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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

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 @swith 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.

The following DATA step creates the data &bposed, which contains four variable®ays (survival time
in days from treatment to deattgtatus (censoring indicator variable: O if censored and 1 if not censored),
Treatment (treatment indicator), anflex (gender: F if female and M if male).
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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 variabays, is crossed with the censoring varialatus, with

the value O 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.
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Figure 74.1 displays the product-limit survival estimate forineg X group (freatment=1). The gure lists,
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 74.1 Survivor Function Estimate for the Drug X-Treated Rats

Figure 74.2 displays summary statistics of survival times foiCthey 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 74.2 Summary Statistics of Survival Times for Drug X-Treated Rats
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Figure 74.2 continued

Figure 74.3 and Figure 74.4 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 74.3 Survivor Function Estimate for Placebo-Treated Rats
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Figure 74.4 Summary Statistics of Survival Times for Placebo-Treated Rats

A summary of the number of censored and event observations is shown in Figure 74.5. The gure lists, for
each stratum, the number of event and censored observations, and the percentage of censored observations.

Figure 74.5 Number of Event and Censored Observations

Figure 74.6 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 74.6 Plot of Estimated Survivor Functions

Figure 74.7 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 21, “Statistical Graphics Using ODS.”
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Figure 74.7 Plot of Estimated Negative Log Survivor Functions

Results of the comparison of survival curves between the two treatments are shown in Figure 74.8. 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 74.8 Results of the Two-Sample Tests
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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 ve8mbie the STRATA
statement as a stratifying variable and by specifying the varislbégment 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®éx, 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 74.9. The treatment effect is statistically signi cant for
both the log-rank tesp(= 0.0071) and the Wilcoxon tegp € 0.0150). As compared to the results of the
unstrati ed tests in Figure 74.8, the signi cance of the treatment effect has been sharpened by controlling for
the effect of the gender of the subjects.

Figure 74.9 Results of the Strati ed Two-Sample Tests

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

linear rank test withireatment 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 74.10. pfvedues are very similar to those of the
two-sample tests in Figure 74.8.
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Figure 74.10 Results of Linear Rank Tests of Treatment

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 anteatment 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 fagex.

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 74.11 pTadues are very similar to those of
the strati ed tests in Figure 74.9.

Figure 74.11 Results of Strati ed Linear Rank Tests of Treatment
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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 tkest 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.

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 74.1 summarizes tlgtions available in the PROC LIFETEST statement. Thegtons 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 5631.
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Table 74.1 Options Available in the PROC LIFETEST Statement

Option

Description

Input and Output Data Sets

DATA=
OUTCIF=

OUTSURV=
OUTTEST=

Speci es the input SAS data set

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

Names an output data set to contain survivor function estimates
Names an output data set to contain rank test statistics for associa-
tion of survival time with covariates

Nonparametric Estimation

ERROR=
INTERVALS=
NELSON
METHOD=
NINTERVAL=
RMST

RMTL
WIDTH=

Speci es the variance method of the CIF estimator

Speci es interval endpoints for life-table estimates

Adds the Nelson-Aalen estimates

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

Con dence Limits for Survivorship

ALPHA=

BANDMAXTIME=
BANDMINTIME=

CONFBAND=
CONFTYPE=

ODS Graphics
MAXTIME=
PLOTS=

Control Output
ATRISK
INTERVALS=
NOLEFT

NOPRINT
NOTABLE
REDUCEOUT

TIMELIST=

Miscellaneous
ALPHAQT=
CIFVAR
MISSING

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

Speci es the minimum time for con dence band

Speci es the type of con dence band in the OUTSURV= data set
Speci es the transformation applied to the survivor function to
obtain con dence limits

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

Adds the number of subjects at risk to the survival estimate table
Displays only the estimate for the smallest time in each interval
Suppresses the Number Left and Number Event columns in the
survival estimate table

Suppresses the display of printed output

Suppresses the display of survival function estimates

Lists only INTERVALS= or TIMELIST= observations in the OUT-
SURV= data set

Lists the time points at which to display the survival estimate

Sets the con dence level for survival time quartiles
Displays the variance of the CIF estimator
Allows missing values to be a stratum level
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Table 74.1 continued

Option Description

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

STDERR Outputs the standard error for the survival estimators to the OUT-
SURV= 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
guartiles of the survival time. The default value is 0.05.

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.
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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 1P5
LOGLOG the log-log transformation,

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

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,
gx/ D x

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

LOGIT the logit transformation,

X
x/ D log ——
gxt 29 7

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 5614.

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
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intervals=5,10 to 30 by 10

produces the set of intervals
f@&O; 5/; &5;10/; &10; 20/; &20; 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.

METHOD-=type
speci es the method to be used to compute the survival function estimates. Valid valtgsfare 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 5596.

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.
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NOLEFT
suppresses the Number Left and Number Event columns in the survival estimate table. This option has
no effect for the life-table estimate.

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 20, “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 5618.

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 5619.

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 5621.

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 623 in Chapter 21, “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 5606 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.

GRIDL=number
speci es the lower grid limit for the kernel-smoothed estimate. The default value is the time
origin.
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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 x%/% 1 x 1

EPANECHNIKOV

E

Kex/ D 3.1 x2/, 1 x 1
UNIFORM
U

Kux/ D %; 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.

LOGSURV

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.

RMST<CL >
plots the restricted mean survival time (RMST) versuglues. 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.
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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 followisgrvival-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 5639.)

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.

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 ngmber
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.
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Thenumber-list identi es the times when the numbers at risk are displayed. Ihtimeber-
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 followtiraga options:

INDIVIDUAL

UNPACK
speci es that a separate plot be displayed for each stratum.

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 otde6GRANK, WILCOXON,
TARONE, PETO, MODPETO, FLEMING, and LR.
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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 liméand 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.

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 labelé&dmelist. 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.
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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 discussi®A$Language Reference: Concepts
For more information about the DATASETS procedure, see the discussionBateSAS Procedures Guide

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 appeatédes, 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).
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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 levelslisirid a list

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

a character variable, orvériable 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 4 , and the nal interval is assumed to endlat

The speci cation of a STRATAvariable can have any of the following forms:

a list separated by blanks Age(5 10 20 30)

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

xXtoy 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 thwge variable:
f. 1 ;5/;E5;20/; E20; 30/; E30;40/; E40; SD/IgESO;

This statement also speci es that thge strata be further subdivided by values of the varigg#e. 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
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strata A B C;

is equivalent to thé* 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 th@-values for the paired comparisons retains the same overall false positivekesathele

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 74.2 summarizes tlptions available in the STRATA statement.

Table 74.2 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

You can specify the followingptions in the STRATA statement after a slash (/).

ADJUST=method

ADJ=method
speci es the multiple-comparison method for adjusting phealues of the paired tests. See the section
“Multiple-Comparison Adjustments” on page 5610 for mathematical details; also see Westfall et al.
(1999). The adjustment methods include the following:

BONFERRONI

BON
applies the Bonferroni correction to the rgvvalues.

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
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identi es the adjustment in the results as “Dunnett-Hsu.” Note &KRIUST=-DUNNETT is
incompatible with DIFF=ALL.

SCHEFFE
performs Scheffé's multiple-comparison adjustment.

SIDAK
applies the Sidak correction to the rawalues.

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 adjustgrvalues 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:

ACC-=value
speci es the target accuracy radiusof a 100.1 /% con dence interval for the true
probability content of the estimatetl / 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 for a100.1 /% 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 defauls set based on the values of the
target accuracy radiusand accuracy con denck00.1 /% for an interval for the true
probability content of the estimateti / quantile. With the default values for, , and
(0.005, 0.01, and 0.05, respectively), NSAMP=12604 by default.
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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.

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 GROW#&=ble 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
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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 tHesample 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 74.2 for an illustration). The default is
ORDER=FORMATTED, 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.

TREND
computes the trend tests for testing the null hypothesis th&t plogulation 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 5607 for the weight functions). t&bterequests include the following:

ALL speci es all the nonparametric tests wifh=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), whérand 2
are nonnegative numbers. FLEMING( 2 ) reduces to the Fleming-Harrington
G family (Fleming and Harrington 1981) whek =0, which you can specify
as FLEMING( ) with one argument. Where0, 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.
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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 thé&-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.

For more information, see the section “Rank Tests for the Association of Survival Time with Covariates” on
page 5611.

TIME Statement

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

The TIME statement is required. It is used to indicate the failure time variable, wheable 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 (/):
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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 vatzaine

that assumes four distinct values, 0, 1, 2, and 3, wBexis=0 represents observations that are
censored anBtatus=1, Status=2, andStatus=3 represent three different causes of failure. Consider
the following statements:

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 WEIGt#Fiable are not used in the computation.
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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, itis
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.

Computational Formulas
Breslow, Fleming-Harrington, and Kaplan-Meier Methods

Lett; <ts < <tp represent the distinct event times. Foreadh 1;:::;D, letY; be the number of
surviving units (the size of the risk set) just priorttaand 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

X g
Ot/ D exp 2

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

Ot/ D exp "
k

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 a4
Ot/ D 1 L
. Y

iD1 ]
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Notice that all the estimators are de ned to be right continuous; that is, the evéntsaincluded in the
estimate ofS.t;/. The corresponding estimate of the standard error is computed using Greenwood's formula
(Kalb eisch and Prentice 1980) as

U5 -
o D/ D$§).ti/*J —
Y, Y, d/

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 $t/ is exactly equal to 0.75 from totj c1, the rst quartile is taken to be; C t; c1/=2. If it happens
that$t/ is greater than 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 180 percentile point is
gp D minft; j9 /<1 pg

The second quartile (the median) and the third quartile of survival times correspprdd® andp = 0.75,
respectively.

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 specifydtieansformation. Th&00.1 / % con dence
interval for the rst quantile survival time is the set of all pointhat satisfy

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

7

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 74.2. The following table illustrates the
construction of the con dence limits for the rst quartile in the ALL group. Valuesgogftg)tﬂgggj?i‘r’/ that

lie between z, 005 = 1.965 are highlighted.
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Constructing 95% Con dence Limits for the 25th Percentile
g. 9t/ g.1 0:25/
g2t oD
t St/ 0Pt/ 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 2.9073 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

Ot/ g1 pl/

Consider the LINEAR transformation whegex/ D x. The event times that satisfy=
g0t 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
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.

95% CI'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.
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The estimated mean survival time is

»
oD @ti Jrio o1/
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
v
ﬁ m X1t dA?
oop'! — e B
m 1 D1 Yi.Yi di/

where

@( 1
A, D @tj /.tj c1 tj/
i Di

If the largest observed time is not an event, you can use the TIMELIM= option to specify a timé Emit
estimate the mean survival time limited to the tilnand its standard error by replaciBgby D + 1 with
toc1 D L.

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

Hxt/ D L
Y

ti
and its estimated variance is

X d;
G H/ D 5
6t Vi

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, wheiethe 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 <F;2 < < tp be theD distinct evenbtimes in the sample. At
timet;;j D 1;:::;D, thereared; D ; {I.T; D tj/ eventsoutoft; D5 ;LT  tj/ subjects.
The wg,ighted number of events and the weighted number at risklj"ér@ iw L.T; Dt/ and
YjW D ;wlT; ¢/, respectively. The AKME (Xie and Liu 2005) is

(

D Qt]_tl S it

J

<
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The estimated variance &Pt/ is
W —\vW
d"=Y,

2 X
g 9t/ D P
‘ Mj 1 djW:YjW/

iw

where

P 2
i VWi tj Wi
M; D —P

2
iVt 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;tj/ is estimated by

and its estimated standard error is
s

G
0.Q/D 7

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

1 iDO
/D Dt 1/pi 1 i>0

and its estimated standard error is
v
u .
X 1
0] g).ti/ D é).'[i/P (;i
iD1 n Lo
The density function aty; is estimated by

§).ti D)
bi

and its estimated standard error is
v

X1 @
OfR/ DI/ c
oD '

f@ /D
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The estimated hazard functiontg is

26
tQt”“/Dbi.lcp:a/
and its estimated standard error is
S
1 by, /=2/2
O rotm|/ D p[m|/ blptml/ /

n’@

Let Gt 1;t; / be the interval in whict®t; 1/ /=2 > S /. The median residual lifetime atis
estimated by

S).tj 1/ §ti/=2
Qt]‘ 1/ @tj/

and the corresponding standard error is estimated by

Qti /
—g—
2@/ n?

