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Chapter 221

Group-Sequential Tests for Two
Proportions (Simulation) (Legacy)

This procedure uses simulation for the calculation of the boundaries as well as for calculation of power (and
sample size). Futility boundaries are limited. A variety of test statistics are available.

Introduction

This procedure can be used to determine power, sample size and/or boundaries for group sequential tests
comparing the proportions of two groups. The tests that can be simulated in this procedure are the common
two-sample Z-test with or without pooled standard error and with or without continuity correction, the Mantel-
Haenszel test, the T-test, and Fisher's Exact test. For two-sided tests, significance (efficacy) boundaries can be
generated. For one-sided tests, significance and futility boundaries can be produced. The spacing of the looks
can be equal or custom specified. Boundaries can be computed based on popular alpha- and beta-spending
functions (O'Brien-Fleming, Pocock, Hwang-Shih-DeCani Gamma family, linear) or custom spending functions.
Boundaries can also be input directly to verify alpha- and/or beta-spending properties. Futility boundaries can
be binding or non-binding. Maximum and average (expected) sample sizes are reported as well as the alpha
and/or beta spent and incremental power at each look. Corresponding P-Value boundaries are also given for
each boundary statistic. Plots of boundaries are also produced.

Technical Details

This section outlines many of the technical details of the techniques used in this procedure including the
simulation summary, the test statistic details, and the use of spending functions.

An excellent text for the background and details of many group-sequential methods is Jennison and Turnbull
(2000).

Simulation Procedure

In this procedure, a large number of simulations are used to calculate boundaries and power using the
following steps

1. Based on the specified proportions, random samples of size N1 and N2 are generated under the null
distribution and under the alternative distribution. These are simulated samples as though the final
look is reached.

2. For each sample, test statistics for each look are produced. For example, if N1 and N2 are 100 and
there are 5 equally spaced looks, test statistics are generated from the random samples at N1 = N2 =
20,N1=N2=40,N1=N2=60,N1=N2=80,and N1 =N2 =100 for both null and alternative samples.
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3. To generate the first significance boundary, the null distribution statistics of the first look (e.g., at N1 =
N2 = 20) are ordered and the percent of alpha to be spent at the first look is determined (using either
the alpha-spending function or the input value). The statistic for which the percent of statistics above
(or below, as the case may be) that value is equal to the percent of alpha to be spent at the first look is
the boundary statistic. It is seen here how important a large number of simulations is to the precision
of the boundary estimates.

4. All null distribution samples that are outside the first significance boundary at the first look are
removed from consideration for the second look. If binding futility boundaries are also being
computed, all null distribution samples with statistics that are outside the first futility boundary are
also removed from consideration for the second look. If non-binding futility boundaries are being
computed, null distribution samples with statistics outside the first futility boundary are not removed.

5. To generate the second significance boundary, the remaining null distribution statistics of the second
look (e.g., at N1 = N2 = 40) are ordered and the percent of alpha to be spent at the second look is
determined (again, using either the alpha-spending function or the input value). The percent of alpha
to be spent at the second look is multiplied by the total number of simulations to determine the
number of the statistic that is to be the second boundary statistic. The statistic for which that number
of statistics is above it (or below, as the case may be) is the second boundary statistic. For example,
suppose there are initially 1000 simulated samples, with 10 removed at the first look (from, say, alpha
spent at Look 1 equal to 0.01), leaving 990 samples considered for the second look. Suppose further
that the alpha to be spent at the second look is 0.02. This is multiplied by 1000 to give 20. The 990 still-
considered statistics are ordered and the 970™ (20 in from 990) statistic is the second boundary.

6. All null distribution samples that are outside the second significance boundary and the second futility
boundary, if binding, at the second look are removed from consideration for the third look (e.g.,
leaving 970 statistics computed at N1 = N2 = 60 to be considered at the third look). Steps 4 and 5 are
repeated until the final look is reached.

Futility boundaries are computed in a similar manner using the desired beta-spending function or custom
beta-spending values and the alternative hypothesis simulated statistics at each look. For both binding and
non-binding futility boundaries, samples for which alternative hypothesis statistics are outside either the
significance or futility boundaries of the previous look are excluded from current and future looks.

Because the final futility and significance boundaries are required to be the same, futility boundaries are
computed beginning at a small value of beta (e.g., 0.0001) and incrementing beta by that amount until the
futility and significance boundaries meet.

When boundaries are entered directly, this procedure uses the null hypothesis and alternative hypothesis
simulations to determine the number of test statistics that are outside the boundaries at each look. The
cumulative proportion of alternative hypothesis statistics that are outside the significance boundaries is the
overall power of the study.

Small Sample Considerations

When the sample size is small, say 200 or fewer per group, the discrete nature of the number of possible
differences in proportions in the sampling distribution comes into play. This has led to a large number of
proposed tests for comparing two proportions (or testing the 2 by 2 table of counts). For example, Upton
(1982) considers twenty-two alternative tests for comparing two proportions. Sweeping statements about the
power of one test over another are impossible to make, because the size of the Type | error depends upon the
proportions used. At some proportions, some tests are overly conservative while others are not, while at other
proportions the reverse may be true.
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This simulation procedure, however, is based primarily on the ordering of the sample statistics in the
simulation. The boundaries are determined by the spending function alphas. Thus, if a test used happens to
be conservative in the single-look traditional sense, the boundaries chosen in the simulation results of this
procedure will generally remove the conservative nature of the test. This makes comparisons to the one-look
case surprising in many cases.

