<<< Contents % Index >>>

Powered by
architect

East

Version 6.4

Copyright © Cytel Inc., 1994-2016. All rights reserved.
This program is protected by US and International copyright laws.




<< Contents

Index >>>

Preface

Welcome to East 6.2, a software package for the design, simulation and interim monitoring of
clinical trials. East is the industry standard for designing adequate and well-controlled clinical
trials in accordance with FDA and EMA guidances.

The current release of East (version 6.2) is powered by the Architect platform. It was developed
by a team consisting of (in alphabetical order of last names): Gayatri Bartake, Sudipta Basu,
Apurva Bhingare, Pushkar Borkar, Bristi Bose, Chandrashekhar Budhwant, V. P. Chandran,
Aniruddha Deshmukh, Namita Deshmukh, Namrata Deshpande, Yogesh Dhanwate, Monika
Ghatage, Vishal Gujar, Shashikiran Halvagal, Karen Han, Pravin Holkar, Abhijit Jadhav, Yannis
Jemiai, Ashwini Joshi, Nilesh Kakade, Anthiyur Kannappan, Kapildev Koli, Yogita Kotkar,
Niranjan Kshirsagar, Hrishikesh Kulkarni, Kaushal Kulkarni, Mandar Kulkarni, Mangesh Kulkarni,
Shailesh Kulthe, Nilesh Lanke, Manisha Lohokare, Charles Liu, Lingyun Liu, Shashank Maratkar,
Cyrus Mehta, Abdulla Mulla, Nabeela Muzammil, Seema Nair, Neelam Nakadi, Atul Paranjape,
Vidyadhar Phadke, Ashvinikumar Pinjarkar, Shital Pokharkar, Vidyagouri Prayag, Misha
Salganik, Makarand Salvi, Pralay Senchaudhuri, Brian Sharkey, Priyadarshan Shinde, Sheetal
Solanki, Chitra Tirodkar, Amrut Vaze, Suryakant Walunj, Suchita Wageshwari, Ritika Yadav,
Sanhita Yeolekar.

Other contributors who worked on previous releases of East: Ujwala Bamishte, Dhaval Bapat,
Krisnaiah Byagari, Vibhavari Deo, Yogesh Deshpande, Pranab Ghosh, Ketan Godse, Aarati
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Hasabnis, Jaydip Mukhopadhyay, Sandhya Paranjpe, Nabarun Saha, Abhijit Shelar.

Others who provided valuable assistance in this release are Asmita Ghatnekar, Ajay Sathe,
Rhiannon Sheapare, and Tammy Sneddon.

A large number of people, other than those listed above, have helped us through the years
with the various releases of East. We received valuable assistance from Sandro Pampallona,
Mandar Kale, David Bristol, Yogesh Gajjar, Rajesh Mehta, Dhanashri Pathak, Vivek Pradhan,
Vipul Suru, Nitin Patel, and others.

East draws on and extends the pioneering research of

Peter Armitage, Peter Bauer, Werner Brannath, David DeMets, Tom Fleming,
Christopher Jennison, Kyungmann Kim, Gordon Lan, Hans-Helge Miiller, Peter
O'Brien, Sandro Pampallona, Stuart Pocock, Martin Posch, Helmut Schafer, Daniel
Scharfstein, Anastasios Tsiatis, and Bruce Turnbull.

Special credit should also be given to Sue-Jane Wang, James Hung and Robert O'Neill of the
Center for Drug Evaluation at the FDA. These investigators have performed original research
on the design of adaptive trials and have been instrumental in creating an atmosphere of
scientific rigor for the regulatory submissions of such trials.

The textbooks, "Group Sequential Methods with Applications to Clinical Trials” by Christopher
Jennison and Bruce Turnbull (Chapman and Hall/CRC, 2000), and "Statistical Monitoring of
Clinical Trials: A Unified Approach” by Michael Proschan, Gordon Lan, and Janet Wittes
(Springer, 2006) are excellent complements to the East software.

We express our gratitude to

David DeMets, Chris Jennison, Kyungmann Kim, Tony Lachenbruch, Anastasios
Tsiatis and Bruce Turnbull

for agreeing to serve as members of the East Advisory Committee.
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We thank all our beta testers for their input and obvious enthusiasm for the East software.
They are acknowledged by name in Appendix ?2.

We owe a debt of gratitude to Marvin Zelen and to Swami Sarvagatananda, special people
whose wisdom, encouragement and generosity have inspired Cytel for over two decades.

Finally, we dedicate this software package to our families and to the memory of our dearly
departed Stephen Lagakos and Aneesh Patel.

We would like to share with you what drives and inspires us during the research and
development stages of the East software.

Empower, do not Frustrate
We believe in making simple, easy-to-use software that empowers people.

We believe that statisticians have a strategic role to play within their organization and that by
using professionally developed trial design software they will utilize their time better than if
they write their own computer programs in SAS or R to create and explore complex trial
designs. With the help of such software they can rapidly generate many alternative design
options that accurately address the questions at hand and the goals of the project team,
freeing time for strategic discussions about the choice of endpoints, population, and
treatment regimens.

We believe that software should not frustrate the user's attempt to answer a question. The
user experience ought to engage the statistician and inspire exploration, innovation, and the
quest for the best design. To that end, we believe in the following set of principles:

] Fewer, but Important and Useful Features It is better to implement fewer, but important
and useful features, in an elegant and simple-to-use manner, than to provide a host of
options that confuse more than they clarify.

iv
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As Steve Jobs put it: 'Innovation is not about saying "Yes” to everything. It's about saying
“No" to all but the most crucial features.’

] Just because we Can, doesn’t mean we Should Just because we can provide functionality
in the software, doesn’t mean we should.

u Simplify, Simplify, Simplify Find and offer simple solutions - even for the most complex
trial design problems.

] Don’t Hurry, but continually Improve Release new solutions when they are ready to use
and continually improve the commercial releases with new features, bug fixes, and better
documentation.

] Provide the best Documentation and Support Our manuals are written like textbooks, to
educate, clarify, and elevate the statistical knowledge of the user.

Our support is provided by highly competent statisticians and software engineers,
focusing on resolving the customer's issue, and being mindful of the speed and quality
requirements. We believe that delivering delightful customer support is essential to our
company’s lifeblood.

Finally, we listen to our customers constantly and proactively through countless informal and
formal interactions, software trainings, and user group meetings. This allows us to follow all
the principles laid out above in the most effective manner.

Our Philosophy — Empower, do not Frustrate v



<<< Contents

Index >>>

Table of Contents

Preface
Acknowledgments . . . ...
Our Philosophy . . . . . . . .

THE EAST SYSTEM

1 Installing East 6.2
11  System RequirementstorunEast6.2 . ... ... ... ... . ... ....
12 Installation. . . . . ...

2 Getting Started
21  Workflowin Architect . . . . ... ... ...
2.2 A Quick Overview of UserInterface . . . . .. ... ... .. ... .......
2.3 Home Menu . . . . . . ...

CONTINUOUS ENDPOINTS
3 Tutorial: Normal Endpoint

31 Fixed Sample Design . . . . .. ...
3.2 Group Sequential Design for a Normal Superiority Trial . . . . ... ... ..

4 Normal Superiority One-Sample
41 SingleMean . . . ...
4.2  Mean of Paired Differences . . . . . . . ... ... ...

w w W =

(%)}

11
12

19

21
21
24

35
35
45

vi

Contents



<<< Contents Index >>>

CI.lt6| East® 6.4

© Cytel Inc. Copyright 2017

43 RatioofPairedMeans . . . . ... ... ... 55

5  Normal Noninferiority Paired-Sample 59

51 Mean of Paired Differences . . . .. ... ... ... .. .. ... .. ... .. 59

5.2 Ratio of Paired Means . . . . ... ... ... .. .. ... .. .. 67

3 BINOMIAL AND CATEGORICAL ENDPOINTS 75
6  Binomial Superiority One-Sample 77

6.1 BinomialOneSample . . . ... ... . ... 77

6.2 McNemar'sTest . . . . .. . . 97

7  Dose Escalation 115

71 343 e 116

7.2  Continual Reassessment Method (CRM) . . . .. ... ... ... ....... 128

7.3 modified Toxicity Probability Interval (mTPI) . . .. ... ... .. ... ... 135

7.4  Bayesian logistic regression model BLRM) . . . ... ... ... ... ... 141

4 EXACT BINOMIAL DESIGNS 151
8  Count Data One-Sample 153

81 SinglePoissonRate . .. ... ... . .. ... .. ... ... 153

9  Count Data Two-Samples 159

9.1 Poisson-RatioofRates . . . ... ... ... . ... . . ... ... .. . ... 159

9.2  Negative Binomial Ratioof Rates . . . .. ....... ... .......... 165

5 POISSON AND NEGATIVE BINOMIAL ENDPOINTS 179
10 Tutorial: Survival Endpoint 181

10.1 A Quick Feel of the Software . . . . . . ... ... ... ... ... ... .... 181

Contents vii



<<< Contents

Index >>>

Table of Contents

10.2 Group Sequential Design for a Survival Superiority Trial . . . . ... ... ..
10.3 User Defined R Function . . .. ... ... .. .. .. ... ... ....

11 Superiority Trials with Variable Follow-Up
11.1 The RALES Clinical Trial: Initial Design . . . . .. ... ... ... ......
11.2 Incorporating Drop-Outs . . . . .. ... ... ... ... .

113 Incorporating Non-Constant Accrual Rates . . . . ... ............

114 Incorporating Piecewise Constant Hazards . . .. ... ... ... ......

11.5 Simulating a Trial with Proportional Hazards . . . . .. ............

11.6 Simulating a Trial with Non-Proportional Hazards . . . . ... ... ... ..

117 Simulating a Trial with Stratification variables . . . . . ... ... ... ... ..

12 Non-Inferiority Trials Given Accrual Duration and Accrual Rates

12.1 Establishing the Non-Inferiority Margin . . . . .. ... ... .. ... ....

12.2 Design of Metastatic Colorectal Cancer Trial . .. ... ... .........

12.3 Interim Monitoring

13 Superiority Trials Given Accrual Duration and Study Duration

131 CalculatingaSampleSize . . . . . .. ...
13.2 The RALES Clinical Trial: Initial Design . . . . ... ... ... ... .. ....
13.3 Incorporating Drop-Outs . . . . . . .. ... ...

134 Incorporating Non-Constant Accrual Rates . . . . ... ... .. ... ....

13.5 Simulation

13.6 User Defined R Function . . . . . . . . . . . . . . . ... ...

14 Non Inferiority Trials Given Accrual Duration and Study Duration

141 CalculatingaSampleSize . . . . . ... ...
142 The Non Inferiority Margin . . . . . ... ... ... ... ... ..
14.3 Design of Metastatic Colorectal Cancer Trial . . . ... ... ... ......

185
221

227
227
235
237
238
240
247
265

273
273
275
289

293
293
294
301
304
305
310

315
315
315
317

viii

Contents



<<< Contents % Index >>>

CI’t3| East® 6.4

© Cytel Inc. Copyright 2017

REFERENCES 327

INDEX 329

Contents ix



<<< Contents % Index >>>



<<< Contents % Index >>>

Volume 1 The
East System

1 Installing East 6.2 3

2 Getting Started 5




<<< Contents % Index >>>



<<< Contents

Index >>>

Installing East 6.2

The minimum hardware/operating system requirements for East 6.2 are:
u A system running one of the following operating systems:

— Windows XP (32 or 64 bit)
— Windows 7 (32 or 64 bit)

[ A minimum of 512 MB RAM (1 GB recommended)
= A hard disk with at least 300 MB of free disk space

To install East 6.2, please follow these steps:
1. If any copy (including a beta or demo version) of East 6.2 is currently installed on your
PC, please uninstall it or else the installation of the current version will not proceed
correctly. To uninstall the earlier version of East 6.2, go to the Start Menu and select
Programs— East 6.2 — Uninstall East 6.2

2. Insert the East 6.2 CD into your CD-drive.

(@) If your Windows Autorun Default is already active, you'll see an installation screen
similar to what is shown below. Follow the instructions that will appear on the

1.2 Installation
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screen.

@ East Architect Setup B

Powered By

architect

f@
asi &=

cvtel Copyright @ Cytel Inc., 2012. All rights reserved

This program is protected by US and International copyright laws.

(b) If your Windows Autorun Default is not active, you won't see any installation screen.
In that case, open your Windows Explorer, click on the CD Drive, and double-click
on Setup. Then you will see the installation screen . Follow the instructions that will
appear on the screen.

4 1.2 Installation
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2 Getting Started

East has evolved over the past several years with MS Excel® as the user interface. The East on
MS Excel® did not integrate directly with any other Cytel products. Under the Architect
platform, East is expected to coexist and integrate seamlessly with other Cytel products such
as SiZ, and Compass. Architect is a common platform designed to support various Cytel
products. It provides a user-friendly, Windows-standard graphical environment, consisting of
tabs, icons, and dialog boxes, with which you can design, simulate and analyze. Throughout
the user manual, this product is referred to as East 6.

One major advantage of East 6 is the facility for creating multiple designs. This is achieved by
giving multiple inputs of the parameters as either comma separated, or in a range such as
(a:b:c) with a as the initial value, b as the last value and ¢ as the step size. If you give
multiple values for more than one parameter, East creates all possible combinations of the
input parameters. This is an immense advancement over earlier versions of East, where you
had to create one design at a time. Furthermore, one could not compare different types of
designs (e.g., superiority vs. noninferiority designs). Similarly, graphical comparison of designs
with different numbers of looks was difficult with earlier versions of East. All such comparisons
are readily available in East 6.

We have also provided powerful data editors to create, view, and modify data. A wide variety
of statistical tests are now a part of East 6, which enables you to conduct statistical analysis of
interim data for continuous, discrete and time to event endpoints.

Simulations help to develop better insight into the operating characteristic of a design. In East
6, the simulation module has now been enhanced to allow fixed or random allocation to
treatment and control, and different sample sizes. Such options were not possible with earlier
versions of East.

Chapter 2 5
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Another new feature is the option to add assumptions for accruals and dropouts. Previously
this was available for survival, but has been extended to continuous and discrete endpoints in
East 6. Information about accrual rates, response lag, and dropouts can be given whether
designing or simulating a trial. This makes more realistic, end-to-end simulation of a trial

possible.

The purpose of this chapter is to familiarize you with the East 6 user interface.

In this section, the structure of Architect platform is explained. The logical workflow in which
the different parts of the interface co-ordinate with each other is discussed.

The basic structure of the interface items is depicted in the following diagram.

Ribbon: Tabs -Commands

Work Area

Libra {Input/Cutput) Help Pane
y p

Output Preview

Besides the top Ribbon, there are mainly four main windows in East 6 namely, (starting from
left), the Library, the Input / Output window, the Output Preview area and the Help Pane.
Note that both the Library and the Help Pane can be auto-hidden temporarily or throughout
the session, allowing the other windows to occupy larger area on the screen for display.

6 2.1 Workflow in Architect
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Initially, Library shows only the Root node. As you work with East, multiple designs,
simulation scenarios, data sets and related analysis can be managed using this panel. Various
nodes for outputs and plots are created in the Library, facilitating work on multiple scenarios
at a time. The width of the Library window can be adjusted for better readability.

The central part of the interface, the Input / Output, is the main work area where you can-

] Enter input parameters for design computation create and compare multiple designs,
view plots

u Simulate a design under different scenarios

= Perform interim analysis on a group sequential design look by look and view the results,
receive decisions such as stopping or continuing during the execution of a trial

] Open a data on which you want to perform analysis, enter new data, view outputs,
prepare a report etc.

This is the area where the user interacts with the product most frequently.

The Output Preview area compiles several outputs together in a grid like structure where
each row is either a design or simulation run. This area is in use only when working with
Design or Simulations.

2.1 Workflow in Architect 7
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When the Compute or Simulate button is clicked, all requested designs or simulation results
are computed and are listed in rows in the Output Preview area:

Ribbon: Tabs -Commands

l \‘ Choose Design

i
W

Input Dialog Box

Library (One or more designs)

hv

Help Pane

Compute

Output Preview

By clicking different rows of interest while simultaneously holding the Ctrl key, either a single
or multiple designs can be displayed in the Output Summary in vertical manner or

8 2.1 Workflow in Architect
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side-by-side comparison can be done.

Wi - B N Output Summary 8 8=
Des1 Des2 Des3 -
Mnemanic MN-25-DI MN-25-DI MN-25-DI M
Test Parameters.
Design Type|  Superiority Superiority Superiority
No. of Looks 1 3 3
Test Type 2-sided 2-sided 2-Sided
Specified o 0.05 0.05 0.05
Power| 0.9 0.9 0.9
Model Parameters
Input Method | Individual Means | Individual Means | Individual Means
Diff. in Means (8 = pt - e}
Mean Control (uc) o o ]
Mean Treatment (ut1) 0.3 0.3 0.3
Std. Deviation (o) 1 1 1
Test Statistic z z z
Allocation Ratio {nt/nc) 1 1 1
Boundary Parameters =
Efficacy Boundary, LD (o) Lo (R
Spacing of Looks. Equal Equal
Accrual & Dropout Parameters,
Accrual Rate 8
Response Lag 2
Probability of Dropaut 0.1
Sample Size
Maximum 467 473 526
Expected Under HO 471.064 524.048
Expected Under H1 379.185 431.007
Completers
Maximurm 473
Expected Under HO 471.064
Expected Under H1 379185
Study Duration 4
Maximum 67.75 =
Mms XA Output Preview Frofile + [ ¥ &
o Design  No.of Test Specified o sample Input a1 e Mean o Test Spacingof Eficary Experted Expected Accrual
Type Looks  Type « size Method Treatment (Alt.) Statistic  Looks  Boundary  SS(HO)  SS(H1)  Rate
Hyy| Des1 | Superiority| 1| 2-Sided 005 0.9 1 467 Individual Means| 0.3 0 031 2 =
N|| Des2| superiority| 3| 2-sided .03 .9 1 473 | Individual Means| 0.3 © .31 z Equal LD (OF)| 471.064| 379,185
I‘|| Des3 | Superiarity| 3| 2-Sided 0.05 0.9 1 526 | Individual Means| 0.3 O 0311 z Equal LD (OF)| 524.048| 431.007 8| .|
<l . J 0

Note that the active window and the Output Preview can be minimized, maximized, or

resized. If you want to focus on the Output Summary, click the = iconin the top-right

corner of the main window. The Output will be maximized as shown below:

N- 5 - - Output Summary
Des2
MN-25-DI
Test
Design Type
No. of Looks 3
Test Type 2-Sided
specified e 0.05
Power 0.9
Model F
Input Method
Diff. in Means (& = ut - uc) 0.3
Mean Control (uc) 0
Mean Treatment (utl) 0.3
std. Deviation (a) 1
Test Statistic r4
Allocation Ratio (nt/nc) 1
yF
Efficacy Boundary LD (OF)
Spacing of Looks Equal
Sample Size
Maximum 473
Expected Under HO 471.064
Expected Under H1 379.185

2.1 Workflow in Architect
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Any of the designs/simulations in the Output Preview area can be saved in the Library, as
depicted in the following workflow diagram.

Ribbon: Tabs -Commands

Output Display

Library

i | Display one or more design details
Save one or L

more designs

] Output Preview

Double click any of these nodes and the detailed output of the design will be displayed. This
will include all relevant input and output information. Right clicking any design node in the
Library will allow you to perform various operations on the design such as interim monitoring
and simulation.

The Help Pane displays the context sensitive help for the control currently under the focus.
This help is available for all the controls in the Input / Output window. This pane also displays
the design specific help which discusses the purpose of the selected test, the published
literature referred while developing it and finally the user manual references to quickly look-up
for more details in the Easté User Manual. This pane can be hidden or locked by clicking the
pin symbol.

10 2.1 Workflow in Architect
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All the windows and features mentioned above are described in detail with the help of an
illustration in the subsequent sections of this chapter.

Almost all the functionalities of East 6 are invoked by selecting appropriate menu items and
icons from the Ribbon. The interface consists of four windows as described in the previous
section and four major menu items. These menu items are:

Home  Data Editor | Design | Analysis

u Home. This menu contains typical file-related Windows sub-menus. The Help sub-menu
provides access to this manual.

] Data Editor. This menu will be available once a data set is open, providing several
sub-menus used to create, manage and transform data.

= Design. This menu provides a sub-menu for each of the study designs which can be
created using East 6. The study designs are grouped according to nature of the
response. The tasks like Simulations and Interim Monitoring are available for almost all
the study designs under this menu.

u Analysis. This menu provides a sub-menu for each of the analysis procedure that can be
carried out in East 6. The tests are grouped according to the nature of the response.
There are also options for basic statistics and plots.

2.2 A Quick Overview of User Interface 11
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The Home menu contains a variety of submenus:

: Home | Data Editor Design  Analysis
= 3 'Impn'rt ¢6 H H Q | Help Pane @ 9

New Open File Save Save Options | ||| Arrange Switch = Help
- - Export Conversion As.. LI - - -

File Settings Wiew window Help

2.3.1 File

New Click this icon to create new case data or crossover data. A new workbook or log can
also be created.

-9

e Click this icon to open a saved data set, workbook, or log file.
wmet Click this icon to import external files created by other programs.

w==  Click this icon to export files in various formats.

H

Save Click this icon to save the current files or workbooks.

K

B Click this icon to save a file or workbook with different name.

2.3.2 Importing workbooks from East5.4

East allows the conversion of workbooks previously created in East 5.4 (and above) to be
imported into East 6 for further development. In order to open a workbook with the .es5
extension given by previous versions of East, it must first be converted to a file with the . cywx
extension that will be recognized by East 6. This is easily accomplished through the Covert

12 2.3 Home Menu - 2.3.2 Importing workbooks from East5.4
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6
Old Workbook utility. Click on the = icon under Home menu to see the location of this
utility.

From the Windows Start menu under All Programs, select Covert Old Workbook located in
the Cytel Architect folder:

. Cytel Architect
| Convert Old Workbook
| East6.2

We can see the following window which accepts East5.4 workbook as input and outputs a
workbook of East6. Click the Browse buttons to choose the East 5.4 file to be converted and
the file to be saved with . cywx extension of East 6 version. To start the conversion click
Convert Workbook:

Select East 5 workbook to convert: (This version supports files from East 5.4 and above)

C:\My Cytel Files\East Workbooks\EastBoak 1 2s5
Save converted East 6 workbook: as:

C:\My Cytel Files'\East Workbooks'\EastBook 1 .cywx Browse...
Conversion Log:

Convert Workbook

T
r
I 1

Once complete, the file can be opened as a workbook in East 6 through Home—> File—>
Open.

2.3 Home Menu - 23.3 Settings 13
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2.3.3 Settings

@

Click the “™™  icon in the Home menu to adjust default values in East 6.

Options x

Global Settings
Design Defaults
Simulation Defaults
Chart Settings

Select Category

Accrual Rate -
Critical Points ]

Effect Size

Error Rate

Expected Sample Size |-| Decimal Places:
Hazard Rates

Infarmation I -

Others
Pow —  Preview:

er
Probability Statistics
Ratios 5 o123

Accrual Rate.

[ Reset ] [ oK J [ Cancel ]

The options provided in the Display Precision tab are used to set the decimal places of
numerical quantities. The settings indicated here will be applicable to all tests in East 6 under
the Design and Analysis menus.

The General tab has the provision of adjusting the paths for storing workbooks, files, and
temporary files. These paths will remain throughout the current and future sessions even after
East is closed. This is the place where we need to specify the installation directory of the R
software in order to use the feature of R Integration in East6.

14

2.3 Home Menu - 23.3 Settings
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The Design Defaults is where the user can change the settings for trial design:

Options
AT
Global settings Design Type Compute
{2 Superiority (2} Sample Size

Simulation Defaults

Chart Settings ©) Power

O Mon-inferiarity

o Test Type
Equivalence

i & 1-3ided

O Confidence Interval O 2-Sided

Type | Error (o):
Fonr (1-5)
Sample Size (n):
Allocation Ratio (n,/n )

bl Do not round off sample size/events

Reset ] [ oK i l Cancel

Under the Common tab, default values can be set for input design parameters. Under the
Group Sequential tab, defaults are set for boundary information. When a new design is
started, input fields will contain these specified defaults.

Simulation Defaults is where we can change the settings for simulation:

2.3 Home Menu - 23.3 Settings 15
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Options
Glabal Settings Number of Simulations: 10000
Design Defaults
Simulation Defaults Refresh Frequency: 1000
Chart Settings
Random Mumber Seed
@ Clock
O Fixed

100
Output Options
O Save summary statistics for every simulation run

O suppress &ll Intermediate Output

Reset ] I [a13 I [ Cancel

16 2.3 Home Menu - 23.3 Settings
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The Chart Settings allows defaults to be set for the following quantities on East6 charts:

Options x

Chart Settings

Global settings
Design Defaults
Simulation Defaults

LR ) I

Study Duration vs. Acorus)

Chart Settings Canditional Power Scale
Confidence Intervals
Stopping Boundaries tine O Automatic scaling
Power vs. Treatment Effec|
Samnple Size | Events vs. T) Er]

IM Errar Spending
IM Stopping Boundaries

Sample Size | Cormpleters)
Power ws. Sarnple Size GridLine 4=

Error Spending
Major - :
Divisians

S
i)
=]

24

Reset ] [ oK i l Cancel

2.3.4 View

The View submenu consists of enabling or disabling the Help and Library panes by
(un)checking the respective check boxes.

| Help Pane
| Library

View

2.3.5 Window

The Window submenu contains an Arrange and Switch option. This provides the ability to
view different standard arrangements of available windows (Design Input Output, Log, Details,

2.3 Home Menu - 2.3.5 Window 17
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charts and plots) and to switch the focus from one window to another.

@

Arrange  Switch

Window

2.3.6 Help

The Help submenu provides the following ways to access the East6 documenatation:

©

Help
Help

| User Manual: Invoke the current East 6 user manual.

u Tutorial: Invoke the available East 6 tutorials.
] About East 6: Displays the current version and license information for the installed

software.
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Tutorial: Normal Endpoint

This tutorial introduces you to East on the Architect platform, using an example clinical trial to
test difference of means.

When you open East, you will see the following screen below.

R —————
By Mt 2 M T Y K S99 @&

B i = e | oy reema | o i | (e
O e s, | O T ol P | O e | e |
s s cont | s o \
=y =
7

Cyrel architect (1.0.0)
W way S0155

Sate day 14 vay 2014
e S

o:

E™

erial id 2000002)

1 expiry pate

Base 1731 nay 2012
escatate 1731 nay 2014
Exact Inference 1731 nay 2014
Group Sequential Designs 1731 nay 2014
Group Sequential Designs for survival Endpoints | 31 may 2014
1731 nay 2014
1731 nay 2014
1731 nay 2014
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By default, the Design tab in the ribbon will be active. The items on this tab are grouped under
the following categories of endpoints: Continuous, Discrete, Count, Survival, and General. Click
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Continuous: Two Samples, and then Parallel Design: Difference of Means.

Home  Data Editor | Design | Analysis

"ll.n"/ l"ul"ul"fKEl':n"nE?J

Many Regression  One Many Regression Agresment One  Two Two | Other
Samp\e Samp\u Samples Sample Samp\es Samples Sample Samples | Samples
| Parallel Design fieneral
— Difference of Means [MN-25-DI]
Compute sample sizeor power for 3 test for the diffe of means of two

Ratio of Means [MN-25-RA]
Compute sample size, power, ralio of means of type | erfor for @ ratio of means test for independent data

EXA Wil caxon-Mann-Whitney [MN-25-WhMw]
Compute sample size, pawer, difference of means or type | error for Wilcaxon Mann Wwhitney test for independent data

Crossover Design
Difference of Means [MN-25-XDI]
Compute sample size. pawer, difference of means or type | error for a difference of means test for crossover data

Ratio of Means [MN-25XRA)
Compute sample size, pawer, rafio of means of type | error for & ratio of means test for crossover data

Multiple Comparisons
Muliple Endpoints [MN-25 ME]
Test using

The following input window will appear.

0 38 W=

Include Options

Design: Continuous E ndpoint: Two-Sample Test - Parallel Design - Difference of Means

Design Parameters

I

Test Type Input Method: [Individual Means <) Teststauste: [z |
Specify Mean Responses

Type 1 Error (2 0023 O
e e Contrl s, [  suomaon
Power: Is)

Wean Trsatmene
Samnple Size (n): ® L
Alocaton i

n,/n)

0O Assurance (Probability of Success)

By default, the radio button for Sample Size (n) is selected, indicating that it is the variable to
be computed. The default values shown for Type I Error and Power are 0.025 and 0.9. Keep
the same for this design. Since the default inputs provide all of the necessary input
information, you are ready to compute sample size by clicking the Compute button. The
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calculated result will appear in the Output Preview pane, as shown below.

Design No. of  Test  Specified Sample Input Mean Test

- ID Power nt/nc 3 81 pc o .
Type Looks  Type o Size Method Treatment (Alt.) Statistic
Dasl‘ Superiorit\/‘ 1| 1—Sidad| 0.025| o.9| 1| 457| Individual Means‘ o.3| o‘ o.3| 1‘ z‘

This single row of output contains relevant details of inputs and the computed result of total

sample size (and total completers) of 467. Select this row, and click N o display a
summary of the design details in the upper pane (known as Output Summary).

Desl
Mnemonic MMN-25-DI
Test Parameters
Design Type Superiority
Mo. of Looks 1
Test Type 1-Sided
Specified o 0.025
FPower 0.9

Model Parameters

Input Method

Individual Means

Diff. in Means (& = pt - pc) 0.3
Mean Control (uc) 0
Mean Treatment (utl) 0.3
std. Deviation (a) 1
Test Statistic il
Allocation Ratio (nt/nc) 1
Sample Size
Maximum 4a7

The discussion so far gives you a quick feel of the software for computing sample size for a
single look design. We will describe further features in an example for a group sequential
design in the next section.
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3.2.1 Study Background

Drug X is a newly developed lipase inhibitor for obesity management that acts by inhibiting the
absorption of dietary fats. The performance of this drug needs to be compared with an already
marketed drug Y for the same condition. In a randomized, double-blind, trial comparing the
efficacy and safety of 1 year of treatment with X to Y (each at 120 mg for three times a day),
obese adults are to be randomized to receive either X or Y combined with dietary intervention
for a period of one year. The endpoint is weight loss (in pounds). You are to design a trial
having 90% power to detect a mean difference of 9 Ibs between X and Y, assuming 15 Ibs and
6 Ibs weight loss in each treatment arm, respectively, and a common standard deviation of 32
Ibs. The design is required to be a 2-sided test at the 5% significance level.

From the design menu choose Continuous: Two Samples, and then Parallel Design:
Difference of Means. Select 2-sided for Test Type, and enter 0.05 for Type I Error. Specify
the Mean Control be 6, the Mean Treatment to be 15, and the common Std. Deviation to
be 32. Next, change the Number of Looks to be 5. You will see a new tab, Boundary Info,
added to the input dialog box.

esign Type: Numer o Looks:
Test Type 2-Sided | Input Method [Indiwdua\ Means v] Test Statistic z
Specify Mean Responses
Type ! Erer @ pecly Hean e
Mean Control (p ): Ijl Std. Deviation (d):
rousr o
Mean Treatment (p‘)
Sample Size (n):  |[Computed (O]
Allocation Ratio

mn,/n_}

[ Assurance (Probability of Success)

Click the Boundary Info tab, and you will see the following screen. On this tab, you can
choose whether to specify stopping boundaries for efficacy, or futility, or both. For this trial,
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choose efficacy boundaries only, and leave all other default values. We will implement the
Lan-Demets (O'Brien-Fleming) spending function, with equally spaced looks.

Boundary Info

Efficacy Futility

Boundary Family: Spending Functions - Boundary Family:
Spending Function:  |Lan-DeMets ~
parameter

Type | Error (co): 0.05
Spacing of Looks . .
@ equal O unequal  Efficacy Boundary:
Info. cum, o Efficacy Boundary o
Look # B
Fraction Spent Upper Lower
1 0.200 0.000 4.877 -4.877 L
2 0.400 0.001 3.357 -3.357 1
3 0.600 0.008 2.680 -2.680
4 0.800 0.024 2.290 -2.290
5 1.000 0.050 2.031 -2.031 o

On the Boundary Info tab, click on the icons or , to generate the following
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charts.

a5 Error Spending Charf

(2 ko spenaing

Settings... | Print. Copy @ Zoom | Save As. Hide Read-offs » |
Error Spending Function Info. Fraction
0.05.
Alpha
0.029
0.04
£ 0.03+
2
I
2
& 0.0z
s
0.01
o
T T T T T
[t} 0.2 0.4 0.6 0.8
Information Fraction

Sgitings... | Print. . | Copy | Zoom | Save As Hide Read-offs  » |
Stopping Boundaries
Info. Fraction
N
b Boundary
4 To Reject HO
T& i
.
i
N 2T
=
d
E
E
2 Boundary Scale
o
g
27 .
g i
L]
4
L
e
T T T
0.z 0.4 0.6 0.8
Information Fraction

Click Compute. East will show the results in the Output Preview.
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The maximum combined sample size required under this design is 544. The expected sample

sizes under HO and H1 are 540 and 403, respectively. Click 3 in the Output Preview
toolbar to save this design to Wbk1 in the Library. Double-click on Desl to generate the
following output.

Design: Continuous Endpoint: Two-Sample Test - Parallel Design - Difference of Means

Test Parameters. (©Sample Size Information

Design ID Des2 oo T Treammat
Design Type — e Total
Number of Looks 5
Test Type 25ided SamplelSi-eXo)
g wﬁy;’d = oo Maximum 22| o [ s
P:WH o9 Expected H1| 201775 | 201474 | 403.249
T, Expected HO| 270224 | 270207 | 54043
Maximum (0133
Test Statistic Z
Individual
Input Method - . )
I — Means (=Stopping Boundaries: Look by Lock
Mean Cantral () 3
Wean Treamert i) | . .
=1, ¥ Look [z, Sample | Cumulat
ke 00l Fraction ample « Under HO Under H1
Under HO 0 # Size (n)
{n/n_max) Spent Efficacy Z Efficacy Efficacy
Sm“”[‘;” *:‘ = Upper Lower Upper Lower Upper Lower
AHD'DE‘EI:::;S’(’” = 1 02 109 1104E-6 4872 4872 | 6519E7 | 6519ET | 3.32E4 | 1.146E-10
i1 2 0.401 218 7.981E4 3354 3354 | 3.985E4 | 3.985E4 [ 2818E-8
Boundary Parameters 3 0599 326 0.008 2682 2682 0.003 0.003 0.344 8.483E-8
Spacing of Looks Equal 4 0.8 435 0.024 2.29 2.29 0.008 0.008 0301 | 7.455E8
Efficacy Boundary | LD (OF) 5 1 544 005 2031 2031 0013 0.013 0.154 4.003E-8

Once you have finished examining the output, close this window, and re-start East before
continuing.

3.2.2 Creating multiple designs easily

In East, it is easy to create multiple designs by inputting multiple parameter values. In the trial
described above, suppose we want to generate designs for all combinations of the following
parameter values: Power = 0.8, 0.9, and Difference in Means = 8.5,9,9.5,10. The number of
such combinations is 2 x 4 = 8.

East can create all 8 designs by a single specification in the input dialog box. Enter the
following values as shown below. Remember that the common Std. Deviation is 32. From the
Input Method, select the Difference of Means option. The values of Power have been
entered as a list of comma-separated values, while Difference in Means has been entered as
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a colon-separated range of values: 8.5 to 10 in steps of 0.5.

Design Parameters

Test Type: 2-Sided -
Type | Error (o0): 0.05
Power: Is)

Sample Size (n): @
Allocation Ratio:

(n./n.)

[ Assurance (Probability of Success)

Input Method: [Diﬁerence of Means

v] Test Statistic: z

Diff. in Means (& = TR S

8.5:10:0.5, Std. Deviation (T):

Now click compute. East computes all 8 designs, and displays them in the Output Preview as

shown below. Click

Select the first 3 rows using the Ctrl key, and click

to maximize the Output Preview.

o display a summary of the design

details in the upper pane, known as the Output Summary.

Des2 Des3
MN-25-DI MN-25-DI
Superiority
H H
2-Sided 2-Sided
0.05 0.05
0.8 0.801

Difference of Means Difference of Means

Des1
MN-25-DI
Test
Design Type iority
No. of Looks 5
Test Type 2-Sided
Specified o 0.05
Power 0.8
Model F
Input Method Difference of Means
Diff. in Means (5 = pt - pQ)
Std. Deviation (o) 32
Test Statistic z

Allocation Ratio (nt/nc) 1

¥
Efficacy Boundary

LD (OF)
Spacing of Looks Equal
Sample Size
Maximum 456
Expected Under HO 453.004
Expected Under H1 366.549

32 32
4 z
1 1
LD (OF) LD (OF)
Equal Equal
407 366
404.326 363.593
327.093 294.023

Select Desl in the Output Preview, and click

4

toolbar to save this design in the Library.

We will use this design for simulation and interim monitoring, as described below. Now that
you have saved Desl, delete all designs from the Output Preview before continuing, by

selecting all designs with the Shift key, and clicking X

in the toolbar.
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3.2.3 Simulation

Right-click Desl in the Library, and select Simulate. Alternatively, you can select Desl and
click the S icon.

[
Trial Type: Superiority Test Statistic:
Test Type: 2-Sided
sample Size (n): 456 Variance:
Cum. o Spent Efficacy Z
Look # Info. Fraction M
Upper Lower Upper Lower
1 0.200 0.000 0.000 4.883 -4.883 =
2 0.399 0.000 0.000 3.361 -3.361 b
3 0.601 0.004 0.004 2.678 -2.678
4 0.800 0.012 0.012 2.289 -2.289
5 1.000 0.025 0.025 2.031 -2.031 il
Restore Original Design

We will carry out a simulation of Des1 to check whether it preserves the specified power. Click
Simulate. East will execute by default 10000 simulations with the specified inputs. Close the
intermediate window after examining the results. A row labeled as Sim1 will be added in the
Output Preview.

Click the icon to save this simulation to the Library. A simulation sub-node will be
added under Desl node. Double clicking on the Sim1 node, will display the detailed
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simulation output in the work area.

Simulation: Continuous Endpoint: Two-Sample Test - Parallel Design - Difference of Means

Simulation Parameters ©Average Sample Size

Simulation ID Sim1

Design Type Superiority Look # Sal::llslr:g:ize

Number of Looks 5 (n)

Test Type 2-Sided 3 91

Sample Size (1) 156 = g7

Variance Equal 3 74

Test Statistic t 1 365

Avg. Power at Tarmmgtlnn 0.802 3 256

Response G P: fomerel Average 366.996

ndividual

Generate Data Using Lt

Mean Control () 0 (= Simulation Boundaries and Boundary Crossing Probabilities

Mean Treatment (u,) 85 Boundaries N ; p—

SD Control (o) 32 Look# Gomrdls B Efficacy pping For Simulations

SD Treatment () 32 sl (n) T Lower

Simulation Control Parameters L= el Efficacy Efficacy et w

Starting Seed Clock 1 9 4883 -4.883 2 0 2 0.020%

Number of Simulations ‘ 10000 2 182 3.361 -3.361 609 0 609 6.090%
3 274 2678 -2.678 2523 0 2523 125.230%
4 365 2.289 -2.289 2893 0 2893 128.930%
5 456 2.0 -2.031 1996 0 3973 |39.730%

Total 8023 0 10000

% 80.230% 0.000%

Simulation Seed and Elapsed Time

Starting Seed: 725323
Total Number of Simulations: 10000
Elapsed Time: 00:01:05

In 80.23% of the simulated trials, the null hypothesis was rejected. This value is very close to
the specified power of 80%. The next section will explore interim monitoring with this design.
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3.2.4 Interim Monitoring

Right-click Desl in the Library and select Interim Monitoring. Click the FEnterlnterimData  {q
open the Test Statistic Calculator. Suppose that after 91 subjects, at the first look, you have
observed a mean difference of 8.5, with a standard error of 6.709.

