intervals (Borgan and Liestgl 1990).
The CONFTYPE=option enables you to pick one of the following transformations: the log-log function
(Kalb eisch and Prentice 1980), the arcsine-square root function (Nair 1984), the logit function (Meeker and
Escobar 1998), the log function, and the linear function.

Let g be the transformation that is being applied to the survivor funclidh. By the delta method, the

standard error of. $t// is estimated by
h i
t/ DO g.$t/ Dg° St/ aEDt/e

wheregPis the rst derivative of the functiom. The 100(1-)% con dence interval folS.t/ is given by

n o]
g ! gt/ z?go(!@.t/- @St/
whereg 1 is the inverse function a. That choices of the transformatigrare as follows:

q_
arcsine-square root transformation: The estimated variancsinof Ot/ is Gt/ D

G @Dt/

. o . L
1OUEL O The 100(1-)% con dence interval foiS.t/ is given by

q___
sin® max 0;sin 1. St/ z_Ql St/ sin® min E;sin 1 EQt//CzECt/

linear transformation: This is the same as having no transformation in vghicthe identity. The
100(1- )% con dence interval foiS .t/ is given by
h h i
Ot z oD st Hcz oDy
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log transformation: The estimated variancéagf. $t// is G.t/ D O;%” : The 100(1-)% con -
dence interval fo6.t/ is given by

Stiexp z_aQl st/ Dtiexp z_al

G @t/

@t/ log. S/l 2" The

log-log transformation: The estimated variancdayf log. St/ is G.t/ D
100(1- )% con dence interval foiS.t/ is given by

h I exp 270/

Ot/

h iep _a/
st Oy "z

Dt/

logit transformation: The estimated variancdarf T U is

G. Ot/

Gt/ D :
2 t/E1 Dt/e2

The 100(1-)% con dence limits forS.t/ are given by

oy s —n S

St/c 1 D exp z Ql

h
St/c 1 D exp z Al

Density and Hazard Functions
For the life-table method, a 100(1)% con dence interval for hazard function or density function at time
is computed as

ot/ z-, gt/

where@t/ is the estimate of either the hazard function or the density function att tiamel Qgpt/ is the
corresponding standard error estimate.

Simultaneous Con dence Intervals for Kaplan-Meier Curves

The pointwise con dence interval for the survivor functi@nt/ is valid for a single xed time at which

the inference is to be made. In some applications, it is of interest to nd the upper and lower con dence
bands that guarantee, with a given con dence level, that the survivor function falls within the bandtfior all
some interval. Hall and Wellner (1980) and Nair (1984) provide two different approaches for deriving the
con dence bands. An excellent review can be found in Klein and Moeschberger (1997). You can use the
CONFBAND-= option in the PROC LIFETEST statement to select the con dence bands. The EP con dence
band provides con dence bounds that are proportional to the pointwise con dence interval, while those of
the HW band are not proportional to the pointwise con dence bounds. The maximuntgirfer the bands

can be speci ed by the BANDMAX= option; the minimum timig,, can be speci ed by the BANDMIN=
option. Transformations that are used to improve the pointwise con dence intervals can be applied to improve
the con dence bands. It might turn out that the upper and lower bounds of the con dence bands are not
decreasing i, <t <t y, whichis contrary to the nonincreasing characteristic of survivor function. Meeker
and Escobar (1998) suggest making an adjustment so that the bounds do not increase: if the upper bound
is increasing on the right, it is made at from the minimumtgg; if the lower bound is increasing from
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the right, itis made at front, to the maximum. PROC LIFETEST does not make any adjustment for the
nondecreasing behavior of the con dence bands in the OUTSURV= data set. However, the adjustment was
made in the display of the con dence bands by using ODS Graphics.

For Kaplan-Meier estimation, l¢t <t, < < tp be theD distinct events times, and at tilhe there are
d; events. LetY; be the number of individuals who are at risk at titneThe variance oft/, given by the
Greenwood formula, ¥ @t/ D 2.t/ $2.t/, where

X d;

2
t/ D .
st CYiYr o di

t

Lett, <ty be the time range for the con dence band so tiats less than or equal to the largest event
time. For the Hall-Wellner band, can be zero, but for the equal-precision bands greater than or equal
to the smallest event time. Let

n é-tL/
1Cn é-tL/

n é.tu/

a_ D s
: 1Cn 2ty/

and ay D

LetfWOu/;0 u 1gbe a Brownian bridge.

Hall-Wellner Band
The 100(1-)% HW band of Hall and Wellner (1980) is

St/ h.aayn 2ECn LD St DUCh .aay/n FECn 2D

forallt, t ty,where the critical valub .a, ;ay/ is given by

DPrf sup jWou/j>h .a_;aylg

a. u ay
The critical values are computed from the results in Chung (1986).