Definitions

Suppose you have two populations from which dichotomous (binary) responses will be recorded. The
probability (or risk) of obtaining the event of interest in population 1 (the treatment group) is p; and in
population 2 (the control group) is p,. The corresponding failure proportions are given by g; = 1 — p; and

g2 =1—py.
The assumption is made that the responses from each group follow a binomial distribution. This means that

the event probability, p;, is the same for all subjects within the group and that the response from one
subject is independent of that of any other subject.

Random samples of m and n individuals are obtained from these two populations. The data from these
samples can be displayed in a 2-by-2 contingency table as follows

Group Success Failure Total
Treatment a c m
Control b d n
Total s f N

The following alternative notation is also used.

Group Success Failure Total
Treatment X11 X12 nq
Control X1 X232 n,
Total my m, N

The binomial proportions p; and p, are estimated from these data using the formulae

a  X11 A b x4
—=—and P, =—=—
m n n n,
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Comparing Two Proportions

When analyzing studies such as this, one usually wants to compare the two binomial probabilities, p; and
p». Common measures for comparing these quantities are the difference and the ratio. If the binomial
probabilities are expressed in terms of odds rather than probabilities, another common measure is the
odds ratio. Mathematically, these comparison parameters are

Parameter Computation
Difference 6=pL—p;

Risk Ratio d=p1/p

Odds Ratio Y = P1/(-P1) _ P19z

p2/(1-p2)  P2ta

The (risk) difference, § = p; — p,. is perhaps the most direct measure for comparing two proportions. Three
sets of statistical hypotheses can be formulated:

1. Hy:pi —py =0 versus Hy:p; — p, # 0; this is often called the two-tailed test.

2. Hy:py —p2 <0 versus Hy:p; — py > 0; this is often called the upper-tailed test.

3. Hy:py —p2 =0 versus Hqi:p; — p, < 0; this is often called the Jower-tailed test.

In this procedure, whether the parameterization is in terms of proportions, differences, risk ratios, or odds
ratios, the hypothesis tests concerning the differences are those that are simulated.

Test Statistics

This section describes the test statistics that are available in this procedure.

Z Test (Pooled and Unpooled)

This test statistic was first proposed by Karl Pearson in 1900. Although this test can be expressed as a Chi-
Square statistic, it is expressed here as a z so that it can be used for one-sided hypothesis testing.

Both pooled and unpooled versions of this test have been discussed in the statistical literature. The pooling
refers to the way in which the standard error is estimated. In the pooled version, the two proportions are
averaged, and only one proportion is used to estimate the standard error. In the unpooled version, the two
proportions are used separately.

The formula for the test statistic is
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Pooled Version

R . (1 1
6p = p(l_p)(n_1+n_2>

nyP1 + nzp;

p= n, +n,

Unpooled Version

o jﬁl(l—m) po(1—B,)
op = +
ny ny

Continuity Correction

Frank Yates is credited with proposing a correction to the Pearson Chi-Square test for the lack of continuity
in the binomial distribution. However, the correction was in common use when he proposed it in 1922.

The continuity corrected z-test is
A A Frl 1
(=92 + 35+ 5;)

A~

Op

7 =

where Fis -1 for upper-tailed, 1 for lower-tailed, and either -1 or 1 for two-sided hypotheses, depending on
whether the numerator difference is positive or negative.

Conditional Mantel Haenszel Test
The conditional Mantel Haenszel test, see Lachin (2000) page 40, is based on the index frequency, x4, from

the 2x2 table. The formula for the z-statistic is

_x11 — E(xq4)

- VVe(x11)

where
nimy
E(xq1) = N
nin;mym,
Ve(x11) = NIN—1D)
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T-Test

Based on a study of the behavior of several tests, D’Agostino (1988) and Upton (1982) proposed using the
usual two-sample t-test for testing whether two proportions are equal. One substitutes a ‘1’ for a success
and a ‘0’ for a failure in the usual, two-sample t-test formula. The test statistic is computed as

1
2

— (ad—b N -2
ty-2 = (ad = be) (N(nac + mbd))

which can be compared to the ¢ distribution with N-2 degrees of freedom.