~

p
Test Statistic Calculator
Editing look #1
[ set Current Look as Last
Cumulative Sample Size:
Input for Normal end point
Estmate of 5
B=l-p)
Standard Error of Estimate of &: 6.709]
Qutput
Recalc OK ] [ Cancel ] .
\ —= J
Click OK to update the IM Dashboard.
Look | Information | Cumulative Test Standard Efficacy 95% RCI for & Repeated . Predictive
# Fraction | Sample Size Statistic Error Upper Lower Upper Lower p-value Power
0.2 a1 1.267 8.5 6.709 4.883 -4.883 41.257 -24.257 0.932 0.828 0.673

PPN

The Stopping Boundaries and Error Spending Function charts on the left:
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Stopping Boundaries Sample  Efficacy Efficacy
Size Upper Lower
91 | 4.883 | -4.883 |
"o 200 400
Error Spending Function Info.
o
Fraction
0.05
0.2 0
0.04
0.03
0.02
0.01
0
[ 0.5 1

The Conditional Power and Confidence Intervals charts on the right:

Conditional Power Trmt.
- CP
1

08 0.872 0.098

1.919 0.161

0.6 2.966 0.247

- 4.013 0.353

5.06 0.472

0.2 6.107 0.594

7.154 0.708

’ 8.201 0.804

! ® 8.55 0.831
Confidence Intervals Info. RCI RCI Naive CI  Naive CI
e Fraction  Upper Lower Upper Lower
s0 0.2 | 41.257 | -24.257 | 21.649 | -4.649

o

0.5

Suppose that after 182 subjects, at the second look, you have observed a mean difference of
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16, with a standard error of 4.744. Click Recalc, and then OK to update the IM Dashboard. In
this case, a boundary has been crossed, and the following window appears.

Click Stop to complete the trial. The IM Dashboard will be updated accordingly, and a table
for Final Inference will be displayed as shown below.

Final Inference

Final Outputs at Look # 2
Adj. p-value 0.001
Adj. Pr. Est. for & 16
Adj. 95% CI for &
Upper Confidence Bound 25.298
Lower Confidence Bound 6.702
Post-Hoc Power
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Normal Superiority
One-Sample

= 4.1.1
=414

To compare a new process or treatment to a well-established control, a single-sample study
may suffice for preliminary information prior to a full-scale investigation. This single sample
may either consist of a random sample of observations from a single treatment when the
mean is to be compared to a specified constant or a random sample of paired differences or
ratio between two treatments. The former is presented in Section (4.1) and the latter is
discussed in Section (4.2) and Section (4.3).

Trial Design ® 4.1.2 Simulation * 4.1.3 Interim Monitoring
Trial Design Using a t-Test (Single Look)

The problem of comparing the mean of the distribution of observations from a single random
sample to a specified constant is considered. For example, when developing a new drug for
treatment of a disease, there should be evidence of efficacy. For this single-sample problem, it
is desired to compare the unknown mean p to a fixed value 1o. The null hypothesis Hy: 1 = o
is tested against the two-sided alternative hypothesis H;: p # 1o or a one-sided alternative
hypothesis Hy: p < pg or Hy: > po. The power of the test is computed at a specified value
of u = p1 and standard deviation o.

Let /i; denote the estimate of 1. based on n; observations, up to and including the j-th look,
j=1,..., K, with a maximum of K looks. The test statistic at the j-th look is based on the
value specified by the null hypothesis, namely

Z; =% (f1; — po) /55, (4.1)

where 67 is the sample variance based on n; observations.
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4.1.1 Trial Design

Consider the situation where treatment for a certain infectious disorder is expected to result in
a decrease in the length of hospital stay. Suppose that hospital records were reviewed and it
was determined that, based on this historical data, the average hospital stay is approximately 7
days. It is hoped that the new treatment can decrease this to less than 6 days. It is assumed
that the standard deviation is ¢ = 2.5 days.The null hypothesis Hy: ;1 = 7(= uyg) is tested
against the alternative hypothesis Hy: p < 7.

First, click Continuous: One Sample on the Design tab and then click Single Arm Design:
Single Mean as shown below.

This will launch a new input window.

Single-Look Design

We want to determine the sample size required to have power of 90% when . = 6(= 1),
using a test with a one-sided type-1 error rate of 0.05. Choose Test Type as 1-Sided. Specify
Mean Response under Null (1) as 7, Mean Response under Alt. (1;) as 6 and Std.
Deviation (o) as 2.5. The upper pane should appear as below:

Design: Conti Endpoint: One-Sample Test - Single Am Design - Single Mean Qi H=

Design Type Number of Looks Include Options

Test Type 1-Sided - Test Statistic
Specify Mean Responses

Type | Error (): m @] £

P _ Mean Response under Null (4, ). 5td. Deviation (o)

v [ o

m Mean Response under Alt. () ljl

Sample Size (n):  |Computed (o]

O Assurance (Probability of Success):

Click Compute. This will calculate the sample size for this design and the output is shown as a

36 4.1 Single Mean - 4.1.1 Trial Design



<<< Contents *% Index >>>

Cl.ll:el East® 6.4

© Cytel Inc. Copyright 2017

row in the Output Preview. The computed sample size is 54 subjects.

I 5 E X AL =% Output Preview
Design Mo.of  Test  Specified Sample Test
Power ) o po pl .
Type Looks Type ol Size Statistic
I‘|| Desl| Superiority| 1| ]—Sided| 0.05| 0.902| 54| 2.5| ?| 5| z|

This design has default name Des 1. Select this design by clicking anywhere along the row and

click M

upper pane, labeled as Output Summary.

in the Output Preview toolbar. Some of the design details will be displayed in the

N - B - L) Output Summary
Des1
Mnemonic| MN-15-5M
Test Parameters
Design Type | Superiority
Mo. of Looks 1
Test Type| 1-Sided
Specified o 0.05
Power 0.902
Model Parameters
Std. Deviation (a) 2.5
Mean Response under Null (u0) 7
Mean Response under Alt. (u1) 6
Test Statistic il
Sample Size
Maximum 54

In the Output Preview toolbar select Des 1, click

Library.

Five-Look Design

to save this design to Wbk1 in the

To allow the opportunity to stop early and proceed with a full-scale plan, five equally-spaced
analyses are planned, using the Lan-DeMets (O'Brien-Fleming) stopping boundary. Create a
new design by right-clicking Des 1 in the Library, and selecting Edit Design. In the Input,
change the Number of Looks from 1 to 5, to generate a study with four interim looks and a
final analysis. A new tab for Boundary Info should appear. Click this tab to reveal the

4.1 Single Mean - 4.1.1 Trial Design
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stopping boundary parameters. By default, the Spacing of Looks is set to Equal, which
means that the interim analyses will be equally spaced in terms of the number of patients
accrued between looks. The left side contains details for the Efficacy boundary, and the right
side contains details for the Futility boundary. By default, there is an efficacy boundary (to
reject Hy) selected, but no futility boundary (to reject H;). The Boundary Family specified is
of the Spending Functions type. The default Spending Function is the Lan-DeMets (Lan
& DeMets, 1983), with Parameter as OF (O'Brien-Fleming), which generates boundaries that
are very similar, though not identical, to the classical stopping boundaries of O'Brien and
Fleming (1979). For a detailed description of the different spending functions and stopping
boundaries available in East refer to Chapter ?2. The cumulative alpha spent and the boundary
values are displayed below.

Design Type: MNumber of Looks: Include Options
Boundary Info
Efficacy Futility

Boundary Family: Spending Functions - Boundary Family
Spending Function Lan-DeMets >

Parameter:
Type | Error (or): 0.05
Spacing of Looks _ .
® Equal O Unequal Efficacy Boundary:
Info. Cum. ot Efficacy ol
Look # B
Fraction Spent Boundary
1 0.200 0.000 -4.229 -
2 0.400 0.002 -2.B88 1
3 0.600 0.011 -2.298
4 0.800 0.028 -1.962 L
5 1.000 0.050 -1.740 -

Click Compute. The maximum and expected sample sizes are highlighted in yellow in the
Output Preview. Save this design in the current workbook by selecting the corresponding

row in the Output Preview and clicking - on the Output Preview toolbar. To compare

Des 1 and Des 2, select both rows in Output Preview using the Ctrl key and click U inthe
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Output Preview toolbar. This will display both designs in the Output Summary pane.

Des1 Des2
Mnemonic| MN-15-5M | MN-15-5M
Test Parameters

Design Type | Superiority | Superiority
Mo. of Looks 1
Test Type| 1-Sided 1-Sided
Specified o 0.05 0.05
Power 0.902 0.903
Model Parameters
std. Deviation (o) 2.5 2.5
Mean Response under Null (u0) 7 7
Mean Response under Alt. (u1) 6 6
Test Statistic zZ zZ
Boundary Parameters
Spacing of Looks Equal
Efficacy Boundary LD (OF)

Sample Size
Maximum 54 56
Expected Under HO 55.531
Expected Under H1 39.897

Des 2 results in a maximum of 56 subjects in order to attain 90% power, with an expected
sample size of 40 under the alternative hypothesis. In order to see the stopping probabilities,
double-click Des 2 in the Library.

(=) Stopping Boundaries: Look by Look

Boundary Crossing Probability
Info. Cumulative Boundaries (Incremental)
peok Fraction Sfimple a Under HO Under H1
& (n/n_max) gzl Spent Effi
- CHOVER Efficacy Efficacy
1 0.196 11 9.767E-6 -4.27 9.767E-6 0.002
2 0.393 22 0.002 -2.918 0.002 0.147
3 0.607 34 0.012 -2.279 0.01 0.376
4 0.804 45 0.029 -1.958 0.017 0.25
5 1 56 0.05 -1 0.021 0.128

The clear advantage of this sequential design resides in the relatively high cumulative
probability of stopping by the third look if the alternative is true, with a sample size of 34
patients, which is well below the requirements for a fixed sample study (54 patients). Close the
Output window before continuing.

Examining stopping boundaries and spending functions

You can plot the boundary values of Des 2 by clicking & - on the Library toolbar, and then
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clicking Stopping Boundaries. The following chart will appear:

r ™
Des2: Stopping Boundaries - S— c—h L@Iﬂ
e ———u
Seftings... | Prnt... | Copy | Zoom | Save As. Hide Readoffs » |
Stopping Boundaries — DesZ2
0 Sample Size
0.5
Boundary

-1 To Reject HO
o
= -2.2793

U A-15]

™~ .
R -
= 2
= L
B2
3
@ o . Boundary Scale
.
g _Z Scale -
%3.5—
b

-4

.
45
-5 T T T 7 T
o 10 20 30 40 50
Sample Size

L& A

You can choose different boundary scales from the drop down box located in the right hand
side. The available boundary scales are Z scale, Score Scale, ;1/o Scale and p-value scale. To
plot the error spending function for Des 2, select Des 2 in the Library, click &~ in the
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toolbar, and then click Error Spending. The following chart will appear:

E Error Spending Functionl = = x
Settings... | Prnt... | Copy | Zoom | Save As. Hide Read-offs » |
Error Spending Function — Des2 Info. Fraction

0.05
Alpha
0.008
0.04
£ g3
s
2
]
P
£ 0.02+
fas
0.01+
0 — —
T T T T T T
[u] 0.2 0.4 0.6 0.8 1
Information Fraction Save in Workbook

The above spending function is according to Lan and DeMets (1983) with O'Brien-Fleming
flavor and for one-sided tests has the following functional form:

alt) =2 — 20 (Z\‘;f)

Observe that very little of the total type-1 error is spent early on, but more is spent rapidly as
the information fraction increases, and reaches 0.05 at an information fraction of 1. Feel free to
try other plots by clicking & - in the Library toolbar. Close all charts before continuing.

4.1.2 Simulation

Suppose we want to see the advantages of performing the interim analyses, as it relates to the
chance of stopping prior to the final analysis. This examination can be conducted using
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simulation. Select Des 2 in the Library, and click S in the toolbar. Alternatively, right-click
on Des 2 and select Simulate. A new Simulation window will appear. For example, suppose
you wish to determine how quickly this trial could be terminated if the treatment difference
was much greater than expected. For example, under the alternative hypothesis, 1 = 4.5. Click
on the Response Generation Info tab, and specify: Mean Response(u) = 4.5 and Std.

Deviation (o) = 2.5.

Simulation Parameters | Response Generation Info = Simulation Control Info

Std. Deviation (T):

Specify Mean Response

Mean Response (p )

Click Simulate to start the simulation. Once the simulation run has completed, East will add an
additional row to the Output Preview labeled as Sim 1.

Select Sim 1 in the Output Preview and click . Now double-click on Sim 1 in the
Library. The simulation output details will be displayed in the upper pane.

=) Simulation Boundaries and Boundary Crossing Probabilities

. Boundaries . Total
Look # Sample Size Efficacy = [T a0 Simulations
= Lower Efficacy Count %
1 i 427 2606 2606  |26.060%
2 22 -2.918 6386 6886 68.860%
3 34 -2.279 504 504 5.040%
4 45 -1.958 4 4 0.040%
5 56 -1.741 0 0 0.000%
Total 10000 10000
%o 100.000%

Observe that 100% simulated trials rejected the null hypothesis, and about 26% of these
simulations were able to reject the null at the first look after enrolling only 11 subjects. Your
numbers might differ slightly due to a different starting seed.
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4.1.3 Interim Monitoring

Suppose that the trial has commenced and Des 2 was implemented. Right-click Des 2 in the
Library, and select Interim Monitoring.

Although we specified that there will be five equally spaced interim looks, the Lan-DeMets
methodology implemented in East allows you to alter the number and spacing of these looks.
Accordingly, suppose that an interim look was taken after enrolling 20 subjects and the sample
mean, based on these 20 subjects, was 5.1 with a standard error of 0.592. Since o = 7, based
on equation (4.1) the value of the test statistic at the first look would be Z; = (5.1 — 7)/0.592
or -3.209.

Click Enter Interim Data on the toolbar. In the Test Statistic Calculator, enter the following
values, and click Recalc and thenOK.

(Test Statistic Calculator u‘
Editing look #1
[ set Current Look as Last
Cumulative Sample Size:
| Input for Normal end point
Estimate of p
L
Standard Error of Estimate of p:
Test Statistic
Recalc POk [ Cancel ]

Since the stopping boundary is crossed, the following dialog box appears.
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~ ™y
Boundary Crossed u
Since the value of Test Statistic is <=the critical point for efficacy,
HO is rejected.

Although boundary has been crossed, East gives you choice either
to stop the study or to continue entering further looks.
Please make your decision.

stop the study and bar further looks input
allow the study to continue

L — —— J

Click stop to take you back to the interim monitoring dashboard. For final inference, East will
display the following summary information on the dashboard.

Final Inference

Final Qutputs at Look # 1
Adj. p-value 0.001
Adj. Pt. Est. for p 5.1
Adj. 90% CI forp
Upper Confidence Bound 6.074
Lower Confidence Bound 4.126
Post-Hoc Power

4.1.4 Trial Design Using a t-Test (Single Look)

The sample size obtained to correctly power Des 1 in Section (4.1.1) relied on using a
Wald-type statistic for the hypothesis test, given by equation (4.1). Due to the assumption of
normal distribution for the test statistic, we have ignored the fact that the variance o is
estimated from the sample. For large sample sizes this approximation is acceptable. However,
in small samples with unknown standard deviation the test statistic

Z =n?(j - o)/, 4.2)

is distributed with student’s t distribution with (n — 1) degrees of freedom. Here, 6 denotes
the sample variance based on n observations.

Consider the example in Section 4.1.1 where we would like to test the null hypothesis that the
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=421
=424

average hospital stay is 7 days, Hy: i = 7(= po), against the alternative hypothesis that is less
than 7 days, H;: 1 < 7. We will now design the same trial in a different manner, using the t
distribution for the test statistic.

Right-click Des 1 in the Library, and select Edit Design. In the input window, change the Test
Stat. from Z to t. The entries for the other fields need not be changed.

Click Compute. East will add an additional row to the Output Preview labeled as Des 3. The

required sample size is 55. Select the rows corresponding to Des 1 and Des 3 and click L

This will display Des 1 and Des 3 in the Output Summary.

Des1 Des3
Mnemaonic MN-15-5M MN-15-5M
Test Parameters
Design Type Superiority Superiority
No. of Looks 1 1
Test Type 1-Sided 1-Sided
specified o 0.05 0.05
Power 0.902 0.9
Model Parameters
Std. Deviation (T} 2.5 2.5
Mean Response under Null (ud) 7 7
Mean Response under Alt, (u1) [ 6
Test Statistic Z t
Sample Size
Maximum 54 55

Des 3, which uses the t distribution, requires that we commit a combined total of 55 patients
to the study, just one more compared to Des 1, which uses the normal distribution. The extra

patient is needed to compensate for the extra variability due to estimation of the var[d].

Trial Design = 4.2.2 Simulation =* 4.2.3 Interim Monitoring
Trial Design Using a t-Test (Single Look)

The paired t-test is used to compare the means of two normal distributions when each
observation in the random sample from one distribution is matched with a unique observation
from the other distribution. Let 1. and p; denote the two means to be compared and let o2
denote the variance of the differences.

The null hypothesis Hy: i = jut is tested against the two-sided alternative hypothesis
Hy: pe. # py or a one-sided alternative hypothesis Hy: p. < py Or Hy: pie > g Let 6 = py — pe.
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The null hypothesis can be expressed as Hy: § = 0 and the alternative can be expressed as
Hy:6#0, Hyi: 6 > 0,0r Hi: § < 0. The power of the test is computed at specified values of
Hoey Kt and o.

Let fi.; and ji;; denote the estimates of y. and y; based on n; observations, up to and
including j-th look, j = 1,..., K where a maximum of K looks are to be made. The estimate
of the difference at the j-th look is

5_7 = ﬂtj - ﬂcj
and the test statistic at the j-th look is

Z; =n/%5;/5;, (4.3)

where 67 is the sample variance of n; paired differences.

4.2.1 Trial Design

Consider the situation where subjects are treated once with placebo after pain is
experimentally induced, and later treated with a new analgesic after pain is induced a second
time. Pain is reported by the subjects using a 10 cm visual analog scale (0="no pain”, ...,
10="extreme pain”). After treatment with placebo, the average is expected to be 6 cm. After
treatment with the analgesic, the average is expected to be 4 cm. It is assumed that the
common standard deviation is o = 5 cm. The null hypothesis Hy: 6 = 0 is tested against the
alternative hypothesis H;: ¢ < 0.

Start East afresh. First, Continuous: One Sample on the Design tab, and then click Paired
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Design: Mean of Paired Differences

Myl Y i
One Two Many  Regression
Sample Samples Samples

G T I |

One
Sample Samples Samples

: Home  Data Editor | Design | Analysis

ry K i

Many Regression Agresment QOne

Sampl

| Single Amm Design
[ Single Mean [MN-15-5M]

Paired Design
Mean of Paired Differences [MN-1

Mean of Paired Ratics [MN-15-PRA]

Compute sample size or power for a test for the mean of a single population

M S-FDI
Compute sample size or power for a test for the difference of means for paired data

Compute sample size, power, ratio of means or type | error for a ratio of means test for paired data

This will launch a new input window.

Single-Look Design

We want to determine the sample size required to have power of 90% when x. = 6 and

1 = 4, using a test with a one-sided type-1 error rate of 0.05. Select Test Type as 1-Sided,
Individual Means for Input Method, and specify the Mean Control (1..) as 6 and Mean
Treatment (y;) as 4. Enter Std. Dev. of Paired Difference (o) as 5. The upper pane should

appear as below:

Design: Conti Endpoint: One-Sample Test - Paired Design - Mean of Paired Differences 2 RIRIAS]
Test Type: Input Method: [Indwidual Means '] Test Statistic:
Specify Mean Responses =
Type | Error (o): 0.03 @] =
Mean Control (p ): I:| Std. Dev. of Paired
Power: 8] Man Treatment (1) l:| Difference (o)
Sample Size (n): o] '
O Assurance (Probability of Success)

Click Compute. This will calculate the sample size for this design and the output is shown as a

4.2 Mean of Paired Differences — 4.2.1

Trial Design
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row in the Output Preview. The computed sample size is 54 subjects.

NsEXs=% Output Preview Frofe - S &)
Design No.of Test  Specified Sample  Test Input Mean
D Power N o uec 81 oD
Type Looks  Type o Size  Statistic Method Treatment (Alt)
P|| Desl‘ Superiorily‘ I‘ I—Sided‘ n.os‘ 0.902| 54| z‘ Individual Means‘ s‘ 4‘ 72‘ 5|

This design has default name Des 1. Select this design by clicking anywhere along the row in
the Output Preview and click "I Someofthe design details will be displayed in the upper

pane, labeled as Output Summary.

M- E- = Output Summary
Des1
Mnemonic MN-15-FPDI
Test Parameters
Design Type Superiority
No. of Looks 1
Test Type 1-Sided
Specified o 0.05
Power 0.902

Model Parameters

Test Statistic

Z

Input Method

Individual Means

Mean Control (uc)

6

Mean Treatment (ut)

4

Diff. of Means (ut - pc)

-2

std. Deviation (oD}

5

Sample Size

Maximum

54

In the Output Preview toolbar select Des 1, click b

Library.
Three-Look Design

to save this design to Wbk1 in the

For the above study, suppose we wish to take up to two equally spaced interim looks and one
final look as we accrue data, using the Lan-DeMets (O'Brien-Fleming) stopping boundary.
Create a new design by right-clicking Des 1 in the Library, and Edit Design. In the Input,
change the Number of Looks from 1 to 3, to generate a study with two interim looks and a

final analysis.

Click Compute. The maximum and expected sample sizes are highlighted in yellow in the
Output Preview. Save this design in the current workbook by selecting the corresponding
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row in Output Preview and clicking 3 on the Output Preview toolbar. To compare

Des 1 and Des 2, select both rows in Output Preview using the Ctrl key and click "I Both

designs will be displayed in the Output Summary pane.

Des1 Des2
Mnemonic MN-15-FDI MN-15-FDI
Test Parameters
Design Type Superiority Superiority
No. of Looks 1 3
Test Type 1-Sided 1-Sided
Specified o 0.05 0.05
Power 0.902 0.902
Model Parameters
Test Statistic z z
Input Method Individual Means Individual Means
Mean Control (uc) 5] 3}
Mean Treatment (ut) 4 4
Diff. of Means (ut - uc) -2 -2
Std. Deviation (oD} 5 5
Boundary Parameters
Efficacy Boundary LD (OF)
Spacing of Looks Equal
Sample Size
Maximum 54 55
Expected Under HO 54.685
Expected Under H1 42.646

Des 2 results in a maximum of 55 subjects in order to attain 90% power, with an expected
sample size of 43 under the alternative hypothesis. In the Output Preview toolbar select

Des 2, click 3 to save this design to Wbk1 in the Library. In order to see the stopping
probabilities, double-click Des 2 in the Library.

(=) Stopping Boundaries: Look by Look

Boundary Crossing Probability
Look Info. SeE Cumulative Boundaries {Incremental)
Fraction = o Under HO Under H1
X (n/n_max) ez () Spent Effi
- ERENEE Efficacy Efficacy
1 0.327 18 6.124E4 -3.233 6.124E4 0.062
2 0.673 37 0.017 -2.128 0.016 0.558
3 1 55 0.05 -1.696 0.033 0.282

The clear advantage of this sequential design resides in the high cumulative probability of
stopping by the third look if the alternative is true, with a sample size of 37 patients, which is
well below the requirements for a fixed sample study (54 patients). Close the Output window
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before continuing.

Select Des 2 and click & - on the Library toolbar. You can select one of many plots,
including one for Stopping Boundaries:

-
E Stopping Boundariesl = = x
Seftings... | Print... | Copy | Zoom | Save As. Hide Read-offs » |
Stopping Boundaries — Des?2
sample Size
"]
_0.5 Boundary
To Reject HO
v 1 -2.128|
o
i1
Wl
N a5
= .
o
=
5 27
2 | Boundary Scale
=
o
o
A -3
L
3.5
_a
T T
18 37 55
Sample Size Save in Workbook

Close this chart before continuing.

4.2.2 Simulation

Select Des 2 in the Library, and click S in the toolbar. Click on the Response Generation
Info tab, and make sure Mean Treatment(y;) = 4, Mean Control(...) = 6 and Std. Deviation
(o) = 5. Click Simulate. Once the simulation run has completed, East will add an additional
row to the Output Preview labeled as Sim 1.

Select Sim 1 in the Output Preview and click ¥ Now double-click on Sim 1 in the
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Library. The simulation output details will be displayed.

Simulation: Continuous Endpoint: One-Sample Test - Paired Design - Mean of Paired

Differences

Simulation Parameters =Average Sample Size

Simulation 1D Sim1

Design Type Superiority Averag(?

Number of Looks 3 Lo Sam‘;:; iz

Test Type 1-Sided 3 8

Sample Size (n) 55

- 2 37
Test Statistic t 3 3
Avg. Power at Termination| 0.895
5 Average 41.981

Response Generation Par.

Mean Control (4 ) 6

Mean Treatment (p,) 4 ©Simulation Boundaries and Boundary Crossing Probabilities

Std. Deviation (o) 5 i e - o Total

Simulation Control Parameters Look # Sample Size Efficacy pping For Simulations

Starting Seed | Clock (n) L= Efficacy Ennon o

MNumber of Simulations | 10000 1 13 3273 950 950 9.500%
2 7 -2.128 5280 5280  |52.800%
3 55 -1.696 2719 3770 |37.700%

Total 8949 10000

% 89.490%

Overall, close to 90% of simulations have rejected H,. The numbers on your screen might
differ slightly due to a different seed.

4.2.3 Interim Monitoring

For an ongoing study we evaluate the test statistic at an interim stage to see whether we have
enough evidence to reject Hy. Right-click Des 2 in the Library, and select Interim Monitoring.

Although the design specified that there be three equally spaced interim looks, the
Lan-DeMets methodology implemented in East allows you to alter the number and spacing of
these looks. Suppose that an interim look was taken after enrolling 18 subjects and the sample
mean, based on these subjects, was -2.2 with a standard error of 1.4. Then based on equation
(4.3), the value of the test statistic at first look would be Z; = (—2.2)/1.4 or -1.571.

Click Enter Interim Data on the toolbar. In the Test Statistic Calculator, enter the following
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values, and click Recalc and thenOK.

P>
Test Statistic Calculator

Editing look #1
[ set Current Look as Last
Cumulative Sample Size:

(| Input for Normal end point
Estimate of &:
5 = mean of paired difference

Output

Test Statistic:

Standard Error of Estimate of &:

1

1

=

n !

< L [l

i IS N © 1
E;

Recalc k OK

i [ Cancel ]

(=

The dashboard will be updated accordingly.

Enter Interim Data| X P [ 11w A -

Interim Monitoring: Des2
Look Information Cumulative  Test 5 Standard Repeated 95% Cl for® Repeat ..
# Fraction  Sample Size Statistic Error i Upper (e p-value
1| 0327 | 18 | -1571 | -22 | 1.4 | -3.233 | 2326 | -infinity | 0.278 |
2 | I I I I I I I I !
3] I I I I | [ [ [ ]
Stopping Boundaries [ sample . Conditional Power B Trme -
icay
3 size U Eff.
5
05 18 -3.233 -2.22 0.911
-1 0.8 -1.99 0.867
s -1.715 0.798
i 0 -1.439 | 0711
2 -1.164 | 0.61
25 o4 -0.888 | 0.501
3 02 -0613 | 0392
as -0.337 0.292
0 -0.062 0.206
“a 20 a E) E) E) 0 0.03 0181
Error Spending Function  (BY]  info. Confidence Intervals Y] Info. RCI RCI  NaiveCl Naive Cl
«
Fraction P Fraction  Upper Lower Upper Lower
003
0.327 | o0.001 297 0327 | 2326 | -infinity | 0.103 | -Infinity |
oot 2376
1792
os 1108
0594
0.02 ° T
0594
oos -Liss
-L7e2
. 2378
237
o 5 T s T

As the observed value -1.571 has not crossed the critical boundary value of -3.233, the trial
continues. Now, 18 additional subjects are enrolled, and a second interim analysis with 36
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subjects is conducted. Suppose that the observed difference is -2.3 with standard error as 0.8.
Select the Look 2 row and click Enter Interim Data. Enter these values, and click Recalc, and
thenOK.

-
Test Statistic Calculator

Editing look #2
[ set Current Look as Last
Cumulative Sample Size: 3

Input for Normal end point
Estimate of &:
& = mean of paired difference

Standard Error of Estimate of &:

Test Statistic:

M
o !
) g
i w =
l{J

Recalc ok | cancel |

— = J

Since the stopping boundary is crossed, the following dialog box appears. Click on Stop.
Boundary Crossed

Since the value of Test Statistic is <=the critical point for efficacy,
HO is rejected.

Although boundary has been crossed, East gives you choice either
to stop the study or to continue entering further looks.
Flease make your decision.

stop the study and bar further looks input
allow the study to continue

L — g,

For final inference, East will display the following summary information on the dashboard.
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Final Inference

Final Outputs at Look # 2
Adj. p-value 0.002
Adj. Pt. Est. for & -2.287

Adj. 90% CI for &
Upper Confidence Bound -0.959
Lower Confidence Bound -3.807

Post-Hoc Power

4.2.4 Trial Design Using a t-Test (Single Look)

The sample size obtained to correctly power the trial in Section (4.2.1) relied on using a
Wald-type statistic for the hypothesis test, given by equation (4.3). However, we neglected the
fact that the variance o is estimated by assuming that the test statistic follows a standard
normal distribution. For large sample sizes, asymptotic theory supports this approximation. In
a single-look design, this test statistic is calculated as

Z =n'"?5/s, (4.4)

where 62 is the sample variance based on n observed paired differences. In the following
calculations we take into consideration that Z follows a Student's t-distribution with (n — 1)
degrees of freedom.

Consider the example in Section 4.2.1 where we would like to test the null hypothesis that the
analgesic does not reduce pain, Hy: 6 = 0, against the alternative hypothesis that the new
analgesic works to reduce pain, Hy: ¢ < 0. We will design this same trial using the t
distribution for the test statistic.

Right-click Des 1 from the Library, and select Edit Design. Change the Test Stat. from 2z to t.
The entries for the other fields need not be changed, and click Compute. East will add an
additional row to the Output Preview labeled as Des 3. Select the rows corresponding to
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Des 1 and Des 3. This will display Des 1 and Des 3 in the Output Summary.

Des1 Des3
Mnemonic MN-15-FPDI MN-15-PDI
Test Parameters
Design Type Superiority Superiority
No. of Looks 1 1
Test Type 1-Sided 1-Sided
Specified o 0.05 0.05
Power 0.902 0.9
Model Parameters
Test Statistic z T
Input Method | Individual Means | Individual Means
Mean Control (uc) 3 6
Mean Treatment (ut) 4 4
Diff. of Means (ut - pc) -2 -2
Std. Deviation (oD} 5 5
Sample Size
Maximum 54 55

Using the t distribution, we need one extra subject to compensate for the extra variability due

to estimation of the var[d].

4.3 Ratio of Paired Means

The test for ratio of paired difference is used to compare the means of two log normal
distributions when each observation in the random sample from one distribution is matched
with a unique observation from the other distribution. Let ;. and u; denote the two means to
be compared and let o2 adn o7 are the respective variances.

The null hypothesis Hy: p./pe = 1 is tested against the two-sided alternative hypothesis

Hy: pe/ue # 1 or a one-sided alternative hypothesis Hy: pu./pe < 1 or Hy: pe/pe > 1. Let

p = ui/ .. Then the null hypothesis can be expressed as Hy: p = 1 and the alternative can be
expressed as Hi: p# 1, Hi: p > 1, 0r Hy: p < 1. The power of the test is computed at specified
values of .., pit, and o. We assume that o,/ = 0./ i.e., the coefficient of variation (CV) is
the same under both control and treatment.

4.3.1 Trial Design

Start East afresh. Click Continuous: One Sample on the Design tab, and then click Paired

4.3 Ratio of Paired Means — 4.3.1 Trial Design 55



<<< Contents Index >>>

Chapter 4: Normal Superiority One-Sample

Design: Mean of Paired Ratios as shown below.

: Home  Data Editor  Design | Analysis

W"n B Y% ™M e v KOS

Two Many  Regression One Many  Regression Agresment Orne
Sample Samples Samples Sample Samples Samples Sampl

| single Arm Design |
[ Single Mean [MN-15-5M] l

Compute sample size or power for a test for the mean of a single population
Paired Design
Mean of Paired Differences [MN-15-PDI]

Compute sample size or power for a test for the difference of means for paired data

Mean of Paired Ratios [MN-15-PRA]
‘Compute sample size, power, ratio of means or type | error for a ratio of means test for paired data

This will launch a new window. The upper pane of this window displays several fields with
default values. Select Test Type as 1-Sided, and Individual Means for Input Method.
Specify the Mean Control (i) as 4 and Mean Treatment (u;) as 3.5. Enter Std. Dev. of Log
ratio as 0.5. The upper pane should appear as below:

Design: Continuous Endpoint- One-Sample Test - Paired Design - Mean of Paired Ratios OHHEE
Test Type Input Methad Test Statistic al
- Specify Mean Responses
::zayl Error (o): g M’ZanZomml (p[;J' std. Dev. of Log ratio |
sample size (n) ® Mean Treatment (u, )

Click Compute. This will calculate the sample size for this design and the output is shown as a
row in the Output Preview. The computed sample size is 121 subjects (or pairs of
observations).

This design has default name Des 1. In the Output Preview toolbar select Des 1, click 3

to save this design to Wbk1 in the Library.
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4.3.2 Trial Design Using a t-test

Right-click Des 1 in the Library and select Edit Design. In the input window, change the Test

Stat. from z to t.

Click Compute. East will add an additional row to the Output Preview labeled as Des 2.

Select the rows corresponding to Des 1 and Des 2 using the Ctrl key and click

display Des 1 and Des 2 in the Output Summary.

Desl1 Des2
Mnemonic MN-15-PRA MMN-15-FRA
Test Parameters
Design Type Superiority Superiority
Test Type 1-5Sided 1-Sided
Specified o 0.05 0.05
Power 0.902 0.901
Model Parameters
Mean Control (uc) 4 4
Mean Treatment (ut) 3.5 3.5
Std.Dev. of Log Ratio 0.5 0.5
Input Method | Individual Means | Individual Means
Test Statistic z T
S le Size
Maximum 121 122

U This will

Des 2 uses the t distribution and requires that we commit a combined total of 122 patients to
the study, one more compared to Des 1, which uses a normal distribution.

4.3 Ratio of Paired Means
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Two common applications of the paired sample design include: (1) comparison of two
treatments where patients are matched on demographic and baseline characteristics, and (2)
two observations made from the same patient under different experimental conditions. The
type of endpoint for paired noninferiority design could be difference of means or ratio of
means. The former is presented in Section 5.1 and the latter is discussed in Section 5.2. For
paired sample noninferiority trials, East can be used only when no interim look is planned.

Trial Design = 5.1.2 Trial Design Using a t-Test (Single Look) = 5.1.3 Simulation

Consider a randomized clinical trial comparing an experimental treatment, T, to a control
treatment, C, on the basis of outcome variable, X, with means p; and ., respectively, and with
a standard deviation of paired difference as o%,. Here, the null hypothesis Hy: p1; — p1. < g is
tested against the one-sided alternative hypothesis Hy: p; — p. > dp. Here §, denotes the
noninferiority margin and 0y < 0. Let 6 = 4 — p.. Then the null hypothesis can be expressed
as Hy: 6 < §p and the alternative can be expressed as Hy: 6 > dg.

Here we assume that the each paired observation on X from T and C are distributed according
to a bivariate normal distribution with means as (u, 1) , variances as (o7, o2) and correlation
coefficient as p. Let us have N such paired observations from T and C and /.. and /i; denote
the estimates of 1. and 1, based on these N pairs. Therefore, the estimate of the difference is
5= fit — ji.. Denoting the standard error of § by 36(5), the test statistic can be defined as

(5.1)
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The test statistic Z is distributed as a t distribution with (N — 1) degrees of freedom. For large
samples, the t-distribution can be approximated by the standard normal distribution. The
power of the test is computed at specified values of .., s, and op. East allows you to analyze
using both normal and t distribution.

The advantage of the paired sample noninferiority design compared to the two independent
sample noninferiority design lies in the smaller se(4) in former case. The paired sample design
is more powerful than the two independent sample design: to achieve the same level of

power, the paired sample design requires fewer subjects.

5.1.1 Trial Design

lezzi et. al. (2011) investigated the possibility of reducing radiation dose exposure while
maintaining the image quality in a prospective, single center, intra-individual study. In this
study, patients underwent two consecutive multidetector computed tomography angiography
(MDCTA) scans 6 months apart, one with a standard acquisition protocol (C) and another using
a low dose protocol (T). Image quality was rated as an ordinal number using a rating scale
ranging from 1 to 5. Let u. and 1, denote the average rating of image quality for standard
acquisition and low dose protocol, respectively, and 6 = p; — u. be the difference between two
means. Based on the 30 samples included in the study, ;. and p; were estimated as 3.67 and
3.12, respectively. The noninferiority margin for image quality considered was —1. Accordingly,
we will design the study to test

Hy:0< -1 against Hy:0>-1

The standard deviation of paired difference was estimated as 0.683. We want to design a study
with 90% power at 1. = 3.67 and p; = 3.12 and that maintains overall one-sided type I error of
0.025.

First, click Continuous: One Sample on the Design tab and then click Paired Design: Mean
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of Paired Differences as shown below.

: Home  Data Editor | Design | Analysis

Hp B S Y M1 W v K E

Many Regression Agreement One

One Two Many Regression One T
Sample  Samples Samples Sample Samples Samples Samp
Single Amm Design

Single Mean [MN-15-SM]
Compute sample size or power for a test for the mean of a single population

=

Paired Design
Mean of Paired Differences [MN-15-PDI]
Compute sample size or power for a test for the difference of means for paired data

Mean of Paired Ratios [MN-15-PRA]
Compute sample size, power, ratio of means or type | error for a ratio of means test for paired data

This will launch a new window. Select Noninferiority for Design Type, and Individual
Means for Input Method. Specify the Mean Control (i) as 3.67, Mean Treatment (i) as
3.12, and the Std. Dev. of Paired Difference (o) as 0.683. Finally, enter —1 for the
Noninferiority Margin (0y). Leave all other entries with their default values. The upper pane

should appear as below:

Design: C Endpoint: One-Sample Test - Paired Design - Mean of Paired Di (2 3 A=)
Design Type: Number of Looks:
Test Type: 1-Sided ~|  Input Method: | Individual Means ~ Test Statistic:
Specify Mean Responses =
Type | Error (o): 0025 O H
_ Mean Control (p ) Std. Dev. of Paired 0.683]
Power: ] . Difference (op):
. Mean Treatment (p,):
Sample Size (n):  [Computed O]
Specify Null Hypothesis
Noninferiority Margin (6 ,):

Click Compute. This will calculate the sample size for this design and the output is shown as a
row in the Output Preview located in the lower pane of this window. The computed sample
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size (25 subjects) is highlighted.