M?Dtj 1 tiij

OMJ/ 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.
Letc D log,o(maximum observed time/number of intervals), andlbe the largest integer not exceeding

Letd D 10° P and let

ab2 Id 2/C5 Il2<d 5/C10 1.d>5/
with | being the indicator function. The width is then given by
widthD a 1P

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.
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Survivor Function

When the computation of con dence limits for the survivor functi®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 o6.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 func@idh. By the delta method, the
standard error of. St/ is estimated by

h i
t/ DO 9.9t/ Dg° Ot/ aEDt/e

whereg?is the rst derivative of the functioy. The 100(1-)% con dence interval foiS.t/ is given by

n o]
gt 9@t z_ g%t @&t/
whereg 1 is the inverse function aj. That choices of the transformatigrare as follows:

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

FaPt/s

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

q — q_
sinf max O;sin 1. St/ z_Ql St/ sin®> min E;sin 1 EQt//CzECI/

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
Ot z oD st Dticz oDy

log transformation: The estimated variancdagf. $t// is G.t/ D O;'f’?;” : The 100(1-)% con -

dence interval fo5.t/ is given by

Otiexp z al St Dtexp z_al

G @&t/

@t/ log. S/l 2" The

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

h gy i
pz_aQ/ exp z_Q/
Dt/ 2 2

h
stl D



Computational Formulas F 5603

logit transformation: The estimated variancdarf 1§égt/ is

G. Pl

Gt/ D :
2 t/E1 Pt/e2

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

h S N

Oyc 1 S exp z_Q/ Ouc 1 S exp z_Ql

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

@t/ z-, Gt/

where@t/ is the estimate of either the hazard function or the density function at tiamel @gDt/e 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 timk,, 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, which is 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

the right, itis made at fromt, 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¢&f <t, < <tp be theD distinct events times, and at tinge there are
d; events. LetY; be the number of individuals who are at risk at titneThe variance oft/, given by the
Greenwood formula, i€¥@t/e D 2.t/ $3.t/, where

X d;

2
/D _—
S ) Yi.Yi di/

£
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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 and ay D
- v 1Cn é.tu/

LetfWP.u/;0 u 1gbe a Brownian bridge.

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

St/ h.aayn ZECN 2t St DU/ Ch .a;ay/n ZECn 2t

forallt, t ty,wherethe critical valud .a, ;ay/ is given by

DPrf sup jWPu/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 t_ 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 replacirg. andQ/ in the corresponding pointwise con dence interval formula by

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

arcsine-square root transformation:

s
1Cn 2t/ S.t/
a/ D =
2 nEl S.t/e
log transformation:
1Cn 2.t/
G/ D —p—=—

log-log transformation:

1Cn 2.t/

Q/ D p——>—
nj log@t/s]

logit transformation:

2
1Cn S.t/

a/ D p—-3—
nE1 /e
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Equal-Precision Band
The 100(1-)% EP band of Nair (1984) is

Ot/ e .a ;ay/Pt/ st/ StI Dt/Ce .a ;ay/Pt st/
forallt, t ty,wheree .a_;ay/ isgiven by
jWO.u/j

DPrf sup ————>e .a_;ay/g
a. u ay (Eu.l ufe2

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
4x x/ 1 ay.l a/

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

where .x/ is the standard normal density function evaluatex &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 vaﬂ_ZLeB)( 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 replaczggaye .aL;ay/ inthe formula of the
pointwise con dence intervals.

Kernel-Smoothed Hazard Estimate

Kernel-smoothed estimators of the hazard funclidnh 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 I'Qti/ I‘Qti 1/
WHX /I D WOHX; /1 WPHXx, 1/

wherety=0.

The kernel-smoothed estimatortof/ is a weighted average ofH3t/ over event times that are within a
bandwidth distanchk of t. The weights are controlled by the choice of kernel function, de ned on the
interval [-1,1]. The choices are as follows:

uniform kernel:

1
KU.x/DE; 1 x 1

Epanechnikov kernel:

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

biweight kernel:

15
Kgw .X/ D E'l x2/?:
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The kernel-smoothed hazard rate estimator is de ned for all time point8;bn/. For time pointd for
whichb t tp b, the kernel-smoothed estimatediof/ based on the kern&./ is given by

t

. o HRti/

P
PQt/D% K
iD1

The variance oft/ is estimated by

1Rty 2
@ = L .
X/ D b2iD1K . P HX

Fort < b, the symmetric kernelk./ are replaced by the corresponding asymmetric kernels of Gasser and
Muller (1979). Letq D ‘5 The modi ed kernels are as follows:

uniform kernel:

41Cq’ _ 6.1 qf
Kuyg.X/ D C ;1
Va X! D e g Y 1Cc g x 9

Epanechnikov kernel:

64.2 4qC60¢®> 3¢/ C240.1 q/*’x

Ke.q.x/ D Kg ./ :
Bia X0 B REX 1Cq/419 18qC 3%/

1 x ¢

biweight kernel:

64.8 24qC 48¢° 45¢° C 15¢f/ C 1120.1 qg/°x

Kew q-X/ D K X/ ;
BW BW 1Cq/5.81 168qC 126¢F 40¢? C 5q¢*/

1 x ¢

Fortpy b t tp,letqD L. The asymmetric kernels for< b are used witix replaced by .

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

21 -, ORX//
(7

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

12t/ D Pt/ exp

Optimal Bandwidth
The following mean integrated squared error (MISE) over the rapngand  is used as a measure of the
global performance of the kernel function estimator:

z

U
MISEb/ D E 19/ houtl 2du
ZI_U Z U Z U
D E 2.u/du 2E Pu/h.u/du CE hZ.u/du

L L L
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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 di. The rstintegral can be approximated by using the trapezoid rule by evaluating
1t/ 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:

1 X it

b K % J |‘p.ti/° |'Qtj/

ioj
Therefore, for a xed kernel, the optimal bandwidth is the quartiitifat minimizes
M( 1 . 2 X t: t:
gb/D Ut Y @y cRuicy ST K T et M)

iD1 2 binj 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 W5,.t/ D S,.t/ D D Sk .t/ forallt

versus
H . 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
2D 2Nlog — 2 Nglog —*
N N,

kD1

P
whereNy is the totalgumber of events in tiéh group,N D ';Dl Nk, Tk is the total time on test in the
kth stratum, and” D EDl Ty . The approximate probability value is computed by treatidgs having a
chi-square distribution witkK — 1 degrees of freedom.

Nonparametric Tests

Yik D jw, y I.Xi Dk/anddy D g il.Xi D ki be the size of the risk set and the number of
events in thékth group, respectively. Lé D (p; Yk, di D Kp1dik -
The choices of the weight functidi .t / are given in Table 74.3.
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Table 74.3 Weight Functions for Various Tests

Test W .t/
Log-rank 1.0
Wilcoxon Ej
Tarone-Ware Y,
Peto-Peto Ry /
Modi ed Peto-Peto K, /Y—J_ch—1

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

In Table 74.3%t/ is the product-limit estimate afor the pooled sample, arft/ is a survivor function
estimate close t&t/ given by

dj
Y, C1

Y
Rt/ D 1
tj t

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
v D W.tj / djk ij el
| Y
jD1

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

mn #
X di.Y; A Y/
Vik D W2t/ > K2 1 k K
. Y2y, U
ib1 J 4
oo Y Y Y
Vin D w .tj / 5 ;1 ke h K
Y2Y; U

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 inverseVf 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.

Adjusted Log-Rank Test ~ PROC LIFETEST computes the weighted log-rank test (Xie and Liu 2005, 2011)

from the WEIGHT statement. Léf <t, < < tp be the distinct event times in the sample. At each
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ti;) D1;:::;D,andforeaci k K,let

X X
djk D I.X i D k/ djvl‘(’ D wil. X D k/
iV, Dt; iV, Dt
X X
Yik D I.X i D k/ Yj\ll<v D wil.X ; D k/
i VW tj i Wi tj

P P«
Letd, D o1 dix andY; D Ko1 Yk denote the numBer of events and the rE,lmber at risk, respectively,
in the combined sample at tinte. Similarly, letd” D led"" andY"™ D leYW denote the
weighted number of events and the weighted number at risk, respectlvely, in the combined samplg at time
The test statistic is
!
» d.W

w w .
Vg D dik ij Y :
iD1

and the variance ofy and the covariance o andvy, are, respectively,

o 8 y 2, ' 39
<4 ) ) j YW YW YW =
di.Y; di/
Vik D e T Y’—'V‘V w?1 £X; o kg C 'Y—WJ" wZlfX; Dk, ; 1 Kk
jp1- 1) iD1 i j ’
8 X n
¥ <qg.v d/X Y Yin YWY IY
-1 i i Jk
Vikn D N Y 1 YW/ZWIfX.lclkhg Y_lewlfx D kg
jp1- 1) iD1 # i
YUYy
LM kw?ifx;Dhg ; 1 ks h K

Yz

LetV D .Vi,/. UnderHg, the weighted<-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 Iea‘/S be its covariance matrix. Let

b
v D Vs

sD1

X
V D Vs

sD1

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

kk_ 1 DIFF D ALL

D
m 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

vpov/?
Vi CVii 2V

2
Zjl D

and the rawp-value is

2/

p D Pr. §>zjI

Adjustedp-values for various multiple-comparison adjustments are computed as follows:

Bonferroni adjustment:
p D minfL;mPr. £>z7/g

Dunnett-Hsu adjustment: With the rst group being the controlddD .c; / bethe.r 1/ r matrix
of contrasts; that is,

8

<1 iD21;::5r 1) D25iiir
cj D . 1 jDiCLiD2;:::r

" 0 otherwise

Lett . j/andR .rj/ be covariance and correlation matricesOof, respectively; that is,
t D cvc®
and
i D p——
i
The factor-analytic covariance approximation of Hsu (1992) isto ad:::; ; 1 such that
RDDC ©
whereD is a diagonal matrix with thith diagonal elementbeiny ; and D . 1;:::; 1/°
The adjustegb-value is
Z
! Yt iyCg ~ iy Z
pD1 yl 4— 4—— dy
1 iD1 1 2 1 2

which can be obtained in a DATA step as

p D PROBMC."DUNNETT2" ;zj ;55r 1, 15000 ¢l
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Scheffé adjustment:

pDPr. 7 >z%/

Sidak adjustment:

pD1f1 Pn§>zﬁ@“

SMM adjustment:
pD1 @27/ 1

which can also be evaluated in a DATA step as
pD1 PROBMC."MAXMOD" 1 Z)1 noml

Tukey adjustment:
Z,

pD1 rylEyl Cy P 2z " dy
1

which can also be evaluated in a DATA step as
p_
pD1 PROBMC."RANGE"; 22“ ol
Trend Tests  Trend tests (Klein and Moeschberger 1997, Section 7.4) have more power to detect ordered
alternatives as
H, W5,.t/ S,.t/ S .t/;t ; with at least one inequality
or
Ho W5,.t/ S,.t/ S .t/;t ; with at least one inequality

Leta; <ajp < < ag b%a sequence oi‘:scorqg, associated wittktbemples. The test statistic and its

k
standard error are given byJ p18 Vv and jp, |Dl a; 'V , respectively. Undek o, thez-score

Py
7D oo 11V
*"]?"'k ™k
ip1 Ipi1daVig

has, asymptotically, a standard normal distribution. PROC LIFETEST provides both one-tail and two-tail
p-values for the test.

Rank Tests for the Association of Survival Time with Covariates

The rank tests for the association of covariates (Kalb eisch and Prentice 1980, Chapter 6) are more general
cases of the rank tests for homogeneity. In this section, the indexised to label all observations,D
1;2;:::;n and the indicegj range only over the observations that correspond to evieptd) 1;2;:::;k.

The ordered event times are denoted;asthe corresponding vectors of covariates are denoteg aand

the ordered times, both censored and event times, are dendted as
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The rank test statistics have the form
xo
vD c. z
D1

wheren is the total number of observatiorts, are rank scores, which can be either log-rank or Wilcoxon
rank scores, is 1 if the observation is an event and 0 if the observation is censored, aathe vector

of covariates in the TEST statement for thiéa observation. Notice that the scores, , depend on the
censoring pattern and that the terms are summed up over all observations.

The log-rank scores are

X 1
c. D —
; _ n
JW, ot/
and the Wilcoxon scores are
Y n;
nj Cc1

c. D1 .1C |/
JwW, ot/

wheren; is the number at risk just prior tg, .
The estimates used for the covariance matrix of the log-rank statistics are
v

N;

VD
iD1

whereV; is the corrected sum of squares and crossproducts matrix for the risk set af tjrtiet is,

X
V; D z N/lz N/
Wty !
where
X z
N D —
LWty ! :

The estimate used for the covariance matrix of the Wilcoxon statistics is
2 0 13

X X
VD 4a.1 a/2z;2% CS/ .a al@xx’C a . X xjO C xj xY/AS

iD1 jpici

where
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Yoo
a D
lenJCl
¥ nf Cl
a D )
) njC2
jD1
X
S D z 20
- Wicy>t >t/
X
xi D 2z; C z

- Wicy>t >t/

In the case of tied failure times, the statisticare averaged over the possible orderings of the tied failure
times. The covariance matrices are also averaged over the tied failure times. Averaging the covariance
matrices over the tied orderings produces functions with appropriate symmetries for the tied observations;
however, the actual variances of thetatistics would be smaller than the preceding estimates. Unless the
proportion of ties is large, it is unlikely that this will be a problem.

The univariate tests for each covariate are formed from each componeandfthe corresponding diagonal
element oV asvi2=\/.i . These statistics are treated as coming from a chi-square distribution for calculation
of probability values.