Fisher's Exact Test

The most useful reference we found for power analysis of Fisher's Exact test was in the StatXact 5 (2001)
documentation. The material present here is summarized from Section 26.3 (pages 866 - 870) of the
StatXact-5 documentation. In this case, the test statistic is

() G2)
()

ty_o = (ad — bc) (

T = —In

1
N-2 )2

N(nac + mbd)

The null distribution of T is based on the hypergeometric distribution. It is given by

nq n,
Pr(T > t|m, Hy) = 2 (xl)lviz)
()

where
A(m) = {all pairs x4, x, such that x; + x, = m, given T > t}
Conditional on m, the critical value, t,, is the smallest value of t such that
Pr(T = t,/mHy) <«

The power is defined as

N
1-p= z P(m)Pr (T > t,|m, Hy)
m=0
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where

b(xy,m4,p1)b(x2, 13, p2)
ZA(m) b(x1,n4,p1)b(x2, 13, p2)

Pr(T > t,|m, H,) =
A(M,T=ty)

P(m) = Pr (x; + x, = m|H,)
= b(x1,n4,p1)b(x2, 12, 02)

bx,n,p) = () p* (1 = p)"~*

Spending Functions

Spending functions can be used in this procedure to specify the proportion of alpha or beta that is spent at
each look without having to specify the proportion directly.

Spending functions have the characteristics that they are increasing and that
a(0)=0
a(l)=a

The last characteristic guarantees a fixed a level when the trial is complete. This methodology is very flexible
since neither the times nor the number of analyses must be specified in advance. Only the functional form
of a(t) must be specified.

PASS provides several popular spending functions plus the ability to enter and analyze your own percents of
alpha or beta spent. These are calculated as follows (beta may be substituted for alpha for beta-spending
functions):

—e vt
11_66_},],)/ #0; at,y=0

1. Hwang-Shih-DeCani (gamma family) a[

O'Brien-Fleming Boundaries with Alpha = 0.05

5,,

1 ‘\

3 i

o —

2+ = -®
% 1+ ® Upper
<
> 0 T 1 } T 1
N 1 2 3 4 5

-1+

24 = Lower

34

_4,,

5L

Look
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2. O'Brien-Fleming Analog 2 — 20 (Z%Z)

O'Brien-Fleming Boundaries with Alpha = 0.05

5,
ol
3l
2l

® Upper

Z Value

= | ower

Look

3. Pocock Analog «a-In(1+ (e —1)t)

Pocock Boundaries with Alpha = 0.05

5.0+
33+
. ° . °
17+
g ® Upper
§ 0.0 } } } } {
N 1 2 3 4 5
1.7+ | |ower
- = —a
33+
50+
Look
4. Alpha*time a«a-t
(Alpha)(Time) Boundaries with Alpha = 0.05
5.0
33+
0—77+77*777F74
17+
% ® Upper
§ 0.0 } } } } {
N 1 2 3 4 5
1.7+ m |ower
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5. Alpha*timeM.5 - t3/2

(Alpha)(Time”™1.5) Boundaries with Alpha = 0.05
5.0

3.3+
t”*””71——————.—777077770
17+
% ® Upper
S oo 1 i : } }
N 1 ® ? t 7
2l = | ower
33+
-5.0--
Look
6. Alpha*timer2 «-t?
(Alpha)(Time~2.0) Boundaries with Alpha = 0.05
5.0
3.3+ [ S
B ""**”"7077777770——————o
17+
% ® Upper
S oo 1 ] : } }
N 1 s ? t 7
2l = | ower
331 -/././/./.
-5.0--
Look
7. Alpha*timeAC «a-t€
(Alpha)(Time"2.0) Boundaries with Alpha = 0.05
5.0
3.3+ [ ——
- ’O""f””offf—fffo——————o
17+
% ® Upper
€ oo * ‘ ! } }
N 1 2 ? t 7
2l m | ower
334 -/././/./.

_50 4
Look

8. User-Supplied Percents

A custom set of percents of alpha to be spent at each look may be input directly.

The O'Brien-Fleming Analog spends very little alpha or beta at the beginning and much more at the final
looks. The Pocock Analog and (Alpha or Beta)(Time) spending functions spend alpha or beta more evenly
across the looks. The Hwang-Shih-DeCani (C) (gamma family) spending functions and (Alpha or
Beta)(TimeAC) spending functions are flexible spending functions that can be used to spend more alpha or
beta early or late or evenly, depending on the choice of C.
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Example 1 - Power and Output

A clinical trial is to be conducted over a two-year period to compare the proportion response of a new
treatment to that of the current treatment. The current response proportion is 0.56. Although the
researchers do not know the true proportion of patients that will survive with the new treatment, they
would like to examine the power that is achieved if the proportion under the new treatment is 0.63. The
sample size at the final look is to be 1000 per group. Testing will be done at the 0.05 significance level. A
total of five tests are going to be performed on the data as they are obtained. The O'Brien-Fleming (Analog)
boundaries will be used.

Find the power and test boundaries assuming equal sample sizes per arm and two-sided hypothesis tests.

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 1 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab

SOIVE FOI ...t Power

TSt TY P et Z-Test (Pooled)
Alternative Hypothesis ............cccoieeiiieniiiniies Two-Sided
SIMUIALIONS ... 100000
Random Seed...........occuiiieiiiiiiiiiiei e 5664398 (for Reproducibility)
Alpha......cco i 0.05

Group Allocation ...........ccccvvveieeeeiiiiiiiiiee e, Equal (N1 =N2)
Sample Size Per Group .......cccceeeviiiveeeeneeennne 1000

INPUE TYPE ... Proportions

P1 (Proportion in Group 1|H1) .......cceeeeiiiinnnes 0.56

P2 (Proportion in Group 2)........ccceeeveeeeeninens 0.63

Looks & Boundaries Tab

Specification of Looks and Boundaries.......... Simple
Number of Equally Spaced Looks.................. 5
Alpha Spending Function...............cccccooeeuuniee O’Brien-Fleming Analog
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Output

Click the Calculate button to perform the calculations and generate the following output.