Note that the given con dence band has a formula similar to that of the (linear) pointwise con dence interval,
whereh .a_;ay/ andn ZEC n é.t/-@.t/ in the former correspond tDE and Ot/ in the latter,
respectively. You can obtain the other transformations (arcsine-square root, log-log, log, and logit) for the
con dence bands by replacinz% andQ/ in the corresponding pointwise con dence interval formula by

h .a_;ay/ and the followingQ/ , respectively:

arcsine-square root transformation:

s
o 1cn 2t/ S.t/

al 2 nELl S.t/e

log transformation:

1Cn 2.t/
Q/ D —p-S_
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log-log transformation:

1Cn &t/

Q/ D p——>—
nj log@t/s]

logit transformation:

1Cn 2.t/

Q/ D p—3—
nE1 t/e

Equal-Precision Band
The 100(1-)% EP band of Nair (1984) is

Dt/ e .a ;ay/Ptl st/ St/ DtiCe .a ;ay/Pt/ s.t/

forallt, t ty,wheree .a_;ay/ isgiven by

. O .
D Prf  sup W 'U/Jl

———>e .a_;aylg
a. U ay (Eu.l u/fe2
PROC LIFETEST uses the approximation of Miller and Siegmund (1982, Equation 8) to approximate the tail
probability in whiche .a_ ;ay/ is obtained by solving in
ax x/ 1 ay.l a_/

C x x - lo
X X g a .l ay!/

where .x/ is the standard normal density function evaluatexi &tote that the con dence bounds given are
proportional to the pointwise con dence intervals. As a matter of fact, this con dence band and the (linear)
pointwise con dence interval have the same formula except for the critical van_zleto( the pointwise

con dence interval an@ .a, ;ay/ for the band). You can obtain the other transformations (arcsine-square
root, log-log, log, and logit) for the con dence bands by replaczir;gbye .ap;ay/ inthe formula of the
pointwise con dence intervals.

Kernel-Smoothed Hazard Estimate

Kernel-smoothed estimators of the hazard funchidnh are based on the Nelson-Aalen estimafét/ and
its variance Ht// . Consider the jumps dft/ and\P.HX// atthe eventtimeg <t, < <tp as
follows:

'|'Qti/ D |‘Qti/ |‘Qti 1/
WHX /1 D WOHX, /1 WPHXx; 1/

wheretg=0.

The kernel-smoothed estimatorhut/ is a weighted average ofHt/ over event times that are within a
bandwidth distanck of t. The weights are controlled by the choice of kernel function, de ned on the
interval [-1,1]. The choices are as follows:
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uniform kernel:

1
KU.XIDE; 1 x 1

Epanechnikov kernel:

3
KE.x/DZ.l X2 1 x 1

biweight kernel:

15
KBW.x/D1—6.1 x2/% 1 x 1

The kernel-smoothed hazard rate estimator is de ned for all time point8;0n/. For time pointd for
whichb 't tp b, the kernel-smoothed estimatediof/ based on the kerné./ is given by

1® ot
er/DB K - Hxt/

iD1

The variance of/ is estimated by

1% t ot 2
QX// D= K —- «\DHX;
27/, 2, . Ht 1/

Fort < b, the symmetric kernelk./ are replaced by the corresponding asymmetric kernels of Gasser and
Mller (1979). Letq D . The modi ed kernels are as follows:

uniform kernel:

41Cq° _ 6.1 q/X_
1Cqg/4  1Cqglr’

Epanechnikov kernel:

642 49C6c 3%/ C2401 x|
1Cq/419 18qC 3% ! a

biweight kernel:

64.8 24qC 48¢° 45¢° C 15¢f/ C 1120.1 q/3x_ 1«
1Cq/581 168qC 126 40 C 5%/ g

Kew ;q.X/ D Kgw X/

Forts b t tp,letqD . The asymmetric kernels for< b are used withx replaced by x.

Using the log transform on the smoothed hazard rate, the 100¥d pointwise con dence interval for the
smoothed hazard ratet/ is given by

z; = O/
19t/

wherez; - is the (100(1-))th percentile of the standard normal distribution.

2t/ D 1t/ exp
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Optimal Bandwidth
The following mean integrated squared error (MISE) over the rapgend  is used as a measure of the
global performance of the kernel function estimator:
Z U
MISEb/ D E .8/ h.u//?du
Z I_U Z U Z V]
D E .udu  2E Ru/h.u/du C E h2.u/du

L L L

The last term is independent of the choice of the kernel and bandwidth and can be ignored when you are
looking for the best value df. The rstintegral can be approximated by using the trapezoid rule by evaluating
19t/ ata grid of points . D u; < <upm D y. Youcanspecify, ; r, andM by using the options
GRIDL=, GRIDU=, and NMINGRID=, respectively, of the HAZARD plot. The second integral can be
estimated by the Ramlau-Hansen (1983a, b) cross-validation estimate:

1X it

ioj
Therefore, for a xed kernel, the optimal bandwidth is the quartitifat minimizes
ML 2 X t ot
gb/D Ut U @y cRuicy ST K T et M)

iD1 2 biDj b

The minimization is carried out by the golden section search algorithm.

Comparison of Two or More Groups of Survival Data

The null and alternative hypotheses to be tested are
Ho VW5,.t/ D S,.t/ D D Sk .t/ forallt

versus
H 1 Vét least one of th&, .t/'s is different for some

respectively, where is the largest observed time.