Design No.of Test  Specified Sample  Test Mean

- D Power 3 ) c 51 80 oD
Type Looks  Type o Size  Statistic Treatment (Alt.)

Pi Desl‘ Nnninferinrity| 1| I—Sidad‘ n.nzs‘ 0.909| 25‘ z‘ Individual Means‘ a.s7| a.|2|7n.55‘ 71‘ n.esa|

This design has default name Des 1. You can select this design by clicking anywhere along the

row in the Output Preview. Select this design and click L

in the Output Preview toolbar.

Some of the design details will be displayed in the upper pane, labeled as Output Summary.

Output Summary

N -G -
Des1
Mnemonic MN-15-FDI
Test Parameters
Design Type| MNoninferiority
MNo. of Looks 1
Test Type 1-Sided
Specified o 0.025
Power 0.909
Model Parameters
Test Statistic z
Input Method | Individual Means
Mean Control (uc) 3.67
Mean Treatment (ut) 3.12
Diff. of Means (ut - pc) -0.55
Noninferiority Margin (80) -1
Std. Deviation (oD} 0.683
Sample Size
Maximum 25

A total of 25 subjects must be enrolled in order to achieve the desired 90% power under the

alternative hypothesis. In the Output Preview select Des 1 and click

save this design to Wbk1 in the Library.

in the toolbar to

The noninferiority margin of —1 considered above is the minimal margin. Since the observed
difference is only little less than -0.5 we would like to calculate sample size for a range of
noninferiority margins, say, —0.6, —0.7, —0.8, —0.9 and —1. This can be done easily in East. First

select Des 1 in the Library, and click s on the Library toolbar. In the Input, change the
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Noninferiority Margin (6p) —0.6 : —1: —0.1.

Specify Mull Hypothesis
Moninferiority Margin (BD}:

-0.6:-1:-0.1

Click Compute to generate sample sizes for different noninferiority margins. This will add 5

new rows to the Output Preview. There will be a single row for each of the noninferiority

margins.
> B X A& =% Output Preview Profle - 7 &
Desi No. of  Test Specified S I Test I 14 M
o @ gn 0. of a5 pecified @@ or ar_npe e_s ] npu! e ean &1 3 | &m
Type Looks  Type o Size  Statistic Method Treatment (Alt.)
HE Des1| Noninferiority 1| 1-Sided 0.025| 0.909 25 Z| Individual Means | 3.67 3.12|-0.55| -1|0.683
Hj| Des2| Noninferiority 1| 1-Sided 0.025 0.9 1961 Z| Individual Means | 3.67 3.12| -0.55| -0.6| 0.683
Hj| Des3| Noninferiority 1| 1-Sided 0.025 0.9 218 Z| Individual Means | 3.67 3.12|-0.55| -0.7| 0.683
Hj| Des4| Noninferiority 1| 1-Sided 0.025| 0.902 79 Z| Individual Means | 3.67 3.12| -0.55| -0.8| 0.683
Hy| Des5| Noninferiority 1| 1-Sided 0.025| 0.907 41 Z| Individual Means | 3.67 3.12|-0.55| -0.9| 0.683
Hj| Des&| Noninferiority 1| 1-Sided 0.025| 0.909 25 Z| Individual Means | 3.67 3.12|-0.55| -1| 0.683
The computed sample sizes are 1961, 218, 79, 41 and 25 with noninferiority margins —0.60,

—0.7, —0.8, —0.9 and —1, respectively. To compare all 5 designs, select last 5 rows in Output

Preview, and click " Thes designs will be displayed in the Output Summary pane.

Des2 Des3 Des4 Des5 Des6
Mnemonic MN-15-FDI MN-15-FDI MN-15-PDI MN-15-PDI MN-15-PDI
Test Parameters
Design Type |  Noninferiority Noninferiority Noninferiority Noninferiority Noninferiority
No. of Looks 1 1 1 1 1
Test Type 1-Sided 1-Sided 1-Sided 1-Sided 1-Sided
Specified o 0.025 0.025 0.025 0.025 0.025
Power 0.9 0.9 0.902 0.907 0.909
Model Parameters
Test Statistic z z z z z
Input Method | Individual Means | Individual Means | Individual Means | Individual Means | Individual Means
Mean Contral (uc) 3.67 3.67 3.67 3.67 3.67
Mean Treatment (ut) 3.12 3.12 3.12 3.12 3.12
Diff. of Means (ut - pc) -0.55 -0.55 -0.55 -0.55 -0.55
Noninferiarity Margin (50) -0.6 -0.7 -0.8 -0.9 -1
5td. Deviation (gD) 0.683 0.683 0.683 0.683 0.683
Sample Size
Maximum 1961 218 79 41 25

Suppose we have decided to go with Des 3 to test the noninferiority hypothesis with
noninferiority margin of —0.7. This requires a total sample size of 218 to achieve 90% power.

Select Des 3 in the Output Preview and click

in the toolbar to save this design to

5.1 Mean of Paired Differences — 5.1.1 Trial Design

63



<<< Contents Index >>>

Chapter 5: Normal Noninferiority Paired-Sample

Wbk1 in the Library. Before we proceed we would like to delete all designs from the Output

Preview. Select all rows and then either click X in the toolbar, or click Delete after right
click. To delete the designs from the workbook in Library select the corresponding designs
individually (one at a time) and then click Delete after right click. You can try deleting Des 1
from the Library.

Plotting
With Des 3 selected in the Library, click & - on the Library toolbar, and then click Power
vs Sample Size. The resulting power curve for this design will appear.

Modiy... | Pint. | Copy | Zoom | Save As
Sample Size

361]

Power vs. Sample Size - Des3
Power

14
0.0867

T T T T T T T T
0 60 120 180 240 300 360 420 480 540 600

Sample Size Save in Workbook

You can move the vertical bar along the X axis. To find out power at any sample size, move the
vertical bar to that sample size and the numerical value of sample size and power will be
displayed on the right of the plot.You can export this chart in one of several image formats
(e.g., Bitmap or JPEG) by clicking Save As.... Close this chart before continuing. In a similar
fashion one can see power vs delta plot by clicking & - and then Power vs Treatment
Effect.
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-

You can obtain the tables associated with these plot by clicking ==
appropriate table. Close the plots before continuing.

, and then clicking the

5.1.2 Trial Design Using a t-Test (Single Look)

The sample size obtained to correctly power Des 3 relied on using a Wald-type statistic for the
hypothesis test. Due to the assumption of a normal distribution for the test statistic, we have
ignored the fact that the variance o is estimated from the sample. For large sample sizes, this
approximation is acceptable. However, in small samples with unknown standard deviation, the
test statistic

Z = (6 —80)/se(6)

is distributed as Student's t distribution with (n — 1) degrees of freedom where n is the
number of paired observations.

Select Des 3 from the Library, and click . This will take you to the input window. Now
change the Test Statistic from Z to t. The entries for the other fields need not be changed.

Click Compute. East will add an additional row to the Output Preview. The required sample
size is 220. This design uses the t distribution and it requires us to commit a combined total of
220 patients to the study, two more compared to Des 3 which uses the normal distribution.
The extra couple of patients are needed to compensate for the extra variability due to

estimation of the var|[¢].

5.1.3 Simulation

Select Des 3 in the Library, and click S in the toolbar. Alternatively, right-click on Des 3
and select Simulate. A new Simulation window will appear. Click on the Response
Generation Info tab, and specify: Mean control = 3.67, Mean Treatment = 3.12, and Std.
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Deviation of Paired Difference (op)= 0.683.

Simulation Parameters | Response Generation Info | Simulation Control Info

Specify Mean Responses

Mean Control (p ) 3.67 Std. Dev. of Paired 0.683
Difference (o)
Mean Treatment (p,):

Leave all default values, and click Simulate. Once the simulation run has completed, East will
add an additional row to the Output Preview labeled as Sim 1.

Select Sim 1 in the Output Preview and click h . Double-click Sim 1 in the Library, and
the simulation output details will be displayed in the right pane under the Simulation tab.

Simulation: Continuous Endpoint: One-Sample Test - Paired Design - Mean of Paired Differences

Simulation Parameters (SAverage Sample Size
Simulation ID Sim1 A

- verage
Design Type Noninferiority Look # Sample Size
MNumber of Looks 1 n)
Test Type 1-Sided ] 218
Sample S\ze.(n} 218 Average 218
Noninf. Margin (3,) €07
Test Statistic t .

Qe . : . o
Avg Power at Termination] 0,899 ©Simulation Boundaries and Boundary Crossing Probabilities
Response Generation Parameters Boundaries Total
Mean Control (i) 367 Sample Size Sy imulati
Look # ) Efficacy Simulations

Mean Treatment () 312 Upper Efficacy Count %
Std. Deviation (o) 0683 1 218 1.96 8986 10000 |100.000%
Simulation Gontrol P Total 8936 10000

MNumber of Simulations 10000

Starting Seed ‘ Clock % 89.860%

Notice that the percentage of rejections out of 10000 simulated trials is consistent with the
design power of 90%. The exact result of the simulations may differ slightly, depending on the
seed.

Now we wish to simulate from a point that belongs to H, to check whether the chosen design
maintains type I error of 5%. Right-click Sim 1 in the Library and select Edit Simulation. Go to
the Response Generation Info tab in the upper pane and specify: Mean control = 3.67,
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Mean Treatment = 2.97, and Std. Deviation of Paired Difference (cp) = 0.683.

Simulation Parameters | Response Generation Info = Simulation Control Info

Specify Mean Responses

Mean Control (p_): 3.67 Std. Dev. of Paired 0.683

Difference (o)
Mean Treatment (u,): 2.97

Click Simulate. Once the simulation run has completed, East will add an additional row to the

Output Preview labeled as Sim 2. Select Sim 2 in the Output Preview and click Y Now
double-click on Sim 2 in the Library. The simulation output details will be displayed.

Simulation: Continuous Endpoint: One-Sample Test - Paired Design - Mean of Paired Differences

Simulation Parameters (©Average Sample Size
Simulation 1D Sim2 i

- werage
Design Type MNoninferiority Look # Sample Size
Number of Looks 1 n)
Test Type 1-Sided 1 213
Sample S\ze.(n} 218 Average 218
Noninf. Margin (60} 07

Test Statistic t
Avg. Power at Termination|  0.023

(@Simulation Boundaries and Boundary Crossing Probabilities

Resp Generation Parameters Bt Total
Mean Cantrol (u_) 367 Sample Size ing For . :

Look # ) Efficacy Simulations
Mean Treatment (u,) 297 Upper Efficacy Count %
Std. Deviation () 0683 1 218 1.96 233 10000 [100.000%
Simulation Control Parameters Total 233 10000
Starting Seed Fixed % 2.330%

Number of Simulations ‘ 10000

The upper efficacy stopping boundary was crossed close to the specified type I error of 2.5%.
The exact result of the simulations may differ slightly, depending on the seed.

Consider a randomized clinical trial comparing an experimental treatment, T, to a control
treatment, C, on the basis of outcome variable, X, with means p; and ., respectively, and let
o? and o2 denote the respective variances. The null hypothesis Hy: yi: /1. < po is tested
against the one-sided alternative hypothesis Hy: /. > po. Here, py denotes the
noninferiority margin and py < 1. Let p = p; /.. Then the null hypothesis can be expressed as
Hy: p < po and the alternative can be expressed as Hi: p > po.
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Let us have N such paired observations from T and C and (X}, X;.) denotes the ith pair of
observations (i = 1,--- , N). Then log X;; — log X;. = log (X;:/X;.) denotes the logarithm of
ratio of means for ith subject. We assume that the paired log-transformed observations on X
from T and C, (log X;;,log X;..) are bivariate normally distributed with common parameters. In
other words, (X;;, X;.) is distributed as bivariate log-normal distribution.

Denote log X;; by i, log X by v;., and the corresponding difference by d,; = yir — yic.
Assume that Sy denotes the sample mean for these paired differences with estimated standard

error se(d,). The test statistic can be defined as

— mv (5.2)
56(5y)

The test statistic Z is distributed as a t distribution with (N — 1) degrees of freedom. For large
samples, the t-distribution can be approximated by the standard normal distribution. East
allows you to analyze using both normal and t distribution. The power of the test is computed
at specified values of yi., ¢, and o.

5.2.1 Trial Design

We will use the same example cited in the previous section, but will transform the difference
hypothesis into the ratio hypothesis. Let 1. and i, denote the average rating of image quality
for standard acquisition and low dose protocol, estimated as 3.67 and 3.12, respectively. Let
p = e/ pe be the ratio between two means. Considering a noninferiority margin of —0.7 for
the test of difference, we can rewrite the hypothesis mentioned in previous section as

Hy:p<0381 against Hy:p>0381

We are considering a noninferirority margin of 0.81(= py). For illustration we will assume the
standard deviation of log ratio as 0.20. As before, we want to design a study with 90% power
at . = 3.67 and u; = 3.12, and maintains overall one-sided type I error of 0.025.

Start East afresh. Click Continuous: One Sample on the Design tab and then click Paired

68

5.2 Ratio of Paired Means — 52.1 Trial Design



<<< Contents *% Index >>>

CI.lt6| East® 6.4

© Cytel Inc. Copyright 2017

Design: Mean of Paired Ratios as shown below.

. Home  Data Editor | Design | Analysis

M % ™M1 T Y K &5

Hy
Ore Two Mzany  Regression One Many  Regression Agresment One
Sample

Samples Samples Sample Samples Samples Sampl

1 Single Arm Design L
[ Single Mean [MN-15-5M]

Compute sample size or power for a test for the mean of a single population l

Paired Design
Mean of Paired Differences [MN-15-PDI]
Compute sample size or power for a test for the difference of means for paired datz

Mean of Paired Ratios [MN-15-PRA]
Compute sample size, power, ratio of means or type | error for a ratio of means test for paired data

This will launch a new window. The upper pane of this window displays several fields with
default values. Select Noninferiority for Design Type, and Individual Means for
Input Method. Specify the Mean Control (1..) as 3.67, Mean Treatment (u;) as 3.12, and
Noninferiority margin (po) as 0.81. Enter 0.20 for Std. Dev. of Log Ratio, and 0.025 for Type
I Error (o). The upper pane now should appear as below:

Design: Continuous Endpoint: One-Sample Test - Paired Design - Mean of Paired Ratios (2 RIS

Test Type: 1-Sided - Input Method: Individual Means v|  TestStatistic: M
Type | Error (o): ’—|0.025 o Specify Null Hypothesis

1 feriority Margin (p ) 0.81] Std. Dev. of Log ratio:
Power: sl o
sample Size (n) @ Specify Mean Responses

Mean Control (u ): 3.67| =

Mean Treatment (i} 3.12]

Click Compute. This will calculate the sample size for this design and the output is shown as a
row in the Output Preview located in the lower pane of this window. The computed sample
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size (180 subjects) is highlighted in yellow.

B X A =% Output Preview Prof
Design Test  Specified Input Sample  Test Mean Std Dev
- D Power X . MC po 0
Type Type o Method Size  Srtatistic Treatment (Alt.) Log Ratio

#§ Des1| Noninferiority| 1-sided|  0.025| 09| Individual Means| 180 z|2.67| 312|081 0.2

This design has default name Des 1. You can select this design by clicking anywhere along the

row in the Output Preview. Select this design and click T inthe Output Preview toolbar.
Some of the design details will be displayed in the upper pane, labeled as Output Summary.

Des1
Mnemonic MM-15-FRA
Test Parameters
Design Type| MNoninferiority
Test Type 1-Sided
Specified o 0.025
FPower 0.9
Model Parameters
Mean Control (uc) 3.67
Mean Treatment (ut) 312
Noninferiority Margin (pQ) 0.81
Std.Dev. of Log Ratio 0.2
Input Method | Individual Means
Test Statistic z
Sample Size
Maximum 180

A total of 180 subjects must be enrolled in order to achieve the desired 90% power under the

alternative hypothesis. In the Output Preview select Des 1 and click 3 in the toolbar to
save this design to Wbkl in the Library.

Suppose you think enrolling 180 subjects is too much for your organization and you can go up
to only 130 subjects. You want to evaluate the power of your study at sample size 130 but with
the design parameters remain unaltered. In order to compute power with 130 subjects, first

select the Des 1 in the Library, and click s on the Library toolbar. In the Input dialog
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box, first select the radiobutton for Power, and then enter 130 for Sample Size.

Desian Type:

Design Parameters

Test Type: 1-Sided =
Type | Error (o) (9]
Power: (O]
Sample Size (n): 1300 O

Now click Compute. This will add another row labeled as Des 2 in Output Preview with
computed power highlighted in yellow. The design attains a power of 78.7%. Now select both

the rows in Output Preview by pressing the Ctrl key, and click L in the Output Preview
toolbar to see a summary of both designs in the Output Summary.

Des1 Des2
Mnemonic MN-15-PRA MN-15-PRA
Test Parameters
Design Type| Noninferiority Noninferiority
Test Type 1-Sided 1-Sided
Specified o 0.025 0.025
Power 0.9 0.787
Model Parameters
Mean Control (uc) 3.67 3.67
Mean Treatment (ut) 3.12 3.12
Noninferiority Margin (p0) 0.81 0.81
Std.Dev. of Log Ratio 0.2 0.2
Input Method | Individual Means | Individual Means
Test Statistic z z
Sample Size
Maximum 180 130
In the Output Preview select Des 2 and click 3 in the toolbar to save this design to

Wbk1 in the Library.

Plotting
With Des 2 selected in the Library, click & - on the Library toolbar, and then click Power
vs Sample Size . The resulting power curve for this design will appear. You can move the
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vertical bar along the X axis.

Power vs. Sample Size - Des?2

14 =
0.8
0.6
A
Lkl
S
(=]
o
0.4
0.2
o
T T T T T T
0 100 200 300 400 300
Sample Size

Suppose you would like to explore the relationship between power and standard deviation. In
order to visualize this relationship, select Des 2 in the Library, click &~ on the Library
toolbar, and then click General (User Defined Plot). Select std Dev of Log Ratio for
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X-Axis. This will display the power vs. standard deviation plot.

Power vs. 5td Dev of Log Ratio - Des?2

0.5

0.6

Power

0.4

0.2

I [ [ [ [
0 0.5 1 1.5 2

Std Dev of Log Ratio

Close the plot window before you continue.

5.2.2 Simulation

Select Des 2 in the Library, and click S in the toolbar. Alternatively, right-click on Des 2
and select Simulate. A new Simulation window will appear. Click on the Response
Generation Info tab, and specify: Mean control = 3.67, Mean Treatment = 3.12, and Std
Dev of Log Ratio= 0.2.

Simulation Parameters | Response Generation Info | Simulation Control Info

Mean Control(u,): std Dev. of Log Ratio:
Mean Treatment{u ):
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Click Simulate. Once the simulation run has completed, East will add an additional row to the
Output Preview labeled as Sim 1.

Select Sim 1 in the Output Preview and click 3 . Now double-click on Sim 1 in the
Library. The simulation output details will be displayed.

Simulation: Continuous Endpoint: One-Sample Test - Paired Design - Mean of Paired Ratios

Simulation Parameters Simulation Boundaries
Simulation 1D Sim1 Critical Point: 1.96
12:: %’:zee NU:[’;EJL?W =0verall Simulation Results
Sample Size (n) 130 Upper HO Lower HO
Test Statistic t No.of Rejections 7832 NA
Naninferiority Margin (p,) 0.81 o 7832 A
Response Generation Parameters
Mean Response under Control {y_) 367 .
Mean Response under Treatment (| 312 Starting Seed: X X 6641254

- Total Number of Simulations: 10000
S\Vmulatwurn Std. Dev. of Log Ratio 0.2 Elapsed Time: 00:00-05
Simulation Control Parameters
Starting Seed | Clock
Number of Simulations | 10000
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" 6.1.1

This chapter deals with the design, simulation, and interim monitoring of two types of tests
involving binomial response rates. In Section 6.1, we discuss group sequential designs in which
an observed binomial response rate is compared to a fixed response rate, possibly derived
from historical data. Section 6.2 deals with McNemar's test for comparing matched pairs of
binomial responses in a group sequential setting.

Trial Design ® 6.1.2 Trial Simulation ® 6.1.3 Interim Monitoring

In experimental situations, where the variable of interest has a binomial distribution, it may be
of interest to determine whether the response rate 7 differs from a fixed value 7. Specifically
we wish to test the null hypothesis Hy: m = 7y against the two sided alternative hypothesis
Hy: 7 # g or against one sided alternatives of the form Hy: 7 > mg or Hy: m < mo. The sample
size, or power, is determined for a specified value of 7 which is consistent with the alternative
hypothesis, denoted 7.

6.1.1 Trial Design

Consider the design of a single-arm oncology trial in which we wish to determine if the tumor
response rate of a new cytotoxic agent is at least 15%. Thus, it is desired to test the null
hypothesis Hy: m = 0.15 against the one-sided alternative hypothesis H;: 7 > 0.15. We will
design this trial with a one sided test that achieves 80% power at 7 = 7; = 0.25 with a
one-sided level 0.05 test.

Single-Look Design To begin, click Design tab, then Single Sample under Discrete group,
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and then click Single Proportion.

Q @ - East Architect - [Log]
Home  Data Editor | Design | Analysis
et 2 (e W Y K e &

One Two Many Regression One Two Many Regression Agreement Two Other
Sample Samples Samples . Sample  Samples Samples Samples

| Continuous | Single Arm Design
| Single Proportion [PN-15-5F]

Compute sample size or power for 2 test for a single binomizl proportion

Paired Design
McNemar's [PN-15-McN]
Compute sample size or power for McMNemar's test for comparing matched pairs of binomial responses

In the ensuing dialog box , choose the design parameters as shown below. We first consider a
single-look design, so leave the default value for Number of Looks to 1. In the drop down
menu, next to Test Type select 1-Sided. Enter 0.8 for Power. Enter 0.15 in the box next to
Prop. Response under Null (7() and 0.25 in the box next to Prop. Response under Alt ().
This dialog box also asks us to specify whether we wish to standardize the test statistic (for
performing the hypothesis test of the null hypothesis Hy: m = 0.15) with the null or the
empirical variance. We will discuss the test statistic and the method of standardization in the
next subsection. For the present, select the default radio button Under Null Hypothesis.

Design: Discrete Endpoint: One-Sample Test - Single Am Design - Single Proportion H8=

Design Parameters

Test Type Specify Proportion Response Variance of Standardized

- Test Statistic
Prop. Response under Null (r ) 0.15
Type | Error (o); m 8] P P (o ® Under Null Hypothesis
Power: _ (o] Prop. Response under Alt (T, ). O Empirical Estimate
®

Sample Size (n):  [Computed

i »

Now click Compute. The design is shown as a row in the Output Preview located in the lower
pane of this window. The sample size required in order to achieve the desired 80% power is 91
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subjects.
5 X AES Output Preview
Design No.of Test  Specified Sample )
ID Power i o Tl Variance
Type Looks Type o Size
IT|| Des]| Superiumy| 1| I—Sided| 0.05| 0.80]| 91 ‘ 0.15‘ 0.25| Under Null Hypmhesisj

You can select this design by clicking anywhere on the row in the Output Preview. Click

icon to get the design output summary displayed in the upper pane. In the Output Preview

toolbar, click

icon to save this design Desl to workbook Wbk1 in the Library. If you

hover the cursor over the node Desl in the Library, a tooltip will appear that summarizes the

input parameters of the design.

—
QNN -Z-2 S8 XA —
= Root Mnemanic PN-15-SP
S bk Test Parameters
n Design Type Superiority
I Dest No. of Looks 1
Design Type = Superiority Test Type 1-Sided
No. of Looks =1 Specified o 0.05
Test Type = 1-Sided Power 0.801
Specified a = 0.05 Model Parameters
= Prop. Response under Null (10) 0.15
B Prop. Response under Alt. (111) 0.25

Prop. Response under Null (m0) = 0.15
Prop. Response under Alt. (ml) = 0.25
Variance of Standardized Test Statistic = Under Mull Hypothesis

Variance of Standardized Test Statistic

Under Null Hypothesis

sample Size

Maximum

91

With the design Des1 selected in the Library, click & ~

icon on the Library toolbar, and then

click Power vs. Treatment Effect (5). The power curve for this design will be displayed. You
can save this chart to the Library by clicking Save in Workbook. Alternatively, you can export
the chart in one of several image formats (e.g., Bitmap or JPEG) by clicking Save As.... For now,
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you may close the chart before continuing.

i Modfy. | Print. | Copy | Zoom | Saveps. |

. 025
Power vs. Proportion - Des1

Power

y

ower

o

T T T T T T T T T T T
01476 01722 01968 02214 0246 02706 02982 03198 03444 0.369 0.3036

Proportion Save in Workbook

Three-Look Design In order to reach an early decision and enter into comparative trials, let
us plan to conduct this single-arm study as a group sequential trial with a maximum of 3 looks.
Create a new design by selecting Desl in the Library, and clicking the A icon on the
Library toolbar. Change the Number of Looks from 1 to 3, to generate a study with two
interim looks and a final analysis. A new tab Boundary Info will appear. Clicking on this tab
will reveal the stopping boundary parameters. By default, the Spacing of Looks is set to
Equal, which means that the interim analyses will be equally spaced in terms of the number of
patients accrued between looks. The left side contains details for the Efficacy boundary, and
the right side for the Futility boundary. By default, there is an efficacy boundary (to reject HO)
selected, but no futility boundary (to reject H1). The Boundary Family specified is of the
Spending Functions type. The default Spending function is the Lan-DeMets (Lan & DeMets,
1983), with Parameter OF (O’'Brien-Fleming), which generates boundaries that are very similar,
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though not identical, to the classical stopping boundaries of O'Brien and Fleming (1979).
Technical details of these stopping boundaries are available in Appendix ?2.

Design Type Number of Looks

Design Parameters =~ Boundary Info

Efficacy Futility
Boundary Family: Spending Functions - Boundary Family:
Spending Function: | Lan-DeMets hd
Parameter
Type | Error (o): 0.05
Spacing of Looks ) .
@equal O unequal  Efficacy Boundary:
Info. Cum. o Efficacy
Look # -
Fraction Spent Boundary

1 0.333 0.001 3.200

2 0.667 0.016 2.141

3 1.000 0.050 1.695

Return to the design parameters by clicking Design Parameters tab. The dialog box requires
us to make a selection in the section labeled Variance of Standardized Test Statistic. We are
being asked to specify to East how we intend to standardize the test statistic when we actually
perform the hypothesis tests at the various monitoring time points. There are two options:
Under Null Hypothesis and Empirical Estimate. To understand the difference between these
two options, let 77; denote the estimate of 7 based on n; observations, up to and including the
J th monitoring time point.

Under Null Hypothesis The test statistic to be used for the interim monitoring is

’frj—’]T()

A U R U— (6.1)
7T0(1 — 77'0)/le
Empirical The test statistic to be used for the interim monitoring is
(B) _ T — o
Zj — (6.2)

w(T=75)/n;

The choice of variance should not make much of a difference to the type 1 error or power for
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studies in which the sample size is large. In the present case however, it might matter. We shall
therefore examine both the options. First, we select the Under Null Hypothesis radio button.

Click Compute button to generate output for Design Des2. With Des2 selected in the Output
Preview, click ¥ icon to save Des2 to the Library. In order to see the stopping

probabilities, as well as other characteristics, select Des2 in the Library, and click = icon.
The cumulative boundary stopping probabilities are shown in the Stopping Boundaries table.
We see that for Des2 the maximum sample size is 91 subjects, with 90 expected under the null
hypothesis Hy: m = 0.15 and 73 expected when the true value is 7=0.25.

Design: Discrete Endpoint: One-Sample Test - Single Arm Design - Single Proportion

Test Parameters Stopping Boundaries: Look by Look
Design ID: Des2 = Barn
" A ry Crossing Prob |

Design Type: Superiority Laook| Frlgcf:lt)iron Sample| Cumzlatlve Boundaries Under HO Under H1
Number of Looks: 3 # {nin_max) Size (n))| G Eficacy Z
Test Type: 1-Sided = P Yy Efficacy Efficacy
Specified a: 0.05 1 0.33 30 6.412E4 3.22 6.412E4 0.082
Power: 0.801 2 0.67 61 0.017 2133 0.016 0.439

3 1 91 0.05 1.696 0.033 0.28
Model Parameters
Prop. Response under Null (.):0.15 Sample Size Information:
Prop. Response under Alt. (.): 0.25 Maximum | Expected H1] Expected HO|
Wariance of Std. Test Stat - Under Mull Hypothesis Sample Size (n) 91 77 873 90 43
Boundary Parameters Information 485333 388.388 482 56
Spacing of Looks: Equal
Efficacy Boundary: LD (OF)

Close the Output window before continuing. The stopping boundary can be displayed by
clicking on the & - icon on the Library toolbar, and then clicking Stopping Boundaries.
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The following chart will appear.

i Modiy... | Pint... | Copy | Zoom | Savess... | ]

- sample size
Stopping Boundaries - Des2
Nep
To Reject HO
 Boundary Scale

2508 Zscsle M|
3
N
£
& 245
T
5
g
£
§
2

2180

1872

r v
E o El 7
sample size Save in Workbook

To examine the error spending function, click & - icon on the Library toolbar, and then click
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Error Spending. The following chart will appear.

i Modly... | Pint.. | Copy | Zoom | Savesss.. | Info. Fraction

=
Error Spending Function - Des2
Alpha

Type 1 Eor (@)

002

4 05
Information Fraction Save in Workbook

To examine the impact of using the empirical variance to standardized test statistic, select

Des2 in the Library, and click “ icon on the Library toolbar. In the Variance of
Standardized Test Statistic box, now select Empirical Estimate.

pesign Type Number o Looks:

Design Parameters | Boundary Info

Test Type 1-Sided - Specify Proportion Response Variance of Standardized

Test Statistic

Prop. Response under Null (1) 0.15]
Type | Error (o): P P e ) Under Null Hypothesis
Power o Prop. Response under Alt () 0.25 @ Empirical Estimate
Sample Size (n):  |Computed O]

Next, click Compute. With Des3 selected in the Output Preview, click 3 icon. In the

Library, select the nodes Des2 and Des3, by holding the Ctrl key, and then click T icon.
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The upper pane will display the summary details of the two designs side-by-side:

Wbk1:Des2 Wbk1:Des3
Mnemonic PN-15-5P PN-15-5P
Test Parameters
Design Type Superiority Superiority
Mo. of Looks 3 3
Test Type 1-Sided 1-Sided
Specified o 0.05 0.05
Power 0.801 0.802
Model Parameters
Prop. Response under Mull (m0) 0.15 0.15
Prop. Response under Alt. {1r1) 0.25 0.25

Variance of Standardized Test Statistic

Under Null Hypothesis

Empirical Estimate

Boundary Parameters

Spacing of Looks Equal Equal
Efficacy Boundary LD (OF) LD (OF)
Sample Size
Maximum a1 119
Expected Under HO 90.48 118.326
Expected Under H1 72.823 98.803

The maximum sample size needed for 80% power is 119, and the expected sample size is 99
under the alternative hypothesis H; with m; = 0.25, if we intend to standardize the test statistic
with the empirical variance. The corresponding maximum and expected sample sizes if the null
variance is to be used for the standardization are 91 and 73, respectively. Thus, for this
configuration of design parameters, it would appear preferable to specify in advance that the
test statistic will be standardized by the null variance. Evidently, this is the option with the
smaller maximum and expected sample size. These results, however, are based on the large
sample theory developed in Appendix ??. Since the sample sizes in both Des2 and Des3 are
fairly small, it would be advisable to verify that the power and type 1 error of both the plans are
preserved by simulating these designs. We show how to simulate these plans in Section 6.1.2.

In some situations, the sample size is subject to external constraints. Then, the power can be
computed for a specified maximum sample size. Suppose that in the above situation, using
the observed estimates for the computation of the variance, the total sample size is

constrained to be at most, 80 subjects. Select Des3 in the Library and click # onthe
Library toolbar. Change the selections in the ensuing dialog box so that the trial is now
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designed to compute power for a maximum sample size of 80 subjects, as shown below.

| Design: Discrete Endpoint: One-Sample Test - Single Arm Design - Single F

Number of Looks:

Design Parameters | Boundary Info

Trial Type: Superiority Specify Proportion Response Wariance of Standardized
Tast Statistic
B N Prop. Response under Null () 0.15
Test Type: 1-Sided 3 P P e O Under Mull Hypothesis
Type | Error {o): Prop. Response under Alt (mr, ): 023 @ Empirical Estimate
Power: Computed

®
o

Sample Size (n):

Click Compute button to generate the output for Design Des4. With Des4 selected in the

Output Preview, click

by holding the Ctrl key, and then click
details of the three designs side-by-side:

icon. The upper pane will display the summary

icon. In the Library, select the nodes for Des2, Des3, and Des4

Wbk1:Des2 Wbk 1-Des3 Wbk1:Des4
Mnemonic PN-15-5P PN-15-5P PN-15-5P
Test Parameters
Design Type Superiority Superiority Superiority
No. of Looks 3 3 3
Test Type 1-Sided 1-Sided 1-Sided
Specified o 0.05 0.05 0.05
Power 0.801 0.802 0.655
Model Parameters
Prop. Response under Null () 0.15 0.15 0.15
Prop. Response under Alt. (1) 0.25 0.25 0.25

Variance of Standardized Test Statistic

Under Null Hypothesis

Empirical Estimate

Empirical Estimate

Boundary Parameters

Spacing of Looks Equal Equal Equal
Efficacy Boundary LD (OF) LD (OF) LD (OF)
Sample Size
Maximum a1 119 80
Expected Under HO 90.48 118.326 79.548
Expected Under H1 72.823 98.803 70.711

From this, we can see that Des4 has only 65.5 % power.

6.1.2 Trial Simulation

In Section 6.1.1, we created group sequential designs with two different assumptions for the
manner in which the test would be standardized at the interim monitoring stage. Under Des2,
we assumed that the null variance, and hence the test statistic (6.1) would be used for the
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interim monitoring. This plan required a maximum sample size of 91 subjects. Under Des3, we
assumed that the empirical variance, and hence the test statistic (6.2) would be used for the
interim monitoring. This plan required a maximum sample size of 119 subjects. Since the
sample sizes for both plans are fairly small and the calculations involved the use of large
sample theory, it would be wise to verify the operating characteristics of these two plans by
simulation.

Select Des2 in the Library, and click the S icon from Library toolbar. Alternatively,
right-click on Des2 node and select Simulate. A new Simulation worksheet will appear.

Number of Looks: |3

Simulation Parameters ~ Response Generation Info | Simulation Control Info

Trial Type: Superiority

Specify Proportion Response 3

Prop. Response under Null (i) @"

©) Empirical Estimate

Test Type 1-Sided

Under Null Hypothesis
Sample Size (o)

Cum. o
Spent

Look # Info. Fraction Efficacy Z
L
2
CR

0330 |
0670 |
1.000 |

0001 |
0017
0.050 |

3220 |
2133 |
1.696 |

Restore Original Design

Click Simulate to start the simulation. Once the simulation run has completed, East will add an
additional row to the Output Preview labeled Sim1. Select Sim1 row in the Output Preview

and click icon. Note that some of the simulation output details will be displayed in the

upper pane. Click icon to save it to the Library. Double-click on Sim1 node in the
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Library. The simulation output details will be displayed.

Simulation: Discrete Endpoint: One-Sample Test - Single Arm Design - Single Proportion

Simulation Parameters Simulation Boundaries and Boundary Cressing Probabilities:
Simulation \[_l: Sim1 | Boundaries|  Early Total
Design Type: Superiority Look # Ey & Ewy Efficacy | Stopping For Simulations
Mumber of Looks: 3 (n)
Test Typa: 1 -Sided Upper Efficacy Count %
sst 1ype. e 1 30 322 978 978 978
Prop. Response under Mull {1 ):0.15
. o i 2 61 2133 4824 4824 48.24
:a”ag“- . ) ;J”s‘:fzr Null Hypothesis 3 91 1,696 2217 | 4198 | 41.98
wg. Power at Termination: R Total 3019 10000
Response Generation Parameters % 80.19

Proportion Response (1) 0.25
Average Sample Size:

Simulation Control Parameters

Starting Seed: Fixed Look # SaAn'l":I’:!;ze
Number of Simulations: 10000 (n)
1 30
2 61
3 N
Average 70.562

Overall Simulation Results

Starting Seed: 68976527
Total Number of Simulations: 10000
Elapsed Time: 00:00:02

Upon running 10,000 simulations with = = 0.25 we obtain slightly over 80% power as shown
above.

Next we run 10,000 simulations under Hy by setting = = 0.15 in the choice of simulation

parameters. Select Des2 in the Library, and click S icon from Library toolbar. Under the
Response Generation Info tab, change the Proportion Response to 0.15. Click Simulate to
start the simulation. Once the simulation run has completed, East will add an additional row to
the Output Preview labeled Sim2. Select Sim2 in the Output Preview. Click Y iconto
save it to the Library. Double-click on Sim2 in the Library. The simulation output details will
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be displayed.

Simulation: Discrete Endpoint: One-Sample Test - Single Arm Design - Single Proportion

Simulation Parameters Simulation Boundaries and Boundary Cressing Probabilities:
Simulation |D- Sim2 -

. .| Boundaries| Early Total
Design Type: Superiority Look # e = E Efficacy | Stopping For Simulations
Number of Looks: 3 n}

Upper Efficacy Count %
Test Type: 1-Sided
Prop. Response under Mull {1 ):0.15 1 30 3.22 22 22 0.22
) . or . 2 61 2133 304 304 3.04
:anagce. . ) ;Jla‘;err Null Hypothesis 3 9 1696 242 9674 %72
wg. Power at Termination: | Total 570 10000
Response Generation Parameters % 57

Proportion Response (1) 015
Average Sample Size:

Simulation Control Parameters

Starting Seed: Fixed Lastes SaAmv:If!;Ze
MNumber of Simulations: 10000 )
1 30
2 61
3 N
Average 89954

Overall Simulation Results

Starting Seed: 68976527
Total Number of Simulations: 10000
Elapsed Time: 00:00-:01

We observe that 6% of these simulations reject the null hypothesis thereby confirming that
these boundaries do indeed preserve the type 1 error (up to Monte Carlo accuracy).

Finally we repeat the same set of simulations for Des3. Select Des3 in the Library, and click

S icon from Library toolbar. Upon running 10,000 simulations with = = 0.25, we obtain
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82% power.

Simulation: Discrete Endpoint: One-Sample Test - Single Arm Design - Single Proportion

Simulation Parameters Simulation Boundaries and Boundary Crossing Probabilities:
Simulation ‘Fl Sim3 Boundaries|  Early Total
Design Type: Superiority Look # | SamPle Sizel = 0 | Stopping Forl _ Simulations
Mumber of Looks: 3 (n)
Test Type: 1-Sided Upper Efficacy Count %
e e 1 40 | 3.185 247 247 | 241
Prop. Response under Null ()0 15
o 2 79 2.147 4889 4889 48.89
Variance Empirical Estimate 3 119 1694 11 2864 1564
Avg. Power at Termination: 0.825 Total 3250 10000
Response Generation Parameters % 82.5
Proportion Response (1) 025
Average Sample Size:
Simulation Control Parameters i
) werage
Starting Seed: Fixed Look# | Sample Size|
Number of Simulations: 10000 n)
1 40
2 79
3 119
Average 97.493

Overall Simulation Results

Starting Seed: 68976527
Total Number of Simulations: 10000
Elapsed Time: 00:00:01

However, when we run the simulations under Hy: © = 0.15, we obtain a type 1 error of about
3.23% instead of the specified 5% as shown below. While this ensures that the type 1 error is
preserved, it also suggests that the use of the empirical variance rather than the null variance
to standardize the test statistic might be problematic with small sample sizes.

