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Overview: SEQDESIGN Procedure

The purpose of the SEQDESIGN procedure is to design interim analyses for clinical trials. Clinical trials are
experiments on human subjects to demonstrate the efficacy and safety of new drugs or treatments. A simple
example is a trial to test the effectiveness of a new drug in humans by comparing the outcomes in a group
of patients who receive the new drug with the outcomes in a comparable group of patients who receive a
placebo.

A clinical trial is conducted according to a plan called a protocol. A protocol details the objectives of the trial,
the data collection process, and the analysis. The protocol specifies the null hypothesis and an alternative
hypothesis, a test statistic, the probability — of a Type | error, the probability  of a Type Il error, the sample
size needed to attain a specified power of 1 at an alternative reference, and critical values that are
associated with the test statistic.

In a fixed-sample trial, data about all individuals are first collected and then examined at the end of the study.
Most major trials have committees that periodically monitor safety and efficacy data during the trial and
recommend that a trial be stopped for safety concerns such as an unacceptable toxicity level. In certain
situations, the committee might recommend that a trial be stopped for efficacy. In contrast to a fixed-sample
trial, a group sequential trial provides for interim analyses before the completion of the trial while maintaining
the specified overall Type I and Type Il error probabilities.

A group sequential trial is most useful in situations where it is important to monitor the trial to prevent
unnecessary exposure of patients to an unsafe new drug, or alternatively to a placebo treatment if the new
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drug shows signi cant improvement. In most cases, if a group sequential trial stops early for safety concerns,
fewer patients are exposed to the new treatment than in the xed-sample trial. If a trial stops early for ef cacy
reasons, the new treatment is available sooner than it would be in a xed-sample trial. Early stopping can
also save time and resources.

A group sequential design provides detailed speci cations for a group sequential trial. In addition to the
usual speci cation for a xed-sample design, it provides the total number of stages (the number of interim
stages plus a nal stage) and a stopping criterion to reject, to accept, or to either reject or accept the null
hypothesis at each interim stage. It also provides critical values and the sample size at each stage for the trial.

At each interim stage, the data collected at the current stage in addition to the data collected at previous
stages are analyzed, and statistics such as a maximum likelihood test statistic and its associated standard error
are computed. The test statistic is then compared with critical values that are generated from the sequential
design, and the trial is stopped or continued. If a trial continues to the nal stage, the null hypothesis is either
rejected or accepted. The critical values for each stage are chosen in such a way that the avneralare
maintained at the speci ed levels.

Figure 87.1 shows a two-sided symmetric group sequential trial that stops early to reject the null hypothesis
that the parametéirt is zero.

Figure 87.1 Sequential Plot for Two-Sided Test
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The trial has four stages, which are indicated by the vertical lines labeled 1, 2, 3, and 4. With early stopping
to reject the null hypothesis, the lower rejection boundary is constructed by connecting the lower critical
values for the stages. Similarly, the upper rejection boundary is constructed by connecting the upper critical
values for the stages. The horizontal axis indicates the sample size for the group sequential trial, and the
vertical axis indicates the values of the test statistic on the standaidizeale.

At each interim stage, if the test statistic falls into a rejection region (the darker shaded areas in Figure 87.1),
the trial stops and the null hypothesis is rejected. Otherwise, the trial continues to the next stage. At the nal

stage (stage 4), the null hypothesis is rejectetifills into a rejection region. Otherwise, the null hypothesis

is not rejected. In Figure 87.1, the test statistic does not fall into the rejection regions for stages 1 and 2,
and so the trial continues to stage 3. At stage 3, the test statistic falls into the rejection region, and the null
hypothesis is rejected.

A group sequential trial usually involves six steps:

1. You specify the statistical details of the design, including the null and alternative hypotheses, a test
statistic for the hypothesis test, the Type | and Il error probabilities, a stopping criterion, the total
number of stages, and the relative information level at each stage.

2. You compute the boundary values for the trial based on the speci cations in Step 1. You also compute
the sample size required at each stage for the speci ed hypothesis test.

3. At each stage, you collect additional data with the required sample sizes. The data available at each
stage include the data collected at previous stages in addition to the data collected at the current stage.

4. At each stage, you analyze the available data with a procedure such as the REG procedure, and you
compute the test statistic.

5. At each stage, you compare the test statistic with the corresponding boundary values. You stop the trial
to reject or accept the hypothesis, or you continue the trial to the next stage. If you continue the trial to
the nal stage, you either accept or reject the hypothesis.

6. After the trial stops, you compute parameter estimates, con dence limits for the parameter, and a
p-value for the hypothesis test.

You use the SEQDESIGN procedure at Step 2 to compute the initial boundary values and required sample
sizes for the trial. You use the companion SEQTEST procedure at Step 5 to compare the test statistic with
its boundary values. At stage 1, the boundary values are derived by using the boundary information tables
created by the SEQDESIGN procedure. These boundary information tables are structured for input to the
SEQTEST procedure. At each subsequent stage, the boundary values are derived by using the test information
tables are created by the SEQTEST procedure at the previous stage. These test information tables are also
structured for input to the SEQTEST procedure. You also use the SEQTEST procedure at Step 6 to compute
parameter estimates, con dence limits, gndalues after the trial stops.

The owchart in Figure 87.2 summarizes the steps in a typical group sequential trial and the relevant SAS
procedures.
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Figure 87.2 Group Sequential Trial

Features of the SEQDESIGN Procedure

The SEQDESIGN procedure assumes that the standarditessd statistics for the null hypothestgy W D 0

at the stages have the joint canonical distribution with the information levels at the stages for the parameter
This implies that these test statistics are normally distributed. If the test statistic is not normally distributed,
then it is assumed that the test statistic is computed from a large sample such that the statistic has an
approximately normal distribution. See the section “Statistical Assumptions for Group Sequential Designs”
on page 7413 for a detailed description of the joint canonical distribution.

You can use the SEQDESIGN procedure to compute required sample sizes for commonly used hypothesis

tests. Note that for a xed-sample design, you should use the POWER and GLMPOWER procedures to
compute sample sizes.

The applicable tests include tests for binomial proportions and the log-rank test for two survival distributions.
See the section “Applicable One-Sample Tests and Sample Size Computation” on page 7448, the section
“Applicable Two-Sample Tests and Sample Size Computation” on page 7450, and the section “Applicable
Regression Parameter Tests and Sample Size Computation” on page 7458 for examples of applicable tests in
group sequential trials.
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At each stage, the data are analyzed with a statistical procedure such as the REG procedure, and a test statistic
and its associated information level are computed. The information level is the amount of information
available about the unknown parameter. For a maximum likelihood statistic, the information level is the
inverse of its variance.

At each stage, you use the SEQTEST procedure to derive the boundary values that correspond to the
information level associated with the test statistic. You then use the SEQTEST procedure to compare the
test statistic with these boundary values. When a trial is stopped at an interim stage or at the nal stage, the
SEQTEST procedure also derives parameter estimates, con dence limits for the parametgrvahgegor
hypothesis testing.

Output from the SEQDESIGN Procedure

In addition to computing the boundary values for a group sequential design, the SEQDESIGN procedure
computes the following quantities:

* maximum sample size (as a percentage of the corresponding xed-sample size) if the trial does not
stop at an interim stage

» average sample numbers (as percentages of the corresponding xed-sample sizes for nonsurvival data
or xed-sample numbers of events for survival data) under various hypothetical references, including
the null and alternative references

« stopping probabilities at each stage under various hypothetical references to indicate how likely it is
that the trial will stop at that stage

» sample sizes required at each stage for the speci ed hypothesis test
» numbers of events required at each stage for the speci ed hypothesis test with survival data
You can create more than one design with multiple DESIGN statements in the SEQDESIGN procedure and

then choose the design with the most desirable features. The next two subsections introduce some basic
aspects of group sequential designs that are useful for getting started with the SEQDESIGN procedure.

Boundaries for Group Sequential Designs

A one-sided test is a test of a hypothesis with either a lower alternativé\{ < 0 ) or an upper alternative

(H1 W>0), and a two-sided test is a test with a two-sided alternatie\V = 0). The number of critical

values for a test depends on whether the alternative is one-sided or two-sided, and it also depends on whether
the trial is conducted with a xed-sample design or a group sequential design.

For a xed-sample trial, a one-sided test has one critical value and a two-sided test has two critical values.

These critical values are computed with the speci ed Type | error probability contrast, at each interim

stage of a group sequential trial, a one-sided test has up to two critical values and a two-sided group sequential
test has up to four critical values. Thus, there are two or four possible boundaries for a group sequential

design, and each boundary is a set of critical values, one from each stage.
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Figure 87.3 illustrates the boundaries for a one-sided test with an upper alternative that allows for early
stopping to either reject or accept the null hypothesis.

Figure 87.3 Boundary Plot for One-Sided Design

With an upper alternative, as in this example, the design has the following two boundaries: an upper
(rejection) boundary for the rejection region that consists of upper rejection critical values and an upper
(acceptance) boundary for the acceptance region that consists of upper acceptance critical values. The stages
are indicated by vertical lines with accompanying stage numbers. In Figure 87.3, the horizontal axis indicates
the cumulative sample size for the group sequential trial. The vertical axis indicates the critical values at each
stage on the standardiz&dscale. Other scales can be used for the vertical axis, including the MLE scale,
score statistic scale, apdvalue scale.

At each interim stage, if the test statistic is in the rejection region (darker shaded area in Figure 87.3), the
trial stops and the null hypothesis is rejected. If the test statistic is in the acceptance region (lightly shaded
area in Figure 87.3), the trial stops and the hypothesis is accepted. Otherwise, the trial continues to the next
stage. If the trial proceeds to the nal stage (stage 4), the upperd upper critical values are identical,

and the trial stops to either reject or accept the null hypothesis.

If you do not want to stop a trial when a test statistic falls in the acceptance region at an interim stage, you
can derive a design with a nonbinding acceptance boundary to allow the trial to continue while maintaining
the Type | error level. You need to increase the sample size for a design with this nonbinding feature. See the
section “Acceptance () Boundary” on page 7433 for a description of the nonbinding acceptance boundary.
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Group Sequential Methods

For a group sequential design, there are two possible boundaries for a one-sided test and four possible
boundaries for a two-sided test. Each boundary consists of one boundary value (critical value) for each stage.
The SEQDESIGN procedure provides various methods for computing the boundary values.

The boundary value for a xed-sample test cannot be applied to each stage of sequential design because, as
shown by Armitage, McPherson, and Rowe (1969), repeated signi cance tests at a xed level on accumulating
data increase the probability of a Type | error. For example, with a xed-sample two-sided test, the critical
values 1:96for a standardized statistic produce a Type | error probability levelD 0:05 But for a
two-sided group sequential test with two equally spaced stages, if the same critical vat9€sare used to

reject the null hypothesis at these two stages, the Type | error probability levé& i8:083 larger than the
xed-sample .

Numerous methods are available for deriving the critical values for each boundary in a sequential design.
Pocock (1977) applies repeated signi cance tests to group sequential trials with equal-size groups and derives
a constant critical value on the standardized norfhatale across all stages that maintains the speci ed
Type | error probability level. O'Brien and Fleming (1979) propose a sequential procedure that has boundary
values (in absolute value) decrease over the stages on the standardizedhscaial

The SEQDESIGN procedure provides the following three types of methods:

» xed boundary shape methods, which derive boundaries with speci ed boundary shapes

» Whitehead methods, which adjust boundaries derived for continuous monitoring so that they apply to
discrete monitoring

* error spending methods

Each type of methods uses a distinct approach to derive the boundary values for a group sequential trial.
Whitehead methods require much less computation with resulting Type | error probability and power that
are close but differ slightly from the speci ed values due to the approximations used in deriving the tests
(Jennison and Turnbull 2000, p. 106). Fixed boundary shape methods derive boundary values by estimating a
xed number of parameters and require more computation. Error spending methods derive boundary values at
each stage sequentially and require much more computation than other types of methods for group sequential
trials with a large number of stages.

Within each type of methods, you can choose methods that creating boundary values range from conservative
stopping boundary values at early stages to liberal stopping boundary values at very early stages.

You can use the SEQDESIGN procedure to specify methods from the same type for each design. A different
method can be speci ed for each boundary separately, but all methods in a design must be of the same type.

Fixed Boundary Shape Methods

The xed boundary shape methods include the uni ed family methods and the Haybittle-Peto method. The
uni ed family methods (Kittelson and Emerson 1999) derive boundaries from speci ed boundary shapes.
These methods include Pocock's method (Pocock 1977) and the O'Brien-Fleming method (O'Brien and
Fleming 1979) as special cases.
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The Haybittle-Peto method (Haybittle 1971; Peto et al. 1976) uses a value of 3 for the critical values in interim
stages, so the critical value at the nal stage is close to the critical value for the xed-sample design. In the
SEQDESIGN procedure, the Haybittle-Peto method has been generalized to allow for different boundary
values at interim stages.

Whitehead Methods

Whitehead and Stratton (1983) and Whitehead (1997, 2001) develop triangular and straight-line boundaries
by adapting tests constructed for continuous monitoring to discrete monitoring of group sequential tests.
With continuous monitoring, the values for each boundary fall in a straight line when plotted on the score
statistic scale. The discrete boundary is derived by subtracting the expected overshoot from the continuous
boundary to obtain the desired Type | and Type Il error probabilities. For a design with early stopping to
either reject or accept the null hypothesis, the boundaries form a triangle when plotted on the score statistic
scale. See the section “Score Statistic” on page 7404 for a detailed description of the score statistic.

Error Spending Methods

For every sequential design, theand errors at each stage can be computed from the boundary values. On
the other hand, you can derive the boundary values from speciaad errors for each stage. The error
spending function approach (Lan and DeMets 1983) uses an error spending function to specify the errors at
each stage for each boundary and then derives the boundary values.

Getting Started: SEQDESIGN Procedure

This section illustrates a clinical study design that uses a two-sided O'Brien-Fleming design (O'Brien and

Fleming 1979) to stop the trial early for ethical concerns about possible harm or for unexpectedly strong
ef cacy of the new drug.

Suppose that a pharmaceutical company is conducting a clinical trial to test the ef cacy of a new cholesterol-
lowering drug. The primary focus is low-density lipoprotein (LDL), the so-called bad cholesterol, which is a
risk factor for coronary heart disease. LDL is measureagi dL, milligrams per deciliter of blood.

The trial consists of two groups of equally allocated patients with elevated LDL levels: an experimental
group given the new drug and a placebo control group. Suppose the changes in LDL level after the treatment
for individuals in the experimental and control groups are normally distributed with meaasd .,
respectively, and have a common varianée Then the null hypothesis of no effect for the new drug is

Ho W D 0, where D . c.

For a xed-sample design with a total sample sitghe MLE for is computed a$D O. O, where
Q and Q are the sample means of the decreases in LDL level in the experimental and control groups,
respectively.

Following the derivation in the section “Test for the Difference between Two Normal Means” on page 7451,
the statisticOhas a normal distribution

2
O N G
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Thus, under the null hypothedisyp W D 0, the standardized statistic

O
4 2
N

TheZ statistic can be used to test the null hypothékis If the variance 2 is unknown, the sample variance
can be used to compute the test statistic if it is assumed that the sample variance is computed from a large
sample such that the statistic has an approximately standard normal distribution.

With a Type | error probability D 0:05, the critical values for the statistic are givenby 1.=2/ D 1:96

and” 1.1 =2/ D 1:96 where" is the cumulative standard normal distribution function. At the end

of study, ifZ  1:96 the null hypothesis is rejected for harmful drug effect, and if  1:96 the null
hypothesis is rejected for ef cacy of the new drug. Otherwise, the null hypothesis is not rejected and the drug
effect is not signi cant.

Also suppose that for the trial, the alternative referen@ 10is the clinically meaningful difference that

the trial should detect with a high probability (power). Further suppose that a good estimate of the standard
deviation for the changes in LDL level ® D 20. The following statements invoke the SEQDESIGN
procedure and request a four-stage O'Brien-Fleming design for standardized normal test statistics:

ods graphics on;
proc seqdesign altref=-10
plots=boundary(hscale=samplesize)

TwoSidedOBrienFleming: design nstages=4
method=obf

samplesize model=twosamplemean(stddev=20);
ods output Boundary=Bnd_LDL;
run;
ods graphics off;

The ALTREF= option speci es the alternative reference, and the actual maximum information is derived
in the SEQDESIGN procedure. With ODS Graphics enabled, the PLOTS=BOUNDARY option displays a
boundary plot with the rejection and acceptance regions.

In the DESIGN statement, the labRloSidedOBrienFleming  identi es the design in the output tables. By
default (or equivalently if you specify ALT=TWOSIDED and STOP=REJECT in the DESIGN statement),
the design has a two-sided alternative hypothesis in which early stopping in the interim stages occurs to reject
the null hypothesis. That is, at each interim stage, the trial either is stopped to reject the null hypothesis or
continues to the next stage.
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The NSTAGES=4 option in the DESIGN statement speci es the total number of stages in the group sequential
trial, including three interim stages and a nal stage. In the SEQDESIGN procedure, the null hypothesis
for the designisHg W D 0. By default (or equivalently if you specify ALPHA=0.05 and BETA=0.10 in
the DESIGN statement), the design has a Type | error probabili2y0:05 and a Type Il error probability

D 0:10 the latter corresponds to a powerlof D 0:90at the alternative referené¢é; W D 10.

For a two-sided design with early stopping to reject the null hypothesis, there are two boundaries for the
design: an upper boundary that consists of upper rejection critical values and a loviundary that
consists of lower rejection critical values. Each boundary is a set of critical values, one from each stage.
With the METHOD=0BF option in the DESIGN statement, the O'Brien-Fleming method is used for the two
boundaries for the design; see Figure 87.7.

A property of the boundaries constructed with the O'Brien-Fleming design is that the null hypothesis is more
dif cult to reject in the early stages than in the later stages. That is, the trial is rejected in the early stages only
with overwhelming evidence, because in these stages there might not be a suf cient number of responses for
a reliable estimate of the treatment effect.

The SAMPLESIZE statement with the MODEL=TWOSAMPLEMEAN option uses the derived maximum
information to compute required sample sizes for a two-sample test for mean difference. The ODS OUTPUT
statement with the BOUNDARY=BND_LDL option creates an output data set n&Ned LDL which
contains the resulting boundary information.

In a clinical trial, the amount of information about an unknown parameter available from the data can be
measured by the Fisher information. For a maximum likelihood statistic, the information level is the inverse
of its variance. See the section “Maximum Likelihood Estimator” on page 7403 for a detailed description of
Fisher information. At each stage of the trial, data are collected and analyzed with a statistical procedure, and
a test statistic and its corresponding information level are computed.

In this example, you can use the REG procedure to compute the maximum likelihood e$foatee

drug effect and the corresponding standard errorJoht stage 1, you can use the SEQTEST procedure

to compare the test statistic with adjusted boundaries derived from the boundary information stored in the
BOUND_LDL data set. At each subsequent stage, you can use the SEQTEST procedure to compare the test
statistic with adjusted boundaries derived from the boundary information stored in the test information table
created by the SEQTEST procedure at the previous stage. The test information tables are structured for input
to the SEQTEST procedure.

At each interim stage, the trial will either be stopped to reject the null hypothesis or continue to the next stage.
At the nal stage, the null hypothesis is either rejected or accepted.

By default (or equivalently if you specify INFO=EQUAL in the DESIGN statement), the SEQDESIGN
procedure derives boundary values with equally spaced information levels for all stages—that is, the same
information increment between successive stages. The “Design Information,” “Method Information,” and
“Boundary Information” tables are displayed by default, as shown in Figure 87.4, Figure 87.5, and Figure 87.6,
respectively.
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The “Design Information” table in Figure 87.4 displays design speci cations and four derived statistics:
the actual maximum information, the maximum information, the average sample number under the null
hypothesis (Null Ref ASN), and the average sample number under the alternative hypothesis (Alt Ref ASN).
Except for the actual maximum information, each statistic is expressed as a percentage of the identical statistic
for the corresponding xed-sample information. The average sample number is the expected sample size
(for nonsurvival data) or expected number of events (for survival data). Note that for a symmetric two-sided
design, the ALTREF=-10 option implies a lower alternative reference of —10 and an upper alternative
reference of 10.

Figure 87.4 O'Brien-Fleming Design Information

The SEQDESIGN Procedure
Design: TwoSidedOBrienFleming
Design Information

Statistic Distribution Normal
Boundary Scale Standardized Z
Alternative Hypothesis Two-Sided
Early Stop Reject Null
Method O Brien-Fleming
Boundary Key Both
Alternative Reference -10
Number of Stages 4
Alpha 0.05
Beta 0.1
Power 0.9
Max Information (Percent of Fixed Sample) 102.2163
Max Information 0.107403
Null Ref ASN (Percent of Fixed Sample) 101.5728
Alt Ref ASN (Percent of Fixed Sample) 76.7397

The maximum information is the information level at the nal stage of the group sequential trial. The Max
Information (Percent Fixed-Sample) is the maximum information for the sequential design expressed as a
percentage of the information for the corresponding xed-sample design. In Figure 87.4, the Max Information
(Percent Fixed-Sample) is 102.22%, which means that the information needed for the group sequential trial is
2.22% more than that of the corresponding xed-sample design if the trial does not stop at any interim stage.

The Null Ref ASN (Percent Fixed-Sample) is the average sample number (expected sample size) required
under the null hypothesis for the group sequential design expressed as a percentage of the sample size for the
corresponding xed-sample design. In Figure 87.4, the Null Ref ASN is 101.57%, which means that the
expected sample size for the group sequential trial is 1.57% greater than the corresponding xed-sample size.

Similarly, the Alt Ref ASN (Percent Fixed-Sample) is the average sample number (expected sample size)
required under the alternative hypothesis for the group sequential design expressed as a percentage of the
sample size for the corresponding xed-sample design. In Figure 87.4, the Alt Ref ASN is 76.74%, which
means that the expected sample size for the group sequential trial is 76.74% of the corresponding xed-sample
size. That is, if the alternative hypothesis is true, then on average, only 76.74% of the xed-sample size is
needed for the group sequential trial.
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In this example, the O'Brien-Fleming design requires only a slight increase in sample size if the trial proceeds
to the nal stage. On the other hand, if the alternative hypothesis is correct, this design provides a substantial
saving in sample size on average.

The “Method Information” table in Figure 87.5 displays the computed Type | and Type Il error probabilities

and , and the derived drift parameter for the design. For a two-sided test with early stopping to reject the
null hypothesis, both lower and uppetboundaries are created. With the speci ed ALTREF= option, the
alternative references are also included.

W'Bh the zero null reference, the drift parameter is the standardized alternative reference at the nal stage
1 Ix,where ; is the alternative reference ahg is the maximum information. See the section “Speci ed

and Derived Parameters” on page 7437 for a detailed description of the drift parameter. The drift parameters

for the design are derived in the SEQDESIGN procedure even if the alternative reference is not speci ed or

derived in the procedure.

Figure 87.5 Method Information

Method Information
------- Unified Family------
Boundary Method Alpha Beta Rho Tau C
Upper Alpha O Brien-Fleming 0.02500 0.10000 0.5 0 2.02429
Lower Alpha O Brien-Fleming 0.02500 0.10000 0.5 0 2.02429
Method Information
Alternative
Boundary Reference Drift
Upper Alpha 10 3.277238
Lower Alpha -10 -3.27724

The O'Brien-Fleming method belongs to the uni ed family of designs, which is parameterized by two

parameters, and , as implemented in the SEQDESIGN procedure. See Table 87.3 for parameter values

of commonly used methods in the uni ed family. The “Method Information” table in Figure 87.5 displays

the values of D 0:5and D 0, which are the parameters for the O'Brien-Fleming method. The table also

displays the derived paramet@r D 2:0243 which is used in the construction of symmetric lower and upper
boundaries; see the section “Uni ed Family Methods” on page 7423.
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The “Boundary Information” table in Figure 87.6 displays the information level, including the proportion,
actual level, and corresponding sample size (N) at each stage. The table also displays the lower and upper
alternative references, and the lower and upper boundary values at each stage.

Figure 87.6 Boundary Information

Boundary Information (Standardized Z Scale)
Null Reference = 0

------- Alternative------
--------- Information Level Reference-------
_Stage_ Proportion Actual N Lower Upper
1 0.2500 0.026851 42.96116 -1.63862 1.63862
2 0.5000 0.053701 85.92233 -2.31736 2.31736
3 0.7500 0.080552 128.8835 -2.83817 2.83817
4 1.0000 0.107403 171.8447 -3.27724 3.27724

Boundary Information (Standardized Z Scale)
Null Reference = 0

----- Boundary Values----

---Lower-- ---Upper--
_Stage_ Alpha Alpha
1 -4.04859 4.04859
2 -2.86278 2.86278
3 -2.33745 2.33745
4 -2.02429 2.02429

The information proportion is the proportion of maximum information available at each stage and N is
the corresponding sample size. By default (or equivalently if you specify BOUNDARYSCALE=STDZ),
the procedure displays boundary values with the standardizsdle in the boundary informaticw table

and the boundary plot. The alternative reference on the standaiflzeale at stagkis given by 1 Ty,

where ; is the alternative reference ahg is the information available at staggek D 1;2;3;4 These
standardized alternative references for the design are derived in the SEQDESIGN procedure even if the
alternative reference is not speci ed or derived in the procedure.

In this example, a standardiz&dstatistic is computed by standardizing the parameter estimate of the effect
in LDL level. A lower Z test statistic indicates a bene cial effect. Consequently, at each interim stage, if the
standardized test statistic is less than or equal to the corresponding loverundary value, the hypothesis

Ho W D Ois rejected for ef cacy. If the test statistic is greater than or equal to the corresponding upper
boundary value, the hypothestis, is rejected for harmful effect. Otherwise, the process continues to the
next stage. At the nal stage (stage 4), the hypothekjss rejected for ef cacy if theZ statistic is less
than or equal to the corresponding loweboundary value —2.0243, and the hypothésisis rejected for
harmful effect if theZ statistic is greater than or equal to the corresponding upfeundary value 2.0243.
Otherwise, the hypothesis of no signi cant difference is accepted.

Note that in a typical trial, the actual information levels do not match the information levels speci ed in the
design. The SEQTEST procedure modi es the boundary values stored BDWRD_LDL data set to adjust
for these new information levels.
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With ODS Graphics enabled, a detailed boundary plot with the rejection and acceptance regions is displayed,
as shown in Figure 87.7. This plot displays the boundary values in the “Boundary Information” table in
Figure 87.6. The stages are indicated by vertical lines with accompanying stage numbers. The horizontal
axis indicates the sample sizes for the stages. Note that comparing with a xed-sample design, only a small
increase in sample size is needed for the O'Brien-Fleming design, as shown in Figure 87.7.

If a test statistic at an interim stage is in the rejection region (shaded area), the trial stops and the null
hypothesis is rejected. If the statistic is not in any rejection region, the trial continues to the next stage.

Figure 87.7 Boundary Plot

The boundary plot also displays critical values for the corresponding xed-sample design. The syimbol “

identi es the xed-sample critical values of —=1.96 and 1.96, and the accompanying vertical line indicates

the required sample size for the xed-sample design at the horizontal axis. Note that the boundary values
2:0243at the nal stage are close to the xed-sample critical values96

When you specify the SAMPLESIZE statement, the maximum information (either explicitly speci ed or
derived in the SEQDESIGN procedure) is used to compute the required sample sizes for the study. The
MODEL=TWOSAMPLEMEAN(STDDEV=20) option speci es the test for the difference between two

normal means. See the section “Test for the Difference between Two Normal Means” on page 7451 for a
detailed derivation of these required sample sizes.
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The “Sample Size Summary” table in Figure 87.8 displays the parameters for the sample size computation

and the resulting maximum and expected sample sizes.

Figure 87.8 Sample Size Summary

Sample Size Summary

Test Two-Sample Means
Mean Difference -10
Standard Deviation 20
Max Sample Size 171.8447
Expected Sample Size (Null Ref) 170.7627
Expected Sample Size (Alt Ref) 129.0137

The “Sample Sizes (N)” table in Figure 87.9 displays the required sample sizes at each stage for the trial, in
both fractional and integer numbers. The derived fractional sample sizes are displayed under the heading
“Fractional N.” These sample sizes are rounded up to integers under the heading “Ceiling N.” By default (or
equivalently if you specify WEIGHT=1 in the MODEL=TWOSAMPLEMEAN option), the sample sizes for

the two groups are equal for the two-sample test.

Figure 87.9 Derived Sample Sizes

Sample Sizes (N)
Two-Sample Z Test for Mean Difference
------------------ Fractional N-----------------
_Stage_ N N(Grp 1) N(Grp 2)
1 42.96 21.48 21.48
2 85.92 42.96 42.96
3 128.88 64.44 64.44
4 171.84 85.92 85.92
Sample Sizes (N)
Two-Sample Z Test for Mean Difference
------------------- Ceiling N-------------me-m--
_Stage_ N N(Grp 1) N(Grp 2)
1 44 22 22
2 86 43 43
3 130 65 65
4 172 86 86

Information

0.0269
0.0537
0.0806
0.1074

Information

0.0275
0.0538
0.0812
0.1075

In practice, integer sample sizes are used in the trial, and the resulting information levels increase slightly.
Thus, 22, 43, 65, and 86 individuals are needed in each of the two groups for the four stages, respectively.
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Syntax: SEQDESIGN Procedure

The following statements are available in the SEQDESIGN procedure:

PROC SEQDESIGN < options > ;
<label: > DESIGN options ;
SAMPLESIZE <MODEL= option> ;

The PROC SEQDESIGN statement and the DESIGN statement are required for the SEQDESIGN procedure.
Each DESIGN statement requests a new group sequential design, and multiple DESIGN statements can be
used to create more than one design for comparison of features. The label, which must be a valid SAS name,
is used to identify the design in the output tables and graphics. The SAMPLESIZE statement computes
the required sample sizes for the design speci ed in each DESIGN statement. With a selected design, the
SAMPLESIZE statement computes the required sample sizes for the trial.

PROC SEQDESIGN Statement
PROC SEQDESIGN < options > ;

The PROC SEQDESIGN statement invokes the SEQDESIGN procedure. Table 87.1 summartipésrthie
available in the PROC SEQDESIGN statement.

Table 87.1 Summary of PROC SEQDESIGN Options

Option Description

Design Parameters

ALTREF= Speci es the alternative reference
BOUNDARYSCALE= Speci es the statistic scale for the boundary
MAXINFO= Speci es the maximum information level

Table Output

ERRSPEND Displays the cumulative error spending at each stage
PSS Displays powers and expected sample sizes
STOPPROB Displays expected cumulative stopping probabilities
Graphics Output

PLOTS=ASN Displays the expected sample numbers plot
PLOTS=BOUNDARY Displays the detailed boundary plot
PLOTS=COMBINEDBOUNDARY Displays the combined boundary plot
PLOTS=ERRSPEND Displays the error spending plot

PLOTS=POWER Displays the powers plot

By default, the SEQDESIGN procedure displays tables of design information, method information, and
boundary information for each speci ed design. If ODS Graphics is enabled, it also displays a detailed
boundary plot.
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In addition, you can use output options to display output tables such as expected cumulative stopping
probability at each stage under various hypothetical references. If ODS Graphics is enabled, you can also
use output options to display plots such as powers and expected sample sizes under various hypothetical
references.

The followingoptions can be used in the PROC SEQDESIGN statement to derive boundary values for all
sequential designs in the procedure. They are listed in alphabetical order.

ALTREF= 1 <(<LOWER= 1, > <UPPER= 1, >)>
speci es the alternative reference—that is, the hypothetical reference under the alternative hypothesis at
which the power is computed. The LOWER= and UPPER= options are applicable only for a two-sided
design with different lower and upper alternative references.

For a one-sided designy; D j 1j is the lower alternative reference angy, D j 1j is the upper
alternative reference. For a two-sided design, the specigdand 1, are the lower and upper
alternative references, respectively. If the LOWER= option is not specigdD j 1j, and if the
UPPER= option is not specied,, Dj 1j.

The speci cation of the ALTREF= option depends on the hypothesis used in the clinical trial. For
example, suppose the null hypothddis W D 0 with an alternative hypothesi$; W D ; is used
to compare two binomial populations, D pp. Then 1 is the proportion difference undéty if

D pa Pp, and 1 is the log odds ratio undét, if D log ﬁi—m .

If the ALTREF= option is not speci ed, the alternative referengecan also be speci ed or derived in
the SAMPLESIZE statement. If; is speci ed or derived in the SAMPLESIZE statemeng, D j 1]
and 1y Dj 1j are the lower and upper alternative references, respectively.

Note that if the SAMPLESIZE statement is speci ed with a two-sided design, the sample sizes derived
by using the lower and upper alternatives might be different., Ifis speci ed or derived in the
SAMPLESIZE statement, it is used to compute the sample sizes. Otherwise,gpeci ed in the
ALTREF= option is used.

BOUNDARYSCALE=MLE | SCORE | STDZ | PVALUE

BSCALE=MLE | SCORE | STDZ | PVALUE
speci es the scale for the statistic that is displayed in the boundary table and boundary plots. The
keywords MLE, SCORE, STDZ, and PVALUE correspond to the boundary with the maximum
likelihood estimate scale, the score statistic scale, the standardized oscelk, and the-value
scale, respectively. The default is BOUNDARYSCALE=STDZ.

With the BOUNDARYSCALE=MLE or BOUNDARY SCALE=SCORE option, the maximum infor-
mation must be either explicitly speci ed with the MAXINFO= option or derived in the SEQDESIGN
procedure to provide the necessary information level at each stage to compute the boundary values.
See the section “Boundary Scales” on page 7416 for a detailed description of the statistic scale for the
boundary values.

Note that for a two-sided design, tpevalue scale displays the one-sided xed-samphalue under
the null hypothesis with a lower alternative hypothesis.
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MAXINFO=number
speci es the maximum information level for the design. If the MAXINFO=option is speci ed and
the alternative reference is either speci ed explicitly with the ALTREF= option or derived from
the SAMPLESIZE statement, then the Type | and Type Il error probability levels cannot be met
simultaneously. In this case, the ALPHA= option in the DESIGN statement is applicable only with the
BOUNDARYKEY=ALPHA option (which is the default) in the DESIGN statement, and the Type I
error probability is derived. The BETA= option in the DESIGN statement is applicable only with
the BOUNDARYKEY=BETA option in the DESIGN statement, and the Type | error probability
derived.

Table Output Options

The followingoptions can be used in the PROC SEQDESIGN statement to display addition table output.
They are listed in alphabetical order.

ERRSPEND
displays the error spending at each stage for each boundary in the design.

PSS<(CREF=C1<Cy...>)>
displays powers and expected sample sizes under various hypothetical references, where the numbers
Ci 0.

For a one-sided design, the power and expected sample sizes under hypotbeses, are displayed,
where 1 is the alternative reference andare the values speci ed in the CREF= option.

For a two-sided design, the power and expected sample sizes under hypotheses ;; and
D ¢ 1, are displayed, where and 1, are the lower and upper alternative references, respectively.
The defaultis CREF=00.51.0 1.5.