Scenario 1 Numeric Results for Group Sequential Testing Proportion Difference =0

Solve For:

Hypotheses:

Test Statistic:

Zero Adjustment Method:
Alpha-Spending Function:
Beta-Spending Function:
Futility Boundary Type:
Number of Looks:
Simulations:

Random Seed:

Power

HO: Proportion 1 = Proportion 2; H1: Proportion 1 # Proportion 2
Z-Test (Pooled)

Add 0 to each zero

O'Brien-Fleming Analog

None

None

5)

100000

5664398 (User-Entered)

Numeric Summary for Scenario 1

Power Alpha
Value 95% LCL 95% UCL Target Actual 95% LCL 95% UCL Beta
0.885 0.883 0.887 0.05 0.05007 0.04872 0.05142 0.115
Average Sample Size
Given HO Given H1
N1 N2 Grpl Grp2 Grpl Grp2 Diff0 Diff1 P1|H1 P2
1000 1000 993 993 747 747 0 -0.1 0.6 0.6

Power

Power 95% LCL and UCL

Target Alpha
Alpha or Actual Alpha

Alpha 95% LCL and UCL

Beta

N1 and N2

Average Sample Size Given HO
Average Sample Size Given H1
Diff0

Diffl

P1JH1
P2

The probability of rejecting a false null hypothesis at one of the looks. It is the total
proportion of alternative hypothesis simulations that are outside the significance
boundaries.

The lower and upper confidence limits for the power estimate. The width of the interval is
based on the number of simulations.

The user-specified probability of rejecting a true null hypothesis. It is the total alpha spent.

The alpha level that was actually achieved by the experiment. It is the total proportion of
the null hypothesis simulations that are outside the significance boundaries.

The lower and upper confidence limits for the actual alpha estimate. The width of the
interval is based on the number of simulations.

The probability of accepting a false null hypothesis. It is the total proportion of alternative
hypothesis simulations that do not cross the significance boundaries.

The sample sizes of each group if the study reaches the final look.

The average or expected sample sizes of each group if HO is true. These are based on the
proportion of null hypothesis simulations that cross the significance or futility boundaries
at each look.

The average or expected sample sizes of each group if H1 is true. These are based on the
proportion of alternative hypothesis simulations that cross the significance or futility
boundaries at each look.

The proportion difference between groups (Grpl - Grp2) assuming the null hypothesis, HO.

The proportion difference between groups (Grpl - Grp2) assuming the alternative
hypothesis, H1.

The proportion used in the simulations for Group 1 under H1.

The proportion used in the simulations for Group 1 and Group 2 under HO, and for Group 2
under H1.
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A group sequential trial with sample sizes of 1000 and 1000 at the final look achieve 89% power to detect a
proportion difference of -0.1 between a treatment group proportion of 0.6 and a control group proportion of 0.6 at
the 0.05007 significance level (alpha) using a two-sided Z-Test (Pooled).

Accumulated Information Details for Scenario 1

Accumulated

Accumulated Sample Size

Information

Look Percent Group 1 Group 2 Total
1 20 200 200 400
2 40 400 400 800
3 60 600 600 1200
4 80 800 800 1600
5 100 1000 1000 2000
Look The number of the look.

Accumulated Information Percent
Accumulated Sample Size Group 1
Accumulated Sample Size Group 2
Accumulated Sample Size Total

The percent of the sample size accumulated up to the corresponding look.

The total number of individuals in group 1 at the corresponding look.

The total number of individuals in group 2 at the corresponding look.

The total number of individuals in the study (group 1 + group 2) at the corresponding

look.
Boundaries for Scenario 1
Significance Boundary
Z-Value P-Value
Look Scale Scale
1 +/- 4.44701 0.00001
2 +/- 3.29762 0.00098
3 +/- 2.64091 0.00827
4 +/- 2.28157 0.02251
5 +/- 2.03013 0.04234
Look The number of the look.

Significance Boundary Z-Value Scale

Significance Boundary P-Value Scale

The value such that statistics outside this boundary at the corresponding look indicate
termination of the study and rejection of the null hypothesis. They are sometimes
called efficacy boundaries.

The value such that P-Values outside this boundary at the corresponding look
indicate termination of the study and rejection of the null hypothesis. This P-Value
corresponds to the Z-Value Boundary and is sometimes called the nominal alpha.
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Boundary Plot
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Significance Boundaries with 95% Simulation Confidence Intervals for Scenario 1

NCSS.com

Z-Value Boundary

P-Value Boundary

Look Value 95% LCL 95% UCL Value 95% LCL 95% UCL
1 +/- 4.44701 0.00001

2 +/- 3.29762 -3.46452 -3.24091 0.00098 0.00053 0.00119
3 +/- 2.64091 -2.67744 -2.61682 0.00827 0.00742 0.00888
4 +/- 2.28157 -2.30323 -2.26480 0.02251 0.02127 0.02352
5 +/- 2.03013 -2.04364 -2.01129 0.04234 0.04099 0.04429
Look The number of the look.

