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Overview: ICPHREG Procedure

The ICPHREG procedure is designed to �t proportional hazards regression models to interval-censored data.
It can also �t proportional hazards regression models to failure time data that are uncensored, right censored,
or left censored. The survival time of each member of a population is assumed to follow its own hazard
function,� i .t / , which is expressed as

� i .t / D �.t I Z i / D � 0.t / exp.Z0
i � /

where� 0.t / is the baseline hazard function,Z i is the vector of explanatory variables for theith individual,
and� is the vector of unknown regression coef�cients that is associated with the explanatory variables. The
vector� is assumed to be the same for all individuals.

The ICPHREG procedure enables you to use a variety of con�gurations with respect to the baseline function
to �t a proportional hazards model; these con�gurations include a piecewise constant model (Friedman
1982), a cubic spline model (Royston and Parmar 2002), and a semiparametric model (Finkelstein 1986). To
estimate the regression coef�cients and the baseline parameters, the ICPHREG procedure maximizes the full
likelihood instead of the Cox partial likelihood. Standard errors of the estimates are obtained by inverting the
observed information matrix, which is derived from the full likelihood.

The ICPHREG procedure also enables you to do the following: include an offset variable in the model,
weight the observations in the input data, test linear hypotheses about the regression coef�cients, compute
customized hazard ratios, and estimate and plot the survival function and the cumulative hazard function for
a new set of covariates.

The ICPHREG procedure uses ODS Graphics to create graphs as part of its output. For general information
about ODS Graphics, see Chapter 21, “Statistical Graphics Using ODS.”

Comparison with the PHREG Procedure

The ICPHREG procedure compares most closely to the PHREG procedure. Both procedures can �t propor-
tional hazards models. They differ in the types of censored data that they are designed to handle and the
forms of the baseline function. Table 67.1 matches the procedures with the types of censored data they can
analyze and the form of the baseline function.

Table 67.1 Proportional Hazards Modeling

Data Type Baseline PROC ICPHREG PROC PHREG

Interval-censored
Piecewise constant Y
Cubic splines Y
Unspeci�ed Y

Right-censored
Piecewise constant Y Y
Cubic splines Y
Unspeci�ed Y
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The PHREG procedure deals exclusively with right-censored data, and it mainly adopts asemiparametric
approach by leaving the baseline hazard function unspeci�ed. The ICPHREG procedure is speci�cally
designed to handle interval-censored data and offers different options to parameterize the baseline hazard
function. You can use the ICPHREG procedure to analyze data that are left-censored, interval-censored, or
right-censored. However, if the data to be analyzed contain only exact or right-censored observations, it is
recommended that you use the PHREG procedure because it provides specialized methods for dealing with
right-censored data. For more information about PROC PHREG, see Chapter 89, “The PHREG Procedure.”

Both the LIFEREG procedure and the ICPHREG procedure can handle interval-censored data. The LIFEREG
procedure focuses on parametric analysis that uses accelerated failure time models, and it can �t only a
proportional hazards model that assumes a Weibull baseline hazard function.

Getting Started: ICPHREG Procedure

This example demonstrates how you can �t a proportional hazards model on an interval-censored data set.
By default, PROC ICPHREG uses a piecewise constant baseline hazard to �t the model.

The AIDS data (Larder, Darby, and Richman 1989) consist of observations from 31 patients who were
followed up for the development of drug resistance to zidovudine. The following DATA step creates the SAS
data setHIV:

data hiv;
input Left Right Stage Dose CdLow CdHigh;
if (Left=0) then Left=.;
if (Right>=26) then Right=.;
datalines;

0 16 0 0 0 1
15 26 0 0 0 1
12 26 0 0 0 1
17 26 0 0 0 1
13 26 0 0 0 1
0 24 0 0 1 0
6 26 0 1 1 0
0 15 0 1 1 0
14 26 0 1 1 0
12 26 0 1 1 0
13 26 0 1 0 1
12 26 0 1 1 0
12 26 0 1 1 0
0 18 0 1 0 1
0 14 0 1 0 1
0 17 0 1 1 0
0 15 0 1 1 0
3 26 1 0 0 1
4 26 1 0 0 1
1 11 1 0 0 1
13 19 1 0 0 1
0 6 1 0 0 1
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0 11 1 1 0 0
6 26 1 1 0 0
0 6 1 1 0 0
2 12 1 1 0 0
1 17 1 1 1 0
0 14 1 1 0 0
0 25 1 1 0 1
2 11 1 1 0 0
0 14 1 1 0 0
;