Note that for a symmetric two-sided design, only the power and expected sample sizes under hypotheses
D ¢ 1y are derived. See the section “Type | and Type Il Errors” on page 7420 for a detailed
description of the power computation. See the section “Powers and Expected Sample Sizes” on

page 7467 for a detailed description of the expected sample size computation.

STOPPROB <(CREF=¢; < G ... >)>

displays expected cumulative stopping probabilities under various hypothetical references, where the
numbers; 0.

For a one-sided design, expected cumulative stopping probabilities at each stage under hypotheses
D ¢ 1 are displayed, wherg is the alternative reference andare the values speci ed in the
CREF= option.

For a two-sided design, expected cumulative stopping probabilities at each stage under hypotheses
D¢ 4 and D ¢ 1y are displayed, where;, and 1, are the lower and upper alternative

references, respectively. Note that for a symmetric two-sided design, only expected cumulative

stopping probabilities under hypothese® ¢; i1, are derived. The defaultis CREF=00.51.0 1.5.
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Graphics Output Options
This section describes thptions for using ODS Graphics with the SEQDESIGN procedure to create plots.

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

ods graphics on;

proc seqdesign altref=-10 plots=boundary(hscale=samplesize);
TwoSidedOBrienFleming: design nstages=4 method=obf;
samplesize model=twosamplemean(stddev=20);

run;

ods graphics off;

For more information about enabling and disabling ODS Graphics, see the section “Enabling and Disabling
ODS Graphics” on page 606 in Chapter 21, “Statistical Graphics Using ODS.”

The followingoptions can be used in the PROC SEQDESIGN statement to display graphs with ODS Graphics.
They are listed in alphabetical order.

PLOTS <( ONLY )> <= plot-request >

PLOTS <( ONLY )> <= ( plot-request <...plot-request > ) >
speci es options that control the details of the plots. The default is PLOTS=BOUNDARY. The global
plot option ONLY suppresses the default plots and displays only plots speci cally requested.

The plot request options are as follows.

ALL
produces all appropriate plots.

ASN<(CREF=Cc1<Cp...>)>
displays a plot of the average sample numbers (expected sample sizes for nonsurvival data or
expected numbers of events for survival data) under various hypothetical references, where the
numbers; 0. These average sample numbers are displayed as percentages of the average
sample numbers for the corresponding xed-sample design.

For a one-sided design, expected sample numbers under hypothBses 1 are displayed,
where ; is the alternative reference andare the values speci ed in the CREF= option.

For a two-sided design, expected sample numbers under hypothBses 1y and D ¢ 1y

are displayed, where;; and 1, are the lower and upper alternative references, respectively.

Note that for a symmetric two-sided design, only the average sample numbers under hypotheses
D ¢ 1y are derived. The defaultis CREF=0to 1.5 by 0.01.

BOUNDARY < ( HSCALE=INFO | SAMPLESIZE ) >
displays a plot of the resulting sequential boundaries with the acceptance and rejection re-
gions for each design. Either the information level (HSCALE=INFO) or the sample size
(HSCALE=SAMPLESIZE) is displayed on the horizontal axis. If the maximum information
is not available for the design, the information in percentage of its corresponding xed-sample
design are used in the plot. The stage number for each stage is displayed inside the plot. The
default is HSCALE=INFO.

If the HSCALE=SAMPLESIZE option is speci ed. the SAMPLESIZE statement must also be
speci ed. The options MODEL=INPUTNEVENTS, MODEL=TWOSAMPLESURVIVAL, and
MODEL=PHREG in the SAMPLESIZE statement indicate survival data. For a sample that does
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not contain survival data, the sample size at each stage is displayed on the horizontal axis. For
survival data, the number of events is displayed on the horizontal axis at each stage. The critical
values for the corresponding xed-sample design are also displayed in the plot.

COMBINEDBOUNDARY < ( HSCALE=INFO | SAMPLESIZE | STAGE ) >
displays a plot of the resulting sequential boundaries for all designs simultaneously. You can
display the information level (HSCALE=INFO), the sample size (HSCALE=SAMPLESIZE), or
the stage number (HSCALE=STAGE) on the horizontal axis. The default is HSCALE=INFO.
With HSCALE=INFO, if the maximum information is not available for the design, then the
information in percentage of its corresponding xed-sample design is used in the plot.

If the HSCALE=SAMPLESIZE option is speci ed, the SAMPLESIZE statement must also be
speci ed. The options MODEL=INPUTNEVENTS, MODEL=TWOSAMPLESURVIVAL, and
MODEL=PHREG in the SAMPLESIZE statement indicate survival data. For a sample that does
not contain survival data, the sample size at each stage is displayed on the horizontal axis. For
survival data, the number of events is displayed on the horizontal axis at each stage.

ERRSPEND < ( HSCALE=INFO | STAGE ) >
displays a plot of the error spending for all sequential boundaries in the designs simultaneously.
You can display the information level (HSCALE=INFO) or the stage number (HSCALE=STAGE)
on the horizontal axis. With HSCALE=INFO, the information fractions are used in the plot. The
default is HSCALE=STAGE.

NONE
suppresses all plots.

POWER <(CREF=Cc1 < Cp...>) >
displays a plot of the power curves under various hypothetical references, where the numbers
¢ O

For a one-sided design, powers under hypothes8s ¢; 1 are displayed, where; is the
alternative reference argg are the values speci ed in the CREF= option.

For a two-sided design, powers under hypothesBsc; 1, and D ¢ 3, are displayed, where

1 and 1, are the lower and upper alternative references, respectively. Note that for a symmetric
two-sided design, only powers under hypothes& ¢; 1, are derived. The defaultis CREF=0
to 1.5 by 0.01.

DESIGN Statement
<label:> DESIGN <options > ;

The DESIGN statement requests a new group sequential design. You can use multiple DESIGN statements,
and each DESIGN statement corresponds to a separate group sequential design.
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Table 87.2 summarizes tlptions available in the DESIGN statement.

Table 87.2 Design Statement Options

Option Description

Design Parameters

ALPHA= Speci es the Type | error probability level
ALT= Speci es the type of alternative hypothesis
BETA= Speci es the Type Il error probability level

BETAOVERLAP=  Checks for overlapping of the lower and uppdsoundaries
in a two-sided design with error spending methods
BOUNDARYKEY= Speci es the type of error probability to maintain

INFO= Speci es the information levels
NSTAGES= Speci es the number of stages

STOP= Speci es the condition for early stopping
Boundary Methods

METHOD= Speci es methods for boundary values

The required NSTAGES= option speci es the number of stages. The METHOD= option is required if the
number of stages speci ed in the NSTAGES= option is greater than one. The follopiiogs can be used
in the DESIGN statement. They are listed in alphabetical order.

ALPHA= <(<LOWER= ;> <UPPER= ,>)>
speci es the Type | error probability. The defaultis D 0:05 The LOWER= and UPPER= options
are applicable only for the two-sided design. The LOWER= option speci es the lower Type | error
probability |, and the upper Type | error probability is computed gD | . The UPPER= option
speci es the upper Type | error probability,, and the lower Type | error probability is computed as
| D u- If both LOWER= and UPPER= options are not speciedD D =2.

If both the MAXINFO= and ALTREF= options are speci ed, then the Type | and Type Il error
probability levels cannot be met simultaneously. In this case, the ALPHA= option is applicable only
with the BOUNDARYKEY=ALPHA option (which is the default), and the Type Il error probability

is derived.

ALT=LOWER | UPPER | TWOSIDED
speci es the type of alternative hypothesis in the design. For a tedtydfV D 0, the keywords
LOWER, UPPER, and TWOSIDED correspond to the alternativesofd, > 0,and =© 0,
respectively. The default is ALT=TWOSIDED.

BETA= <(<LOWER= |> <UPPER= ,>)>
speci es the Type Il error probability level. The defaultis D 0:10. The LOWER= and UPPER=
options are applicable only for the two-sided design. The LOWER= option speci es the lower Type |l
error probability level |, and the UPPER= option speci es the upper Type Il error probability level
u- Ifthe LOWER= or UPPER= option is not speci ed,is used.

If both the MAXINFO= and ALTREF= options are speci ed, then the Type | and Type Il error
probability levels cannot be met simultaneously. In this case, the BETA= option is applicable only
with the BOUNDARYKEY=BETA option, and the Type | error probabilityis derived.



DESIGN Statement F 7389

BETAOVERLAP=ADJUST | NOADJUST

OVERLAP=ADJUST | NOADJUST
speci es whether to check for overlapping of the lower and uppboundaries for the two correspond-
ing one-sided tests. This option applies to two-sided designs with STOP=ACCEPT or STOP=BOTH
that are constructed with error spending methods, and this type of overlapping might result from a
small spending at an interim stage. When you specify BETAOVERLAP=ADJUST, the procedure
checks for this type of overlapping. If such overlapping is found, tl®undaries for the two-sided
design at that stage are set to missing, and tepending values at subsequent stages are adjusted, as
described in the section “Boundary Adjustments for Overlapping Lower and UpBeundaries” on
page 7437".

You can specify BETAOVERLAP=NOADJUST to request that no adjustment be made. The default is
BETAOVERLAP=ADJUST.

BOUNDARYKEY=ALPHA | BETA | BOTH | NONE
speci es types of errors to be maintained in the resulting boundary. The default is BOUND-
ARYKEY=ALPHA if both ALTREF= and MAXINFO= options are speci ed. Otherwise, the default is
BOUNDARYKEY=NONE for Whitehead methods with the STOP=BOTH option, and itis BOUND-
ARYKEY=BOTH for others.

See the section “Applicable Boundary Keys” on page 7439 for a detailed description of applicable
boundary keys.

INFO=EQUAL | CUM( numbers)
speci es relative information levels for all stages in the design. The INFO=EQUAL option speci es
equally spaced information levels, and the INFO=CUM option speci es cumulative relative information
levels. The default is INFO=EQUAL.

If the number of information levels speci ed in the INFO=CUM option is less than the number of
stages speci ed in the NSTAGES= option, the last available information increment is used as the
information increment for each subsequent stage.

METHOD=WHITEHEAD < (TAU= < (<LOWER= |><UPPER= ;>) >) >
METHOD=method

METHOD(boundary) = method
speci es the methods for the boundaries in the design, where < 0:5.

For a one-sided design, arboundary is created with the STOP=REJECT or STOP=BOTH option,
and a boundary is created with the STOP=ACCEPT or STOP=BOTH option. For a two-sided design,
lower and upper boundaries are created with the STOP=REJECT or STOP=BOTH option, and lower
and upper boundaries are created with the STOP=ACCEPT or STOP=BOTH option.

There are three types of methods available in the SEQDESIGN procedure. The uni ed family methods
and Haybittle-Peto methods derive boundary values with xed boundary shape; the Whitehead methods
derive boundary values by adjusting the boundary values generated from continuous monitoring; and
the error spending methods derive the boundary values from the speci ed errors used at each stage.
You can specify different methods for the same design, but all methods must be from the same group.

For a design with early stopping to reject or accept the null hypothesis, the METHOD=WHITEHEAD
option uses Whitehead's triangular design and double-triangular design for a one-sided design and
two-sided design, respectively (Whitehead and Stratton 1983; Whitehead 1997, 2001). For a design
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with early stopping only to reject the null hypothesis or only to accept the null hypothesis, you can
specify the slope of the boundary line in the score statistic scale with the TAbtion. The default

is TAU=0.25. See the section “Whitehead Methods” on page 7428 for a detailed description of the
Whitehead methods.

The followingoptions specify available error spending methods for the boundary. Each of these meth-
ods can be speci ed with the METHOD= option for all boundaries, or with the METH®D{dary)

= option for an individual boundary. See the section “Error Spending Methods” on page 7431 for a
detailed description of these error spending methods.

ERRFUNCGAMMA < (GAMMA= ) >
speci es a gamma cumulative error spending function for the boundary (Hwang, Shih, and
DeCani 1990). The GAMMA= option speci es the gamma parametirthe function, where
3. The boundaries created withD 1 are similar to the boundaries from the Pocock method,
and the boundaries created withD 4 or D 5 are similar to the boundaries from the
O'Brien-Fleming method. The default is GAMMA=-2, which is the average d 1 and
D 5.

ERRFUNCOBF

speci es the O'Brien-Fleming-type cumulative error spending function for the boundary (Lan
and DeMets 1983).

ERRFUNCPOC

speci es the Pocock-type cumulative error spending function for the boundary (Lan and DeMets
1983).

ERRFUNCPOW < (RHO= ) >
speci es a power cumulative error spending function for the boundary (Jennison and Turnbull
2000, p. 148). The RHO= option speci es the power parametarthe function, where  0:25
The boundaries created withD 1 are similar to the boundaries from the Pocock method, and the
boundaries created withD 3 are similar to the boundaries from the O'Brien-Fleming method.
The default is RHO=2, which is the average dD 1and D 3.

ERRSPEND ( numbers)
speci es the relative cumulative error spending at each stage.

With a xed boundary shape, you can use the following available Haybittle-Peto methods and uni ed
family methods to derive the boundary. You can specify each of these methods in the METHOD=
option for all boundaries, or in the METHOBgundary) = option for an individual boundary. See

the section “Haybittle-Peto Method” on page 7427 for a detailed description of the Haybittle-Peto
methods, and see the section “Uni ed Family Methods” on page 7423 for a detailed description of
uni ed family methods.

HP | HAYBITTLE | PETO < ( Z= numbers | PVALUE= numbers) >
speci es the Haybittle-Peto method (Haybittle 1971; Peto et al. 1976). The values speci ed are
used to create the boundary values. The boundary value at the nal stage can be derived in the
procedure to maintain the Type | and Type |l error probability levels. The default is Z=3.
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OBF | OBRIENFLEMING
speci es the O'Brien-Fleming method (O'Brien and Fleming 1979). The O'Brien-Fleming
method is equivalent to a power family method with RHO=0.5.

POC | POCOCK
speci es the Pocock method (Pocock 1977). The Pocock method is equivalent to a power family
method with RHO=0.

POW | POWER < (RHO= ) >
speci es a power family method (Wang and Tsiatis 1987; Emerson and Fleming 1989; Pampallona
and Tsiatis 1994). The RHO= option speci es the power parameitethe power family method,
where 0:25 The power family method with D 0 corresponds to the Pocock method,
and the power family method withD 0:5 corresponds to the O'Brien-Fleming method. The
default is RHO=0.25, a value halfway between the Pocock and O'Brien-Fleming methods. A
power family method is equivalent to a uni ed family method with RHGand TAU=0.

TRI| TRIANGULAR < (TAU= ) >
speci es a uni ed family triangular method (Kittelson and Emerson 1999), where 1. The
defaultis TAU=1.0. The triangular method is identical to the uni ed family method with RHO=0.5
and TAU= . Note that this uni ed family triangular method is different from Whitehead's
triangular method.

UNI | UNIFIED < (<TAU= ><RHO= >) >
speci es a uni ed family method (Kittelson and Emerson 1999). The TAU= and RHO= options
specify the and parameters in a uni ed family method, respectively, where 0 and
0 2 . The defaults are TAU=0 and RHO=0.25. See the section “Uni ed Family Methods”
on page 7423 for a detailed description of the uni ed family methods.

The O'Brien-Fleming, Pocock, power family, and triangular methods are all special cases of the uni ed
family methods. Table 87.3 summarizes the corresponding parameters in the uni ed family for these
methods.

Table 87.3 Parameters in the Uni ed Family for Various Methods

Uni ed Family
Method Option Rho Tau
Pocock POC 0 0
O'Brien-Fleming OBF 0.5 0
Power family POW (RHO= ) 0
Triangular TRI (TAU= ) 0.5
Note that the power parametelD 1=2 « D 1=2 wheree is the power parameter used in

Jennison and Turnbull (2000) and Wang and Tsiatis (1987) arid the power parameter used in
Kittelson and Emerson (1999).
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If a method with speci ed parameters is used for all boundaries in the design, you can use the
METHOD= option to specify the method. Otherwise, you can use the following METHQD¢ary)=
options to specify different methods from the same group for the boundaries.

METHOD(ALPHA)= method
METHOD(REJECT)=method
speci es the method for the boundary of a one-sided design or the lower and uppeoundaries for
a two-sided design.

METHOD(LOWERALPHA)= method

METHOD(LOWERREJECT)=method
speci es the method for the lower boundary of a two-sided design.

METHOD(UPPERALPHA)=method

METHOD(UPPERREJECT)=method
speci es the method for the upperboundary of a two-sided design.

METHOD(BETA)=method
METHOD(ACCEPT)=method
speci es the method for the boundary of a one-sided design or the lower and uppleoundaries for
a two-sided design.

METHOD(LOWERBETA)=method

METHOD(LOWERACCEPT)=method
speci es the method for the lower boundary of a two-sided design.

METHOD(UPPERBETA)=method

METHOD(UPPERACCEPT)=method
speci es the method for the upperboundary of a two-sided design.

NSTAGES=number
speci es the number of stages for the design. This option is required in the DESIGN statement, and
the maximum allowed number of stages is 25.

STOP=ACCEPT

STOP=REJECT

STOP=BOTH < ( BETABOUNDARY=BINDING | NONBINDING ) >
speci es the early stopping criterion for the design. The keywords ACCEPT, REJECT, and BOTH
correspond to early stopping only to accept, only to reject, and either to accept or reject the null
hypothesidH g, respectively. The default is STOP=REJECT. With STOP=BOTH, the BETABOUND-
ARY=BINDING suboption computes the Type | error probability with the acceptance boundary,
and the BETABOUNDARY=NONBINDING suboption computes the Type | error probability with-
out the acceptance boundary. The default is BETABOUNDARY=BINDING. The BETABOUND-
ARY=NONBINDING option is not applicable with METHOD=WHITEHEAD.
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SAMPLESIZE Statement
SAMPLESIZE <MODEL= option> ;

If each observation in the data set provides one unit of information in a hypothesis testing such as a one-sample
test for the mean, the SAMPLESIZE statement computes the required sample sizes for the sequential design
speci ed in each DESIGN statement. However, for a survival analysis, an individual in the survival time
data might provide only partial information because of censoring. For this hypothesis, the SAMPLESIZE
statement computes the required numbers of events. With additional accrual information in a survival analysis,
the sample sizes can also be computed.

Only one SAMPLESIZE statement can be speci ed. For each speci ed group sequential design, the
SAMPLESIZE statement computes the required sample sizes or numbers of events. The SAMPLESIZE
statement is not required if the SEQDESIGN procedure is used only to compare features among different
designs. Table 87.4 summarizes tiptions available in the SAMPLESIZE statement.

Table 87.4 SAMPLESIZE Statement Options

Option Description

Fixed-Sample Models

INPUTNOBS Speci es the sample size for xed-sample design
INPUTNEVENTS Speci es the number of events for xed-sample design
One-Sample Models

ONESAMPLEMEAN Speci es the one-sampletest for mean
ONESAMPLEFREQ Speci es the one-sample test for binomial proportion
Two-Sample Models

TWOSAMPLEMEAN Speci es the two-sampl2 test for mean difference
TWOSAMPLEFREQ Speci es the two-sample test for binomial proportions

TWOSAMPLESURVIVAL Speci es the log-rank test for two survival distributions

Regression Models

REG Speci es the test for a regression parameter
LOGISTIC Speci es the test for a logistic regression parameter
PHREG Speci es the test for a proportional hazards regression parameter

The MODEL= option speci es the input sample size or number of events from a xed-sample study, or it spec-

i es a statistical model to compute the required sample size. The MODEL=INPUTNOBS option speci es the
input sample size from a xed-sample study of nonsurvival data, and the MODEL=INPUTNEVENTS
option speci es the number of events from a xed-sample study of survival data. The remaining
MODEL-= options specify the statistical models used to compute the required sample size. The default is
MODEL=TWOSAMPLEMEAN, the two-sampl& test for the mean difference.

With the MODEL=INPUTNOBS or MODEL=INPUTNEVENTS option, the required sample size or number
of events for the group sequential trial is computed by multiplying the input sample size or number of events
by the ratio between the design information level and its corresponding xed-sample information level. This
ratio can be obtained by dividing the Max Information (Percent Fixed-Sample) in the “Design Information”
table by 100. See the section “Design Information” on page 7466 for a description of the “Design Information”
table.
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Fixed-Sample Models

The following twooptions compute the required sample size or number of events for a group sequential trial
by using the sample size or number of events for the xed-sample design.

MODEL=INPUTNOBS ( options )
speci es the sample size information for a xed-sample design. The avaitgitiens are as follows:

e N=n
« SAMPLE= ONE | TWO

e WEIGHT= W, <wj >

« MATCHNOBS= YES | NO

The required Na option speci es the sample sizefor the xed-sample design. The SAMPLE=ONE
option speci es a one-sample test, and the SAMPLE=TWO option speci es a two-sample test. The
default is SAMPLE=ONE.

With a two-sample test, the WEIGHT= option speci es the sample size allocation weights for the two
groups. Ifwy, is not speci edwy, D 1is used. The default is WEIGHT=1, equal allocation for the two
groups. The derived fractional sample sizes are rounded up to integers, and the MATCHNOBS=YES
option requests these integer sample sizes to match the sample size allocation.

See the section “Input Sample Size for Fixed-Sample Design” on page 7442 for a detailed description
of the input sample size for the xed-sample design in sample size computation.

MODEL=INPUTNEVENTS (D=d < options >)
speci es the sample size information for a xed-sample survival test. The requireddption speci es
the xed-sample number of evends To derive the sample size, you need to specify additiopidns
from the following list:

« ACCNOBS=n,

« ACCRATE=r,

« ACCRUAL=UNIFORM | EXP(PARM= ()
« ACCTIME=T,

« CEILING=TIME | N

* FOLTIME=T;

« HAZARD=h, < hy >

« LOSS=NONE | EXP(HAZARD= | MEDLOSSTIME=t )
« MEDSURVTIME=t, < t;, >

« SAMPLE=ONE | TWO

« TOTALTIME=T

e WEIGHT=w, <w, >

The SAMPLE=ONE option speci es a one-sample test, and the SAMPLE=TWO option speci es
a two-sample test. The default is SAMPLE=ONE. With a two-sample test, the WEIGHT= option
speci es the sample size allocation weights for the two groupsy lfs not speci edwp=1 is used.

The default is WEIGHT=1.
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For a one-sample test, the HAZARD%, option speci es the hazard rate, explicitly, and the
MEDSURVTIME=t, option speci es the hazard rate implicitly through the median survival tyne
Similarly, for a two-sample test, the HAZARD, hy, option speci es the hazard ratbg andh,, for
groupsA andB explicitly, and the MEDSURVTIME#t, option speci es hazard rates for groups
andB implicitly through the median survival timdg andt,. Also, for a two-sample tesiy, D hy if
hy is not speci ed and,, D tj if t, is not speci ed.

The ACCRUAL= option speci es the method for individual accrual. The ACCRUAL=UNIFORM
option (which is the default) speci es that the individual accrual is uniform in the accrualTinveith

a constant accrual ratg, and the ACCRUAL=EXP(PARM=,) option speci es that the individual
accrual is truncated exponential with a scaled power paramgt@rhere ¢ 10and g = 0. With

a scaled parametep, the power parameter for the truncated exponential with the accrualltjrige
givenby D (=T;.

The ACCTIME= and FOLTIME= options specify the accrual tifigand follow-up timeT; , respec-
tively. The TOTALTIME= option speci es the total study tim&, D T, C T; .

The ACCRATE= option speci es the constant accrual matelf you specify the ACCRATE= option,
then you must also specify one of the ACCTIME=, FOLTIME=, and TOTALTIME= options for the
sample size computation. Otherwise, you must specify two of the ACCTIME=, FOLTIME=, and
TOTALTIME= options to compute the accrual rate and sample size.

The ACCNOBS= option speci es the total number of individuals in the study. If you specify the

ACCNOBS= option, then you must also specify one of the ACCTIME=, FOLTIME=, and TOTAL-

TIME= options for the sample size computation. Otherwise, you must specify two of the ACCTIME=,
FOLTIME=, and TOTALTIME= options to compute the accrual rate and sample size.

The CEILING= option speci es the additional sample size information to be displayed in the “Number
of Events (D) and Sample Sizes (N)” table. The CEILING=TIME option (which is the default)
displays additional information that includes ceiling times at the stages, and the CEILING=N option
displays additional information that includes ceiling sample sizes at the stages. When you specify the
SAMPLE=TWO option along with the CEILING=N option, the ceiling sample sizes at each stage are
derived to match the sample size allocation weights for the two groups.

The LOSS= option speci es the individual loss to follow-up in the sample size computation. The
LOSS=NONE option (which is the default) speci es no loss to follow-up, and the LOSS=EXP option
speci es exponential loss function. The HAZARD=suboption speci es the exponential loss hazard
rate , and the MEDLOSSTIMEt suboption speci es the exponential loss hazard rate through the
median loss times .

For a detailed description of the input number of events for the xed-sample design in sample size
computation, see the section “Input Number of Events for Fixed-Sample Design” on page 7443.

One-Sample Models

The following twooptions compute the required sample size for a one-sample group sequential test:

MODEL=ONESAMPLEMEAN < ( options ) >
speci es the one-samplé test for mean. The availabtgtions are as follows:

e MEAN= 4
 STDDEV=
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The MEAN= option speci es the alternative reference and is required if the alternative reference is
not speci ed or derived in the procedure. If the MEAN=option is not speci ed, the speci ed or derived
alternative reference is used.

The STDDEV= option speci es the standard deviationThe default is STDDEV=1. See the section
“Test for a Normal Mean” on page 7448 for a detailed description of the one-saieét for mean.

Note that the one-sampketest for mean also includes the paired difference in two-treatment compari-
son (Jennison and Turnbull 2000, pp. 51-52), wherés the mean of differences within pairs under
the alternative hypothesis ands the standard deviation for the mean of differences within pairs.

MODEL=ONESAMPLEFREQ < ( options ) >
speci es the one-sample test for binomial proportion with the null hypothégi$v D 0 and the
alternative hypothesid1 W D 1,where Dp poand ; D p1 po. The availableptions are
as follows:

« NULLPROP= po
« PROP=p;
« REF= NULLPROP | PROP

The NULLPROP=and PROP= options specify the proportions under the null and alternative hypotheses,
respectively. The default for the null reference is NULLPROP=0.5. The PROP= option is required

if the alternative reference is not speci ed or derived in the procedure. If the PROP= option is not
speci ed, the speci ed or derived alternative referengds used to compute the alternative reference
p1DpoC 1.

The REF= option speci es the hypothesis under which the proportion is used in the sample size
computation. The REF=NULLPROP option uses the null hypothesis, and the REF=PROP option uses
the alternative hypothesis to compute the sample size. The default is REF=PROP. See the section
“Test for a Binomial Proportion” on page 7449 for a detailed description of the one-sample tests for
proportion.

Two-Sample Models

The following threeoptions compute the required sample size or number of events for a two-sample group
sequential trial.

MODEL=TWOSAMPLEMEAN < ( options) >
speci es the two-samplg test for mean difference. The availallgtions are as follows:

« MEANDIFF= ;

« STDDEV= , < p >

e WEIGHT=wW, <wW, >

« MATCHNOBS= YES | NO

The MEANDIFF= option speci es the alternative referengeand is required if the alternative
reference is not speci ed or derived in the procedure. If the MEANDIFF= option is not speci ed, the
speci ed or derived alternative reference is used.

The STDDEV= option speci es the standard deviatiogsand . If isnotspecied, , D ;.
The default is STDDEV=1.



SAMPLESIZE Statement F 7397

The WEIGHT= option speci es the sample size allocation weights for the two groups, ik not
specied,w, D 1lis used. The default is WEIGHT=1, equal sample size for the two groups. The
derived fractional sample sizes are rounded up to integers, and the MATCHNOBS=YES option requests
these integer sample sizes to match the sample size allocation. The default is MATCHNOBS=NO.

See the section “Test for the Difference between Two Normal Means” on page 7451 for a detailed
description of the two-sampl&test for mean difference.

MODEL=TWOSAMPLEFREQ < ( options ) >
speci es the two-sample test for binomial proportions. The availaptens are as follows:

* NULLPROP= poa < P gp >
« PROP=p1,

TEST= PROP | LOGOR | LOGRR

« REF= NULLPROP | PROP | AVGNULLPROP | AVGPROP
« WEIGHT=w, < w, >

« MATCHNOBS= YES | NO

The NULLPROP= option speci es proportiops, D poa andpy, D pgp in groupsA andB, respec-
tively, under the null hypothesis. [ifg, is not speci ed,pg, D poa. The defaultis NULLPROP=0.5.

The PROP= option speci es proportigry D p14 in groupA under the alternative hypothesis. The
proportionp,y, in groupB under the alternative hypothesis is givengayy, D pop. The PROP= option

is required if the alternative reference is not speci ed or derived in the procedure. If the PROP= option
is not speci ed, the speci ed or derived alternative reference is used to corppiiehe proportion in
groupA under the alternative hypothesis.

The TEST= option speci ed the null hypothesisy W D 0in the test. The TEST=PROP option uses
the difference in proportionsD .pa P/ .Poa Pob/,the TEST=LOGOR option uses the log

odds-ratio test D 0, Where
Pa.l pp/ Poa-1 Pop/
Dlog — Dlog —
I Pp-1  pal ° 9 Pob-1  Poal

and the TEST=LOGRR option uses the log relative risk test wikh 0, Where

DIogp—a oDIogpﬁ

Pb Pob
The defaultis TEST=LOGOR.

The REF= option speci es the hypothesis under which the proportions are used in the sample size
computation. The REF=NULLPROP option uses the null proportmasandpgqy, the REF=PROP
option uses the alternative proportiops, andp;,, the REF=AVGNULLPROP option uses the
average null proportion, and the REF=AVGPROP option uses the average alternative proportion. The
default is REF=PROP.

The WEIGHT= option speci es the sample size allocation weights for the two groups, ig not
specied,w, D 1lis used. The default is WEIGHT=1, equal sample size for the two groups. The
derived fractional sample sizes are also rounded up to integers, and the MATCHNOBS=YES option
requests that these integer sample sizes match the sample size allocation.



7398 F Chapter 87: The SEQDESIGN Procedure

See the section “Test for the Difference between Two Binomial Proportions” on page 7452, the section
“Test for Two Binomial Proportions with a Log Odds Ratio Statistic” on page 7454, and the section
“Test for Two Binomial Proportions with a Log Relative Risk Statistic” on page 7455 for a detailed
description of the two-sample tests for proportions.

MODEL=TWOSAMPLESURVIVAL < ( options ) >

MODEL=TWOSAMPLESURYV < ( options ) >
speci es the log-rank test for two survival distributions with the null hypothelgjsW D oDO,
where the parameterD log.hy=hy/, ¢ isthe value of under the null hypothesis and the values
h, andh,, are the constant hazard rates for groa@ndB, respectively.

The availableptions for the number of events are as follows:

* NULLHAZARD= hgs < hgy, >
NULLMEDSURVTIME= toa < tgp >
HAZARD= hy,

« HAZARDRATIO= ;
MEDSURVTIME= ty,

The NULLHAZARD= option speci es hazard ratds, D hgy andhy, D hg, for groupsA andB,
respectively, under the null hypothesishlf, is not speci ed,hgy D hga. The NULLMEDSURV-
TIME= option speci es the median survival timgsD tg; andt, D tg, under the null hypothesis. If
top IS Not speci edtgp D toa. If both NULLHAZARD= and NULLMEDSURVTIME= option are not
speci ed, NULLHAZARD=0.06931, which corresponds to NULLMEDSURVTIME=10, is used.

The hazard rate for group under the alternative hypothests,,, is identical to the hazard rate
under the null hypothesibg,. The HAZARD=, MEDSURVTIME=, and HAZARDRATIO= options
specify the groupA hazard ratén; 5, the groupA median survival timei,, and the hazard ratio

1 D hia=hyp, respectively, under the alternative hypothesis. The HAZARD=, MEDSURVTIME=,
or HAZARDRATIO= option is required if the alternative reference is not speci ed or derived in the
procedure. If these three options are not speci ed, the speci ed or derived alternative referénce
used to computhi, from the equation:

hla hoa hla
D log — log — D log —
! g hip g hob g hoa

To derive the sample size, you need to specify additioptdns from the following list:

« ACCNOBS=n,

« ACCRATE=r,

« ACCRUAL=UNIFORM | EXP(PARM= ()
ACCTIME=T,

CEILING=TIME | N

FOLTIME=T;
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LOSS=NONE | EXP(HAZARD= | MEDLOSSTIME=t )
REF=NULLHAZARD | HAZARD

TOTALTIME=T

« WEIGHT=w, <w, >

The REF= option speci es the hypothesis under which the hazard is used in the sample size computation.
The REF=NULLHAZARD option uses the null hypothesis, and the REF=HAZARD option uses the
alternative hypothesis. The default is REF=HAZARD.

The WEIGHT= option speci es the sample size allocation weights for the two groups, i not
speci ed,wy, D 1is used. The defaultis WEIGHT=1, equal sample size for the two groups.

The ACCRUAL= option speci es the method for individual accrual. The ACCRUAL=UNIFORM
option (which is the default) speci es that the individual accrual is uniform in the accrualTinveith

a constant accrual ratg, and the ACCRUAL=EXP(PARM=,) option speci es that the individual
accrual is truncated exponential with a scaled power paramgterhere g 10and o @ 0. With

a scaled parametep, the power parameter for the truncated exponential with the accrualljrnse
givenby D (=T;.

The ACCTIME= and FOLTIME= options specify the accrual tifigand follow-up timeT; , respec-
tively. The TOTALTIME= option speci es the total study tim&, D T, C T; .

The ACCRATE= option speci es the constant accrual matelf you specify the ACCRATE= option,
then you must also specify one of the ACCTIME=, FOLTIME=, and TOTALTIME= options for the
sample size computation. Otherwise, you must specify two of the ACCTIME=, FOLTIME=, and
TOTALTIME= options to compute the accrual rate and sample size.

The ACCNOBS= option speci es the total number of individuals in the study. If you specify the

ACCNOBS= option, then you must also specify one of the ACCTIME=, FOLTIME=, and TOTAL-

TIME= options for the sample size computation. Otherwise, you must specify two of the ACCTIME=,
FOLTIME=, and TOTALTIME= options to compute the accrual rate and sample size.

The CEILING= option speci es the additional sample size information to be displayed in the “Number

of Events (D) and Sample Sizes (N)” table. The CEILING=TIME option (which is the default) displays
additional information that includes ceiling times at the stages, and the CEILING=N option displays
additional information that includes ceiling sample sizes at the stages. When you specify CEILING=N,
the ceiling sample sizes at each stage are derived to match the sample size allocation weights for the
two groups.

The LOSS= option speci es the individual loss to follow-up in the sample size computation. The
LOSS=NONE option (which is the default) speci es no loss to follow-up, and the LOSS=EXP option
speci es exponential loss function. The HAZARD=suboption speci es the exponential loss hazard
rate , and the MEDLOSSTIMEE suboption speci es the exponential loss hazard rate through the
median loss times .