Simulation: Discrete Endpoint: One-Sample Test - Single Arm Design - Single Proportion

Simulation P: Simulatien Boundaries and Boundary Crossing Probabilities:
Simulation 1D Sim4
.| Boundaries| Early Total
Design Type: Superiority Look # | Sample Size Efficacy | Stopping For Simulations
MNumber of Looks: 3 (n)
Upper Efficacy Count %
Test Type: 1-Sided
Prop. Response under Null (m_)p 15 ! 40 3185 0 0 0
. o 2 79 2147 108 108 1.08
Variance ) Empirical Estimate 3 119 1694 215 9892 98.92
Avg. Power at Termination: 0.032 Total 123 10000
Responsa G ion P: % EFE]
Proportion Response (1) 015
_ _ Average Sample Size:
Simulation Control Parameters 7
) werage
Starting Seed: Fixed Look# | Sample Size|
Number of Simulations: 10000 n)
1 40
2 79
3 119
Average 116.568

Overall Simulation Results

Starting Seed: 68976527
Total Number of Simulations: 10000
Elapsed Time: 00:00:01
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Let us now investigate if the problem disappears with larger studies. Select Des3 in the Library

and click # on the Library toolbar. Change the value of Prop. Response under Alt ()
from 0.25 to 0.18.

Design Type Number of Looks:

Design Parameters =~ Boundary Info

Test Type: 1-Sided -|  Specify Proportion Response Variance of Standardized
Test Statistic

Prop. Response under Null (1r_): 0.15
P P " 7 Under Null Hypothesis

Prop. Response under Alt () 0.18] & Empirical Estimate

Type | Error (o): 0.05

Power

Sample Size (n):  |Computed

o
®

Click Compute to generate the output for Des5. In the Output Preview, we see that Des5
requires a sample size of 1035 subjects. To verify whether the use of the empirical variance will
indeed produce the correct type-1 error for this large trial, select Des5 in the Output Preview

and click ¥ icon. In the Library, select Des5 and click S icon from Library toolbar .
First, run 10,000 trials with = = 0.15. On the Response Generation Info tab, change

Proportion Response from 0.18 to 0.15. Next click Simulate. Observe that the type-1 error
obtained by simulating Des5 is about 4.5%, an improvement over the corresponding type 1
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error obtained by simulating Des3.

Simulation: Discrete Endpoint: One-Sample Test - Single Arm Design - Single Proportion

Simulation Par i ien B laries and Boundary Crossing Probabilities:
Simulation 1D: Simb

.| Boundaries Early Total
Design Type: Superiority Nooki Sample Size| Eficacy | Stopping For . :
Number of Looks: 3 ) I Eficacy Count %
Test Type: 1-Sided 1 5 12 B 6 0.06
Prop. Respanse under Mull (m ):0 15 2 530 2101 % T 1728
Variance: Empirical Estimate 3 103 595 09 9866 95 66
Avg. Power at Termination: 0.044 Toral - 3 10000 -
Response Generation Parameters % 443

Proportion Response (1): 0.15
Average Sample Size:

Simulation Control Parameters

Starting Seed: Clock Look & Sa?nvslr:g;ze
Number of Simulations: 10000 (n)
1 345
2 690
3 1035
Average 103017

Overall Simulation Results

Starting Seed: 1989154
Total Number of Simulations: 10000
Elapsed Time: 00:00:01

Next, verify that a sample size of 1035 suffices for producing 80% power by running 10,000
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simulations with = = 0.18.

Simulation: Discrete Endpoint: One-Sample Test - Single Arm Design - Single Proportion

Simulation Parameters Simulation Boundaries and Boundary Crossing Probabilities:
Simulation D: Simb [ Boundaries = Total
Design Type: Superiority Look # Ey b Ey Efficacy | Stopping For Simulations
Mumber of Looks: 3 (n) W] Ef C %
Test Type: 1-Sided £pet ey I
. . 1 345 32 242 242 242
Prop. Response under Mull (11_):0.15
o o . 2 690 2141 4601 4601 46.01
Xa”agce- . ) UE';”;’;”“‘ Estimate 3 1035 169 3300 | 8157 | 5187
wvg. Power at Termination: R Total 3143 10000
Response Generation Parameters % 8143

Proportion Response (1) 015
Average Sample Size:

Simulation Control Parameters

N . Average
Starting SEEF" X Clock Look # | Sample Size
Number of Simulations: 10000 n)

1 345
2 630
3 1035

Average §09.568

Overall Simulation Results

Starting Seed: 2072502
Total Mumber of Simulations: 10000
Elapsed Time: 00:00:02

This example has demonstrated the importance of simulating a design to verify that it does
indeed possess the operating characteristics that are claimed for it. Since these operating
characteristics were derived by large-sample theory, they might not hold for small sample
sizes, in which case, the sample size or type-1 error might have to be adjusted appropriately.

6.1.3 Interim Monitoring

Consider interim monitoring of Des3, the design that has 80% power when the empirical
estimate of variance is used to standardize the test statistic. Select Des3 in the Library, and

click IM icon from the Library toolbar. Alternatively, right-click on Des3 and select Create
IM Dashboard. The interim monitoring dashboard contains various controls for monitoring
the trial, and is divided into two sections. The top section contains several columns for
displaying output values based on the interim inputs. The bottom section contains four charts,
each with a corresponding table to its right. These charts provide graphical and numerical
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descriptions of the progress of the clinical trial and are useful tools for decision making by a
data monitoring committee.

EnterInterimData X c@ (7 11 w0 A - Interim Monitoring: Des3 8 58
Look Information Cumulative  Test . standard o Repeated 95% Cl for T Repeat

#  Fraction samplesSize Statistic Error Y = Lower  p-value

L) [ [ [ I [ [ [ [ |

B [ [ [ ! [ [ [ [ |

ENl [ [ [ [ [ [ [ [ ]

Select the Look #1 row for which data entry is desired and click the "Enter Interim Data’ button on the toolbar.

Stopping Boundaries  [EY] sample . Conditional Power & Prop. c»
size U 015 | 005

: 016 | 0089

. o 0.7z | 0.157

s 0185 | 0.246

o 0197 | 0.353
o4 0209 | 0.468

02 0221 | 0.581

0234 | 0.685

0246 | 0.774

g o w2 T | o o
Error Spending Function Y] info. Confidence Intervals B info. Rl RCI  NaiveCl NaiveCl
o
Fraction Fraction  Upper  Lower  Upper  Lower
005
oos | | | |
s
o
002
oot
o
0 o3 f 0

At the first interim look, when 40 subjects have enrolled, suppose that the observed response

rate is 0.35. Click EnterinterimData ;. .5 invoke the Test Statistic Calculator. In the box
next to Cumulative Sample Size enter 40. Enter 0.35 in the box next to Estimate of 7. In the
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box next to Standard Error of Estimate of 7 enter 0.07542. Next click Recalc.

Editing Look #1

[ set Current Look as Last

Cumulative Sample Size: _

Input for Binomial end point

Standard Error of Estimate of m: 0.07542

Output

Test Statistic: 2.652

[ OK ] ’ Cancel ]

Observe that upon pressing the Recalc button, the test statistic calculator automatically
computes the value of the test statistic as 2.652.
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Clicking OK results in the following output.

Interim Monitoring: Des3

EnterinterimDatal X ce 7 11 ub N -

Look Information Cumulative  Test Standard - Repeated 95% Cl for M | Repeated

# Fraction  Sample Size  Statistic Error v Upper Lower p-value
40 | 2652 | 035 | 0075 | 3.8 | 1 | oa1

1| 033 |

e
I
[

2] [ [ [ [ I [

ENl [ | [ [

select the Look #2 row for which data entry is desired and click the "Enter Interim Data” button on the toolbar.

Y sample

size
40 3.185

Stopping Boundaries
poing Efficacy

)

Conditional Power

Prop.
015

cp
0.514

017

0.685

0.195

0.836

0.219

0.925

0.244

0.97

0.268

0.989

0.293

0.997

0.317

0.999

0.342

0.35

Info.
Fraction

0236 | 0.001

Error Spending Function

005

0.04]

003

002

a1

o

Info.

Fraction

0336 |

RCI
Upper
1

RCI  NaiveCl NaiveCl
Lower  Upper  Lower
[ oar | 1 | 026 |

Since our test statistic, 2.652, is smaller than the stopping boundary, 3.185, the trial continues.

At the second interim monitoring time point, after 80 subjects have enrolled, suppose that the
estimate of 7 based on all data up to that point is 0.30. Click on the second row in the table in

the upper section. Then click EnterInterim Data

icon. In the box next to Cumulative Sample

Size enter 80. Enter 0.30 in the box next to Estimate of 7. In the box next to Standard Error
of Estimate of = enter 0.05123. Next click Recalc. Upon clicking OK we observe that the
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stopping boundary is crossed and the following message is displayed.

Since the value of Test Statistic is »=the critical point for efficacy,
HO s rejected.

Although boundary has been crossed, East gives you choice either
to stop the study or to continue entering further looks.
Please make your decision.

Stop stop the study and bar further looks input

allow the study to continue

We can conclude that = > 0.15 and terminate the trial. Clicking Stop yields the following

output.

EnterInterim Data X cP [/ 11 w0 \J - Interim Monitoring: Des3 8 58
Look Information Cumulative  Test standard Repeated 95% CI for T Repeated
#  Fraction  SampleSize Statistic Error VIS pper o p-value
1| 033 | 40 | 2652 | 035 | 0075 | 3185 | 1 | o1l | 0095 |
2 | 0672 80 | 2928 03 0051 213 1 o191 | 00l |
Select the Look #2 row for which data entry is desired and click_the "Enter Interim Data” button on the toolbar.
Stopping Boundaries. sample Final Inference
icac
I=——————— [ v Final Outputs at Look # 2
a3 ™ S Adj. p-value 0.002
s — 50 213 Adj. Pt. Est. for 0.209
2 \ [z ] Adj. 90% O for
2 Upper Confidence Bound 0.384
13 Lower Confidence Bound 0.214
1 Post-Hoc Power
os
o
E £ E
Error Spending Function Info. N Confidence Intervals Info. RCI RCI  NaiveCl NaveCl Adj.Cl  Adj.
. Fraction - Fraction  Upper  Lower  Upper  Lower  Upper  Low
0336 | 0.001 2 033 | 1 | om | 1 | 0226 | |
oo 0672 | 0.017 ) 0672 | 1 | 0191 | 1 | 0216 | 0384 | 02
003 os
002 os
04
001 b
o o
v o5 T v o5 T
[ m v

6.2 McNemar's Test

McNemar's Test is used in experimental situations where paired comparisons are observed. In
a typical application, two binary response measurements are made on each subject — perhaps
from two different treatments, or from two different time points. For example, in a
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comparative clinical trial, subjects are matched on baseline demographics and disease
characteristics and then randomized with one subject in the pair receiving the experimental
treatment and the other subject receiving the control. Another example is the cross over
clinical trial in which each subject receives both treatments. By random assignment, some
subjects receive the experimental treatment followed by the control while others receive the
control followed by the experimental treatment. Let 7. and m; denote the response
probabilities for the control and experimental treatments, respectively. The probability
parameters for McNemar's test are displayed in Table 6.1.

Table 6.1: A 2 x 2 Table of Probabilities for McNemar's Test

Experimental Total
Control No Response | Response | Probability
No Response oo o1 11—,
Response T10 m11 e
Total Probability 1—m e 1

The null hypothesis

H(): Te = T

is tested against the alternative hypothesis
Hy: 7w, # my

for the two sided testing problem or the alternative hypothesis
Hy: mm. > m

(or Hy: w. < m) for the one-sided testing problem. Since m; = .. if and only if mg; = 70, the
null hypothesis is also expressed as

Hy: mo1 =m0,

and is tested against corresponding one and two sided alternatives. The power of this test
depends on two quantities:

98
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1. The difference between the two discordant probabilities (which is also the difference
between the response rates of the two treatments)

0 = mo1 — Mo = T — Te ;

2. The sum of the two discordant probabilities

§ =m0+ To1 -

East accepts these two parameters as inputs at the design stage.

We next specify the test statistic to be used during the interim monitoring stage. Suppose we
intend to execute McNemar's test a maximum of K times in a group sequential setting. Let
the cumulative data up to and including the j th interim look consist of N(j) matched pairs
arranged in the form of the following 2 x 2 contingency table of counts:

Table 6.2: 2 x 2 Contingency Table of Counts of Matched Pairs at Look

Experimental Total
Control No Response | Response | Probability
No Response 100 (J) no1(7) ro(7)
Response n1(4) n11(7) r1(7)
Total Probability co(4) c1(4) N(j)
Fora=10,1and b= 0,1 define
nab(j) (63)

Then the sequentially computed McNemar test statistic at look j is

Z; = (6.4)

where
8; = 01(j) — F10(4) (6.5)
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and

se(d;) = (6.6)

Voo (G) + na1 ()]fro1 (§) + n10 ()] + 4”01@)”10@).
)V N ()
Note that the standard error (6.6) is equal to

NG
se(d;) = ——. (6.7)

The above statistic was defined in the non-sequential setting by Fleiss (1981, page 117). We
now show how to use East to design and monitor a clinical trial based on McNemar's test.

6.2.1 Trial Design

Consider a trial in which we wish to determine whether a transdermal delivery system (TDS)
can be improved with a new adhesive. Subjects are to wear the old TDS (control) and new TDS
(experimental) in the same area of the body for one week each. A response is said to occur if
the TDS remains on for the entire one week observation period. From historical data, it is
known that control has a response rate of 85% (7. = 0.85). It is hoped that the new adhesive
will increase this to 95% (7, = 0.95). Furthermore, of the 15% of the subjects who did not
respond on the control, it is hoped that 87% will respond on the experimental system. That is,
mo1 = 0.87 x 0.15 = 0.13. Based on these data, we can fill in all the entries of Table 6.1 as
displayed in Table 6.2.

Table 6.3: McNemar Probabilities for the TDS Trial

Experimental Total
Control No Response | Response | Probability
No Response 0.02 0.13 0.15
Response 0.03 0.82 0.85
Total Probability 0.05 0.95 1

Although it is expected that the new adhesive will increase the adherence rate, the comparison
is posed as a two-sided testing problem, testing Hy: 7. = m; against H;: 7. # m; at the 0.05
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level. We wish to determine the sample size to have 90% power for the values displayed in
Table 6.3. To design this trial, click Design tab, then Single Sample on the Discrete group,
and then click McNemar's Test for Matched Pairs.

O E " East Architect - [Log]
Home  Data Editor | Design | Analysis
o I I 4

One Two Many Regression
Sargp\e Samyles Samy\es

Ut W v K @
One Two Many Regression Agreement Two Other
. Sargp'\e Samyles Samyles . . Samyles

Continuous ‘ Single Arm Design
Single Proportion [PN-15-5F]

Compute sample size or power for a test for a single binomial proportion

Paired Design
McNemar's [PN-15-McN]
Compute sample size or power for McMemar's test for comparing matched pairs of binomial responses

Single-Look Design  First, consider a study with no interim analyses, and 90% power for two
sided test at @ = 0.05. Choose the design parameters as shown below. We first consider a
single-look design, so leave the default value for Number of Looks to 1. Enter 0.9 for Power.
As shown in Table 6.2, we must specify §; = 7, — 7. = 0.1 and £ = mp1 + w10 = 0.16.

Design: Discrete Endpoint: One-Sample Test - Paired Design - McNemar's

Design Parameters

. Difference in Probabilities (5 ):
Test Type 2-Sided - 1 _U.l
(& =T-T)
Type 1 Eror o

Prop. of Discordant Pairs (€):
Power:

O
= E=1g +1) L
o]

Sample Size (n):  |Computed

Probability Allocation: Row = Control, Column = Treatment

No Response |Response Total
No Response | Ty, UL 1-m,
Response L ™, ™,
Total 1-m, ™ 1

Click Compute. The design Desl is shown as a row in the Output Preview located in the lower
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pane of this window. A total of 158 subjects is required to have 90% power.

NS X M=%

Design Mo. of  Test  Specified = Sample
o
Type Looks  Type o Size

ID 81 E

r*|| Des]| Superiority| || 2—Sided| 0.05| 0.901| 153| 0.1 | 0.|5|

You can select this design by clicking anywhere on the row in the Output Preview. Click on

icon to get the output summary displayed in the upper pane. In the Output Preview
toolbar, click the ¥ icon to save this design Desl to workbook Wbkl in the Library. If you
hover the cursor over Desl in the Library, a tooltip will appear that summarizes the input
parameters of the design.

[Library g
QUN-H-285%HX wbk1:Des1
& K Mnemonic | PN-15-McN
Test Parameters
E'/"\ Root Design Type| Superiority
= Whk1 No. of Looks 1
T Dest Test Type| 2-Sided
Design Type = Superiority Specified o 0.03
Mo. of Looks = 1 Power 0.901
Test Type = 2-Sided Model Parameters
Specified o = 0.05 Difference in Probabilities (37) 0.1
Power = 0,901 Prop. of Discordant Pairs () 0.16
Sample Size = 158 sample Size
Difference in Probabilities (61) = 01 Maximum 158
Prop. of Discordant Pairs (£) = 016

Five-Look Design Now consider the same design with a maximum of 5 looks, using the
default Lan-DeMets (O'Brien-Fleming) spending function. Create a new design by selecting

Desl in the Library, and clicking #icon on the Library toolbar. Change the Number of
Looks from 1 to 5, to generate a study with four interim looks and a final analysis. A new tab
Boundary Info will appear. Clicking on this tab will reveal the stopping boundary parameters.
By default, the Spacing of Looks is set to Equal, which means that the interim analyses will be
equally spaced in terms of the number of patients accrued between looks. The left side
contains details for the Efficacy boundary, and the right side for the Futility boundary. By
default, there is an efficacy boundary (to reject HO) selected, but no futility boundary (to reject
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H1). The Boundary Family specified is of the Spending Functions type. The default
Spending function is the Lan-DeMets (Lan & DeMets, 1983), with Parameter OF
(O'Brien-Fleming), which generates boundaries that are very similar, though not identical, to
the classical stopping boundaries of O'Brien and Fleming (1979). Technical details of these
stopping boundaries are available in Appendix 2?.

Design Type: Number of Looks:

Design Parameters

Boundary Info

Efficacy Futility
Boundary Family: [Spending Functions v] Boundary Family: [NOHE -
Spending Function: |Lan-DeMets -
Parameter: OF -
Type | Error (o): 0.05
Spacing of Looks .
pacng ® Equal ) Unequal Efficacy Boundary:
Info. Cum. o Efficacy Boundary
Look # .
Fraction Spent Upper Lower
1 0.200 0.000 4.877 -4.877
2 0.400 0.001 3.357 -3.357
3 0.600 0.008 2.680 -2.680
=} 0.800 0.024 2.290 -2.290
5 1.000 0.050 2.031 -2.031

Click Compute to generate output for Des2. With Des2 selected in the Output Preview, click
the - icon to save Des2 to the Library. In the Library, select the nodes for both Desl and

Des2, by holding the Ctrl key, and then click the "1 icon. The upper pane will display the
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output summary of the two designs side-by-side:

Wbk1:Des1 Wbk1:Des2
Mnemonic | PN-15-McN | PN-15-McN
Test Parameters
Design Type| Superiority | Superiority
Mo. of Looks 1 5
Test Type, 2-Sided 2-Sided
Specified o 0.05 0.05
Power 0.901 0.901
Model Parameters
Difference in Probabilities (&1) 0.1 0.1
Prop. of Discordant Pairs () 0.16 0.16
Boundary Parameters
Spacing of Looks Equal
Efficacy Boundary LD (OF)
Sample Size
Maximum 158 162
Expected Under HO 160,935
Expected Under H1 119.965

There has been a slight inflation in the maximum sample size, from 158 to 162. However, the
expected sample size is 120 subjects if the alternative hypothesis of §; = 0.10 and £ = 0.16
holds. The stopping boundary, spending function, and Power vs. Sample Size charts can all be
displayed by clicking on the appropriate icons from the Library toolbar.

6.2.2 Interim Monitoring

Consider interim monitoring of Des2. Select Des?2 in the Library, and click IM icon from the
Library toolbar. Alternatively, right-click on Des2 and select Create IM Dashboard. A new IM
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worksheet will appear.

EnterInterimData < cP [/ 11 wd AJ - Interim Monitoring: Des2
Look Information Cumulative  Test 8 Standard Efficacy Repeated 95% Cl for5 Repeat...
#  Fraction SampleSize Statistic Eror  Upper  Lower  Upper Lower  p-value
1
2
3
4
5
Select the Look #1 row for which data entry is desired and click the “Enter Interim Data” button on the toolbar.
Stopping Boundaries sample  Efficacy  Efficacy Conditional Power B e -
Size Upper  Lower . Size
) 0.05
o8 0.01 0.062
(X3 0.022 0.108
° 0.035 0.193
o4 0.047 | 0315
0z 0.059 | 0.465
. 0.071 | 0.623
T T s 7 | ECDEINROMOTH|
0.096 0.873
Error Spending Function Info. Confidence Intervals info. Rel RCI  NaiveCl NaivecCl
Fraction o Fraction  Upper Lower Upper Lower
005
o | | | |
003
o
002
001
o
o s 1 o

Suppose, that the results are to be analyzed after results are available for every 32 subjects.
After the first 32 subjects were enrolled, one subject responded on the control arm and did not
respond on the treatment arm; four subjects responded on the treatment arm but did not
respond on the control arm; 10 subjects did not respond on either treatment; 17 subjects
responded on both the arms. This information is sufficient to complete all the entries in

Table 6.3 and hence to evaluate the test statistic value.

Click EnterInterimData ;... +, invoke the Test Statistic Calculator. In the box next to

Cumulative Sample Size enter 32. Enter the values in the table as shown below and click
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Recalc.

"Test Statistic Calculato
Editing Look #1
[ Set Current Look as Last

Cumulative Sample Size:

Input for Binomial end point

Row = Control, Column = Treatment

No Response  Response Total

No Response | 10] | 4 | 14)

Response | 1| | 1?| | 18|

Total | 11 | 21] | 32

Output
Test Statistic:

Recalc

Clicking OK results in the following entry in the first look row.

EnterInterimData X cP [/ 11 w0 A - Interim Monitoring: Des2
Look Information Cumulative  Test standard Efficacy Repeated 95% Cl for & Repeat...

# Fraction  Sample Size Statistic Error Upper Lower Upper Lower p-value

1 0.198 32 1.342 0.094 0.07 4.909 -4.909 0.437 -0.249 0.902

2

3

4

5

As you can see the value of the test statistic, 1.342, is within the stopping boundaries,
(4.909,-4.909). Thus, the trial continues.

The second interim analysis was performed after data were available for 64 subjects. A total of
two subjects responded on the control arm and failed to respond on the treatment arm; seven
subjects responded on the treatment arm and failed to respond on the control arm; 20
subjects responded on neither arm; 35 subjects responded on both the arms.

Click on the second row in the table in the upper section. Then click EnterInterimData .,
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Enter the appropriate values in the table as shown below and click Recalc.

' Test Statistic Calculato

Editing Look #2

[0 set Current Look as Last

Cumulative Sample Size:

Input for Binomial end point

Row = Control, Column = Treatment

No Response

Response

Total

Cutput

Test Statistic:

No Response

Response

20|

Then click OK. This results in the following screen.

EnterInterim Data < ¢P [/ 11 wd AJ -

Interim Monitoring: Des2

#

Fraction

0.198

Look Information Cumulative
Sample Size  Statistic

32

Test

1.342

0.094

Standard

Error

0.07

Efficacy

Upper
4.909

Lower
-4.909

Upper
0.437

Lower
-0.249

Repeated 95% Cl for & Repeat .

p-value

0.902

0.395

64

1.667

0.078

0.047

3.38

-3.38

0.237

-0.08

0.434

v bW =

At the third interim analysis, after 96 subjects were enrolled, a total of two subjects responded
on the control arm and failed to respond on the treatment arm; 13 subjects responded on the
treatment arm and failed to respond on the control arm; 32 subjects did not respond on either
arm; 49 subjects responded on both the arms.

Click on the third row in the table in the upper section. Then clic

k Enter Interim Data

icon.

6.2 McNemar's Test — 6.2.2 Interim Monitoring
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Enter the appropriate values in the table as shown below and click Recalc.

[ Test Statistic Calculato
Editing Look #3

[ set Current Look as Last

Cumulative Sample Size:

Input for Binomial end point

Row = Control, Column = Treatment

No Response  Response Total
Mo Response | 32| | 13| | 45|

Response | 2| | 49| | 51|

Total | 34 | 62] | 96|

Output
Test Statistic:

Since the value of Test Statistic is »=the critical point for efficacy.
Hlis rejected.

Although boundary has been crossed, East gives you choice either
to stop the study orto continue entering further looks.
Please make your decision.

Stop stop the study and bar further looks input

allow the study to continue
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Clicking on Stop yields the following Interim Monitoring output.

Home  DataEditor | Design | Anslysis

m n, C
Yttt T v K 199 &
O Tw Many Repessin| O Tw  Namy Repessin Agooment | One Two | Tww | Ober
Sorle Sarpis Sy Sae Sarpies Sempls T e g S
Contnsos Dissse Cont | sunival | General
= 0] X cn 7 1 wd ha - Interim Monitoring: Des2 858 ﬂ
SN mALIX AB ook momaion Cumave  Test  Sundad  Eficacy Repeated 95% CIfor Repeat
-y ¢ Fracton samplesize Stustic Emor | “Upper | Lower | Upper | Lower | p-value
e 1 0098 | 32 | 1.342 | 0094 | 007 | 4909 | -4909 | 0437 | -0249 | 0902
-7y est 2 oass 64 | 1667 | 0078 | 0047 | 338 | -338 | 0237 | -00s | 0434
Lnyoms R % 284 | 015 | 004 | 2699 | 2099 | 0223 | 0006 | 0038

1M It Menitoring

Select the Look #3 row for which data entry is desired and click_the "Enter Interim Data” button on the toolbar.

Stopping Boundaries (BN Sample  efficacy  Efficacy
Sz Upper  Lower

32 | 4909 | -4.909

Final Outputs at Look #
Ad). p-value

Final Inference

0.005

Ad). PL. Est. for 5

Adj. 95% i for s,
Upper Confidence Bound
Lower Confidence Bound

338 | 338

64
96 | 2.699 | -2.699

1

W m

0114

0193
0.035

Error Spending Function (Y info. Confidence Intervals

@ wo wi ra vewd mawd g
Fucion Uper lower  ppelower Upper

Fraction

«

0198 [ o

094 0395 | 0001 04l

003 0593 | 0.007 0
001

22

0395

o0
0223

] P StarTeam - (201... || 8 fullrooteasts2

Eests2_ Manual

We reject the null hypothesis that § = 0, based on these data.

6.2.3 Simulation

Des?2 can be simulated to examine the properties for different values of the parameters. First,
we verify the results under the alternative hypothesis at which the power is to be controlled,

namely 9, =0.10 and £=0.16.

Select Des?2 in the Library, and click S icon from Library toolbar. Alternatively, right-click

6.2 McNemar's Test — 6.2.3 Simulation
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on Des2 and select Simulate. A new Simulation worksheet will appear.

L Simulation: Discrete Endpoint: One-Sample Test - Paired Design - McNemar's

Number of Looks: |5

Simulation Parameters = Response Generation Info | Simulation Control Info

Trial Type: Superiority
Test Type: 2-Sided
Sample Size (n): 162
Cum. o Spent Efficacy Z —
Look #  Info. Fraction F
Upper Lower Upper Lower
1 0.198 0.000 0.000 4.909 -4.909 -
2 0.401 0.000 0.000 3.351 -3.351 T
3 0.599 0.004 0.004 2.684 -2.684
= 0.802 0.012 0.012 2.285 -2.285 L 4
5 1.000 0.025 0.025 2.032 -2.032 -

Restore Original Design

Click Simulate to start the simulation. Once the simulation run has completed, East will add an
additional row to the Output Preview labeled Sim1. Select Sim1 in the Output Preview. If
you click L icon, you will see some of the simulation output details displayed in the upper

pane. Click 3 icon to save it to the Library. Double-click on Sim1 in the Library. The
simulation output details will be displayed as shown below. The results confirm that the power
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is at about 90%.

Simulation: Discrete Endpoint: One-Sample Test - Paired Design - McNemar's

Simulation Parameters

Simulation Boundaries and Boundary Crossing Probabilities:

Average Sample Size:

Look #

Average

(n)

Sample Size|

32

65

97

LR V) ()

130

162

Average

125406

Overall Simulation Results
Starting Seed:

Total Number of Simulations: 10000

Elapsed Time:

85635015

00:00:01

Simglalion IIZ_J: Sim1 ] Boundaries Early Total

Design Type: Superiority Sample Size| Efficacy Stopping For Simulations

Number of Looks: 5 Look # n) Upper | Lower

Test Type: o 2-Sided Upper Lower Efficacy | Efficacy] Count %

Avg. Power at Termination:  0.904 1 e 2909 4909 0 0 0 0

Response Generation Parameters 2 65 3351 | -3.351 175 0 175 1.75

Difference in Probabilities (8,):0 1 3 a7 2684 -2.684 3593 0 3593 35.93

Prop. of Discardant Pairs (€): 0.16 4 130 2.285 -2 285 3607 0 3607 36.07
5 162 2.032 -2.032 1660 0 2625 26.25

Simulation Control Parameters Total 9035 0 10000

Starting Seed: Fixed % 90.35 0

Number of Simulations: 10000

To confirm the results under the null hypothesis, set 6; = 0 in the Response Generation Info
tab in the simulation worksheet and then click textbfSimulate. The results, which confirm that
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the type-1 error rate is approximately 5%, are given below.

Simulation: Discrete Endpoint: One-Sample Test - Paired Design - McNemar's

Simulation Parameters Simulation Boundaries and Boundary Crossing Probabilities:
Sim.ulalicm 1D: Sim2 ] EERnE =1 Total
Design Type: Superiarity Sample Size| Efficacy Stopping For Simulations
Mumber of Looks: 5 Loak # ) T | o
Test Type: 2-Sided Upper Lower e Count %
Avg. Power at Termination:  0.044 1 ER 4.909 4.909 0 0 0 0
Response Generation Parameters 2 65 3.351 -3.351 1 0 1 0.01
Difference in Probabilities (61):g 3 97 2684 -2.684 19 21 40 0.4
Prop. of Discordant Pairs (§): 0.16 4 130 2.285 -2.285 80 90 170 17
5 162 2.032 -2.032 117 107 9789 97.89
Simulation Control Parameters Total 217 218 10000
Starting Seed: Fixed % 217 218
Number of Simulations: 10000
Average Sample Size:
Average
Look# | Sample Size|
(n)
1 32
2 65
3 97
4 130
5 162

Average 161.186

Overall Simulation Results

Starting Seed: 85773537
Total Number of Simulations: 10000
Elapsed Time: 00:00:01

While it is often difficult to specify the absolute difference of the discordant probabilities, o1, it
is even more difficult to specify the sum of the discordant probabilities, £&. Simulation can be
used to examine the effects of misspecification of £&. Run the simulations again, now with
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01=0.10 and £=0.2. The results are given below.

Simulation: Discrete Endpoint: One-Sample Test - Paired Design - McNemar's

Simulation Parameters

Simulation Boundaries and Boundary Cressing Probabilities:

Average Sample Size:

Look #

Average
(n)

Sample Size|

32

65

a7

130

s |wir] =

162

Average

133.097

Overall Simulation Results
Starting Seed:
Total Number of Simulations: 10000

Elapsed Ti

me:

86003123

00:00:01

Sim.ulalicm II:_J: Sim3 ] EERnE Early Total

Design Type: Superiority Sample Size| Efficacy Stopping For Simulations

Mumber of Looks: 5 Loak # ) Tz || e

Test Type: _ 2-Sided Upper | Lower sy || Ees Count %

Avg. Power at Termination:  0.809 1 ER 4.909 4.909 0 0 0 0

Response Generation Parameters 2 65 3351 | -3351 203 g 203 203

Difference in Probabilities (8,):0 1 3 a7 2684 -2.684 2428 0 2428 24.28

Prop. of Discordant Pairs (£} 0.2 4 130 2.285 -2.285 3485 0 3485 34.85
5 162 2.032 -2.032 1978 0 3884 38.84

Simulation Control Parameters Total 8094 0 10000

Starting Seed: Fixed % 80.94 0

Number of Simulations: 10000

Notice that this provides a power of approximately 81%. Larger values of £ would further
decrease the power. However, values of ¢ >0.2 with ¢;=0.1 would be inconsistent with the
initial assumption of 7. = 0.85 and 7;=0.95. Additional simulations for various values of ¢ and

¢ can provide information regarding the consequences of misspecification of the input

parameters.
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7 Dose Escalation

This chapter deals with the design, simulation, and interim monitoring of Phase 1 oncology
trials. A brief overview of the designs is given below; more technical details are available in the
Appendix.

One of the primary goals of Phase I trials in oncology is to find the maximum tolerated dose
(MTD). Currently, the vast majority of such trials have employed traditional dose escalation
methods such as the 3+3 design. The 3+3 design starts by allocating three patients typically to
the lowest dose level, and then adaptively moves up and down in subsequent cohorts until
either the MTD is obtained, or the trial is stopped for excessive toxicity. In addition to the 3+3,
East also provides the Continual Reassessment Method (CRM), the modified Toxicity
Probability Interval (mTPI) method, and the Bayesian logistic regression model (BLRM).
Compared to the 3+3, these modern methods may offer a number of advantages, which can
be explored systematically via simulation and interim monitoring.

The CRM (Goodman et al.,, 1995; O'Quigley et al., 1990) is a Bayesian model-based method
that uses all available information from all doses to guide dose assignment. One first specifies
a target toxicity, a one-parameter dose response curve and corresponding prior distribution.
The posterior mean, and predictions for the probability of toxicity at each dose, is updated as
the trial progresses. The next recommended dose is the one whose toxicity probability is
closest to the target toxicity.

The mTPI method (Ji et al.,, 2010) is Bayesian like the CRM, but rule-based like the 3+3. In this
way, the mTPI represents a useful compromise between the other methods. An independent
beta distribution is assumed for the probability of toxicity at each dose. A set of decision
intervals are specified, and subsequent dosing decisions (up, down, or stay) are determined by
computing the normalized posterior probability in each interval at the current dose. The
normalized probability for each interval is known as the unit probability mass (UPM).
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A more advanced version of the CRM is the BLRM (Neuenschwander et al., 2008), which
assumes a two-parameter logistic dose response curve. In addition to a target toxicity, one
specifies a set of decision intervals and associated losses for guiding dosing decisions. As data
accumulate, the posterior expected loss (or Bayes risk), at each dose is calculated, and the next
recommended dose is the one with the lowest expected loss.

= 7.1.1 Simulation ® 7.1.2 Interim Monitoring

7.1.1 Simulation

Click Discrete: One Sample on the Design tab, and then click Dose Escalation Design: 3+3.

Design | Analysis

n b m n C
Yy ™ W v K <1 9 M1 @3
sgression One Two Many Regression Agreement One Two Two Other

Sample Samples Samples Sample Samples = Samples

Single Arm Design
Single Proportion [PN-15-5F]

Compute sample sizeor power for a test for a single binomial proportion

Simon's Two Stage Design [PN-15-51]
Compute sample sizefor Simon's two stage design

Paired Design
McNemar’s [PN-15-McN]
Compute sample sizeor power for McMemar's test for comparing matched pairs of binomial responses

Dose Escalation Design
3+3 [PN-15-3+3]
|dentify maximum tolerated dose using 3+3

Continual Reassessment Method [PN-15-CRM]
|dentify maximum tolerated dose using CRM

Modified Taxicity Probability Interval [PN-15-mTP1]
|dentify maximum tolerated dose using mTP|

Bayesian Logistic Regression Model [PN-15-BLRM]
|dentify maximum tolerated dose using BLRM

In the upper pane of this window is the Input dialog box, which is separated into three tabs:
Simulation Parameters, Response Generation Info, and Simulation Control Info. First, you
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may specify the Max. Number of Doses as 7.

In the Simulation Parameters tab, enter 30 as the Max. Sample Size. For the 3+3 design, the
Cohort Size is fixed at 3. For the Starting Dose, select the Lowest Dose.

There are two flavors of 3+3 offered: L and H. The key difference between the 3+3 H method
and 3+3 L method is: If we have observed 2 DLTs out of 6 patients at the current dose, the 3+3
H method will declare the current dose as MTD, while the 3+3 L method will recommend
de-escalation.

Select 3+3 H. The Decision Rules table gives a compact summary of the algorithm
implemented here.

Max. Number of Doses:

Simulation Parameters = Response Generation Info rSimuIation Control Info

Max. Sample Size: Decision Rules
Cohort Size: O 3+31L ®3:3H
Starting Dose: Lowest Dose = #Subjects #DLTs Decision
3 0 Escalate
3 1 Stay
3 ==2 De-escalate
5} 4] MTD
6 1 MTD or Escalate
3] 2 MTD
6 =2 De-escalate

In the Response Generation Info tab, you can specify a set of true dose response curves from
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which to simulate.

Specify True Probability of Toxicity True Probability of Toxicity (Profiles)

" DoselD D1 D2 D3 D4 D5 D6 D7
curve Family Dose | 5 | 10 | 15 | 25 | 40 | 50 | &0
General ! = GC1 | 005| 01 | 0.2 | 0.3 | 035 04 | 045
Label DoselD DI D2 D3 D4 D5 D6 D7
Dose | 5 | 10 | 15 | 25 | 40 | 50 | 60

Toxicity | | [ [ [ [ [

The grid on the right displays the set of dose response profiles from which East will simulate.
In the row titled Dose, you can specify the dose levels (e.g., in mg). In the row titled GCI, you
can edit the true probabilities of toxicity at each dose. You can also rename the profile by
directly editing that cell. For now, leave all entries at their default values.

There are two ways to add profiles. The first way involves copying an existing profile on the
right grid to the left grid. Select the row for GC1, and click the leftward pointing arrow to paste
the GC1 profile onto the left grid.

Specify True Probability of Toxicity True Prabability of Toxicity (Profiles)

" DoselD DL D2 D3 D4 D5 D6 D7
Curve Family Dose | 5 | 10 | 15 | 25 | 40 | s0 | &0 |
General . — GCi [ 0.05| 01 [ 0.2 | 0.3 | 035 0.4 | 045 ]
Label Dose ID DL D2 D3 D4 Ds D& D7

15
0.2

25 | 40 | 50 | &0

0.3 | 035 | 0.4 | 0.45

Dose | 5 | 10

Toxicity | 0.05 | 0.1

Plot Plot Selected

Edit the profile GC2 with the following probabilities (0.05, 0.15, 0.25, 0.35, 0.45, 0.55, 0.65), and
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click the rightward pointing arrow to add this profile to the right grid.

Specify True Probability of Toxicity

Curve Family

General -

Label:
GC3

True Probability of Toxicity (Profiles)

Dose ID DI D2 D3 D4 D5 D6 D7
Dose | 5 | 10 | 15 | 25 | 40 | 50 | &0 |
GC1 | 005 0.1 | 0.2 | 0.3 | 0.35 | 0.4 | 0.45 |
GC2 | 0,05 0.15 | 0.25 | 0.35 | 0.45 | 0.55  0.65

>>

Dose ID D1
Dose | 5 | 10 | 15 |
Toxicty | | | |

Plot Selected

Select both rows GC1 and GC2 in the right grid, and click Plot Selected. The dose toxicity

curves will be plotted on the same chart.