The statistio/ v is computed by sweeping each pivot of Memnatrix in the order of greatest increase to

the statistic. The corresponding sequence of partial statistics is tabulated. Sequential increments for including
a given covariate and the corresponding probabilities are also included in the same table. These probabilities
are calculated as the tail probabilities of a chi-square distribution with one degree of freedom. Because of the
selection process, these probabilities should not be interprefedaises.

If desired for data screening purposes, the output data set requested by the OUTTEST= option can be treated
as a sum of squares and crossproducts matrix and processed by the REG procedure by using the option
METHOD=RSQUARE. Then the sets of variables of a given size can be found that give the largest test
statistics. Output 74.1 illustrates this process.

Analysis of Competing-Risks Data

Competing risks arise in studies in which individuals are exposed to two or more mutually exclusive failure

The cumulative incidence function (CIF), also known as the subdistribution function, for failures ofj¢ause
the probability

Fit/ DPr.T t; Djl/

The nonparametric analysis of competing-risks data consists of estimating the CIF and comparing the CIFs
of two or more groups.
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Estimation of the CIF
For a set of competing-risks data wilh 2 causes of failure, lety <ty < < t. be the distinct

number of failures of caugeatt;. Let £t/ be the Kaplan-Meier estimator that would have been obtained by
assuming that all failure causes are of the same type. Dénbted.

The nonparametric maximum likelihood estimator of the CIF of cquse
X

Kp.t/ D
t

d..

L O/
Y

t
PROC LIFETEST provides two standard error estimators of the CIF estimator: one is based on the theory of
counting processes (Aalen 1978), and the other is based on the delta method (Marubini and Valsecchi 1995).

You use the ERROR= option in the PROC LIFETEST statemgnt to choose the standard error estimator. The
default is the Aalen estimator (ERROR=AALEN). Dendtg D jJDl d; .

Aalen Estimator

Il X / /i2 dy
Pt/ D R At .
- - P4/ R Y, 1.Y, d,/
X de .Y, i/
SRR ROVAL K (N
- AT,
X dj| .Y| dj| /

h i
2 Rt ./ Dy 4/
t

. Y, dlY, U

Delta Estimator

X
G.FP.t/l D
t

" t/ t/iz—d:'
; . P Yi.Yydy/

X dy, .Y, dy/
¢ @y I G/
ot Yl

X h i djl
2 Rt ./ St 1/W
t |

t

Comparison of the CIF of a Competing Risk for Two or More Groups
Let K be the number of groups. Consider failure of type 1 to be the failure type of interet; Lbe the
cumulative incidence function of type 1 in grolpThe null hypothesis to be tested is

HoW 1 DF;,D DFi F?

Gray (1988, Section 2) gives the followin{+sample test procedure for testikly. Let. T ; i/;i D

types of failure § D 2). The number of failures of typeby t is
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Rk
Njk A/ D I.T ik t; ik DJ/, j D 1;2
iD1

and the number of subjects at risk just befoie groupk is

p L
Yot/ D LTy t/
iD1

For groupk, let §2.t/ be the Kaplan-Meier estimator of the survivor function that you obtain by assuming
that all failure causes are of the same type. The cumulative incidence fukgtidit of typej in thekth
group is estimated by

Zt
Kt/ D R 7Y, LudN e .u/
0

Let , be the largest uncensored time in grdue ne
& t/D1 F.t/

Ret/ DI tIY .t/

&t /
Kt/

The cumulative hazard of the subdistribution for grdwif ,,, is estimated by

thFQk.u/ thlek.u/.
o &Qu /' o Reu /7

Under the null hypothesid ¢, you can estimate the null value ®fy .t/, denoted bﬁf.t/, by

8.t/ D

YA t
le-.U/
&t D :
TheK-sample test is based arD .z1;:::;z« /% where
Z, h i
z, D Re.t! d€& .t/ d€./

0

You can estimate the asymptotic covariance maitri® . o as

X 2 o a tagg 4 X2 0 bt gy
G.oD G 8k gy ¢ Dok M2k% Y g ¢
D1 O 9.t/ D1 O 9.t/
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where
I.t Y, .t/
Rt D —
. Lt/
t .
o Rul
&t D 1 R
a .t/ D Qi U/ C by, A/ #
&t/
b t/ D 1j D1 =% okl G tle
ikr J Q.t/ @r k kr
Zt
Cer t/ D Ay, u/d €0 .u/
0
Ik Dr/ g:/’
dyr .t/ D 1j D 1Ry.t/
jkr | k @

BecauseP Em z« D 0,onlyK 1scores are linearly independent. TKesample test statistic is formed
as a quadratic form of the rd 1 components of and the inverse of the estimated covariance matrix.
Under the null hypothesid g, thisK-sample test statistic has approximately a chi-square distribution with
K  1degrees of freedom.

If you specify the GROUP= option in the STRATA statement, you can obtain a strati ed version of the test
by computing the contributions &y and k2k0 for each stratum, summing the contributions over the strata,
and proceeding as before.

Restricted Mean Analysis

Let T be a nonnegative random variable that represents the failure time of an individual from a homogeneous
population. The survivor function (also known as the survival function) sfde ned as

St/ D Pr.T >t/
Assume that is a prespeci ed time point of interest. LBtbe the minimum ofl and

RDT” D min.T; /

The restricted mean survival time (RMST) is de ned as the expected valBe of
RMST./ D E.R/ D E@in.T; /e

It can be evaluated by the area under the survivor function @&r as
z

RMST./ D S.u/du
0

The restricted mean time lost (RMTL) is de ned as the expected value oR:
Z

RMTL./ D E. R/ D E@in.T; /» D E1 S.u/~du
0
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Lett; <t, < <tp represent the distinct event times. For eadéh 1;:::;D, letY; be the number of
surviving units (the size of the risk set) just priortfpand letd; be the number of units that fail t

The Kaplan-Meier (product-limit) estimate of the survivor functiom; as the cumulative product

4

D,/ Y
)'ti/ D 1
| . YJ

jD1

If the largest observed time is uncensored, the estimated mean survival time is

»®
OD Qti VAT Y
iD1

wheretg is de ned to be zero.

RMST. / is estimated by

Z X
R?MST./ D Otdt D Pt 1/t t /CPty 1.ty /]
0 iD1

whereN is the number of; values that are less than
RMTL . / is estimated bya/lTL .1 D RMST. /.
The standard error (%/IST. | or Ig/ITL . | is estimated as

m X diAi2

m 1 Y;.Y; di/
iD1

ODlrj

where

z X
A; D Stdt D Pgltjcr {/CPiw Lty ]
t: Lo
! j Di

You can use the TAU= suboption in the RMST or RMTL option in the PROC LIFETEST statement to specify
a value in the calculation. Note that the teg#+ is omitted unless you specify the BC suboption in the
RMST or RMTL option in the PROC LIFETEST statement. The WEIGHT statement is not supported for the
restricted mean analysis.
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Comparing the Restricted Means of Two or More Groups
LetK be the number of groups. L8} .t/ be the underlying survivor function of théh groupk D 1;:::; K.

Assume that is a prespeci ed time point of interest aig]. / > 0 . The following methods are presented in
terms ofRMST. / , but they also extend to the analysisRiITL . / .

The null and alternative hypotheses to be tested are
Ho WVRMST;./ D RMST,./ D D RMSTk ./
versus
H . Wt least one of thRMST . / 's is different.

Letlg«/IST / D ﬁ/ISTl /; Ig/ISTz [ I%/ISTK /» T be the vector of estimated RMSTs for tke
groups.

Let ©be the estimated covariance maglgllST / . Itis a diagonal matrix, and théh diagonal element
is (172 which is the estimated variance ST;

LetDbeaK 1/ K matrix whosgthrowisg g c1, whereg is aK-dimensional vector whogéh
element is 1 and whose other elements are 0. The test statistic is computed as

.Ia/IST. /1 "TDT.DPDT/ DI%/IST./

Under the null hypothesid g, this K-sample test statistic has approximately a chi-square distribution with
degrees of freedom equal to the rankofD T .

If you speciy the GROUP= option in the STRATA statement, you can obtain a strati ed version of the test by
computing®MST. / andffor each stratum, summing them over the strata, and performing the chi-square
test as before.

If you specify the DIFF= option in the STRATA statement, you can make inference with regard to paired
differences of the RMST. If you also specify the GROUP= option, the RMST for a given group under
comparison is computed as the sample mean of the stratum-speci c RMSTs of the corresponding group,
and the variance is obtained as the variance of the sample mean. You can use the ADJUST= option in the
STRATA statement to make multiple-comparison adjustments tp-tradues.

Output Data Sets
OUTCIF= Data Set
You can specify the OUTCIF= option in the PROC LIFETEST statement to create an output data set that

contains the cumulative incidence estimates. The data set contains the following columns:
any speci ed BY variables
the censoring variable as given in the TIME statement to indicate the failure of interest

a numeric variable name®TRATUM that numbers the strata, if you specify the STRATA statement
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any speci ed STRATA variables, whose values come from either their original values or the midpoints
of the stratum intervals if you use cutpoints to de ne strata (semi-in nite intervals are labeled by their
nite endpoint)

the GROUP= variable, if you specify the GROUP= option in the STRATA statement

the Timelist variable, if you specify the TIMELIST= option and the REDUCEOUT option in the PROC
LIFETEST statement

the time variable as speci ed in the TIME statement

AtRisk, a variable that contains the number of subjects at risk just before the speci ed time. This
variable is omitted if you specify the REDUCEOUT option in the PROC LIFETEST statement.

Event, a variable that contains the number of subjects that fail at the speci ed time from the cause of
interest. This variable is omitted if you specify the REDUCEOUT option in the PROC LIFETEST
statement.

AllEventTypes, a variable that contains the number of subjects that fail at the speci ed time from any
cause. This variable is omitted if you specify the REDUCEOUT option in the PROC LIFETEST
statement.

CIF, a variable that contains the point estimates of the cumulative incidence function
CIF_STDERR, a variable that contains the standard errors of the CIF estimator
ALPHA, a variable that contains thelevel of the con dence intervals

CONFTYPE, a variable that contains the name of the transformation that is applied to the CIF to
compute the con dence intervals for the CIF

CIF_LCL, a variable that contains the lower con dence limits of the CIF
CIF_UCL, a variable that contains the upper con dence limits of the CIF
Each estimated CIF contains an initial observation whose value is 1 for the CIF and 0O for the time. The

output data set contains an observation for each distinct failure time when an event occurs or an observation
is censored.

OUTSURV= Data Set
You can specify the OUTSURV= option in the PROC LIFETEST statement to create an output data set that
contains the survival estimates. The data set contains the following columns:
any speci ed BY variables
a humeric variabl&TRATUM that numbers the strata, if you specify the STRATA statement

any speci ed STRATA variables, their values coming from either their original values or the midpoints
of the stratum intervals if endpoints are used to de ne strata (semi-in nite intervals are labeled by their
nite endpoint)

the GROUP= variables, if you specify the GROUP= option in the STRATA statement
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the time variable as speci ed in the TIME statement. For METHOD=KM, METHOD=BRESLOW,
or METHOD=FH, it contains the observed failure or censored times. For the life-table estimates, it
contains the lower endpoints of the time intervals.

SURVIVAL, a variable that contains the survivor function estimates

CONFTYPE, a variable that contains the name of the transformation applied to the survival time in the
computation of con dence intervals

SDF_LCL, a variable that contains the lower limits of the pointwise con dence intervals for the survivor
function

SDF_UCL, a variable that contains the upper limits of the pointwise con dence intervals for the
survivor function

If the estimation uses the product-limit, Breslow, or Fleming-Harrington method, then the data set also
contains the following:

If the

_CENSOR_, an indicator variable that has a value 1 for a censored observation and a value 0 for an
event observation

SDF_STDERR, a variable that contains the standard error of the survivor function estimator

HW_LCL, a variable that contains the lower limits of the Hall-Wellner con dence bands (if you specify
the CONFBAND=HW option or the CONFBAND=ALL option in the PROC LIFETEST statement)

HW_UCL, a variable that contains the upper limits of the Hall-Wellner con dence bands (if you specify
the CONFBAND=HW option or the CONFBAND=ALL option in the PROC LIFETEST statement)

EP_LCL, a variable that contains the lower limits of the equal-precision con dence bands (if you specify
the CONFBAND=EP option or the CONFBAND=ALL option in the PROC LIFETEST statement)

EP_UCL, a variable that contains the upper limits of the equal-precision con dence bands (if you
specify the CONFBAND=EP option or the CONFBAND=ALL option in the PROC LIFETEST
statement)

estimation uses the life-table method, then the data set also contains the following:

MIDPOINT, a variable that contains the value of the midpoint of the time interval

PDF, a variable that contains the density function estimates

PDF_LCL, a variable that contains the lower endpoints of the PDF con dence intervals
PDF_UCL, a variable that contains the upper endpoints of the PDF con dence intervals
HAZARD, a variable that contains the hazard estimates

HAZ_LCL, a variable that contains the lower endpoints of the hazard con dence intervals

HAZ_UCL, a variable that contains the upper endpoints of the hazard con dence intervals
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Each survival function contains an initial observation with the value 1 for the SDF and the value O for the
time. The output data set contains an observation for each distinct failure time if the product-limit, Breslow,
or Fleming-Harrington method is used, or it contains an observation for each time interval if the life-table
method is used. The product-limit, Breslow, or Fleming-Harrington survival estimates are de ned to be right
continuous; that is, the estimates at a given time include the factor for the failure events that occur at that
time.