Likelihood Ratio Test

The likelihood ratio test statistic (Lawless 1982) for test versusH ; assumes that the data in the various
samples are exponentially distributed and tests that the scale parameters are equal. The test statistic is
computed as

T X T
2 k
D2Nlog — 2 Nglog —*
9 N k 109 Ny

kD1

P
whereNy is the totallglumber of events in tikéh group,N D tm Ny, Ty is the total time on test in the
kth stratum, and D EDl T« . The approximate probability value is computed by treatifgs having a
chi-square distribution witi — 1 degrees of freedom.
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Nonparametric Tests

Yik D i,  I.Xi Dk/anddj Dy g il-Xi D K/ be the size of the risk set and the number of
events in thékth group, respectively. Lé D [p; Yk, di D Kpydik -
The choices of the weight functidi .t / are given in Table 77.3.

Table 77.3 Weight Functions for Various Tests

Test W.t;/
Log-rank 1.0
Wilcoxon E,
Tarone-Ware Y
Peto-Peto Rx; /
Modi ed Peto-Peto K, /Y—J_ch—l

Harrington-Flemingg,q) @t 1/PE1 Dt 1/9p 0,9 O

In Table 77.3%t/ is the product-limit estimate afor the pooled sample, arft/ is a survivor function
estimate close t&t/ given by

dj

/ Y

ot

Unstrati ed Tests The rank statistics (Klein and Moeschberger 1997, Section 7.3) for tddtingersus

H 4 have the form of &-vectorv D .v1;Vao;:::; vk /%with
» d
vk D Wtj / djk ij el
. Y
jD1

and the variance of, and the covariance of, andvy, are, respectively,

" #
v b X wep S E Y el
Kk . N Y ATEY !
jb1 J 4
» 2 di.Y; d /ij Yin
Vin D W .tj / 5 ;1 ke h K
AT

iD1

The statistios, can be interpreted as a weighted sum of observed minus expected numbers of failure for the
kth group under the null hypothesis of identical survival curves\L& .V, /. The overall test statistic

for homogeneity i¥% v, whereV denotes a generalized inverse\af This statistic is treated as having

a chi-square distribution with degrees of freedom equal to the raWkfof the purposes of computing an
approximate probability level.
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Adjusted Log-Rank Test ~ PROC LIFETEST computes the weighted log-rank test (Xie and Liu 2005, 2011)
if you specify the WEIGHT statement. LeEi¢ ;; Xi;w;/;i D 1;:::;n;denote an independent sample of
right-censored survival data, whefgis the possibly right- censored time, is the censoring indicator (=0

if T; is censored and =1 if T; is an event time)X; D 1;:::;K for K different groups, and; is the weight
from the WEIGHT statement. L&t <t, < <tp be the distinct event times in the sample. At each
ti;j D1;:::;D,andforeach k K, let

X X
dj« D I.X; D k/ djvl\(l D w;l.X i D k/
iWiDtj iWiDtj
X X
Yik D I.X; D k/ YJ-Y(V D wil.X i D k/
IVt iVl

P P«
Letd; D EDldjk andY; D leij denote the numlger of events and the rymber at risk, respectively,

in the combined sample at tinte. Similarly, letd” D Ko dw x andy" D Kot Yy denote the
weighted number of events and the weighted number at risk, respectlvely, in the comblned samplg at time

The test statistic is
I
® w w d'W
Vi D di ij A ,
iD1

and the variance of,, and the covariance of, andvy, are, respectively,

o 8 ¥ 2 L, L, 39
<4 ) ) j Y Ww YW YW =
di.Y; di/
Vie D ﬁ 4 Y’—Vkv w2l X; o kg C ‘Y—W“‘ w2l fX; Dk ; 1 k
jp1- 1) iD1 i j ’
8 X n
¥ <4y dg/X Y.WYW YWY EIY
i -1 j ik j Jk
Vikn D VI YW/ZWIfX,mkhg Y'lewlfx D kg
jp1’ iD1 # i
.YjW Y""/YJ‘{(V 5

LetV D .Vi,/. UnderH, the weightedk-sample test has & statistic given by

with K — 1 degrees of freedom.

Stratied Tests ~ Suppose the test is to be strati ed bhlevels of a set of STRATA variables. Based only
on the data of theth stratum ¢ D 1;:::; M), letvs be the test statistic (Klein and Moeschberger 1997,
Section 7.5) for theth stratum, and IetlS be its covariance matrix. Let
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A global test statistic is constructed as
2DVWV v

Under the null hypothesis, the test statistic hag aistribution with the same degrees of freedom as the
individual test for each stratum.

Multiple-Comparison Adjustments Let 2 denote a chi-square random variable wittegrees of free-
dom. Denote and” as the density function and the cumulative distribution function of a standard normal
distribution, respectively. Len be the number of comparisons; that is,

kk 1 DIFF D ALL

mD k 1 DIFF D CONTROL

For a two-sided test that compares the survival ofithgroup with that ofth group,1 j = | r,the
test statistic is

Vi ov/?
Vi CVii 2V

2

z D