Dose Toricity Curve

Probability of Toxicity

Settngs

Frirt.

Copy | Zoom | Save As

Dose Toxicity Curve

[v— 2
[v]— GCL

Dose

True Probability of Toxicity (Profiles)

Dose ID D1 D2 D3 D4 DS D6 D7
Doss | 5 | 10 | 15 | 25 | 40 | 50 | 60 |
GCl | 005[ 01 | 0.2 | 0.2 [0.35| 0.4 | 045
GC2 | 0.05 [ 0.15 | 0.25 | 0.35 | 0.45 | 0.55 | 0.65 |

| Plot Selected I

The second way to add a new profile is to generate from a parametric curve family. For
example, click on the menu Curve Family and select Emax. You may construct a
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four-parameter Emax curve by adjusting its parameters as below.

Specify True Probability of Toxicity

Curve Family: Parameters
[Emax ] ED EMax ED50 Hill
[ oo0s[ o7g] 50/ | 1]

=

Label Dose ID DI D2 D3 D4 D5 D6 D7
EM1 Dose | 5 | 10 | 15 | 25 | 40 | 50 | 60 | =<

Toxicity | 0.118 | 0.175|0.223 | 0.3 | 0.383 | 0.425 | 0.459 |

You can click Plot to generate the dose toxicity curve for this single profile in the left grid. For
now, let us ignore the Emax curve, and continue with the two general curves.

In the Simulation Control Info tab, check the boxes corresponding to Save summary
statistics and Save subject-level data. These options will provides access to several charts
derived from these more detailed levels of simulated data. If you wish to display subject-level
plots for more than one simulation, you can increase the number. For now, leave this at 1 to
save computation time.

Simulation: Discrete Endpoint: One Sample Test - Dose Escalation Design - 3 + 3 38 58 =

Max. Number of Doses

Simulation Control Info

Output Options

Number of Simulations 1000 Output Type:
Refresh Frequency: 100 [l Save summary statistics for every simulation run
Random Number Seed . . .
bl Save subject-level data for - simulation runs
® clock

Note: Max. 100,000 records will be saved.
O Fixed 100
[ Suppress All Intermediate Output
O Pause after Refresh
[ stop At End
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Click Simulate. East will simulate data generated from the two profiles you specified, and
apply the 3+3 design to each simulation data set. Once completed, the two simulations will
appear as two rows in the Output Preview pane below.

Edit K A o B Output Preview profie - [ ¢ &
Max. R Median  Mean Median Mean Median Mean N
No. of Cohort Starting Curve Median  Mean
ID ~ Sample ) ) Sample Sample MNo.of No.of Prop.of Prop. of
N Doses Size Dose Family N N MTD MTD
Size Size Size DLTs DLTs DLTs DLTs L}
™| sim1 30 7 3| Lowest Dose| General 18| 17.124 3| 3.177 0.185 0.192 15| 21.325
M yf Sim2 30 7 3| Lowest Dose| General 15| 15.402 3| 3.204 0.208 0.215 15| 16.795

Select both rows in the Output Preview and click the u
simulations will be displayed side by side in the Output Summary.

In the Output Preview toolbar, click the

icon in the toolbar. The two

- - & Output Summary
Sim1 5im2
Mnemonic PN-15-3+3 PN-15-3+3
Design
Max. Sample Size 30 30
Cohort Size 3 3
Starting Dose Lowest Dose Lowest Dose
Response Generation
Curve Family General General
s y Statistics
Median Sample Size 18 15
Mean Sample Size IRl 15.402
Median No. of DLTs 3 3
Mean Mo. of DLTs 3177 3.204
Median Prop. of DLTs 0.185 0.208
Mean Prop. of DLTs 0.192 0.215
MTD Analysis
Median MTD 15 15
Mean MTD 21.325 16.795
Mode of MTD 15 15
Mode (%) 31.6 34.8
% of Overdosing 0.8 0.9
% of Underdosing 1.3 0
Other Par 5
No. of Doses 7 7

icon to save both simulations to the Library.
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Double-click Sim1 in the Library to display the simulation output details.

%N
Q1N - O Ea
I - s | Simulation: Discrete Endpoint: One Sample - East Dose Escalation -3 + 3
= E/»\ R":M‘ Design ) Summary Statistics
s Simulation ID Sim1 _
— Maximum Sample Size 30 e |l SD | Leiem
-E Cohort Size 3 Sample Size 17124 | 5392 18
E- SubjectDatz Lowest 3477 1.212 3
=11 sim2 Starting Dose Dose Proportion of DLT| 0192 | 0.066 | 0185
i summanyStat Number of Doses 7
E= SubjectDats Decision Rules ©Target Analysis
Subjects Toxicity Decision .
= 0 = Mean | SD | Median
3 7 Stay Estimated MTD | 21325 | 11.745 15
5 = o = Allocation 3 0 6
& 0 MTD DLT 1291 0.806 2
& 1 Escalate Proportion of DLT| 0 215 0134 0333
6 B MTD
5 =2 De-escalate % of Declaiing MTD 97
Simulation Control Information % Simulations Declaring MTD Below Lowest Dose 08
Starting Seed Clock % of Simulations Declaring MTD Above Highest Dose 13
Number of [ 1000 % of unable to Declare MTD due to Inadequate Sample Size 0.9

=Dose-wise Summary

True Allocation Average Average
® T | ey Frequency | Allocation DLT
D1 5 0.05 1000 3438 0159
D2 10 01 975 104 0372
D3 15 02 902 468 0953
D4 2 03 534 4950 1434

With Sim1 selected in the Library, click the Plots icon to access a wide range of available plots.

Dose Limiting Toxicity 3
MTD
Distribution of Sample Size across Simulations

Distribution of Propertion of DLTs across Simulations

Subject-wise Dose Allocation
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Below is an example of the MTD plot:

& mTo1 - = x
Settings... Print... | Copy | Zoom | Save As.

MTD - S5im1

32

19.2

12.8

% Simulations which selected each dose as the MTD

Save in Workbook

Close each plot after viewing, or save them by clicking Save in Workbook. To save your
simulations and charts to disk, right-click Wbk1 in the Library and then Save As....

< S M X T A
e

(= “&* Root
[t Whicl
Mote

)( Delete
& Rename

H Save
|m Save As... |

Once you have saved the workbook, you may like to clean up your library by selecting Wbk1 in
the Library and clicking the Delete icon. The same action can be performed for Sim1 and Sim2
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in the Output Preview.

7.1.2 Interim Monitoring

Right-click one of the Simulation nodes with 3+3 in the Library, and select Interim
Monitoring. This will open an empty interim monitoring dashboard.

Enter Interim Data < ' |Final Inference

Cohort Dose 3 Recommended
i #5ubjects  #DLTs
# Assigned Dose

WO o) | G L s W) R =

=]

Select the Cohort # 1 row for which data entry is desired and click 1

Dose Allocation Profile Dose Allocations  #DLTs

Click Enter Interim Data to open a window in which to enter data for the first cohort: in
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particular, the Dose Assigned and the DLTs Observed. Click OK to continue.

'd '
Enter Interim Data

Editing Cohort £1

Dose Assigned:

#Subjects Allocated:

#DLTs Observed:

l OK ] l Cancel l

“ S

The dashboard will be updated accordingly, and the next Recommended Dose is 10.

Enter Interim Data < ,‘-.. ~ Final Inference

Cohort Daose . Recommended
) #Subjects  #DLTs

# Assigned Dose
1 5 3 ] 10
2

3

4

5

6

7

8

9

10

Click Enter Interim Data again, with 10 selected as Dose Assigned, enter 2 for DLTs
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Observed, and click OK.

-
Enter Interim Data

Editing Cohort #2

Dose Assigned: 10 =
#Subjects Allocated:

#DLTs Observed:

=
II

l oK H Cancel ]

East now recommends de-escalation to 5.

Enter Interim Data l\- ~ Final Inference

Cohort Dose i Recommended
i #Subjects  #DLTs

# Assigned Dose
1 5 3 0 10
2 10 3 2 5

3

4

5

6

7

8

9

10

Click Enter Interim Data, with 5 selected as Dose Assigned, enter 2 for DLTs Observed, and
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click OK.

- ~
Enter Interim Data

Editing Cohort #3

Dose Assigned:
#Subjects Allocated:

#DLTs Observed:

g}
[N w 1

l OK H Cancel ]

East recommends that you stop the trial.

[ East 6 u1

WY 5mgisthe MTD.
It is recommended that you stop the trial.

@ The Maximum Tolerated Dose (MTD) has been reached.
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Click Final Inference to generate a table for final inference.

|Enter Interim Data] % K - [Final Inference Interim Monitoring: Sim1
Cohort Dose . Recommended
) #Subjects #DLTs
# Assigned Dose
1 5 3 Q 10
2 10 3 2 5
3 5 3 2 MTD =5
4
5
6
7
8
9
10
3+3
Select the Cohort # 4 row for which data entry is desired and click the "Enter Interim Data" button on the toolbar.
Dose Allocation Dose Allocations  #DLTs Final Inference
10 5 | 6 |2 | Final Output at Cohort# |3
2l 0] 3 Tz ] MTD 5
@ §
n
o
o 74
5
5 —
T T T
1 2 3
Cohort

7.2 Continual Reassessment Method (CRM)

= 7.2.1 Simulation ® 7.2.2 Interim Monitoring

7.2.1 Simulation

Click Discrete: One Sample on the Design tab, and then click Dose Escalation Design:
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Continual Reassessment Method.

Design

v
egression
7]

A

Analysis
"l‘"ll m Y K S G mo@
QOne Two One Two Two Other

Many Regression Agreement
Sample Samples Samples Sample Samples = Samples

| Single Arm Design
Single Proportion [PN-15-SF]
Compute sample size or power for a test for a single binomial proportion

Simon’s Two Stage Design [PN-15-511
Compute sample sizefor Simon's two stage design

Paired Design

McNemar’s [PN-15-McN]

Compute sample size or power for McNemar's test for comparing matched pairs of binomial responses
Dose Escalation Design

3+3 [PN-15-3+3]

|dentify maximum tolerated dose using 3+3

Continual Reassessment Method [PN-1S-CRM]
|dentify maximum tolerated dose using CRM

Modified Taxicity Probability Interval [PN-15-mTP1]
|dentify maximum tolerated dese using mTP|

Bayesian Logistic Regression Mode! [PN-15-BLRM]
|dentify maximum tolerated dose using BLRM

In the upper pane of this window is the Input dialog box, which is separated into four tabs:
Simulation Parameters, Stopping Rules, Response Generation Info, and Simulation

Control Info.

Discrele Endpoint: One Sample Test - Dose Escalation Design - CRM 58 58 =
Max. Number of Doses:
Max. Sample Size: Target Probability of Toxicity (P, ). [ 03] Model Type: [Logistic - < | 7]
Cohort size: Toxicity Prabability Upper Limit (UL): Prior
Starting Dose Assign the dose whose toxicity ity is ion: Lognormal of Toxicity
In )
O3 Start With 3+3 Design: closest to P, and below UL. bose 1 Prebdilty of
Additional Options... D1 0.050
o
02 0.100
D3 0.200
D4 0.300
D5 0.350
D6 0.400
D7 0.450

In the Simulation Parameters tab, enter 30 as the Maximum Sample Size, and 3 for Cohort
Size. For the Starting Dose, select the Lowest Dose. If you were to check the box Start with
3+3 Design, then you would be simulating from the 3+3 design first, before switching to the
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CRM, either upon reaching the MTD, or upon observing the first DLT. For this tutorial,
however, leave the box unchecked.

Enter 0.25 for the Target Probability of Toxicity, and 0.3 for the Target Probability Upper
Limit. This will ensure that the next dose assignment is that whose toxicity probability is
closest to 0.25, and below 0.3.

Target Probability of Toxicity (P,): 0.25

Toxicity Probability Upper Limit (UL):

Assign the dose whose toxicity probability is

closest ta P, and below UL.

[ Additional Options... ]

If you were to click Additional Options..., a new window will appear, which provides two
options corresponding to the original CRM procedure: (1) Allow skipping of untried doses
while escalating, and (2) Allow dose escalation even if previous subject experienced DLT.

Additional Options =

O Allow skipping untried Doses while Escalating

O Allow Dose Escalation even if Previous Subject Experienced DLT

As was recommended in later variations of CRM, in the interests of promoting safety, leave
these two options unchecked. This means that no doses will be skipped while escalating, and
no dose escalation will occur when the most recent subject experienced a DLT.

For Model Type, select Power, with a Gamma(a = 1,8 = 1) prior for 0. Other model types
available include the Logistic and the Hyperbolic Tangent. Finally, for the prior
probabilities of toxicity of all doses (known as the skeleton), enter: 0.05, 0.1, 0.2, 0.3, 0.35, 0.4,

130
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and 0.45.

Model Type: |power -

Prior

Distribution: Gamma Probability of Toxicity

8

Probability of

cishape): 2EZDIE Toxicity

. D1 0.050
Bate) o2 0.100
D3 0.200

D4 0.300

D5 0.350

D& 0.400

D7 0.450

In the Stopping Rules tab, you may specify various rules for stopping the trial. Enter the
following inputs as below.

Stopping Rules
Threshold

Bl Overdosing Rule: Prob.(f, > P | data) » 2 Max. Allocation Rule: Number of Subjects Allocated toa Dose == | ¢
& Underdosing Rule: Prob.(P, > P | data) >

P.: Target Probability of Toxicity
P, : True Toxicity Probability at Highest Dose

P,: True Toxicity Probability at Lowest Dose

[ Minimum Number of Subjects to be Observed on a Dose E

The Overdosing Rule states that if the posterior probability of overdosing (toxicity at the
lowest dose is greater than target toxicity) exceeds 0.8, then the trial will be stopped. The
Underdosing Rule states that if the posterior probability of underdosing (toxicity at the
highest dose is lower than target toxicity) exceeds 0.9, then the trial will be stopped. A
minimum of 6 subjects will need to be observed on a dose before either of these two rules is
activated. A further stopping rule is based on the Max. Allocation Rule: As soon as 9 subjects
are allocated to any single dose, the trial will be stopped.

In the Response Generation Info tab, you can specify a set of true dose response curves from
which to simulate. Leave the default profile as shown below. If you wish to edit or add
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additional profiles (dose response curves), see the corresponding section for the 3+3 design.

Response Generation Info

Specify True Probability of Toxicity True Probability of Toxicity (Profiles)
Curve Famil DoselD DI D2 D3 D4 D5 D6 D7
urve Family Dose | 5 | 10 | 15 | 25 | 40 | 50 | 60 |
GC1 [ 0.05 | 01 | 02 | 03 | 035 04 | 045
Label DoseID DI D2 D3 D4 D5 D6 D7
cc2 Dose | 5 | 10 | 15 | 25 | 40 | 50 | 60

Toxicity | I I I [ [ I

In the Simulation Control Info tab, check the boxes corresponding to Save summary
statistics and Save subject-level data. These options will provides access to
several charts derived from these more detailed levels of simulated data. If you wish to display
subject-level plots for more than one simulation, you can increase the number. For now, leave
this at 1 to save computation time.

Simulation Control Info

Output Options

Number of Simulations: 1000 Output Type:
Refresh Frequency: 100 4 Save summary statistics for every simulation run
Random Number Seed . : :
[ Save subject-level data for -l simulation runs
@ Clock

Note: Max. 100,000 records will be saved.
O Fixed 100

[1 Suppress All Intermediate Output
O Pause after Refresh
[ Stop At End

Click Simulate to simulate the CRM design. In the Output Preview toolbar, click the -

icon to save the simulation to the Library. Double-click the simulation node in the Library to
display the simulation output details. Click the Plots icon in the Library to access a wide range
of available plots.
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7.2.2 Interim Monitoring

Right-click the Simulation node with CRM in the Library, and select Interim Monitoring. This
will open an empty interim monitoring dashboard.

Click Enter Interim Data to open a window in which to enter data for the first cohort: in
particular, the Dose Assigned and the DLTs Observed. Click OK to continue.

'd '
Enter Interim Data

Editing Cohort #1

Dose Assigned:

#Subjects Allocated:

#DLTs Observed:

l OK ] l Cancel l

" J

Continue in this manner by clicking Enter Interim Data, entering the following doses, and the
corresponding number of DLTs: 0 DLTs at dose 10, 0 DLTs at dose 15, 1 DLT at dose 25, 1 DLT
at dose 40, 2 DLTs at dose 40, 1 DLT and dose 25, and finally 1 DLT at dose 25.

Enter Interim Data < [ w0 k. v | ~ FinalInference
Cohort Dose ; Recommended Posterior
. #Subjects #DLTs

# Assigned Dose Mean(S)
1 5 3 4] 10 1.493
2 10 3 4] 15 1.773
3 15 3 0 25 2.074
4 25 3 1 40 1.509
5 40 3 1 40 1.375
5] 40 3 2 25 1.105
7 25 3 1 25 1.072
B 25 3 1 25 1.049
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After each cohort, East will update the Interim Monitoring Dashboard.

Dose Allocation Profile Dose Allocations  #DLTs
5

40 - 3 o
10 3 0
15 3 0
25 25 9 3
B 40 6 3
10 |
5
L S
12 3 4 5 & 7 8
Model Fit Dose Std. Dose Plug-in Prob.
5 0.05 0.043
5| 10 0.1 0.089
15 0.2 0.185
6 25 0.3 0.283
40 0.35 0.333
4] —— 50 0.4 0.383
| 80 0.45 0.433
2
d
1
0= T T T T
510 25 40 50 60

At this point, East recommends that you stop the trial.

i East 6 u‘

@ The maximum number of subjects allocated on dose 25 has exceeded
WY the cut off.
You could consider dose25 as the MTD and stop the trial.
If you continue the trial, the Max. Allocation rule will not be applied any
further,

Click Final Inference to generate a table for final inference.

Final Inference

Final Output at Cohort# B
MTD 25 (under max. allocation)
Fitted MTD 21.662
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7.3 modified Toxicity Probability Interval (mTPI)

= 7.3.1 Simulation ® 7.3.2 Interim Monitoring

7.3.1 Simulation

Click Discrete: One Sample on the Design tab, and then click Dose Escalation Design:
Modified Toxicity Probability Interval.

Design | Analyss

n Y K 1 G M B

n
~gression * Ty BEmmsw oresmer || Gt Tom Two | Other
Sample | Samples Samples Sample Samples = Samples

Single Arm Design
2| Single Proportion [PN-15-5F]
=

Compute sample size or power for a test for a single binomial proportion

()nré Simon's Two Stage Design [PN-15-51]
Dat Compute sample sizefor Simon's two stage design
Paired Design
McNemar's [PN-15-McN]
Lid Compute sample size or power for Mchemar's test for comparing matched pairs of binomizl responses
51t Dose Escalation Design
343 [PN-15-3+3]

Lig |dentify maximum tolerated dose using 343
Nun|

Continual Reassessment Method [PN-15-CRM]
Avd |dentify maximum tolerated dose using CRM

-— Modified Taacily Probability Interval [PN-1S-mTP1]
Nan| |dentify maximum tolerated dose using mTPI

Bayesian ic Regression Model [PN-15-BLRM]
~-7 |dentify maximum tolerated dose using BLRM

In the upper pane of this window is the Input dialog box, which is separated into four tabs:
Simulation Parameters, Stopping Rules, Response Generation Info, and Simulation
Control Info.
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ion: Discrete Endpoint: One Sample Test - Dose Escalation Design - mTPI 8=
Max. Number of Doses

Max. sample size Target Probability of Toxicity (P,) Prior

Cohore size 9 Toxicity Intervals  Lower Limit Upper Limit Fiopeae VD?

Starting Dose Purgl;: ZZ?\:E } B } 0250 P, True Toxicity Probability at Dose i

O Start With 3+3 Design Overdosing | 0350 |  1.000 a (Prior Toxicity):

b (Prior Non-Toxicity):

In the Simulation Parameters tab, enter 30 as the Maximum Sample Size, and 3 for Cohort
Size. For the Starting Dose, select the Lowest Dose. If you were to check the box Start with
3+3 Design, then you would be simulating from the 3+3 design first, before switching to the
mTPIL, either upon reaching the MTD, or upon observing the first DLT. For this tutorial,
however, leave the box unchecked.

Enter 0.25 for the Target Probability of Toxicity, 0.2 for the upper limit of the Under dosing
interval, and 0.3 for the upper limit of Proper dosing interval.

Target Probability of Toxicity (P_): 0.25
Toxicity Intervals Lower Limit Upper Limit
Under dosing 0.000 0.2
Proper dosing 0.200 0.3
Over dosing 0.200 1

These entries imply that toxicity probabilities within this interval [0.2 to 0.3] can be regarded as
equivalent to the target toxicity (0.25) as far as dosing decisions are concerned. Finally, we will
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assume a uniform Beta(a = 1, b = 1) prior distribution for all doses.

Prior
P, ~Beta (a, b)

P, True Toxicity Probability at Dose i

a (Prior Toxicity):
b (Prior Non-Toxicity):

In the Stopping Rules tab, enter the following inputs as below.

Stopping Rules

Threshold
Prol:r.(FI =P data) =

P, - True Toxicity Probability at Lowest Dose

Dose Exclusion Rule

P Target Probability of Toxicity

Minimum Mumber of Subjects to be Observed on a Dose: DI

MNote: If the lowest dose is excluded then all doses are excluded and trial is stopped due to excessive toxicity.

For the mTPI design, the stopping rule is based on dose exclusion rules. This states that if
there is greater than a 0.95 posterior probability that toxicity for a given dose is greater than
the target toxicity, that dose and all higher doses will be excluded in subsequent cohorts.
When this dose exclusion rule applies to the lowest dose, then all doses are excluded, and
hence the trial will be stopped for excessive toxicity. Furthermore, the dose exclusion rule is
not activated until at least 3 subjects are observed on a dose.

In the Response Generation Info tab, you can specify a set of true dose response curves from
which to simulate. Leave the default profile as shown below. If you wish to edit or add
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additional profiles (dose response curves), see the corresponding section for the 3+3 design.

Response Generation Info

Specify True Probability of Toxicity True Probability of Toxicity (Profiles)
Curve Famil DoselD DI D2 D3 D4 D5 D6 D7
urve Family Dose | 5 | 10 | 15 | 25 | 40 | 50 | 60 |
GC1 | 005 01 | 02 | 03 | 035 04 | 045 |
Label DoseID DI D2 D3 D4 D5 D6 D7
cc2 Dose | 5 | 10 | 15 | 25 | 40 | 50 | 60

Toxicity | I I I [ [ I

In the Simulation Control Info tab, check the boxes corresponding to Save summary
statistics and Save subject-level data. These options will provides access to several charts
derived from these more detailed levels of simulated data. If you wish to display subject-level
plots for more than one simulation, you can increase the number. For now, leave this at 1 to
save computation time.

Simulation Control Info

Output Options

Number of Simulations: 1000 Output Type:
Refresh Frequency: 100 4 Save summary statistics for every simulation run
Random Number Seed . : :
[ Save subject-level data for -l simulation runs
@ Clock

Note: Max. 100,000 records will be saved.
O Fixed 100

[1 Suppress All Intermediate Output
O Pause after Refresh
[ Stop At End

Click Simulate to simulate the mTPI design. In the Output Preview toolbar, click the -

icon to save the simulation to the Library. Double-click the simulation node in the Library to
display the simulation output details. Click the Plots icon in the Library to access a wide range
of available plots.
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7.3.2 Interim Monitoring

Right-click one of the Simulation nodes with mTPI in the Library, and select Interim
Monitoring. This will open an empty interim monitoring dashboard.

Enter Interim Data M w0 A Trial Monitoring Table |Final Inference

Cohort Dose . o Recommended
. #Subjects #DLTs Decision

# Assigned Dose
1

2

3

4

5

6

7

B

]

10

Click on Trial Monitoring Table to generate a table to guide dosing decisions for this trial.
For example, if the cumulative number of patients treated at the current dose is 8, and the
cumulative number of toxicities at this dose is 3, then the mTPI method recommends a Stay
decision. Close this table before continuing.

Number of patients treated at current dose

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22

o E |E | |[F [ |E |E |E |E |E |[E |F [E |E [E |E |E |E |E |E |E |E

1 oD (s |s |5 | |E |E |[E |E [E |E |[E |E |E |E |[E [E |[E [E |E [E |E

2 Dulb s | |s |Ss |Ss | |S [ |E [E |E [E |E |E |E |E |E |E [E

3 pupuic |s s |S s |S |5 |§ |S |5 |§ [E |E [E |E |E |E |E

5 DU |DU DU | oo s s s s s |5 5 |5 |5 /s |5 5 |E |E

5 ou oy by pujpy o s s s |5 |5 |5 (S |5 |§ 5§ |§ |§

6 DU DU DU DU DU DU D |S |5 IS |S |5 |S 5 |S [S5 |S

a 7 DU |DU (DU (DU DU DU DU (D[S |§ |§ [§ |S |§ |S§ |§

% 8 DU |DU (DU |DU (DU |DU DU (DU DU D[S S |S [§ |S

E g DU |DU (DU |DU (DU |DU (DU |DU |DU |DU DU S |S§ |5

C 10 DU |DU (DU |DU |DU |DU |DU (DU |DU (DU |DU (DU |D
=] 11 DU |DU (DU |DU (DU |DU |DU |DU |DU (DU |DU DU
E 12 DU |DU (DU |DU (DU |DU [DU |DU DU |DU |DU
E 12 DU |DU (DU |DU |DU |DU |DU (DU |DU |DU
; 14 DU |DU (DU |DU (DU |DU DU |DU |DU
15 DU [DU (DU [DU [DU [DU |DU |DU

Click Enter Interim Data to open a window in which to enter data for the first cohort: in
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particular, the Dose Assigned and the DLTs Observed. Click OK to continue.

'd '
Enter Interim Data

Editing Cohort £1

Dose Assigned:
#Subjects Allocated:
#DLTs Observed: I:l

l OK ] l Cancel l

“ S

The dashboard will be updated accordingly. The decision for the next cohort is based on the
highest Unit Probability Mass (UPM): the posterior probability for each toxicity interval divided
by the length of the interval. The underdosing interval corresponds to an E (Escalate) decision,
the proper dosing interval corresponds to an S (Stay) decision, and the overdosing interval
corresponds to a D (De-escalate) decision. In this case, the UMP for underdosing is highest.

| Dose UPME  UPM(S)  UPM(D)
5 | 2734 | 1.379 | 0275 |

Thus, the recommendation is to escalate to dose 10.

Enter Interim Data < 11 wd \_ - __| = Trial Monitoring Table Final Inference

Cohort Dose . o Recommended
. #Subjects #DLTs Decision
# Assigned Dose
1 5 3 u] E 10
2

Continue in this manner by entering data for each subsequent cohort, and observe how the
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interim monitoring dashboard updates. One example is given below.

Enter Interim Data n [l liu. = | = Trial Monitoring Table Final Inference

Cohort Dose i o Recommended
i #5ubjects #DLTs Decision

# Assigned Dose
1 5 3 0 E 10
2 10 3 0 E 15
3 15 3 0] = 25
= 25 3 2 D 15
5 15 3 2 s 15
& 15 3 1 5 15
ri 15 3 2 5 15
8 15 3 ) 5 15
£

10

Suppose we wished to end the study after 8 cohorts (24 patients). Click Final Inference to end
the study and generate a table of final inference. Here, the MTD is 15, while the fitted MTD is
13.269, estimated from the interpolated isotonic estimates.

Final Inference
Final Output at Cohort# 8

MTD 15
Fitted MTD 13.269

7.4 Bayesian logistic regression model (BLRM)

7.4.1 Simulation

Click Discrete: One Sample on the Design tab, and then click Dose Escalation Design:
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Bayesian Logistic Regression Model.

Design | Analysis

™M™ @ v K S S M 7

legression One Two Many  Regression Agresment One Two Two Other
Sample Samples Samples Sample Samples = Samples

Single Arm Design
Single Proportion [PN-15-5P]
Compute sample size or power for a test for a single binomial proportion

Simon's Two Stage Design [PN-15-51]
Compute sample size for Simen's bwo stage design
Paired Design
McNemar's [PN-15-McN]
Compute sample size or power for McNemar's test for comparing matched pairs of binomial responses

Dose Escalabon Design
343 [PN-15-3+3]

|dentify maximum tolerated dose using 3+3

Continual Reassessment Method [PN-15-CRM]
|dentify maximum tolerated dose using CRM

Modified Taxicily Probability Interval [PN-15-mTP1]
|dentify maximum tolerated dese using mTP|

Bayesian Logislic Regression Model [PN-15-BLRM]
|dentify maximum tolerated dose using BLREM

In the upper pane of this window is the Input dialog box, which is separated into four tabs:

Simulation Parameters, Stopping Rules, Response Generation Info, and Simulation
Control Info.

Discrete Endpoint: One Sample Test - Dose Escalation Design - BLRM (2R ]

Max. Number of Doses:

Simulation Parameters ~ Stopping Rules | Response Generation Info | Simulation Control Info

Max. Sample Size

Target Probability of Toxicity (P, ) Distribution: Bivariate Lognormal
Cohort Size Dose Selection Method Prior
. Bayes Risk. O ewoc In (@) In )
Mean: 0.265]
O start with [3+3 1
Toxicity Intervals ~ Lower Limit  Upper Limit  Losses Variance: - Correlation Ij|
Under dosing 0.000 0.200 1
Targeted toxicity 0.200 0.350 0
Excessive toxicity 0.350 0.600 1 Posterior Sampling Methods. ..
Unacceptable toxicity 0.600 1.000 2

Reference Dose (@)

In the Simulation Parameters tab, enter 30 as the Maximum Sample Size, and 3 for Cohort
Size. For the Starting Dose, select the Lowest Dose. If you were to check the box Start with
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3+3 Design, then you would be simulating from the 3+3 design first, before switching to the
BLRM, either upon reaching the MTD, or upon observing the first DLT. For this tutorial,

however, leave the box unchecked.

The next step is to choose a Dose Selection Method: either by Bayes Risk or by EWOC. For
the next cohort, the Bayes risk method selects the dose that minimizes the posterior expected
loss, aka Bayes risk. In contrast, the escalation with overdose control (EWOC) method selects
the dose that maximizes the posterior probability of targeted toxicity, for all doses where the
posterior probability of overdosing (either excessive or unacceptable toxicity) is less than the

user-specified threshold. In this example, we will use the EWOC method.

Dose Selection Method

(O Bayes Risk ¥ EWOC

Toxicity Intervals

Lower Limit  Upper Limit

Under dosing 0.000 0.200
Targeted toxicity 0.200 0.350
Excessive toxicity 0.250 0.600

Unacceptable toxicity 0.600 1.000
Prob. (Overdosing) <= 0.25

A bivariate normal distribution with corresponding means, variances, and correlation, can be
specified for the In(«) and In(8) parameters of the two-parameter logistic.

Distribution: Bivariate Lognormal

Prior

Mean:

Variance: Correlation: ljl

’ Posterior Sampling Methods... ]

Click Posterior Sampling Methods to select from one of two methods: Metropolis Hastings,
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or direct Monte Carlo. For this tutorial, click OK to select Met ropolis Hastings.

Posterior Sampling Methods

&) Metropolis Hastings  J Direct

Random Walk (o): -
Steady state simulations: Burn-in 500

In (o)
starting Values: 0.265
1

In the Stopping Rules tab, you can specify up to two rules for stopping the trial. Check the
appropriate boxes and enter values as below.

Stopping Rules
Threshold
[ Target Rule:  Prob.(Targeted toxicity) > & Max. Allocation Rule:  Number of Subjects Allocated to a Dose >=

[l Minimum Number of Subjects to be Observed on a Dose: El

The Target Rule will stop the trial when the posterior probability of being in the Target toxicity
interval exceeds 0.8. A minimum of 6 subjects should be observed before this rule is activated.
The Max. Allocation Rule will stop the trial if at least 12 subjects are allocated to any dose.

In the Response Generation Info tab, you can specify a set of true dose response curves from
which to simulate. Leave the default profile as shown below. If you wish to edit or add

144
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additional profiles (dose response curves), see the corresponding section for the 3+3 design.

Response Generation Info

Specify True Probability of Toxicity

Curve Family:

General -

True Probability of Toxicity (Profiles)

Label Dose ID D1

cc2 Dose | 5 | 10 | 15

Toxicity | | |

DoselD DI D2 D3 D4 D5 D6 D7
Dose | 5 | 10 | 15 | 25 | 40 | s0 | 60 |
GC1 | 005 01 | 02 | 03 | 035 04 | 045 |

D7

| 0

In the Simulation Control Info tab, check the boxes corresponding to Save summary
statistics, Save subject-level data, and Save final posterior samples. These options will
provides access to several charts derived from these more detailed levels of simulated data. If
you wish to display subject-level plots, or posterior distribution plots, for more than one
simulation, you can increase the number. For now, leave both of these at 1 to save

computation time.

Number of Simulations

Refresh Frequency: 100

Random Number Seed
& Clock

O Fixed 100)

[0 suppress All Intermediate Output
O Pause after Refresh
[ Stop At End

Click Simulate to simulate the BLRM design. In the Output Preview toolbar, click the

1000

Simulation Control Info

Qutput Options

Output Type:

A Save summary statistics for every simulation run

[ Save subject-level data for simulation runs

4 Save final posterior samples for simulation runs

Note: Max. 100,000 records will be saved.

3

icon to save the simulation to the Library. Double-click the simulation node in the Library to
display the simulation output details. Click the Plots icon in the Library to access a wide range

of available plots.
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7.4.2 Interim Monitoring

Right-click the Simulation node with BLRM in the Library, and select Interim Monitoring. This
will open an empty interim monitoring dashboard.

EnterInterim Data < ! \ Finallnfarence| Interim Monitaring: Sim1
Cohort Dose B Recommended Posterior Post. SD Posterior
. #Subjects  #DLTs Post. SD of B
# Assigned Dose Mean(In()) of In(er) Mean(B)
1
2
3
4
5
B
7
8
9
10

Click Enter Interim Data to open a window in which to enter data for the first cohort: in
particular, the Dose Assigned and the DLTs Observed. Click OK to continue.

' '
Enter Interim Data

Editing Cohort #1

#Subjects Allocated:
#DLTs Observed: I:l

l oK H Cancel ]

" oy

The dashboard will be updated accordingly. The decision for the next cohort is based on the
dose with the highest posterior probability of targeted toxicity, with less than the
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user-specified threshold (0.25) probability of overdosing. In this case, this is dose 15.

Cohort Dose . Recommended
. #Subjects #DLTs

# Assigned Dose
1 5 3 0 15
2

3

4

5

6

7

8

9

10

Continue in this manner by entering data for each subsequent cohort, and observe how the
interim monitoring dashboard updates. One example is given below.

Cohort Dose . Recommended
B #Subjects #DLTs

# Assigned Dose
1 5 3 ) 15
2 15 3 ) 15
3 15 3 o 25
4 25 3 V) 25
5 25 3 1 25
] 25 3 1 25
7

8

9

10

At this point, East will display the following message:

| East b u‘

¥' the cut off.
You could consider dose25 as the MTD and stop the trial.
If you continue the trial, the Max. Allocation rule will not be applied any
further.

@ The maximum number of subjects allocated on dose 25 has exceeded
"

L

S

Click OK to continue, and then click Final Inference Interim Monitoring toolbar. The following
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Final Inference

Final Qutput at Cohort# 7
MTD 25 (under max. allocation)
Fitted MTD 30,12

Dose 25 happens to have the highest posterior probability of being in the target toxicity
interval, with little probability of being in the overdosing (excessive or unacceptable) intervals.

Posterior Probability that DLT Rate lies in each Toxicity Interval

5 10 15 25 40 50 60

Dose

1

o

1)

0.

@

0.

Prob. of Toxicity
=

0.

)

o

I FPriUnder dosing) B Pr{Target) I FriExcessive]
Il PriUnacceptable)

The Model Fit plot has also been updated. One curve is the two-parameter logistic function
described by plug-in (posterior mean) estimates. The other curve interpolates between the
posterior mean of the toxicity probability at each dose. In both cases, the target probability lies



<<< Contents *% Index >>>

Cl.lt&l East® 6.4

© Cytel Inc. Copyright 2017

quite close to the predicted toxicity probability at dose 25, with the fitted MTD at around 30.

Model Fit

0.5-] /

Prob. of Toxicity
o =)
I T

Dose
= Target Probability =~ ——— Plug-in Estimates = Posterior Probability
Standard Error
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8 Count Data One-Sample

This chapter deals with the design of tests involving count or Poisson response rates. Here,
independent outcomes or events under examination can be counted in terms of whole
numbers, and typically are considered rare. In other words, a basic assumption of the Poisson
distribution is that the probability of an event occurring is proportional to the length of time
under consideration. The longer the time interval, the more likely the event will occur.
Therefore, in this context interest lies in the rate of occurrence of a particular event during a
specified period. Section 8.1 focuses on designs in which an observed Poisson response rate is
compared to a fixed response rate, possibly derived from historical data.

Data following a Poisson distribution are non-negative integers, and the probability that an
outcome occurs exactly k times can be calculated as:

7AAk
Pk) = AL 0,1,2,... where )\ is the average rate of occurrence.

k!
When comparing a new protocol or treatment to a well-established control, a preliminary
single-sample study may result in valuable information prior to a full-scale investigation. In
experimental situations it may be of interest to determine whether the response rate \ differs
from a fixed value \q. Specifically we wish to test the null hypothesis Hy: A = A\ against the
two sided alternative hypothesis Hi: A # o or against one sided alternatives of the form
Hyi: A > Xgor Hi: A < Ag. The sample size, or power, is determined for a specified value of A
which is consistent with the alternative hypothesis, denoted \;.
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8.1.1 Trial Design

Consider the design of a single-arm clinical trial in which we wish to determine if the positive
response rate of a new acute pain therapy is at least 30% per single treatment cycle. Thus, it is
desired to test the null hypothesis Hy: A = 0.2 against the one-sided alternative hypothesis
Hy: A > 0.3. The trial will be designed such that a one sided « = 0.05 test achieves 80% power
atA =X =0.3.

In the Design tab under the Count group choose One Sample and then Single Poisson Rate.

: Home  Data Editor | Design = Analysis

Y1 Y % Y ™M T Y K O[S9 S &

One Two Many Regression One Two Many Regression Agreement One Two Two Other
Sample Samples Samples Sample Samples Sampies Sample  Samples | Samples
Continuous Discreie | Poisson
Library 2 i Single Poisson Rate [PO-15-5R]
Leg Compute sample size, pawer or type | error for single Poisson rate
- - I l}

This will launch the following input window:

Design: Count Data: One-Sample Test - Paisson Rate 0 58 ‘us =
Test Type: Specify Rate Specify Followup Time =~
Rate under Null (x ,): Eollow-Up Time (D) ‘j

Type | Error (o)

0.025
Rate under Alt. (A, ).
Fosr

Sample Size (n): Computed

® C O

‘ i ]

Enter the following design parameters:
Test Type: 1 sided
Type 1 Error («): 0.05
Power: 0.8
Sample Size (n): Computed (select radio button)
Rate under Null ()\p): 0.2
Rate under Alt. (A\;): 0.3
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Follow-up Time (D): 1

Design: Count Data: One-Sample Test - Poisson Rate 0 .3'3 ':.8 =

Test Type: 1 Sided . Specify Rate Specify Followup Time

Rate underNull () [ 02 Eollow-Up Time @) 1 =
Type | Error (o) o 0 k P =

_ Rate under Alt. ()‘1):

Power: -:: @]
Sample Size (n): ®
< m ] »

Click Compute. The design is shown as a row in the Output Preview window:

1 oeie %X o Output Preview profie - (7 7 &
Test  Specified sample
D Power D 20 A1
Type o Size
C|‘ Desl‘ I—Sidedl o.os‘ o.wy‘ 1‘ l§§‘0.2‘0.3|

The sample size required in order to achieve the desired 80% power is 194 subjects. As is
standard in East, this design has the default name Des 1. To see a summary of the output of

this design, click anywhere in the row and then click the "I iconinthe Output Preview
toolbar. The design details will be displayed in the upper pane, labeled Output Summary.