The data setHIV contains the variablesLeft andRight, which are the starting time and ending time, both in
months since the start of study; the variableStage, which indicates the stage of disease (early (0) or late
(1)); the variableDose, a binary variable that indicates whether the dose is low (0) or high (1); the variable
CdLow, which indicates whether the CD4 lymphocyte count is less than 100; and the variableCdHigh, which
indicates that a count greater than or equal to 400 is recorded.

The following statements use PROC ICPHREG to �t a proportional hazards model to these data:

proc icphreg data=hiv;
class Stage Dose / desc;
model (Left, Right) = Stage Dose;

run;

The CLASS statement speci�es that the variablesStage andDose are classi�cation variables. The DESC
option sets the lower formatted value as the reference level for each CLASS variable. The MODEL statement
speci�es that the observed intervals are formed byLeft andRight.

By default, the preceding statements produce information about the input data and the �tted model, as shown
in Figure 67.1.

Figure 67.1 Model and Data Information from the ICPHREG Procedure

Figure 67.1 shows 13 left-censored observations, 13 right-censored observations, and 5 interval-censored
observations.

Figure 67.2 displays the “Class Level Information” table, which identi�es the levels of the classi�cation
variables that are used in the model.
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Figure 67.2 CLASS Variables Information from the ICPHREG Procedure

By default, PROC ICPHREG uses a baseline hazard that is partitioned into �ve disjoint intervals to �t a
proportional hazards model. Figure 67.3 displays details about this partition.

Figure 67.3 Interval Partition

PROC ICPHREG determines the break points so that each time interval contains approximately an equal
number of imputed middle points and boundary values in the input data set after excluding the right-censored
observations. For more information about this method, see the section “Choosing Break Points” on page 5167.
You can supply your own partition by using the INTERVALS= option in the MODEL statement.

The “Fit Statistics” table, shown in Figure 67.4, contains several statistics that summarize how well the model
�ts the data. These statistics are helpful in judging the adequacy of a model and in comparing it with other
models under consideration.

Figure 67.4 Model Fit Statistics from the ICPHREG Procedure

The table of parameter estimates is displayed in Figure 67.5. The columns display the parameter name, the
degrees of freedom that are associated with the parameter, the estimated parameter value, the standard error
of the parameter estimate, the con�dence limits, the Wald chi-square statistic, and the associatedp-value for
testing the signi�cance of the parameter. If a parameter has been �xed during the optimization process, or if
a column of the Hessian matrix that corresponds to that parameter is found to linearly depend on columns
that correspond to proceeding model parameters, PROC ICPHREG assigns zero degrees of freedom to that
parameter and displays a value of zero for its standard error.



5138 F Chapter 67: The ICPHREG Procedure

Figure 67.5 Model Parameter Estimates from the ICPHREG Procedure

Two types of parameters are present in Figure 67.5: the hazard parameters (Haz1, Haz2, ..., Haz5) and the
regression coef�cients for the covariates. PROC ICPHREG does not display the chi-square statistic and
associatedp-value for the hazard parameters.

Two of the hazard parameters are constrained at 0, a sign of overparameterization that results from too
many hazard parameters in the model. For more information about how the constraints are constructed,
see the section “NOPOLISH” on page 5160. You can use fewer break points to �t the model by using the
NINTERVAL= option or the INTERVALS= option. For example, the following statements request a model
that has exactly two hazard parameters by specifying one break point at 10:

proc icphreg data=hiv ithistory;
class Stage Dose / desc;
model (Left, Right) = Stage Dose / basehaz=pch(intervals=(10));

run;

The table of parameter estimates is displayed in Figure 67.6. None of the hazard parameters are constrained.