OUTTEST= Data Set

The OUTTEST= option in the LIFETEST statement creates an output data set that contains the rank statistics
for testing the association of failure time with covariates. It contains the following:

any speci ed BY variables

_TYPE_, a character variable of length 8 that labels the type of rank test, either “LOG-RANK” or
“WILCOXON”

_NAME_, a character variable of length 8 that labels the rows of the covariance matrix and the test
statistics

the TIME variable, containing the overall test statistic in the observation thatNvsigIE_ equal to the
name of the time variable and the univariate test statistics under their respective covariates.

all variables listed in the TEST statement

The output is in the form of a symmetric matrix formed by the covariance matrix of the rank statistics
bordered by the rank statistics and the overall chi-square statistic. If the valdMABE_ is the name of a
variable in the TEST statement, the observation contains a row of the covariance matrix and the value of the
rank statistic in the time variable. If the value MAME_ is the name of the TIME variable, the observation
contains the values of the rank statistics in the variables from the TEST list and the value of the overall
chi-square test statistic in the TIME variable.

Two complete sets of statistics labeled by the&rPE_ variable are produced, one for the log-rank test and
one for the Wilcoxon test.

Displayed Output

The following sections describe the output that PROC LIFETEST produces by default. The output is
organized into various tables, which are discussed in their order of appearance. The set of tables that PROC
LIFETEST produces for a survival analysis, speci cally with one type of failure, is different from the set of
tables that it produces for an analysis of competing-risks data, which have multiple types of failure.

Tables for Survival Analysis

Product-Limit Survival Estimates

The “Product-Limit Survival Estimates” table is displayed if you request the product-limit method of
estimation. The table displays the following:
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the observed (event or censored) time

the number of units at risk (if you specify the ATRISK option in the PROC LIFETEST statement)
the number of events (if you specify the ATRISK option in the PROC LIFETEST statement)

the product-limit estimate of the survivor function

the corresponding estimate of the cumulative distribution function of the failure time

the standard error estimate of the survivor function estimator

the Nelson-Aalen cumulative hazard function estimate (if you specify the NELSON option in the
PROC LIFETEST statement)

the standard error of the Nelson-Aalen estimator (if you specify the NELSON option in the PROC
LIFETEST statement)

the number of event times that have been observed
the number of event or censored times that remain to be observed
the frequency of the observed times (if you specify the FREQ statement)

values of the ID variables (if you specify the ID statement)
The ODS name of this table is ProductLimitEstimates.

Breslow Survival Estimates
The “Breslow Survival Estimates” table is displayed if you request the Breslow method of estimation. The
table displays the following:

the observed (event or censored) time

the number of units at risk (if you specify the ATRISK option in the PROC LIFETEST statement)
the number of events (if you specify the ATRISK option in the PROC LIFETEST statement)

the Breslow estimate of the survivor function

the corresponding estimate of the cumulative distribution function of the failure time

the standard error estimate of the survivor function estimator

the Nelson-Aalen cumulative hazard function estimate (if you specify the NELSON option in the
PROC LIFETEST statement)

the standard error of the Nelson-Aalen estimator (if you specify the NELSON option in the PROC
LIFETEST statement)

the number of event times that have been observed
the number of event or censored times that remain to be observed

the frequency of the observed times (if you specify the FREQ statement)
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values of the ID variables (if you specify the ID statement)
The ODS name of this table is BreslowEstimates.

Fleming-Harrington Survival Estimates
The “Fleming-Harrington Survival Estimates” table is displayed if you request the Fleming-Harrington
method of estimation. The table displays the following:

the observed (event or censored) time

the number of units at risk (if you specify the ATRISK option in the PROC LIFETEST statement)
the number of events (if you specify the ATRISK option in the PROC LIFETEST statement)

the Fleming-Harrington estimate of the survivor function

the corresponding estimate of the cumulative distribution function of the failure time

the standard error estimate of the survivor function estimator

the Nelson-Aalen cumulative hazard function estimate (if you specify the NELSON option in the
PROC LIFETEST statement)

the standard error of the Nelson-Aalen estimator (if you specify the NELSON option in the PROC
LIFETEST statement)

the number of event times that have been observed
the number of event or censored times that remain to be observed
the frequency of the observed times (if you specify the FREQ statement)

values of the ID variables (if you specify the ID statement)
The ODS name of this table is FlemingEstimates.

Quartile Estimates
The “Quatrtiles Estimates” table is displayed if you request the product-limit, Breslow, or Fleming-Harrington
method of estimation. The table displays the following:

point estimates of the quartiles of the survival times

the lower and upper con dence limits for the quartiles

The ODS name of this table is Quartiles.
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Mean Estimate
The “Mean Estimate” table is displayed if you request the product-limit, Breslow, or Fleming-Harrington
method of estimation. The table displays the following:

the estimated mean survival time

the estimated standard error of the mean estimator
The ODS name of this table is Means.

Life-Table Survival Estimates
The “Life-Table Survival Estimates” table is displayed if you request the life-table method of estimation. The
table displays the following:

the time intervals into which the failure and censored times are distributed. Each interval is from the
lower limit, up to but not including the upper limit; if the upper limit is in nity, the missing value is
printed.

the number of events that occur in the interval

the number of censored observations that fall into the interval

the effective sample size for the interval

the estimate of conditional probability of events (failures) in the interval

the standard error of the conditional probability estimator

the estimate of the survival function at the beginning of the interval

the estimate of the cumulative distribution function of the failure time at the beginning of the interval
the standard error estimate of the survivor function estimator

the estimate of the median residual lifetime, which is the amount of time elapsed before reducing the
number of at-risk units to one-half. This is also known asriteglian future lifetimén Elandt-Johnson
and Johnson (1980)).

the estimated standard error of the median residual lifetime estimator
the density function estimated at the midpoint of the interval

the standard error estimate of the density estimator

the hazard rate estimated at the midpoint of the interval

the standard error estimate of the hazard estimator

The ODS name of this table is LifetableEstimates.
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Summary of the Number of Censored and Uncensored Values
The “Summary of the Number of Censored and Uncensored Values” table displays following:

the stratum identi cation (if you specify the STRATA statement)
the total number of observations

the number of event observations

the number of censored observations

the percentage of censored observations
The ODS name of this table is CensoredSummary.

Rank Statistics
The “Rank Statistics” table contains the test statistics of the nonpararketaiciple tests. The ODS name of
this table is HomStats.

Covariance Matrix for the Log-Rank Statistics
The “Covariance Matrix for the Log-Rank Statistics” table is displayed if the log-kas&mple test is
requested. The ODS name of this table is LogrankHomCov.

Covariance Matrix for the Wilcoxon Statistics
The “Covariance Matrix for the Wilcoxon Statistics” table is displayed if the Wilcokezample test is
requested. The ODS name of this table is WilHomCov.

Covariance Matrix for the Tarone Statistics
The “Covariance Matrix for the Tarone Statistics” table is displayed if the Tarone-M¥saenple test is
requested. The ODS name of this table is TaroneHomCov.

Covariance Matrix for the Peto Statistics
The “Covariance Matrix for the Peto Statistics” table is displayed if the PetokPsdample test is requested.
The ODS name of this table is PetoHomCov.

Covariance Matrix for the ModPeto Statistics
The “Covariance Matrix for the ModPeto Statistics” table is displayed if the modi ed PetokPsample
test is requested. The ODS name of this table is ModPetoHomCov.

Covariance Matrix for the Fleming Statistics
The “Covariance Matrix for the Fleming Statistics” table is displayed if the Fleming-Harringtample
test is requested. The ODS name of this table is FlemingHomCov.

Legend for Strata
The “Legend for Strata” table is displayed if two or more variables are speci ed in the STRATA statement.
The ODS name of this table is Legend.
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Test of Equality over Strata

The “Test of Equality over Strata” table is displayed if an unstratikesample test is carried out. The
table contains the chi-square statistics, degrees of freedonp-aaldies of the nonparametric tests and
the likelihood ratio test (which is based on the exponential distribution). The ODS name of this table is
HomTests.

Strati ed Test of Equality over Group

The “Strati ed Test of Equality over Group” table is displayed if a strati ed test is carried out. The tables
contains the chi-square statistics, degrees of freedonp-aatlies of the strati ed tests. The ODS name of
this table is HomTests.

Scores for Trend Test

The “Scores for Trend Test” table is displayed if you specify the TREND option in the STRATA statement.
The table contains the set of scores used to construct the trend tests. The ODS name of this table is
TrendScores.

Trend Tests
The “Trend Tests” table is displayed if you specify the TREND option in the STRATA statement. The table
contains the results of the trend tests. The ODS name of this table is TrendTests.

Adjustment for Multiple Comparisons for the Log-Rank Test

The “Adjustment for Multiple Comparisons for the Log-Rank Test” table is displayed if the log-rank test and

a multiple-comparison adjustment method are speci ed. The table contains the chi-square statistics and the
raw and adjusteg-values of the paired comparisons. The ODS name of this table is SurvDiff.

Adjustment for Multiple Comparisons for the Wilcoxon Test

The “Adjustment for Multiple Comparisons for the Wilcoxon Test” table is displayed if the Wilcoxon test
and a multiple-comparison method are speci ed. The table contains the chi-square statistics and the raw and
adjustedp-values of the paired comparisons. The ODS name of this table is SurvDiff.

Adjustment for Multiple Comparisons for the Tarone Test

The “Adjustment for Multiple Comparisons for the Tarone Test” table is displayed if the Tarone-Ware test
and a multiple-comparison method are speci ed. The table contains the chi-square statistics and the raw and
adjustedp-values of the paired comparisons. The ODS name of this table is SurvDiff.

Adjustment for Multiple Comparisons for the Peto Test

The “Adjustment for Multiple Comparisons for the Peto Test” table is displayed if the Peto-Peto test and
a multiple-comparison method are speci ed. The table contains the chi-square statistics and the raw and
adjustedp-values of the paired comparisons. The ODS name of this table is SurvDiff.

Adjustment for Multiple Comparisons for the ModPeto Test

The “Adjustment for Multiple Comparisons for the ModPeto Test” table is displayed if the modi ed Peto-Peto
test and a multiple-comparison method are speci ed. The table contains the chi-square statistics and the raw
and adjustegb-values of the paired comparisons. The ODS name of this table is SurvDiff.
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Adjustment for Multiple Comparisons for the Fleming Test

The “Adjustment for Multiple Comparisons for the Fleming Test” table is displayed if the Fleming-Harrington
test and a multiple-comparison method are speci ed. The table contains the chi-square statistics and the raw
and adjusteg-values of the paired comparisons. The ODS name of this table is SurvDiff.

Univariate Chi-Squares for the Log-Rank Test

The “Univariate Chi-Squares for the Log-Rank Test” table is displayed if you specify the TEST statement.
The table displays the log-rank test results for individual variables in the TEST statement. The ODS name of
this table is LogUniChiSq.

Covariance Matrix of the Log-Rank Statistics

The “Covariance Matrix of the Log-Rank Statistics” table is displayed if you specify the TEST statement.
The table displays the estimated covariance matrix of the log-rank statistics for association. The ODS name
of this table is LogTestCov.

Forward Stepwise Sequence of Chi-Squares for the Log-Rank Test

The “Forward Stepwise Sequence of Chi-Squares for the Log-Rank Test” table is displayed if you specify
the TEST statement. The table contains the sequence of partial chi-square statistics for the log-rank test in
the order of the greatest increase to the overall test statistic, the degrees of freedom of the partial chi-square
statistics, the approximate probability values of the partial chi-square statistics, the chi-square increments for
including the given variables, and the probability values of the chi-square increments. The ODS name of this
table is LogForStepSeq.

Univariate Chi-Squares for the Wilcoxon Test
The “Univariate Chi-Squares for the Wilcoxon Test” table displays the Wilcoxon test results for individual
variables in the TEST statement. The ODS name of this table is WilUniChiSq.

Covariance Matrix of the Wilcoxon Statistics

The “Covariance Matrix of the Wilcoxon Statistics” table is displayed if you specify the TEST statement.
The table displays the estimated covariance matrix of the Wilcoxon statistics for association. The ODS name
of this table is WilTestCov.

Forward Stepwise Sequence of Chi-Squares for the Wilcoxon Test

The “Forward Stepwise Sequence of Chi-Squares for the Wilcoxon Test” table is displayed if you specify
the TEST statement. The table contains the sequence of partial chi-square statistics for the Wilcoxon test in
the order of the greatest increase to the overall test statistic, the degrees of freedom of the partial chi-square
statistics, the approximate probability values of the partial chi-square statistics, the chi-square increments for
including the given variables, and the probability values of the chi-square increments. The ODS name of this
table is WilForStepSeq.