See the section “Test for Two Survival Distributions with a Log-Rank Test” on page 7456 for a detailed
description of the two-sample log-rank test for survival data.
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Regression Models

The following three options compute the required sample size or number of events for group sequential tests
on a regression parameter.

MODEL=REG < ( options ) >
speci es theZ test for a normal regression parameter. The availafiens are as follows:

« BETA= ;

VARIANCE= y2

XVARIANCE= 2

X

XRSQUARE= r?2

The BETA= option speci es the alternative referenceand is required if the alternative reference is
not speci ed or derived in the procedure. If the BETA= option is not speci edD 1, the speci ed
or derived alternative reference.

The VARIANCE= and XVARIANCE= options specify the variances for the response varvaatal
covariateX, respectively. The defaults are VARIANCE=1 and XVARIANCE=1. For a model with more
than one covariate, the XRSQUARE= option can be used to derive the variakadtef adjusting for
other covariates. The default is XRSQUARE=0.

See the section “Test for a Parameter in the Regression Model” on page 7459 for a detailed description
of the Z test for the regression parameter.

MODEL=LOGISTIC < ( options ) >
speci es theZ test for a logistic regression parameter. The availaptions are as follows:

e« BETA= ;
« PROP=p
XVARIANCE= 2

X

XRSQUARE= 12

The BETA= option speci es the alternative referenceand is required if the alternative reference is
not speci ed or derived in the procedure. If the BETA= option is not speci edD 1, the speci ed
or derived alternative reference.

The PROP= option speci es the proportion of the binary response varaflke default is PROP=0.5.

The XVARIANCE= option speci es the variance of the covariateThe default is XVARIANCE=1.

For a model with more than one covariate, the XRSQUARE= option can be used to derive the variance
of X after adjusting for other covariates. The default is XRSQUARE=0.

See the section “Test for a Parameter in the Logistic Regression Model” on page 7460 for a detailed
description of theZ test for the logistic regression parameter.
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MODEL=PHREG < ( options ) >
speci es theZ test for a proportional hazards regression parameter. The availatimeas for the
number of events are as follows:

« BETA=
« XVARIANCE= 2

* XRSQUARE= r2

The BETA= option speci es the alternative referenceand is required if the alternative reference is
not speci ed or derived in the procedure. If the BETA= option is not speci edD 1, the speci ed
or derived alternative reference.

The XVARIANCE= option speci es the variance of the covarixteThe default is XVARIANCE=1.
For a model with more than one covariate, the XRSQUARE= option can be used to derive the variance
of X after adjusting for other covariates. The default is XRSQUARE=0.

To derive the sample size, you need to specify additioptdns from the following list:

« ACCNOBS=n,

« ACCRATE=r,

« ACCRUAL=UNIFORM | EXP(PARM= ()

« ACCTIME=T,

« CEILING=TIME | N

* FOLTIME=T;

« HAZARD=h,

+ LOSS=NONE | EXP(HAZARD= | MEDLOSSTIME=t )
« MEDSURVTIME=t,

« TOTALTIME=T

The hazard rate is required for the sample size computation. The HAZARDBption speci es
the hazard rath, explicitly, and the MEDSURVTIME#%, option speci es the hazard rate implicitly
through the median survival timg.

The ACCRUAL= option speci es the method for individual accrual. The ACCRUAL=UNIFORM
option (which is the default) speci es that the individual accrual is uniform in the accrualTinveth

a constant accrual ratg, and the ACCRUAL=EXP(PARM=,) option speci es that the individual
accrual is truncated exponential with a scaled power paramgt&rhere ¢ 10and o = 0. With

a scaled parametep, the power parameter for the truncated exponential with the accrualltjrize
givenby D (=T;.

The ACCTIME= and FOLTIME= options specify the accrual tifigand follow-up timeT; , respec-
tively. The TOTALTIME= option speci es the total study tim&, D T, C T; .

The ACCRATE= option speci es the constant accrual matelf you specify the ACCRATE= option,
then you must also specify one of the ACCTIME=, FOLTIME=, and TOTALTIME= options for the
sample size computation. Otherwise, you must specify two of the ACCTIME=, FOLTIME=, and
TOTALTIME= options to compute the accrual rate and sample size.
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The ACCNOBS= option speci es the total number of individuals in the study. If you specify the

ACCNOBS= option, then you must also specify one of the ACCTIME=, FOLTIME=, and TOTAL-

TIME= options for the sample size computation. Otherwise, you must specify two of the ACCTIME=,
FOLTIME=, and TOTALTIME= options to compute the accrual rate and sample size.

The CEILING= option speci es the additional sample size information to be displayed in the “Number
of Events (D) and Sample Sizes (N)” table. The CEILING=TIME option (which is the default) displays
additional information that includes ceiling times at the stages, and the CEILING=N option displays
additional information that includes ceiling sample sizes at the stages.

The LOSS= option speci es the individual loss to follow-up in the sample size computation. The
LOSS=NONE option (which is the default) speci es no loss to follow-up, and the LOSS=EXP option
speci es exponential loss function. The HAZARD=suboption speci es the exponential loss hazard
rate , and the MEDLOSSTIMEE suboption speci es the exponential loss hazard rate through the
median loss times .

For a detailed description of th&test for the proportional hazards regression parameter, see the section
“Test for a Parameter in the Proportional Hazards Regression Model” on page 7461.

Details: SEQDESIGN Procedure

Fixed-Sample Clinical Trials

A clinical trial is a research study in consenting human beings to answer speci ¢ health questions. One
type of trial is a treatment trial, which tests the effectiveness of an experimental treatment. An example is a
planned experiment designed to assess the ef cacy of a treatment in humans by comparing the outcomes in a
group of patients who receive the test treatment with the outcomes in a comparable group of patients who
receive a placebo control treatment, where patients in both groups are enrolled, treated, and followed over the
same time period.

A clinical trial is conducted according to a plan called a protocol. The protocol provides detailed description
of the study. For a xed-sample trial, the study protocol contains detailed information such as the null
hypothesis, the one-sided or two-sided test, and the Type | and Il error probability levels. It also includes the
test statistic and its associated critical values in the hypothesis testing.

Generally, the ef cacy of a new treatment is demonstrated by testing a hypokhg¥is D 0in a clinical
trial, where is the parameter of interest. For example, to test whether a population nmisagmueater than a
speci ed value g, D o can be used with an alternativer O .

A one-sided test is a test of the hypothesis with either an upper (greater) or a lower (lesser) alternative, and
a two-sided test is a test of the hypothesis with a two-sided alternative. The drug industry often prefers to
use a one-sided test to demonstrate clinical superiority based on the argument that a study should not be run
if the test drug would be worse (Chow, Shao, and Wang 2003, p. 28). But in practice, two-sided tests are
commonly performed in drug development (Senn 1997, p. 161). For a xed Type | error probabifity

sample sizes required by one-sided and two-sided tests are different. See Senn (1997, pp. 161-167) for a
detailed description of issues involving one-sided and two-sided tests.
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For independent and identically distributed observationy;:::;yn of a random variable, the likelihood
function for is
\'d
L./ D Li./
iD1

where is the population parameter ahg. / is the probability or probability density gf . Using the
likelihood function, two statistics can be derived that are useful for inference: the maximum likelihood
estimator and the score statistic.

Maximum Likelihood Estimator

The maximum likelihood estimate (MLE) ofis the valueGthat maximizes the likelihood function for.
Under mild regularity conditions®is an asymptotically unbiased estimate okith variancel=E .I. // ,
wherel. / is the Fisher information

LI D @log.L. //
@2
andE .l. // isthe expected Fisher information (Diggle et al. 2002, p. 340)
@log.L. //
E I/ D E —ar
The score function for is de ned as
@og.L. //
S./! D ——
@

and usually, the MLE can be derived by solving the likelihood equéioh D 0. Asymptotically, the MLE
is normally distributed (Lindgren 1976, p. 272):
1
O =
N E 1./
If the Fisher informatiorl. / does not depend on thenl. / is known. Otherwise, either the expected
information evaluated at the MLE(E pol. /I ) or the observed information ® can be used for the

Fisher information (Cox and Hinkley 1974, p. 302; Efron and Hinkley 1978, p. 458), where the observed
Fisher information

L ?D @Iog(;]éjl_z. Il i DO

If the Fisher information. / does depend on, the observed Fisher information is recommended for the
variance of the maximum likelihood estimator (Efron and Hinkley 1978, p. 457).

Thus, asymptotically, for large,
O N 1
"
wherel is the information, either the expected Fisher informattorn,o.1. // or the observed Fisher
information! 9.
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SototesHo W D OversusH; W @ 0, you can use the standardiz8dest statistic

@] Oo_
Var. ©

and the two-side@-value is given by
Prob.jZj > jzoj/ D 1 2" jzojl
where” is the cumulative standard normal distribution function agds the observed statistic.

If the BOUNDARYSCALE=SCORE is speci ed in the SEQDESIGN procedure, the boundary values for
the tesbslatistic are displayed in the score statistic scale. With the standa&ditaibtic, the score statistic
SDZ I D®and

S N.O I/

Score Statistic
The score statistic is based on the score function for

Lo
o @09

S./
@

Under the null hypothesido W D 0, the score statisti€.0/ is the rst derivative of the log likelihood
evaluated at the null reference 0:

@oq.L. /I j

S.0/D
@

DO

Under regularity conditionsS.0/ is asymptotically normally distributed with mean zero and variance
E po.l. // , the expected Fisher information evaluated at the null hypothe$is 0 (Kalb eisch and
Prentice 1980, p. 45), whete/ is the Fisher information

@log.L. /I

.l D E 57

That is, for largen,
S.0/ N.O;E po.l. /1l [/

Asymptotically, the variance of the score statiSi®/, E p.l. // , can also be replaced by the expected
Fisher information evaluated at the MLED O(E p ol- /I ), the observed Fisher information evaluated at

the null hypothesis D 0 (1.0// , or the observed Fisher information evaluated at the MLE O(I. (P)
(Kalb eisch and Prentice 1980, p. 46), where

@log.L. /I .
@

log.L.
. PD @O?@—zﬂj DO

1.0/ D DO
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Thus, asymptotically, for large,
S.0/ N.O;I/

wherel is the information, either an expected Fisher informatiendo.l. /' orE Jol. // ) oraobserved
Fisher informationl(0/ orl. P).

SototesHgo W D OversusHi W @ 0, you can use the standardiz&dest statistic

S.0/
ZD -pT

If the BOUNDARYSCALE=MLE is speci ed in the SEQDESIGN procedure, the boundary values for
the testpslatistic are displayed in the MLE scale. With the standardizstdtistic, the MLE statistic
OD z="1 D U.0/=I and

1

) N O;I—

One-Sample Test for Mean

The following one-sample test for mean is used to demonstrate xed-sample clinical trials in the section
“One-Sided Fixed-Sample Tests in Clinical Trials” on page 7406 and the section “Two-Sided Fixed-Sample
Tests in Clinical Trials” on page 7408.

yi N ; 2
where is the unknown mean and is the known variance.
Then the log likelihood function for is

}.yj /2

> Cc

xo
log.L.// D
iD1
wherec is a constant. The rst derivative is
@og.L. // 1 X
=" D —
@ iD1
wherey is the sample mean.

n _
Yi I'D—=.y [/

Setting the rst derivative to zero, the MLE of is Op y, the sample mean. The variance fecan be
derived from the Fisher information

log.L.
., p @ogli n
@2 2
Since the Fisher informatioy D 1. / does not depend onin this casel=lg is used as the variance &
Thus the sample meanhas a normal distribution with meanand variance 2=n:

1 2
Oy N ;= DN ; —
lo n
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Under the null hypothesidg W D 0, the score statistic

@oq.L. // j DODLZV

S.0/ D
has a mean zero and variance

@log.L. //

n
@2 D—2

I./ D

With the MLE O the corresponding standardized statistic is computetd Dsd) loDy== P n/, which
has a normal distribution with variance 1:

P —
Z N ;1 DN —p=i1

Also, the corresponding score statistic is computel & Yo D ny= 2 and
n n
S N.logld/ DN —i—

which is identical td5.0/ computed under the null hypothesig W D 0.

Note that if the variable does not have a normal distribution, then it is assumed that the sampleisize
large such that the sample mean has an approximately normal distribution.

One-Sided Fixed-Sample Tests in Clinical Trials

A one-sided test has either an upper (greater) or a lower (lesser) alternative. This section describes one-sided
tests with upper alternatives only. Corresponding results for one-sided tests with lower alternatives can be
derived similarly.

For a one-sided test 6fo W o with an upper alternativel; W> ¢, an equivalent null hypothesis is
Ho W  Owith an upper alternativel; W >0 , where D o- A xed-sample test rejecthl g if the
standardized test statistty D To C ,whereGisthe sample estimate ofandC D~ 1 [/ is
the critical value.

Thep-value of the testis given by ~.Z ¢/, and the hypothesid is rejected if thep-value is less than.
Anupper.l / con dence interval has the lower limit

~

1 ~ 1
e p.l I Zo 1

— D p—
0 lo

The hypothesisi g is rejected if the con dence interval for the parameteatoes not contain zero—that is, if
the lower limit | is greater than O.

With an alternative referenceD 1, 1 >0, a Type Il error probability is de ned as

DPp,Zo<C /



One-Sided Fixed-Sample Tests in Clinical Trials F 7407

which is equivalent to

DPDle 1 lg <C 1 lo D C 1 lo

Thus® ./ DC 4 Tg. Then,withC D~ 11 /|

P —
1 loD™ t1 /cCc” 1

The drift parameter1p o can be computed for speciedand and the maximum information is given by

~ 11 ¢~ t1 2

1

lo D

If the maximum information is available, then the required sample size can be derived. For example, in a
one-sample test for the mean with a speci ¢ standard deviatjadhe sample siza required for the test is

~ 11 /¢~ t1 2

1

nD lgD ?

On the other hand, if the alternative referengestandard deviation, and sample size are all speci ed,
then can be derived for a given and, similarly, can be derived for a given.

With an alternative referenceD 1, 1 >0, the powerl is the probability of correctly rejecting the
null hypothesiHg at 1:

p—
1 D1 Pp,Zo<C /D" 1 Ig C

Superiority Trials

A superiority trial that tests the response to a new drug is clinically superior to a comparative placebo control
or active control therapy. If a positive value indicates a bene cial effect, a test for superiority has

HoWw 0 HiW>0

whereH g is the hypothesis of nonsuperiority ald is the alternative hypothesis of superiority.

'Epe superiority test rejects the hypothedig and declares superiority if the standardized statisg§dD
To C ,wherethecriticalvalu€ D~ 11 /.

For example, if is the response difference between the treatment and placebo control groups, then a
superiority trial can be

How 0O HiWDG®G6

with a Type | error probability level D 0:025and a powed D 0:90at 1 D 6.
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Noninferiority Trials

A noninferiority trial does not compare the response to a new treatment with the response to a placebo.
Instead, it demonstrates the effectiveness of a new treatment compared with that of a nonexisting placebo by
showing that the response of a new treatment is not clinically inferior to the response of a standard therapy
with an established effect. That is, this type of trial attempts to demonstrate that the new treatment effect is
not worse than the standard therapy effect by an acceptable margin. These trials are often performed when
there is an existing effective therapy for a serious disease, and therefore a placebo control group cannot be
ethically included.

It can be dif cult to specify an appropriate noninferiority margin. One practice is to choose with reference to
the effect of the active control in historical placebo-controlled trials (Snapinn 2000, p. 20). With this practice,
there is some basis to imply that the new treatment is better than the placebo for a positive noninferiority trial.

If a positive value indicates a bene cial effect, a test for noninferiority has a null hypothesis ¢ and an
alternative hypothesisD 1 > ¢, where ¢ > 0 is the speci ed noninferiority margin.

An equivalent test has

HowWw 0 Hi{WD ;>0
where the parameterD C o, Hg is the null hypothesis of inferiority, arld ; is the alternative hypothesis
of noninferiority,

The nonpinferiority testd'ejects the hypothebig and declares noninferiority if the standardized statistic
ZoD OT,D. o C ,wherethecriticalvau€ D~ 11 /.

For example, if is the response difference between the treatment and active control groupsiaris
the noninferiority margin, then a noninferiority trial with a powler D 0:90at 1 D 1 might be

How 0 HiWD3

where D C oD C2

Two-Sided Fixed-Sample Tests in Clinical Trials

A two-sided test is a test of a hypothesis with a two-sided alternative. Two-sided tests include simple
symmetric tests and more complicated asymmetric tests that might have distinct lower and upper alternative
references.

Symmetric Two-Sided Tests for Equality

For a symmetric two-sided test with the null hypothesi3 o against the alternativea g, an equivalent
null hypothesis igo W D 0with a two-sided alternativel; W o 0, where D o- A xed-sample
testrejectH o if j O Toj C-,, whereOs a sample estimate ofandC-, D~ 1.1 =2/ is the critical
value.

A common two-sided test is the test for the response difference between a treatment group and a control
group. The null and alternative hypothesestdgeW D 0andH; W = 0, respectively, where is the
response difference between the two groups. If a greater value indicates a bene cial effect, then there are
three possible results:
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» The test rejects the hypotheﬁ%of equality and indicates that the treatment is signi cantly better if
the standardized statistico D Y 1o C_,.

* The test rejectgpthe hypothesig and indicates the treatment is signi cantly worse if the standardized
statisticZo D © 1o C-,.

» The test indicates no signi cant difference between the two responsé3ip < @ lo<C_,.
Thep-value of thetesti®.1 ~.Z ofl if Zg >0 and2".Z ¢/ if Zg 0. The hypothesisig is rejected if

thep-value of the test is less thar—that s, if1 ".Z o/< =2 or".Z o/ < =2 . Asymmetric.1 [/
con dence interval for has lower and upper limits

Co, C-»
O p==: G p=
lo lo
which is
1 1
p= Zo Co ; P ZoCC-
0 0

The hypothesisi is rejected if the con dence interval for the parametafoes not contain zero. That is,
the lower limit is greater than zero or the upper limit is less than zero.

With an alternative referenceD 1 >0, a Type Il error probability is de ned as

DPDl- C, <Zg < Cy.l

which is
p— P — P —
DPp, . C 1 lo/<.Zog 1 lof<.C- 1 lof
Thus
R p— p—
D C =2 1 | 0 C =2 1 | 0
The resulting powet is the probability of correctly rejecting the null hypothesis, which includes the

probability for the lower alternative and the probability for the upper alternative. The SEQDESIGN procedure
uses only the probability of correctly rejecting the null hypothesis for the correct alternative in the power
computation.

Thus, under the upper alternative hypothesis, the power in the SEQDESIGN procedHre is computed
as thB Eobability of rejecting the null hypothesis for the upper alternative,” C-, 1 lo D

" 1 lg C. ,andavery small probability of rejecting the null hypothesis for the lower alternative,

" Co 1 lg ,isignored. This power computation is more rational than the power based on the
probability of correctly rejecting the null hypothesis (Whitehead 1997, p. 75).

That s,

P P p_
DPDl Zo 1 |0/<.C=2 1 lo/ D C- 1 lo
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Thenwith® L./ DC.p 1" To,

p
1 lgDC, ~ Y/ D~ 11 =21Cc” 1
The drift parameter1p o can be derived for speci ed and , and the maximum information is given by

~ 11 =p/c~ 11 | 2

1

lo D

If the maximum information is available, then the required sample size can be derived. For example, in a
one-sample test for mean, if the standard deviatiag known, the sample sizerequired for the test is

~ 11 =pc~ 11 4 2

1

nD 2lgD ?

On the other hand, if the alternative referengestandard deviation, and sample size are all known, then
can be derived with a given and, similarly, can be derived with a given.

Generalized Two-Sided Tests for Equality

For a generalized two-sided test with the null hypothedis o against the alternatives o, an equivalent
null hypothesisidio W 0 with a two-sided alternativel; W & 0, where D 0. A xed-sample
test rejectd g if the standardized statisti€y D Io< C , 0rZo D Io>C ,, where the critical
valuesC, D~ 11 /andC , D~ 11 /.

With the lower alternative referenceg, < 0, a lower Type Il error probability is de ned as

p— p_ P—  p_
DPp, C, Zog lo DPp, C, g4 lo Zg lo 1 lo

This implies

/D1 " C

and the power is the probability of correctly rejecting the null hypothesis for the lower alternative,

p__
1 ,D~ C, g Io

The lower drift parameter is derived as

P —
u leD ~ 1 g ctaoy

Then, with speci ed | and |, if the maximum information is known, the lower alternative referenge
can be derived. If the maximum information is unknown, then with the speci ed lower alternative reference
1, the maximum information required is

~ 11 ,c~ 1 2

1

lgp D
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Similarly, the upper drift parameter is derived as

P —
w loD™ 1 gc~ t1

For agiven ,, u, and the upper alternative referengg, the maximum information required is

~ 11 JCct t1 oyt

1u

IOuD

Thus, the maximum information required for the design is given by

lo D max.lg; lou/

Note that with the maximum information leviy, if 1o < | o, then the derived power from the lower
alternative is larger than the specidd . Similarly, if 1 g, <1 g, then the derived power from the upper
alternative is larger than the specidd .

If maximum information is available, the required sample size can be derived. For example, in a one-sample
test for mean, if the standard deviatioris known, the sample sizerequired for the testis D 2 1.

On the other hand, if the alternative references, Type | error probabilitiaad , standard deviation,
and sample siza are all speci ed, then the Type Il error probabilities and |, and the corresponding
powers can be derived.

Group Sequential Methods

A group sequential design provides interim analyses before the formal completion of a trial. The monitoring
process provides possible early stopping for either positive or negative results and thus reduces the time to
complete the trial. With a speci ed number of stages, the design creates critical values such that at each
interim analysis, a hypothesis can be rejected, accepted, or continued to the next time point. At the nal stage,
a hypothesis is either rejected or accepted. Usually, the critical values are derived such that the speci ed
overall Type I and Type Il error probability levels are maintained in the design.

For example, to test a null hypothesig with an upper alternative in a xed-sample design, a critical value

c iscreated. The null hypothedi, is rejected if the test statistic is greater than or equal to the critical value

c . OtherwiseH is accepted. But, for a group sequential design with early stopping to reject or accept the
null hypothesid g, there are two critical values created at each interim analysis:caitical valuec to

reject the null hypothesis and acritical valuec  to accept the null hypothesis. The null hypothesis

is rejected if the test statistic is greater than or equal to thetical valuec , andHg is accepted if the

test statistic is less than thecritical valuec . If the test statistic is between these two critical values, the
process continues to the next stage. At the nal stage, the two critical values are equal, and the hypothesis is
either rejected or accepted.

Armitage, McPherson, and Rowe (1969) showed that repeated signi cance tests at a xed level on accumulat-
ing data increase the probability of obtaining a signi cant result under the null hypothesis. For example, with
a signi cance level 0.05 in a two-sided xed-sample test, the critical value is 1.96. If this value is used in

a ve-stage group sequential trial with early stopping to reject the null hypothesis, then the probability of
rejecting the null hypothesis at or before the fth stage is 0.14169, much larger than the nominal value 0.05
(Armitage, McPherson, and Rowe 1969, p. 239).
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Pocock (1977) applied these repeated signi cance tests to group sequential trials with equally spaced
information levels and derives a constant critical value on the standardized oeTale across all stages

that maintains the Type | error probability level. For example, with a signi cance level 0.05 in a two-sided
test, the derived critical value at each stage is 2.413 on the standardized @osoaé, larger than the
xed-sample critical value 1.96. The corresponding nomim&hlue is 0.0158, which is smaller than the
xed-samplep-value 0.025 (Pocock 1977, p. 193).

O'Brien and Fleming (1979) proposed a sequential procedure that has boundary values decrease over the
stages on the standardized noridacale to make the early stop less likely. The procedure has conservative
stopping boundary values at very early stages, and boundary values at the nal stage are close to the xed-
sample design. For example, with a signi cance level 0.05 in a two-sided test, the derived critical values at
these ve stages on the standardized norihatale are 4.562, 3.226, 2.634, 2.281, and 2.040.

The following references: Wang and Tsiatis (1987); Emerson and Fleming (1989); Pampallona and Tsiatis
(1994) generalized the Pocock and O'Brien-Fleming methods to the power family, where a power parameter
is used to allow a continuous set of designs between the Pocock and O'Brien-Fleming methods.

Kittelson and Emerson (1999) extended the methods in the power family even further to the uni ed family,
which also includes the exact triangular method. The shape and location of each of the four boundaries can
be independently speci ed in the uni ed family methods.

Whitehead and Stratton (1983) and Whitehead (1997, 2001) developed triangular methods by adapting tests
for continuous monitoring to discrete monitoring. With early stopping to reject or accept the null hypothesis

in a one-sided test, the derived continuation region has a triangular shape for the score-scaled boundaries.
Only elementary calculations are needed to derive the boundary values for Whitehead's triangular methods.

For a sequential design, you can derive thend error probabilities at each stage from the boundaries. On

the other hand, you can derive the boundaries from speci add error probabilities at each stage. The
error spending function approach (Lan and DeMets 1983) uses the error spending function to specify the
error probabilities at each stage and then uses these probabilities to derive the boundaries. You can specify
and explicitly or implicitly with an error spending function for the cumulative probabilities.

See Jennison and Turnbull (2000, pp. 5-11) for a more detailed history of group sequential methods.

The following three types of methods are available in the SEQDESIGN procedure to derive boundaries in a
sequential design:

» xed boundary shape methods, which derive boundaries with speci ed boundary shapes. These include
the uni ed family method and Haybittle-Peto method.

» Whitehead methods, which adjust the boundaries from continuous monitoring for discrete monitoring

* error spending methods

You can use the SEQDESIGN procedure to specify methods from the same group for each design. A different
method can be speci ed for each boundary separately, but all methods in a design must be from the same

group.
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Fixed Boundary Shape Methods

The xed boundary shape methods include the uni ed family method (Kittelson and Emerson 1999) and the
Haybittle-Peto method (Haybittle 1971; Peto et al. 1976). The uni ed family methods derive the boundary
values with the speci ed boundary shape. The uni ed family methods include the Pocock method (Pocock
1977), the O'Brien-Fleming method (O'Brien and Fleming 1979), the power family method (Wang and
Tsiatis 1987; Emerson and Fleming 1989; Pampallona and Tsiatis 1994), and the triangular method (Kittelson
and Emerson 1999). See the section “Uni ed Family Methods” on page 7423 for a detailed description of the
methods that use the uni ed family approach.

The Haybittle-Peto method uses a value of 3 for the critical values in interim stages, so that the critical value
at the nal stage is close to the original design without interim monitoring. In the SEQDESIGN procedure,
the Haybittle-Peto method has been generalized to allow for different boundary values at different stages. See
the section “Haybittle-Peto Method” on page 7427 for a detailed description of the Haybittle-Peto method.

Whitehead Methods

The Whitehead methods (Whitehead and Stratton 1983; Whitehead 1997, 2001) derive the boundary values
by adapting the continuous monitoring tests to the discrete monitoring of group sequential tests. The Type |
error probability and power corresponding to the resulting boundaries are extremely close but differ slightly
from the speci ed values because of the approximations used in deriving the tests (Jennison and Turnbull
2000, p. 106). The SEQDESIGN procedure provides the BOUNDARYKEY = option to adjust the boundary
value at the nal stage for the exact Type | or Type Il error probability level. See the section “Whitehead
Methods” on page 7428 for a detailed description of Whitehead's methods.

Error Spending Methods

An error spending method (Lan and DeMets 1983) uses the error spending function to specify the error
spending at each stage and then uses these error probabilities to derive the boundary values. You can specify
these errors explicitly or with an error spending function for these cumulative errors. See the section “Error
Spending Methods” on page 7431 for a detailed description of the error spending methods.

Error spending methods derive boundary values at each stage sequentially and require much more computation
than other types of methods for group sequential trials with a large number of stages, especially for a two-sided
asymmetric design with early stopping to acciEpt, or to reject or accept .

The sample size requirement for some applicable tests can also be computed in the procedure. After the
actual data from a clinical trial are collected, you can then use the boundary information created in the
SEQDESIGN procedure to perform a group sequential test in the SEQTEST procedure.

Statistical Assumptions for Group Sequential Designs
The SEQDESIGN procedure assumes that with a total number of dagfes sequence of the standardized

e Cov.Z kl;Zkzl D P A k1:|k2/1 1 ki ky K
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«Cov.Q:;Q,/D1=ly,, 1 ki k2 K

Furthermore, in terms of the score statisgsD ka I,k D 1;2;:::; K, the canonical joint distribution
can be expressed as follows:

Sy N. Iy lx/; kD1;2;:::;K
° COV-Skl;Skzl D Var.Skll D Ikl’ 1 ki ky K

Thatis, the incrementS;, S, Si,...,andSx Sk 1, are independently distributed.

If the test statistic is computed from the data that are not from a normal distribution, such as a binomial
distribution, then it is assumed that the test statistic is computed from a large sample such that the statistic
has an approximately normal distribution.

If the increment$S;,S, Si,...,andSx Sk 1 are notindependently distributed, then it is inappropriate

to use group sequential methods in the SEQDESIGN procedure. One such example is the Gehan statistic,
which is a weighted log-rank statistic for censored data. See Jennison and Turnbull (2000, pp. 232-233, 276—
277) and Proschan, Lan, and Wittes (2006, pp. 150-151) for a description of statistics with nonindependent
increments.

If a trial stops at an early interim stage with only a small number of responses observed, it can lead to a
distrust of the statistical ndings, which rely on the assumption that the sample is large (Whitehead 1997, p.
167). A group sequential design can be speci ed such that at the rst interim analysis, there are a suf cient
number of responses to ensure that the analysis to be conducted is both reliable and persuasive (Whitehead
1997, p. 167).

Alternatively, a method such as the O'Brien-Fleming method can be used to derive conservative stopping
boundary values at very early stages to make the early stop less likely. That is, the trial is stopped in early
stages only with overwhelming evidence.

aren observations of a response varialflen a data set from a normal distribution with an unknown mean
and a known variance?. Then the maximum likelihood estimate ofis the sample mean
1 X
VDt '
y n. Y
jD1

The sample mean has a normal distribution with meamd variance ?=n:

2

y N ; F
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An equivalent hypothesisfor D ¢isHo W D 0, where D 0. The MLE statistic for ,
Oy o N ;lo?

where the informatiomg D n= 2.

wherey,; is the value of thgth observation available at tiikh stage and\y is the cumulative sample size at
stagek, which includes thé\,, ; observations collected at previous stages and\Nthe N, 1 observations
collected at the current stage.

The maximum likelihood estimate

@Dy, o N ;1 !t
where the information

1 Ny

WD —D —
“~ Var.y,/ 2
is the inverse of the variance.

Thus, the standardized statistic
p— p— p—
Z«DQ 1yD.y, o I¢ N o 1

The covariance af ,, andZy,,1 ki kz K canbe expressed as

1
Cov.Z kl;Zk2/ D p7—| COV.Skl;SkZ/
Tkl ks

whereS,, D Zklp I, andSy, D Zkzp Ty,
SinceS,, S, isindependent 0§y, , Cov.Sy,; S,/ D Var.Sy,/ D Iy, and

q

1
COV'Zkl;Zkle p:lkl D Ik1:|k2
AN
Thus the statistic§Z1;Z57;:::;Zk g has the canonical joint distribution with information levels
fl1;12;:::; 1k gfor the parameter . See the section “Applicable One-Sample Tests and Sample Size

Computation” on page 7448, the section “Applicable Two-Sample Tests and Sample Size Computation”
on page 7450, and the section “Applicable Regression Parameter Tests and Sample Size Computation” on
page 7458 for more examples of applicable tests in group sequential trials.
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Boundary Scales

The boundaries computed by the SEQDESIGN procedure are applied to test statistics computed during the
analysis, and so generally, the scale you select for the boundaries is determined by the scale of the statistics
that you will be using.

The following scales are available in the SEQDESIGN procedure:

 MLE, maximum likelihood estimate

standardized
 score statistiS

* p-value

These scales are all equivalent for a given set of boundary values—that is, there exists a unique transformation
between any two of these scales. If you know the boundary values in terms of statistics from one scale, you

can uniquely derive the boundary values of statistics for other scales. You can specify the scale with the

BOUNDARYSCALE-= option; the default is BOUNDARYSCALE=STDZ, the standardiZestale.

You can also select the boundary scale to better examine the features of an individual group sequential design
or to compare features among multiple designs. For example, with the standatdicalk, the boundary

values for the Pocock design are identical across all stages, and the O'Brien-Fleming design has boundary
values (in absolute value) that decrease over the stages.

The remaining section demonstrates the transformations from one scale to the other scales. If the maximum
likelihood estimateCis computed by the analysis, then

wherel is the Fisher information if it does not depend on Otherwise| is either the expected Fisher
information evaluated aPor the observed Fisher information. See the section “Maximum Likelihood
Estimator” on page 7403 for a detailed description of these statistics.

With the MLE statisticQ the corresponding standardiz2dtatistic is computed as

ZDODI_ N IO|_;1

and the corresponding score statistic is computed as

SD?P N. 111/

Similarly, if a score statistiSis computed by the analysis, then with
S N. LI/

wherel is the information, either an expected Fisher informatiéngo.l. // orE ol. // )oranobserved
Fisher informationi(0/ orl. P).
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The corresponding standardiz8dtatistic is computed as

S p_
ZDp= N ;1

and the corresponding MLE-scaled statistic is computed as

S 1
DN

With a standardized normal statistic, the corresponding xed-sample nomipalalue depends on the type
of alternative hypothesis. With an upper alternative, the noninalue is de ned as the one-sidgevalue
under the null hypothesidg W D 0 with an upper alternative:

pkD1 "z

With a lower alternative or a two-sided alternative, the nompghlue is de ned as the one-sidedvalue
under the null hypothesidg W D 0 with a lower alternative:

px D ~.Z/

which is an increasing function of the standardiZestatistic (Emerson, Kittelson, and Gillen 2005, p. 12).
The BOUNDARYSCALE= MLE, STDZ, SCORE, and PVALUE options display the boundary values in the
n, observations of a response varialglen a data set from a normal distribution with an unknown mean
and a known variance?. Then

Yii N ; 2

If Ny is the cumulative number of observations for the ksiroups, then the sample mean from thige
observations

1 X«

V. D — .
Yk Ny . Yii
jD1

has a normal distribution with meanand variance =Ny
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To test the null hypothesis D o, Ho W D 0, where D o can be used. The MLE of is
@Dy, oand
1
Q@ N ;=
Ik
where the information is the inverse of the variancg of

N
Ik D —

The corresponding standardiz2dtatistic is
1 1
ZyD Q12 N 1251
The score statistic in the SEQDESIGN procedure is then given by

1
SkD QgD ZylZ N. Iyl

For a null hypothesislg W D 0 with an upper alternative, the nominavalue of the standardizedistatistic
ispy D1 “.Z /. Foranull hypothesislp W D 0 with a lower alternative or a two-sided alternative, the

nominalp-value of the standardizegistatistic ispy D ~.Z /.