Figure 67.6 Model Parameter Estimates from the ICPHREG Procedure

The ITHISTORY option outputs the iteration history of the �tting algorithm, which is shown in Figure 67.7.
This option also produces the gradient and Hessian of the likelihood function at the last evaluation. In
Figure 67.7, all values of the gradient are close to zero.
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Figure 67.7 Iteration History from the ICPHREG Procedure

One reason for �tting a proportional hazards model is to evaluate the hazard ratios between various disease
groups. You can request customized hazard ratios by using the HAZARDRATIO statement, as follows:

proc icphreg data=hiv;
class Stage / desc;
model (Left, Right) = Stage / basehaz=pch(intervals=(10));
hazardratio Stage;

run;

Figure 67.8 shows the estimated hazard ratio between the values 1 and 0 of theStage variable and the
corresponding95% con�dence limits.
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Figure 67.8 Hazard Ratio Estimate between Stage Values 1 and 0

The estimate of 5.624 indicates that patients who have Stage 1 disease tend to have a much higher risk of
developing AIDS than those who have Stage 0. However, the con�dence limits are wide because of the small
sample size.

Syntax: ICPHREG Procedure

The following statements are available in the ICPHREG procedure:

PROC ICPHREG < options > ;
BASELINE < OUT=SAS-data-set > < COVARIATES=SAS-data-set >< TIMELIST=list >

< keyword=name . . . keyword=name > < / options > ;
BY variables ;
CLASS variable < (options) > . . . < variable < (options) > > < / global-options > ;
FREQ variable < / option > ;
HAZARDRATIO < �label� > variable < / options > ;
ID variable ;
MODEL (t1, t2)= effects < / options > ;
MODEL response < � censor (list) > = effects < / options > ;
OUTPUT < OUT=SAS-data-set > < keyword=name . . . keyword=name > ;
TEST < model-effects > < / options > ;
STRATA variable ;

The MODEL statement is required, and only one MODEL statement is allowed. If multiple MODEL
statements are present, only the last one is used. You can specify main effects and interaction terms in the
MODEL statement, as in the GLM procedure. The CLASS statement, if present, must precede the MODEL
statement. The BASELINE, HAZARDRATIO, and OUTPUT statements, if present, must follow the MODEL
statement. If multiple BASELINE, OUTPUT, and STRATA statements are present, only the last one is used.

The following sections describe the PROC ICPHREG statement and then describe the other statements in
alphabetical order.

PROC ICPHREG Statement

PROC ICPHREG < options > ;

The PROC ICPHREG statement invokes the ICPHREG procedure. Table 67.2 summarizes theoptions
available in the PROC ICPHREG statement.
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Table 67.2 PROC ICPHREG Statement Options

Option Description

ALPHA= Speci�es the level for con�dence limits
DATA= Names the SAS data set to be analyzed
ITHISTORY Displays the iteration history, �nal gradient, and second derivative matrix
NAMELEN= Speci�es the length of effect names
NLOPTIONS Speci�es optimization parameters for �tting the speci�ed model
NOPRINT Suppresses all displayed output
NOTHREADS Requests a single-threaded mode for the computation
PLOTS= Controls the plots that are produced through ODS Graphics
SINGULAR= Speci�es the singularity tolerance
THREADS= Speci�es the number of threads for the computation

You can specify the followingoptions in the PROC ICPHREG statement.

ALPHA= number
speci�es the� level for 100.1 � �/ % con�dence limits. Thenumber must be between 0 and 1;
the default value is 0.05, which results in 95% intervals. This value is used as the default level for
con�dence limits that are computed by the BASELINE, HAZARDRATIO, and MODEL statements.
You can override this default by specifying the ALPHA= option in these statements.

DATA=SAS-data-set
names the SAS data set that contains the data to be analyzed. If you omit this option, the procedure
uses the most recently created SAS data set.

ITHISTORY
displays the iteration history for computing maximum likelihood estimates, the �nal evaluation of the
gradient, and the �nal evaluation of the negative of the second derivative matrix (that is, the negative of
the Hessian).

NAMELEN=n
speci�es the maximum length of effect names in tables and output data sets to ben characters, wheren
is a value between 20 and 200. By default, NAMELEN=20.