Tables for Competing-Risks Analysis

Summary of Failure Outcomes
The “Summary of Failure Outcomes” table displays the following:

the stratum identi cation, if you specify the STRATA statement

the group identi cation, if you specify the GROUP= option in the STRATA statement
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the number of failure events of interest
the number of competing events

the number of censored observations
The ODS name of this table is FailureSummary.

Cumulative Incidence Function Estimates
The “Cumulative Incidence Function Estimates” table is displayed if you use the FAILCODE= option in the
TIME statement to stipulate a competing-risk analysis. The table displays the following:

the group identi cation, if you specify the GROUP= option in the STRATA statement
the failure time of the event of interest

the estimated cumulative incidence function

the standard error estimate of the cumulative incidence estimator

the lower and upper con dence limits of the cumulative incidence function
The ODS name of this table is CIF.

Gray's Test for Equality of Cumulative Incidence Functions
The “Gray's Test for Equality of Cumulative Incidence Functions” table is displayed if you specify the
STRATA statement. The table displays the following:

the failure code, if you specify more than one FAILCODE= option value
the chi-square statistic of Gray's test (Gray 1988)
the degrees of freedom

thep-value
The ODS name of this table is GrayTest.

Tables for Restricted Mean Analysis

RMST Analysis Information
The “RMST Analysis Information” table is displayed if you specify the RMST option in the PROC LIFETEST
statement to perform an RMST analysis. The table displays the following:

the value that is used in computing the RMST

The ODS name of this table is RMSTInfo.
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RMST Estimates

The “RMST Estimates” table is displayed if you specify the RMST option in the PROC LIFETEST statement
to perform an RMST analysis. The table displays the following:

the stratum identi cation, if you specify the STRATA statement
the group identi cation, if you specify the GROUP= option in the STRATA statement
the estimated RMST

the standard error estimate of the RMST
The ODS name of this table is RMST.

RMST Test for Equality

The “RMST Test for Equality” table is displayed if you specify the STRATA statement and the RMST option
in the PROC LIFETEST statement. The table displays the following:

the source of the groups under comparison
the chi-square statistic of the test
the degrees of freedom

the p-value
The ODS name of this table is RMSTTest.

Strati ed RMST Test for Equality

The “Strati ed RMST Test for Equality” table is displayed if you specify the GROUP= option in the STRATA
statement and the RMST option in the PROC LIFETEST statement. The table displays the following:

the source of the groups under comparison
the chi-square statistic of the test
the degrees of freedom

thep-value
The ODS name of this table is RMSTStrati edTest.

Restricted Mean Survival Time Comparisons
The “Restricted Mean Survival Time Comparisons” table is displayed if you specify the DIFF= option in
the STRATA statement and the RMST option in the PROC LIFETEST statement. The table contains the

chi-square statistics and the unadjusted and adjystedlies of the paired comparisons. The ODS name of
this table is RMSTDiff.



5630 F Chapter 74: The LIFETEST Procedure

RMTL Analysis Information
The “RMTL Analysis Information” table if you specify the RMTL option in the PROC LIFETEST statement
to perform an RMST analysis. The table displays the following:

the value thatis used in computing the RMTL
The ODS name of this table is RMTLInfo.

RMTL Estimates
The “RMTL Estimates” table is displayed if you specify the RMTL option in the PROC LIFETEST statement
to perform an RMTL analysis. The table displays the following:

the stratum identi cation, if you specify the STRATA statement
the group identi cation, if you specify the GROUP= option in the STRATA statement
the estimated RMTL

the standard error estimate of the RMTL
The ODS name of this table is RMTL.

RMTL Test for Equality
The “RMTL Test for Equality” table is displayed if you specify the STRATA statement and the RMTL option
in the PROC LIFETEST statement. The table displays the following:

the source of the groups under comparison
the chi-square statistic of the test
the degrees of freedom

thep-value
The ODS name of this table is RMTLTest.

Strati ed RMTL Test for Equality
The “Strati ed RMTL Test for Equality” table is displayed if you specify the GROUP= option in the STRATA
statement and the RMTL option in the PROC LIFETEST statement. The table displays the following:

the source of the groups under comparison
the chi-square statistic of the test
the degrees of freedom

thep-value

The ODS name of this table is RMTLStrati edTest.
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Restricted Mean Time Lost Comparisons

The “Restricted Mean Time Lost Comparisons” table is displayed if you specify the DIFF= option in the
STRATA statement and the RMTL option in the PROC LIFETEST statement. The table contains the chi-
square statistics and the unadjusted and adjystedues of the paired comparisons. The ODS name of this
table is RMTLDiIff.

Plot Options Superseded by ODS Graphics

You can select one of the following three types of graphics in PROC LIFETEST: ODS, traditional, and line
printer. ODS Graphics is the preferred method of creating graphs, superseding the other two.

When ODS Graphics is enabled, you can use the PLOTS= option in the PROC LIFETEST statement to create
plots by using ODS Graphics. For more information about ODS Graphics options, see the PLOTS= option in
the section “PROC LIFETEST Statement” on page 5576.

If ODS Graphics is not enabled and you specify the LINEPRINTER option, line printer plots are produced;
otherwise traditional graphics are produced.

Table 74.4 summarizes the ways in which you can request graphics.

Table 74.4 Ways of Displaying Graphics

PLOTS= LINEPRINTER

Graphics Result ODS Graphics Option Specied? Option Specied?
ODS Graphics Enabled Yes No

ODS Graphics survival plot Enabled No No

Traditional graphics Disabled Yes No

Line printer plot Enabled Yes Yes

Line printer plot Disabled Yes Yes

No graphics Disabled No No

No graphics Disabled No Yes

No graphics Enabled No Yes

Table 74.5 summarizes tloptions available in the PROC LIFETEST statement for line printer and traditional
graphics.

Table 74.5 Line Printer and Traditional Graphics Options
Available in the PROC LIFETEST Statement

Option Description

Line Printer Plots
FORMCHAR(1,2,7,9)= De nes the characters to be used for line printer plot axes

LINEPRINTER Speci es that plots be produced by a line printer
MAXTIME= Speci es the maximum time value for plotting
NOCENSPLOT Suppresses the plot of censored observations

PLOTS= Speci es the plots to display
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Table 74.5 continued

Option Description

Traditional Graphics

ANNOTATE= Speci es an Annotate data set that adds features to plots

CENSOREDSYMBOL= De nes the symbol to be used for censored observations in plots

DESCRIPTION= Speci es the string that appears in the description eld of the PROC
GREPLAY master menu for the plots

EVENTSYMBOL= Speci es the symbol to be used for event observations in plots

GOUT= Speci es the graphics catalog name for saving graphics output

LANNOTATE= Speci es an input data set that contains variables for local annota-
tion

MAXTIME= Speci es the maximum time value for plotting

PLOTS= Speci es the plots to display

The followingoptions are used to produce line printer and traditional graphics:

ANNOTATE=SAS-data-set

ANNO=SAS-data-set
speci es an input data set that contains appropriate variables for annotation of the traditional graphics.
The ANNOTATE= option enables you to add features (for example, labels that explain extreme
observations) to plots produced on graphics devices. The ANNOTATE= option cannot be used if
you specify LINEPRINTER option or if ODS Graphics is enabled. The data set speci ed must be an
ANNOTATE= type data set, as described3AS/GRAPH: Reference

The data set speci ed with the ANNOTATE= option in the PROC LIFETEST statement is “global” in
the sense that the information in this data set is displayed in every plot produced by a single invocation
of PROC LIFETEST.

CENSOREDSYMBOL=name | 'string'

CS=name | 'string’
speci es the symbol value for the censored observations in traditional graphics. Thensahee,
or 'string', is the symbol value speci cation allowed in SAS/GRAPH software. The default is
CS=CIRCLE. If you want to omit plotting the censored observations, specify CS=NONE. The
CENSOREDSYMBOL=option cannot be used if you specify LINEPRINTER option or if you enable
ODS Graphics.

DESCRIPTION="string'

DES="string'
speci es a descriptive string of up to 256 characters that appears in the “Description” eld of the
traditional graphics catalog. The description does not appear in the plots. By default, PROC LIFETEST
assigns a description of the form PLOT @Fkameversushname wherevhameandhnameare the
names of thg variable and thea variable, respectively. The DESCRIPTION= option cannot be used if
you specify the LINEPRINTER option or if you enable ODS Graphics.
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EVENTSYMBOL=name | ‘string'

ES=name | ‘string'
speci es the symbol value for the event observations in traditional graphics. The walue,or
'string', is the symbol value speci cation allowed in SAS/GRAPH software. The defaultis ES=NONE.
The EVENTSYMBOL= option cannot be used if you specify the LINEPRINTER option or if you
enable ODS Graphics.

FORMCHAR(1,2,7,9)="string’
de nes the characters to be used for constructing the vertical and horizontal axes of the line printer
plots. The string should be four characters. The rst and second characters de ne the vertical and
horizontal bars, respectively, which are also used in drawing the steps of the Kaplan-Meier, Breslow, or
Fleming-Harrington survival curve. The third character de nes the tick mark for the axes, and the fourth
character de nes the lower left corner of the plot. The defaultis FORMCHAR(1,2,7,9)="|-+-". Any
character or hexadecimal string can be used to customize the plot appearance. If you use hexadecimals,
you must put an x after the closing quote. For example, to send the plot output to a printer with the
IBM graphics character set (1 or 2), specify the following:

formchar(1,2,7,9)= B3C4C5CO0 x

See the chapter titled “The PLOT Procedure” in Base SAS Procedures Guifde further information.

GOUT=graphics-catalog
speci es the graphics catalog for saving traditional graphics output from PROC LIFETEST. The default
is Work.Gseg. The GOUT= option cannot be used if you specify the LINEPRINTER option or if you
enable ODS Graphics. For more information, see the chapter tittedGREPLAY Procedure” in
SAS/GRAPH: Reference

LANNOTATE= SAS-data-set

LANN=SAS-data-set
speci es an input data set that contains variables for local annotation of traditional graphics. You can
use the LANNOTATE= option to specify a different annotation for each BY group, in which case the
BY variables must be included in the LANNOTATE= data set. The LANNOTATE= option cannot be
used if you specify the LINEPRINTER option or if you enable ODS Graphics. The data set speci ed
must be an ANNOTATE-= type data set, as describe8AS/GRAPH: Reference

If there is no BY-group processing, the ANNOTATE= and LANNOTATE= options have the same
effects.

LINEPRINTER

LS
speci es that plots are produced by a line printer instead of by a graphical device.

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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NOCENSPLOT

NOCENS
requests that the plot of censored observations be suppressed when the LINEPRINTER and PLOTS=
options are speci ed. This option is not needed when the life-table method is used to compute the
survival estimates, because the plot of censored observations is not produced.

Line Printer PLOTS= Option

PLOTS=plot-request

PLOTS=(plot-requests)
controls the line printer plots produced. You must also specify the LINEPRINTER option to obtain
line printer plots. When you specify only opit-request, you can omit the parentheses around the
plot-request. Here are some examples:

plots=s
plots=(s Is lIs)

Thepilot-requests include the following:

CENSORED

C
speci es a plot of censored observations. This option is available for METHOD=KM,
METHOD=BRESLOW, or METHOD=FH only.

SURVIVAL

S
speci es a plot of the estimated SDF versus time.

LOGSURV

LS
speci es a plot of the negative log of the estimated SDF versus time.

LOGLOGS

LLS
speci es a plot of the log of the negative log of the estimated SDF versus the log of time.

HAZARD

H
speci es a plot of the estimated hazard function versus time (life-table method only).

PDF

P
speci es a plot of the estimated probability density function versus time (life-table method only).
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Traditional Graphics PLOTS= Option

PLOTS=plot-request <(NAME=name | 'string") >

PLOTS=(plot-request <(NAME=name | 'string") > <, ..., plot-request <(NAME=name | 'string") > >)
controls plots produced in traditional graphics. To obtain traditional graphics, you must neither enable
ODS Graphics nor specify the LINEPRINTER option. For eplditrrequest, you can use the NAME=
option to specify a name to identify the plot. The name can be speci ed as a SAS name or as a quoted
string of up to 256 characters. Only the rst eight characters are used as the entry name in the GOUT=
catalog. Theplot-requests include the following:

SURVIVAL

S
plots the estimated survivor functions versus time.

LOGSURYV

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

LOGLOGS

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

HAZARD

H
plots estimated hazard function versus time (life-table method only).

PDF

P
plots the estimated probability density function versus time (life-table method only).

When you specify only onplot-request, you can omit the parentheses aroundgloerequest. Here
are some examples:

plots=s
plots=(s(name=Surv2), h(name=Haz2))

The latter requests a plot of the estimated survivor function versus time and a plot of the estimated
hazard function versus time, wigurv2 andHaz2 as their names in the GOUT= catalog, respectively.