Des1
Mnemonic PO-15-5R
Test Parameters
Test Type 1-Sided
Specified o 0.05
Fower 0.809
Model Parameters
Follow-Up Time (D) 1
Rate under Null (\0) 0.2
Rate under Alt. (A1) 0.3
Sample Size
Maximum 155

In the Output Preview toolbar, click ¥ icon to save this design Desl to workbook Whbk1
in the Library. An alternative method to view design details is to hover the cursor over the
node Desl in the Library. A tooltip will appear that summarizes the input parameters of the
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design.
f
=, h Qutput Preview
QauN-E- |
: - G - W
Edit 8 [ X D
AK ﬁ Desl
S — Mnemanic PO-15-SR
E}--fa\ Root Test Parameters
= Wbk1 Test Type 1-Sided
i Cp Dest Specified o 0.05
DS Power 0.809
Test Type = 1-Sided meters
Specified a = 0.05 Time (D) 1
EDHVEF = U-TS_UQ P Null (x0) 0.2
o DWLIFI me =
Sample Size = 155 ’”I‘"' (3‘” 0.3
Rate under Null (A0) = 0.2 [P1€ Size
Rate under Alt. (A1) = 0.3 flaximum 155

1 oea 4 X A R

Test  Specified Sample
Type N Fower D ~_ " A0 Al
C|| Desl| I—Sided| 0.05| 0.309| || 155|0.2|0.3|

With the design Des1 selected in the Library, click & - icon on the Library toolbar, and then
click Power vs. Sample Size. The power curve for this design will be displayed. You can save
this chart to the Library by clicking Save inWorkbook. Alternatively, you can export the chart
in one of several image formats (e.g., Bitmap or JPEG) by clicking Save As... or Export into a
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PowerPoint presentation.

-

5 Power vs. Sample Size Chartl - = x

Settings... | Print... | Copy | Zoom | Save As.. Hide Read-offs »

Power vs. Sample Size - Desl

Sample Size

//_J_,—/— 225.522
0.94 Power
0.899
0.72
T
g 0.544
o
0.364
0.184
T T T T T T T
o 100 200 300 400 500 600

Sample Size Save in Workbook

Close the Power vs. Sample Size chart. To view a summary of all characteristics of this design,

select Desl in the Library, and click %@ icon.

%N

Design: Count Data: One-Sample Test - Poisson Rate

Test Parameters (= Sample Size Information
Design ID Des1

Test Type 1-Sided |Sample Size (n) 155
Specified a 0.05

Rowes 1609 £iCritical Points
Sample Size (n)  [To be Computed

Model Parameter:
Rate Under Null (A, 0.2

Rate Under Alt. (}\1) 03

Follow-Up Time (D) 1
Summary

A total sample size of 155 is required in a study to achieve 0.8 power at 0.05 level of significance when average response rates under null and alternative are
0.2 and 0.3 respectively. Here, the subjects are followed up to 1 units of time.

In addition to the Power vs. Sample size chart and table, East also provides the efficacy
boundary in the Stopping Boundaries chart and table.
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Alternatively, East allows the computation of either the Type-1 error (o) or Power for a given
sample size. Using the Design Input/Output window as described above, simply enter the
desired sample size and click Compute to calculate the resulting power of the test.
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=911

Often in experiments based on count data, the aim is to compare independent samples from
two populations in terms of the rate of occurrence of a particular outcome. In medical
research, outcomes such as the number of times a patient responds to a therapy, develops a
certain side effect, or requires specialized care, are of interest. Or perhaps a therapy is being
evaluated to determine the number of times it must be applied until an acceptable response
rate is observed. East supports the design of clinical trials in which this comparison is based on
the ratio of rates, assuming a Poisson or Negative Binomial distribution. These two cases are
presented in Sections 9.1 and 9.2, respectively.

Trial Design

Let A\. and )\, denote the Poisson rates for the control and treatment arms, respectively, and let
p1 = At/A.. We want to test the null hypothesis that p; = 1 against one or two-sided
alternatives. The sample size, or power, is determined to be consistent with the alternative
hypothesis, that is Hy : A\ # Ao, Hy @ A\ > A, or Hy @ A\ < A,

9.1.1 Trial Design

Suppose investigators are preparing design objectives for a prospective randomized trial of a
standard treatment (control arm) vs. a new combination of medications (therapy arm) to
present at a clinical trials workshop. The endpoint of interest is the number of abnormal ECGs
(electrocardiogram) within seven days. The investigators were interested in comparing the
therapy arm to the control arm with a two sided test conducted at the 0.025 level of
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significance. It can be assumed that the rate of abnormal ECGs in the control arm is 30%, thus
At = Ae = 0.3 under Hy. The investigators wish to determine the sample size to attain power
of 80% if there is a 25% decline in the event rate, that is \;/A. = 0.75. It is important to note
that the power of the test depends on A\. and )\, not just the ratio, so different values of the
pair (\., A\;) with the same ratio will yield different solutions.

We will now design a study that compares the control arm to the combination therapy arm. In
the Design tab under the Count group choose Two Samples and then Poisson - Ratio of

: Home DataEditor | Design | Analysis

L LT " ';‘l M m v K CIW M @

Rates.

Ore  Two  Many Regression ne  Two  Many Regression Agreement Two Other
Sample Samples Samples Sample Samples Samples Sample | Samples  Samples
Continuous Discrete Cd  Poisson
Library 1 m " Ratio of Rates [PO-25-RR]
Design Input Output Compute sample size, power or type | error for ratio of Poissan rates
@ - )

This will launch the following input window:

Design: Count Data: Two-Samples Test - Poisson - Ratio of Rates 0 58 .’u‘ﬂ =
Test Type 1-Sided - ipleclffy Rcalzel o) — Specify Follow-Up Time I
ate for Control : Follow-Up Control (D _):
Type | Error (o): 0.025] O ‘ ‘ L
, Specify Alternative Hypothesis Follow-Up Treatment (D(l 7
ouer. Q Rate for Treatment (A,):
Sample Size (n). Computed () N .
_ Ratio of Rates (p‘ )
Allocation Ratio = ()\| A

(n,/n.)

]

4 n

Enter the following design parameters:
Test Type: 2-sided
Type 1 Error («): 0.05

Power: 0.8
Sample Size (n): Computed (select radio button)

Allocation Ratio (nt/n.): 1
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Rate for Control (A
Rate for Treatment
Ratio of Rates p; =

Follow-up Control (D..
Follow-up Treatment (D,): 7

): 03
t (A

C

(De): 7

): 0.225 (will be automatically calculated)
(Ae/Xe): 0.75

Design: Count Data: Two-Samples Test - Poisson - Ratio of Rates O8N E
. " Specify Rate
Rate for Control (A ):

Type | Error (o):
Power:

Sample Size (n):

Allocation Ratio®

tn /n.)

0

Computed

® C O

Specify Alternative Hypothesis

Rate for Treatment (A, ) 0.225

Ratig of Rates (p):
pr=0 AR

Specify Follow-Up Time i
Follow-Up Control (D‘):
Follow-Up Treatment (D‘} g

.

i

] »

The Allocation Ratio (n; : n.) describes the ratio of patients to each arm. For example, an
allocation ratio of 3:1 indicates that 75% of the patients are randomized to the treatment arm
as opposed to 25% to the control. Here we assume the same number of patients in both arms.
Click Compute. The design is shown as a row in the Output Preview window:

I Edit K A o profie - [ Y =

Output Preview

Test  Specified Sample
Power B A
Type o Size

1D At p1 Dc Dt nt/nc

€||‘ Desl‘ Z—Sided‘ D.DS‘ n.s‘ 211‘ 0.3‘ n.225|n.75‘ 7| 7| I‘

The sample size required in order to achieve the desired 80% power is 211 subjects. As is
standard in East, this design has the default name Des 1. To see a summary of the output of

this design, click anywhere in the row and then click the "I iconinthe Output Preview
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toolbar. The design details will be displayed in the upper pane, labeled Output Summary.

b 4| QOutput Preview

N -5 - % =

Desl
Mnemonic| PO-25-RR
Test Parameters
Test Type| 2-Sided
Specified o 0.05
Power 0.8
Model Parameters
Follow-Up Control (Dc) 7
Follow-Up Treatment (Dt} 7
Allocation Ratio (nt/nc) 1
Rate for Control (Ac) 0.3
Rate for Treatment (At)| 0.225
Ratio of Rates (p1) 0.75
Sample Size
Maximum 211

In the Output Preview toolbar, click ¥ icon to save this design Desl to workbook Whk1
in the Library. An alternative method to view design details is to hover the cursor over the
node Desl in the Library. A tooltip will appear that summarizes the input parameters of the
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design.
Library " ¥ QCutput Preview
Qs -E- Q.
Edit ‘ ) x i =1 I =
% & Desl
Mnemaonic PO-25-RR
=42 Root Test Parameters
B i Wbk Test Type 2-Sided
Gl Desd Specified o 0.03
Deh Power 0.8
Test Type = 2-Sided ameters
Specified o = 005 ntrol (Dc) 7
2:::91:5?1.2 211 ment (DY) ’
Rate?‘or Control (Ac) = 0.3 io (nt/nc) L
Rate for Treatment (At) = 0.225 ntrol (Ac) 0.3
Ratio of Rates (p1) = 0.75 tment (At) 0.225
Followup Contral (Dc) = 7 |Rates (p1) Q.75
Followup Treatment (Dt} =7  nple Size
Allecation Ratio (nt/nc) =1 Naximum 211

With the design Desl selected in the Library, click & -
click Power vs. Sample Size. The power curve for this design will be displayed. You can save
this chart to the Library by clicking Save inWorkbook. Alternatively, you can export the chart
in one of several image formats (e.g., Bitmap or JPEG) by clicking Save As... or Export into a

icon on the Library toolbar, and then
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PowerPoint presentation.

E Power vs, Sample Size Chartl = = x
Settings... | Prnt.. | Copy | Zoom | Save As.. Hide Read-offs »
Power vs. Sample Size - Desl sample Size
218.307
0.95+
Power
0.812
0.76
5 0.57-
E
(=]
[+
0.38+
0.19+
T T T T
0 200 400 &00
Sample Size Save in Workbook

Close the Power vs. Sample Size chart. To view all computed characteristics of this design,

164 9.1 Poisson - Ratio of Rates — 9.1.1 Trial Design



<<< Contents Index >>>

Cl.thI East® 6.4

© Cytel Inc. Copyright 2017

select Desl in the Library, and click ht icon.

Design: Count Data: Two-Sample Test - Poisson - Ratio of Rates

Test Parameters =) Sample Size Information
Design ID Des1
Test Type 2-Sided (Sample Size (n) 211
Specified a 0.05 Treatment (n_t) |105
Power 08 Control (n_c) |106
Sample Size (n) To be Computed
Model Parameters SCritical Points
Rate Under Control (A) 03
Rate Under Treatment (] 0.225 Lower Critical Point
Upper Critical Point | 196

RIS o

Under HO 1

Under H1 0.75
Follow-Up Cantrol (D )
Follow-Up Treatment (D,) 7
Allocation Ratio n/n } 1

Summary

A total sample size of 211 is required in a study to achieve 0.8 power at 0.05 level of significance when response rates for Control group and Treatment group
are 0.3 and 0 225 respectively Here, the subjects fram the two groups are followed up to 7 and 7 units of time.

In addition to the Power vs. Sample size chart and table, East also provides the efficacy
boundary in the Stopping Boundaries chart and table.

Alternatively, East allows the computation of either the Type-1 error («) or Power for a given
sample size. Using the Design Input Output window as described above, simply enter the
desired sample size and click Compute to calculate the resulting power of the test.

In experiments where the data follows a binomial distribution, the number of successful
outcomes for a fixed number of trials is of importance when determining the sample size to
adequately power a study. Suppose instead that it is of interest to observe a fixed number of
successful outcomes (or failures), but the overall number of trials necessary to achieve this is
unknown. In this case, the data is said to follow a Negative Binomial Distribution. There are
two underlying parameters of interest. As with the Poisson distribution, A denotes the average
rate of response for a given outcome. In addition, a shape parameter ~ specifies the desired
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number of observed "successes”. As with the Poisson distribution, the Negative Binomial
distribution can be useful when designing a trial where one must wait for a particular event.
Here, we are waiting for a specific number of successful outcomes to occur. A Poisson
regression analysis assumes a common rate of events for all subjects within a stratum, as well
as equal mean and variance (equidispersion). With over dispersed count data, estimates of
standard error from these models can be invalid, leading to difficulties in planning a clinical
trial. Increased variability resulting from over dispersed data requires a larger sample size in
order to maintain power. To address this issue of allowing variability between patients, East
provides valid sample size and power calculations for count data using a negative binomial
model, resulting in a better evaluation of study design and increased likelihood of trial success.

9.2.1 Trial Design

Suppose that a hypothetical manufacturer of robotic prostheses, those that require several
components to fully function, has an order to produce a large quantity of artificial limbs.
According to historical data, about 20% of the current limbs fail the rigorous quality control
test and therefore cannot be shipped to patients. For each order, the manufacturer must
produce more than requested; in fact they must continue to produce the limbs until the
desired quantity passes quality control. Given that there is a high cost in producing these
prosthetic limbs, it is of great interest reduce the number of those that fail the test.

The company plans to introduce a new feature to the current model, the goal being the
probability of failure is reduced to 10%. It is safe to assume that the enhancement will not
cause a decline in the original success rate. In this scenario, we wish to test the null hypothesis
Hy: A = \; = 0.2 against the one sided alternative of the form H;: \. > ;. Quality control
investigators wish to conduct a one-sided test at the o = 0.05 significance level to determine
the sample size required obtain 90% power to observe a 50% decline in the event rate, i.e.
At/ = 0.5. It is important to note that the power of the test depends on A. and \;, not just
the ratio, so different values of the pair (\. , \;) with the same ratio will have different
solutions. The same holds true for the shape parameter. Different values of (v, , ;) will result
in different sample sizes or power calculations. East allows user specific shape parameters for
both the treatment and control groups, however for this example assume that the desired

166

9.2 Negative Binomial Ratio of Rates — 9.2.1 Trial Design



<<< Contents

Index >>>

CI.lt6| East® 6.4

© Cytel Inc. Copyright 2017

number of successful outcomes for both groups is 10.

The following illustrates the design of a two-arm study comparing the control arm, which the
current model of the prosthesis, to the treatment arm, which is the enhanced model. In the
Design tab under the Count group choose Two Samples and then Negative Binomial -

Ratio of Rates.

: Home DataEditor | Design | Analysis

m Y K ©S(S | M @&

Two Two Other

Sample Samples Samples

Hyg MKy H u n
1 ' 7 1

One  Two Many Regression  One  Two Many Regression Agresment  One
Sample Samples Samples Sample Samples Samples

Continucus Discrete C

Library 3 -

) Xy E

A B

el Architect (1.0.0)
4

(09 Apr 2014)

Date: Saturdav 12 Aor 2014

This will launch the following input window:

Poisson
Ratio of Rates [PO-25-RR]
Compute sample size. power or type | error for ratio of Poisson rates
Negative Binomial
Ratio of Rates [NB-25-RR]
‘Compute sample size, power or type | error for ratio of Negative Binomial rates h

Design: Count Data: Two-Samples Test - Negative Binomial - Ratio of Rates 0 58 ’uﬂ =
Test Type: 1 Sided - iDECIffY R;te Lo Specify Shape Parameater —
ate for Control : - Shape Control (y_): -

Type | Error (ot): 0.025| O : i Ve _ =
Power- Specify Alternative Hypothesis Shape Treatment (y,): 3

= o Rate for Treatment (A, ):
Sample Size (n): Computed [O] Ratio of Rates (9, ):
Allocation Ratio: @, =0 /)

(n,/n.)

Specify Follow-Up Time

[ —]

T

] »

Enter the following design parameters:

Test Type: 1 si

ded

Type 1 Error («): 0.05

Power: 0.9

Sample Size (n): Computed (select radio button)
Allocation Ratio (n:/n.): 1

Rate for Contr

ol (\.): 0.2

Rate for Treatment (\;): 0.1
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Ratio of Rates p = (A\;/A.): 0.5
Follow-up Time (D): 1
Shape Control (v.): 10
Shape Treatment (~,): 10
Design: Count Data: Two-Samples Test - Negative Binomial - Ratio of Rales ONNE
= - Specify Rate Specify Shape Parameter ol
festTupe Rate for Control (A ) Shape Control (y )
Type | Error (x): _U.US 8]
_ Specify Alternative Hypothesis Shape Treatment (y, )
Fouer O Rate for Treaument 1, ): =
Sample Size (n) ® Ratig of Rates (@, ):
Allocation Ratio O, =0, /A
inc) Specify Follow-Up Time
Follow-Up Time (D}
q m | i

The Allocation Ratio (n; : n.) describes the ratio of patients to each arm. For example, an

allocation ratio of 3:1 indicates that 75% of the patients are randomized to the treatment arm
as opposed to 25% to the control. Here we assume the same number of patients in both arms.

Click Compute. The design is shown as a row in the Output Preview window:
0 oeon X A B

Ouiput Preview Profie ~ [ 7 &

Test
Type
Cﬂ‘ Desl | 1 —Sided|

Specified
o

Sample
[[»] Power size AC At ©1 D yc yt nt/nc

0.05| 09| 1248/02|0.]05] 1]10[10] 1

The sample size required in order to achieve the desired 90% power is 1248 subjects. As is
standard in East, this design has the default name Des 1. To see a summary of the output of

this design, click anywhere in the row and then click the "I iconinthe Output Preview
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toolbar. The design details will be displayed in the upper pane, labeled Output Summary.

In the Output Preview toolbar, click

Ll OCutput Preview
M-S - e
Des1
Mnemonic | NB-25-RR
Test Parameters
Test Type| 1-Sided
Specified o 0.05
Power 0.9
Model Parameters
Follow-Up Time (D} 1
Shape Control (yc) 10
Shape Treatment (yt) 10
Allocation Ratio (nt/nc) 1
Rate for Control (Ac) 0.2
Rate for Treatment (At) 0.1
Ratio of Rates (@1) 0.5
Sample Size
Maximum 1248

icon to save this design Des1 to workbook Wbk1

in the Library. An alternative method to view design details is to hover the cursor over the
node Desl in the Library. A tooltip will appear that summarizes the input parameters of the

9.2 Negative Binomial Ratio of Rates — 9.2.1 Trial Design
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design.
M ¥ QOutput Preview
TR e
- Bl - B
Edir & [ X R
A m i Des1
Mnemonic NB-25-RR
=42 Root Test Parameters
- g Wbk Test Type 1-Sided
i G5 Des1 Specified o 0.05
[} Power 0.9
Test Type = 1-5Sided meters
Specified a = 0.05 ime (D) 1
Power =09 trol (YC} 10
Sample Size = 1248 ent (yt) 10
Rate for Control (Ac) = 0.2 (nt/nc) 1
Rate for Treatment (At) = 0.1 : |I(?\ ) 0.2
Ratio of Rates (@1) = 0.5 folthc :
Followup Time (D) = 1 ent (At) 0.1
Shape Control (yc) = 10 tes (91) 0.5
Shape Treatment (yt) = 10 I—le Size
Allocation Ratio (nt/nc) =1 iximum 1248

With the design Desl selected in the Library, click & - icon on the Library toolbar, and then
click Power vs. Sample Size. The power curve for this design will be displayed. You can save
this chart to the Library by clicking Save inWorkbook. Alternatively, you can export the chart
in one of several image formats (e.g., Bitmap or JPEG) by clicking Save As... or Export into a
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PowerPoint presentation.

E Power vs, Sample Size Chartl o = x

Settings... | Prnt.. | Copy | Zoom | Save As... Hide Read-offs »|

Power vs. Sample Size - Des| sample Size

1253.609
095 //”‘——-—
Power
0.901

0.76

0.57

Fower

0.358-

0,154

T T T
0 1,000 2,000 3,000

sample Size Save in Workbook

Close the Power vs. Sample Size chart. To view all computed characteristics of this design,
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select Desl in the Library, and click ht icon.

# | Whk1:Desl = =
L
Design: Count Data: Two-Sample Test - Negative Binomial - Ratio of
Rates
Test Parameters (= Sample Size Information
Design 1D Des1
Test Type 1-Sided |Sample Size (n) 1248
Specified 0.05 Treatment (n_t) | 624
Power 0.9 Control (n_c) | 624
Sample Size (n) To be Computed
Model Parameters S Critical Points
Rate Under Control (A} 0.2
Rate Under Treatment (h, 0.1
B ATk,
Under HO 1
Under H1 05
Follow-Up Time (D) 1
Shape Control {y ) 10
Shape Treatment (y,) 10
Allocation Ratio (ntfnc) 1
Summary

A total sample size of 1248 is required in a study to achieve 0.9 power at 0.05 level of significance when response rates for Control group and Treatment
group are 0.2 and 0.1 respectively and the shape parameters for the two groups are 10 and 10 respectively. Here, the subjects from the two groups are
followed up to 1 units of time.

In addition to the Power vs. Sample size chart and table, East also provides the efficacy
boundary in the Stopping Boundaries chart and table.

For a specific desired sample size, East allows the computation of either the Type-1 error («)
or Power for a test. Using the Design Input Output window and methods as described
above, simply enter the desired sample size and click Compute to calculate the resulting
power of the test.

In addition to this example, consider the following illustration of the benefit of using the
negative binomial model in clinical trials. In real life settings, the variance of count data
observed between patients is typically higher than the observed mean. The negative binomial
model accommodates between subject heterogeneity according to a Gamma distribution. For
example:

Poisson: Y ~ Poisson(\)

Negative Binomial: Y; ~ Poisson(\k;) where k; ~ Gamma(k)
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In the case of no overdispersion (k = 0) the negative binomial model reduces to the Poisson
model. In the figure below, the Poisson and negative binomial models are displayed under
various values of the dispersion parameter.

|
[==]
\
<
o 7 \ .
\ —— Poisson
— — Disp=02
\ —— Disp=1
\ :
“© | W — — Disp=2
-2‘ [==]
‘»
=
[+F]
a (']
R
S
=
S A
0 2 4 6 8
Count

Assuming the above parameterization, the variance of the negative binomial model is A + kA2
The inflation in variance is thus linear by the factor 1 + & * A and dependent on the mean.
Depending on the distributional assumption used and its impact on the variance, sample size
and power can vary widely.

In multiple sclerosis (MS) patients, magnetic resonance imaging (MRI) is used as a marker of
efficacy by means of serial counts of lesions appearing on the brain. Exacerbations rates as a
primary endpoint are frequently used in MS as well as in chronic obstructive pulmonary
disease (COPD) and asthma (Keene et al. 2007). Poisson regression could be considered,
however this model would not address variability between patients, resulting in over
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dispersion. The negative binomial model offers an alternative approach.

TRISTAN (Keene et al. 2007) was a double-blind, randomized study for COPD comparing the
effects of the salmeterol/fluticasone propionate combination product (SFC) to salmeterol
alone, fluticasone proprionate alone and placebo. Although the primary end-point was
pre-bronchodilator FEV1, the number of exacerbations was an important secondary endpoint.

Suppose we are to design a new trial to be observed over a period of 1 to 2 years. The primary
objective is the reduction of the rate of exacerbations, defined as a worsening of COPD
symptoms that require treatment with antibiotics, cortisone or both, with the combination
product SFC versus placebo. Based on the TRISTAN results, we aim to reduce the incidence of
events by 33%. Suppose the exacerbation rate is 1.5 per year, and can expect to detect a rate
of 1.0 in the combination group. Assume a 2-sided test with a 5% significance level and 90%
power. Using a Poisson model, a total of 214 patients are needed to be enrolled in the study.

For the TRISTAN data, the estimate of the overdispersion parameter was 0.46 (95% CL:
0.34-0.60). Using a negative binomial model with overdispersion of 0.33,0.66, 1 and 2, the
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increase in sample size ranged from 299 to 726, respectively.

1 Design Input Output - = x
— _ JE— = 20 &
Design: Count Data: Two-Samples Test - Negative Binomial - Ratio of Rates 0 _nﬂ Anﬂ =
Design Parameters
Test Type: 5_Sided - Specify Rate Specify Shape Parameter
Rate for Contral (A ) _1.5 Shape Control (y): _
Type | Error (o0): .0 ‘ =haps Ve m

o

Specify Alternative Hypothesis Shape Treatment (y,):
= Rate for Treatment (A )
® Ratig of Rates (@, ): 0.567]

O, =G /A

Power:
sample Size (n):

Allocation Ratio:
(n,/n)

Specify Follow-Up Time

Follow-Up Time (D):

< i, ] »

Des1 Des2 Des3 Des4
Mnemonic | NE-25-RR | NE-25-RR | NE-25-RR | NB-25-RR
Test Parameters
Test Type| 2-Sided 2-Sided 2-Sided 2-Sided
Specified o 0.05 0.05 0.05 0.05
Power 0.902 0.9 0.901 0.901
Model Parameters
Follow-Up Time (D) 1 1 1 1
Shape Control (yc) 0.33 0.66 1 2
Shape Treatment (yt) 0.33 0.66 1 2
Allocation Ratio (nt/nc) 1 1 1 1
Rate for Control (Ac) 1.5 1.5 1.5 E5
Rate for Treatment (At} 1 1 1 1
Ratio of Rates (@1) 0.667 0.667 0.667 0.667
Sample Size
Maximum 299 382 470 726

Exacerbation rates are calculated as number of exacerbations divided by the length of time in
treatment in years. EAST can be used to illustrate the impact of a one versus two year study by
changing the follow-up duration.

Using a shape parameter of 0.66 for 382 patients, power is increased from 90% to 97% when
follow-up time is doubled (see below). Alternatively, 277 patients observed for two years
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would results in 90% power, which is the same as with 382 patients observed one year.

Ml Compare Plots:Whk1:Des2:Power vs. Sample Size / Completers

= = .4
Settings... | Prnt... | Copy | Zoom | Save As.. | Export... Hide Read.offs »
Power Vs. Sample Size Sample Size
382
0.95 S r
Series ¥ Read
Power_Whbk1:Desb | 0,958
Power_Whbk1:Des2 | 0,800
0.76
g 0.574 ] m b
[a]
[«
0.38
0194
T T T T T
o 200 400 600 800
Sample Size
— P Whi1:Des5 P Whic1:Des2
A = s =2 ] Save in Workbook |
5 P Output Preview
Test Specified Sample
AC At ©1 D vyc ¥t nt/nc
Type
’c'||| Des2| 2-Sided 0.05 0.9 382( 1.5 1| 0.667| 1|0.66|0.66 1
C.“‘ Dest| 2-Sided 0.05| 0.902 277|1.5| 1| 0.667| 2| 0.66| 0.66 1

Negative binomial models are increasing in popularity for medical research, and as the
industry standard for trial design, East continues to evolve by incorporating sample size

176

9.2 Negative Binomial Ratio of Rates — 9.2.1 Trial Design




<<< Contents

Index >>>

methods for count data. These models allow the count to vary around the mean for groups of
patients instead of the population means. Additionally, increased variability does lead to a
larger test population; consequently the balance between power, sample size and duration of
observation needs to be evaluated.

Reference: Oliver N. Keene, Mark R. K. Jones, Peter W. Lane, Julie Anderson (2007). Analysis of
exacerbation rates in asthma and chronic obstructive pulmonary disease: example from the
TRISTAN study. Pharmaceutical statistics, 6, 89-97
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10 Tutorial: Survival Endpoint

This tutorial introduces you to East 6, using examples for designing a clinical trial to compare
survival in two groups. It is suggested that you go through the tutorial while you are at the
computer, with East 6 running in it.

When you open East 6, the screen will look as shown below.

{\,)E, . Eost6-[Log] ==
o DamEse | Deson | i _ax
i Y T Y K S @
Ore  Tw  Wary Regessin One Two  Memy Fegesson Ageement Ore Tw  Two | Ober
e Samve Sonpies Sempies T senpie Sarpes Sanpies
Disaen . | Gonara
Welome to East 6 B} = =
Welcome to East 6 [ 1
© Open Tutorial
Installed product: €ast 6 (6.2)  Design New Tral
License: custon end point Procedure
user Test (serfa 1d 2000003 o o © one sampe
@ Two Samples
© Many samples
Lewiry oe e Ganeral © Regression
1731 aug 2013
TSt hug 313 || O Comoans
1731 aug 2013 || ype: [Difference of Means (MN-25-D1] 5]
1731 aug 2013
T3 A 2013 || © Open Existing Workbook
1731 aug 2013
GsD Adv. simulation 1731 aug 2013
G50 sinonial 1731 aug 2013
G50 DiFF. of means 1731 aug 2013
G50 DifF. of Props. 1732 aug 2013
G5b Normal 1731 aug 2013 ary
| 31 Aug 2013 Cancel
1731 hug 2013
1731 hug 2013 4
1731 aug 2013
Sanple size Re-estination Binowial | 31 Aug 2013
sample size Re-estimation Normal | 31 Aug 2013 ||
oo St B oupupreview View ~ Ready

This is the Welcome screen of East 6 which enables us to open the tutorial file, select any
design and open any existing workbook. Close this screen by clicking the Cancel button.

In the tabs bar at the top of the ribbon, Design tab is already selected. Each tab has its own
ribbon. All the commands buttons under Design tab are displayed in its ribbon, with
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suggestive icons. These commands have been grouped under the categories of Continuous,
Discrete, Count, Survival and General. For this tutorial, let us explore the command Two
Samples under Survival category. In East, we use the terms 'time to event’ and 'survival’
interchangeably. Click on Two Samples. You will see a list of action items, which are dialog
box launchers.

| Parallel Design

Logrank Test Given A I D and A | Rates [SU-25-LRAR]
Compute number of events or power for logrank test for hazard ratio

Logrank Test Given Accrual D and Study D [SU-25-1RSD]
Compute number of events or power for logrank test for hazard ratio

Click on Logrank Test Given Accrual Duration and Study Duration. You will get the
following dialog box in the work area.

Design: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Study Duration @ 58 58 = e =3
Design Type Number of Looks Log Rank Test
Given Aceu
Duration and Study
Duration
Test ype o azad aces inpue o
Type | Error (o) H Hazard Ratio Optiona) Alternative East enables us to

Poyer.

sample Size (n):  [Compute

© Hazard Ratio )

=

© Log Hazard Ratio In(A /X )

design and analyze

studies where time-to- |~

event is the endpoint
of interest. In contrast

to studies involving
normal and binomnial
endpoints, the
stafistical power of a
time-to-failure study is
determined, not by the
number of subjects
accrued, but rather by
the number of events
observed. One usually
accrues a larger
number of patients

Hazard Rate
(Control)
0035 |

Hazard Rate
(Treatment: Alt.)
0017 |

Computed ered

Starting at
No. of Eyents. °rting
1| o000 |

I

Allocation Ratio

/n,)

Variance of Log Hazard Ratio

@ Null O Alcernative

This dialog box is for computing Sample Size (n) and Number of Events. All the default input
specifications under the tab Design Parameters are on display: Design Type=Superiority,
Number of Looks=1, Test Type=1-Sided, Type-1 Error («)=0.025, Power (1-3)=0.9, Allocation
Ratio (n;/n.)=1, # of Hazard Pieces=1, Input Method=Hazard Rates, Hazard Ratio (\;/\.)=0.5,
Log Hazard Ratio In(\;/\.)=-0.693, Hazard Rate (Control)=0.0347, Hazard Rate
(Treatment)=0.0173, and Variance of Log-Hazard Ratio=Null. There are two radio buttons in
this dialog box, one at the side of Power (1-/3) box and the second at the side of the combined
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boxes for Sample Size (n) and Number of Events. By default, the latter radio button is selected
indicating that the items against this radio button are to be computed using all other inputs.
Similarly, if the first radio button is selected, then Power will be computed using all other
inputs.

Now click on the tab Accrual/Dropout and you will see the following dialog box.

Subjects are followed: Until End of Study -

Accrual Info Piecewise Dropout Information

Accrual Duration Study Duration # of Pieces Input Method-  [Hazard Rates =
# of Accrual Periods: Parind # Starting At Hazard Rate Hazard Rate
(Contral) (Treatment)
Cum. %
Period # At AEEuEE]
1 | 22000 | 100000

The default specifications in this dialog box are: Subjects are followed=Until End of Study,
Accrual Duration=22, Study Duration=38, # of Accrual Periods=1, and no Dropouts. Now
accept all the default specifications that are displayed for this single look design and be ready
to compute the Sample Size (n) and the Number of Events for the design. Click Compute.

At the end of the computation, you will see the results appearing at the bottom of the screen,
in the Output Preview pane, as shown below.

- Dasign MNo. of Test  Specified - - Sample Expected Expected Maximum Exp. Events Exp. Events
- 'ower nt/nc

Type Looks  Type o Size 55 (HO) SS(H1) Events (HO) H1)
My Des1| superiority| 1] 1-sided|  0025) 0002] 1| 182 182| 182| 88| 88| 8

Comm. Accr.  Exp. Accrual  Exp. Accrual  Hazard Ratio Study Exp. Study Exp. Study Var (Log HR) No. of
ar (Lo

(Dur.) Duration (H0) Duration (H1) (Alr) Duration Duration (H0) Duration (H1) J Accrual Periods

| 22| 22| 22| 05| 38 30.758| 37.959| Null| 1

This single row of output preview contains relevant details of all the inputs and the computed
results for events and accruals. The maximum value for events is 88 and the committed accrual
is 182 subjects. Since this is a fixed-look design, the expected events are same as the

. . . o . i .
maximum required. Click anywhere in this row, and then click on the iconto geta
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detailed display in the upper pane of the screen as shown below.

Desl
Mnemaonic SU-25-LRSD
Test Parameters
Design Type Superiority
Mo. of Looks 1
Test Type 1-Sided
Specified o 0.025
Power 0.902
Model Parameters
Hazard Ratio (alt.) 0.5
War (Log HR) Mull
Allocation Ratio (nt/nc) 1
Accrual & Dropout Parameters
Subjects are Followed Until End of Study
Mo. of Accrual Periods 1
Mo. of Dropout Pieces 0
Sample Size
Maximum 182
Expected Under HO 182
Expected Under H1 182
Events
Maximum &8
Expected Under HO BB
Expected Under H1 BB
Study Duration
Maximum 38
Expected Under HO 30.758
Expected Under H1 37.959
Accrual Duration
Maximum 22
Expected Under HO 22
Expected Under H1 22

The contents of this output, displayed in the upper pane, are the same as what is contained in
the output preview row for Designl shown in the lower pane, but the upper pane display is
easier to read and comprehend. The title of the upper pane display is Output Summary. This
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is because, you can choose more than one design in the Output Preview pane and the display
in the upper pane will show the details of all the selected designs in juxtaposed columns.

The discussion so far gives you a quick feel of the software for computing the required events
and sample size for a single look survival design. We have not discussed about all the icons in
the output preview pane or the library pane or the hidden Help pane in the screen. We will
describe them taking an example for a group sequential design in the next section.

10.2.1 Background Information on the study ®* 10.2.2 Creating the design in East = 10.2.3 Design Outputs
10.2.4 East icons explained = 10.2.5 Saving created designs® 10.2.6 Displaying Detailed Output

10.2.7 Comparing Multiple Designs = 10.2.8 Events vs. Time plot ®* 10.2.9 Simulation

10.2.10 Interim Monitoring

10.2.1 Background Information on the study

The randomized aldactone evaluation study (RALES) was a double-blind multicenter clinical
trial of aldeosterone-recepter blocker vs. placebo published in New England Journal of
Medicine (vol 341, 10, pages 709-717, 1999). This trial was open to patients with severe heart
failure due to systolic left ventricular dysfunction. The Primary endpoint was all-causes
mortality. The anticipated accrual rate was 960 patients/year. The mortality rate for the
placebo group was 38%. The investigators wanted 90% power to detect a 17% reduction in
the mortality hazard rate for the Aldactone group (from 0.38 to 0.3154) with « = 0.05, 2-sided
test. Six DMC meetings were planned. The dropout rate in both the groups is expected to be
5% each year. The patient accrual period is planned to be 1.7 years and the total study
duration to be 6 years.

10.2.2 Creating the design in East

For our purpose, let us create our own design from the basic details of this study. Now start
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afresh East. On the Design tab, click on Two Samples under Survival category. You will see a

list of action items, which are dialog box launchers.

il
Two
Samples
| Parallel Design
Logrank Test Given Accrual Duration and Accrual Rates [SU-25-LRAR]
Compute number of events or power for logrank test for hazard ratio

Logrank Test Given Accrual Duration and Study Duration [SU-25-1LRSD]
Compute number of events or power for logrank test for hazard ratio

Click on the second option Logrank Test Given Accrual Duration and Study Duration. You

will get the following dialog box in the work area.

© 18 41 = e L

Log Rank Test
Given Accrual
Duration and Study

Design: Survival Endpoint: Two-Sample Test - Paralel Design - Logrank Given Accrual Duration and Study Duration
e

Test Type # of Hazard Pieces: Input Method

Type | Error (o) 5 1 Hazard Ratio (Optional) Alternative

roner 5 O Hazardrato oy

© Log Hazard Ratio Itk /x,) 05653
Sample size (I
] Period  Startin,
. gat  Hazard Rate Hazard Rate
No.of Eyents: | EOIpHER] = Time (Control)  (Treatment: Alt)

1] 0000 | o003 | o017 |

Allocation Ratio

@y,

Variance of Log Hazard Ratio
@ Null O Alternative

|l Duration

East enables us to
designandanalyze |-
studies where time-to-
event is the endpoint
of interest. In contrast
to studies involving
normal and binomial
endpoints, the
statistical power of a
time-to-failure study is
determined, not by the
number of subjects
accrued, but rather by
the number of events
observed. One usually
accrues a larger

number of patients

All the specifications you see in this dialog box are default values, which you will have to

modify for the study under consideration.

Now, let the Design Type be Superiority.

Design Type: erior
| [
i Noninferiority

Next, enter 6 in the Number of Looks box. You can see the range of choices for the number of
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looks is from 1 to 20.

Mumber of Looks:

|

im.p.mmn—t O

=000 -l

[

Immediately after this selection, you will see a new tab Boundary Info added to the input
dialog box. We will look into this tab, after you complete the filling of current tab Design
Parameters.

Next, choose 2-Sided in the Test Type box.

Test Type: 2-Sided hd
1-Sided

2-Sided (Asymmetric)

Next, enter 0.05 in the Type-1 Error () box, and 0.9 in the Power box.

Type | Error (o): 0.05
Fouer o

Next enter the specifications for survival parameters. Keep # of Hazard Pieces as 1. Click on
the check box against Hazard Ratio and choose Hazard Rates as the Input Method. Enter 0.83
as the Hazard Ratio and 0.38 as the Hazard Rate (Control). East computes and displays the
Hazard Rate (Treatment) as 0.3154. Keep the default choice of Null for Variance of Log-Hazard
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Ratio. Now the dialog box will look as shown below.