NLOPTIONS(options)
speci�es options for the nonlinear optimization methods that are used for �tting the speci�ed model.
You can specify the followingoptions:

ABSCONV=r

ABSTOL= r
speci�es an absolute function convergence criterion by which minimization stops when
f .  .k/ / � r , where is the vector of parameters in the optimization andf . �/ is the ob-
jective function. The default value ofr is the negative square root of the largest double-precision
value, which serves only as a protection against over�ows.
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ABSFCONV=r

ABSFTOL= r
speci�es an absolute function difference convergence criterion. For all techniques except NM-
SIMP, termination requires a small change of the function value in successive iterations,

jf .  .k � 1/ / � f .  .k/ / j � r

where denotes the vector of parameters that participate in the optimization andf . �/ is the
objective function. The same formula is used for the NMSIMP technique, but .k/ is de�ned
as the vertex that has the lowest function value, and .k � 1/ is de�ned as the vertex that has the
highest function value in the simplex. By default, ABSFCONV=0.

ABSGCONV=r

ABSGTOL= r
speci�es an absolute gradient convergence criterion. Termination requires the maximum absolute
gradient element to be small,

max
j

jgj .  .k/ / j � r

where denotes the vector of parameters that participate in the optimization andgj . �/ is the
gradient of the objective function with respect to thejth parameter. This criterion is not used by
the NMSIMP technique. The default value isr = 1E–5.

FCONV=r

FTOL=r
speci�es a relative function convergence criterion. For all techniques except NMSIMP, termina-
tion requires a small relative change of the function value in successive iterations,

jf .  .k/ / � f .  .k � 1/ / j

jf .  .k � 1/ / j
� r

where denotes the vector of parameters that participate in the optimization andf . �/ is the
objective function. The same formula is used for the NMSIMP technique, but .k/ is de�ned
as the vertex that has the lowest function value, and .k � 1/ is de�ned as the vertex that has the
highest function value in the simplex. The default isr D 10� FDIGITS , where FDIGITS is by
default� log10 f � gand� is the machine precision.

GCONV=r

GTOL=r
speci�es a relative gradient convergence criterion. For all techniques except CONGRA and
NMSIMP, termination requires the normalized predicted function reduction to be small,

g.  .k/ /0ŒH.k/ •� 1g. .k/ /

jf .  .k/ / j
� r

where denotes the vector of parameters that participate in the optimization,f . �/ is the objective
function, andg.�/ is the gradient. For the CONGRA technique (in which a reliable Hessian
estimateH is not available), the following criterion is used:

k g. .k/ / k2
2 k g. .k/ / k2

k g. .k/ / � g.  .k � 1/ / k2 jf .  .k/ / j
� r

This criterion is not used by the NMSIMP technique. The default value isr = 1E–8.
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MAXFUNC=n

MAXFU=n
speci�es the maximum number of function calls in the optimization process. The default
values are as follows, depending on the optimization technique (which you can specify in the
TECHNIQUE= option):

� TRUREG, NRRIDG, and NEWRAP: 125

� QUANEW and DBLDOG: 500

� CONGRA: 1000

� NMSIMP: 3000

The optimization can terminate only after completing a full iteration. Therefore, the number of
function calls that are actually performed can exceedn.

MAXITER=n

MAXIT=n
speci�es the maximum number of iterations in the optimization process. The default values are as
follows, depending on the optimization technique (which you can specify in the TECHNIQUE=
option):

� TRUREG, NRRIDG, and NEWRAP: 50

� QUANEW and DBLDOG: 200

� CONGRA: 400

� NMSIMP: 1000

These default values also apply whenn is speci�ed as a missing value.

MAXTIME=r
speci�es an upper limit ofr seconds of CPU time for the optimization process. The time is
checked only at the end of each iteration. Therefore, the actual run time might be longer thanr .
By default, CPU time is not limited.

MINITER=n

MINIT=n
speci�es the minimum number of iterations. If you request more iterations than are actually
needed for convergence to a stationary point, the optimization algorithms can behave strangely.
For example, the effect of rounding errors can prevent the algorithm from continuing for the
required number of iterations. By default, MINITER=0.

TECHNIQUE=keyword

TECH=keyword
speci�es the optimization technique to obtain maximum likelihood estimates. You can choose
from the following techniques:

CONGRA performs a conjugate-gradient optimization.

DBLDOG performs a version of double-dogleg optimization.

EM �ts the model by using the expectation-maximization (EM) algorithm.
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EMICM �ts the model by using the EMICM algorithm, which is an extension of the
EM algorithm that also uses the iterative convex minorant (ICM) algorithm.