ODS Table Names

PROC LIFETEST assigns a name to each table it creates. You can use these names to reference the table
when using the Output Delivery System (ODS) to select tables and create output data sets. These names are
listed in Table 74.6. For more information about ODS, see Chapter 20, “Using the Output Delivery System.”
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Table 74.6 ODS Tables Produced by PROC LIFETEST

ODS Table Name Description Statement Option

BreslowEstimates Breslow estimates PROC METHOD=BRESLOW

CensoredSummary Number of event and censored®ROC METHOD=BRESLOW | FH | PL
observations

CIF Cumulative incidence function TIME EVENTCODE
estimates

FailureSummary Summary of failure outcomes for TIME EVENTCODE
competing-risks data

FlemingEstimates Fleming-Harrington estimates PROC METHOD=FH

FlemingHomCov Covariance matrix fersample  STRATA TEST=FLEMING
FLEMING statistics

GrayTest Results d-sample test of Gray TIME, STRATA EVENTCODE
(1988) comparing CIFs

HomStats Test statistics farsample tests  STRATA Default

HomTests Results dFsample tests STRATA Default

Legend Strata legend for two or more  STRATA
strata variables

LifetableEstimates Life-table survival estimates PROC METHOD=LT

LogForStepSeq Forward stepwise sequence foTEST Default
the log-rank statistics for
association

LogrankHomCov Covariance matrix farsample STRATA TEST=LOGRANK
log-rank statistics

LogTestCov Covariance matrix for log-rank TEST Default
statistics for association

LogUniChisq Univariate chi-squares for TEST Default
log-rank statistics for association

Means Mean and standard error of PROC METHOD=PL
survival times

ModPetoHomCov Covariance matrix fe'sample  STRATA TEST=MODPETO
MODPETO statistics

PetoHomCov Covariance matrix fersample  STRATA TEST=PETO
PETO statistics

ProductLimitEstimates Product-limit survival estimates  PROC METHOD=PL

Quartiles Quartiles of the survival times PROC METHOD=BRESLOW | FH | PL

RMST Restricted mean survival time PROC RMST
estimates

RMSTDiff Adjustments for multiple STRATA ADJUST=
comparisons

RMSTInfo RMST analysis information PROC RMST

RMSTStrati edTest Results of strati ed-sample PROC, RMST, GROUP=
RMST test STRATA

RMSTTest Results df-sample RMST test  PROC, RMST

STRATA
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Table 74.6 continued

ODS Table Name Description Statement Option
RMTL Restricted mean time lost PROC RMTL
estimates
RMTLD:iff Adjustments for multiple STRATA ADJUST=
comparisons
RMTLInfo RMTL analysis information PROC RMTL
RMTLStrati edTest Results of strati ed-sample PROC, RMTL, GROUP=
RMTL test STRATA
RMTLTest Results ok-sample RMTL test  PROC, RMTL
STRATA
SimDetails Details of quantile simulations STRATA ADJUST=SIMULATE(REPORT)
SimResults Quantile simulation results STRATA ADJUST=SIMULATE(REPORT)
SurvDiff Adjustments for multiple STRATA ADJUST=
comparisons
TaroneHomCov Covariance matrix fe'sample  STRATA TEST=TARONE
TARONE statistics
TrendScores Scores used to construct trend STRATA TREND
tests
TrendTests Results of trend tests STRATA TREND
WilcoxonHomCov Covariance matrix féesample STRATA TEST=WILCOXON
WILCOXON statistics
WilForStepSeq Forward stepwise sequence forTEST Default
the log-rank statistics for
association
WilTestCov Covariance matrix for log-rank TEST Default
statistics for association
WiluniChiSq Univariate chi-squares for TEST Default
Wilcoxon statistics for
association

ODS Graphics

Statistical procedures use ODS Graphics to create graphs as part of their output. ODS Graphics is described
in detail in Chapter 21, “Statistical Graphics Using ODS.”

Before you create graphs, ODS Graphics must be enabled (for example, by specifying the ODS GRAPH-
ICS ON statement). For more information about enabling and disabling ODS Graphics, see the section
“Enabling and Disabling ODS Graphics” on page 623 in Chapter 21, “Statistical Graphics Using ODS.”

The overall appearance of graphs is controlled by ODS styles. Styles and other aspects of using ODS
Graphics are discussed in the section “A Primer on ODS Statistical Graphics” on page 622 in Chapter 21,
“Statistical Graphics Using ODS.”

The survival plot is produced by default; other graphs are produced by using the PLOTS= option in the
PROC LIFETEST statement. You can reference every graph produced through ODS Graphics with a name.
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The names of the graphs that PROC LIFETEST generates are listed in Table 74.7, along with the required
keywords for the PLOTS= option.

Table 74.7 Graphs Produced by PROC LIFETEST

ODS Graph Name Plot Description PLOTS= Option
cifPlot Cumulative incidence function CIF
cifPlot Cumulative incidence function with CIF(CL)
pointwise con dence limits
cifPlot Cumulative incidence function with CIF(TEST)
Gray's test
DensityPlot Density function for life-table method PDF
FailurePlot Cumulative distribution function survival(FAILURE)
HazardPlot Hazard function for life-table method orHAZARD
smoothed hazard for product-limit,
Breslow, or Fleming-Harrington method
LogNegLogSurvivalPlot  Log(—log(survivor function)) LOGLOGS
NegLogSurvivalPlot Log(survivor function) LOGSURV
RMSTPIot Restricted mean survival time curve RMST
RMSTPIot Restricted mean survival time curve wittRMST(CL)
pointwise con dence limits
RMTLPIot Restricted mean time lost curve RMTL
RMTLPIlot Restricted mean time lost curve with  RMTL(CL)
pointwise con dence limits
SurvivalPlot Survivor function SURVIVAL
SurvivalPlot Survivor function with number of SURVIVAL(ATRISK)
subjects at risk
SurvivalPlot Survivor function with pointwise SURVIVAL(CL)
con dence limits
SurvivalPlot Survivor function with equal-precision SURVIVAL(CB=EP)
band
SurvivalPlot Survivor function with Hall-Wellner band SURVIVAL(CB=HW)
SurvivalPlot Survivor function with homogeneity test SURVIVAL(TEST)

Additional Dynamic Variables for Survival Plots Using ODS Graphics

PROC LIFETEST passes a number of summary statistics as dynamic variables to the ODS Graphics for
survival plots. Table 74.8 and Table 74.9 list these additional dynamic variables for the Kaplan-Meier curves
and the life-table curves, respectively. These dynamic variables are not declared in the templates for the
survival curves, but you can declare them and use them to enhance the default plots. The names of the dynamic
variables depend on the STRATA= suboption of the PLOTS=SURVIVAL option: STRATA=INDIVIDUAL
produces a separate plot for each stratum, and STRATA=OVERALL produces one plot with overlaid curves.
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Table 74.8 Additional Dynamic Variables for
Stat.Graphics.ProductLimitSurvival

STRATA= Dynamic Description
OVERLAY Strvalj Label for thejth stratum
NObg Number of observations in thh stratum
NEvenj Number of events in thgh stratum
Median Median survival time of thgth stratum
LowerMedian Lower median survival time of thgh stratum
UpperMedian Upper median survival time of thjéh stratum
PctMedianCon d Con dence of the median intervals in percent
INDIVIDUAL NObs Number of observations
NEvent Number of events
Median Median survival time
LowerMedian Lower median survival time
UpperMedian Upper median survival time

PctMedianCon d Con dence of the median interval in percent

Table 74.9 Additional Dynamic Variables for
Stat.Graphics.LifetableSurvival

STRATA= Dynamic Description
OVERLAY StrValj Label for thejth stratum
NObg Number of observations in thh stratum
NEvenj Number of events in thgh stratum
INDIVIDUAL NObs Number of observations
NEvent Number of events

For information about all of the dynamic variables that are available for use in the ODS Graphics survival plot,
see the section “Dynamic Variables” on page 936 in Chapter 23, “Customizing the Kaplan-Meier Survival
Plot.” For the use of the particular dynamic variables shown in this section, see the sections “Adding a Small
Inset Table with Event Information” on page 915 and “Adding an External Table with Event Information” on
page 917 in Chapter 23, “Customizing the Kaplan-Meier Survival Plot.”

Modifying the Survival Plots

PROC LIFETEST, like other statistical procedures, provides a PLOTS= option and other options for modify-
ing its graphical output without requiring template changes. Those options are suf cient for most purposes,
and the following subsections of the section “Controlling the Survival Plot by Specifying Procedure Options”

on page 873 in Chapter 23, “Customizing the Kaplan-Meier Survival Plot,” provide examples:

“Enabling ODS Graphics and the Default Kaplan-Meier Plot” on page 873
“Individual Survival Plots” on page 875
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“Hall-Wellner Con dence Bands and Homogeneity Test” on page 877
“Equal-Precision Bands” on page 878

“Displaying the Patients-at-Risk Table inside the Plot” on page 880
“Displaying the Patients-at-Risk Table outside the Plot” on page 882
“Modifying At-Risk Table Times” on page 883

“Reordering the Groups” on page 886

“Suppressing the Censored Observations” on page 889

“Failure Plots” on page 890

When those options are not suf cient, you can use a set of macros and macro variables to modify the graph
templates. Using these macros and macro variables is easier than directly modifying the graph templates.
The following subsections of the section “Controlling the Survival Plot by Modifying Graph Templates” on
page 894 in Chapter 23, “Customizing the Kaplan-Meier Survival Plot,” provide examples:

“Changing the Plot Title” on page 897

“Modifying the Y Axis” on page 899

“Changing the Line Thickness” on page 901

“Changing the Group Color” on page 902

“Changing the Line Pattern” on page 903

“Changing the Font” on page 904

“Changing the Legend and Inset Position” on page 906
“Changing How the Censored Points Are Displayed” on page 907
“Adding a Y-Axis Reference Line” on page 908

“Changing the Homogeneity Test Inset” on page 910

“Changing the Second Title and Adding a Footnote” on page 912
“Adding a Small Inset Table with Event Information” on page 915
“Adding an External Table with Event Information” on page 917
“Suppressing the Legend” on page 919

“Kaplan-Meier Plot with Event Table and Other Customizations” on page 920

Examples: LIFETEST Procedure

Example 74.1: Product-Limit Estimates and Tests of Association

The data presented in Appendix | of Kalb eisch and Prentice (1980) are coded in the following DATA step.
The response variabl&urvTime, is the survival time in days of a lung cancer patient. Negative values

of SurvTime are censored values. The covariatesGek (type of cancer cell)Therapy (type of therapy:
standard or testprior (prior therapy: 0=no, 10=yeshAge (age in years)piagTime (time in months from
diagnosis to entry into the trial), andps (performance status). A censoring indicator variabd@sor is

created from the data, with the value 1 indicating a censored time and the value 0 indicating an event time.
Since there are only two types of therapy, an indicator varidbdatment, is constructed for therapy type,

with value 0 for standard therapy and value 1 for test therapy.
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data VALung;
drop check m;
retain Therapy Cell;
infile cards column=column;
length Check $ 1;
label SurvTime= Failure or Censoring Time
Kps= Karnofsky Index
DiagTime= Months till Randomization
Age=Age in Years
Prior= Prior Treatment?
Cell=Cell Type
Therapy= Type of Treatment
Treatment= Treatment Indicator ;
M=Column;
input Check $ @@;
if M>Column then M=1,;
if Check=s|Check=t then input @M Therapy $ Cell $ ;
else input @M SurvTime Kps DiagTime Age Prior @@;
if SurvTime >
censor=(SurvTime<0);
SurvTime=abs(SurvTime);
Treatment=(Therapy= test );
datalines;
standard squamous
7260 769 0 41170 564 10 22860 338 0 126 60 9 63 10
118 70 11 65 10 10 20 549 O 82 40 10 69 10 110 80 29 68 O
314 50 18 43 -100 70 6 70 O 42 60 481 O 8 40 58 63 10
144 30 463 0 -2580 9 52 10 11 70 11 48 10
standard small
3060 361 0 38460 942 O 44 235 O 54 80 4 63 10
1360 456 0 -12340 355 0 -9760 567 0 153 60 14 63 10
50 30 265 0 117 80 346 O 16 30 4 53 10 151 50 12 69 O
22 60 468 O 56 80 12 43 10 21 40 2 55 10 18 20 15 42 O
2 52 70 255 O
0
0

o

139 80 64 0 20 30 565 O 3175 365 O
287 60 25 66 10 18 30 460 O 5160 167 O 122 80 28 53
27 60 862 O 5470 167 O 750 772 0 63 50 11 48

392 40 468 0 10 40 23 67 10
standard adeno

8 20 19 61 10 92 70 10 60 O 3540 662 0 117 80 238 O
132 80 550 O 12 50 463 10 162 80 564 O 330 343 0
9580 434 O
standard large
177 50 16 66 10 162 80 562 0O 216 50 1552 0 55370 247 O
278 60 12 63 O 12 40 12 68 10 260 80 5 45 0 200 80 12 41 10
156 70 266 0 -182 90 262 0 14390 860 O 10580 11 66 O