Z-Value Boundary Value

The value such that statistics outside this boundary at the corresponding look indicate termination

of the study and rejection of the null hypothesis. They are sometimes called efficacy boundaries.

P-Value Boundary Value

The value such that P-Values outside this boundary at the corresponding look indicate termination

of the study and rejection of the null hypothesis. This P-Value corresponds to the Z-Value
Boundary and is sometimes called the nominal alpha.

95% LCL and UCL

The lower and upper confidence limits for the boundary at the given look. The width of the interval

is based on the number of simulations.

Alpha-Spending and Null Hypothesis Simulation Details for Scenario 1

Target Actual

Proportion Cum.
Signif. Boundary Cum. H1 Sims H1 Sims
Spending  Spending Cum. Outside Outside
Z-Value P-Value Function Function Alpha Alpha Signif. Signif.
Look Scale Scale Alpha Alpha Spent Spent Boundary Boundary
+/- 4.44701  0.00001 0.00000 0.00000 0.00000 0.00000 0.001 0.001
2 +/- 3.29762  0.00098 0.00079 0.00079 0.00087 0.00087 0.100 0.101
3 +/-2.64091  0.00827 0.00683 0.00762 0.00759 0.00846 0.336 0.437
4 +/-2.28157  0.02251 0.01681 0.02442 0.01657 0.02503 0.289 0.726
5 +/- 2.03013  0.04234 0.02558 0.05000 0.02504 0.05007 0.160 0.885

Look The number of the look.

Significance Boundary Z-Value Scale

Significance Boundary P-Value Scale

Spending Function Alpha

Cumulative Spending Function Alpha

Alpha Spent

Cumulative Alpha Spent

Proportion H1 Sims Outside Significance Boundary

Cumulative H1 Sims Outside Significance Boundary

The value such that statistics outside this boundary at the
corresponding look indicate termination of the study and rejection of
the null hypothesis. They are sometimes called efficacy boundaries.

The value such that P-Values outside this boundary at the
corresponding look indicate termination of the study and rejection of
the null hypothesis. This P-Value corresponds to the Significance
Z-Value Boundary and is sometimes called the nominal alpha.

The intended portion of alpha allocated to the particular look based on
the alpha-spending function.

The intended accumulated alpha allocated to the particular look. It is
the sum of the Spending Function Alpha up to the corresponding
look.

The proportion of the null hypothesis simulations resulting in statistics
outside the Significance Boundary at this look.

The proportion of the null hypothesis simulations resulting in
Significance Boundary termination up to and including this look. It is
the sum of the Alpha Spent up to the corresponding look.

The proportion of the alternative hypothesis simulations resulting in
statistics outside the Significance Boundary at this look. It may be
thought of as the incremental power.

The proportion of the alternative hypothesis simulations resulting in
Significance Boundary termination up to and including this look. It is
the sum of the Proportion H1 Sims Outside Significance Boundary up
to the corresponding look.
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The values obtained from any given run of this example will vary slightly due to the variation in simulations.
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Example 2 - Power for One-Sided Test with Futility
Boundaries

Suppose researchers would like to compare two treatments with a one-sided test at each look. Further,
suppose they would like to terminate the study early when it can be deemed highly unlikely that the new
treatment is better than the standard. Suppose the control group proportion is 0.46. The researchers wish
to know the power of the test if the treatment group proportion is 0.53. The sample size at the final look is
to be 1000 per group. Testing will be done at the 0.05 significance level. A total of five tests are going to be
performed on the data as they are obtained. The O'Brien-Fleming (Analog) boundaries will be used for both
significance and futility boundaries.

Find the power and test boundaries assuming equal sample sizes per arm and one-sided hypothesis tests.

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 2 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab

SOIVE FOI i Power

TSt TYPCuuiiiiiee ettt Z-Test (Pooled)
Alternative Hypothesis ............cccoviieiiiiniiiiines One-Sided (Propl > Prop2)
SIMUIALIONS ..o 100000

Random Seed...........occuiiieiiiiiiiiiiiei e Blank or Random
Alpha.....ooo e 0.05

Group Allocation ...........ccccvvveieeeiiiiiiiiiieee e, Equal (N1 =N2)
Sample Size Per Group .......ccccceeeviiveeeeneeennne 1000

INPUE TYPE ... Proportions

P1 (Proportion in Group 1[H1) .....cccoovveviinnennn. 0.53

P2 (Proportion in Group 2)........cccveeveeeeeiinens 0.46

Looks & Boundaries Tab

Specification of Looks and Boundaries.......... Simple

Number of Equally Spaced Looks.................. 5

Alpha Spending Function...............cccccoeeiuniie O’Brien-Fleming Analog
Type of Futility Boundary ..........ccc.ccooecvvvnnen.n. Non-Binding

Number of Skipped Fultility Looks................... 0

Beta Spending Function.............cccccceeeieiinnnes O’Brien-Fleming Analog
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Output

Click the Calculate button to perform the calculations and generate the following output.