Hazard Rates v]

# of Hazard Pieces: Input Method:

bl Hazard Ratio (Optional) Alternative
(%) Hazard Ratia A
(O Log Hazard Ratio  In(x, /A ) -0.186

Hazard Rate

Period  Starting Hazard Rate
# Ab (Control) (Treatment: Alt.)
1 | oooo | 0am . Pl i

wariance of Log Hazard Ratio
& Mull 3 Alternative

Next click the tab Accrual/Dropout Info. Keep the specification ‘Until End of Study’ for
Subjects are followed. Enter 1.7 as Accrual Duration and 6 as Study Duration. Keep # of
Accrual Periods as 1. Change the # of Pieces for dropouts to 1. Choose 'Prob. of Dropout’ as
the Input Method for entering information on dropouts. Enter 0.05 as probability of dropout
at end of 1 year for both the groups. Now the dialog box will appear as shown below.

Subjects are followed: Until End of Study ~

Accrual Info
Accrual Duration

# of Accrual Periods

Piecewise Dropout Information

Input Method:  |Prab. of Dropout «

Period # By (Control)

1

Period #

cum. % 1| 1000 | 0.05 i

Prob. of Drapout  Prob. of Dropout
(Treatment)

6.05 |

at Accrued

100.000 |

1.700 |

Note: Period 1 hazard rates apply after time 1.

Now click on the Boundary Info tab. In the dialog box of this tab, you can specify stopping
boundaries for efficacy or futility or both. For this trial, let us consider only Efficacy boundaries
only. Choose 'Spending Functions’ as the Efficacy Boundary Family.

Boundary Family: |Spending Functions V|

nending Functions

aybittle Peto (p-valug)
Wang-Tsiatis
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Choose 'Lan-DeMets’ in the Spending Function box.

Spending Function: |Lan-DeMets hd

Rho Farmily
Gamma Famil

Lan-DeMets

Interpolated

Choose 'OF'" in the Parameter box.

Parameter:

Next, click the radio button near ‘Equal’ for Spacing of Looks.

Choose 'Z Scale' in the Efficacy Boundary Scale box.

Efficacy Boundary:

7 Scale

Score Scale

In{HR) Scale
HR Scale
p-value Scale

In the table below of look-wise details, the columns - Info Fraction, Cumulative Alpha Spent,
and the upper and lower efficacy boundaries are computed and displayed as shown here.
Scroll a little bit to see the sixth look details.

Infa. Cum. o Efficacy Eoundary
Look & ]

Fraction Spent Upper Lower
1 0.167 0.0000 5.3666 -5.3666
2 0.333 0.0002 3.7103 -3.7103
3 0,500 00031 2.89697 -2.9647
4 0667 0.01 21 2.5387 -2.5387
5 0.533 0.0282 2.2522 -2.2522

The two icons and represent buttons for Error Spending Function chart and
Stopping Boundaries chart respectively. Click these two buttons one by one to see the
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following charts.

w5l Error Spending Chart

i Modify... | Print... | Copy | Zoom | Savess.. |

Error Spending Function
0.05 k
0.04+
£ goa
=
o
&
@
< poz
b
0.014
o
T T T T T
0 02 04 06 0.8
Information Fraction

Info. Fraction

0.82132
Alpha

0.0268

85l Stopping Boundaries

i Modify.. | Print. | Copy | Zoom | Saveds

Stopping Boundaries
.
4.48 -
.
@
T 1 .
224 .
N
=
C
5
o
= 0
g
=
g
=
[=4
T -224- .
g .
z L.
.
-4.45
.
I I | |
0 02 0.4 06 0.8
Information Fraction

Info. Fraction

HNCP
To Reject HO

:
N

Boundary Scale
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10.2.3 Design Outputs

Now you have completed specifying all the inputs required for a group sequential trial design
and you are ready to compute the required events and sample size or accruals for the trial.
Click on the Compute button. After the computation is over, East will show in the Output
Preview pane the following results:

® Design No. of  Test specified R | e Spacing of Efficacy Sample Expected Expected Maximum Exp. Events Exp. Events
Type Looks  Type o } Looks Boundary  Size S5 (HO) SS(H1) Events (HO) H1)
h.|‘ DESW‘ Superiurily‘ 6| Z—Sldedl 0.05‘ 0.9‘ 1‘ Equal‘ LD (on‘ ]645‘ 1545.995‘ ]545.985‘ 1243‘ 1233.984|  903.595
Comm. Accr.  Exp.Accrual  Exp. Accrual HazardRatio  Study  Exp.Study  ExpSwdy oo No. of
(Dur) Duration (H0) Duration (H1) (Al Duration Duration (HO) Duration (H1) 9 Accrual Periods
| 17| 17| 17| 0.83 5 5.354| 3.725| Null| 1

This single row of output preview contains relevant details of all the inputs and the computed
results for events and accruals. The maximum required Events is computed as 1243 and the
Committed Accrual to be 1646 subjects. The expected Events under HO and H1 are estimated
to be 1234 and 904 respectively. The expected Study Duration under HO and H1 are 5.354 and
3.725 respectively.

. S . : il . .
Click anywhere in this Output Preview row and then click on icon to get a summary in
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the upper pane of the screen as shown below.

Des1
[Mnemonic SU-25-LRSD
Test Parameters
Design Type Superiority
Mo, of Looks 6
Test Type 2-sided
Specified o« 0.05
Pawier 0.9
Model Parameters
Hazard Ratio (Alt.) 0.832
Var (Lag HE) MNull
Allocation Ratio (nt/nc) 1
Boundary Parameters
Spacing of Looks Equal
Efficacy Boundary LD (OF)

Accrual & Dropout Parameters

Subjects are Followed

Until End of Study

Mo, of Accrual Periods

1

Mo, of Dropout Pieces

1

Sample Size

Maximum 1646
Expected Under HO 1645.996
Expected Under H1 1645.936

Events

Maximum 1243
Expected Under HO 1233.984
Expected Under H1 903.595

Study Duration

Maximum 3
Expected Under HO 5.354
Expected Under H1 3.725
Accrual Duration

Maximum 1.7
Expected Under HO 1.7
Expected Under H1 1.7

10.2.4 East icons explained
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In the 'Output Preview’ pane, you see the following icons in the upper row.

AIX A=K

7 Y=

The functions of the above icons are as indicated below. The tooltips also will indicate their

functions.
1 Output Summary(The output summary of selected design(s) will appear in the upper
pane)

Edit Design (The input dialog box of a selected design will appear in the upper pane)

Save in Workbook (Save one or more selected designs in a workbook)

Delete (Delete one or more selected designs)

Rename (Rename Design names)

E[p]¢ le

Iy
L

Print (Print selected designs)
Display Precision (Local Settings)

Filter (Filter and select designs according to specified conditions)

o =g | #

Show/Hide Columns (Show/Hide Columns of the designs in the Output Preview panel)
The following icons can be seen at the right end of Output Preview pane and Output Summary
or Input/Output window respectively. Their functions are:

= Maximize Output Preview Pane
Minimize Output Preview Pane
You may also notice a row of icons at the top of Output Summary window as shown below.

L_T:Jv H"'
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The first icon is for Plot (Plots of a selected design will appear in a pop-up window).

l

5

Stopping Boundaries
Error Spending
Expected Sample Size
Powervs, Sample Size

Power vs. Treatment Effect (B)

ARRNZSW

Sample Size f Events vs. Time

The second icon is for Show Tables (The data for different plots can be displayed in tabular
form in pop-up windows).

g

Stopping Boundaries
Error Spending
BExpected Sample Size
Powervs. Sample Size

Power vs. Treatment Effect (G)

RENZSW

Sample Size / Events vs. Time

If you have multiple designs in the output summary window, the third icon becomes active
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and can be used to move the order of those columns in the Output Summary.

[
Mowve Columns

ak.

Cancel

The fourth icon is to print the Output Summary window.

As an example, if you click Power vs. Sample Size under Plot icon, you will get the following

10.2 Group Seq. Design - 10.2.4 East icons explained
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chart.

Dest

o
X

i Modify.. | Print.. | Copy | Zoom | Saveps.. | |

Sample Size
Power vs. Sample Size - Desl 2020

Power

Ny
— || =

08+ Study Duration

06 Accrual Duration

0.4 [%

HARIS

Sample Size ¥

Fower

02

T T T
1,000 2,000 3,000 4,000
Sample Size

o]

If you want to see the data underlying the above chart, click Show Table icon and click Power

196 10.2 Group Seq. Design - 10.2.4 East icons explained



<<< Contents

Index >>>

qu:el East® 6.4

© Cytel Inc. Copyright 2017

vs. Sample Size. You will see the following table in a pop-up window.

-

Powervs. Sample Size =| X
Range for Sample Size
From Te Step Size
4 | [3034868 | [61.85 || Tabulate
Sample Size | Desl L’
4 0053
65.85 0.099
127.701 0,146
182,551 0,194 B
2517.401 0.243
313.252 0.291
375002 0,338
436.953 0,384
498,803 0.428
560,653 0.471
622,504 0511
654,354 0.55
746,204 0586
BO8.055 0,621 v

You can customize the format of the above table and also save it as case data in a workbook.
You may experiment with all the above icon / buttons to understand their functions.

10.2.5 Saving created Designs in the library and hard disk

In the Output Preview pane, select one or more design rows and click the

icon,

The selected design(s) will then get added as a node(s) in the current workbook, as shown

10.2 Group Seq. Design - 10.2.5 Saving created designs
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below.

QI -E-% 5 m$ M
X &K

= {-.\ Roat
B o Wbk

The above action only adds the design to the workbook node in the library and it is not saved
in the hard disk. For saving in the hard disk, you may either save the entire workbook or only
the design by right-clicking on the desired item and choosing save or save as options.

Here in the library also, you see rows of icons.

QU-T-%XS
m & X A B

Some of these icons you have already seen. The functions of other icons are:

% Output Settings (Output Settings can be changed here)

Details (Details of a selected design will appear on the upper pane in the work area)

5 Simulate (Start the simulation process for any selected design node)

Interim Monitoring (Start the Interim Monitoring process for any selected design)

10.2.6 Displaying Detailed Output
<«

Select the design from the Library and click the icon or Right-click on the Desl node in
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the library and click Details.

T . -
QUN-T-% —
m [ X A&

S
|

""" }“ IM  Interim Monitoring
Export to C5V
Edit Design

p 4
S Simulate
L

Details

11 Output Surmmary
ﬁ Output Settings
Mote
Delete

Rename

EE & X

Save As...
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You will see the detailed output of the design displayed in the Work area.

Design: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Study Duration

Test Parameters (=1Sample Size Information
Design ID Des2
Design Type Superiority c‘;’:ﬁ"' ‘ T'e:?r"“""‘ ‘ Total
Number of Looks 6
Test Type 2-Sided samieEzsl(o)
Specified a 0.05 822 524 1616
Power 0.9 Expected H1| 822.993 822.993 1645.986
Expected HO | 822.998 822.998 1645.996
Model Parameters
T Events (s)
e 643 600 1243
Under HO 1 Expected H1| 510541 457198 903.595
ndenki 0’83 Expected H | 61664 618.84 | 1233984
8 = In(HR) -0.186 Dropouts (d]
Var (Log HR) Null Maxi a7 % 188
Allocation Ratio (n/n) 1 Expected H1 | 64.004 70207 | 134211
Boundary Parameters Expected H0 83.39 83.39 166.781
Spacing of Locks | Equal Maximum (1):310.75
Efficacy Boundary | LD (OF)
(Bl potel el (SAccrual and Study Duration
Accrual Duration 17
Max Study Duration 6 Accrual Duration Study Duration
Dropout Yes 17 599
Expected H1 17 3725
Expected HO 17 5.354
(= Stopping Boundaries: Look by Look
Look & I"ﬁ?' Events C i EE e
¥ raction (s) a Efficacy Z
(s/s_max) Spent Upper Lower
1 0.167 207 7.926E-8 5.369 -5.369
2 0.333 414 2.057E4 3.712 -3.712
3 05 622 0.003 2968 -2.968
4 0.667 829 0.012 2538 2538
5 0.833 1036 0.028 2.252 -2.252
6 1 1243 0.05 2045 2.045
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East® 6.4

=Events, Sample Size, Dropouts, Pipeline and Analysis Times: Look by Look (Under HO)

Boundary Crossing Probability
Look (i Sample Events Dropouts Pipeline Analysis (Incremental)
# Fraction Size (n) (s) (d) (n-s-d) Time Efficacy
(s/s_max)

Upper Lower
1 0.167 1112 207 28 87T 1.148 3.963E-§ 3.963E-8
2 0.333 1628 414 56 1158 1.681 1.028E4 1.028E4
3 0.5 1646 622 84 940 2.201 0.001 0.001
4 0.667 1646 829 112 705 2.867 0.005 0.005
5 0833 1646 1036 140 470 3.807 0.008 0.008
3] 1 1646 1243 168 235 5413 0.011 0.011

©Events, Sample Size, Dropouts, Pipeline and Analysis Times: Look by Look (Under H1)
Boundary Crossing Probability
Look (7 Sample Events Dropouts Pipeline Analysis (Incremental)
# [ ELT Size (n) (s) (d) (n-s-d) Time Efficacy
(s/s_max)

Upper Lower
1 0.167 1160 207 31 922 1.198 9.783E-12 2_BOBE-5
2 0.333 1646 414 62 1170 1.753 1.026E-8 0.035
S 0.5 1646 622 92 932 2.326 5.886E-§ 0.226
4 0.667 1646 §29 123 694 3.067 7.835E-8 0.303
5 0.833 1646 1036 154 456 4.125 5.829E-§ 0.218
3 1 1646 1243 185 218 5.99 3.309E-8 0.119

@ Survival Information : Hazard Rates

#®Accrual Information

@®Dropout Information : %Prob. of Dropout

MNote: Period 1 hazard rates apply after time 1.

Variable Follow-Up Design: All subjects are followed
until failure, drop out or end of study.

10.2.7 Comparing Multiple Designs

Click on Desl row and then click Edit icon #*
pane. Change the Power value to 0.8 and then click Compute.

. You will get the input dialog box in the upper

10.2 Group Seq. Design - 10.2.7 Comparing Multiple Designs
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You will see now Des? is created and a row added to Output Preview pane as shown below.

- Design No.of  Test  Specified E - Spacing of Efficacy Sample Expected Expected Maximum Exp. Events Exp. Events
N
Type Looks  Type o e s Looks Boundary  Size 55 (HO) SS(H1)
A.|| Desl‘ Supeliori(y‘ 6| Z—Sided| 0.05| 0.9| I‘ Equal‘ LD (0F}| 1545\ 1545.995\ 1545.935|
An[DesZ; Supelinri(y‘ s| 2—Sided| n.ms| n.s| I‘ Equal‘ LD (0F)| 1233‘ 1232.997‘ 1232.995|

Click on Desl row and then keeping Ctrl key pressed, click on Des2 row. Now both the rows

will be selected. Next, click the Output Summary icon L

Now you will see the output details of these two designs displayed in the upper pane
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Compare Designs in juxtaposed columns, as shown below.

Desl Des2
Mnemonic SU-25-LRSD SU-25-LRSD
Test Parameters
Design Type Superiority Superiority
No. of Looks G 5]
Test Type 2-Sided 2-Sided
Specified o 0.05 0.05
Power 0.9 0.8
Model Parameters
Hazard Ratio (Alt.) 0.83 0.83
War (Log HR) MNull Null
Allocation Ratio (nt/nc) 1 1
Boundary Parameters
Spacing of Looks Equal Equal
Efficacy Boundary LD (OF) LD (OF)

Accrual & Dropout Parameters

Subjects are Followed

Unitil End of Study

Until End of Study

Mo. of Accrual Periods

1

MNo. of Dropout Pieces

1

Sample Size
Maximum 1646 1233
Expected Under HO 1645.996 1232.997
Expected Under H1 1645.986 1232.995
Events
Maximum 1243 931
Expected Under HO 1233.984 924,247
Expected Under H1 903.595 736.316
Study Duration
Maximum ] 5]
Expected Under HO 5.354 5.352
Expected Under H1 3.725 4.203
Accrual Duration
Maximum 1.7 1.7
Expected Under HO 1.7 1.7
Expected Under H1 1.7 1.7

In a similar way, East allows the user to easily create multiple designs by specifying a range of
values for certain parameters in the design window. For example, in a survival trial the Logrank
Test given Accrual Duration and Study Duration design allows the input of multiple key
parameters at once to simultaneously create a number of different designs. For example,
suppose in a multi-look study the user wants to generate designs for all combinations of the
following parameter values: Power = 0.8 and 0.9, and Hazard Ratio - Alternative = 0.6, 0.7,
0.8 and 0.9. The number of combinations is 2 x 4 = 8. East creates all permutations using only a
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single specification under the Design Parameters tab in the design window. As shown below,
the values for Power are entered as a list of comma separated values, while the alternative
hazard ratios are entered as a colon separated range of values, 0.6 to 0.9 in steps of 0.1.

Test Type 2-Sided ~| #of Hazard Pieces Input Method: |Hazard Rates -

b4 Hazard Ratio (Optional)

Type | Error (e): 0.05 Alternative
Power 08,08 O ® Hazard Ratio (LR 0.6:0.9:0.1|

) Log Hazard Ratio In(A, /A ) Computed
Sample Size (n):  |Computed e

® Period Startin,
g at Hazard Rate Hazard Rate
No. of Eyents [Somped # Time (Control) (Treatment: Alt.)
1| 0.000 | 0.38 | computed

Allocation Ratio

tn./n.)

Variance of Log Hazard Ratio
& Null O Alternative

East computes all 8 designs and displays them in the Output Preview window:

G Design No.of Test  Specified S [p— Spacing of  Efficacy Sample Expected Expected Maximum Exp. Events Exp. Events
Type Looks  Type ol Looks Boundary  Size S5 (HO) SS(H1) Events (HO) H1)

A|| Des3| Superiority 6| 2-Sided 0.05| 0.801 1 Equal LD (OF) 177| 176.998| 176.999 124 123.101 98.054
A|| Des4| Superiority 6| 2-Sided 0.05 0.8 1 Equal LD (OF) 349( 348.998| 348.999 254 252.158 200.903
)‘|| Des5| Superiority 6| 2-Sided 0.05 0.8 1 Equal LD (OF) 866( 865.997| 865.997 649 644.291 512.311
A|| Desb| Superiority 6| 2-Sided 0.05 0.8 1 Equal LD (OF) 3789| 3788.999| 3788.985 2910 2888.9 2301.893
Mgl Des7| Superiority 6| 2-Sided 0.03| 0.901 1 Equal LD (OF) 237( 236.997| 236.998 166 164.797 120.548
)‘|| Des8| Superiority 6| 2-Sided 0.05| 0.901 1 Equal LD (OF) 468( 467.997| 467.996 340 337.535 246.997
A|| Des9| Superiority 6| 2-Sided 0.05 0.9 1 Equal LD (OF) 1157| 1156.996| 1156.99 867 860.714 630.127
Mgl| Des10 | Superiority 6| 2-Sided 0.05 0.9 1 Equal LD (OF) 5063| 5062.998| 5062.957 3888 3859.809 2826.252

East provides the capability to analyze multiple designs in ways that make comparisons
between the designs visually simple and efficient. To illustrate this, a selection of a few of the
above designs can be viewed simultaneously in both the Output Summary section as well as
in the various tables and plots. The following is a subsection of the designs computed from
the above example with differing values for number of looks, power and hazard ratio. Designs
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are displayed side by side, allowing details to be easily compared:

Des3 Des5 Des7 Desl10
SU-25-LRSD SU-25-LRSD SU-25-LRSD SU-25-LRSD
Test
Design Type iority iority Superiori Superiori
No. of Looks 6 6 6 6
Test Type 2-Sided 2-Sided 2-Sided 2-Sided
specified ot 0.05 0.05 0.05 0.05
Power 0.801 0.8 0.901 0.9
Model
Hazard Ratio (Alt.) 0.6 0.8 0.6 0.9
Var (Log HR) Null Null Null Null
Allocation Ratio (nt/nc) 1 1 1 1
Y
Spacing of Looks Equal Equal Equal Equal
Efficacy Boundary LD (OF) LD (OF) LD (OF) LD (OF)
Accrual &
Subjects are Followed Until End of Study Until End of Study Until End of Study Until End of Study
No. of Accrual Periods 1 1 1 1
No. of Dropout Pieces 1 1 1 1
Sample Size
Maximum 177 866 237 5063
Expected Under HO 176.998 865.997 236.997 5062.998
Expected Under H1 176.999 865.997 236.998 5062.957
Events
Maximum 124 649 166 3888
Expected Under HO 123.101 644.291 164.797 3859.809
Expected Under H1 98.054 513.311 120.548 2826.252
Study Duration
Maximum 6 6 6 6
Expected Under HO 4.534 5.253 4.532 5.597
Expected Under H1 4.257 4.214 3.786 3.703
Accrual i
Maximum 1.7 1.7 1.7 1.7
Expected Under HO 1.7 1.7 1.7 1.7
Expected Under H1 1.7 1.7 1.7 1.7

In addition East allows multiple designs to be viewed simultaneously either graphically or in
tabular format: Notice that all the four designs in the Output Summary window are selected.
Following figures compare these four designs in different formats.
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Stopping Boundaries (table)

Des3
Boundaries Sample Size Analysis 1
Info. Cum. o
Look # i Events
Fraction Spent
Efficacy Boundary
Under HO Under H1 Under HO [E
Upper Lower
1 0.169 21 [v] 5.322 -5.322 116 130 1.113
2 0.331 41 [v] 3.727 -3.727 168 177 1.605
3 0.3 62 0.002 2.969 -2.969 177 177 2.077 —
4 0.669 83 0.012 2,532 -2.532 177 177 2.663
3 0.831 103 0.028 2.238 -2.258 177 177 3.400 -
0l m |
Des5
Boundaries Sample Size Analysis |
Info. Cum. o
Look # i Events
Fraction Spent
Efficacy Boundary
Under HO Under H1 Under HO [E
Upper Lower
1 n16R 108 n | san -5 271 sR3 A12 | 114z |

Expected Sample Size (table)
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Expected Events Vs Effect Size (in(5)

Range for Effect Size (In(5})

From To Step Size

-0.5108 0.5108 0.0209 Tabulate

Effect Size (In(8)) Des3 Des5 Des?7 Des10
-0.511 98.0543 |274.1463 120.548 |731.0397
-0.49 100.1039 1 283.6335 |123.7632 |772.5465
-0.469 102.1151 |293.964 |126.996 |824.7602
-0.448 104.0743 |305.2224 |130.2205 |886.0035
-0.427 105.9685 (217.5214 |133.4095 |952.9916
-0.407 107.7856 |331.0004 |136.5347 |1021.3545
-0.386 109.5148 |345.8192 |139.5681 |1086.5691
-0.365 111.1467 |362.1425 |142.4828 |1145.0984
-0.344 112.6736 | 380.1161 |145.2542 |1195.5042
-0.323 114.09 399.8297 147.8607 |1239.3112
-0.302 115.3919 |421.2725 |150.2848 |1281.3259
-0.281 116.5778 |444.2846 |152.5131 |1328.9859
-0.261 117.6478 468.5196 |154.5372 |1390.5158
-0.24 118.6039 |493.4314 |156.3533 |1472.5567
-0.219 119.4494 |518.2999 |157.9623 |1578.9906
-0.198 120.1892 |542.2995 |159.3689 [1712.4001
-0.177 120.829 | 564.602 |160.5817 |1877.5152
-0.156 121.375 |584.4919 |161.6116 |2084.006
-0.136 121.834 |601.4662 |162.4716 |2345.0551
-0.115 122.2126 |615.2911 [163.1753 |2666.859]
-0.094 122.5171 626.0035 |163.7364 |3028.8096
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Power vs. Sample Size (plot)

Power vs. Sample Size / Co
Settings. Brint Coy Zoom | Save As
gtngs. 1 5 =4 = Hide Read-offs » |
Power Vs. No. of Events
No. of Events
1 oo
— pos o)
/ Power
0.8 / Series Y Readings
Des3 [0.973
Dess | 0.467
. D64 Des7 |0.873
2 Des10 |0.145
(=]
o
0.4
[ Input
No. of Events -
o
T T T T T
0 2,000 4,000 5,000 5,000
MNo. of Events
— Des3 [y|— DesS [/ — Des7 [v|— Desid ]

Sample Size / Events vs. Time (plot)

T pl
Set Prrt.. | Copy | Zoom | Save As
ettings Pri Copy | Zoom ave A Hide Read-offs »
Sample Size / Events vs. Time Time
3

2 5,000 Sample Size | Events
T 4,000 Series YF «
ﬂ Des3Events (Cont) |46 =
u 3,000 Des3Events (Treat) 32
@ 2,000 Des3.Total Events 7
2 Des3:Sample Size | 177
% 1,000 DesSEvents (Cont) |227 _
B o T D

Sample Size

—— Des3:Events (Cont.)
—— Des3:Total Events

- Des5:Events (Cont.)
DesS:Total Events
Des7:Events (Cant.)
Des7:Total Events
Des10:Events (Cont.)
== Desl0:Total Events

[¢|] —— Des3:Events (Treat.)
[¢| —— Des3:Sample Size

== Des5:Events (Treat.)
Des5:5ample Size
Des7:Events (Treat.)
Des7:Sample Size
Desi0:Events (Treat.)
== Desi:Sample Size
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This capability allows the user to explore a greater space of possibilities when determining the
best choice of study design.

10.2.8 Events vs. Time plot

For survival studies, East provides a variety of charts and plots to visually validate and analyze
the design. For example, the Sample Size / Events vs. Time plot allows the user to see the
rate of increase in the number of events (control and treatment) over time (accrual duration,
study duration). An additional feature of this particular chart is that a user can easily update
key input parameters to determine how multiple different scenarios can directly impact a
study. This provides significant benefits during the design phase, as the user can quickly
examine how a variety of input values affect a study before the potentially lengthy task of
simulation is employed.

To illustrate this feature what follows is the example from the RALES study. For study details,
refer to subsection Background Information on the study of this tutorial.

Currently there are ten designs in the Output Preview area. Select Desl from them and save it
to the current workbook. You may delete the remaining ones at this point.

To view the Sample Size / Events vs. Time plot, select the corresponding node in the Library
and under the Charts icon choose Sample Size / Events vs. Time:
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QUNSE-XS

m % 2 stopping Boundaries
J Error Spending
=Y | Expected Sample Size vs. Treatment Effect (5)
é | Powervs. Sample Size
J; Power vs, Treatment Effect (8)
1= Sample Size / Events vs, Time
-
E Sample Size / Events vs, Time2 o = X
Settings... | Print... | Copy = Zoom @ Save As.. Hide Read-offs »

Sample Size / Events vs. Time - Des] Time

I

1,680

Events (Control}
431.672

1,344
Events (Treat.)
380.776

1,008
Total Events
672 812.447

/ W sample Size

336
1646

Sample Size / Events

Madify...

Time X-Range...

=—— Events (Cont.) =— Events (Treat.) = Total Events I Save in Workbaook

— Sample Size

=)
|

Survival parameters for this design can be edited directly through this chart by clicking the
Modify button. The Modify Survival Design window is then displayed for the user to update

210 10.2 Group Seq. Design - 10.2.8 Events vs. Time plot



<<< Contents *% Index >>>

CI.lt6| East® 6.4

© Cytel Inc. Copyright 2017

design parameters:

Modify Survivl Desig

Survival Info

# of Hazard Pieces

Input Method:

C—

Piece

Starting At

Hazard Rates
Hazard Ratio
Treatment

0.315 |

Control

0.000 l 0.380 | 0.830 |

o

To illustrate the benefit of the modification feature, suppose at design time there is potential
flexibility in the accrual and duration times for the study. To see how this may affect the
number of subsequent events, modify the design to change the Accrual Duration to 3 and
Study Duration to 4. Re-create the plot to view the effect of these new values on the shape
and magnitude of the curves by clicking OK:

Settings

E Sample Size / Events vs, Time2

Print Copy Zoom  Save As

x

- =

L

Hide Read-offs *»

Sample Size / Events

Sample Size [/ Events vs. Time - Desl

1,680~

1,344

1,008

672 —

336

1) 1 2 3
Time
—— Events (Cont.) == Events (Treat.) = Total Events

—— Sample Size

Time
3.977

Events (Control}
458.215

Events (Treat.}

407.832

Total Events
866.047

¥l Sample Size

1646

Save in Workbook

10.2 Group Seq. Design - 10.2.8 Events vs. Time plot

211



<<< Contents *% Index >>>

Chapter 10: Tutorial: Survival Endpoint

Similar steps can be taken to observe the effect of changing other parameter values on the
number of events necessary to adequately power a study.
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10.2.9 Simulation

In the library, right-click on the node Des1 and click Simulate. You will be presented with the

following Simulation sheet.

Simulation: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Study Duration

Number of Looks: [&

Trial Type superiority

Test Type 2-sided Test Statistic
Max. # of Events 1243

Fix at Each Look: Total Mo, of Events  ~

1

Look #  Info. Fraction

Curm. & Spert Efficacy Z

Upper

Lawer
0.167 0.000 0.000 5.369 -5.369 E
0.333 0.000 0.000 3712 -3.712

Lowwer Upper

0.500 0.002 0.002 2.968 -2.968 4

3
)
5

0.667 0,006 0.006 2.538 -2.538

0.833 0014 0.014 2.252 -2.252 -

Restare Criginal Design

This sheet has four tabs - Simulation Parameters, Response Generation Info, Accrual/Dropout
Info, and Simulation Control Info. Additionally, you can click Include Options and add some
more tabs like Randomization Info or Stratification Info tab and so on. The first three tabs
essentially contain the details of the parameters of the design. In the Simulation Control Info
tab, you can specify the number of simulations to carry out and specify the file for storing
simulation data. Let us first carry out 1000 simulations to check whether the design can reach
the specified power of 90%. The Response Generation Info tab, by default, shows the hazard
rates for control and treatment. We will use these values in our simulation.

Survival Information

# of Hazard Pieces Input Method: |Hazard Rates -
[ Hazard Ratio
. i Hazard Rates )
Piece Starting At Hazard Ratio
Control Treatment
1| 0.000 | 0.380 | 0.315 | 0.83 |

10.2 Group Seq. Design - 10.2.9 Simulation
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In the Simulation Control tab, specify the number of simulations as 1000.

Number of Simulations: 1000]

Refresh Frequency: 100

Random Number Seed

® Clock

(O Fixed 100)|

0O Suppress All Intermediate Output

[ pause after Refresh

bl Stop At End

Qutput Options

Output Type:

[ Save summary statistics for every simulation run

[ Save subject-level data for simulation runs

Note: Max. 100,000 records will be saved.

Let us keep the values in other tabs as they are and click Simulate. The progress of simulation
process will appear in a temporary window as shown below.

Simulating design

Latest # # # Total Total -
Look Lok Average i T S i
+  position HO* HO-  HI+  HI- Simul " Rejecting . Rejecting.. Unable.. Simulati Simulati. .

TestS... Up(HO+)  Low(HO-) Reject..  Count %
1 207 | 5.369 |-5.369 -1.251 207 [ 0 ] [ [ =
2 414 3712 [-3.712 -2.383 414 0 36 [ 36 36
3 622 | 2.968 |-2.968 -2.078 622 0 217 [] 217 21.7
4 828 | 2.538 |-2.538 -1.798 829 0 292 0 292 292
5 | 1036 | 2252 |-2.252 -2.443 1036 0 240 0 240 24

Total | 907.831 900 100 1000 100

% 0 90 10

Stopping Boundaries

Rej. HO and Unable to Rej. HO

‘\‘\m
A

1.000

Stopping Boundary
hhboonoem

] 500
Events

&
16
37
Fss Number of Trials Completed = 1000
7
N Simulation Seed = 11104460
1 z # M £ & 7 | Elapsed Time = 00:00:06

Look 2

W Rej HO (Upper)
nable to Reject HO
ej HO (Lower)

Close

This is the intermediate window showing the complete picture of simulations. Close this
window after viewing it. You can see the complete simulation output in the details view. A new
row, with the ID as Sim1, will be added in Output Preview.

o Desion  No.of Test specified o Spacing of Efficacy  Sample Expected Expected Maximum Exp. Events Exp. Events
Type  Looks Type o Looks Boundary Size  SS(HO)  SS(H)  Evems (HO) (H1)
.i Desll Supermmy‘ 5‘ Z—Slded‘ n.us‘ u.§| 1‘ Equal‘ LD (Dn| 1546‘ 1545.995‘ 1545.955‘ 1243‘ 1233.934‘ 903.595
)..|‘ 5|m|| Supellmlty‘ 5‘ Z—Slded‘ 0.9| ‘ User Spe(lﬁed‘ User Speclfiedl 1546‘ 1243‘

Click on Sim1 row and click the Output Summary icon 2

. You will see Simulation Output

214
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summary appearing in the upper pane. It shows that the simulated power as 0.90, indicating
that in 900 out of 1000 simulations the boundary was crossed.

Wbk1:Des1:5im1

Mnemonic SU-25-LRSD
Test Parameters
Design Type Superiority
Test Type 2-Sided
Test Statistic Logrank
Power 0.9
Mo. of Looks (5

Model Parameters

Mo. of Hazard Pieces

Boundary Parameters

Efficacy Boundary

User Specified

Spacing of Looks

User Specified

Accrual & Dropout Parameters

Followup Duration

Until End of Study

Mo. of Accrual Periods

Sample Size
Maximum 1646
Events
Maximum 1243
Simulation Results (Overall)
Average Study Duration 3.741
Average Sample Size 1645.957
Average Events 907.831

You can save Sim1 as a node in the workbook. If you right-click on this node and then click
Details, you will see the complete details of simulation appearing in the work area. Here is a

10.2 Group Seq. Design - 10.2.9 Simulation
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part of it.

Simulation: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Study Duration

Simulation Parameters (=Average Sample Size, Dropouts and Look Times
D Sim1
Design Type 5 ook Average Average Events Average Dropouts Average Average
Number of Looks 3 Sample Size Control Treatment Control Treatment Look Time Follow up
Test Type 2Sided 1 1161.186 112.317 94.683 15.162 15,501 1.199 0.514
Sample Size (1) 1626 2 1644.098 223105 190.895 30.077 31.235 1755 0.727
Total No 3 1646 332 652 289448 45083 47.01 2326 109
R ook of Events 4 1646 436.799 392.201 59.967 63.001 3.069 1454
Test Statistic Logrank 5 1648 538 154 497 846 75235 788 4.129 182
Average Events 907.831 6 1648 636.921 606.079 90102 94 479 5.981 2182
Total Accrual Duration 1.7 Average 1645 967 480572 427259 65096 69339 3T 1.593
Avg Power at Te 09
Simulation Control Parameters ies and y Crossing Pr
Starting Seed Clock
Humber of [ 1000 B.:E.:;.::;es — Total
Look # Events.
Upper Lower Elljﬁ‘::'::ec'y Elﬁiy::':::'y Count %

1 207 5.369 -5.369 0 0 0 0.000%

2 414 3.712 -3.712 0 36 36 3.600%

3 622 2 968 -2 968 0 27 217 121.700%

4 829 2538 -2.638 0 292 292 29.200%

5 1036 2252 -2.252 0 240 240 |24 000%

6 1243 2045 -2.045 0 115 215 121.500%

Total 0 900 1000
% 0.000% 90.000%

10.2.10 Interim Monitoring

Click Des1 node under workbook wbk1 and click the IM icon. Alternatively, you can
right-click the Desl node and select the item Interim Monitoring. In either case, you will see
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the IM dashboard appearing as shown below.

EnterInterim Data X €2 (7 11 0 S -[rre|[cs] Interim Moritoring: Des1
Look Information Cumulative — Test 8 Standard Efficacy 95% RCI for & Repeated - Predictive
#  Fraction  Events  Statistic Eor  upper  Lower  Upper Lower  p-value Power
1
2
3
4
5
6

Effect Size under H1-6 = In(\, / X ) = -0.186
elect the Look # 1 row for which data entry is desired and click the "Enter Interim Data” button on the toolbar.
Stopping Boundaries ] Efficacy  Efficacy Conditional Power £,
upper  Lower size

1
-0.188 | 0.905
0s

-0.169 | 0.834

Events cp

—0.145 | 0.714
-0.122 | 0.563
-0.099 | 0.403
-0.076 | 0.258
-0.052 | 0.148
-0.020 | 0.079
-0.006 | 0.051
0.002 0.05

Error Spending Function (Y] Info. Confidence Intervals Info. RCl RCl  NaiveCl NaiveCl
Fraction Fraction ~Upper  Lower  Upper  Lower

| | | | ]

In the top row, you see a few icons. For now, we will discuss only the first icon Enterinterim pata
which represents Test Statistic Calculator. Using this calculator, you will enter the details of
interim look data analysis results into the IM dashboard.

Suppose we have the following data used by the Data Monitoring Committee during the first 5
looks of interim monitoring.

Date | Total Deaths 5 SE(J) | Z-Statistic
Aug 96 125 -0.283 | 0.179 -1.581
Mar 97 299 -0.195 | 0.116 -1.681
Aug 97 423 -0.248 | 0.097 -2.557
Mar 98 545 -0.259 | 0.086 -3.012
Aug 98 670 -0.290 | 0.077 -3.766

The first look was taken at 125 events and the analysis of the data showed the value of 6=
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-0.283 and SE(6)=0.179. First, click the blank row in the IM Dashboard and then click the
EnernterimData jcon. Now you can enter the first analysis results into the TS calculator and click

Recalc. The Test Statistic value will be computed and the TS calculator will appear as shown
below.

(==t Statiztic Calculat

Editing Look #1

[ Set Current Look as Last

Cumulative Events:

Input for Survival end point

Estimate of &: | —0.283|
5=In(, /A,)

Standard Error of Estimate of &: | 0.1?9|

Qutput

Test Statistic: -1.581|

l OK l l Cancel l

Now click on the button 'OK’ to get the first look details into IM Dashboard. The following
message will appear that some required computations are being carried out.

Computing Lock Information

Processing ...

After the computations are over, the output for the first look will appear in the IM Dashboard
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as shown below.

Look Information | Cumulative | Test Standard Efficacy 95% RCI for & Repeated - Predictive
# Fraction Events Statistic Error Upper Lower Upper Lower p-value Power
1 0.101 125 -1.581 -0.283 0.179 6.971 -6.971 0.965 -1.531 1 0.999 0.853
2
g
)
5
6

For the first look at total number of events, 125, the Information Fraction works out to be
0.101. The efficacy boundaries for this information fraction are newly computed. The Repeated
95% Confidence Interval limits and Repeated p-value are computed and displayed. You may
also see that the charts at the bottom of the IM Dashboard have been updated with relevant
details appearing on the side.

Effect Size under H1:6 = In(A, / A,) = =0.186

Select the Look # 2 row for which data entry is desired and click the "Enter Interim Data" button on the toolbar.