103 80 538 O 250 70 8 53 10 100 60 13 37 10
test squamous

999 90 12 54 10 11280 660 O -87 80 348 0 -231 50 8 52 10
24250 170 0 991 70 75010 11170 362 O 120 21 65 10
587 60 358 0 3899 262 O 3330 664 O 25 20 36 63 O
357 70 13 58 0 467 90 2 64 0 201 80 28 52 10 150 735 O
30 70 11 63 O 44 60 13 70 10 283 90 2 51 O 15 50 13 40 10

test small
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2530 269 0 -103 70 22 36 10 2120 471 O 1330 262 O
87 60 260 O 2 40 36 44 10 20 30 9 54 10 720 11 66 O
24 60 8 49 O 99 70 372 0 88 268 0 99 8 462 0
6170 271 O 2570 270 O 9570 161 O 80 50 17 71 O
51 30 87 59 10 29 40 867 O
test adeno
24 40 260 O 18 40 569 10 -83 99 357 O 318 339 O
5160 562 0 90 60 22 50 10 52 60 343 0 7360 370 O
850 566 0 36 70 861 O 48 10 481 O 740 458 0
140 70 363 0 186 90 360 O 84 80 4 62 10 19 50 10 42 0
45 40 369 O 80 40 463 O
test large
52 60 4 45 0 164 70 15 68 10 19 30 4 39 10 53 60 12 66 O
1530 563 0 43 60 11 49 10 340 80 10 64 10 133 75 165 O
0O 23170 18 67 10 37880 465 O 49 30 337 O

111 60 5 64

In the following statements, PROC LIFETEST is invoked to compute the product-limit estimate of the
survivor function for each type of cancer cell and to analyze the effects of the varkjgleBrior, DiagTime,

Kps, andTreatment on the survival of the patients. These prognostic factors are speci ed in the TEST
statement, and the variabell is speci ed in the STRATA statement. ODS Graphics must be enabled before
producing graphs. Graphical displays of the product-limit estimates (S), the negative log estimates (LS), and
the log of negative log estimates (LLS) are requested through the PLOTS= option in the PROC LIFETEST
statement. Because of a few large survival times, a MAXTIME of 600 is used to set the scale of the time
axis; that is, the time scale extends from 0 to a maximum of 600 days in the plots. The vahatalgy is

speci ed in the ID statement to identify the type of therapy for each observation in the product-limit estimates.
The OUTTEST option speci es the creation of an output data set ndaemdo contain the rank test matrices

for the covariates.

ods graphics on;
proc lifetest data=VALung plots=(s,Is,lls) outtest=Test maxtime=600;
time SurvTime = Censor(1);
id Therapy
strata Cell;
test Age Prior DiagTime Kps Treatment;
run;
ods graphics off;

Output 74.1.1 through Output 74.1.4 display the product-limit estimates of the survivor functions for the four
cell types. Summary statistics of the survival times are also shown. The median survival times are 51 days,
156 days, 51 days, and 118 days for patients with adeno cells, large cells, small cells, and squamous cells,
respectively.
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Output 74.1.1 Estimation Results for Adeno Cells
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Output 74.1.2 Estimation Results for Large Cells
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Output 74.1.3 Estimation Results for Small Cells
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Output 74.1.3 continued
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Output 74.1.4 Estimation Results for Squamous Cells
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The distribution of event and censored observations among the four cell types is summarized in Output 74.1.5.

Output 74.1.5 Summary of Censored and Uncensored Values

The graph of the estimated survivor functions is shown in Output 74.1.6. The adeno cell curve and the small
cell curve are much closer to each other than they are to the large cell curve or the squamous cell curve. The
survival rates of the adeno cell patients and the small cell patients decrease rapidly to approximately 29%
in 90 days. Shapes of the large cell curve and the squamous cell curve are quite different, although both
decrease less rapidly than those of the adeno and small cells. The squamous cell curve decreases more rapidly
initially than the large cell curve, but the role is reversed in the later period.

Output 74.1.6 Graph of the Estimated Survivor Functions
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The graph of the negative log of the estimated survivor functions is displayed in Output 74.1.7. Output 74.1.8
displays the log of the negative log of the estimated survivor functions against the log of time.

Output 74.1.7 Graph of Negative Log of the Estimated Survivor Functions
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Output 74.1.8 Graph of Log of the Negative Log of the Estimated Survivor Functions

Results of the homogeneity tests across cell types are given in Output 74.1.9. The log-rank and Wilcoxon
statistics and their corresponding covariance matrices are displayed. Also given is a table that consists of
the approximate chi-square statistics, degrees of freedormp-aahtlies for the log-rank, Wilcoxon, and
likelihood ratio tests. All three tests indicate strong evidence of a signi cant difference among the survival
curves for the four types of cancer celfs< 0.0001).

Output 74.1.9 Homogeneity Tests across Cell Types
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Output 74.1.9 continued

Results of the log-rank test of the prognostic variables are shown in Output 74.1.10. The univariate test results
correspond to testing each prognostic factor marginally. The joint covariance matrix of these univariate
test statistics is also displayed. In computing the overall chi-square statistic, the partial chi-square statistics
following a forward stepwise entry approach are tabulated.

Consider the log-rank test in Output 74.1.10. Since the univariate tekpfonas the largest chi-square
(43.4747) among all the covariateqys is entered rst. At this stage, the partial chi-square and the chi-
square increment fdkps are the same as the univariate chi-square. Among all the covariates not in the
model @ge, Prior, DiagTime, Treatment), Treatment has the largest approximate chi-square increment
(1.7261) and is entered next. The approximate chi-square for the model that cépsiBnsd Treatment

is 43.4747+1.7261=45.2008 with 2 degrees of freedom. The third covariate entéged iBhe fourth is

Prior, and the fth isDiagTime. The overall chi-square statistic in the last line of the output is the partial
chi-square for including all the covariates. It has a value of 46.4200 with 5 degrees of freedom, which is
highly signi cant (p < 0.0001).

Output 74.1.10 Log-Rank Test of the Prognostic Factors



5652 F Chapter 74: The LIFETEST Procedure

Output 74.1.10 continued

You can establish this forward stepwise entry of prognostic factors by passing the matrix corresponding to
the log-rank test to the RSQUARE method in the REG procedure, as follows. PROC REG nds the sets of
variables that yield the largest chi-square statistics.

data RSq;
set Test;
if _type_=LOG RANK;
_type_=cov;
run;
proc print data=RSq;
run;
proc reg data=RSq(type=COV);
model SurvTime=Age Prior DiagTime Kps Treatment
| selection=rsquare;
titte All Possible Subsets of Covariates for the log-rank Test;
run;

Output 74.1.11 displays the univariate statistics and their covariance matrix for the log-rank test.

Output 74.1.11 Log-Rank Statistics and Covariance Matrix
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Results of the best subset regression are shown in Output 74.1.12. The épisiglenerates the largest
univariate test statistic among all the covariates, thejarandAge generate the largest test statistic among
any other pairs of covariates, and so on. The entry order of covariates is identical to that of PROC LIFETEST.

Output 74.1.12 Best Subset Regression from the REG Procedure
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Example 74.2: Enhanced Survival Plot and Multiple-Comparison Adjustments

This example highlights a number of features in the survival plot that uses ODS Graphics. Also shown in
this example are comparisons of survival curves based on multiple comparison adjustments. Data of 137
bone marrow transplant patients extracted from Klein and Moeschberger (1997) have been saved in the
data seBMT in the Sashelp library. At the time of transplant, each patient is classi ed into one of three

risk categories: ALL (acute lymphoblastic leukemia), AML (acute myelocytic leukemia)-Low Risk, and
AML-High Risk. The endpoint of interest is the disease-free survival time, which is the time to death or
relapse or to the end of the study in days. In this data set, the vacGadle represents the patient's risk
category, the variabl€ represents the disease-free survival time, and the vaisablegs is the censoring
indicator, with the value 1 indicating an event time and the value 0 a censored time.

The following step displays the rst 10 observations of BMT data set in Output 74.2.1. The data set is
available in thesashelp library.

proc print data=Sashelp.BMT(obs=10);
run;

Output 74.2.1 A Subset of the Bone Marrow Transplant Data

In the following statements, PROC LIFETEST is invoked to compute the product-limit estimate of the
survivor function for each risk category. Using ODS Graphics, you can display the number of subjects at
risk in the survival plot. The PLOTS= option requests that the survival curves be plotted, and the ATRISK=
suboption speci es the time points at which the at-risk numbers are displayed. In the STRATA statement,
the ADJUST=SIDAK option requests the Sidak multiple-comparison adjustment, and by default, all paired
comparisons are carried out.

ods graphics on;

proc lifetest data=sashelp.BMT plots=survival(atrisk=0 to 2500 by 500);
time T = Status(0);
strata Group / test=logrank adjust=sidak;

run;

Output 74.2.2 displays the estimated disease-free survival for the three leukemia groups with the number
of subjects at risk at 0, 500, 1,000, 1,500, 2,000, and 2,500 days. Patients in the AML-Low Risk group

experience a longer disease-free survival than those in the ALL group, who in turn fare better than those in
the AML-High Risk group.
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Output 74.2.2 Estimated Disease-Free Survival for 137 Bone Marrow Transplant Patients

The log-rank test (Output 74.2.3) shows that the disease-free survival times for these three risk groups are
signi cantly different (o = 0.001).

Output 74.2.3 Log-Rank Test of Disease Group Homogeneity

The Sidak multiple-comparison results are shown in Output 74.2.4. There is no signi cant difference in
disease-free survivor functions between the ALL and AML-High Risk gropps@.2779). The difference
between the ALL and AML-Low Risk groups is marging € 0.0685), but the AML-Low Risk and
AML-High Risk groups have signi cantly different disease-free survivor functigns 0.0006).
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Output 74.2.4 All Paired Comparisons

Suppose you consider the AML-Low Risk group as the reference group. You can use the DIFF= option in the
STRATA statement to designate this risk group as the control and apply a multiple-comparison adjustment to
the p-values for the paired comparison between the AML-Low Risk group with each of the other groups.
Consider the Sidak correction again. You specify the ADJUST= and DIFF= options as in the following
statements:

proc lifetest data=sashelp.BMT notable plots=none;

time T = Status(0);

strata Group / test=logrank adjust=sidak diff=control( AML-Low Risk);
run;

Output 74.2.5 shows that although both the ALL and AML-High Risk groups differ from the AML-Low Risk
group at the 0.05 level, the difference between the AML-High Risk and the AML-Low Risk group is highly
signi cant (p = 0.0004).

Output 74.2.5 Comparisons with the Reference Group

The survival plot that is displayed in Output 74.2.2 might be suf cient for many purposes, but you might
have other preferences. Typical alternatives include displaying the number of subjects at risk outside the plot
area, reordering the stratum labels in the survival plot legend, and displaying the strata in the at-risk table by
using their full labels. PROC LIFETEST provides options that you can use to make these changes without
requiring template changes. In thashelp.BMT data set, the variableroup that represents the strata is a
character variable with three values, namely (in alphabetical order), ALL, AML-High Risk, and AML-Low
Risk. It might be desirable to present the strata in the order ALL, AML-Low Risk, and AML-High Risk.
The ORDER=INTERNAL option in the STRATA statement enables you to order the strata by their internal
values. In the following statements, the new dateBse? is a copy ofsashelp.BMT with the variableGroup
changed to a a numeric variable with values 1, 2, and 3 representing ALL, AML-Low Risk, and AML-High
Risk, respectively. The original character valuesadup are kept as the formatted values, which are used to
label the strata in the printed output.
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proc format;
invalue $bmtifmt ALL = 1 AML-Low Risk = 2 AML-High Risk = 3;
value bmtfmt 1 = ALL 2 = AML-Low Risk 3 = AML-High Risk;
run;

data Bmt2;
set sashelp.BMT(rename=(Group=G));
Group = input(input(G, $bmtifmt.), 1.);
label Group = Disease Group;
format Group bmtfmt.;
run;

The following statements produce a survival plot that has all the aforementioned modi cations. The new
data seBmt2 is used as the input data. The OUTSIDE and MAXLEN= options are speci ed in the PLOTS=
option. The OUTSIDE option draws the at-risk table outside the plot area. Because the longest label of the
strata has 13 characters, specifying MAXLEN=13 is suf cient to display all the stratum labels in the at-risk
table. The ORDER=INTERNAL option in the STRATA statement orders the strata by their numerical values
1, 2, and 3, which represent the order ALL, AML-Low Risk, and AML-High Risk, respectively.

proc LIFETEST data=Bmt2 plots=s(atrisk(outside maxlen=13)=0 to 2500 by 500);
time T * Status(0);
strata Group / order=internal,

run;

The modi ed survival plot is displayed in Output 74.2.6. The most noticeable change from Output 74.2.2 is
that the number of subjects at risk is displayed below the time axis. Other changes include displaying the
full labels of the strata in the at-risk table and presenting the strata in the order ALL, AML-Low Risk, and
AML-High Risk.
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Output 74.2.6 Modi ed Disease-Free Survival for Bone Marrow Transplant Patients

Klein and Moeschberger (1997, Section 4.4) describe in detail how to compute the Hall-Wellner (HW)
and equal-precision (EP) con dence bands for the survivor function. You can output these simultaneous
con dence intervals to a SAS data set by using the CONFBAND=@bd SURV=options in the PROC
LIFETEST statement. You can display survival curves with pointwise and simultaneous con dence limits
through ODS Graphics. When the survival data are strati ed, displaying all the survival curves and their
con dence limits in the same plot can make the plot appear cluttered. In the following statements, the
PLOTS= speci cation requests that the survivor functions be displayed along with their pointwise con dence
limits (CL) and Hall-Wellner con dence bands (CB=HW). The STRATA=PANEL speci cation requests that
the survival curves be displayed in a panel of three plots, one for each risk group.

proc lifetest data=Bmt2 plots=survival(cl cb=hw strata=panel);
time T = Status(0);
strata Group/order=internal;

run;

ods graphics off;
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The panel plot is shown in Output 74.2.7.