Boundary Variables

The boundaries created in group sequential trials depend on the type of the alternative hypothesis and the
early stopping criterion. Table 87.5 shows the boundaries created with various design speci cations.

Table 87.5 Boundary Variables

Speci cations Boundary Variables
Alternative Lower Upper
Hypothesis Early Stopping Alpha Beta Beta Alpha
Lower AcceptH g X

RejectH g X
Accept/RejectH o X X
Upper AccepHg X
RejectH o X
Accept/RejectH X X
Two-sided AccepHg X X
RejectH g X X

Accept/RejecH g X X X X
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Up to four boundaries can be generated in a group sequential design:

* the upper boundary, to reject the null hypothesis for the upper alternative

the upper boundary, to accept the null hypothesis with an upper alternative

the lower boundary, to accept the null hypothesis with a lower alternative

the lower boundary, to reject the null hypothesis for the lower alternative

For a two-sided design, the null hypothesis is accepted only if both the hypothesis is accepted with an upper
alternative and the hypothesis is accepted with a lower alternative.

For a one-sided design with a lower alternative, only the lower boundaries are created. Similarly, for a
one-sided design with an upper alternative, only the upper boundaries are created. For example, Figure 87.10
shows the boundary plot for a one-sided test with an upper alternative.

Figure 87.10 Boundary Plot for One-Sided Test

Figure 87.10 corresponds to a one-sided sequential design with early stopping to reject or accept the null
hypothesis. For a sequential test with early stopping only to reject the null hypothesis, there are no acceptance
boundary values at interim stages. The acceptance boundary value and its associated acceptance region are
displayed only at the nal stage. Similarly, for a sequential test with early stopping only to accept the null
hypothesis, there are no rejection boundary values at interim stages. The rejection boundary value and its
associated rejection region are displayed only at the nal stage.
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For a two-sided design, both the lower and upper boundaries are created. For a design with early stopping to
reject the null hypothesis, boundaries are created. Similarly, for a design with early stopping to accept
the null hypothesis, boundaries are created. For a design with early stopping to accept or reject the null
hypothesis, both the and boundaries are created.

For example, Figure 87.11 shows the boundary plot for a two-sided test.

Figure 87.11 Boundary Plot for Two-Sided Test

Figure 87.11 corresponds to a two-sided sequential design with early stopping to reject or accept the null
hypothesis. For a sequential test with early stopping only to reject the null hypothesis, there are no acceptance
boundary values at interim stages. The acceptance boundary value and its associated acceptance region are
displayed only at the nal stage. Similarly, for a sequential test with early stopping only to accept the null
hypothesis, there are no rejection boundary values at interim stages. The rejection boundary value and its
associated rejection region are displayed only at the nal stage.

Type | and Type Il Errors

The Type | error is the error of rejecting the null hypothesis when the null hypothesis is correct, and the Type
Il error is the error of not rejecting the null hypothesis when the null hypothesis is incorrect. The level of
signi cance s the probability of making a Type | error. The Type Il error depends on the hypothetical
reference of the alternative hypothesis, and the Type Il error probabilgyde ned as the probability of not
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rejecting the null hypothesis when a speci c alternative reference is true. The fioweris then de ned as
the probability of rejecting the null hypothesis at the alternative reference.

In a sequential design, if the maximum information and alternative reference are not both speci ed, the
critical values are created such that both the speci ed Type | and the speci ed Type Il error probability levels
are maintained in the design. Otherwise, the critical values are created such that either the speci ed Type |
error probability or the speci ed Type Il error probability is maintained.

One-Sided Tests

For aK-stage group sequential design with an upper alternative hypotiesi¥ D ; and early stopping
to reject or accept the null hypothesiy W D 0, the boundaries contain the uppecritical valuesay

rejected if the observed statistig  ay, Hg is accepted ik, < by, or the process is continued to the next
stage ifb,  z, <ay. Atthe nal stagebx D ag , the hypothesis is either rejected or accepted.

The overall Type | error probability is given by

X
D k
kD1

where | isthe spending at stage That is, at stage 1,

1DP po.-21 a/

At a subsequent stade
k DP po.bj 7 <aj;j D1;2;::0k 1,z &yl

Similarly, the Type Il error probability

X
D k
kD1
where | isthe spending at stage That is, at stage 1,

1D P|31.21<b1/

At a subsequent stade
kDPp,.bj z <aj;j DL2;::55k 1z <by/

With an upper alternative hypothesig W D 1 >0, the powerl is the probability of rejecting the
null hypothesis for the upper alternative.

X X
1 D1 «D Py

kD1 kD1

For a design with early stopping to rejddt only, the interim upper critical values are set td
b D1 ;kD1,2;:::;K 1,and D . Fora design with early stopping to accép only, the

Similarly, the Type | and Type Il error probabilities folkastage design with a lower alternative hypothesis
Ho W D ; can also be derived.



7422 F Chapter 87: The SEQDESIGN Procedure

Two-Sided Tests

For aK-stage group sequential design with two-sided alternative hypothkgse®/ D ;, andH; W D

11, and early stopping to reject or accept the null hypothidgidV D 0, the boundaries contain the upper
critical valuesa,, upper critical valueshy, lower critical values by, and lower critical values ay,
k D 1;2;:::;K. At each interim stage,a, < b, by < ay, the null hypothesisig is rejected if the
observed statistiz, a, orzz _ay, Ho is accepted if by <z, < by, or the process is continued to
the next stage iby z, <ay or_a, <zy _by. Atthe nal stagebx D ax and bk D _ak, the
hypothesis is either rejected or accepted.

The overall upper Type | error probability, is given by
X

u D uk
kD1

where i isthe spending at stagefor the upper alternative. That is, at stage 1,

wwDPpo.z1 ar/

At a subsequent stade
w DPpo._8 <z; _bjorby 7z <aj;;j D1;2;::k 1,z &/
Similarly, the overall lower Type | error probabilityy can also be derived, and the overall Type | error
probability D | C .
The overall upper Type |l error probability, is given by
X

uD uk
kD1
where i is the upper spending at stage That is, at stage 1,

wuDPp wrZ1< _a1 or b1<zi<by/
At a subsequent stade

w DPp,,._&<zy _borb z <aj;jDL2::k 1,z < _aor_b <zy<by/

With an upper alternative hypothesis W D ., >0, the powerl | is the probability of rejecting the
null hypothesis for the upper alternative:
X
1 D1 uk
kD1
which is
Pp, & <z _bob z<a;jD12::5k 1,z &l

The overall lower Type Il error probability, and powerl | can be similarly derived.

For a design with early stopping only to rejétt, both the interim lower and uppercritical values are set
tomissingk D 1;2;:::;K l,and x D |, « D . Foradesign with early stopping only to accept
Ho, the interim upper critical values are settb ,a,x D 1 , and the interim lower critical values are set
tol ,ax. D1 ,kD1;2;:::;K l,and « D 4, «x D ;.
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Uni ed Family Methods

Uni ed family methods (Kittelson and Emerson 1999) derive boundary values with a speci ed boundary
shape. For example, Pocock's method (Pocock 1977) derives equal boundary values for all stages in the
standardized scale. In addition to Pocock's method, the uni ed family methods include the O'Brien-
Fleming, power family, and uni ed family triangular methods.

The boundary values at each stage depend on the information fractions

wherel  is the information available at stagendl x is the maximum information, the information available
at the end of the trial if the trial does not stop early.

Boundary Values in Standardized Z Scale

With the uni ed family method, the boundary values for the uppdroundaryZ , , upper boundaryZ  ,
lower boundaryZ | , and lower boundaryZ | , using the standardized normal scale, are given by the
following:

b Z u k/ Df u k/Cu

1
e Z u k/ D 1u Ik2 f u k/C u

1

° Z| k/D 11 Ik2 Cf | ----k/CI
° Z| k/ D f | ----k/CI

where ;,.<0/ and ;,.> 0/ are the lower and upper alternative referentss,..../,f | .../, T y .../,
andf  ....x/ are the speci ed shape functions, a@g¢ ,C, ,C , , andC are the critical values derived
to achieve the speci ed and levels.

If a derived lower boundary valu& | ....,/ is greater than its corresponding uppeboundary value
Z .../, then both values are set to missing.

Note that the drift parameteds D 4 P Ix anddy D 14 P I'x are derived in the SEQDESIGN procedure.
The boundary values in standardized Z scale can be derived without specifying the maximum information
and alternative reference.

Shape Parameters
The shape function in the SEQDESIGN procedure is given by

. C3l

C.y D.f. C.y "7

FNI
= N

f.... k/ Df... Kl [ D "

where the parameters 0and0 2 . can be speci ed for each boundary separately.
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The parameters and determine the shape of the boundaries. Special cases of the uni ed family methods
also include power family methods and triangular methods. Table 87.6 summarizes the corresponding
parameter values in the uni ed family for these methods.

Table 87.6 Parameters in the Uni ed Family for Various Methods

Uni ed Family
Method Option Rho Tau
Pocock POC 0 0
O'Brien-Fleming OBF 0.5 0
Power family POW (RHO=) 0
Triangular TRI (TAU=) 0.5
Note that the power parametelD 1=2 « D 1=2 wheres is the power parameter used in Jennison

and Turnbull (2000) and Wang and Tsiatis (1987) ands the power parameter used in Kittelson and
Emerson (1999).

Also note that instead of the three parameters used in the uni ed family methods by Kittelson and Emerson
(1999), only two parameters are used in the SEQDESIGN procedure. The other parameter is xed at zero.

Boundary Values in MLE Scale

If the maximum information is available, the boundary values derived from a uni ed family method can also
be displayed in the MLE scale:

1
2

f u k/C u

1
WY o R AR Sl ol

1
2

fi...k/C,

.k/D 1 Cl,

N|=

® k/ D Ik f | ....k/C|

1
These MLE scale boundary values are computed by multiplljng by the standardized scale boundary
values at stagk.

Boundary Values in Score Scale

If the maximum information is available, the boundary values derived from a uni ed family method can also
be displayed in the score scale:

1
d Su k/ D Isz u k/Cu

1
'Su----k/D 1u|k Iszu----k/Cu
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1
® S| k/D 11 IkCIsz | ----k/CI

1
® S| k/ D Ik2f | ....k/C|

1
These MLE scale boundary values are computed by multiplyhdy the standardized scale boundary
values at stagk.

Boundary Values in p-Value Scale

For a design with a lower alternative or a two-sided alternativepti@ue scale boundary values are the
cumulative normal distribution function values of the standardizédundary values:

L4 Pu k/ D A.Z u k//
° P u k/ D A.Z u k//

P, k/ D"z | k//

P k/ D"z | k//

These nominap-values are the one-sided xed-sample/alues under the null hypothesis with a lower
alternative.
For a one-sided design with an upper alternative,tivalue scale boundary values are the one-sided
xed-samplep-values under the null hypothesis with an upper alternative:

e P u k/ D1 "z u k//

Pocock's Method

The shape function for Pocock’'s method (Pocock 1977) is given by
f...x/D1

The resulting boundary values for a two-sided design with an early stopping to reject the null hypothesis
Ho W D 0 are as follows:

L4 u k/ D Cu
°Z| k/D C|

That is, the rejection boundary values are constant over all stages of different information levels in the
standardized scale.

Note that compared with other designs, Pocock’s design tends to stop the trials early with p-laalyer.

For a new treatment, Pocock's design to stop a trial early with a lpnggue might not be persuasive
enough to make a new treatment widely accepted (Pocock and White 1999). A Pocock design is illustrated in
Example 87.3.
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O'Brien-Fleming Method
The shape function for the O'Brien-Fleming method (O'Brien and Fleming 1979) is given by

N

fokd D oy

The resulting boundary values for a two-sided design with early stopping to reject the null hypothesis
Ho W D 0 are as follows:

That is, the rejection boundaries are inversely proportional to the square root of the information levels in the
standardized scale.

In the score scale, these boundaries can be displayed as follows:

1

® Su k/ D Cu I;
1

° S| k/ D C| |>€

which are constants over all stages in the score scale. An O'Brien-Fleming design is illustrated in Exam-
ple 87.2.
Power Family Method

The shape function for a power family method (Wang and Tsiatis 1987; Emerson and Fleming 1989;
Pampallona and Tsiatis 1994) is given by

fo..x/D ..y
The resulting boundary values for a two-sided design with early stopping to reject the null hypothesis
Ho W D Oare as follows:

® Z| k/ D C|

o

The rejection boundaries depend on the power paramet&he power family includes the Pocock and
O'Brien-Fleming methods, and the power parameter is used to allow continuous movement between these
two methods.
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Triangular Method

The shape function for a triangular method (Kittelson and Emerson 1999) in the uni ed family is given by

N[
N

fon/D .., 2 C

'k

The resulting boundary values for a two-sided design with early stopping to reject the null hypothesis
Ho W D 0 are as follows:

N|=
~ N
N|=

k 'k

N[

1 1
® Z| k/D X C I§/C| D C| "'k2'1C k/

In the score scale, these boundaries are as follows:

1 1 1
*Sy.a/ DCy12.1C .W(/DCyIZCCy 21y

N

1 1
°S| k/D C| |>§1C k/D C| |)€ C| IX Ik
Thus, in the score scale, the boundary function is a linear function of the informagtiokVith these
straight-line boundaries, a triangular method for a one-sided trial with early stopping to reject or accept the
null hypothesis produces a triangular continuation region. Similarly, for a two-sided design, the continuation
region is a union of two separate triangular regions. A triangular method is illustrated in Example 87.6.

Haybittle-Peto Method

The Haybittle-Peto method (Haybittle 1971; Peto et al. 1976) uses a value of 3 for the critical values in
interim stages, so that the critical value at the nal stage is close to the original design without interim
monitoring.

In the SEQDESIGN procedure, the Haybittle-Peto method has been generalized to allow for different
boundary values at different stages. That is, with the standardized normal scale, the boundary values are
given by the following:

e Zy k/ Dz

1

°Zu----k/D 1U|k2 Z uk

1
2CZ||<

® Z| k/D 11 Ik

« Z, k/ D zi

where 1, and 1, are the lower and upper alternative references and the boundary ¥ajues  ,
Z ik ,andz are specied either explicitly with the HP( Zrumbers) option or implicitly with the HP(
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PVALUE= numbers) option. The HP( PVALUE=numbers) option speci es the nomingl-valuesp for the
corresponding boundary valugg:

zD” 11 pu

The Haybittle-Peto method is illustrated in Example 87.5.

Whitehead Methods

The Whitehead methods (Whitehead and Stratton 1983; Whitehead 1997, 2001) derive boundary values
by adjusting the boundary values generated from continuous monitoring. With continuous monitoring, the
boundary values are on a straight line in the score scale for each boundary. For a group sequential design, the
boundary values at an interim stagdepend on the information fractions

wherel  is the information available at stagandl x is the maximum information, the information available
at the end of the trial if the trial does not stop early.
One-Sided Symmetric Designs
A one-sided symmetric design is a one-sided design with identical Type | and Type Il error probabilities. For
a one-sided symmetric design with an upper alternatiye) , the boundary values in the score scale
from continuous monitoring are as follows:
*Su...k/ DCy ,1C 4 ulk
.SUK/D ulk .Cuul uulk/

where | is the upper alternative referencg,is a speci ed constant for the slop@, < % andC, is a
constant, xed for STOP=BOTH and derived for STOP=ACCEPT and STOP=REJECT.

The upper boundary value can also be expressed as
.Suk/D Cu ulcl u/ ulk

Thus, these straight-line boundaries form a triangle in the score statistic scale.

To adjust for the nature of discrete monitoring, the group sequential boundary values are given by the
following:

.Suk/DCu ulc u ulk gk

.SUK/D Cuulcl u/ ulkcgk

whereg; D 0:58§ I, andgy D 0:58£ Iy 1k 17/,k>1 arethe adjustments.

Note that with the adjustmeni,, the resulting boundaries form a Christmas tree shape within the original
triangle and are referred to as the Christmas tree boundaries (Whitehead 1997, p. 73).
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One-Sided Asymmetric Designs

For a one-sided asymmetric design with an upper alternative, , the boundary values computed using
the score scale, are given by the following:

©Sy..k/DC,RIC Qv
«Sy..k/D CQtc.1 QI Cg

where 9 is the modi ed alternative reference

2 1
D
?D - 11 ,c~ t1 "
The modi ed alternative referenc@D uif v D 4.

For a design with early stopping to reject or accept the null hypothgsgisl/ D S, .1/, the boundary
values at the nal stage are equal. The modi ed drift paraméﬁeis given by

P 1 49—
D Q |XD1 5 he2C2C,.1 24/ hg

u

1 e
wherehg D gk 1, * D 0:583D 1 ..« 1.

A one-sided Whitehead design with early stopping to reject or accept the null hypothesis is illustrated in
Example 87.7.

Two-Sided Designs

The boundary values for a two-sided design are generated by combining boundary values from two one-sided
designs. With the STOP=BOTH option, this produces a double triangular design (Whitehead 1997, p. 98).

The boundary values for a two-sided design, using the score scale, are then given by the following:

©Su.../DCRIC Q¢
«Sy..k/D CQtCc.1 QI C g
*S;..«/D CQlc1 /R o

S k/DC|?1C |QIkCgk

where the modi ed alternative references are

2 1
D
?D - 11 ,Jc~ 11 "

2> 11/
D
?D 17 ,c- t1 1!

The modi ed alternative referenc® D if 4 D andQD (if | D .
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For a design with early stopping to reject or accept the null hypothesis, the two upper boundary values
at the nal stage are identical and the two lower boundary values at the nal stage are identical. That is,
S, .1/ DS, .1/andS, .1/ D S .1/. These modi ed drift parameters are then given by

oo Piip L

1 2,

h«>C2C.1 2,/ hg

he2C2C,.1 2,/ hg

R0 Q" ixD

1 2,

1 @
wherehx D gk 1, * D 0:583lo 1 ..k vu-

For a design with early stopping to reject the null hypothesis, or a design with early stopping to accept the
null hypothesis, you can specify the slope parameteend | in the TAU= option, and then the intercept
parameter€, andC;, and the resulting boundary values are derived. If both the maximum information
and alternative references are speci ed, the procedure deCiyendC, by maintaining either the overall

levels (BOUNDARYKEY=ALPHA) or the overall levels (BOUNDARYKEY=BETA). If the maximum
information and alternative reference are not both speci ed, the procedure derives the boundargyalues
andC, by maintaining both the overall and overall levels.

For a design with early stopping to reject or accept the null hypothesis (STOP=BOTH), Whitehead's triangular
testuses, D | D 0:25and comput&, D 2log.2 ,/ andC, D 2log.2 ,/ for the boundary values.

If the maximum information and alternative reference are both speci ed, the BOUNDARYKEY=ALPHA
option uses the speci ed values to compute the values and boundary values. The nal-stage boundary
values are modi ed to maintain the overallevels if they exist. Similarly, the BOUNDARYKEY=BETA
option uses the speci ed values to compute the values and boundary values. The nal-stage boundary
values are modi ed to maintain the overalllevels if they exist.

If the maximum information and alternative reference are not both speci ed, the specesdl values are

used to derive boundary values. The BOUNDARYKEY=NONE option uses these boundary values without
adjustment. The BOUNDARYKEY=ALPHA option modi es the nal-stage boundary values to maintain
the overall levels if they exist. Similarly, the BOUNDARYKEY=BETA option modi es the nal-stage
boundary values to maintain the overallevels if they exist.

Applicable Boundary Keys
Table 87.7 lists applicable boundary keys for a design that uses Whitehead methods.

Table 87.7 Applicable Boundary Keys for Whitehead Methods

Speci ed Parameters Boundary Keys
Early Stopping (Alt Ref — Max Info) Tau Alpha Beta None Both
RejectH g X X X X
AcceptHg X X X X
Reject/AccepH g X 0.25 X X
RejectH ¢ X X
AcceptHg X X

Reject/AccepH g 0.25 X X X
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Note that the symbol “X” under “(Alt Ref — Max Info)” indicates that both alternative reference and maximum
information are speci ed.

For a design with early stopping to reject the null hypothesis, or a design with early stopping to accept the null
hypothesis, you can specify the slope parameten the TAU= option, and then the intercept param&gr

and the resulting boundary values are derived. If both the maximum information and alternative reference are
speci ed, the procedure deriv€y, by maintaining either the overall levels (BOUNDARYKEY=ALPHA)

or the overall levels (BOUNDARYKEY=BETA). If the maximum information and alternative reference

are not both speci ed, the procedure derives the boundary value§abg maintaining both the overall

and overall levels.

For a design with early stopping to reject or accept the null hypothesis (STOP=BOTH), Whitehead's triangular

test uses, D 0:25and solve<, D 2log. 2—/ for the boundary values. If the maximum information and

alternative reference are both speci ed, the BOUNDARYKEY=ALPHA option uses the specivalue to

compute the value and boundary values. The nal-stage boundary value is modi ed to maintain the overall
level if it exists. Similarly, the BOUNDARYKEY=BETA option uses the speci edvalue to compute the
value and boundary values. The nal-stage boundary value is modi ed to maintain the ovéea#! if it

exists.

If the maximum information and alternative reference are not both speci ed, the specesd values are

used to derive boundary values. The BOUNDARYKEY=NONE option uses these boundary values without
adjustment. The BOUNDARYKEY=ALPHA option modi es the nal-stage boundary value to maintain the
overall level if it exists. Similarly, the BOUNDARYKEY=BETA option modi es the nal-stage boundary
value to maintain the overall level if it exists.

Error Spending Methods

For each sequential design, th@nd errors spent at each stage can be computed from the boundary values.
For example, for &-stage design with an upper alternative hypothekiswWw D 1 and early stopping

to reject the null hypothesidg W D 0, the boundary values in a standardizédcale are the upper

critical valuesay, k D 1;2;:::; K. At each interim stage, the null hypothekis is rejected if the observed
standardized statisticz, ak. Otherwise, the process continues to the next stage. At the nal stage, the
hypothesis is rejected Bk  ax . Otherwise, the null hypothesis is accepted.

The boundary values, are derived such that the overall Type | error probability
X

D K
kD1

where | isthe spending at stage That is, at stage 1,

1DPD0.Z]_ ar/

At a subsequent stade

k DP po.zj <aj;j D1;2;::0k 15 z¢ &/
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Since each design can be uniquely identi ed by thand errors spent at each stage, a design can then

be derived by specifying theand errors to be used at each stage. The error spending method (Lan and
DeMets 1983) distributes the error to be used at each stage and then derives the boundary values. Numerous
forms of the error spending function are available. Kim and DeMets (1987) examine the furictiorn3 t,

f.t/ D t%, andf.t/ D t2, wheret is the information fraction. Jennison and Turnbull (2000, p. 148)
generalize these functions to the power functibnd / Dt ; >0 .

The ERRFUNCPOC option uses the cumulative error spending function (Lan and DeMets 1983)

8 .

<1 ift 1
Et/ D log.1C.e 1t/ ifO<t<1

0 otherwise

With a speci ed error of or , the cumulative error spending at stdgis E.... (/ or E.... \/, where
..k D I(=lx is the information fraction at stage The method produces boundaries similar to those
produced with Pocock's method.

The ERRFUNCOBF option uses the cumulative error spending function (Lan and DeMets 1983)

8

T 1 ift 1
Etla/D. £2.1 "~ 2p&2j ifO<t<l

© 0 otherwise

wherea s either forthe spending function or for the spending function. That is, with a speci ed
error of or ,the cumulative error spending at stdges E.... (I / or E.... (I / . The method produces
boundaries similar to those produced with the O'Brien-Fleming method.

The ERRFUNCGAMMA option uses the gamma cumulative error spending function (Hwang, Shih, and
DeCani 1990)

8

21 ift 1

Sle!' i0<t<1l © 0
E.tl D. 1le . ’
e ~t if 0<t<l1l, DO

"0 otherwise

where is the parameter speci ed in the GAMMA= option. That is, with a speci ed error ofor , the
cumulative error spending at stagges E.... (1 / or E.... (I /.

The ERRFUNCPOW option uses the cumulative error spending function (Jennison and Turnbull 2000, p.
148)

8 .
<1 ift 1

Etl/ D_ t ifO<t<1
0 otherwise
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where is the power parameter speci ed in the RHO= option. That is, with a speci ed erroroof , the
cumulative error spending at stages E.... (1 / or E.... (I /.

Error spending methods derive boundary values at each stage sequentially and require much more computation
than other types of methods for group sequential trials with a large number of stages, especially for a two-sided
asymmetric design with early stopping to accHpt, or to reject or accept .

Note that for a two-sided design with the STOP=BOTH or STOP=ACCEPT option, at each interim stage,
the SEQDESIGN procedure rst produces the lower and uppeoundary values based on the one-sided
spending. If the lower boundary value is greater than or equal to its corresponding uppeundary value,

there is no early stopping to accept the null hypothesis at this stage, and the corresposuemgling is
distributed proportionally to the remaining stages.

For the error spending functions not available in the SEQDESIGN procedure, you can rst compute the corre-
sponding error spending at each stage explicitly, then use the SEQDESIGN procedure with the ERRSPEND=
option to specify these errors directly.

For example, if the information levels are equally spaced in a ve-stage design, the option ERRFUNCPOW
(RHO=2) produces relative cumulative errors bt5/2, .2=5/2, .3=5/2, .4=5/2, and 1. This is equivalent to
using the option ERRSPEND (1 4 9 16 25).

A one-sided error spending design is illustrated in Example 87.8 and a two-sided asymmetric error spending
design is illustrated in Example 87.11.

Acceptance () Boundary

In a group sequential trial, the rejection boundary is derived under the null hypokthgsisd is used to stop

the trial early to rejecH . Similarly, the acceptance boundary is derived under the alternative hypothesis
and is used to stop the trial early to accklt. But, for a trial with early stopping either to reject or to accept

the null hypothesis, dependency exists between these two boundaries. This section describes the effects of
the acceptance boundary on the derivation of the rejection boundary in a group sequential trial.

The following statements create a one-sided four-stage group sequential design with early stopping either to
reject or to acceptl o:

ods graphics on;
proc seqdesign altref=10;

ErrSpendPower_2: design nstages=4
method=errfuncpow(rho=2)
alt=upper stop=both
alpha=0.025 beta=0.10;

run;
ods graphics off;

The ALTREF=10 option speci es the alternative reference 10. The METHOD=ERRFUNCPOW(RHO=2) op-
tionusesa D 2 power family error spending method to generate the rejection boundary. The ALPHA=0.025
and BETA=0.10 options specify the Type | error level 0.025 and Type Il error level 0.10, respectively.
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The power parameter D 2 used in the design lies betweenD 1and D 3, where the boundaries
created with the D 1 power family error spending method are similar to the boundaries created from

the Pocock method, and the boundaries created wWidh3 are similar to the boundaries created from the
O'Brien-Fleming method.

The “Boundary Information” table in Figure 87.12 shows the rejection and acceptance boundary values
at the stages. With an error spending function method, the boundary values are derived sequentially. In
particular, the rejection boundary value at a stage is derived conditionally on both rejection and acceptance
boundary values at the previous stage. See the section “Error Spending Methods” on page 7431 for a detailed
description of the error spending methods.

Figure 87.12 Boundary Information

The SEQDESIGN Procedure
Design: ErrSpendPower_2

Boundary Information (Standardized Z Scale)
Null Reference = 0

-Alternative- ~ ----- Boundary Values----
---Information Level-- --Reference-- Upper
_Stage_ Proportion Actual Upper Beta Alpha
1 0.2500 0.028605 1.69130 -0.80640 2.95517
2 0.5000 0.05721 2.39186 0.37356 2.55934
3 0.7500 0.085815 2.92942 1.24940 2.29904
4 1.0000 0.11442 3.38261 2.04182 2.04182

With ODS Graphics enabled, the “Boundary Plot” is displayed by default, as shown in Figure 87.13. The
continuation region is affected by the acceptance boundary, and the rejection boundary is thus adjusted for
this acceptance boundary to maintain the Type | error level.
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Figure 87.13 Boundary Plot

For a design with early stopping either to accept or to rdjgtthe shapes of boundaries affect the critical
value at the nal stage. For the acceptance boundary, a liberal method at early stages, such ds a
power family error spending method, lowers the critical value at the nal stage. For the rejection boundary, a
conservative method at early stages, such a®a3 power family error spending method, also lowers the
critical value at the nal stage. In addition, a larger Type Il error level also lowers the critical value at the
nal stage. The resulting critical value at the nal stage might even be less than the critical value for the
corresponding xed-sample design.

To illustrates how this can occur, the following statements us®al power family error spending method
for the acceptance boundary and B 3 power family error spending method for the rejection boundary to
create a group sequential design:

proc seqdesign altref=10;

ErrSpendPower_3_1: design nstages=4
method(alpha)=errfuncpow(rho=3)
method(beta)= errfuncpow(rho=1)
alt=upper  stop=both
alpha=0.025 beta=0.10;

run;
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The resulting “Boundary Information” table in Figure 87.14 shows that the boundary value at the nal stage
1.9267 is less than 1.96, the critical value of the corresponding xed-sample design.

Figure 87.14 Boundary Information

The SEQDESIGN Procedure
Design: ErrSpendPower_3 1

Boundary Information (Standardized Z Scale)
Null Reference = 0

-Alternative- ~ ----- Boundary Values----
---Information Level-- --Reference-- Upper
_Stage_ Proportion Actual Upper Beta Alpha
1 0.2500 0.029725 1.72410 -0.23587 3.35935
2 0.5000 0.05945 2.43824 0.63117 2.76024
3 0.7500 0.089175 2.98622 1.31554 2.35119
4 1.0000 0.1189 3.44819 1.92672 1.92672

That is,H( can be rejected even if the test statistic at the nal stage is less than the critical value for the
corresponding xed-sample design, which is not desirable. Therefore, for a design with an acceptance
boundary, the design should be used with care.

Another reason why the rejection boundary should not be affected by the acceptance boundary is that a Data
and Safety Monitoring Board (DSMB) might not strictly adhere to this acceptance boundary, and thus the
Type | error level might not be maintained. Therefore, it might not be desirable for the rejection boundary to
be affected by the acceptance boundary (Lan and DeMets 2009, p. 103).

To use a design whose rejection boundary is not affected by the acceptance boundary and that can still stop
the trial early to accept ¢, you can use one of the following strategies:

* You can use the conditional power approach for a design that stops early only td+tgjdeadr this
design, the conditional power at an interim st&agan be de ned as the total probability of rejecting
Ho at any future stages under a speci ed hypothetical reference, given the observed statisticlat stage
A small conditional power indicates a small probability of success (rejettigagiven the current
data, and the trial can be stopped early to acekpfLan, Simon, and Halperin 1982; Lan and DeMets
2009, p. 101). For a detailed description of conditional power, see the section “Stochastic Curtailment”
in Chapter 88, “The SEQTEST Procedure.”

* You can use a design with a nonbinding acceptance boundary (Zhu, Ni, and Yao 2011, pp. 132-133).
For this design, the rejection boundary is created by ignoring the acceptance boundary. Thus, the
Type | error level is maintained even when a trial is allowed to continue for a test statistic that falls in
the acceptance region, and the rejection boundary values (with the standardiagidtic scale) are
identical to the boundary values that are derived in the corresponding design that stops early only to
rejectHy.
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Boundary Adjustments for Overlapping Lower and Upper Boundaries

For the xed boundary shape methods and Whitehead methods, the boundary values for all stages are
derived simultaneously for each boundary. For a two-sided design with STOP=ACCEPT or STOP=BOTH,
simultaneous derivation might result in overlapping of the lower and upg®undaries. That is, at an
interim stagek, the lower boundary value might be greater than its corresponding uppeundary value.

In this case, these two boundary values are set to missing and the design does not stop &t staggeept

the null hypothesis (Jennison and Turnbull 2000, p. 113).

For the error spending methods, the boundary values are derived sequentially for the stages. For a two-sided
design with STOP=ACCEPT or STOP=BOTH, a smalkpending at an interim stage might result in
overlapping of the lower and upperboundaries for the two corresponding one-sided tests. Speci cally, this
form of overlapping occurs at an interim stage the upper boundary value derived from the one-sided

test for the upper alternative is less than the lowéwoundary value derived from the one-sided test for the
lower alternative (Kittelson and Emerson 1999, pp. 881-882; Rudser and Emerson 2007, p. 6). You can use
the BETAOVERLAP= option to specify how this type of overlapping is to be handled.

If BETAOVERLAP=ADJUST (which is the default) is speci ed, the procedure derives the boundary values
for the two-sided design and then checks for overlapping of the two one-sibedndaries at interim stages.

If overlapping occurs at a particular stage, thboundary values for the two-sided design are set to missing
(so the trial does not stop to accept the null hypothesis at this stage), andpiemding values at subsequent
stages are adjusted proportionally as follows.

Ifthe boundary values are set to missing at stiagea K-stage trial, the adjusted spending value at stage
K, eg, is updated for these missingboundary values, and then thespending values at subsequent stages
are adjusted proportionally by

O 0
e DeC——.e /
] € & e K &
forj D kC 1;:::;K, wheresg andej0 are the cumulative spending values st stagbefore and after the

adjustment, respectively.

After all these adjusted spending values are computed, the boundary values are then further modi ed for
these adjusted spending values.

If you specify BETAOVERLAP=NOADJUST, no adjustment is made when overlapping of one-sided
boundaries occurs. The BETAOVERLAP= option is illustrated in Example 87.10.

Speci ed and Derived Parameters

In the SEQDESIGN procedure, the type of alternative hypothesis (ALT= option) and the condition for early
stopping (STOP= option) must be speci ed for each sequential design. The drift parameters are derived
for each design speci ed. Other parameters, such as Type | error probabilijgpe Il error probability

the alternative reference, and maximum information are either speci ed or derived in the SEQDESIGN
procedure.
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Table 87.8 summarizes the available combinations for the speci ed and derived parameters in the SEQDE-
SIGN procedure.

Table 87.8 Speci ed and Derived Parameters in the SEQDESIGN Procedure

Speci ed Parameters Derived Parameters

Alt Ref MaxInfo Alpha Beta Alt Ref MaxInfo Alpha Beta Drift
z X X X X

Z X X X X

z X X X X

z X X X X

X X X X X

X X X

The symbol “X” indicates that the parameter is either speci ed or derived in the design and the symbol “Z”
indicates that the alternative reference is either speci ed explicitly with the ALTREF= option or derived from
the SAMPLESIZE statement. The drift parameter is always derived in the SEQDESIGN procedure.

For example, if the ALTREF= option is speci ed without the MAXINFO= option being speci ed, then the
maximum information is derived in the SEQDESIGN procedure with the speci add , as illustrated in
Example 87.5.

The drift parameter is the standardized reference difference at the nal stage. For a design, the drift parameter
is

p__
dD gy Ix

if it has a lower alternative, and

p—
duD 1u IX

if it has an upper alternative, whekg is the maximum information andy; and ;, are the lower and upper
alternative references, respectively.

If the alternative reference and the maximum information are not both speci ed, then the speciret
are used to derive the drift parameter. Then if either the alternative reference or the maximum information is
speci ed, the other is derived from the drift parameter.