Scenario 1 Numeric Results for Group Sequential Testing Proportion Difference =0

Solve For: Power
Hypotheses: HO: Proportion 1 = Proportion 2; H1: Proportion 1 > Proportion 2
Test Statistic: Z-Test (Pooled)

Zero Adjustment Method:  Add 0 to each zero
Alpha-Spending Function: O'Brien-Fleming Analog
Beta-Spending Function:  O'Brien-Fleming Analog

Futility Boundary Type: Non-Binding

Number of Looks: 5

Simulations: 100000

Random Seed: 5375600 (Computer-Generated)

Numeric Summary for Scenario 1

Power Alpha
Value 95% LCL 95% UCL Target Actual 95% LCL 95% UCL Beta
0.903 0.901 0.904 0.05 0.04513 0.04384 0.04642 0.097

Average Sample Size

Given HO Given H1
N1 N2 Grpl Grp2 Grpl Grp2 Diff0 Diff1 P1|H1 P2
1000 1000 594 594 676 676 0 0.1 0.5 0.5

Accumulated Information Details for Scenario 1

Accumulated Accumulated Sample Size
Information

Look Percent Group 1 Group 2 Total

1 20 200 200 400

2 40 400 400 800

3 60 600 600 1200

4 80 800 800 1600

5| 100 1000 1000 2000
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Boundaries for Scenario 1

Significance Boundary

Futility Boundary

Z-Value P-Value Z-Value P-Value
Look Scale Scale Scale Scale
1 4.20758 0.00001 -2.20044 0.98611
2 2.91162 0.00180 -0.35449 0.63851
3 2.31683 0.01026 0.57735 0.28185
4 1.96390 0.02477 1.20003 0.11506
5 1.74960 0.04009 1.74960 0.04009

Boundary Plot
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Boundary Plot - P-Value
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Significance Boundaries with 95% Simulation Confidence Intervals for Scenario 1

Z-Value Boundary P-Value Boundary
Look Value 95% LCL 95% UCL Value 95% LCL 95% UCL
1 4.20758 0.00001
2 2.91162 2.90067 2.97435 0.00180 0.00147 0.00186
3 2.31683 2.30972 2.32183 0.01026 0.01012 0.01045
4 1.96390 1.95773 2.00392 0.02477 0.02254 0.02513
5 1.74960 1.74739 1.75206 0.04009 0.03988 0.04029

Futility Boundaries with 95% Simulation Confidence Intervals for Scenario 1

Z-Value Boundary P-Value Boundary

Look Value 95% LCL 95% UCL Value 95% LCL 95% UCL
1 -2.20044 -2.30141 -2.10066 0.98611

2 -0.35449 -0.42431 -0.35374 0.63851 0.63823 0.66433
3 0.57735 0.52007 0.57740 0.28185 0.28183 0.30151
4 1.20003 1.20000 1.20024 0.11506 0.11502 0.11507
5 1.74960 1.74508 1.78898 0.04009 0.03681 0.04049
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Target Actual

Proportion Cum.
Signif. Boundary Cum. HO Sims HO Sims
Spending  Spending Cum. Outside Outside
Z-Value  P-Value Function Function Alpha Alpha Futility Futility
Look Scale Scale Alpha Alpha Spent Spent Boundary  Boundary
1 4.20758  0.00001 0.00001 0.00001 0.00001 0.00001 0.01542 0.01542
2 291162  0.00180 0.00193 0.00194 0.00191 0.00192 0.34840 0.36382
3 2.31683  0.01026 0.00945 0.01140 0.00941 0.01133 0.35531 0.71913
4 1.96390  0.02477 0.01703 0.02843 0.01681 0.02814 0.17166 0.89079
5) 1.74960  0.04009 0.02157 0.05000 0.01699  0.04513 0.06401 0.95480

Beta-Spending and Alternative Hypothesis Simulation Details for Scenario 1

Target Actual

Proportion Cum.
Futility Boundary Cum. H1 Sims H1 Sims
Spending Spending Cum. Outside Outside
Z-Value P-Value Function Function Beta Beta Signif. Signif.
Look Scale Scale Beta Beta Spent Spent Boundary Boundary
1 -2.20044 0.98611 0.000 0.000 0.000 0.000 0.002 0.002
2 -0.35449 0.63851 0.009 0.009 0.009 0.009 0.169 0.171
3 0.57735 0.28185 0.024 0.033 0.024 0.033 0.369 0.540
4 1.20003 0.11506 0.032 0.064 0.032 0.064 0.263 0.802
5) 1.74960 0.04009 0.034 0.098 0.033 0.097 0.100 0.903

The values obtained from any given run of this example will vary slightly due to the variation in simulations.
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Example 3 - Enter Boundaries

With a set-up similar to Example 2, suppose we wish to investigate the properties of a set of significance (3,
3,3, 2, 2) and futility (-2, -1, 0, 0, 0) boundaries.