NEWRAP performs a Newton-Raphson optimization that combines a line-search algo-
rithm with ridging.

NMSIMP performs a Nelder-Mead simplex optimization.

NONE performs no optimization.

NRRIDG performs a Newton-Raphson optimization with ridging.

QUANEW performs a dual quasi-Newton optimization.

TRUREG performs a trust-region optimization.

For models other than the semiparametric model, the default is TECHNIQUE=NEWRAP. For
the semiparametric model, only the EM and EMICM methods are supported and the default
optimization method is EMICM.

For more information about these optimization methods, see the section “Choosing an Optimiza-
tion Algorithm” on page 512 in Chapter 19, “Shared Concepts and Topics.”

For more information about the EM and EMICM methods, see the section “EM Algorithm and
Extensions” on page 5173.

NOPRINT
suppresses all displayed output. This option temporarily disables the Output Delivery System (ODS);
For more information, see Chapter 20, “Using the Output Delivery System.”

NOTHREADS
forces single-threaded execution of the analytic computations. This option overrides the SAS system
option THREADS | NOTHREADS. Specifying this option is equivalent to specifying the THREADS=1
option.

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

PLOTS< (global-plot-options) > = (plot-request < . . . < plot-request > >)
speci�es plots to be created using ODS Graphics. You can request plots of survival functions and
cumulative hazard functions. Also, many of the observation statistics in the output data set can be
plotted using this option. You are not required to create an output data set in order to produce a plot.
When you specify only oneplot-request, you can omit the parentheses around it.

You can specify the followingglobal-plot-options:

CL
displays the pointwise con�dence limits for the plot.

OVERLAY < =overlay-option >
speci�es how to overlay the functions that are plotted for the covariate sets. You can specify the
following overlay-options:
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BYGROUP

GROUP
overlays onto the same plot all functions that are plotted for the covariate sets and have the
same GROUP= value in the COVARIATES= data set.

INDIVIDUAL

IND
displays a separate plot for each covariate set.

By default, OVERLAY=BYGROUP if the GROUP= option is speci�ed in theBASELINE
statement or if theCOVARIATES= data set contains the _GROUP_ variable; otherwise, by
default, OVERLAY=INDIVIDUAL.

UNPACK
displays multiple plots individually. The default is to display related multiple plots in a panel.
The UNPACK option works for INTERVAL, RESDEV, and RESLAG plots only. See the
section “OUTPUT Statement” on page 5161 for de�nitions of the statistics speci�ed with these
plot-requests.

TIMERANGE=(< min > < ,max >)

TIMERANGE=< min > < ,max >

RANGE=(< min > < ,max >)

RANGE=< min > < ,max >
speci�es the range of values on the time axis to clip the display. Themin andmax values are the
lower and upper bounds of the range. By default,min is 0 andmax is the largest boundary value.

You can specify the followingplot-requests:

CUMHAZ
plots the estimated cumulative hazard function for each set of covariates in the data set that you
specify in the COVARIATES= option in the BASELINE statement. If the COVARIATES= data
set is not speci�ed, the estimated cumulative hazard function is plotted for the reference set of
covariates, which consists of reference levels for the CLASS variables and average values for the
continuous variables.

HAZARD
plots the estimated hazard function for each set of covariates in the data set that you specify
in theCOVARIATES= option in the BASELINE statement. If theCOVARIATES= data set is
not speci�ed, the estimated hazard function is plotted for the reference set of covariates, which
consists of reference levels for the CLASS variables and average values for the continuous
variables.

INTERVAL
plots the observed interval length as a function of observation number.

NONE
suppresses all the plots in the procedure. Specifying this option is equivalent to disabling ODS
Graphics for the entire procedure.

RESDEV< (options) >
plots deviance residuals. You can specify the followingoptions:
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INDEX
plots deviance residuals as a function of the observation number.

XBETA
plots deviance residuals as a function of the linear predictor.

If you do not specify anoption, deviance residuals are plotted as a function of the observation
number.

RESLAG< (options) >
plots Lagakos residuals. You can specify the followingoptions:

INDEX
plots Lagakos residuals as a function of the observation number.

XBETA
plots Lagakos residuals as a function of the linear predictor.

If you do not specify anoption, deviance residuals are plotted as a function of observation number.