If both the alternative reference and the maximum information are speci ed, then eitheether or the
error is derived in the procedure. However, for a Haybittle-Peto method with the BOUNDARYKEY=NONE
option, both and errors are derived from the completely speci ed boundary values.

For a nonsymmetric two-sided design with different lower and upper speci cations (such as different lower
and upper errors, errors, or alternative references in absolute values), the derived lower and upper
boundaries are not symmetric. If the alternative referengeand 1, are not both speci ed, then the
SEQDESIGN procedure assumes symmetric alternative referencbs, 1y, D 1, for the computation

of the boundary values.
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Applicable Boundary Keys

In the SEQDESIGN procedure, the BOUNDARYKEY = option in the DESIGN statement speci es the types

of errors to be maintained for the design. Table 87.9 lists applicable boundary keys for designs that use
uni ed family and Haybittle-Peto methods, designs that use error spending methods, and designs that use the
Haybittle-Peto method only.

Table 87.9 Applicable Boundary Keys for Designs without Whitehead Methods

Speci ed Parameters Boundary Keys
Method (Alt Ref — Max Info) Alpha Beta None Both
Uni ed X X X
Uni ed/Haybittle-Peto X X X
Error spending X X X
Haybittle-Peto X X X X

Uni ed/Haybittle-Peto X
Error spending X
Haybittle-Peto X

Note that the symbol “X” under “(Alt Ref — Max Info)” indicates that both the alternative reference and
maximum information are speci ed, and the method “Uni ed/Haybittle-Peto” indicates that both the uni ed
method and the Haybittle-Peto method are used in the same design.

If the ALTREF= and MAXINFO= options are both speci ed, then Type | and Type Il error probability levels
cannot be met simultaneously if both error probabilities are speci ed. The BOUNDARYKEY=ALPHA
option maintains the Type | error probability leveland derives Type Il error probability. The BOUND-
ARYKEY=BETA option maintains the Type Il error probability leveland derives Type | error probability

If the Haybittle-Peto method is used for all boundaries, the BOUNDARYKEY=NONE option uses the
specied boundary value (STOP=REJECT or STOP=BOTH) and the speci eboundary value
(STOP=ACCEPT) at the nal stage for the design.

If the ALTREF= and MAXINFO= options are not both speci ed, the BOUNDARYKEY=BOTH option
derives boundary values that maintain both Type | and Type Il error probability levels.
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Table 87.10 lists applicable boundary keys for a design that uses Whitehead methods.

Table 87.10 Applicable Boundary Keys for Whitehead Methods

Speci ed Parameters Boundary Keys
Early Stopping (Alt Ref —Max Info) Tau Alpha Beta None Both
RejectHq X X X X
AcceptH X X X X
Reject/AcceptHg X 0.25 X X
RejectHq X X
AcceptHg X X
Reject/AccepHg 0.25 X X X

Note that the symbol “X” under “(Alt Ref — Max Info)” indicates that both alternative reference and maximum
information are speci ed.

If the ALTREF= and MAXINFO= options are both speci ed, then Type | and Type Il error probability levels
cannot be achieved simultaneously if both are speci ed. the BOUNDARYKEY=ALPHA option maintains
the Type | error probability level and derives Type Il error probability. The BOUNDARYKEY=BETA
option maintains the Type Il error probability leveland derives the Type | error probability

If the ALTREF= and MAXINFO= options are not both speci ed, then for a design with the STOP=REJECT
or STOP=ACCEPT option, the BOUNDARYKEY=BOTH option derives boundary values that maintain both
Type | and Type Il error probability levels. If the STOP=BOTH option is speci ed, Whitehead's triangular
method produces boundaries with approximate Type | and Type Il error probabilities. The BOUND-
ARYKEY=NONE option speci es no adjustment to these boundaries. The BOUNDARYKEY=ALPHA and
BOUNDARYKEY=BETA options maintain the Type | error probability leveland Type Il error probability

level | respectively, by adjusting boundary values at the nal stage.

Sample Size Computation

The SEQDESIGN procedure assumes that the data are from a multivariate normal distribution and the

ez N Proa
° COV.Zkl;ZKZ/Dp||(l:|k2 , 1 ki k» K

whereK is the total number of stages ahgdis the information available at stage

If the test statistic is computed from the data that are not from a normal distribution, such as a binomial
distribution, then it is assumed that the test statistic is computed from a large sample such that the statistic
has an approximately normal distribution.
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In a typical clinical trial, the sample size required depends on the Type | error probability leséérnative
reference 1, powerl , and variance of the response variable. Given a one-sided null hypothesis
Ho W D 0with an upper alternative hypothesis W D ;, the information required for a xed-sample
test is given by

St o/ ch tao e
2
1

lo D

The parameter and the subsequent alternative referencdepend on the test speci ed in the clinical trial.
For example, suppose you are comparing two binomial populagigri3 py; then D ps pp is the

difference between two proportions if the proportion difference statistic is used, Bnidg Ezi—ng ,
the log odds ratio for the two proportions if the log odds ratio statistic is used.

If the maximum likelihood estimat&from the likelihood function can be derived, then the asymptotic
variance forGis Var. P D 1=I, wherel is Fisher information for . The resulting statisti(pcorresponds to
the MLE sgtistic scale as speci ed in the BOUNDARYSCALE=MLE option in the PROC SEQDESIGN
statement© T corresponds to the standardiz2édcale (BOUNDARYSCALE=STDZ), an@® corresponds

to the score statistic scale (BOUNDARYSCALE=SCORE).

Alternatively, if the score statisti§is derived in a statistical procedurg, it can be used as the test statistic and

its asymptotic variance is given by Fisher informatibrin this caseS= | corresponds to the standardized
Z scale ands=I corresponds to the MLE statistic scale.

For a group sequential trial, the maximum informatignis derived in the SEQDESIGN procedure with the
specied , ,and ;. With the maximum information
1

Ix D
var. P

the sample size required for a speci ed test statistic in the trial can be evaluated or estimated from the known
or estimated variance of the response variable. Note that different designs might produce different maximum
information levels for the same hypothesis, and this in turn might require a different number of observations
for the trial.

If each observation in the data set provides one unit of information in a hypothesis testing, such as a one-
sample test for the mean, the required sample size for the sequential design can be derived from the maximum
information. However, for a survival analysis, an individual in the survival time data might provide only
partial information because of censoring. In this case, the required number of events can be derived from the
maximum information. With addition accrual information, the sample size can also be computed.

The SEQDESIGN procedure provides sample size computation for some one-sample and two-sample tests in
the SAMPLESIZE statement. It also provides sample size computation for tests of a parameter in regression
models such as normal regression, logistic regression, and proportional hazards regression. In addition, the
procedure can also compute the required sample size or number of events from the corresponding number in
the xed-sample design.
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Table 87.11 lists theptions available in the SAMPLESIZE statement.

Table 87.11 SAMPLESIZE Statement Options

Option Description

Fixed-Sample Models

INPUTNOBS Speci es sample size for xed-sample design
INPUTNEVENTS Speci es number of events for xed-sample design
One-Sample Models

ONESAMPLEMEAN Speci es one-samplé test for mean
ONESAMPLEFREQ Speci es one-sample test for binomial proportion
Two-Sample Models

TWOSAMPLEMEAN Speci es two-sampl& test for mean difference
TWOSAMPLEFREQ Speci es two-sample test for binomial proportions

TWOSAMPLESURVIVAL Speci es log-rank test for two survival distributions

Regression Models

REG Speci es test for a regression parameter
LOGISTIC Speci es test for a logistic regression parameter
PHREG Speci es test for a proportional hazards regression parameter

The MODEL=INPUTNOBS and MODEL=INPUTNEVENTS options are described next, and the remaining
options are described in the next three sections.

Input Sample Size for Fixed-Sample Design

The MODEL=INPUTNOBS option derives the sample size required for a group sequential trial from the
sample sizang for the corresponding xed-sample design. With the h=option specifying the sample size
no for a xed-sample design, the sample size required for a group sequential trial is then computed as

I

Nx D = ng

lo
wherel x is the maximum information for the group sequential designignid the information for the
corresponding xed-sample design. The information ratio betweendl g is derived in the SEQDESIGN
procedure.

The SAMPLE=ONE option speci es a one-sample test, and the SAMPLE=TWO option speci es a two-
sample test. For a two-sample test, the WEIGHT= option speci es the sample size allocation weights for the
two groups.
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Input Number of Events for Fixed-Sample Design

The MODEL=INPUTNEVENTS option derives the number of events required for a group sequential trial
from the number of eventdy for the corresponding xed-sample design. With the @5-option speci es

the number of eventdy for a xed-sample survival analysis, the number of events required for a group
sequential trial is then computed as

dx Dlldo
lo

wherel x is the maximum information for the group sequential designlanid the information for the
corresponding xed-sample design. The information ratio betweeandl ¢ is derived in the SEQDESIGN
procedure.

The SAMPLE=ONE option speci es a one-sample test, and the SAMPLE=TWO option speci es a two-
sample test. For a two-sample test, the WEIGHT= option speci es the sample size allocation weights for the
two groups.

The ACCRUAL= option speci es the method for individual accrual. The ACCRUAL=UNIFORM option
(which is the default) speci es that the individual accrual is uniform in the accrual Tyneith a constant
accrual rate 5, and the ACCRUAL=EXP(PARM=p) option speci es that the individual accrual is truncated
exponential with a scaled power parametgrwhere g 10and ¢ = 0. With a scaled parameteg, the
power parameter for the truncated exponential with the accrualfjpiegiven by D o=T;.

The LOSS= option speci es the individual loss to follow up in the sample size computation. The
LOSS=NONE option (which is the default) speci es no loss to follow up, and the EXP(POWEdption
speci es exponential loss function with a power parameter

With the computed number of evertdg for a group sequential survival design, the required total sample
size and sample size at each stage can be derived from speci cations of hazard rates, accrual information,
and losses to follow-up information. For each study group, the hazartl monstant (which corresponds

to an exponential survival distribution) in the sample size computation.

The next four subsections describe required sample sizes for uniform accrual (with and without losses to
follow up) and for truncated exponential accrual (with and without losses to follow up).

Uniform Accrual without Losses to Follow Up

For a study group with a constant hazard taté the individual accrual is uniform in the accrual tiriig
with a constant accrual ratg, Kim and Tsiatis (1990, pp. 83—84) show that the expected number of events
by timet is gigen by

<
Dp.t/ D |

rat el ift Ta

ra Ta - 1/ ift>T,

For a one-sample design (such as a proportional hazards regression), the expected number of everits by time
isg.t/ D Dy.t/, wherehis the hazard rate for the group. For a two-sample design (such as a log-rank test
for two survival distributions), the expected number of events by tilee

1
Dy t/ C ——Dy, .t/
RC1 M RC1 M

whereh, andhy, are hazard rates in groupsandB, respectively, andR is the ratio of the sample size
allocation weightsva =wj,.

E.t/ D
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If the accrual rate, is speci ed with one of the three time parameters—the accrual time, follow-up time, and
total study time—then PROC SEQDESIGN derives the other two time parameters by solving the equation
for the expected number of events. Similarly, if the accrual rgie not speci ed but two of the three time
parameters are speci ed, then PROC SEQDESIGN derives the accrual rate.

If the accrual rate, is speci ed without the accrual tim&;,, follow-up timeT; , and total study time
T D T, C T; , the minimum and maximum accrual times can be computed from the following equation, as
described in Kim and Tsiatis (1990, p. 85):
d
X T. E ldx/
fa
With the accrual rate, and the accrual tim&,, the total sample size is

NX D ra Ta
At each stagd, the number of events is given by
I
d, D X dy
I'x
The corresponding tim&, can be derived from the equation for the expected number of eentspD dy,
and the resulting sample size is computed as

Uniform Accrual with Losses to Follow Up

With the LOSS=EXP(HAZARD=) option, the individual loss to follow up has an exponential loss distribu-
tion function

Ht/ D1 e !

where 0 is the loss hazard rate. The loss hazard rate can also be speci ed implicitly with the
MEDTIME=t suboption through the median loss titne

For a study group with a constant hazard faté the individual accrual is uniform in the accrual time
Ta with a constant accrual ratg and the individual loss to follow up has an exponential loss distribution
functionH.t/ , Lachin and Foulkes (1986, p. 511) derive the expected number of events by(titere
t>Ty)as

h 1
Dnt:Ta/ DrgT 1 g hCt ghC/Ma q
h-ttal = e ta e hC T,

Fort T,,the SEQDESIGN procedure estimates the expected number of events yatme

h 1
Dn.t:Ta/ D -1 —— 1 hC it
nGTal Drat ooz ncn © !
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For a one-sample design (such as a proportional hazards regression), the expected number of events by time
tisE.t;Ta/ D Dy.t; T4/, whereh is the hazard rate for the group. For a two-sample design (such as a
log-rank test for two survival distributions), the expected number of events byt isne

EtT./D —~ D, t:Ta/C —— Dy t:Tal
Y RCy e @Y R M

whereh, andh, are hazard rates in groupsand B, respectively, andr is the ratio of the sample size
allocation weightsva=wj,.

If the accrual rate, is speci ed with one of the three time parameters—the accrual time, follow-up time, and
total study time—then PROC SEQDESIGN derives the other two time parameters by solving the equation
for the expected number of events. Similarly, if the accrualrais not speci ed, but two of the three time
parameters are speci ed, then PROC SEQDESIGN derives the accrual rate.

If the accrual rate, is speci ed without the accrual tim&;,, follow-up time T , and total study time
T D T, C T; , the SEQDESIGN procedure computes the minimum accrual Tyrigy solving the equation

E.1 ;Ta/ D dyx
A closed-form solution is then given by
dx R ha 1 hp, 1

. RC1hyC RC1h,C

Similarly, the SEQDESIGN procedure derives the maximum accrual Tyrw®y solving the equation
E.Ta;Ta/ D dx

The maximum accrual timé&;, is then obtained by an iterative process.

With the accrual rate; and the accrual tim&,, the total sample size is
Nx D ra Ta

At each stagd, the number of events is given by
I
d, D X dy
I'x

The corresponding tim&, can be derived from the equation for the expected number of edentspD dy,

and the resulting sample size is computed as

Truncated Exponential Accrual without Losses to Follow Up

For a study group with a constant hazard ratéf the individual accrual is truncated exponential with
parameter over the accrual period from 0 i, with distribution
1 et

Ft/ D ]_e—Ta for 0 t Ta
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Lachin and Foulkes (1986, p. 510) derive the expected number of events by(theret > T ;) as
|
e Mt g ht Talg Ta’

DLt:N/ DN 1C
h h 1 e Ta

whereN is the total sample size.
Fort T,, the SEQDESIGN procedure estimates the expected number of events liyame
|

eht et

DL.t;N/ DNF.t/ 1C
h h 1 et

For the truncated exponential accrual function with a parametsser the accrual period from 0 f,, you
specify the scaled parameteyD T 5 in the ACCRUAL=EXP(PARM=() option, where o 10and
o@ 0.

For a one-sample design (such as a proportional hazards regression), the expected number of everits by time
iSE.t;N/ D Dy.t;N/, wherehis the hazard rate for the group. For a two-sample design (such as a log-rank
test for two survival distributions), the expected number of events byttime

R
Et:N/ D ——D, .t:N/ C
’ RC1 M RC1

whereh, andhy, are hazard rates in groupsandB, respectively, andR is the ratio of the sample size
allocation weightsva =wj,.

Dhb-t;N/

If the total sample siz&l is speci ed, then at least one of the three time parameters—the accrual time,
follow-up time, and total study time—must be speci ed, and then PROC SEQDESIGN derives the other two
time parameters by solving the equation for the expected number of events. Similarly, if the total sample size
N is not speci ed, then at least two of the three time parameters must be speci ed, and PROC SEQDESIGN
derives the sample size.

If the accrual sample siz¢ is not speci ed, the SEQDESIGN procedure computes the minimum accrual
sample size by solving the equation

E.1;N/D dx

Thatis,N D dx.

Similarly, if the total sample sizN is not speci ed but the accrual timg, is speci ed, the SEQDESIGN
procedure derives the maximum accrual sample Nibg solving the equation

E.Ta;N/ D dy

At each stagd, the number of events is given by

|
d. D X dy
I'x

The corresponding tim&, can be derived from the equation for the expected number of eentspD d,,
and the resulting sample size is computed as

NF.Te ifTe Ta

Nic D N if Tq >Ta
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Truncated Exponential Accrual with Losses to Follow Up

With the LOSS=EXP(HAZARD=) option, the individual loss to follow up has an exponential loss distribu-
tion function

Ht/ D1 e !

where 0 is the loss hazard rate. The loss hazard rate can also be speci ed implicitly with the
MEDTIME=t suboption through the median loss titne

For a study group with a constant hazard rfatéf the individual accrual is truncated exponential with
parameter over the accrual period from 0 g, with distribution

1 et
F.t/ Dle—Ta for O t Ta

and the individual loss to follow up has an exponential loss distribution funétioh, Lachin and Foulkes

(1986, p. 513) derive the expected number of events by tifwheret > T ) as

|
h e hC It e hC /It Ta/e Ta
Dy.t;N/ DN — 1C
h hC hC 1 e Ta

Fort T,, the SEQDESIGN procedure estimates the expected number of events liyasme

|
e.hC/t et

hC 1 et

h
D t:N/ DNFt/ —— 1C
h-% hC

For the truncated exponential accrual function with a parametsser the accrual period from 0 fy,, you
specify the scaled parameteyD T 5 in the ACCRUAL=EXP(PARM=() option, where o 10and
oa 0.

For a one-sample design (such as a proportional hazards regression), the expected number of everts by time
isE.t;N/ D Dy.t; N/, whereh is the hazard rate for the group. For a two-sample design (such as a log-rank
test for two survival distributions), the expected number of events byttime

R
Et;N/ D ——Dy}..t;N/ C
RC1 M

Dy, .t;N/
RC1 M

whereh, andh, are hazard rates in groupsand B, respectively, andr is the ratio of the sample size
allocation weightsva=wj,.

If the total sample siz&\ is speci ed, then at least one of the three time parameters—the accrual time,
follow-up time, and total study time—must be speci ed, and then PROC SEQDESIGN derives the other two
time parameters by solving the equation for the expected number of events. Similarly, if the total sample size
N is not speci ed, then at least two of the three time parameters must be speci ed, and PROC SEQDESIGN
derives the sample size.

If the accrual sample size is not speci ed, the SEQDESIGN procedure computes the minimum samyle size
by solving the equation

E.1;N/D dx
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A closed-form solution is then given by

R ha 1 hy, !

d
* RC1h,C RC1h,C

Similarly, if the accrual sample si2¢ is not speci ed but the accrual timE, is speci ed, the SEQDESIGN
procedure derives the maximum accrual sample Nibg solving the equation

E.Ta;N/ D dx

At each stagd, the number of events is given by

|
d. D X dy
I x

The corresponding tim&, can be derived from the equation for the expected number of eentsD d,,
and the resulting sample size is computed as

NF.Ty/ if Tq Ta
Nic D N if T, >Ta

The following three sections describe examples of test statistics with their resulting information levels, which
can then be used to derive the required sample size. The maximum likelihood estimators are used for all tests
except to compare two survival distributions with a log-rank test, where a score statistic is used.

Applicable One-Sample Tests and Sample Size Computation

The SEQDESIGN procedure provides sample size computation for two one-sample tests: normal mean and
binomial proportion. The required sample size depends on the variance of the response variable—that is, the
sample proportion for a binomial proportion test.

In a typical clinical trial, a hypothesis is designed to reject, not accept, the null hypothesis to show the
evidence for the alternative hypothesis. Thus, in most cases, the proportion under the alternative hypothesis
is used to derive the required sample size. For a test of the binomial proportion, the REF=NULLPROP and
REF=PROP options use proportions under the null and alternative hypotheses, respectively.

Test for a Normal Mean

The MODEL=ONESAMPLEMEAN option in the SAMPLESIZE statement derives the sample size required
to test a normal mean by using the sample mean statistic for the null hypothBsisg. At stagek, the
sample mean is computed as

wherey; is the value of thgth observation available in theh stage andNy is the cumulative sample size
at stage.
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An equivalent hypothesisidg W D O, where D 0-
The MLE statistic for ,
@DV o N I’

where the information
1 N

D — D —
Var. 9 Var.y,/
is the inverse of the variance.

I, D

That is, the standardized statistic

20 QTDy o Tk N i1

Thus, to test the hypothedisp W D 0 against a two-sided alternatite; W D 1, Hg is rejected at stage
k if the statisticZ is less than or equal to the lowerboundary value or iZ  is greater than or equal to the
upper boundary value at stade

If the variance 2 is unknown, the sample variance can be used if it is assumed that the sample variance is
computed from a large sample such that the test statistic has an approximately normal distribution.

The maximum information is needed to derive the required sample size. If the maximum information is not
speci ed or derived with the ALTREF= option in the procedure, the MEANwoption in the SAMPLESIZE
statement is used to specify the alternative reference and thus to derive the maximum information.

In the SEQDESIGN procedure, the computed total sample size
Nk D 21y

wherel x is the maximum information and is the speci ed standard deviation. With an available maximum
information, you can specify the MODEL=ONESAMPLEMEAN( STDDEV3option in the SAMPLESIZE
statement to compute the required total sample size and individual sample size at each stage. A procedure
such as PROC MEANS can be used to derive a one-safmgst for a normal mean.

Test for a Binomial Proportion

The MODEL=ONESAMPLEFREQ option in the SAMPLESIZE statement derives the sample size required
to test a binomial proportion by using the null hypothegsi® po, wherep is the proportion of a binomial
population. At stagé, the MLE forp is computed as

1 R

Rl
K .
jD1

wherey,; is the value of thgth observation available in theh stage andN, is the cumulative sample size
at stagek.

An equivalent hypothesisidg W D 0, where D p po. If pg is not close to 0 or 1, then for a large
sample,R D & po has an approximately normal distribution

Q N ;1!

where the informatiom, D .p.1  p/=N,/ !is the inverse of the varianar. .
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Then the standardized statistic
p— p—
Z«DQ 1, N o 1

In practice, the estimated sample proportidat stagek can be used to derive the informatippand test
statisticZ . Thus, to test the hypothedity against an upper alternatite; W D 1 >0, Hg is rejected at
stagek if the statisticZ  is greater than or equal to the uppeboundary at stagke

The maximum informatiohy is needed to derive the required sample size. If the maximum information is
not speci ed or derived with the ALTREF= option in the procedure, the PROP= option in the SAMPLESIZE
statement is used to specify the alternative reference and to derive the maximum information for the sample
size calculation.

It is assumed that the sample size is suf ciently large such that the test statistic has an approximately normal
distribution. With the hypothesé$y VW D po andH; W D p1, the SEQDESIGN procedure derives the
total sample size

wherep D po if REF=NULLPRORP is speci ed. Otherwis@, D p;.

If the PROP= option in the SAMPLESIZE statement is not speci ed, then the alternative referedegved
in the SEQDESIGN procedure is used to compuited pg C 1.

The ALTREF= option in the PROC statement can be used to specif@therwise, the PROP= option in the
SAMPLESIZE statement must be speci ed.

For example, wittHg W D 0:5, H; W D 0.6, and REF=PROP (which is the default),

Nk Dp .1 p/lx D.0:6 0:4/Ix D 0:241x
You can specify the MODEL=ONESAMPLEFREQ option in the SAMPLESIZE statement to compute the
required total sample size and individual sample size at each stage. A procedure such as PROC GENMOD

with the default DIST=NORMAL option in the MODEL statement can be used to derivé thet for a
binomial proportion.

Applicable Two-Sample Tests and Sample Size Computation

The SEQDESIGN procedure provides sample size computation for two-sample tests: the test for the difference
between two normal means, tests for binomial proportions, and the log-rank test for two survival distributions.
These tests for binomial proportions include the test for the difference between two binomial proportions, the
log odds ratio test for binomial proportions, and the log relative risk test for binomial proportions,

For a test of difference between two sample means, the required sample size depends on the assumed sample
variances. Similarly, for a test of two-sample proportions, the required sample size depends on the assumed
sample proportions. For a log-rank test of two survival distributions, the required sample size depends on the
assumed sample hazard rates, accrual rate, and accrual time.

If the REF=NULLPROP or REF=NULLHAZARD option is speci ed, the proportions or hazard rates
under the null hypothesis are used to derive the required sample size or number of events. Otherwise, the
REF=PROP option (which is the defaultin the MODEL=TWOSAMPLEFREQ option) or the REF=HAZARD
option (which is the default in the MODEL=TWOSAMPLESURVIVAL option) uses proportions or hazard
rates under the alternative hypothesis to derive the required sample size or number of events.
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Test for the Difference between Two Normal Means

The MODEL=TWOSAMPLEMEAN option in the SAMPLESIZE statement derives the sample size required
to test the difference between the means of two normal populatigsmd by using the null hypothesis
HoW D O,where D 4, b-

At stagek, the MLE for is computed as

1 Nak 1 Mok
Yaki Yok
Nak M Nok b1 kj

@D Va Yok D
iD1

wherey,y andyyyg are the values of thgh observation available in thieh stage group# andB,
respectively, aniN,, andNy are the cumulative sample sizes at stlder these two groups.

The statistic? has a normal distribution

Q@ N ;1!

where the informatioh, is the inverse of the varianaar. Q/ D a2=Nak C tszbk.

Then the standardized statistic

szQMI N pﬁn

Thus, to test the hypothedisp W D 0 against an upper alternative; W D 1; 1 >0, Hg is rejected at
stagek if the statisticZ,  ay, the upper boundary for the standardiz&dstatistic at stagk.

If the variances 2 and ? are unknown, the sample variances can be used to derive the inforrhaifon
it is assumed that each sample variance is computed from a large sample such that the test statistic has an
approximately normal distribution.

The maximum information is needed to derive the required sample size. If the maximum information is not
speci ed or derived in the procedure, the alternative referencspeci ed in the MEANDIFF option is used
to derive the maximum information.

Note that in order to derive the sample sidgg andNp, uniquely from the informationN,c D R Ny

WEIGHT=w,4 wy, option in the SAMPLESIZE statement.
In PROC SEQDESIGN, the computed total sample sizes for the two groups are

2
Nak D. 2CR gllxDR.EaC 21 x

2
P D.EaC 21N x

wherel x is the maximum information derived in the SEQDESIGN procedRliis,the constant allocation
ratio, and 5 and |, are the speci ed standard deviations.

ForR D 1, the two sample sizes are equal, then

N
Nk DNbKD7KD. 2¢c iy
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If the variances from the two groups are equgl,D g D 2, then the total sample sizes for the two groups
are

Nk D.1CR/ 21y
Ny D.1C 1/ 2]
bK - R X

and the total sample size is

RC1/2 2,

Nx D Nak C Ny D X

Furthermore, foR D 1, the two sample sizes are equal, then

N
NaKDNbKD%Dz 2]y

With an available maximum information, you can specify the MODEL=TWOSAMPLEMEAN( WEIGHT=

R STDDEV= , ) optioninthe SAMPLESIZE statement to compute the required total sample size and
individual sample size at each stage. A procedure such as PROC GLM can be used to derive the two-sample
Z test for the mean difference.

Test for the Difference between Two Binomial Proportions

The MODEL=TWOSAMPLEFREQ(TEST=PROP) option in the SAMPLESIZE statement derives the sample
size required to test the difference between two binomial populationsHgttV D O, where D pa pyp.
At stagek, the MLE for is

1 Nak 1 Mok

Yaj g Yok
Nak " Nbk 5y "

Q@D @k @uk D

jD1
wherey,; andyp, are the values of thgh observation available in theh stage for groups andB,
respectively, antl,, andNy are the cumulative sample sizes at stkd@r these two groups.

For suf ciently large sample sizds,, andNy,, the statisticQ has an approximate normal distribution
@ N It

where the information is the inverse of the variance

Var. ([2/ D Pa.l1 pal/ C Pp.1 po/
Nak Npi

Thus, the standardized statistic

P

p__ _
Z«DQ 1, N Lo 1

In practicep, D & andp, D &, the estimated sample proportions for grodpEndB, respectively, at
stagek, can be used to derive the informatibnand the test statisti¢ . Thus, to test the hypothedik
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against an upper alternativé; W > 0, Hg is rejected at stagkif the statisticZ,  ay, the upper
boundary for the standardiz&dstatistic at stagk.

The maximum informatioty is needed to derive the required sample size. If the maximum information is

not speci ed or derived with the ALTREF= option in the procedure, the PROP= option in the SAMPLESIZE
statement is used to provide proportions under the alternative hypothesis for the alternative reference and
then to derive the maximum information.

The proportions in the two groups are needed to derive the sample size. Also, in order to derive the

whereR D wy=w, is the constant allocation ratio computed from the WEIGKWJ=w,, option in the
SAMPLESIZE statement. Then

Pa.l pa/ C Pp-1  pp/ ! D Nax

Iy D
X Nak Npk Pa.l pa/ CRpp.1  pp/

In PROC SEQDESIGN, the total sample sizes in the two groups are computed as
Nak D pg.1 p,/CRp,.1 p,/ Ix

1
NbK D § NaK

whereR D w,=w, is the constant allocation ratio, apg andp, are proportions speci ed with the REF=
option:

REF=NULLPROP uses proportions und¢g: p, D poa, Py, D pop

REF=AVGNULLPROP uses the average proportion urtdgrp, D p, D .Rpoa C pop/=-R C 1/

REF=PROP uses proportions unétey: p, D pia, P, D pip

REF=AVGPROP uses the average proportion uhtiebpp, D p, D .Rp1a C p1p/=R C 1/

The total sample size is given by

1
Nx D Naxk CNyx D.RC 1/ ﬁpa.l P/ Cp,.1 p,/ Ix

ForR D 1, the two sample sizes are equal,

N
NaKDNbKDTXD Pa-l Pa/Cp,.1 py/ Ix

You can specify the MODEL=TWOSAMPLEFREQ( TEST=PROP WEIGHRT}=option in the SAMPLE-

SIZE statement to compute the required total sample size and individual sample size at each stage. A
procedure such as PROC GENMOD with the default DIST=NORMAL option in the MODEL statement can

be used to derive the two-sameest for proportion difference.
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Test for Two Binomial Proportions with a Log Odds Ratio Statistic

The MODEL=TWOSAMPLEFREQ(TEST=LOGOR) option in the SAMPLESIZE statement derives the
sample size required to test two binomial proportions by using a log odds ratio statistic. The odds ratio is the
ratio of the odds in one group to the odds in the other group, and the log odds ratio is the logarithm of the
odds ratio

Pa=.1 pa/ Do Pa-l  pp/

D lo
J Pp=-1 pp/ J Pp.l Ppa/

The hypothesis of no difference between two proportipasD py,, can be tested through the null hypothesis
Ho W D 0, where is the log odds ratio. For example, withy Wp, D p, D 0:6andH; Wp, D

0:8; pp D 0:6, it corresponds to the equivalent hypothedisW D OandH; W D log 33+ 9% p
log.8=3/ D 0:98083

The maximum likelihood estimate ofis given by

MR.1 @y

OD Io
Y m1 @u

with an asymptotic variance

1 c 1
Napa.l pa/  Nppp.l pp/
wherel is the information (Diggle et al. 2002, pp. 341-342). That is, the standardized statistic
Y

var. D1 1D

p__ _
Z«DQ 1, N e 1

In practicep, D @ andp, D @, the estimated sample proportions for groAm;ndB, respectively, at
stagek, can be used to derive the informatibnand the test statistié, D @' Ty if the two sample sizes
Na andNy, are suf ciently large such that the test statistic has an approximately normal distribution.

The maximum informatiohy is needed to derive the required sample size. If the maximum information is

not speci ed or derived with the ALTREF= option in the procedure, the PROP= option in the SAMPLESIZE
statement is used to provide proportions under the alternative hypothesis for the alternative reference and
then to derive the maximum information.

In order to derive the sample sizlg, andNy, uniquely from the informationfN,, D R Ny is assumed
Wy, option in the SAMPLESIZE statement. Then with

1 1
c 1
Rpa.l pa/  pp.l po/

I'x D Ny

the sample size can be computed.
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In PROC SEQDESIGN, the total sample sizes in the two groups are computed as
!
1 1

Npk D | C
bK X Rpa-l pa/ Pyl py/

Nak D R Npk

whereR D w,=w, is the constant allocation ratio, apg andp, are proportions speci ed with the REF=
option:

REF=NULLPROP uses proportions und¢g: p, D poa, P, D pop

REF=AVGNULLPROP uses the average proportion urtdgrp, D p, D .Rpoa C pon/=-R C 1/

REF=PROP uses proportions unttei: p, D pia, p, D P

REF=AVGPROP uses the average proportion uhtiebpp, D p, D .Rp1a C p1p/=R C 1/

You can specify the MODEL=TWOSAMPLEFREQ( TEST=LOGOR WEIGHJ=option in the SAM-
PLESIZE statement to compute the required total sample size and individual sample size at each stage. A
procedure such as PROC LOGISTIC can be used to derive the log odds ratio statistic.

Test for Two Binomial Proportions with a Log Relative Risk Statistic

The MODEL=TWOSAMPLEFREQ(TEST=LOGRR) option in the SAMPLESIZE statement derives the
sample size required to test two binomial proportions by using a log relative risk statistic. The relative risk is
the ratio of the proportion in one group to the proportion in the other group. The log relative risk statistic is
the logarithm of the relative risk

D log Pa

Pob

The hypothesis of no difference between two proportipasD py,, can be tested through the null hypothesis
Ho W D 0. For example, wittHy W, D pp D 0:6andH; W, D 0:8; p, D 0:6, it corresponds to the

equivalent hypothesidg W D 0OandH1 W D log % D log.4=3/ D 0:28768

The maximum likelihood estimate ofis given by

OD log %

with an asymptotic variance

1 1
I 1 D pa C pb
Napa  NpPpp
wherel is the information (Chow and Liu 1998, p. 329).

In practicep, D | andp, D |, the estimated sample proportions I)or grovpsndB, respectively, at
stagek, are used to derive the informatibp and the test statisti¢, D 9 T.
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The maximum informatiohy and proportiong, andpy are needed to derive the required sample size. If
the maximum information is not speci ed or derived with the ALTREF= option in the procedure, the PROP=
option in the SAMPLESIZE statement is used to provide proportions under the alternative hypothesis for the
alternative reference and then to derive the maximum information.

Note that in order to derive the sample sidgg andNy uniquely from the informationN,, D R Ny,

is assumed fok D 1;2;:::;K, whereR D wy=w, is the constant allocation ratio computed from the
WEIGHT=w, wy, option in the SAMPLESIZE statement. Then the sample size can be computed from
1 1 !
Ix D Ny Pa C Pb
RPpa Pb
In PROC SEQDESIGN, the compyted sample sizes in the two groups are
1 1 p,
Ny D Ix Pa o2 Po
R pa pb
Nak D RNpk

whereR D wa=w, is the constant allocation ratio, apg andp,, are proportions speci ed with the REF=
option:

* REF=NULLPROP uses proportions und¢s: p, D poa, P, D Pop

* REF=AVGNULLPROP uses the average proportion urtdigrp, D p, D .Rpa C pop/=R C 1/
« REF=PROP uses proportions unttéf: p, D pia, p, D P

« REF=AVGPROP uses the average proportion uttieip, D p, D .Rp1a C p1p/=R C 1/

You can specify the MODEL=TWOSAMPLEFREQ( TEST=LOGRR WEIGH)=option in the SAM-
PLESIZE statement to compute the required total sample size and individual sample size at each stage. A
procedure such as PROC LOGISTIC can be used to derive the log relative risk statistic.