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 3 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab

SOIVE FOI .o Alpha and Power (Enter Boundaries)
TESE TYPCutiiiiiee ettt Z-Test (Pooled)

Alternative Hypothesis ............cccvvvvevieeiiiininns One-Sided (Propl > Prop2)
SIMUIatioNS ... 100000

Random Seed..........cccceeviiiiiiiiiiiiiee e Blank or Random

Group AllOCatioN .........cooeiueiieiiieieiiiiieee e Equal (N1 = N2)

Sample Size Per Group .......cccceeevivveeieneeennne 1000

INPUE TYPE ... Proportions

P1 (Proportion in Group 1|H1) .......ccceeeiiiinnnns 0.53

P2 (Proportion in Group 2)........cccccveveeeieiinnns 0.46

Looks & Boundaries Tab

Number of LOOKS ........cccoovuveiiiiiiiiiniiceiiieeene 5|

Equally Spaced..........cccoveeiiiiiiiiiiiiiieee s Checked

Types of Boundaries...........ccccovveeeeeiiiininnennn. Significance and Futility Boundaries
Significance Boundary ..........c.ccccooviiiiiieneennn. 3 3 32 2 (for looks 1 through 5)

Futility Boundary ...........cceeeeeiiiiiiieieee e -2 -1 00 0 (for looks 1 through 5)
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Output

Click the Calculate button to perform the calculations and generate the following output.

Scenario 1 Numeric Results for Group Sequential Testing Proportion Difference =0

Solve For: Alpha and Power (Enter Boundaries)

Hypotheses: HO: Proportion 1 = Proportion 2; H1: Proportion 1 > Proportion 2
Test Statistic: Z-Test (Pooled)

Zero Adjustment Method: Add 0 to each zero

Type of Boundaries: Significance and Futility Boundaries

Number of Looks: 5

Simulations: 100000

Random Seed: 5451920 (Computer-Generated)

Numeric Summary for Scenario 1

Power Alpha
Value 95% LCL 95% UCL Value 95% LCL 95% LCL Beta
0.89 0.888 0.892 0.03429 0.03316 0.03542 0.11

Average Sample Size

Given HO Given H1
N1 N2 Grpl Grp2 Grpl Grp2 Diff0 Diffl P1|H1 P2
1000 1000 404 404 625 625 0 0.1 0.5 0.5

Accumulated Information Details for Scenario 1

Accumulated Accumulated Sample Size
Information
Look Percent Group 1 Group 2 Total
1 20 200 200 400
2 40 400 400 800
3 60 600 600 1200
4 80 800 800 1600
5 100 1000 1000 2000

Boundaries for Scenario 1

Significance Boundary Futility Boundary

Z-Value P-Value Z-Value P-Value

Look Scale Scale Scale Scale
3 0.00135 -2 0.97725

2 3 0.00135 -1 0.84134
3 3 0.00135 0 0.50000
4 2 0.02275 0 0.50000
5 2 0.02275 0 0.50000
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Alpha-Spending and Null Hypothesis Simulation Details for Scenario 1

Proportion Cum.
Signif. Boundary HO Sims HO Sims
Cum. Outside Outside
Z-Value P-Value Alpha Alpha Futility Futility
Look Scale Scale Spent Spent Boundary Boundary
1 3 0.00135 0.00141 0.00141 0.02496 0.02496
2 3 0.00135 0.00122 0.00263 0.13041 0.15537
3 3 0.00135 0.00108 0.00371 0.33792 0.49329
4 2 0.02275 0.02177 0.02548 0.08181 0.57510
5) 2 0.02275 0.00881 0.03429 0.05067 0.62577
Beta-Spending and Alternative Hypothesis Simulation Details for Scenario 1
Proportion Cum.
Futility Boundary H1 Sims H1 Sims
Cum. Outside Outside
Z-Value P-Value Beta Beta Signif. Signif.
Look Scale Scale Spent Spent Boundary Boundary
1 -2 0.97725 0.000 0.000 0.059 0.059
2 -1 0.84134 0.001 0.002 0.111 0.170
3 0 0.50000 0.006 0.008 0.155 0.325
4 0 0.50000 0.001 0.008 0.472 0.797
5) 0 0.50000 0.000 0.008 0.093 0.890

The values obtained from any given run of this example will vary slightly due to the variation in simulations.
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Example 4 - Validation using O’Brien-Fleming Boundaries

Reboussin (1992) presents an example for binomial distributed data for a design with two-sided O'Brien-
Fleming boundaries, looks =5, alpha = 0.05, beta = 0.10, P1 =0.1100, P2 = 0.0825. They compute a drift of
3.28 and a sample size of 2381.78 per group. The upper boundaries are: 4.8769, 3.3569, 2.6803, 2.2898,
2.0310.