SURVIVAL

S

SURV

SUR
plots the estimated survival function for each set of covariates in the data set that is speci�ed
in theCOVARIATES= option in the BASELINE statement. If theCOVARIATES= data set is
not speci�ed, the estimated survival function is plotted for the reference set of covariates, which
consists of reference levels for the CLASS variables and average values for the continuous
variables.

Each observation in the data set that is speci�ed in theCOVARIATES= option in theBASELINE
statement provides a set of covariates for which a plot is produced for eachplot-request. You can use
the ROWID= option in the BASELINE statement to specify a variable in the COVARIATES= data
set for identifying the functions that are plotted for the covariate sets. If the ROWID= option is not
speci�ed, the plots are identi�ed by the covariate values if there is only a single covariate or by the
observation numbers of the COVARIATES= data set if the model has two or more covariates. If the
COVARIATES=data set is not speci�ed, a reference set of covariates that consists of the reference
levels for the CLASS variables and the average values for the continuous variables is used. When
plotting more than one function, you can use theOVERLAY= option to group the functions. When
you specify only oneplot-request, you can omit the parentheses around the plot request. Here are
some examples:

plots=survival
plots=(survival cumhaz)

ODS Graphics must be enabled before plots can be requested. For example:
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ods graphics on;
proc icphreg plots(cl)=survival;

model (Left, Right)=X1-X5;
baseline covariates=One;

run;

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.”

SINGULAR=number

EPSILON=number
speci�es the tolerance for testing the singularity of theZ0Z matrix that is formed from the design matrix
Z and for testing the singularity of the Hessian matrix upon convergence of the optimization algorithm.
Appropriately, the test requires that a pivot be at least this number times the original diagonal value.
By default,number is 107 times the machine epsilon. On most machines, the defaultnumber is
approximately10� 9.

THREADS=n

NTHREADS=n
speci�es the number of threads for analytic computations and overrides the SAS system option
THREADS | NOTHREADS. If you do not specify the THREADS= option or if you specify
THREADS=0, the number of threads is determined based on the data size and the number of CPUs on
the host on which the analytic computations execute.

BASELINE Statement

BASELINE < OUT=SAS-data-set > < COVARIATES=SAS-data-set > < TIMELIST=list > < keyword=name
. . . keyword=name > < / options > ;

The BASELINE statement creates a SAS data set (named by the OUT= option) that contains the predicted
values at speci�ed times that partition the time axis for every set of covariates in the COVARIATES= data
set. If theCOVARIATES=data set is not speci�ed, PROC ICPHREG uses a reference set of covariates that
consists of the reference levels for the CLASS variables and the average values for the continuous variables.

Table 67.3 summarizes the options that you can specify in the BASELINE statement.

Table 67.3 BASELINE Statement Options

Option Description

Data Set and Time List Options
OUT= Speci�es the output BASELINE data set
COVARIATES= Speci�es the SAS data set that contains the explanatory variables
TIMELIST= Speci�es a list of time points for computing the predicted values

Keyword Options for Variables
CUMHAZ= Speci�es the cumulative hazard function estimate
HAZARD= Speci�es the hazard function estimate
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Table 67.3 continued

Options Description

LOGLOGS= Speci�es the log of the negative log of the survival function
LOGSURV= Speci�es the log of the survival function
LOWERCUMHAZ= Speci�es the lower pointwise con�dence limit for the cumulative hazard

function
LOWER= Speci�es the lower pointwise con�dence limit for the survival function
STDCUMHAZ= Speci�es the estimated standard error of the cumulative hazard function
STDERR= Speci�es the standard error of the survival function
STDXBETA= Speci�es the estimated standard error of the linear predictor estimator
SURVIVAL= Speci�es the survival function estimate
UPPERCUMHAZ= Speci�es the upper pointwise con�dence limit for the cumulative hazard

function
UPPER= Speci�es the upper pointwise con�dence limit for the survival function
XBETA= Speci�es the estimate of the linear predictorz0�

Other Options
ALPHA= Speci�es the level of the con�dence interval for the survival function
CLTYPE= Speci�es the transformation that is used to compute con�dence limits

for the survival function
GROUP= Names a variable whose values identify or group predicted survival or

cumulative hazard functions in plots
ROWID= Names the variable in the COVARIATES= data set for identifying the

predicted survival or cumulative hazard functions in plots

You can specify the following options in the BASELINE statement.