Output 74.2.7 Estimated Disease-Free Survivor Functions with Con dence Limits

Example 74.3: Life-Table Estimates for Males with Angina Pectoris

The data in this example come from Lee (1992, p. 91) and represent the survival rates of males with angina
pectoris. Survival time is measured as years from the time of diagnosis. In the following DATA step, the data
are read as number of events and number of withdrawals in each one-year time interval for 16 intervals. Three
variables are constructed from the datears (an arti cial time variable with values that are the midpoints of

the time intervals)Censored (a censoring indicator variable with the value 1 indicating censored observations
and the value 0 indicating event observations), ared| (the frequency variable). Two observations are

created for each interval, one representing the event observations and the other representing the censored
observations.



5660 F Chapter 74: The LIFETEST Procedure

titte Survival of Males with Angina Pectoris ;
data Males;

keep Freq Years Censored;

retain Years -.5;

input fail withdraw @@;

Years + 1;

Censored=0;

Freg=falil;

output;

Censored=1;

Freq=withdraw;

output;

datalines;
456 0 226 39 152 22 171 23 135 24 125 107
83 133 74 102 51 68 42 64 43 45 34 53
18 33 9 27 6 23 0 30

In the following statements, the ODS GRAPHICS ON speci cation enables ODS Graphics. PROC LIFETEST

is invoked to compute the various life-table survival estimates, the median residual time, and their standard
errors. The life-table method of computing estimates is requested by specifying METHOD=LT. The intervals
are speci ed by the INTERVAL= option. Graphical displays of the life-table survivor function estimate,
negative log of the estimate, log of negative log of the estimate, estimated density function, and estimated
hazard function are requested by the PLOTS= option. No tests for homogeneity are carried out because the
data are not strati ed.

ods graphics on;
proc lifetest data=Males method=It intervals=(0 to 15 by 1)
plots=(s,Is,lIs,h,p);
time Years =Censored(l);
freq Freq;
run;
ods graphics off;

Results of the life-table estimation are shown in Output 74.3.1. The ve-year survival rate is 0.5193 with
a standard error of 0.0103. The estimated median residual lifetime, which is 5.33 years initially, reaches a

maximum of 6.34 years at the beginning of the second year and decreases gradually to a value lower than the
initial 5.33 years at the beginning of the seventh year.
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Output 74.3.1 Life-Table Survivor Function Estimate
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The breakdown of event and censored observations in the data is shown in Output 74.3.2. Note that 32.8% of
the patients have withdrawn from the study.

Output 74.3.2 Summary of Censored and Event Observations

Output 74.3.3 displays the graph of the life-table survivor function estimate. The median survival time, read
from the survivor function curve, is 5.33 years, and the 25th and 75th percentiles are 1.04 and 11.13 years,
respectively.

Output 74.3.3 Life-Table Survivor Function Estimate
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An exponential model might be appropriate for the survival of these male patients with angina pectoris
since the curve of the negative log of the survivor function estimate versus the survival time (Output 74.3.4)
approximates a straight line through the origin. Note that the graph of the log of the negative log of the
survivor function estimate versus the log of time (Output 74.3.5) is practically a straight line.

Output 74.3.4 Negative Log of Survivor Function Estimate

As discussed in Lee (1992), the graph of the estimated hazard function (Output 74.3.6) shows that the death
rate is highest in the rst year of diagnosis. From the end of the rst year to the end of the tenth year, the

death rate remains relatively constant, uctuating between 0.09 and 0.12. The death rate is generally higher
after the tenth year. This could indicate that a patient who has survived the rst year has a better chance

than a patient who has just been diagnosed. The pro le of the median residual lifetimes also supports this
interpretation.
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Output 74.3.5 Log of Negative Log of Survivor Function Estimate
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Output 74.3.6 Hazard Function Estimate

The density estimate is shown in (Output 74.3.7). Visually, it resembles the density function of an exponential

distribution.
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Output 74.3.7 Density Function Estimate

Example 74.4: Nonparametric Analysis of Competing-Risks Data

Bone marrow transplant (BMT) is a standard treatment for acute leukemia. Klein and Moeschberger (1997)
present a set of BMT data for 137 patients, grouped into three disease categories based on their status at the
time of transplantation: acute lymphoblastic leukemia (ALL), acute myelocytic leukemia (AML) low-risk,

and AML high-risk. During the follow-up period, some patients might relapse or some patients might die
while in remission. Relapse and death in remission are competing events, and the disease-free survival time
is the time from transplant to the occurrence of the earlier of these two events.

The following DATA step creates the data 8ett. (ThisBmt data set is not identical to tt&ashelp.Bmt data

setin Example 74.2, but both are derived from the same study.) The vabiabkse denotes the disease

group of a patient, which is either ALL, AML-low risk, or AML-high risk. The varialidtime represents

the disease-free survival time, which is the time to relapse, the time to death, or censored. The failure time
is expressed in years by dividing the time in days by 356.25. The vaisadies has three values: 0 for
censored observations, 1 for relapsed patients, and 2 for patients who die before experiencing a relapse. The
variableGender, which indicates the gender of the BMT patients, is included to illustrate how to conduct a
strati ed test.
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proc format;
value diseaselLabel 1=ALL 2=AML-Low Risk 3= AML-High Risk;
value genderLabel 0=Female 1= Male;

run;

data Bmt;
input Disease Dftime Status Gender@@;
Dftime= Dftime / 365.25;
label Dftime= Disease-Free Survival Time (Years)
Disease= Disease Group ;

datalines;
1 2081 0 1 1 1602 0 1
1 1496 0 1 1 1462 0 0
1 1433 0 1 1 1377 0 1
1 1330 0 1 1 996 0 1
. more lines ...
3 625 1 0 3 48 1 0
3 273 1 1 3 63 2 1
3 76 1 1 3 113 1 0
3 363 2 1

For competing-risks data, PROC LIFETEST estimates the cumulative incidence function (CIF). If you have
multiple samples of data, it estimates the CIF for each sample and compares the CIFs between samples by
using Gray's test (Gray 1988). The estimated CIF is a step function with a jump at each distinct time when
the event of interest occurred. If there are a large number of such event times, the table of the estimated
CIF could be quite lengthy. If you are interested in the cumulative incidence at speci ¢ time points, you
can use the TIMELIST= option in the PROC LIFETEST statement to specify these time points, and PROC
LIFETEST prints the CIF estimates only at these time points.

Consider relapse as the event of interest. The following statements use PROC LIFETEST to estimate the CIF
for relapse. To designate relapse (Status=1) as the event of interest, you specify the option FAILCODE=1 in

the TIME statement. The TIMELIST= option in the PROC LIFETEST statement speci es the time points

to display the CIF estimate, at half a year, one year, one and a half years, two years, four years, and six
years. The STRATA statement identi es the disease groups as different samples of data. The PLOTS= option

requests a plot of the estimated CIF, with a inset that showg-ttadue of Gray's test.

ods graphics on;

proc lifetest data=Bmt plots=cif(test) timelist=0.5 1.0 1.5 2.0 4.0 6.0;
time Dftime = Status(O)/eventcode=1;
strata Disease / order=internal,
format Disease diseaselLabel. Gender genderLabel.;

run;

Output 74.4.1 tabulates the number of patients in each disease group who experience the event of interest
(relapse) and those who experience the competing event (death in remission).
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Output 74.4.1 Distribution of Events and Censored Observations

Output 74.4.2 displays the CIF estimate of relapse for the ALL patients at the selected time points. The
predicted CIF at half a year after transplant is 0.1842, with a 95% con dence interval of (0.0798, 0.3224). At
two years after transplant, the estimated CIF is 0.3243, with a 95% con dence interval of (0.1778, 0.4787).
It is not feasible to estimate the cumulative incidence at a time beyond the largest observed time, which is
5.6975 years in the ALL group. That is why the estimates are missing at six years.

Output 74.4.2 Estimated CIF for ALL Patients

Output 74.4.3 and Output 74.4.4 display the CIF estimates at the selected times for AML-low risk and
AML-high risk patients, respectively.

Output 74.4.3 Estimated CIF for AML-Low Risk Patients
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Output 74.4.4 Estimated CIF for AML-High Risk Patients

Output 74.4.5 displays the homogeneity test of Gray (1988), which indicates strong evidence of a signi cant
difference in the CIF for relapse among the three disease grpup6.0028).

Output 74.4.5 Homogeneity Test of CIFs for Relapse

The PLOTS= option produces a plot of the estimated CIFs (Output 74.4.5). Note that the range of each
curve is from 0 to the largest observed time of the corresponding disease group, which is 5.6975 years
for ALL patients, 7.0335 years for AML-low risk patients, and 7.2279 years for AML-high risk patients.
With PLOTS=CIF(TEST) speci ed, that plot displays thevalue of the homogeneity test for the disease
groups. The cumulative incidences of relapse are smallest for the AML-low risk patients and highest for the
AML-high risk patients, with the ALL patients in between.
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Output 74.4.6 CIF Estimates of Relapse in Bone Marrow Transplant Study

When you specify the GROUP= option in the STRATA statement, PROC LIFETEST enables you to perform
a strati ed test to evaluate the homogeneity of the CIFs between groups. Co@siatigr as the stratifying

variable for the strati ed test. You specifyender in the STRATA statement with the GROUP=DISEASE
option as follows:

proc lifetest data=bmt plots=cif(test );
time Dftime = Status(0)/eventcode=1;
strata Gender/group=Disease order=internal;

format Disease diseaselLabel. Gender genderLabel.;
run;

ods graphics off;

PROC LIFETEST summarizes the number of events and censored observations in each disease group by
gender (Output 74.4.7). PROC LIFETEST computes a separate CIF estimate for each disease category for
the female patients (Output 74.4.8) and likewise for the male patients (not shown here).
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Output 74.4.7 Distribution of Events and Censored Observations

Output 74.4.8 CIF Estimates for Female Patients
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Output 74.4.9 shows the results of the strati ed test wiihalue of 0.0026, which is essentially the same as

the p-value of the nonstrati ed test. The PLOTS= option creates a panel plot with two cells: one cell for
female patients and the other cell for male patients. Each cell contains three CIF curves, one for each disease
group (Output 74.4.10). Regardless of the gender of the patient, an AML-high risk patient is more likely
to relapse than an ALL patient, and an ALL patient is more likely to relapse than an AML-low risk patient.
This ordering of probabilities is revealed in the panel plots in Output 74.4.10.

Output 74.4.9 Strati ed Gray's Test

Output 74.4.10 Panel Plots of CIFs for Relapse
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Example 74.5: Restricted Mean Analysis

This example illustrates how to perform nonparametric analyses with respect to the restricted mean survival
time (RMST) and the restricted mean time lost (RMTL). ConsideMileung data set in Example 74.1. The

failure time variable iSurvTime. The censoring indicator variable@ensor, which has a value of 1 for a
censored observation and a value of O for an uncensored observation. Each patient has one of the four types
of cancer cells (adeno, large, small, and squamous) that are identi ed by the varédible

The following statements use PROC LIFETEST to perform analyses of the restricted mean survival time
(RMST) and restricted mean time lost (RMTL) in addition to the standard analyses:

ods graphics on;

proc lifetest data=VALung plots=(rmst rmtl) rmst rmtl(tau=90) maxtime=600;
time SurvTime = Censor(1);
strata Cell;

run;

ods graphics off;

The RMST and RMTL options estimate the restricted mean survival time and the restricted mean time lost,
respectively. The variableell is speci ed in the STRATA statement to compute the RMST for each type of
cancer cell. ODS Graphics must be enabled for graphs to be produced. Graphical displays of the RMST and
RMTL curves are requested through the PLOTS= option in the PROC LIFETEST statement. Because of a
few large survival times, a MAXTIME= option value of 600 is used to set the upper limit of the time axis;
that is, the time horizon extends from 0 to a maximum of 600 days in the plots.

Output 74.5.1 displays the value that the RMST analysis uses. If you omit the TAU= option, PROC
LIFETEST uses the smallest value among the largest observed times across the stratavakithe

Output 74.5.1 RMST Analysis Information

Output 74.5.2 displays the RMST estimates for the four cell types.

Output 74.5.2 RMST Estimates

Output 74.5.3 displays information for the RMTL analysis. Aalue of 90 is shown; this is the value
speci ed in the TAU= option.
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