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 4 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab

SOIVE FOI .oiiiiiiiiet et Sample Size
TSt TYP et Z-Test (Pooled)
Alternative Hypothesis ...........oocciieeiiiiiiiiinies Two-Sided
SIMUIALIONS ... 100000
Random Seed...........ocouviieiiiiiiiiiei e Blank or Random
POWET....ccoiiiiiiiiiiii i 0.90

Alpha... ..o 0.05

Group AllOCation ...........oocuveieiiaeiiiiiiieiee e Equal (N1 = N2)
INPUE TYPE ...t Proportions

P1 (Proportion in Group 1|H1) .......ccceeeiiiinnnns 0.1100

P2 (Proportion in Group 2)........cccceeeveeeieinnens 0.0825

Looks & Boundaries Tab

Specification of Looks and Boundaries.......... Simple
Number of Equally Spaced Looks.................. 5
Alpha Spending Function...............cccccooeinnie O’Brien-Fleming Analog
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Output

Click the Calculate button to perform the calculations and generate the following output.

Scenario 1 Numeric Results for Group Sequential Testing Proportion Difference =0

Solve For:

Hypotheses:

Test Statistic:

Zero Adjustment Method:

Sample Size

Z-Test (Pooled)
Add 0 to each zero

Alpha-Spending Function: O'Brien-Fleming Analog

Beta-Spending Function:  None

Futility Boundary Type: None
Number of Looks: 5
Simulations: 100000

Random Seed:

Numeric Summary for Scenario 1

HO: Proportion 1 = Proportion 2; H1: Proportion 1 # Proportion 2

5796209 (Computer-Generated)

Power Alpha
Value 95% LCL 95% UCL Target Actual 95% LCL 95% UCL Beta
0.901 0.899 0.903 0.05  0.04947 0.04813 0.05081  0.099
Average Sample Size
Given HO Given H1
N1 N2 Grpl Grp2 Grpl Grp2  Diffo Diffl P1|H1 P2

2472 2472 2456 2456 1832

1832 0 0 0.1 0.1

The values obtained from any given run of this example will vary slightly due to the variation in simulations.

The sample size generated in this run is 2472, As discussed in Example 5 of Chapter 220, the correct sample
size is 2474. Each run of this simulation procedure may produce a slightly different value for the sample
size, especially if the number of simulations is lower. Larger numbers of simulations are required to obtain
the increased precision for the boundary values. A run with N1 and N2 equal to 2474 and 1000000

simulations gives the following boundaries.

Boundaries for Scenario 1

Significance Boundary

Z-Value P-Value
Look Scale Scale
1 +/- 4.55558 0.00001
2 +/- 3.38742 0.00071
3 +/- 2.66306 0.00774
4 +/- 2.29248 0.02188
5 +/- 2.03634 0.04172

These values are slightly off at the second or third decimal place, showing that very large simulation
numbers are needed to obtain accurate boundaries.
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Example 5 - Validation Using Simulation

With a set-up similar to Example 1, we examine the power and alpha generated by the set of two-sided
significance boundaries (+/- 4.418, +/- 3.364, +/- 2.716, +/- 2.290, +/- 2.022).

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 5 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab

SOIVE FOI .o Alpha and Power (Enter Boundaries)
TESE TYPCutiiiiiee ettt Z-Test (Pooled)

Alternative Hypothesis ............cccvvvvevieeiiiininns Two-Sided

SIMUIatioNS ... 100000

Group Allocation ...........ccccvvveieeeeiiiiiiiiiee e, Equal (N1 = N2)

Sample Size Per Group .......ccccceeevivveeieneeennne 1000

INPUL TYPE..oeiiiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeees Proportions

P1 (Proportion in Group 1[H1) .....ccccvveviinnennn. 0.56

P2 (Proportion in Group 2)........cccceeeveeeieinnens 0.63

Looks & Boundaries Tab

Number of LOOKS ........c.uuveeiiiiiiiiiiiiees 5
Equally Spaced..........ccccovvevieiiiiiiiiiiiee e Checked
Significance Boundary ..........cccccooiiiiennnnnn. 4.418, 3.364, 2.716, 2.290, 2.022 (looks 1 through 5)
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Output

Click the Calculate button to perform the calculations and generate the following output.

Scenario 1 Numeric Results for Group Sequential Testing Proportion Difference =0

Solve For:

Hypotheses:

Test Statistic:

Zero Adjustment Method:
Type of Boundaries:
Number of Looks:
Simulations:

Random Seed:

Alpha and Power (Enter Boundaries)

HO: Proportion 1 = Proportion 2; H1: Proportion 1 # Proportion 2
Z-Test (Pooled)

Add 0 to each zero

Significance Boundaries Only

5

100000

6917990 (Computer-Generated)

Numeric Summary for Scenario 1

Power Alpha
Value 95% LCL 95% UCL Value 95% LCL 95% LCL Beta
0.885 0.883 0.887 0.05167 0.0503 0.05304 0.115
Average Sample Size
Given HO Given H1
N1 N2 Grpl Grp2 Grpl Grp2 Diff0 Diffl P1|H1 P2
1000 1000 994 994 757 757 0 -0.1 0.6 0.6

The values obtained from any given run of this example will vary slightly due to the variation in simulations.
The power and alpha generated with these boundaries are very close to the values of Example 1.
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