Test for Two Survival Distributions with a Log-Rank Test

The MODEL=TWOSAMPLESURY option in the SAMPLESIZE statement derives the number of events
required for a log-rank test of two survival distributions. The analysis of survival data involves the survival
times for both censored and uncensored data. A noncensored survival time is the time from treatment to an
event such as remission or relapse for an individual. A censored survival time is the time from treatment to
the time of analysis for an individual surviving at that time, and the status is unknown beyond that time.

Let T be the random variable of the survival time. Then the survival function
St/ D Pr.T >t/

is the probability that an individual from the population has a survival time that exteadsd the hazard

function is given by
f.t/

ht/ D —
S.t/

wheref.t/ is the density function of.
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The hazard functions can be used to test the equality of two survival distrib@iarisD S, .t/ with the
null hypothesidHy Wh,.t/ D hy.t/;t > 0 , whereS,.t/ andS,.t/ are survival functions for groups andB,
respectively, anth,.t/ andhy.t/ are the corresponding hazard functions.

If the two hazards are proportional.t/ D h .t/, where is aconstant, then an equivalent null hypothesis
is

ha.t/

HoW D
0 hp.t/

D1

Alternatively, another equivalent null hypothesis is given by

HoWD log./ DO

Suppose that the hazard r&ites a constant. Then with a speci ed median survival timg the hazard rate
can be derived from the equation

1

hT

e "D~
2

event times. Then the score statistic is the log-rank statistic (Jennison and Turnbull 2000, pp. 259-261;
Whitehead 1997, pp. 36—39)

MW
Sk D dakj €akj /
jD1
wheredy; is the number of events from growpande,; is the number of expected events frémThe
number of expected events frolris computed as

rakj
M

€akj D dkj

whered,; is the number of events from both groupsg, is the number of individuals from the treatment
group who survived up to timgg , andry; is the number of individuals from both groups who survived up
totime .

If the number of eventd,; is small relative ta; , the number of individuals survived up to timg , then
with a suf ciently large sample siz&, has an approximately normal distribution

Sk N. | g; Ik/

where the variance @&, is the estimated information

Iy D o Tag Toig G4 dy
2
jD1 rkj

In order to derive the number of events from the informatign N, D R Ny is assumed fok D

in the SAMPLESIZE statement.
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The maximum informatiohy is needed to derive the required sample size. If the maximum information
is speci ed or derived with the ALTREF= option in the procedure, the HAZARD=, MEDSURVTIME-=,
and HAZARDRATIO= options are not applicable. Otherwise, the HAZARD=, MEDSURVTIME=, or
HAZARDRATIO= option is used to compute the alternative reference and then to derive the maximum
information for the sample size calculation.

With Nak D R Npk , if the number of events is few relative to the number of individuals who survived, then
laKi R MoKj > and

¥ R R
[ RC1P K = RC1/2

I x Dx
iD
whereD x is the total number of events.

Thus, the required total number of events

RC1/2
DXDTIX

For a study group, if the hazard rate is constant, corresponding to an exponential survival distribution, and
the individual accrual is uniform in the accrual tifig with a constant accrual ratg, then the required

total sample size and sample size at each stage can be derived. See the section “Input Number of Events
for Fixed-Sample Design” on page 7443 for a detailed description of the sample size computation that uses
hazard rates, accrual rate, and accrual time.

You can specify the MODEL=TWOSAMPLESURVIVAL option in the SAMPLESIZE statement to compute

the required total number of events and individual number of events at each stage. With the speci cations
of hazard rates, accrual rate, and accrual time, the required total sample size and individual sample size at
each stage can also be derived. If the REF=NULLHAZARD option is speci ed, the hazard rates under the
null hypothesishgs andhgy,, are used in the sample size computation. Otherwise, the hazard rates under the
alternative hypothesi$y; 4 andhy,, are used. A procedure such as PROC LIFETEST can be used to derive
the log-rank statistic.

Applicable Regression Parameter Tests and Sample Size Computation

The SEQDESIGN procedure provides sample size computation for tests of a regression parameter in three
regression models: normal regression, logistic regression, and proportional hazards regression.

To test a parameter; in a regression model, the variance of the parameter estifddteneeded for the
sample size computation. In a simple regression model with one covatiatke variance ofQ is inversely
related to the variance oft, 2. Thatis,

1

2
X

Var. Q/ /

for the normal regression and logistic regression models, wkése¢he sample size, and

1

2
X

var. Q/ /

for the proportional hazards regression model, wieig the number of events.
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For a regression model with more than one covariate, the varianEkfof the normal regression and logistic
regression models is inversely related to the variancéladfter adjusting for other covariates. That is,

1

Var. -
ar. 1 G

where Q is the estimate of the parameter in the model and? is the R square from the regressionxdf
on other covariates—that is, the proportion of the variarcexplained by these covariates.

Similarly, for a proportional hazards regression model,
1
D.1 r2/ ?

X

Var. Q/ /

Thus, with the derived maximum information, the required sample size or number of events can also be
computed for the testing of a parameter in a regression model with covariates.

Test for a Parameter in the Regression Model

The MODEL=REG option in the SAMPLESIZE statement derives the sample size required festof a
normal regression. For a normal linear regression model, the response variable is normally distributed with
the mean equal to a linear function of the explanatory variables and the constant vafance

The normal linear model is

y N X ; Zly

whereY y 1/ is the vector of thé\ observed responses,y |, is the design matrix for thede observations,
p 1 isthe parameter vector, ahg, isthe.N N/ identity matrix.

The least squares estimate is
Op X% *'x%
and is normally distributed with meanand variance

Var. @D 2.X%/ 1

For a model with only one covariaxl,

Q N q;var. Q

where the variance

, 1
yN)%

var. Q/ D | 11D
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Thus, with the derived maximum informatidg D | |, the required sample size is given by

N D Ix

><N|‘<N

For a normal linear model with more than one covariate, the variance of a single paramister

2 1
YN 2.1 r2/

X X

var. Q/D 2.x%/,3, D

where.X%(/ﬁ, is the diagonal element of th& X/ * matrix corresponding to the parameter, 2 is the
variance of the variabl1, andr? is the proportion of variance of1 explained by other covariates. The

value 2.1 r2/ represents the variance xi after adjusting for all other covariates.

Thus, with the derived maximum informatiog , the required sample size is

NDle—y

In the SEQDESIGN procedure, you can specify the MODEL=REG( VARIANquVARIANCEz 2

XRSQUARE=2) option in the SAMPLESIZE statement to compute the required total sample size and
individual sample size at each stage. A SAS procedure such as PROC REG can be used to compute the
parameter estimate and its standard error at each stage.

Test for a Parameter in the Logistic Regression Model
The MODEL=LOGISTIC option in the SAMPLESIZE statement derives the sample size required for a
test of a logistic regression parameter. The linear logistic model has the form

logit.p/ D log ﬁ D x

wherep is the response probability to be modeled and a vector of parameters.

Following the derivation in the section “Test for a Parameter in the Regression Model” on page 7459, the
required sample size for testing a parameter is given by

NDle—y

With the variance of the logit respons% D 1=p.1 p/,

1 1

N D |
“pl pl 1 12 2

where ? is the variance ok andr? is the proportion of variance explained by other covariates.
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In the SEQDESIGN procedure, you can specify the MODEL=LOGISTIC( PROPY¥ARIANCE= ?
XRSQUARE=?) option in the SAMPLESIZE statement to compute the required total sample size and
individual sample size at each stage.

A SAS procedure such as PROC LOGISTIC can be used to compute the parameter estimate and its standard
error at each stage.

Test for a Parameter in the Proportional Hazards Regression Model

The MODEL=PHREG option in the SAMPLESIZE statement derives the number of events required for a
Z test of a proportional hazards regression parameter. For analyses of survival data, Cox's semiparametric
model is often used to examine the effect of explanatory variables on hazard rates. The survival time of each
observation in the population is assumed to follow its own hazard fundtjar, expressed as

hi.t/ D h.t1X;/ D ho.t/ exp.X? /

wherehg.t/ is an arbitrary and unspeci ed baseline hazard functigris the vector of explanatory variables
for theith individual, and is the vector of regression parameters associated with the explanatory variables.

Hsieh and Lavori (2000, p. 553) show that the required number of events for testing a parameter,in
associated with the variab¥l is given by

1

1 2l 2

Dx D Ix

where ? is the variance oK1 andr is the proportion of variance of1 explained by other covariates.

In the SEQDESIGN procedure, you can specify the MODEL=PHREG( XVARIANCEXRSQUARE= ?)
option in the SAMPLESIZE statement to compute the required number of events and individual number of
events at each stage.

A SAS procedure such as PROC PHREG can be used to compute the parameter estimate and its standard
error at each stage.

Note that for a two-sample test}] is an indicator variable and is the only covariate in the model. Thus, if the
two sample sizes are equal, then the varianc® 1=4and the required number of events for testing the
parameter 1 is given by

1
Dx D Ix — D 4lx

X

See the section “Input Number of Events for Fixed-Sample Design” on page 7443 for a detailed description
of the sample size computation that uses hazard rates, accrual rate, and accrual time.

Aspects of Group Sequential Designs

This section summarizes various aspects of group sequential designs that are encountered in applications of
the SEQDESIGN procedure. Features are illustrated through two-sided designsvithO5and D 0:10.

The null hypothesi$io W D 0and an alternative reference D  0:25are used for the designs with early
stopping only to reject the null hypothesis.
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Canonical Joint Distribution

The SEQDESIGN procedure assumes that with a total number of #ages sequence of the standardized

* Cov.Z kl;Zkzl D P A k1:|k2/v 1 ki ky K

Normality Assumption

The SEQDESIGN procedure derives the boundary values by assuming that the sequence of the standardized

for the parameter. If the test statistiZ , does not have a normal distribution, it is assumed that the
test statistic is computed from a large sample, so that the resulting statistic has an approximately normal
distribution.

Number of Stages

For group sequential trials with xed signi cance leve| powerl , and alternative reference, if the
number of stages is increased, the required maximum information is also increased, but the average sample
number under the alternative hypothesis is likely to decrease.

For example, for two-sided designs with early stopping only to reject the null hypotdgsi& D O,

D 0:05 and D 0:10at the alternative reference D  0:25 the O'Brien-Fleming method increases the
maximum information from 168.12 for a xed-sample design to 169.32 for a two-stage design, 172.57 for
a ve-stage design, and then 174.42 for a ten-stage design. In the mean time, the average sample number
(as a percentage of xed-sample) under the alternative hypothesis decreases from 100 for a xed-sample
design to 85.11 for a two-stage design, 75.03 for a ve-stage design, and then 71.80 for a ten-stage design.
The reduction in average sample number decreases as the number of stages increases. Thus there seems to be
little to gain from choosing a design with more than ve stages (Pocock 1982, p. 155).

Alternative Reference

The alternative reference is the hypothetical reference under the alternative hypothesis at which the power
is computed. It is a treatment value that the investigators would hope to detect with high probability (Jennison
and Turnbull 2000, p. 21).

For a group sequential design with speci ed parameters sucteasl errors, the drift parameteﬁIO Ix

is always derived in the SEQDESIGN procedure. Thus, with a smaller alternative refeferckarger
maximum information level x is needed. That is, in order to detect a smaller difference with the same high
power, a larger sample size is required.
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Maximum Information

In a clinical trial, the amount of information about an unknown parameter available from the data can be
measured by the Fisher information, the variance of the score statistic. The maximum information is the
information level needed at the nal stage of the group sequential trial if the trial does not stop at an interim

stage. For a group sequential design, the maximum information can be derived with the speci ed alternative
reference.

The maximum information is proportional to the sample size or number of events required for the design.
Thus, it can also be used to compare different designs. Generally, a design with a larger probability to stop
the trial early tends to have a larger maximum information. For example, for two-sided four-stage designs
with early stopping only to rejed¢tg, D 0:05 and D 0:10at the alternative reference D  0:25 the

Pocock method has a maximum information of 198.91 and the O'Brien-Fleming method has a maximum
information of 171.84, indicating a much larger information level required for the Pocock method.

Drift Parameter

The drift parameterlp I'x is derived for each design in the SEQDESIGN procedure, wheie the
alternative reference. It is proportional to the square root of maximum information required for the design and
can be used to compare maximum information for different designs with the same alternative reference. For
example, for two-sided four-stage designs with early stopping only to fdjgct D 0:05 and D 0:10,

the Pocock method has a drift parameter 3.526 and the O'Brien-Fleming method has a drift parameter
3.277, indicating that a larger maximum information level is required for the Pocock method than for the
O'Brien-Fleming method.

Average Sample Number

The average sample number is the expected sample size (for nonsurvival data) or expected number of events
(for survival data) of the design under a speci ¢ hypothetical reference. The percent average sample numbers
with respect to the corresponding xed-sample design are displayed in the SEQDESIGN procedure.

The design that requires a larger maximum information level tends to have a smaller average sample number
under the alternative hypothesis. For example, for two-sided four-stage designs with early stopping only
to rejectHp, D 0:05 and D 0:10at the alternative reference D  0:25 the Pocock design has a
maximum information of 198.91 and an average sample number (in percentage of xed-sample design) of
69.75 under the alternative hypothesis, and the O'Brien-Fleming design has a maximum information of
171.84 and an average sample number of 76.74.

Sample Size

The maximum information for the sequential design expressed as a percentage of its corresponding xed-
sample information is derived in the SEQDESIGN procedure. The sample size or number of events needed for
a group sequential trial is computed by multiplying the sample size or number of events for the corresponding
xed-sample design by the derived percentage.

If the sample size or number of events for the xed-sample design is available, you can use the
MODEL=INPUTNOBS or MODEL=INPUTNEVENTS option in the SAMPLESIZE statement to derive the
sample size or number of events needed at each stage. Otherwise, with the speci ed or derived maximum
information, you can use the MODEL= option in the SAMPLESIZE statement to specify a hypothesis test
and then to derive the sample size or number of events needed at each stage. See the section “Sample Size
Computation” on page 7440 for the sample size computation for commonly used tests.
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Summary of Methods in Group Sequential Designs

There are three different types of methods available in the SEQDESIGN procedure: xed boundary shape
methods for speci ed boundary shape, Whitehead methods for boundaries from continuous monitoring, and
error spending methods for speci ed error spending at each stage.

The xed boundary shape methods include uni ed family methods and Haybittle-Peto methods. The uni ed
family methods include Pocock, O'Brien-Fleming, power family, and triangular methods.

Pocock Method

Pocock derives the constant boundary on the standardizedle to demonstrate the sequential design while
maintaining the overall and levels (Pocock 1977). The resulting boundary tends to stop the trials early
with a largemp-value. This boundary is commonly called a Pocock boundary, but Pocock himself does not
advocate these boundary values for stopping a trial early to reject the null hypothesis, becaysgedarge

might not be persuasive enough (Pocock and White 1999). Also, the ngpmviasie at the nal stage is
much smaller than the overgilvalue of the design. That is, the trial might stop at the nal stage with a small
nominalp-value, but the test is not rejected, which might not be easy to justify.

O'Brien-Fleming Method

O'Brien-Fleming boundary values are inversely proportional to the square root of information levels on the
standardized scale (O'Brien and Fleming 1979). The O'Brien-Fleming boundary is conservative in the
early stages and tends to stop the trials early only with a gshadlue. But the nominal value at the nal
stage is close to the overglvalue of the design.

Power Family Method

The power family method (Wang and Tsiatis 1987; Emerson and Fleming 1989; Pampallona and Tsiatis
1994) generalizes the Pocock and O'Brien-Fleming methods with a power parameter to allow continuous
movement between the Pocock and O'Brien-Fleming methods. The power parameliOsor the Pocock
method and D 0:5for the O'Brien-Fleming method.

Triangular Method

The uni ed family triangular method (Kittelson and Emerson 1999) contains straight-line boundaries on the
score scale. For a one-sided trial with early stopping either to reject and to accept the null hypothesis, the
method produces a triangular continuation region. The boundary shape is speci ed with the slope parameter

Uni ed Family Method

The uni ed family method (Kittelson and Emerson 1999) extends power family methods to incorporate the
triangular method, which contains straight-line boundaries on the score scale.

Haybittle-Peto Method

The Haybittle-Peto method (Haybittle 1971; Peto et al. 1976) ugegadue of 3 for the critical values in
interim stages and derives the critical value at the nal stage. With this method, the nal-stage critical value
is close to the original design without interim monitoring. The SEQDESIGN procedure extends this method
further to allow for differenZ or nominalp-values for the boundaries.
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Whitehead Method

Whitehead methods (Whitehead and Stratton 1983; Whitehead 1997, 2001) derive the boundary values by
adapting the continuous monitoring tests to the discrete monitoring of group sequential tests. With early
stopping to reject or accept the null hypothesis in a one-sided test, the derived continuation region has a
triangular shape on the score-scaled boundaries. Only elementary calculations are needed to derive the
boundary values in Whitehead's triangular methods. The resulting Type | error probability and power are
extremely close but differ slightly from the speci ed values due to the approximations used in deriving the
tests (Jennison and Turnbull 2000, p. 106). The SEQDESIGN procedure provides the BOUNDARYKEY=
option to adjust the boundary value at the nal stage for the exact Type | or Type Il error probability levels.

Error Spending Method

The error spending method uses the speci eand errors to be used at each stage of the design to derive
the boundary values.

Error Spending Function Method

The error spending function method uses the error spending function to computarke errors to be
used at each stage of the design and then to derive the boundary values for these errors. The following four
error spending functions are available in the SEQDESIGN procedure:

» The Pocock-type error spending function (Lan and DeMets 1983) produces boundaries similar to those
produced with Pocock's method.

» The O'Brien-Fleming-type error spending function (Lan and DeMets 1983) produces boundaries
similar to those produced with the O'Brien-Fleming method.

» The gamma error spending function (Hwang, Shih, and DeCani 1990) speci es a gamma cumulative
error spending function indexed by the gamma paramet&he boundaries created withD 1 are
similar to the boundaries from the Pocock method, and the boundaries createdvittdor D 5
are similar to the boundaries from the O'Brien-Fleming method.

» The power error spending function (Jennison and Turnbull 2000, p. 148) speci es a power cumulative
error spending function indexed by the power paramet@rhe boundaries created withD 1 are
similar to the boundaries from the Pocock method, and the boundaries created@virare similar
to the boundaries from the O'Brien-Fleming method.

Table Output

For each design, the SEQDESIGN procedure displays the “Design Information,” “Method Information,” and
“Boundary Information” tables by default.
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Boundary Information

The “Boundary Information” table displays the following information at each stage:

* proportion of information

actual information level, if the maximum information is either speci ed or derived

alternative references with the speci ed statistic scale.pfvalue scale is speci ed, the standardized
Z scale is used.

» boundary values with the speci ed statistic scale to reject or accept the null hypothesis

Note that implicitly, the boundary information table also contains variables for the boundary scale, stopping
criterion, and type of alternative hypothesis. That is, if an ODS statement is used to save the table, the data
set also contains the variableScale_ for the boundary scale Stop_ for the stopping criterion, andALT _

for the type of alternative hypothesis.

Design Information

The “Design Information” table displays the design speci cations and derived statistics. The derived Max
Information (Percent Fixed-Sample) is the maximum information for the sequential design in percentage of
the corresponding xed-sample information.

The Null Ref ASN (Percent Fixed-Sample) is the average sample number (expected sample size for non-
survival data or expected number of events for survival data) required under the null hypothesis for the
group sequential design in percentage of the corresponding xed-sample design. Similarly, the Alt Ref ASN
(Percent Fixed-Sample) is the average sample number required under the alternative reference for the group
sequential design in percentage of the corresponding xed-sample design.

If both the maximum information (MAXINFO= option) and the alternative referenc@ALTREF= option)
are speci ed, then either the ALPHA= option is used to derive the Type Il error probabilBOUND-
ARYKEY=ALPHA) or the BETA= option is used to derive the Type | error probabilit{BOUND-
ARYKEY=BETA).

Error Spending Information

The “Error Spending Information” table displays the following information at each stage:

* proportion of information
+ actual information level, if the maximum information is either speci ed or derived

» cumulative error spending for each boundary
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Method Information

The “Method Information” table displays detailed method information for the design. For each boundary, it
displays the following:

* the group sequential method used

» the or errors

* the speci ed parameter, if an error spending function is used

the speci ed parametersand with the derived critical valu€, if a uni ed family method is used

the alternative reference, if either the ALTREF= or the MAXINFO= option is speci ed

the derived drift parameter;Lp I'x , wherel x is the maximum information and, is the alternative
reference

Note that the alternative references are displayed with the MLE scale in the “Method Information” table.
In contrast, the alternative references in the “Boundary Information” table are displayed with the speci ed
statistic scale (if th@-value scale is not speci ed) or the standardiZestale (if thep-value scale is speci ed).

Powers and Expected Sample Sizes

The “Powers and Expected Sample Sizes” table displays the following information under each of the speci ed
hypothetical referencesD ¢ 1, where 1 is the alternative reference andare values speci ed in the
CREF= option.

» coef cient ¢; for the hypothetical references. The valyeD 0 corresponds to the null hypothesis and
¢ D 1 corresponds to the alternative hypothesis

* power

» expected sample size, as percentage of xed-sample size

For a one-sided design, the power and expected sample sizes under the hypothetical refddeqcesare
displayed.

For a two-sided symmetric design, the power and expected sample sizes under each of the hypothetical
references D ¢ 1, are displayed, wherey, is the upper alternative reference.

For a two-sided asymmetric design, the power and expected sample sizes under each of the hypothetical
references D ¢; 1y and D ¢ 14 are displayed, where;, and 1, are the lower and upper alternative
references, respectively.

For a two-sided design, the power is the probability of correctly rejecting the null hypothesis for the correct
alternative. Thus, under the null hypothesis, the displayed power corresponds to a one-sided Type | error
probability level—that is, the lower level or the upper level.
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The expected sample size as a percentage of the corresponding xed-sample design is
Pk
100 —kp1Prle
lo

P
wherepy is the stopping probability at stagie EDl Pk | ¢ is the expected information level, ahglis the
information level for the xed-sample design.

Sample Size Summary

When you use the SAMPLESIZE statement with the SEQDESIGN procedure, the “Sample Size Summary”
table displays parameters for the sample size computation. It also displays the expected sample sizes or
numbers of events for the model under both the null and alternative hypotheses.

The expected sample size is the average sample size

K
|
kD1 Pk Tk No
lo

P

wherepy is the stopping probability at stade EDl Pk | ¢ is the expected information levdly is the
information level for the xed-sample design, ahg is the sample size for the xed-sample design.
The expected number of events is the average number of events

K

I
kp1 Pk 'k Do
lo

whereD is the xed-sample number of events for the model.

Sample Size Information

The “Sample Sizes (N)” table displays the required sample sizes and information levels at each stage, in both
fractional and integer numbers. The derived fractional sample sizes are under the heading “Fractional N.”
These sample sizes are rounded up to integers under the heading “Ceiling N.” The matched integer sample
sizes are also displayed for two-sample tests.

The “Required Number of Events (D)” table displays the required number of events required and information
level at each stage.

The “Number of Events (D) and Sample Sizes (N)” table displays the number of events and sample size
required at each stage with the study time. The derived times under the heading “Fractional Time” are not
integers. These times are rounded up to integers under the heading “Ceiling Time.”

Stopping Probabilities

The “Expected Cumulative Stopping Probabilities” table displays the following information under each of
the speci ed hypothetical referencesdD ¢; 1, wherec; are values speci ed in the CREF= option, andis
the alternative reference:

» coef cient ¢; for the hypothetical references. The vatiieD 0 corresponds to the null hypothesis, and
¢ D 1 corresponds to the alternative hypothesis
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» expected stopping stage
* source of the stopping probability: rejadt (with STOP=REJECT or STOP=BOTH), accéibg
(with STOP=ACCEPT or STOP=BOTH), or either reject or acdgpt(with STOP=BOTH)

» expected cumulative stopping probabilities at each stage

For a one-sided design, the expected cumulative stopping probabilities under the hypothetical references
D ¢ ; are displayed.

For a two-sided design, the expected cumulative stopping probabilities under each of the hypothetical

references D ¢; 1y and D ¢ 1, are displayed, where;; and 1, are the lower and upper alternative

references, respectively.

Note that for a symmetric two-sided design, only the expected cumulative stopping probabilities under the
hypothetical referencesD c¢; 1, are derived.

The expected stopping stage is givenkgyC d, where the integeko and the fractiord (0 d < 1) are
derived from the expected information level equation

X
kakDIkOCd-I.koCl/ |k0/
kD1

wherepy is the stopping probability at stage
For equally spaced information levels, the expected stopping stage is reduced to the weighted average
X

Pk K
kD1

ODS Table Names

PROC SEQDESIGN assigns a name to each table it creates. You must use these names to reference tables
when using the Output Delivery System (ODS). These names are listed in Table 87.12. For more information
about ODS, see Chapter 20, “Using the Output Delivery System.”

Table 87.12 ODS Tables Produced by PROC SEQDESIGN

ODS Table Name Description Statement Option
Boundary Boundary values

Design Design information

ErrSpend Error spending ERRSPEND
Method Method information

PowerSampleSize Power and expected sample size PSS
SampleSize Derived sample sizes SAMPLESIZE
SampleSizeSummary Sample size summary SAMPLESIZE

StopProb Stopping probabilities STOPPROB
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Graphics Output

This section describes the use of ODS for creating graphics with the SEQDESIGN procedure. To request
these graphs, ODS Graphics must be enabled and you must specify the associated graphics options in the
PROC SEQDESIGN statement. Except for the PLOTS=BOUNDARY option, where a detailed boundary
plot is generated for each design separately, each option produces a plot for all designs together. For more
information about ODS Graphics, see Chapter 21, “Statistical Graphics Using ODS.”

Sequential ASN Plot

The PLOTS=ASN option displays the average sample numbers (expected sample sizes for nonsurvival data
or expected numbers of events for survival data) under various hypothetical references. The average sample

numbers are connected for each design, and these connected curves for all designs are displayed in the
“Sequential ASN Plot” graph.

For a one-sided design, average sample numbers under the hypothetical refelenges are displayed,

wherec; are the values speci ed in the CREF= option ands the alternative reference. The horizontal axis
displays the; values of these hypothetical references.

For a two-sided design, average sample numbers under each of the hypothetical refei2rogeg and
D ¢ 1y are displayed, where; and ;, are the lower and upper alternative references, respectively.

The horizontal axis displaysc; values for lower hypothetical reference® ¢; ;1 andc; values for upper
hypothetical referencesD ¢ 14.

Note that for a symmetric two-sided design, only average sample numbers under the hypothetical references
D ¢ 1, are derived.

Sequential Boundary Plot

The PLOTS=BOUNDARY option displays boundary values and the acceptance and rejection regions at each
stage for each design separately in the “Detailed Boundary Information” graph. The BOUNDARYSCALE=
option is used to specify the scale of the boundaries on the vertical axis. The keywords MLE, SCORE, STDZ,
and PVALUE in the BOUNDARYSCALE= option correspond to the boundary with the MLE scale, score
statistic scale, standardized norrdadcale, angb-value scale, respectively.

The stage numbers are displayed on the horizontal axis. In addition, the HSCALE= option in the
PLOTS=BOUNDARY option can be used to specify the scale on the horizontal axis. The keywords

INFO and SAMPLESIZE in the HSCALE= option correspond to the information levels and sample sizes,
respectively.

Combined Sequential Boundary Plot

The PLOTS=COMBINEDBOUNDARY option displays boundary values. The boundary values are con-
nected for each boundary in each design, and these connected curves for all designs are displayed in the
“Sequential Boundary Information” graph. The BOUNDARY SCALE= option is used to specify the scale

of the boundaries on the vertical axis. The keywords MLE, SCORE, STDZ, and PVALUE in the BOUND-

ARYSCALE= option correspond to the boundary with the MLE scale, score statistic scale, standardized
normalZ scale, angb-value scale, respectively.

The HSCALE= option in the PLOTS=COMBINEDBOUNDARY option can be used to specify the scale on
the horizontal axis. The keywords INFO, SAMPLESIZE, and STAGE in the HSCALE= option correspond to
the information levels, sample sizes, and stage numbers, respectively.
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Sequential Error Spending Plot

The PLOTS=ERRSPEND option displays the cumulative error spending at each stage on each boundary in
the “Sequential Error Spending Plot” graph. A legend table uses the design labels to identify the curves for
the corresponding design in the plot. Another legend table uses symbols to identify boundaries in the plot.

Sequential Power Plot

The PLOTS=POWER option displays the powers under various hypothetical references. The powers are
connected for each design, and these connected curves for all designs are displayed in the “Sequential Power
Plot” graph.

For a one-sided design, powers under hypothetical referenbes; i are displayed, wherg are the values
speci ed in the CREF= option and, is the alternative reference. The horizontal axis displaysitvalues
of these hypothetical references.

For a two-sided design, powers under hypothetical referendesc; ; and D ¢ 1, are displayed,

where 5, and 3, are the lower and upper alternative references, respectively. The horizontal axis displays
¢; values for lower hypothetical referencedD ¢; 1, andc; values for upper hypothetical references
DG 1.

Note that for a symmetric two-sided design, only powers under hypothetical refererigeg 1, are
derived.

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 606 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 605 in Chapter 21,
“Statistical Graphics Using ODS.”

PROC SEQDESIGN assigns a name to each graph it creates. You can use these names to reference the graphs
when using ODS. To request these graphs, ODS Graphics must be enabled and you must spptifpshe
indicated in Table 87.13.

Table 87.13 Graphs Produced by PROC SEQDESIGN

ODS Graph Name Plot Description Option

ASNPIot Average sample numbers PLOTS=ASN

BoundaryPlot Detailed boundary values PLOTS=BOUNDARY
CombinedBoundaryPlot Boundary values PLOTS=COMBINEDBOUNDARY
ErrSpendPlot Error spending PLOTS=ERRSPEND

PowerPlot Power curves PLOTS=POWER
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Examples: SEQDESIGN Procedure

The following examples demonstrate the usage of group sequential methods. Example 87.1 uses the
NSTAGES=1 option to derive boundaries of critical values for a xed-sample design. The remaining
examples use different methods to create boundaries for various group sequential designs.

Example 87.1: Creating Fixed-Sample Designs

This example demonstrates a one-sided xed-sample design and a two-sided xed-sample design. The
following statements request a xed-sample design with an upper alternative:

ods graphics on;
proc seqdesign pss

OneSidedFixedSample: design nstages=1
alt=upper
alpha=0.025 beta=0.10

samplesize modeI:onesampIemean(r'nean:0.25);

run;

ods graphics off;
In the DESIGN statement, the lab@heSidedFixedSample  identi es the design in the output tables. The
NSTAGES=1 option speci es that the design has only one stage; this corresponds to a xed-sample design.
In the SEQDESIGN procedure, the null hypothesis for the desighyi8V D 0 and the ALT=UPPER option
speci es an upper alternative hypothekig W D ; > 0. The MEAN=0.25 option in the SAMPLESIZE
statement speci es the upper alternative referenc 0:25

The options ALPHA=0.025 and BETA=0.10 specify the Type | error probability lev@l 0:025and the
Type Il error probability level D 0:10 That s, the design has a power D 0:90at ; D 0:25

The “Design Information” table in Output 87.1.1 displays design speci cations and the derived statistics
such as power. As expected, the derived statistics such as maximum information and average sample
number (in percentage of its corresponding xed-sample information) are 100 for the xed-sample design
(NSTAGES=1). Also, for a xed-sample design, the STOP= and METHOD= options in the DESIGN
statement are not applicable.
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Output 87.1.1 One-Sided Fixed-Sample Design Information

The SEQDESIGN Procedure
Design: OneSidedFixedSample
Design Information

Statistic Distribution Normal
Boundary Scale Standardized Z
Alternative Hypothesis Upper
Alternative Reference 0.25
Number of Stages 1
Alpha 0.025
Beta 0.1
Power 0.9
Max Information (Percent of Fixed Sample) 100
Max Information 168.1188
Null Ref ASN (Percent of Fixed Sample) 100
Alt Ref ASN (Percent of Fixed Sample) 100

The “Method Information” table in Output 87.1.2 displays thand epror levels. It also displays the
derived drift parameter, which is the standardized reference improvementy, where 1 is the alternative
reference antlp is the maximum information for the design. If eithgror | g is speci ed, the other statistic
is derived in the SEQDESIGN procedure. For a xed-sample design,

P —
1 loD~ 1 /c~ 1 /D" toogrs/ict 1.0:90/ D 3:2415

Output 87.1.2 Method Information

Method Information

Alternative
Boundary Alpha Beta Reference Drift

Upper Alpha  0.02500 0.10000 0.25 3.241516
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The “Boundary Information” table in Output 87.1.3 displays information level, alternative reference, and
boundary value at each stage. The information proportion indicates the proportion of maximum information
available at the stage. With only one stage for a xed-sample design, the proportion is 1. With the
SAMPLESIZE statement, the required sample $izis also displayed under the heading “Information
Level”

Output 87.1.3 Boundary Information

Boundary Information (Standardized Z Scale)
Null Reference = 0

-Alternative- -Boundary Values-
-------- Information Level-------  --Reference--  ------Upper------
_Stage_  Proportion Actual N Upper Alpha
1 1.0000 168.1188  168.1188 3.24152 1.95996

By default (or equivalently if you specify BOUNDARYSCALE=STDZ), output alternative references and
boundaries are displayed with FBhe standardized nohsalale. The alternative reference on the standardized
Z scale at stage 1 is given by 11, wherel ; is the information level at stage 1. With a boundary value
1.96, the hypothesis of D Ois rejected if the standardized normal statig&ic 1:96

With ODS Graphics enabled, a detailed boundary plot with the rejection and acceptance regions is displayed,
as shown in Output 87.1.4. The boundary values in the “Boundary Information” table in Figure 87.1.3 are
displayed in the plot.
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Output 87.1.4 Boundary Plot

The “Sample Size Summary” table in Output 87.1.5 displays parameters for the sample size computation of
the test for a normal mean.

Output 87.1.5 Sample Size Summary

Sample Size Summary

Test One-Sample Mean
Mean 0.25
Standard Deviation 1
Max Sample Size 168.1188
Expected Sample Size (Null Ref) 168.1188

Expected Sample Size (Alt Ref) 168.1188
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The “"Sample Sizes (N)” table in Output 87.1.6 displays the derived sample sizes, in both fractional and
integer numbers. With the resulting integer sample sizes, the corresponding information level is slightly
larger than the level from the design. This can increase the power slightly if the integer sample size is used in
the trial.