OUT=SAS-data-set
names the output data set. If you omit the OUT= option, the data set is created and given a default
name by using theDATAn convention. For more information, see the section “OUT= Output Data Set
in the BASELINE Statement” on page 5179.

COVARIATES=SAS-data-set
names the SAS data set that contains the sets of explanatory variable values for which the functions
of interest are estimated. All variables in the COVARIATES= data set are copied to the OUT= data
set. Thus, any variable in the COVARIATES= data set can be used to identify the covariate sets in the
OUT= data set.

TIMELIST=list
speci�es a list of time points at which the predicted values are computed. The following speci�cations
are equivalent:

timelist=5,20 to 50 by 10
timelist=5 20 30 40 50

If you do not specify this option, predicted values are computed at all the times that partition the time
axis.
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keyword=name
speci�es the statistics to be included in the OUT= data set and assigns names to the variables that
contain these statistics. Specify akeyword for each desired statistic, an equal sign, and the name of the
variable for the statistic. You can specify the followingkeywords:

CUMHAZ=name
speci�es the cumulative hazard function estimate. Specifying CUMHAZ=_ALL_
is equivalent to specifying CUMHAZ=CumHaz, STDCUMHAZ=StdErrCumHaz,
LOWERCUMHAZ=LowerCumHaz, and UPPERCUMHAZ=UpperCumHaz.

HAZARD=name
speci�es the hazard function estimate.

LOGLOGS=name

CLOGLOGS=name
speci�es the log of the negative log of the estimated survival function.

LOGSURV=name
speci�es the log of the estimated survival function.

LOWER=name

L=name

LOWERSDF=name
speci�es the lower pointwise con�dence limit for the survival function. The con�dence level is
determined by the ALPHA= option.

LOWERCUMHAZ=name
speci�es the lower pointwise con�dence limit for the cumulative hazard function. The con�dence
level is determined by the ALPHA= option.

STDERR=name

STDSDF=name
speci�es the standard error of the survival function estimator.

STDCUMHAZ=name
speci�es the estimated standard error of the cumulative hazard function estimator.

STDXBETA=name
speci�es the estimated standard error of the linear predictor estimator.

SURVIVAL=name

SDF=name
speci�es the estimated survival function (S.t / D ŒS0.t /• exp.z0� / ). Specifying
SURVIVAL=_ALL_ is equivalent to specifyingSURVIVAL=Survival, STDERR=StdErrSurvival,
LOWER=LowerSurvival, and UPPER=UpperSurvival.
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UPPER=name

U=name

UPPERSDF=name
speci�es the upper pointwise con�dence limit for the survival function. The con�dence level is
determined by the ALPHA= option.

UPPERCUMHAZ=name
speci�es the upper pointwise con�dence limit for the cumulative hazard function. The con�dence
level is determined by the ALPHA= option.

XBETA=name
speci�es the estimate of the linear predictorz0� . If there is an offset, it is added to the predictor.

You can specify the followingoptions after a slash (/).

ALPHA= value
speci�es the level of the con�dence interval for the survival function. Thevalue must be between 0
and 1. The default is the value of the ALPHA= option in the PROC ICPHREG statement, or 0.05 if
that option is not speci�ed.

CLTYPE=method

CITYPE=method

TYPE=method

CLTRANSFORM=method

TRANSFORM=method
speci�es the transformation that is used to compute the con�dence limits forS.t; z/ , which is the
survival function for a subject that has a �xed covariate vectorz at event timet. You can specify the
following methods:

LOG
uses normal theory approximation to compute the con�dence limits forlog.S.t; z// . The con�-
dence limits forS.t; z/ are obtained by back-transforming the con�dence limits forlog.S.t; z// .

LOGLOG
uses normal theory approximation to compute the con�dence limits for thelog.� log.S.t; z/// .
The con�dence limits forS.t; z/ are obtained by back-transforming the con�dence limits for
log.� log.S.t; z/// .

NORMAL

IDENTITY

LINEAR

PLAIN

DIRECT
uses normal theory approximation to compute the con�dence limits forS.t; z/ .

By default, CLTYPE=LOG.
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