Output 87.1.6 Derived Sample Sizes

Sample Sizes (N)
One-Sample Z Test for Mean

------ Fractional N----- Ceiling N
_Stage_ N Information N Information
1 168.12 168.1 169 169.0

The following statements request a two-sided xed-sample design with a speci ed alternative reference:

ods graphics on;
proc seqdesign altref=1.2
pss

TwoSidedFixedSample: design nstages=1
alt=twosided
alpha=0.05 beta=0.10

samplesize modeI:twosamplemean(s:tddev:Z weight=2);
run;
ods graphics off;
In the SEQDESIGN procedure, the null hypothesis for the desighyisV D 0. The ALT=TWOSIDED
option speci es a two-sided alternative hypothddisW D ; & 0. The ALTREF=1.2 option in the PROC
SEQDESIGN statement speci es the alternative referende  1:2.

The ALPHA=0.05 option (which is the default) speci es the two-sided Type | error probability leizl0:05
That is, the lower and upper Type | error probabilitigsD D 0:025 The BETA=0.10 option (which is
the default) speci es the Type Il error probability levelD 0:10, and the design has a powker D 0:90
at the alternative referencg D 1.2,

The “Design Information” table in Output 87.1.7 displays design speci cations and the derived power. With
a speci ed alternative reference, the maximum information is derived.



Example 87.1: Creating Fixed-Sample Designs F 7477

Output 87.1.7 Two-Sided Fixed-Sample Design Information

The SEQDESIGN Procedure
Design: TwoSidedFixedSample
Design Information

Statistic Distribution Normal
Boundary Scale Standardized Z
Alternative Hypothesis Two-Sided
Alternative Reference 1.2
Number of Stages 1
Alpha 0.05
Beta 0.1
Power 0.9
Max Information (Percent of Fixed Sample) 100
Max Information 7.296822
Null Ref ASN (Percent of Fixed Sample) 100
Alt Ref ASN (Percent of Fixed Sample) 100

The “Method Information” table in Output 87.1.8 displays thand errors, alternative references, and
drift parameter. For a xed-sample design, the derived drift parameter

p__
1 loD” 11 E/CA 11 / D" 10975/Cc” 1.0:90/ D 3:2415

Output 87.1.8 Method Information

Method Information

Alternative
Boundary Alpha Beta Reference Drift
Upper Alpha  0.02500 0.10000 1.2 3.241516
Lower Alpha  0.02500 0.10000 -1.2 -3.24152

With a speci ed alternative reference D 1.2, the maximum information

3:2415 2
loD =2 D 7:2968
1:2
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The default “Boundary Information” table in Output 87.1.9 displays information level, alternative reference,
and boundary values. By default (or equivalently if you specify BOUNDARYSCALE=STDZ), the alternative

reference and boundary values are displayed with the standardized @oscae. Thus, the standardized
alternative references 1 I are displayed.

Output 87.1.9 Boundary Information

Boundary Information (Standardized Z Scale)
Null Reference = 0

——————— Alternative------
--------- Information Level Reference-------
_Stage_ Proportion Actual N Lower Upper
1 1.0000 7.296822 131.3428 -3.24152 3.24152

Boundary Information (Standardized Z Scale)
Null Reference = 0

----- Boundary Values----

---Lower-- ---Upper--
_Stage_ Alpha Alpha
1 -1.95996 1.95996

With boundary values of —1.96 and 1.96, the hypothesis Df O is rejected if the standardized normal
statisticZ  1:960rZ 1:96

With ODS Graphics enabled, a detailed boundary plot with the rejection and acceptance regions is displayed,

as shown in Output 87.1.10 . The boundary values in the “Boundary Information” table in Figure 87.1.9 are
displayed in the plot.
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Output 87.1.10 Boundary Plot

The “Sample Size Summary” table in Output 87.1.11 displays parameters for the sample size computation of
the test for a normal mean.

Output 87.1.11 Sample Size Summary

Sample Size Summary

Test Two-Sample Means
Mean Difference 1.2
Standard Deviation 2
Max Sample Size 131.3428
Expected Sample Size (Null Ref) 131.3428
Expected Sample Size (Alt Ref) 131.3428
Weight (Group A) 2

Weight (Group B) 1
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The “Sample Sizes (N)” table in Output 87.1.12 displays the derived sample sizes, in both fractional and
integer numbers. With the WEIGHT=2 option, the allocation ratio is 2 for the rst group and 1 for the second
group. With the resulting integer sample sizes, the corresponding information level is slightly larger than the
level from the design. This can increase the power slightly if the integer sample size is used in the trial.

Output 87.1.12 Derived Sample Sizes

Sample Sizes (N)
Two-Sample Z Test for Mean Difference

—————————————————— Fractional N-----------------
_Stage_ N N(Grp 1) N(Grp 2) Information
1 131.34 87.56 43.78 7.2968

Sample Sizes (N)
Two-Sample Z Test for Mean Difference

_Stage_ N N(Grp 1) N(Grp 2) Information

1 132 88 44 7.3333

Example 87.2: Creating a One-Sided O'Brien-Fleming Design

This example demonstrates a group sequential design for a clinical study. A clinic is conducting a study on
the effect of vitamin C supplements in treating u symptoms. The study groups consist of patients in the
clinic with their rst sign of u symptoms within the last 24 hours. These individuals are randomly assigned
to either the control group, which receives the placebo pills, or the treatment group, which receives large
doses of vitamin C supplements. At the end of a ve-day period, the u symptoms of each individual are
recorded.

Suppose that from past experience, 60% of individuals experiencing u symptoms have the symptoms
disappeared within ve days. The clinic wants to detect a 75% symptoms disappearance with a high
probability in the trial. A test that compares the proportions directly is to specify a null hypottgdig

D pa pp D Owith a Type | error probability level D 0:025 wherep, andp,, are the proportions of
symptoms' disappearance in the treatment group and control group, respectively. A one-sided alternative
H1 W >0 is also speci ed with a power df D 0:90atH; W D 0:15

For a one-sided xed-sample design, the critical value for the standardizedt statistic is given by

C D~ 11 / D 1:96 Thatis, at the end of study, if the test statigtic C , then the null hypothesis is
rejected and the ef cacy of vitamin C supplements is declared. Otherwise, the null hypothesis is not rejected
and the effect of vitamin C supplements is not signi cant.
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To achieve d D 0:90power atH1 W D 0:15for a xed-sample design, the information required is
given by

S 11 /Cct 1 /2 _ 1:96C 1:281557
lo D D D 466:99
0 015 0:0225

With an equal sample size on the treatment and control groigp® Ny, the sample size required for each
group undeH 1 is computed from the informatiolry:

Na D Np D .p1a.1 p1a/ Cpip.1 puwl//lo

wherep1, D 0:75andp;, D 0:60are proportions in the treatment and control groups uhiderThat is,

Na D N, D .0:75 0:25C 0:6 0:4/ 466:99D 199:64

Thus, 200 individuals are required for each group in the xed-sample study. See the section “Test for the
Difference between Two Binomial Proportions” on page 7452 for a detailed derivation of these required
sample sizes.

Instead of a xed-sample design for the trial, a group sequential design is used to stop the trial early for
ethical concerns of possible harm or an unexpected strong ef cacy outcome of the new drug. It can also save
time and resources in the process. The following statements invoke the SEQDESIGN procedure and request
a four-stage group sequential design that uses an O'Brien-Fleming method for normally distributed statistics.
The design uses a one-sided alternative hypothésiwith early stopping to reject or acceidty.

ods graphics on;
proc seqdesign altref=0.15

OneSidedOBrienFleming: design nstages=4
method=obf
alt=upper  stop=both
alpha=0.025 beta=0.10

samplesize model=twosamplefreq(nullprop=0.6 test=prop);
ods output Boundary=Bnd_Prop;
run;
ods graphics off;

In a sequential design, a hypothesis can be rejected, accepted, or continued to the next time point at each
interim stage. The STOP=BOTH option speci es early stopping to reject or accept the null hypothesis. The
“Design Information,” “Method Information,” and “Boundary Information” tables are displayed by default.
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The “Design Information” table in Output 87.2.1 displays design speci cations and derived statistics such
as power and maximum information. With a speci ed alternative reference, ALTREF=0.15, the maximum
informationl x is derived.

Output 87.2.1 Design Information

The SEQDESIGN Procedure
Design: OneSidedOBrienFleming
Design Information

Statistic Distribution Normal
Boundary Scale Standardized Z
Alternative Hypothesis Upper
Early Stop Accept/Reject Null
Method O Brien-Fleming
Boundary Key Both
Alternative Reference 0.15
Number of Stages 4
Alpha 0.025
Beta 0.1
Power 0.9
Max Information (Percent of Fixed Sample) 107.6741
Max Information 502.8343
Null Ref ASN (Percent of Fixed Sample) 61.12891
Alt Ref ASN (Percent of Fixed Sample) 75.89782

The Max Information (Percent Fixed-Sample) is the ratio in percentage between the maximum information
for the group sequential design and the information required for a corresponding xed-sample design:
I x 502:83

100 =~ D 100 ———— D 107:67
lo 466:99

That is, if the group sequential trial does not stop at any interim stages, the information needed is 7.67% more
than is needed for the corresponding xed-sample design. For a two-sample test for binomial proportions,
the information is proportional to the sample size. Thus, 7.67% more observations are needed for the group
sequential trial.

The Null Ref ASN (Percent Fixed-Sample) is the ratio in percentage between the expected sample size
required under the null hypothesis for the group sequential design and the sample size required for the
corresponding xed-sample design. With a ratio of 61.1%, the expected sample size for the group sequential
trial under the null hypothesis is 61.1% of the sample size in the corresponding xed-sample design.

Similarly, the Alt Ref ASN (Percent Fixed-Sample) is the ratio in percentage between the expected sample
size required under the alternative hypothesis for the group sequential design and the sample size required
for the corresponding xed-sample design. With a ratio of 75.9%, the expected sample size for the group
sequential trial under the alternative hypothesis is 75.9% of the sample size in the corresponding xed-sample
design.

For a one-sided design with an upper alternative and early stopping to reject or accept the null hypothesis,
upper and boundaries are created. The “Method Information” table in Output 87.2.2 displays the Type |
error probability , the Type Il error probability , and the derived drift parameter. The drift parameter is the
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standardized reference improvement between the alternative and null hypotheses at the nal stage. It is also
the standardized alternative reference at the nal stage if the null reference is zero.

Output 87.2.2 Method Information

Method Information
------- Unified Family------
Boundary Method Alpha Beta Rho Tau C
Upper Alpha O Brien-Fleming 0.02500 . 0.5 0 1.9784
Upper Beta O Brien-Fleming . 0.10000 0.5 0 1.3852
Method Information
Alternative
Boundary Reference Drift
Upper Alpha 0.15 3.363595
Upper Beta 0.15 3.363595

With the METHOD=O0BF option, the O'Brien-Fleming method is used for each boundary. The O'Brien-
Fleming method is one of the uni ed family methods, and the “Method Information” table displays the
corresponding parameterin the uni ed family method. The table also displays the critical valGe<D
1.9784for the boundary andC D 1:3852for the boundary. These critical values are used to create the
boundary values.

The “Boundary Information” table in Output 87.2.3 displays information level, alternative reference, and
boundary values at each stage. By default (or equivalently if you specify BOUNDARYSCALE=STDZ), the
alternative references and boundary values are displa%ed with the stand@rdizgidtic scale. The resulting
standardized alternative reference at stagegiven by 1 T}, where ; is the alternative reference ahg

is the information level at stadek D 1;2;3;4

Output 87.2.3 Boundary Information

Boundary Information (Standardized Z Scale)
Null Reference = 0

-Alternative- ----Boundary Values---
------- Information Level------ --Reference-- ---------Upper--------
_Stage_  Proportion Actual N Upper Beta Alpha
1 0.2500 125.7086 107.4808 1.68180 -1.08860 3.95679
2 0.5000 251.4171 214.9617 2.37842 0.41946 2.79788
3 0.7500 377.1257 322.4425 2.91296 1.31347 2.28446
4 1.0000 502.8343 429.9233 3.36360 1.97840 1.97840
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By default (or equivalently if you specify INFO=EQUAL), equally spaced information levels are used. An
information proportion is the proportion of maximum information available at each stage. With the derived
maximum information, the actual information level at each stage is also displayed. With the SAMPLESIZE
statement, the required sample dizés also displayed under the heading “Information Level.”

At each interim stage, if the standardiZzédest statistic is larger than or equal to the corresponding upper

boundary, then the hypothesityy W D 0is rejected. If the test statistic is less than the corresponding upper
boundary, then the trial is stopped and the hypothdsiss accepted. Otherwise, the process continues to

the next stage. At the nal stage, stage 4, the trial stops and the hypothg#ssrejected if the standardized

Z statisticZ,  1:9784 Otherwise, the trial is accepted.

The ODS OUTPUT statement with the BOUNDARY=BND_PROP option creates an output data set that
contains the resulting boundary information. After the actual data from the clinical trial are collected and
analyzed at each stage with a procedure such as PROC GENMOD, the SEQTEST procedure is used to test
the resulting statistics at stage 1 with the boundary information stored BA®D_PROP data set.

With ODS Graphics enabled, a detailed boundary plot with the rejection and acceptance regions is displayed,
as shown in Output 87.2.4.

Output 87.2.4 Boundary Plot
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The horizontal axis indicates the information levels for the design. The stages are indicated by vertical lines
with accompanying stage numbers. If at any stage a test statistic is in a rejection region, the trial stops and the
hypothesis is rejected. If a test statistic is in an acceptance region, then the trial also stops and the hypothesis
is accepted. If the statistic is not in a rejection region or an acceptance region, the trial continues to the next

stage. The boundary plot also displays the information level and the critical value for the corresponding
xed-sample design.

The SEQDESIGN procedure derives the drift paramej_grﬁ, where 1 is the alternative reference ahg
is the maximum information. If either, or | x is speci ed, the other can be derived. With the SAMPLESIZE
statement, the maximum information is used to compute the required sample size for the study.

The “Sample Size Summary” table in Output 87.2.5 displays parameters for the sample size computation.
With the MODEL=TWOSAMPLEFREQ( NULLPROP=0.6 TEST=PROP) option in the SAMPLESIZE
statement, the total sample size in each group for testing the difference between two proportions is computed.
By default (or equivalently if you specify REF=PROP in the MODEL=TWOSAMPLEFREQ option), the
required sample sizes are computed under the alternative hypothesis. That is,

NaD NpD .p1a.l p1a/Cpip.1 pa// Ix

wherepy, D 0:60andpia D pip, C 1 D 0:75are the proportions in the control and treatment groups,
respectively, under the alternative hypothésis See the section “Test for the Difference between Two
Binomial Proportions” on page 7452 for a detailed description of these parameters.

Output 87.2.5 Sample Size Summary

Sample Size Summary

Test Two-Sample Proportions
Null Proportion 0.6
Proportion (Group A) 0.75
Test Statistic Z for Proportion
Reference Proportions Alt Ref
Max Sample Size 429.9233
Expected Sample Size (Null Ref) 244.0768

Expected Sample Size (Alt Ref) 303.0464
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The “Sample Sizes (N)” table in Output 87.2.6 displays the required sample sizes at each stage, in both
fractional and integer numbers. The derived fractional sample sizes are under the heading “Fractional N.”
These sample sizes are rounded up to integers under the heading “Ceiling N.” In practice, integer sample
sizes are used, and the resulting information levels increase slightly. Thus, 54, 108, 162, and 215 individuals
are needed in each group for the four stages, respectively.

Output 87.2.6 Derived Sample Sizes

Sample Sizes (N)
Two-Sample Z Test for Proportion Difference
------------------ Fractional N-----------------
_Stage_ N N(Grp 1) N(Grp 2) Information
1 107.48 53.74 53.74 125.7
2 214.96 107.48 107.48 251.4
3 322.44 161.22 161.22 377.1
4 429.92 214.96 214.96 502.8
Sample Sizes (N)
Two-Sample Z Test for Proportion Difference
------------------- Ceiling N---------m-memmmeem
_Stage_ N N(Grp 1) N(Grp 2) Information
1 108 54 54 126.3
2 216 108 108 252.6
3 324 162 162 378.9
4 430 215 215 502.9

Example 87.3: Creating Two-Sided Pocock and O'Brien-Fleming Designs

This example requests two 4-stage group sequential designs for normally distributed statistics with equally
spaced information levels at all stages. One design uses Pocock’'s method and the other uses the O'Brien-
Fleming method. The following statements invoke the SEQDESIGN procedure and request these two

designs:

proc seqdesign altref=0.4
pss
stopprob
errspend

TwoSidedPocock: design nstages=4 method=poc;
TwoSidedOBrienFleming: design nstages=4 method=0obf;
samplesize model=twosamplemean(stddev=0.8 weight=2);
run;
By default (or equivalently if you specify ALT=TWOSIDED and STOP=REJECT in the DESIGN statement),
each design has a null hypothekig with a two-sided alternative with early stopping to rejele.

The “Design Information” table in Output 87.3.1 displays design speci cations and derived statistics for
the Pocock’s design. With the speci ed ALTREF= option, the maximum informadtjorD 77:6984is also

derived.



Example 87.3: Creating Two-Sided Pocock and O'Brien-Fleming Designs F 7487

Output 87.3.1 Pocock Design Information

The SEQDESIGN Procedure
Design: TwoSidedPocock
Design Information
Statistic Distribution Normal
Boundary Scale Standardized Z
Alternative Hypothesis Two-Sided
Early Stop Reject Null
Method Pocock
Boundary Key Both
Alternative Reference 0.4
Number of Stages 4
Alpha 0.05
Beta 0.1
Power 0.9
Max Information (Percent of Fixed Sample) 118.3143
Max Information 77.69844
Null Ref ASN (Percent of Fixed Sample) 115.6074
Alt Ref ASN (Percent of Fixed Sample) 69.74805
With the corresponding xed-sample information
~ 1 — ~ 1 2 . .
oD - 1 =2/C 1 .1:96C 1:28155¢F D 65:6728
0:4? 0:16

the xed-sample information ratio i87:6984=65:6728® 1:1831

For a two-sided design with early stopping to reject the null hypothesis, lower and upp@ndaries are
created. The “Method Information” table in Output 87.3.2 displays tlaad errors, alternative references,
and derived drift parameters, which are the standardized alternative references at the nal stage.

Output 87.3.2 Method Information

Method Information

Boundary Method Alpha Beta
Upper Alpha  Pocock 0.02500  0.10000
Lower Alpha Pocock 0.02500 0.10000

Method Information

Alternative
Boundary Reference
Upper Alpha 0.4

Lower Alpha -0.4

------- Unified Family------
Rho Tau C
0 0 236129
0 0 236129
Drift
3.525869
-3.52587
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With the METHOD=POC option, the Pocock method is used for each boundary. The Pocock method is one
of the uni ed family methods, and the table also displays its corresponding paramdée@sas a uni ed
family method and the derived paramet€r® 2:3613for the boundary values.

With the PSS option, the “Power and Expected Sample Sizes” table in Output 87.3.3 displays powers and
expected sample sizes under various hypothetical referenbes; 1, where 1 is the alternative reference
andc; are values speci ed in the CREF= option. By defagitD 0;0:5;1:0; 1.5

Output 87.3.3 Power and Expected Sample Size Information

Powers and Expected Sample Sizes
Reference = CRef * (Alt Reference)

-Sample Size-
Percent
CRef Power Fixed-Sample
0.0000 0.02500 115.6074
0.5000 0.34252 104.0615
1.0000 0.90000 69.7480
1.5000 0.99869 43.6600

Note that atc; D 0, the null reference D 0, and the power 0.025 corresponds to the one-sided Type |
error probability 0.025. At; D 1, D i, the power 0.9 is the power of the design. The expected sample
sizes are displayed in a percentage scale to its corresponding xed-sample size design. With the speci ed
SAMPLESIZE statement, the expected sample sizes for the speci ed model in the SAMPLESIZE statement
are also displayed.

With the STOPPROB option, the “Expected Cumulative Stopping Probabilities” table in Output 87.3.4
displays the expected cumulative stopping stage and cumulative stopping probability to reject the null
hypothesidH at each stage under various hypothetical referenddsc; 1, where 1 is the alternative
reference and; are values speci ed in the CREF= option. By defaaitD 0;0:5;1:0; 1:5

Output 87.3.4 Stopping Probabilities

Expected Cumulative Stopping Probabilities
Reference = CRef * (Alt Reference)

Expected 0 - Stopping Probabilities-------

CRef Stopping Stage Source Stage_1 Stage_2 Stage_3 Stage_4
0.0000 3.908 Reject Null 0.01821  0.03155 0.04176  0.05000
0.5000 3.518 Reject Null 0.07005  0.15939  0.25242  0.34327
1.0000 2.358 Reject Null 0.27482  0.58074  0.78638  0.90002
1.5000 1.476 Reject Null 0.61145  0.92348 0.98900  0.99869

Note that at; D 0, the cumulative stopping probability to rejédt at the nal stage is the overall Type |
error probability 0.05. At; D 1, the alternative hypothesié; W D 1, the cumulative stopping probability

to rejectHq includes both the probability in the lower rejection region and the probability in the upper
rejection region. This stopping probability to rejétg at the nal stage, 0.90002, is slightly greater than the
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powerl D 0:90 which corresponds to the cumulative stopping probability in the upper rejection region
only. See the section “Type | and Type Il Errors” on page 7420 for a detailed description of the Type Il error
probability .

The “Boundary Information” table in Output 87.3.5 displays the information level, alternative references,
and boundary values at each stage. By default (or equivalently if you specify BOUNDARYSCALE=STDZ),
the standardized scale is used to display the alternz?Jtive references and boundary values. The resulting
standardized alternative reference at stagegiven by 1 I, where ; is the alternative reference ahg

is the information level at stagek D 1;2;3;4

Output 87.3.5 Boundary Information

Boundary Information (Standardized Z Scale)
Null Reference = 0

——————— Alternative------
--------- Information Level Reference-------
_Stage_ Proportion Actual N Lower Upper
1 0.2500 19.42461 55.94288 -1.76293 1.76293
2 0.5000 38.84922 111.8858 -2.49317 2.49317
3 0.7500 58.27383 167.8286 -3.05349 3.05349
4 1.0000 77.69844 223.7715 -3.52587 3.52587

Boundary Information (Standardized Z Scale)
Null Reference = 0

----- Boundary Values----

---Lower-- ---Upper--
_Stage_ Alpha Alpha
1 -2.36129 2.36129
2 -2.36129 2.36129
3 -2.36129 2.36129
4 -2.36129 2.36129

By default (or equivalently if you specify INFO=EQUAL in the DESIGN statement), equally spaced
information levels are used. With the SAMPLESIZE statement, the required sampi isizéso displayed
under the heading “Information Level.” With the Pocock method, the standardibedndary values are
identical at all stages for eachboundary.

At each interim stage, the hypothesistb§ W D 0 is rejected if the standardized normal test statistic

z 2:36129the lower boundary, oz  2:36129the upper boundary. Otherwise, the trial continues

to the next stage. At the nal stage, stage 4, the trial stops and the hypothesis is rejected if the test statistic
jzaj  2:36129 Otherwise, the hypothesis is accepted.
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The “Error Spending Information” in Output 87.3.6 displays cumulative error spending at each stage for each
boundary. It shows that moreerrors are used in early stages than in later stages.

Output 87.3.6 Error Spending Information

Error Spending Information

-Information Level-  ------- Lower------  --meee Upper------
_Stage_ Proportion Alpha Beta Beta Alpha

0.2500 0.00911 0.00002 0.00002 0.00911
0.5000 0.01577 0.00002 0.00002 0.01577
0.7500 0.02088 0.00002 0.00002 0.02088
1.0000 0.02500 0.10000 0.10000 0.02500

A WN P

The “Sample Size Summary” table in Output 87.3.7 displays the speci ed parameters for the sample size
computation of the two-sample test for mean difference.

Output 87.3.7 Sample Size Summary

Sample Size Summary

Test Two-Sample Means
Mean Difference 0.4
Standard Deviation 0.8
Max Sample Size 223.7715
Expected Sample Size (Null Ref) 218.652
Expected Sample Size (Alt Ref) 131.9167
Weight (Group A) 2
Weight (Group B) 1

The “Sample Sizes (N)” table in Output 87.3.8 displays the derived sample sizes at each stage, in both
fractional and integer numbers. With the WEIGHT=2 option, the allocation ratio is 2 for the rst group and 1
for the second group. See the section “Test for the Difference between Two Normal Means” on page 7451
for the derivation of these sample sizes. With the xed-sample information ratio 1.1831, the derived sample
sizes in fractional numbers are derived by multiplying 1.1831 by the corresponding sample sizes in the
xed-sample design.
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Output 87.3.8 Sample Sizes

Sample Sizes (N)
Two-Sample Z Test for Mean Difference
------------------ Fractional N-----------------
_Stage_ N N(Grp 1) N(Grp 2) Information
1 55.94 37.30 18.65 19.4246
2 111.89 74.59 37.30 38.8492
3 167.83 111.89 55.94 58.2738
4 223.77 149.18 74.59 77.6984
Sample Sizes (N)
Two-Sample Z Test for Mean Difference
------------------- Ceiling N---------=-mnmeeee-
_Stage_ N N(Grp 1) N(Grp 2) Information
1 57 38 19 19.7917
2 113 75 38 39.4082
3 168 112 56 58.3333
4 225 150 75 78.1250

These fractional sample sizes are rounded up to integers under the heading “Ceiling N.” When the resulting
integer sample sizes are used, the corresponding information levels are slightly larger than the levels from the
design. This can increase the power slightly if a trial uses these integer sample sizes.

Note that compared with other designs, a Pocock design can stop the trial early with aleager. However,
this might not be persuasive enough to make a new treatment widely accepted (Pocock and White 1999).
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The “Design Information” table in Output 87.3.9 displays design speci cations and the derived statistics for
the O'Brien-Fleming design. With the speci ed ALTREF= option, the maximum informaltiprD 67:1268
is derived.

Output 87.3.9 O'Brien-Fleming Design Information

The SEQDESIGN Procedure
Design: TwoSidedOBrienFleming
Design Information

Statistic Distribution Normal
Boundary Scale Standardized Z
Alternative Hypothesis Two-Sided
Early Stop Reject Null
Method O Brien-Fleming
Boundary Key Both
Alternative Reference 0.4
Number of Stages 4
Alpha 0.05
Beta 0.1
Power 0.9
Max Information (Percent of Fixed Sample) 102.2163
Max Information 67.12682
Null Ref ASN (Percent of Fixed Sample) 101.5728
Alt Ref ASN (Percent of Fixed Sample) 76.7397

With the corresponding xed-sample information

S0l o=27Cc” 11 /1% 1:96C 1:28155F
lo D D D 65:672
0 02 016 65:6728

the xed-sample information ratio iI67:1268=65:6728 1:022 That is, the maximum information for the
O'Brien-Fleming design is only 2.2% more than for the corresponding xed-sample design.

The “Method Information” table in g)utput 87.3.10 displays the Typddvel and Type Il level. It also
displays the derived drift parameter [, which is the standardized alternative reference at the nal stage.
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Output 87.3.10 Method Information

Method Information

Boundary Method Alpha Beta

Upper Alpha O Brien-Fleming 0.02500 0.10000
Lower Alpha O Brien-Fleming 0.02500 0.10000

Method Information

Alternative
Boundary Reference
Upper Alpha 0.4
Lower Alpha -0.4

------- Unified Family------
Rho Tau C
0.5 0 2.02429
0.5 0 2.02429

Drift

3.277238
-3.27724

With the METHOD=0BF option, the O'Brien-Fleming method is used for each boundary. The O'Brien-
Fleming method is one of the uni ed family methods, and the table also displays its corresponding parameters
D 0:5as a uni ed family method and the derived paramé&@ed 2:0243for the boundary values.

With the PSS option, the “Power and Expected Sample Sizes” table in Output 87.3.11 displays powers and
expected sample sizes under various hypothetical referenbes; 1, where 1 is the alternative reference

andc; are values speci ed in the CREF= option.

Output 87.3.11 Power and Expected Sample Size Information

Powers and Expected Sample Sizes
Reference = CRef * (Alt Reference)

-Sample Size-
Percent
CRef Power Fixed-Sample
0.0000 0.02500 101.5728
0.5000 0.36495 96.3684
1.0000 0.90000 76.7397
1.5000 0.99821 57.2590

Compared with the corresponding Pocock design, the O'Brien-Fleming design has a smaller maximum
sample size, and smaller expected sample sizes under hypothetical referénéesnd D 0:5 1, but
larger expected sample sizes under hypothetical referenbes; and D 1.5 ;.
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With the STOPPROB option, the “Expected Cumulative Stopping Probabilities” table in Output 87.3.12
displays the expected stopping stage and cumulative stopping probability to reject the null hypothesis at each
stage under various hypothetical referencd3 ¢; 1, where ; is the alternative reference andare values

speci ed in the CREF= option.

Output 87.3.12 Stopping Probabilities

Expected Cumulative Stopping Probabilities
Reference = CRef * (Alt Reference)

Expected - Stopping Probabilities-------

CRef Stopping Stage Source Stage 1 Stage_2 Stage_3 Stage_4
0.0000 3.975 Reject Null 0.00005  0.00422  0.02091  0.05000
0.5000 3.771 Reject Null 0.00062  0.04430 0.18392  0.36515
1.0000 3.003 Reject Null 0.00798  0.29296  0.69603  0.90000
1.5000 2.241 Reject Null 0.05584  0.73031 0.97315  0.99821

Compared with the corresponding Pocock design, the O'Brien-Fleming design has smaller stopping probabil-
ities in early stages under each hypothetical reference.

The “Boundary Information” table in Output 87.3.13 displays the boundary values for the design that uses
the O'Brien-Fleming method. Compared with the Pocock method, the standardized statistiagsdary
values derived from the O'Brien-Fleming method in absolute values are larger in early stages and smaller in
later stages. This makes the O'Brien-Fleming design less likely to reject the null hypothesis in early stages
than the Pocock desigrlp With the derived param@t& 2:0243for the boundary, the boundaries at
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Output 87.3.13 Boundary Information

Boundary Information (Standardized Z Scale)
Null Reference = 0

------- Alternative------
--------- Information Level Reference-------
_Stage_ Proportion Actual N Lower Upper
1 0.2500 16.7817 48.33131 -1.63862 1.63862
2 0.5000 33.56341 96.66262 -2.31736 2.31736
3 0.7500 50.34511 144.9939 -2.83817 2.83817
4 1.0000 67.12682 193.3252 -3.27724 3.27724

Boundary Information (Standardized Z Scale)
Null Reference = 0

----- Boundary Values----

---Lower-- ---Upper--
_Stage_ Alpha Alpha
1 -4.04859 4.04859
2 -2.86278 2.86278
3 -2.33745 2.33745
4 -2.02429 2.02429

The “Error Spending Information” in Output 87.3.14 displays cumulative error spending at each stage for
each boundary. With smallerspending in early stages for the O'Brien-Fleming method, it also indicates
that the O'Brien-Fleming design is less likely to reject the null hypothesis in early stages than the Pocock
design.

Output 87.3.14 Error Spending Information

Error Spending Information

-Information Level-  ------- Lower------  --mm- Upper------
_Stage_ Proportion Alpha Beta Beta Alpha

0.2500 0.00003 0.00000 0.00000 0.00003
0.5000 0.00211 0.00000 0.00000 0.00211
0.7500 0.01046 0.00000 0.00000 0.01046
1.0000 0.02500 0.10000 0.10000 0.02500

A WN P
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The “Sample Size Summary” table in Output 87.3.15 displays the speci ed parameters for the sample size
computation of the two-sample test for mean difference.

Output 87.3.15 Sample Size Summary

Sample Size Summary

Test Two-Sample Means
Mean Difference 0.4
Standard Deviation 0.8
Max Sample Size 193.3252
Expected Sample Size (Null Ref) 192.1081
Expected Sample Size (Alt Ref) 145.1404
Weight (Group A) 2
Weight (Group B) 1

The “Sample Sizes (N)” table in Output 87.3.16 displays the derived sample sizes at each stage, in both
fractional and integer numbers. With the xed-sample information ratio 1.0222, the required sample sizes in
fractional numbers are derived by multiplying 1.0222 by the corresponding sample sizes in the xed-sample

design.

Output 87.3.16 Derived Sample Sizes

Sample Sizes (N)
Two-Sample Z Test for Mean Difference
------------------ Fractional N-----------------
_Stage_ N N(Grp 1) N(Grp 2) Information
1 48.33 32.22 16.11 16.7817
2 96.66 64.44 32.22 33.5634
3 144.99 96.66 48.33 50.3451
4 193.33 128.88 64.44 67.1268
Sample Sizes (N)
Two-Sample Z Test for Mean Difference
------------------- Ceiling N---------m-memmmnen
_Stage_ N N(Grp 1) N(Grp 2) Information
1 50 33 17 17.5313
2 98 65 33 34.1996
3 146 97 49 50.8669
4 194 129 65 67.5338




Example 87.4: Generating Graphics Display for Sequential Designs F 7497

Example 87.4: Generating Graphics Display for Sequential Designs

This example creates the same group sequential design as in Example 87.3 and creates graphics by using
ODS Graphics. The following statements request all available graphs in the SEQDESIGN procedure:

ods graphics on;
proc seqdesign altref=0.4
plots=all

TwoSidedPocock: design nstages=4 method=poc;
TwoSidedOBrienFleming: design nstages=4 method=obf;
run;
ods graphics off;

With the PLOTS=ALL option, a detailed boundary plot with the rejection region and acceptance region
is displayed for the Pocock design, as shown in Output 87.4.1. By default (or equivalently if you specify
STOP=REJECT), the rejection boundaries are also generated at interim stages.

Output 87.4.1 Pocock Boundary Plot
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The plot shows identical boundary values in each boundary in the standazdsoade for the Pocock design.
The information level and the critical value for the corresponding xed-sample design are also displayed.

With the PLOTS=ALL option, a detailed boundary plot with the rejection region and acceptance region is

also displayed for the O'Brien-Fleming design, as shown in Output 87.4.2. The plot shows that the rejection
boundary values are decreasing as the trial advances in the stand@rdizad.

Output 87.4.2 O'Brien-Fleming Boundary Plot

With the PLOTS=ALL option, the procedure displays a plot of average sample numbers (expected sample
sizes for nonsurvival data or expected numbers of events for survival data) under various hypothetical
references for all designs simultaneously, as shown in Output 87.4.3. By default, the option CREF=

wherec; are values speci ed in the CREF= option. These CREF= values are displayed on the horizontal axis.
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Output 87.4.3 ASN Plot

The plot shows that the Pocock design has a larger expected sample size than the O'Brien-Fleming design
under the null hypothesigi(D 0) and has a smaller expected sample size under the alternative hypothesis
(¢ D D).
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With the PLOTS=ALL option, the procedure displays a plot of the power curves under various hypothetical
references for all designs simultaneously, as shown in Output 87.4.4. By default, the option CREF=
0;0:01;0:02;:::;1:5(and powers under hypothetical referenceB ¢ 1 are displayed, wherg are

values speci ed in the CREF= option. These CREF= values are displayed on the horizontal axis.

Output 87.4.4 Power Plot

Under the null hypothesis; D 0, the power is 0.025, the upper Type | error probability. Under the alternative
hypothesisg; D 1, the power is 0.9, one minus the Type Il error probability. The plot shows only minor
difference between the two designs.

With the PLOTS=ALL option, the procedure displays a plot of sequential boundaries for all designs simul-
taneously, as shown in Output 87.4.5. By default (or equivalently if you specify HSCALE=INFO in the
COMBINEDBOUNDARY option), the information levels are used on the horizontal axis.
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Output 87.4.5 Combined Boundary Plot

The plot shows that the boundary values (in absolute value) created from the O'Brien-Fleming method are
greater in early stages and smaller in later stages than the boundary values from the Pocock method. The

plot also shows that the information level in the Pocock design is larger than the corresponding level in the
O'Brien-Fleming design at each stage.
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With the PLOTS=ALL option, the procedure displays a plot of cumulative error spends for all boundaries
in the designs simultaneously, as shown in Output 87.4.6. With a symmetric two-sided design, cumulative
error spending is displayed only for the uppelboundary. The plot shows that for the uppeboundary,

the O'Brien-Fleming method spends fewer errors in early stages and more errors in later stages than the
corresponding Pocock method.

Output 87.4.6 Error Spending Plot

Example 87.5: Creating Designs Using Haybittle-Peto Methods

This example requests two 3-stage group sequential designs for normally distributed statistics. Each design
uses a Haybittle-Peto method with a two-sided alternative and early stopping to reject the hypothesis. One
design uses the speci ed interim boundayalues and derives the nal-stage boundary value for the

specied and errors. The other design uses the speci ed boundarglues and derives the overalland
errors.
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The following statements specify the interim boundryalues and derive the nal-stage boundary value for
the specied D 0:05and D 0:10

ods graphics on;

proc seqdesign altref=0.25
errspend
stopprob
plots=errspend

OneSidedPeto: design nstages=3
method=peto( z=3)
alt=upper stop=reject
alpha=0.05 beta=0.10;

run;
ods graphics off;

The “Design Information” table in Output 87.5.1 displays design speci cations and maximum information in
percentage of its corresponding xed-sample design.

Output 87.5.1 Haybittle-Peto Design Information

The SEQDESIGN Procedure

Design: OneSidedPeto

Design Information
Statistic Distribution Normal
Boundary Scale Standardized Z
Alternative Hypothesis Upper
Early Stop Reject Null
Method Haybittle-Peto
Boundary Key Both
Alternative Reference 0.25
Number of Stages 3
Alpha 0.05
Beta 0.1
Power 0.9
Max Information (Percent of Fixed Sample) 100.2466
Max Information 137.3592
Null Ref ASN (Percent of Fixed Sample) 100.1192
Alt Ref ASN (Percent of Fixed Sample) 87.35

The “Method Information” table in Output 87.5.2 displays thand errors and the derived drift parameter,
which is the standardized alternative reference at the nal stage.

Output 87.5.2 Method Information

Method Information

Alternative
Boundary Method Alpha Beta Reference Drift

Upper Alpha  Haybittle-Peto 0.05000 0.10000 0.25 2.930009
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With the STOPPROB option, the “Expected Cumulative Stopping Probabilities” table in Output 87.5.3
displays the expected stopping stage and cumulative stopping probability to reject the null hypothesis
at each stage under various hypothetical referencBsc; 1, where 1 is the alternative reference and

¢ D 0;0:5; 1; 1:5are the default values in the CREF= option.

Output 87.5.3 Stopping Probabilities

Expected Cumulative Stopping Probabilities
Reference = CRef * (Alt Reference)

Expected ----Stopping Probabilities---
CRef Stopping Stage Source Stage 1 Stage 2 Stage 3
0.0000 2.996 Reject Null 0.00135 0.00246 0.05000
0.5000 2.941 Reject Null 0.01561 0.04372 0.42762
1.0000 2.614 Reject Null 0.09538 0.29057 0.90000
1.5000 1.944 Reject Null 0.32185 0.73442 0.99698

The “Boundary Information” table in Output 87.5.4 displays information level, alternative references, and
boundary values. By default (or equivalently if you specify BOUNDARYSCALE=STDZ), the standardized
scale is used to display the alteBwative references and boundary values. The resulting standardized alternative

reference at stageis given by 1° [, where 1 is the alternative reference ahgd is the information level
atstagek, k D 1;2;3

Output 87.5.4 Boundary Information

Boundary Information (Standardized Z Scale)
Null Reference = 0

-Alternative- -Boundary Values-
---Information Level-- --Reference-- - Upper------
_Stage_ Proportion Actual Upper Alpha
1 0.3333 45.7864 1.69164 3.00000
2 0.6667 91.57281 2.39234 3.00000
3 1.0000 137.3592 2.93001 1.65042

At each interim stage, if the standardized statistic 3, the trial is stopped and the null hypothesis is rejected.

If the statisticz < 3, the trial continues to the next stage. At the nal stage, the null hypothesis is rejected
if the statisticzz > 1:65. Otherwise, the hypothesis is accepted. Note that the boundary values at the nal
stage, 1.65, are close to the critical values 1.645 in the corresponding xed-sample design.

The “Error Spending Information” in Output 87.5.5 displays cumulative error spending at each stage for each

boundary. The stage 1spending 0.00135 corresponds to the one-sjeedlue for a standardized statistic,
Z>3.
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Output 87.5.5 Error Spending Information

Error Spending Information

-Cumulative Error Spending-

-Information Level- Upper
_Stage_ Proportion Beta Alpha
1 0.3333 0.00000 0.00135
2 0.6667 0.00000 0.00246
3 1.0000 0.10000 0.05000

With ODS Graphics enabled, a detailed boundary plot with the rejection and acceptance regions is displayed,
as shown in Output 87.5.6. With the STOP=REJECT option, the interim rejection boundaries are displayed.

Output 87.5.6 Boundary Plot
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With the PLOTS=ERRSPEND option, the procedure displays a plot of error spending for each boundary, as
shown in Output 87.5.7. The error spending values in the “Error Spending Information” in Output 87.5.4

are displayed in the plot. As expected, the error spending at each of the rst two stages is small, with the
standardized boundary value 3.

Output 87.5.7 Error Spending Plot

The following statements specify the bound@ryalues and derive the and errors from these completely
speci ed boundary values:

ods graphics on;

proc seqdesign altref=0.25
maxinfo=200
errspend
stopprob
plots=errspend

OneSidedPeto: design nstages=3
method=peto(z=3 2.5 2)
alt=upper stop=reject
boundarykey=none

run;
ods graphics off;
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The “Design Information” table in Output 87.5.8 displays design speci cations and derieed error

levels.

Output 87.5.8 Design Information

The SEQDESIGN Procedure

Design: OneSidedPeto

Design Information
Statistic Distribution Normal
Boundary Scale Standardized Z
Alternative Hypothesis Upper
Early Stop Reject Null
Method Haybittle-Peto
Boundary Key None
Alternative Reference 0.25
Number of Stages 3
Alpha 0.02532
Beta 0.06035
Power 0.93965
Max Information (Percent of Fixed Sample) 101.6769
Max Information 200
Null Ref ASN (Percent of Fixed Sample) 101.3933
Alt Ref ASN (Percent of Fixed Sample) 73.74031

The “Method Information” table in Output 87.5.9 displays thand

for each boundary.

errors and the derived drift parameter

Output 87.5.9 Method Information

Boundary

Upper Alpha

Method

Haybittle-Peto

Method Information

Alternative
Alpha Beta Reference Drift
0.02532 0.06035 0.25 3.535534
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With the STOPPROB option, the “Expected Cumulative Stopping Probabilities” table in Output 87.5.10
displays the expected stopping stage and cumulative stopping probability to reject the null hypothesis
at each stage under various hypothetical referencBsc; 1, where 1 is the alternative reference and

¢ D 0;0:5; 1; 1:5are the default values in the CREF= option.

Output 87.5.10 Stopping Probabilities

Expected Cumulative Stopping Probabilities
Reference = CRef * (Alt Reference)

Expected ----Stopping Probabilities---
CRef Stopping Stage Source Stage 1 Stage 2 Stage 3
0.0000 2.992 Reject Null 0.00135 0.00702 0.02532
0.5000 2.826 Reject Null 0.02389 0.15030 0.41775
1.0000 2.176 Reject Null 0.16884 0.65544 0.93965
1.5000 1.508 Reject Null 0.52466 0.96708 0.99954

The “Boundary Information” table in Output 87.5.11 displays information level, alternative references, and
boundary values.

Output 87.5.11 Boundary Information

Boundary Information (Standardized Z Scale)
Null Reference = 0

-Alternative- -Boundary Values-
---Information Level-- --Reference-- - Upper------
_Stage Proportion Actual Upper Alpha
1 0.3333 66.66667 2.04124 3.00000
2 0.6667 133.3333 2.88675 2.50000
3 1.0000 200 3.53553 2.00000

The “Error Spending Information” in Output 87.5.12 displays cumulative error spending at each stage for
each boundary. The rst-stagespending 0.00135 corresponds to the one-spedlue for a standardized
statistic,Z > 3.

Output 87.5.12 Error Spending Information

Error Spending Information

-Cumulative Error Spending-

-Information Level- Upper
_Stage_ Proportion Beta Alpha
1 0.3333 0.00000 0.00135
2 0.6667 0.00000 0.00702
3 1.0000 0.06035 0.02532
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With ODS Graphics enabled, a detailed boundary plot with the rejection and acceptance regions is displayed,
as shown in Output 87.5.13. With the STOP=REJECT option, the interim rejection boundaries are displayed.

Output 87.5.13 Boundary Plot
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With the PLOTS=ERRSPEND option, the procedure displays a plot of error spending for each boundary,
as shown in Output 87.5.14. The error spending values in the “Error Spending Information” table in
Output 87.5.10 are displayed in the plot.

Output 87.5.14 Error Spending Plot
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Example 87.6: Creating Designs with Various Stopping Criteria

This example requests three 5-stage group sequential designs for normally distributed statistics. Each design
uses a triangular method with the speci ed one-sided upper alternative refereBc@:2. The resulting
boundary values are displayed with the score scale. Note that these uni ed family triangular designs are
different from Whitehead's triangular designs.

The following statements request three designs with different stopping criterion:

ods graphics on;
proc seqdesign altref=0.2
bscale=score
errspend
plots=(combinedboundary errspend(hscale=info))

StopToRejectAccept: design nstages=5 method=tri alt=upper stop=both;
StopToReject: design nstages=5 method=tri alt=upper stop=reject;
StopToAccept: design nstages=5 method=tri alt=upper stop=accept;
run;
ods graphics off;

The rst design has early stopping to reject or accept the null hypothkisis

The “Design Information” table in Output 87.6.1 displays design speci cations and derived statistics. With
the speci ed alternative reference, the maximum information is derived.

Output 87.6.1 Triangular Design Information

The SEQDESIGN Procedure
Design: StopToRejectAccept
Design Information

Statistic Distribution Normal
Boundary Scale Score
Alternative Hypothesis Upper
Early Stop Accept/Reject Null
Method Triangular
Boundary Key Both
Alternative Reference 0.2
Number of Stages 5
Alpha 0.05
Beta 0.1
Power 0.9
Max Information (Percent of Fixed Sample) 140.0293
Max Information 299.797
Null Ref ASN (Percent of Fixed Sample) 59.11973
Alt Ref ASN (Percent of Fixed Sample) 66.94909
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The “Method Information” table in Output 87.6.2 displays thand errors and the derived drift parameter,
which is the standardized alternative reference at the nal stage. The table also shows the corresponding
parameters for a triangular method as a uni ed family method.

Output 87.6.2 Method Information

Method Information

------- Unified Family------
Boundary Method Alpha Beta Rho Tau C
Upper Alpha  Triangular 0.05000 . 0.5 1 0.94394
Upper Beta Triangular . 0.10000 0.5 1 0.78753

Method Information

Alternative
Boundary Reference Drift
Upper Alpha 0.2 3.46293
Upper Beta 0.2 3.46293

The “Boundary Information” table in Output 87.6.3 displays information level, alternative reference, and
boundary values. With the speci ed BOUNDARYSCALE=SCORE option, the alternative reference and
boundary values are displayed in the score statistic scale. With a score scale, the alternative referépce is

Output 87.6.3 Boundary Information

Boundary Information (Score Scale)
Null Reference = 0
-Alternative- ~ ----- Boundary Values----
---Information Level-- --Reference-- Upper
_Stage_ Proportion Actual Upper Beta Alpha
1 0.2000 59.9594 11.99188 -4.37102 19.61274
2 0.4000 119.9188 23.98376 4.89371 22.88154
3 0.6000 179.8782 35.97564 14.15845 26.15033
4 0.8000 239.8376 47.96752 23.42318 29.41912
5 1.0000 299.797 59.95940 32.68791 32.68791

The “Error Spending Information” table in Output 87.6.4 displays cumulative error spending at each stage
for each boundary.
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Output 87.6.4 Error Spending Information

Error Spending Information

-Cumulative Error Spending-

-Information Level- Upper
_Stage_ Proportion Beta Alpha
1 0.2000 0.01729 0.00566
2 0.4000 0.04927 0.02138
3 0.6000 0.07611 0.03643
4 0.8000 0.09357 0.04641
5 1.0000 0.10000 0.05000

With ODS Graphics enabled, a detailed boundary plot with the rejection and acceptance regions is displayed,
as shown in Output 87.6.5. With the STOP=BOTH option, both the acceptance and rejection boundaries at
interim stages are displayed. With the score scale, the acceptance and rejection boundaries are straight lines
and form a triangular-shape continuation region.

Output 87.6.5 Boundary Plot with Score Statistics
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The second design has early stopping only to reject the null hypotHgsis

The “Design Information” table in Output 87.6.6 displays design speci cations and derived statistics. With
the speci ed alternative reference, the maximum information is derived.

Output 87.6.6 Triangular Design Information

The SEQDESIGN Procedure

Design: StopToReject

Design Information
Statistic Distribution Normal
Boundary Scale Score
Alternative Hypothesis Upper
Early Stop Reject Null
Method Triangular
Boundary Key Both
Alternative Reference 0.2
Number of Stages 5
Alpha 0.05
Beta 0.1
Power 0.9
Max Information (Percent of Fixed Sample) 113.4443
Max Information 242.8799
Null Ref ASN (Percent of Fixed Sample) 111.3399
Alt Ref ASN (Percent of Fixed Sample) 67.41968

The “Method Information” table in Output 87.6.7 displays thand errors and the derived drift parameter.
The table also shows the corresponding parameters for a triangular method as a uni ed family method.

Output 87.6.7 Method Information

Method Information

Boundary Method Alpha Beta Rho Tau C
Upper Alpha  Triangular 0.05000  0.10000 0.5 1 0.9833

Method Information

Alternative
Boundary Reference Drift
Upper Alpha 0.2 3.116921

The “Boundary Information” table in Output 87.6.8 displays information level, alternative reference, and
boundary values. With the speci ed BOUNDARYSCALE=SCORE option, the alternative reference and
boundary values are displayed in the score statistic scale.
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Output 87.6.8 Boundary Information

Boundary Information (Score Scale)
Null Reference = 0
-Alternative- -Boundary Values-
---Information Level-- --Reference--  ------ Upper------

_Stage_ Proportion Actual Upper Alpha
1 0.2000 48.57597 9.71519 18.38919
2 0.4000 97.15194 19.43039 21.45405
3 0.6000 145.7279 29.14558 24.51891
4 0.8000 194.3039 38.86078 27.58378
5 1.0000 242.8799 48.57597 30.64864

The “Error Spending Information” table in Output 87.6.9 displays cumulative error spending at each stage
for each boundary.

Output 87.6.9 Error Spending Information

Error Spending Information

-Cumulative Error Spending-

-Information Level- Upper
_Stage_ Proportion Beta Alpha
1 0.2000 0.00000 0.00416
2 0.4000 0.00000 0.01705
3 0.6000 0.00000 0.03027
4 0.8000 0.00000 0.04127
5 1.0000 0.10000 0.05000
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With ODS Graphics enabled, a detailed boundary plot with the rejection and acceptance regions is displayed,
as shown in Output 87.6.10. For a triangular design, these rejection boundaries form a straight line with the
score scale.

Output 87.6.10 Boundary Plot with Score Statistics

The third design has early stopping to accept the null hypotlhbsis

The “Design Information” table in Output 87.6.11 displays design speci cations and derived statistics. With
the speci ed alternative reference, the maximum information is derived.
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Output 87.6.11 Triangular Design Information

The SEQDESIGN Procedure

Design: StopToAccept

Design Information
Statistic Distribution Normal
Boundary Scale Score
Alternative Hypothesis Upper
Early Stop Accept Null
Method Triangular
Boundary Key Both
Alternative Reference 0.2
Number of Stages 5
Alpha 0.05
Beta 0.1
Power 0.9
Max Information (Percent of Fixed Sample) 114.9925
Max Information 246.1945
Null Ref ASN (Percent of Fixed Sample) 57.83208
Alt Ref ASN (Percent of Fixed Sample) 110.2477

The “Method Information” table in Output 87.6.12 displays thand errors and the derived drift parameter.
The table also shows the corresponding parameters for a triangular method as a uni ed family method.

Output 87.6.12 Method Information

Method Information

Boundary Method Alpha Beta Rho Tau C
Upper Beta Triangular 0.05000  0.10000 0.5 1 0.82154
Method Information

Alternative
Boundary Reference Drift

Upper Beta 0.2  3.138117
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The “Boundary Information” table in Output 87.6.13 displays information level, alternative reference, and
boundary values. With the speci ed BOUNDARYSCALE=SCORE option, the alternative reference and
boundary values are displayed in the score statistic scale.

Output 87.6.13 Boundary Information

Boundary Information (Score Scale)
Null Reference = 0
-Alternative- -Boundary Values-
---Information Level-- --Reference-- - Upper------
_Stage_ Proportion Actual Upper Beta
1 0.2000 49.2389 9.84778 -5.62074
2 0.4000 98.4778 19.69556 1.64895
3 0.6000 147.7167 29.54334 8.91865
4 0.8000 196.9556 39.39112 16.18834
5 1.0000 246.1945 49.23890 23.45803

The “Error Spending Information” table in Output 87.6.14 displays cumulative error spending at each stage
for each boundary.

Output 87.6.14 Error Spending Information

Error Spending Information

-Cumulative Error Spending-

-Information Level- Upper
_Stage_ Proportion Beta Alpha
1 0.2000 0.01375 0.00000
2 0.4000 0.04149 0.00000
3 0.6000 0.06594 0.00000
4 0.8000 0.08513 0.00000
5 1.0000 0.10000 0.05000

With ODS Graphics enabled, a detailed boundary plot with the rejection and acceptance regions is displayed,
as shown in Output 87.6.15. For a triangular design, these rejection boundaries form a straight line with the
score scale.



Example 87.6: Creating Designs with Various Stopping Criteria F 7519

Output 87.6.15 Boundary Plot with Score Scale
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With the PLOTS=COMBINEDBOUNDARY option, a plot of the resulting sequential boundaries for all
designs is displayed, as shown in Output 87.6.16. The plot shows that the design with early stopping to reject
and to accepitl o has larger maximum information than the other two designs.

Output 87.6.16 Combined Boundary Plot with Score Scale

With the PLOTS=ERRSPEND(HSCALE=INFO) option, the error spending plot is displayed with the
information level on the horizontal axis, as shown in Output 87.6.17. The design with early stopping to reject

or accept the null hypothesi$y has larger spending and larger spending in early stages than the other
two designs.
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Output 87.6.17 Error Spending Plot
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Example 87.7: Creating Whitehead's Triangular Designs

This example requests three 4-stage Whitehead's triangular designs for normally distributed statistics. Each
design has a one-sided alternative hypothesidV, D 0:69314 Avith early stopping to reject or accept the

null hypothesidH . Note that Whitehead's triangular designs are different from uni ed family triangular
designs.

The following statements invoke the SEQDESIGN procedure and specify three Whitehead's triangular
designs:

ods graphics on;

proc seqdesign altref=0.693147
bscale=score
plots=combinedboundary

BoundaryKeyNone: design nstages=4
method=whitehead
boundarykey=none
alt=upper stop=both
alpha=0.05 beta=0.20

BoundaryKeyAlpha: design nstages=4
method=whitehead
boundarykey=alpha
alt=upper  stop=both
alpha=0.05 beta=0.20

BoundaryKeyBeta: design nstages=4
method=whitehead
boundarykey=beta
alt=upper  stop=both
alpha=0.05 beta=0.20

run;
ods graphics off;

Whitehead methods with early stopping to reject or accept the null hypothesis create boundaries that
approximately satisfy the Type | and Type Il error probability speci cation. The BOUNDARYKEY=NONE

option speci es no adjustment to the boundary value at the nal stage to maintain either a Type | or a Type Il
error probability level.

The “Design Information” table in Output 87.7.1 displays design speci cations and maximum information.
Note that with the BOUNDARYKEY=NONE option, the derived error® 0:05071and D 0:19771are
not the same as the speci ed error® 0:05and D 0:20
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Output 87.7.1 Whitehead Design Information

The SEQDESIGN Procedure
Design: BoundaryKeyNone
Design Information

Statistic Distribution Normal
Boundary Scale Score
Alternative Hypothesis Upper
Early Stop Accept/Reject Null
Method Whitehead
Boundary Key None
Alternative Reference 0.693147
Number of Stages 4
Alpha 0.05071
Beta 0.19771
Power 0.80229
Max Information (Percent of Fixed Sample) 129.6815
Max Information 16.70639
Null Ref ASN (Percent of Fixed Sample) 62.48184
Alt Ref ASN (Percent of Fixed Sample) 73.82535

The “Method Information” table in Output 87.7.2 displays the deriveahd errors and the derived drift

parameter. The derived errordD 0:05071and D 0:19771are not exactly the same as the speci ed errors
D 0:05and D 0:20with the BOUNDARYKEY=NONE option.

Output 87.7.2 Method Information

Method Information
------ Whitehead-----
Boundary Method Alpha Beta Tau C
Upper Alpha  Whitehead 0.05071 0.25 4.60517
Upper Beta Whitehead 0.19771 0.25 4.60517
Method Information
Alternative
Boundary Reference Drift
Upper Alpha 0.693147 2.833131
Upper Beta 0.693147 2.833131
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The “Boundary Information” table in Output 87.7.3 displays information level, alternative reference, and
boundary values. With the speci ed BOUNDARYSCALE=SCORE option, the alternative reference and
boundary values are displayed with the score statistics scale.

Output 87.7.3 Boundary Information

Boundary Information (Score Scale)
Null Reference = 0

-Alternative- ~ ----- Boundary Values----
---Information Level-- --Reference-- Upper
_Stage_ Proportion Actual Upper Beta Alpha
1 0.2500 4.176597 2.89500 -0.95755 4.78775
2 0.5000 8.353195 5.78999 1.91510 5.74530
3 0.7500 12.52979 8.68499 4.78775 6.70285
4 1.0000 16.70639 11.57998 7.66039 7.66039

With ODS Graphics enabled, a detailed boundary plot with the rejection and acceptance regions is displayed,
as shown in Output 87.7.4.

Output 87.7.4 Boundary Plot
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The second design uses the BOUNDARYKEY=ALPHA option to adjust the boundary value at the nal stage
to maintain the Type | error probability level.

The “Design Information” table in Output 87.7.5 displays design speci cations and the derived maximum
information. Note that with the BOUNDARYKEY=ALPHA option, the speci ed Type | error probability
D 0:05is maintained.

Output 87.7.5 Whitehead Design Information

The SEQDESIGN Procedure
Design: BoundaryKeyAlpha
Design Information

Statistic Distribution Normal
Boundary Scale Score
Alternative Hypothesis Upper
Early Stop Accept/Reject Null
Method Whitehead
Boundary Key Alpha
Alternative Reference 0.693147
Number of Stages 4
Alpha 0.05
Beta 0.20044
Power 0.79956
Max Information (Percent of Fixed Sample) 129.9894
Max Information 16.70639
Null Ref ASN (Percent of Fixed Sample) 62.6302
Alt Ref ASN (Percent of Fixed Sample) 74.00064

The “Method Information” table in Output 87.7.6 displays the speci ed and derivadd errors and
the derived drift parameter. The derived Type | error probability is the same as the specdbe:05
and the derived Type Il error probability D 0:20044is not the same as the speci edD 0:20with the
BOUNDARYKEY=ALPHA option.

Output 87.7.6 Method Information

Method Information

------ Whitehead-----
Boundary Method Alpha Beta Tau C
Upper Alpha  Whitehead 0.05000 . 0.25 4.60517
Upper Beta Whitehead . 0.20044 0.25 4.60517

Method Information

Alternative
Boundary Reference Drift
Upper Alpha 0.693147 2.833131
Upper Beta 0.693147 2.833131
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The “Boundary Information” table in Output 87.7.7 displays information level, alternative reference, and
boundary values.

Output 87.7.7 Boundary Information

Boundary Information (Score Scale)
Null Reference = 0

-Alternative- ~ ----- Boundary Values----
---Information Level-- --Reference-- Upper:
_Stage_ Proportion Actual Upper Beta Alpha
1 0.2500 4.176597 2.89500 -0.95755 4.78775
2 0.5000 8.353195 5.78999 1.91510 5.74530
3 0.7500 12.52979 8.68499 4.78775 6.70285
4 1.0000 16.70639 11.57998 7.81300 7.81300

With ODS Graphics enabled, a detailed boundary plot with the rejection and acceptance regions is displayed,
as shown in Output 87.7.8.

Output 87.7.8 Boundary Plot
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The third design speci es the BOUNDARYKEY=BETA option to derive the boundary values to maintain the
Type Il error probability level .

The “Design Information” table in Output 87.7.9 displays design speci cations and the derived maximum
information. Note that with the BOUNDARYKEY=BETA option, the speci ed Type Il error probability
D 0:20is maintained.

Output 87.7.9 Whitehead Design Information

The SEQDESIGN Procedure
Design: BoundaryKeyBeta
Design Information

Statistic Distribution Normal
Boundary Scale Score
Alternative Hypothesis Upper
Early Stop Accept/Reject Null
Method Whitehead
Boundary Key Beta
Alternative Reference 0.693147
Number of Stages 4
Alpha 0.05011
Beta 0.2
Power 0.8
Max Information (Percent of Fixed Sample) 129.9364
Max Information 16.70639
Null Ref ASN (Percent of Fixed Sample) 62.60462
Alt Ref ASN (Percent of Fixed Sample) 73.97042

The “Method Information” table in Output 87.7.10 displays thand errors and the derived drift parameter.
The derived Type Il error probability is the same as the speci €d 0:20and the derived Type | error
probability D 0:05011is not the same as the speci edD 0:05with the BOUNDARYKEY=BETA
option.

Output 87.7.10 Method Information

Method Information

------ Whitehead-----
Boundary Method Alpha Beta Tau C
Upper Alpha  Whitehead 0.05011 . 0.25 4.60517
Upper Beta Whitehead . 0.20000 0.25 4.60517

Method Information

Alternative
Boundary Reference Drift
Upper Alpha 0.693147 2.833131

Upper Beta 0.693147 2.833131




7528 F Chapter 87: The SEQDESIGN Procedure

The “Boundary Information” table in Output 87.7.11 displays information level, alternative reference, and
boundary values.

Output 87.7.11 Boundary Information

Boundary Information (Score Scale)
Null Reference = 0

-Alternative- ~ ----- Boundary Values----
---Information Level-- --Reference-- Upper:
_Stage_ Proportion Actual Upper Beta Alpha
1 0.2500 4.176597 2.89500 -0.95755 4.78775
2 0.5000 8.353195 5.78999 1.91510 5.74530
3 0.7500 12.52979 8.68499 4.78775 6.70285
4 1.0000 16.70639 11.57998 7.78899 7.78899

With ODS Graphics enabled, a detailed boundary plot with the rejection and acceptance regions is displayed,
as shown in Output 87.7.12.

Output 87.7.12 Boundary Plot
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With the PLOTS=COMBINEDBOUNDARY option, a combined plot of group sequential boundaries for
all designs is displayed, as shown in Output 87.7.13. It shows that three designs are similar, with a slightly
smaller boundary value at the nal stage for the design with the BOUNDARYKEY=NONE option.

Output 87.7.13 Combined Boundary Plot

Example 87.8: Creating a One-Sided Error Spending Design

This example requests a ve-stage, one-sided group sequential design for normally distributed statistics. The

design uses an O'Brien-Fleming-type error spending function for theundary and a Pocock-type error

spending function for the boundary. The following statements request a one-sided design by using different
and spending functions:
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ods graphics on;

proc seqdesign altref=0.2 errspend
pss(cref=0 0.5 1)
stopprob(cref=0 0.5 1)
plots=(asn power errspend)

OneSidedErrorSpending: design nstages=5
method(alpha)=errfuncobf
method(beta)=errfuncpoc
alt=upper stop=both
alpha=0.025

run;
ods graphics off;

The “Design Information” table in Output 87.8.1 displays design speci cations and the derived statistics.
With the speci ed alternative reference, the maximum information is derived.

Output 87.8.1 Error Spending Method Design Information

The SEQDESIGN Procedure
Design: OneSidedErrorSpending

Design Information

Statistic Distribution Normal
Boundary Scale Standardized Z
Alternative Hypothesis Upper

Early Stop Accept/Reject Null
Method Error Spending
Boundary Key Both
Alternative Reference 0.2
Number of Stages 5
Alpha 0.025
Beta 0.1
Power 0.9
Max Information (Percent of Fixed Sample) 119.4278

Max Information 313.7196
Null Ref ASN (Percent of Fixed Sample) 50.35408

Alt Ref ASN (Percent of Fixed Sample) 78.77223

The “Method Information” table in Output 87.8.2 displays thand errors, alternative reference, and
derived drift parameter, which is the standardized alternative reference at the nal stage.
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Output 87.8.2 Method Information

Method Information

----Error Spending----

Boundary Method Alpha Beta Function
Upper Alpha Error Spending 0.02500 . Approx O Brien-Fleming
Upper Beta Error Spending . 0.10000 Approx Pocock

Method Information

Alternative
Boundary Reference Drift
Upper Alpha 0.2 3.542426
Upper Beta 0.2 3.542426

With the STOPPROB option, the “Expected Cumulative Stopping Probabilities” table in Output 87.8.3
displays the expected stopping stage and cumulative stopping probability to reject the null hypothesis at each
stage under various hypothetical referencd3 ¢; 1, where ; is the alternative reference andare values

speci ed in the CREF= option.

Output 87.8.3 Stopping Probabilities

Expected Cumulative Stopping Probabilities
Reference = CRef * (Alt Reference)

Expected
CRef Stopping Stage Source

0.0000 2.108 Reject Null
0.0000 2.108 Accept Null
0.0000 2.108 Total
0.5000 3.296 Reject Null
0.5000 3.296 Accept Null
0.5000 3.296 Total
1.0000 3.298 Reject Null
1.0000 3.298 Accept Null
1.0000 3.298 Total

Expected Cumulative Stopping Probabilities
Reference = CRef * (Alt Reference)

CRef Stage_1 Stage_2 Stage_3 Stage 4 Stage 5

0.0000 0.00000 0.00039 0.00381 0.01221 0.02500
0.0000 0.38080 0.69133 0.86162 0.94170 0.97500
0.0000 0.38080 0.69173 0.86543 0.95391 1.00000
0.5000 0.00002 0.01265 0.09650 0.24465 0.38724
0.5000 0.13665 0.28063 0.41080 0.52230 0.61276
0.5000 0.13667 0.29328 0.50730 0.76695 1.00000
1.0000 0.00050 0.13209 0.52642 0.80390 0.90000
1.0000 0.02954 0.05231 0.07085 0.08648 0.10000
1.0000 0.03004 0.18440 0.59728 0.89039 1.00000
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With the PSS option, the “Power and Expected Sample Sizes” table in Output 87.8.4 displays powers and
expected sample sizes under various hypothetical referenbes 1, where ; is the alternative reference
andc; D 0;0:5; 1; 1:5are the default values in the CREF= option.

Output 87.8.4 Power and Expected Sample Size Information

Powers and Expected Sample Sizes
Reference = CRef * (Alt Reference)

-Sample Size-

Percent
CRef Power Fixed-Sample
0.0000 0.02500 50.3541
0.5000 0.38724 78.7219
1.0000 0.90000 78.7722

With the PLOTS=ASN option, the procedure displays a plot of expected sample sizes under various hypothet-
ical references, as shown in Output 87.8.5. By default, expected sample sizes under the hypdiheses,

Output 87.8.5 ASN Plot
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With the PLOTS=POWER option, the procedure displays a plot of the power curves under various hypothetical
references for all designs simultaneously, as shown in Output 87.8.6. By default, the option CREF=

0;0:01;0:02;:::;1:5(and powers under hypothetical referenceB ¢ 1 are displayed, wherg are
values speci ed in the CREF= option. These CREF= values are displayed on the horizontal axis.

Under the null hypothesis; D 0, the power is 0.025, the upper Type | error probability. Under the alternative

hypothesisg; D 1, the power is 0.9, one minus the Type Il error probability. The plot shows only minor
difference between the two designs.

Output 87.8.6 Power Plot
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The “Boundary Information” table in Output 87.8.7 displays information level, alternative reference, and
boundary values. By default (or equivalently if you specify BOUNDARYSCALE=STDZ), the alternative
reference and boundary values are displaylgd with the standaiflgmade. That is, the resulting standardized
alternative reference at stagés given by 1 I, where 1 is the speci ed alternative reference andis

Output 87.8.7 Boundary Information

Boundary Information (Standardized Z Scale)
Null Reference = 0
-Alternative- ~ ----- Boundary Values----
---Information Level-- --Reference-- Upper
_Stage_ Proportion Actual Upper Beta Alpha
1 0.2000 62.74393 1.58422 -0.30338 4.87688
2 0.4000 125.4879 2.24043 0.41667 3.35706
3 0.6000 188.2318 2.74395 0.97165 2.67766
4 0.8000 250.9757 3.16844 1.43627 2.26535
5 1.0000 313.7196 3.54243 1.87522 1.87522

With ODS Graphics enabled, a detailed boundary plot with the rejection and acceptance regions is displayed,

as shown in Output 87.8.8. This plot displays the boundary values in the “Boundary Information” table in
Output 87.8.7.
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Output 87.8.8 Boundary Plot

The “Error Spending Information” table in Output 87.8.9 displays cumulative error spending at each stage
for each boundary.

Output 87.8.9 Error Spending Information

Error Spending Information

-Cumulative Error Spending-

-Information Level- Upper
_Stage_ Proportion Beta Alpha
1 0.2000 0.02954 0.00000
2 0.4000 0.05231 0.00039
3 0.6000 0.07085 0.00381
4 0.8000 0.08648 0.01221
5 1.0000 0.10000 0.02500
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