Stopping Boundaries Efficacy  Efficac Conditional Power Eff.
Events i/ J &y cp
- Upper  Lower . size
6 125 6971 | -6.971 -0.285 | 0.999
B os -0.256 | 0.996
-0.22 | 0.982
2 06 -0.185 | 0.936
o -015 | 0826
2 o4 —0115 | 0.64
-0.079 | 0412
- 02
-0.044 | 0213
N . -0.009 | 0.088
- 0.003 | 0.064
G 500 Tom 15 03 02 OxY 0
Error Spending Function Y info. Confidence Intervals EY info. RCI RCI  NaiveCl NaiveCl
Fraction Fraction  Upper  Lower  Upper  Lower
005
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In a similar way, enter the interim analysis results for the next 3 looks in the IM Dashboard.
Now the IM Dashboard will look like this:

Look Information Cumulative  Test standard Efficacy 95% RCI for & Repeat ... o= Predictive
# Fraction Events Statistic Error Upper Lower Upper Lower p-value Power
1 0.101 125 -1.581 -0.283 0.179 6.971 -6.971 0.985 -1.531 1 0.999 {77 [N
2 0.241 299 -1.681 —0.195 0.116 4.423 -4.423 0.318 -0.708 0.66 0.95 0.795
3 0.24 423 -2.557 -0.248 0.097 3.672 -3.672 0.108 -0.604 0.212 0.999 0.982
4 0.438 545 -3.012 -0.259 0.086 3.206 -3.206 0.017 -0.535 0.089 1 0.993
5
6

Now again click on the fifth row in IM Dashboard, enter the fifth look results into the Test
Statistic Calculator and click OK. This time, the boundary is crossed. A message window

10.2 Group Seq. Design - 10.2.10 Interim Monitoring

219



<<< Contents *% Index >>>

Chapter 10: Tutorial: Survival Endpoint

appears as shown below.

Since the value of Test Statistic is <=the critical point for efficacy,
HO is rejected.

Although boundary has been crossed, East gives you choice either
to stop the study or to continue entering further looks.
Flease make your decision.

Stop stop the study and bar furtther looks input

allow the study to continue

Click Stop and you will see the details of all the looks in the IM Dashboard as shown below.

Look Information Cumulative  Test 3 standard Efficacy 95% RCI for & Repeated o Predictive
# Fraction Events Statistic Error Upper Lower Upper Lower p-value Power
1 0.101 125 -1.581 -0.283 0.179 6.971 -6.971 0.965 -1.531 1 0.999 0.853
2 0.241 299 1.681 0.195 0.116 4.423 -4.423 0.708 -0.318 0.66 0.95 0.795
3 0.34 423 -2.557 -0.248 0.097 3.672 -3.672 0.108 -0.004 0.212 0.999 0.962
4 0.438 545 -3.012 -0.259 0.086 3.206 -3.206 0.017 -0.535 0.069 1 0.993
5 0.539 670 -3.766 -0.29 0.077 2.872 -2.872 -0.069 -0.511 0.008 NA NA

The final Adjusted Inference output also appears as displayed below.
Final Inference
Final Qutputs at Look # 5
Adj. p-value 0.001
Adj. Pt. Est. for & -0.266
Adj. 95% Cl for &
Upper Confidence Bound -0.104
Lower Confidence Bound -0.424
Post-Hoc Power

One important point to note here is that this study got over almost about 2 years ahead of
planned schedule, because of the very favorable interim analysis results.

This completes the Interim Monitoring exercise in this trial.

10.3 User Defined R Function
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East allows you to customize simulations by inserting user-defined R functions for one or more
of the following tasks: generate response, compute test statistic, randomize subjects, generate
arrival times, and generate dropout information. The R functionality for arrivals and dropouts
will be available only if you have entered such information at the design stage. Although the R
functions are also available for all normal and binomial endpoints, we will illustrate this
functionality for a time-to-event endpoint. Specifically, we will use an R function to generate
Weibull survival responses.

Start East afresh. On the Design tab, click Survival: Two Samples and then Logrank Test
Given Accrual Duration and Study Duration.

ML A
Two Other
Samples
| Parallel Design

Logrank Test Given Accrual Duration and Accrual Rates [SU-25-LRAR]

Compute number of events or power for logrank test for hazard ratio

Logrank Test Given Accrual Duration and Study Duration [SU-25-LRSD]
Compute number of events or power for logrank test for hazard ratio

Choose the design parameters as shown below. In particular, select a one sided test with
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type-1 error of v = 0.025.

Design: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Study Duration
Design Type: MNumber of Looks:
ATTII

Test Type: 1-Sided - | #of Hazard Pieces: Input Method: |Hazard Rates -
Type I Error (o0 0.025 [ Hazard Ratio (Optional) Alternative
Power- o © Hazard Ratio )

) Log Hazard Ratio  In(x /X _) -0.693|
Sample Size () [Computed e

© Period  Startin,
. g Hazard Rate Hazard Rate
No. of Eyents: ool ed # 14 (Control) (Treatment: Alt.)
1 | 0.0 | 0.035 | 0.017 |

Allocation Ratio:

(n,/n.)

Variance of Log Hazard Ratio
@ Null O Alternative

Click Compute and save this design (Desl) to the Library. Right-click Desl in the Library and
click Simulate. In the Simulation Control Info tab, check the box for Suppress All
Intermediate Input. Type 10000 for Number of Simulations and select Clock for
Random Number Seed.

[y

Simulation Control Info
Qutput Options

Number of Simulations: 10000 Output Type:
Refresh Frequency: 1000 [ Save summary statistics for every simulation run

Random Number Seed

O save subject-level darta for simulation runs
® Clock

Mote: Max. 100,000 records will be saved.
O Fixed 100

kA Suppress All Intermediate Output

In the top right-hand corner for the input window, click Include Options, and then click User
Defined R Function.

Include Options

Site Info

Randomization Info

User Defined R Function |

Stratification Info
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Go to the User Defined R Function tab. For now, leave the box Initialize R simulation
(optional) unchecked. This optional task can be used to load required libraries, set seeds for
simulations, and initialize global variables.

Select the row for Generate Response, click Browse..., and navigate to the folder containing
your R file. Select the file and click Open. The path should now be displayed under File Name.

[ 1 [ userefned R Functon [

Tasks File Name Fun|
Generate Response C:\Program Files (x86)\Cytel\Cytel Architect\East 6.2\R Samples\SurvivalWeibull.r
Compute Test Sta...
Randomize Subje...

Generate Arrival...

< m ] *

O Initialize R Simulation (Optional) [Brcwse...] I View I [ Clear ]

Click View to open a notepad application to view your R file. In this example, we are
generating survival responses for both control and treatment arms from a Weibull with shape
parameter = 2 (i.e. exponential), with the same hazard rate in both arms. This sample file is
available in the folder named R Samples under installation directory of East 6.

File Edit Format View Help
Genweibull =- function{NumSub, Numarm, TreatmentID, survMethod, Numprd, pPrdTime, survParam)
{

Time =- c()

null.rate <- survParam[1,1]
for{m in 1:Numsub)

t j <- TreatmentID[m]

time[m] <- rweibull(n=1, shape=2, scale=1 / null.rate)

return(list(SurvivalTime = as.double(time), Errorcode = as.integer(0)) )

Copy the function name (in this case GenWeibull) and paste it into the cell for Function Name.
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Save and close the R file, and click Simulate.

Tasks File Name Function Name
Generate Response| C:\Program Files (x86)\Cytel\Cytel A.. Genweibull
Compute Test Sta. .

Randomize Subje. .

Generate Arrival...

Return to the tab for User Defined R Function, select the Generate Response row, and click
View. In the R function, change the shape parameter = 1, to generate responses from a
Weibull distribution with increasing hazards. Save and close the R file, and click Simulate. You

may have to save this file on some other location.

| SurvivalWeibull.r - Notepa

File Edit Format View Help
lcenweibull <- function{Numsub, Numarm, TreatmentID, SurwvMethod, NumPrd, PrdTime, SurvParam)

time =- )
null.rate <=- survParam[1,1]
for{m in 1:Numsub)

j <- TreatmentID[m]
Time[m] =- rweibull(n=1l, shape=1l, scale=1 / null.rate)
time[m] <- rweibull(n=1l, shape=1, scale=l1 / survParam[1, j+1])

return(list(survivalTime = as.double(time), Errorcode = as.integer(0)) J

Select both simulations (Sim1 and Sim2) from the Output Preview, and on the toolbar, click
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to display in the Output Summary.

S5im1 Sim2
Mnemaonic SU-25-LR5D SU-25-LRSD
Test Parameters
Design Type Superiority Superiority
Test Type 1-Sided 1-Sided
Test Statistic Logrank Logrank
Power 0.026 0.027
No. of Looks 1 1

Model Parameters

No. of Hazard Pieces

Accrual & Dropout Parameters

Followup Duration

Until End of Study

Until End of Study

Mo. of Accrual Periods

Sample Size
Maximum 182 182
Events
Maximum 88 88
Simulation Results (Overall)
Average Study Duration 34.637 30.681
Average Sample Size 182 182
Average Events 88 88

Notice that the type-1 error appears to be controlled in both cases. When we simulated from
the exponential (Sim2), the average study duration (30.7 months) was close to what was
calculated at Desl for the expected study duration under the null. However, when we
simulated from the Weibull with decreasing hazards (Sim1), the average study duration

increased to 34.6 months.

The ability to use custom R functions for many simulation tasks allows considerable flexibility
in performing sensitivity analyses and assessment of key operating characteristics.

10.3 User Defined R Function
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1 1 Superiority Trials with Variable
Follow-Up

This chapter will illustrate through a worked example how to design, monitor and simulate a
two-sample superiority trial with a time-to-event trial endpoint. Each subject who has not
dropped out or experienced the event is followed until the trial ends. This implies that a subject
who is enrolled earlier could potentially be followed for a longer time than a subject who is
enrolled later on in the trial. In East we refer to such designs as variable follow-up designs.

The RALES trial (Pitt et al., 1999) was a double blind study of aldosterone-receptor blocker
spironolactone at a daily dose of 25 mg in combination with standard doses of an ACE
inhibitor (treatment arm) versus standard therapy of an ACE inhibitor (control arm) in patients
who had severe heart failure as a result of systolic left ventricular dysfunction. The primary
endpoint was death from any cause. Six equally-spaced looks at the data using the
Lan-DeMets-O’Brien-Fleming spending function were planned. The trial was designed to
detect a hazard ratio of 0.83 with 90% power at a two-sided 0.05 level of significance. The
hazard rate of the control arm was estimated to be 0.38/year. The trial was expected to enroll
960 patients/year.

We begin by using East to design RALES under these basic assumptions. Open East, click
Design tab and then Two Samples button in Survival group. You will see the following
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screen.
A
| NS
Two Other
Samples
Parallel Design

Logrank Test Given Accrual Duration and Accrual Rates [SU-25-LRAH]
Compute number of events or power for logrank test for hazard ratio

Logrank Test Given Accrual Duration and Study Duration [SU-25-1LRSD]
Compute number of events or power for logrank test for hazard ratio

Note that there are two choices available in the above list; Logrank Test Given Accrual
Duration and Accrual Rates and Logrank Test Given Accrual Duration and Study
Duration. The option Logrank Test Given Accrual Duration and Study Duration is
explained later in Chapter 13. Now click Logrank Test Given Accrual Duration and Accrual
Rates and you will get the following input dialog box.

Design: Survival Endpaoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Accrual Rates

Test Type

Type | Error (o)
Power:

No. of Events:

Allocation Ratio
(n,/n.)

1-Sided -

(Computed

o
o
I~
= [}

# of Hazard Pieces

[0 Hazard Ratio (Optional)
) Hazard Ratio /A

) Log Hazard Ratio  In(x, /A )

Input Method: |Hazard Rates -

Alternative

Hazard Rate
(Contral)

0.035 |

Period  Starting
# At

1| 0000 |

Hazard Rate
(Treatment: Alt.)
0.017 |

Variance of Log Hazard Ratio
@ Null ) Alternative

In the above dialog box, enter 6 for Number of Looks and keep the default choices of Design
Type: Superiority, Test Type: 2-Sided, Type I Error («): 0.05, Power: 0.9, and the

Allocation Ratio: 1.

228
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Further, keep the default choices of # of Hazard Pieces as 1 and the Input Method: as
Hazard Rates. Click the check box against Hazard Ratio and enter the Hazard Ratio as
0.83. Enter Hazard Rate (Control) as 0. 38. You will see the Hazard Rate (Treatment:Alt)
computed as 0.3154. Also, keep the Variance of Log Hazard Ratio to be used as under
Null. Now the Design Parameters tab of the input dialog will appear as shown below.

] |

Test Type: 2-Sided ~| # of Hazard Pieces: Input Method: |Hazard Rates -
Type | Error (@) IE [ Hagard Ratio (Optional) Alternative
Powear: @} Hazard Ratio &AL
No. of Events: Computed  Log Hazard Ratio  Infh, /A ) -0.186
Allocation Ratio: Period  Starting Hazard Rate Hazard Rate
(n./n.) # At (Control) (Treatment: Alt.)
oM
1 | oooo | 0.38 E 0.315 i

Variance of Log Hazard Ratio
© Null O Alternatiye

Now click on the tab Boundary Info. You will see the following input dialog box.

Efficacy Futility

Boundary Family: Spending Functions - Boundary Family:
Spending Function:
Parameter:

Type | Error {o): 0.05
Spacing of Looks .
pacne Ot Oungu ey oy
Info. cum. o Efficacy Boundary il
Look # )
Fraction Spent Upper Lower
1 0.167 0.000 5.367 -5.367 =
2 0.333 0.000 3.710 -3.710
3 0.500 0.003 2.970 -2.970
4 0.667 0.012 220 -2.539
5 0.833 0.028 2.252 -2.252 =

Keep all the default specifications for the boundaries to be used in the design. You can look at
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the Error Spending Chart by clicking on the icon

Hide Read-offs  » |

Settings... | Prnt... | Copy | Zoom | Save fs..

Error Spending Function Info. Fraction

Alpha

[ 1

Type | Error (o)

T T
0.4 0.6
Information Fraction
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If you click on the boundary chart icon , you will see the boundary chart as displayed below.

mere =

Settings... | Prnt... | Copy | Zoom | Save fs.. Hide Read-offs »|

Stopping Boundaries
Info. Fraction

Boundary
To Reject HO
+

Boundary Scale

Stopping Boundary : Z Scale

T T T T T
0.1867 0.3333 0.5 0.6667 0.8333
Information Fraction

Now click Accrual/Dropout Info tab. Keep the default choice Until End of Study for the
input Subjects are followed:. Keep the # of Accrual Periods as 1 and enter 960/year as the
accrual rate. For this example, assume no dropouts. The dialog box will look as shown below.

r I Accrual/Dropout Info
Subjects are followed: Until End of Study -

Accrual Info Piecewise Dropout Information
# of Accrual Periods: # of Pieces: Input Method: Hazard Rates -

P d # Starting At A | Rats

erio =LY » ccrua ...a....E a Period # Starting At Hazard Rate Hazard Rate

1 | 0.000 UERGI00T (Control) (Treatment)
Accrual
Min. Comrd. Sugg. Max.

) Duration: | 1.295| \ 2.253\ \ 3.241\
@ subjects: | 1243 | 2177] | 3111

Under Accrual tab and in column titled Comtd. (commited) , you see two radio buttons
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Durations and Subjects with the latter selected by default. The selected item will appear as
the x-axis item in the Study Duration vs. Accrual chart, which you can get by clicking on the
icon displayed on the side. Against Durations and Subjects you see two rows of three cells
each. The first and third cells will show the min and max values for the row item and the
middle cell, mid value between min and max values.

From the results displayed, you see that any sample size in the range 1243 to 3111 will suffice
to attain the desired 90% power and selects 2177, the mid-point of the allowable range, as the
default sample size. Depending on the needs of the study, you may wish to use a different
sample size within the allowable range. The choice of sample size generally depends on how
long you wish the study to last. The larger you make the patient accrual the shorter will be the
total study duration, consisting of accrual time plus follow up time. To understand the essence

of this trade-off, bring up the Study Duration vs. Accrual chart by clicking on the icon L
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fotudy Durtor e . o o= e |

Seftings... | Prnt... | Copy | Zoom | Save As.. Hide Read-offs »|

Study Duration vs. Accrual Accrual Duration

1.7245

Accrual Subjects
1655

X-axis Shows
) Accrual Duration

{#) Subjects Accrued

Study Duration
Max

5.0326

Under HO

Stucy Duration

T T T
1,000 2,000 3,000 Under H1
Subjects Accrued 3.3894

[ Maximum Under HL ||

Based on this chart, a sample size of 1660 subjects is selected. Enter 1660 for Committed
Accrual (subjects). Click on Compute and see the results in the new plan created under
Output Preview. This sample size ensures that the maximum study duration will be slightly
more than 4.9 years. Additionally, under the alternative hypothesis, the expected study
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duration will be only about 3.3 years.

Des1
Mnemaonic 5U-25-LRAR
Test Parameters
Design Type Superiority
Mo. of Looks 6
Test Type 2-Sided
Specified o 0.05
FPower 0.9
Model Parameters
Hazard Ratio (Alt.) 0.83
Var (Log HR) Mull
Allocation Ratio (nt/nc) 1
Boundary Parameters
Spacing of Looks Equal
Efficacy Boundary LD (OF)
Accrual & Dropout Parameters
Accrual Rate 960

Subjects are Followed

Until End of Study

No. of Accrual Periods

1

Mo. of Dropout Pieces 0
Sample Size
Maximum 1660
Expected Under HO 1659.987
Expected Under H1 1659.985
Events
Maximum 1243
Expected Under HO 1233.984
Expected Under H1 903.595
Study Duration
Maximum 4.905
Expected Under HO 4.508
Expected Under H1 3.337
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11.2 Incorporating Drop-Outs

The investigators expect 5% of the patients in both the groups to drop out each year. To
incorporate this drop-out rate into the design, in the Piecewise Constant Dropout
Rates tab, select 1 for the number of pieces and change the Input Method from Hazard
Rates to Dropout Rates. Then enter 5% dropouts at 1 year for both the groups.

Piecewise Dropout Information

# of Pieces: Input Method: Prob. of Dropout -

- Prob. of Dropout  Prob. of Dropout
Petodls By {Control) (Treatment)
7 1000 | 0.05 gy ——— i

We could have entered a hazard rate ~ for dropping out instead. By solving
1 — exp(—7y) = 0.05 we find v = —In(0.95) = 0.051. This calculation is handled by East

To make Planl and Plan2 comparable change the sample size of Plan2 to 1660 by typing this
value into the Committed Accrual (Subjects) cell. Click on Compute and see the
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results in the new plan created under Output Preview.

Desl Des2
Mnemonic SU-25-LRAR SU-25-LRAR
Test Parameters
Design Type Superiority Superiority
Mo. of Looks 6 6
Test Type 2-Sided 2-Sided
Specified o 0.05 0.05
Power 0.9 0.9
Model Parameters
Hazard Ratio (Alt.) 0.83 0.83
Var (Log HR) MNull MNull
Allocation Ratio (nt/nc) 1 1
Boundary Parameters
Spacing of Looks Equal Equal
Efficacy Boundary LD (OF) LD (OF)
Accrual & Dropout Parameters
Accrual Rate a60 960

Subjects are Followed

Until End of Study

Until End of Study

No. of Accrual Periods

No. of Dropout Pieces 0 1
Sample Size
Maximum 1660 1660
Expected Under HO 1659.987 1659.992
Expected Under H1 1659.985 1659.986
Events
Maximum 1243 1243
Expected Under HO 1233.984 1233.984
Expected Under H1 903.595 903.595
Study Duration
Maximum 4.905 5.87
Expected Under HO 4.506 5.258
Expected Under H1 3.337 3.687
Accrual Duration
Maximum 1.729 1.729
Expected Under HO 1.729 1.729
Expected Under H1 1.729 1.729

A comparison of the first and second plans reveals that, because of the drop-outs, the
maximum study duration will be prolonged from 4.9 years under Planl to 5.9 years under
Plan2. The expected study duration will likewise be prolonged from 3.3 years to 3.7 years
under the alternative hypothesis, and from 4.5 years to 5.3 years under the null hypothesis.

11.3 Incorporating Non-Constant Accrual Rates
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In many clinical trials, the enrollment rate is low in the beginning and reaches its maximum
expected level a few months later when all the sites enrolling patients have been recruited.
Suppose that patients are expected to enroll at an average rate of 400/year for the first six
months and at an average rate of 960/year thereafter. Now in Accrual Info tab, specify
that there are two accrual periods and enter the accrual rate for each period in the dialog box

as shown below.

Accrual Info
# of Accrual Periods:
Period # Starting At Accrual Rate

1] 0 | 400.000 |

2| 0.5 | s60.000 |
Accrual

Min. Comtd. Sugg. Max.

 Duration: | 1779 | 2.021] | 3.618]
@ Subjects: | 1428] | 1660| | 3193

Once again change the sample size to 1660 to make Plan3 comparable to the other two plans.

11.3 Incorporating Non-Constant Accrual Rates
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Click on Compute to complete the design.

Des1 Des2 Des3
Mnemonic SU-25-LRAR SU-25-LRAR SU-25-LRAR
Test Parameters
Design Type Superiority Superiority Superiority
No. of Looks 6 6 5]
Test Type 2-Sided 2-Sided 2-Sided
Specified o 0.03 0.05 0.05
Power 0.9 0.9 0.9
Model Parameters
Hazard Ratio (Alt.} 0.83 0.83 0.83
Var (Log HR) Null Null Null
Allocation Ratio (nt/nc) 1 1 1
Boundary Parameters
Spacing of Looks Equal Equal Equal
Efficacy Boundary LD (OF) LD (OF}) LD (OF)
Accrual & Dropout Parameters
Accrual Rate 960 960 Multiple
Subjects are Followed Until End of Study Until End of Study until End of Study
No. of Accrual Periods 1 1 2
No. of Dropout Pieces 0 1 1
Sample Size
Maximum 1660 1660 1660
Expected Under HO 1659.987 1659.992 1659.99
Expected Under H1 1659.985 1659.986 1659.985
Events
Maximum 1243 1243 1243
Expected Under HO 1233.984 1233.984 1233.984
Expected Under H1 903.595 903.595 903.595
Study Duration
Maximum 4.905 5.87 6.15
Expected Under HO 4.506 5.258 5.538
Expected Under H1 3.337 3.687 3.966
Accrual Duration
Maximum 1.729 1.729 2.021
Expected Under HO 729 1.729 2.021
Expected Under H1 1.729 1.729 2.021

Notice that the enrollment period has increased from 1.7 years to 2 years. Likewise, the
maximum study duration and the expected study durations under H, and H; have also
increased relative to Plans 1 and 2. Now the maximum study duration is 6.15 years.

11.4 Incorporating Piecewise Constant Hazards

Prior studies had suggested that the survival curves might not follow an exponential
distribution. Suppose it is believed that the hazard rate for failure on the control arm
decreases after the first 12 months from 0.38 to 0.35. We will assume that the hazard ratio is
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still 0.83. We can enter the appropriate piecewise hazard rates into East as follows.

# of Hazard Pieces: Input Method: [Hazard Rates -
Hazard Ratio

Alternative

{*) Hazard Ratio A, /AL)
0 Log Hazard Ratio In{x /A ) -0.186

Period Starting Hazard Rate Hazard Rate
# At (Contral) (Treatment: Alt.)
1 0.000 0.38 0.3154
2 1.000 0.35 0.2905

Change the sample size to 1660 for comparability with the previous plans. Click on Compute
and see the results of the plan in the Output Preview.

Des1 Des2 Des3 Des4
SU-25-LRAR SU-25-LRAR SU-25-LRAR SU-25-LRAR
Test
Design Type i
No. of Looks 6 6 6 6
Test Type 2-Sided 2-Sided 2-Sided 2-Sided
Specified o 0.05 0.05 0.05 0.05
Power 0.9 0.9 0.9 0.9
Model
Hazard Ratio (Alt.) 0.83 0.83 0.83 0.83
Var (Log HR) Null Null Null Null
Allocation Ratio (nt/nc) 1 1 1 1
Y
Spacing of Looks Equal Equal Equal Equal
Efficacy Boundary LD (OF) LD (OF) LD (OF) LD (OF)
Accrual &
Accrual Rate 960 960 Multiple Multiple
Subjects are Followed Until End of Study Until End of Study Until End of Study Until End of Study
No. of Accrual Periods 1 1 2 2
No. of Dropout Pieces 4] 1 1 1
Sample Size
i 1660 1660 1660 1660
Expected Under HO 1659.987 1659.992 1659.99 1659.991
Expected Under H1 1659.985 1659.986 1659.985 1659.985
Events
i 1243 1243 1243 1243
Expected Under HO 1233.984 1233.984 1233.984 1233.984
Expected Under H1 903.593 903.595 903.595 903.593
Study Duration
Maximum 4.905 5.87 6.15 6.555
Expected Under HO 4.508 5.258 5.538 5.868
Expected Under H1 3.337 3.687 3.966 4.136
Accrual Duration
i 1.729 1.729 2.021 2.021
Expected Under HO 1.729 1.729 2.021 2.021
Expected Under H1 1.729 1.729 2.021 2.021

We observe that the impact of changing from a constant hazard rate to a piecewise constant
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hazard rate is substantial. The maximum study duration has increased from 6.15 years for
Plan3 to 6.56 years for Plan4.

= 11.5.1 Simulation Worksheet® 11.5.2 Simulating Under //; ® 11.5.3 Simulating...

It would be useful to verify the operating characteristics of the various plans created in the
previous section by simulation. The new survival simulation capabilities in East permit this. Let
us use these capabilities to simulate Plan4. Save this design in the workbook. Right-click on
this design node and select the menu item Simulate. You'll see the following Survival
Simulation worksheet.

n Simulation: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Accrual Rates

Number of Looks: | &

Trial Type Superiority
Test Type 2-sided Test statistic

Max. # of Events: 1243]
Fix at Each Look: Total No. of Events

Cum. o Spent Efficacy Z

Look # Info. Fraction
Upper Lower Upper Lower
1 0.167 0.000 0.000 5.369 -5.369 =
0.333 0.000 0.000 3712 -3.712
0.500 0.002 0.002 2.968 -2.968

0.667 0.006 0.006 2.538 -2.538
0.833 0.014 0.014 2.252 -2.252 -

v w

Restare Original Design

11.5.1 Components of the Simulation Worksheet

This simulation worksheet consists four tabs - Simulation Parameters, Response
Generation Info, Accrual/Dropout Info, and Simulation Control Info. The Simulation
Parameters tab displays all the parameters of the simulation. If desired, you may modify one
or more of these parameter values before carrying out simulation. The second tab Response
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Generation Info will appear as shown below.

Response Generation Info r

Survival Information

# of Hazard Pieces Input Method: |Hazard Rates o

O Hazard Ratio

X X Hazard Rates
Piece Starting At Hazard Ratio
Control Treatment
1 0.000 | 0.380 | 0.315 | 0.830 |
2 | 1.000 | o350 | 0291 | 0.830 |

In this tab, you may modify values of response parameters before carrying out simulation. The
third tab Accrual/Dropout Info will display information relating to accrual and dropouts.

r ‘ Accrual /Dropout Info

sample Size 1660) Distribution of Accrual Time: Uniform
Subjects are followed: Until End of Study e
Accrual Info Piecewise Dropeut Informatien
#of peces imput o
#of Accrual Periods: Input Method:|Accrual Rates v PeilE By Prob. of Dropout  Prab. of Dropout
(Control) (Treatment)

Period #  Starting At Accrual Rate 1 o0 | 0.05 | 0.05 |

1| o | 400000 |

2| 0.5 | 90,000 |

Note: Period 1 hazard rates apply after time 1.

As in the case of other tabs, you may modify one or more values appearing in this tab before
simulation is carried out.

In the Simulation Control Info, you may specify the simulation parameters like number
of simulations required and the desired simulation seed etc.

I/ I/ 1 Simulation Control Info

Qutput Options

Number of Simulations: 10000 Output Type:
Refresh Frequency: 1000 [ Save summary statistics for every simulation run

Random Number Seed [ save subject-level data for simulation runs
@ Clock

MNote: Max. 100,000 records will be saved.
O Fixed 100

O Suppress All Intermediate Qutput
O Pause after Refresh
I Stop At End
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Also optionally, you may bring out one more tab Randomization Info by clicking on
Include Options. In the Randomization Info, you may alter the allocation ratio of the
design before carrying out simulation.

1 Randomization Info

Randomization Method: | Complete Randomized Design

Allocation Ratio (n,/n )

Keeping all the default parameter values same as in the different tabs, click Simulate. You
can see the progress of the simulation process summarized as shown in the following screen
shot.

Simulating design
La # # # Toral Toral -
Look Lok S e 7 7 (Tl o Toral, =
+  pouion MO HO- HI+ HI- o Simul. (R Rejecting... Rejecting... Unable... Simulati... Simulati..
esitien TestS... vents Up(HO+)  Low(HO-) Reject...  Count %
1 207 | 5.369 |-5.369 -0.337 207 0 0 0 0 0 C
2 | 414 3712|3712 -1.104 EiE] 0 347 0 347 347
3 | 622 | 2968 -2.968 -1.008 622 0 2270 0 2270 227
4 | 829 | 2538 |-2538 -2.031 829 0 2970 0 2970 297
5 | 1036 | 2252 |-2.252 2389 1036 0 2215 0 2213 2213
Total | 904458 8368 1031 | 10000 100
% 0 8969 10.31
Stopping Boundaries Rej. HO and Unable to Rej. HO
5 w10
[ 2m0
ER 60
2 4 v%an Number of Trials Completed = 10000
g, 520 y
5 ; Simulation Seed = 20669970
o -4
a ! 2 o o & 7 | Elapsed Time = 00:00:49
Look #
0 s00 1,000
Events W Rej HO (Upper)
nable to Reject HO

At the end of simulation, the simulation results appear in a row in the Output Preview as
shown below.

D Design No. of Test Specified P - Spacing of Efficacy Accrual Sample Expected Expected Maximum Average Average
- ower nt/nc

Type  Looks Type & Looks Boundary Rate Size  SS(HO)  SS(H1)  Evemts Study Duration Events
Ay sim1| superiarity| 6| 2-sided| | 0.897] 1] user specified| user specified| multiple|  1850| 1243 4.136| 904.458|

L . I . . .
The output summary can be seen by clicking on the icon J after selecting the simulation
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row in the Output Preview.

S5im1
Mnemonic SU-25-LRAR
Test Parameters
Design Type Superiority
Test Type 2-Sided
Test Statistic Logrank
Power 0.897
Mo. of Looks 6
Model Parameters
Mo. of Hazard Pieces 2

Allocation Ratio (nt/nc)

Boundary Parameters

Efficacy Boundary

User Specified

Spacing of Looks

User Specified

Accrual & Dropout Parameters

Followup Duration

Until End of Study

Accrual Rate Multiple
MNo. of Accrual Periods 2
Sample Size
Maximum 1660
Events
Maximum 1243
Simulation Results (Overall)
Average Study Duration 4.136
Average Sample Size 1659.83
Average Events 904.458

Now save the simulation results to the workbook by selecting the simulation results row and

then clicking on

¥ on this newly added workbook node for simulation, right-click and
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select Details. You will see the complete details simulation appearing on the output pane.

Simulation: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Accrual Rates

Simulation Parameters ©Average Sample Size, Dropouts and Look Times
Simulation ID Sim1
Design Type Superiority e Average Average Events Average Dropouts Average Average
Number of Looks 6 Sample Size Control Treatment Control Treatment Look Time Follow up
Test Type 2-Sided 1 1137766 111811 95.089 15.066 15.532 1476 0.525
Sample Size (n) 1660 2 1654.066 222799 191201 30401 31511 2051 073
Fix at Each Look Total No. of Events 3 1660 332382 289618 45,931 48.045 2641 1104
Test Statistic Logrank 4 1660 436.983 352017 61799 65.188 3429 1492
Average Events 904458 5 1660 536.567 497433 7752 52.34 4556 1.883
Total Accrual Duration 2.0208 6 1660 637458 605.542 9369 99.92 6.531 2272
Avg. Power at Terminatior] 0.897 Average 1659.83 479.254 425205 67282 72.059 413% 1.637
Randomization Parameters
Meihod Compiets) Design ies and y Crossing Probabilities
Allacation Ratia (n/n ) ‘ 1
Simulation Control Parameters Boundaries _— Total
pping For . .
Starting Seed Clock e | mmo Efficacy
Number of | 10000 e | e E:ipclfc'v E%ﬁ':‘:c'v Count %
207 3 53 0 0 0.000%
41k 7 37 347 47 |3470%
622 9 29 227 70 [22.700% |
829 5 5 297 70 [29.700% |
1036 | 2252 | 2262 221 15|22 150% |
1243 045 2045 116 98 [21.980%
Total 8969 10000 |
% 0.000% | 89.690%

11.5.2 Simulating Under H,

We illustrate by running 1000 simulations for the current design with a fixed number of events
at each look. Select a look time definition based on the number of events and click on the
Simulate button. You will see a new row added in the Output Preview. Select this row and
save it to Library node. If you double-click this node, you will see the following detailed
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output. (The actual values may differ, depending on the starting seed used).

Simulation: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Accrual Rates

Simulation Parameters imulati ies and Boundary Crossing Probabilities:
[5]""“‘3“;'" 0 ?mz . Boundaties Early Total
esign Type uperioity ==

Desion Tyee: R Lokt | Events Eficacy ui:,:pmgL ::ye : Simulations
Test Type: 2.Sided Upper | Lower | R0 et | count | %
Fix at Each Look Total No. of Events T2 | e | e 0 0 T 7
oo saste ok 2 | a4 | 3712 | 372 [ 2 | 32
AR NET A R

: 2 | 629 | 2632 | 2632 0 [ 3w | 30 | 3t
Avg. Poner at Termination-0.911

5 | 0% | 2as2 | 2252 0 | 208 | 208 | 208

Simulation Control Parameters 6 | 1240 | 20848 | 20048 0 | 129 | 218 | 218
Starting Seed: Clock Total o | e | o0
Number of Simulations: 1000 % 0 [ o1

Average Sample Size, Dropouts and Look Times:

Look# | _ Average Average Events Average Dropouts Average | Average
Sample Size[ Control | Treatment | Control | Treatment | Look Time| Follow up

1| 1138227 [ 111737 95.263 15.24 15426 | 14765 | 05256

2 | 1653936 | 222491 191509 | 30628 31365 | 20503 | 07298

3 1660 | 332.3264 | 289.6736 | 459246 | 47.9567 | 26426 | 1.1083

1 1860 | 4373967 | 3916033 | 619918 65375 | 34323 | 1494

5 1660 | 5387418 | 4972582 | 784484 | 825309 | 45669 | 16863

6 1660 | 6376147 | 6053853 | 930404 | 1002248 | 65446 | 22754

Average | 1659935 | 47759 | 423408 | 67.091 71981 | 41226 | 16333

Response Generation Parameters
No. of Hazard Pieces:2

Input Method Hazard Rates
Picce #| ST Control | Treatment | Hazard Ratio
1 0 | 038 | 03z 083
2 | 1| 035 | o2ws 0.83

AcerualiDropout Parameters
Sample Size: 1660

Subjects are Followed: Until End of Study
Accrual Input Method: Accrual Rates

No. of Dropout Pieces: 1
Dropout Input Method: Dropout Rates

Period # At | Control| Treatment]

Overall Simulation Results
Average Study Duration: ~ 4.123
Starting Seed: 426374642
Total Number of Simulations: 1000
Elapsed Time: 00:00:05

Let us examine these 1000 simulations more closely.

The column labeled Events in the first table, displays the number of events after which each
interim look was taken. The column labeled Avg. Look Time in the second table, displays
the average calendar times at which each interim look was taken. Thus, the first interim look
(taken after observing 207 events) occurred after an average elapse of about 1.5 years; the
second interim look (taken after observing 414 events) occurred after an average elapse of
about 2.1 years; etc. The remaining columns of the simulation output are self-explanatory. The
columns labeled Early Stopping For show that 911 of the 1000 simulations crossed the
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lower stopping boundary, thus confirming (up to Monte Carlo accuracy) that this design has
90% power. The detailed output tables also show how the events, drop-outs, accruals, and
average follow-up times were observed at each interim analysis.

11.5.3 Simulating Under H,

To simulate under the null hypothesis we must go to the Response Generation Info tab.
In this pane change the hazard rate for the treatment arm to 0.38 for the first piece and to 0.35
for the second piece of the hazard function.

Survival Information

# of Hazard Pieces Input Method: |Hazard Rates -

[ Hazard Ratio

. - Hazard Rates .
Piece Starting At Hazard Ratio
Control Treatment
1 0.000 0.380 0.38 1.000
2 1.000 0.350 0.35 1.000

This change implies that we will be simulating under the null hypothesis. Click on the
Simulate button. A new row in Output Preview will be added now. Select this row and add
to the library node. By double-clicking on this node, you will see the detailed simulation
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= 11.6.1 Single-Look Design ® 11.6.2 Single-Look Design ®* 11.6.3 Group Seq. Design

output as shown below.The results are displayed below.

Simulation: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Accrual Rates

Simulation Parameters

ies and Boundary Crossing Probabilities:

Simulation ID Sim3

Design Type: Superiorit |—Doundares Early Tl
Numiy c‘./«anuks . periorty. P [ Efficacy usmppmgL For Simulations
Test Type: 2-Sided Upper Lower Eﬁ"c";'y Ew;’:’;y Count %
Fix at Each Look Total No. of Events T 207 | s3ss | 530 0 0 0 7
R ) 0
Total Acerua Durstion:  2.0208 3 | G2 | 20663 | 29683 3 4 707
Avg. Poner at Termination. 0.051 4| 629 | 25362 | 2532 £ 8 1
q

5 | 03 | 2252 | 2252 6 9 5| 1s
Simulation Control Parameters 6 | 1243 | 20448 | -2.0448 9 9 967 | 96.7
Starting Seed: Clock Total 23 | 26 | 1000
Number of Simulations: 1000 % 23 | 28

Average Sample Size, Dropouts and Look Times:

Look# | _ Average Average Events Average Dropouts | Average | Average
Sampls Size[ _Control | Treatment | Control | Treatment | Look Time| Follow up

1 | 1089595 [ 103372 | 103628 | 13924 | 14346 | 14264 | 0502

2 | 1614547 | 207.072 | 206929 | 26183 2846 | 19763 | 06816

3 1660 | 311.296 | 310704 | 42797 | 433652 | 26136 | 1.0074

1 1860 | 4145136 | 4144884 | 678016 | 583162 | 32003 | 13508

5 1660 | 518001 517999 | 730183 | 7386682 | 4226 | 17154

6 1660 | 6218925 | 6211075 | 881303 | 887301 | 59331 | 2.0706

Average 1660 | 615934 615 8722 | 87842 | 58538 | 20502

Response Generation Parameters
No. of Hazard Pieces:2
Input Method: Hazard Rates

Picce #| ST Control | Treatment] Hazard Ratio
1 0 | 03 | o3 1
2| 1o | o 1

AcerualiDropout Parameters
Sample Size: 1660

Subjects are Followed: Until End of Study
Accrual Input Method: Accrual Rates

No. of Dropout Pieces: 1
Dropout Input Method: Dropout Rates

Period # At | Control| Treatment]

Overall Simulation Results
Average Study Duration:  5.854
Starting Seed: 427433290
Total Number of Simulations: 1000
Elapsed Time: 00:00:06

Out of 1000 simulated trials only 23 crossed the upper stopping boundary and 28 crossed the
lower stopping boundary thus confirming (up to Monte Carlo accuracy) that the type-1 error is

preserved for this design.

A new agent is to be tested against placebo in a large cardiovascular study with the endpoint
being time to stroke, MI or death. The control arm has a 12-month event-free rate of 97%. We
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wish to design the study to detect a hazard ratio of 0.75 with 90% power, using a two-sided
test conducted at the 0.05 level. An important design consideration is that treatment
differences are expected to emerge only after one year of therapy. Subjects will enroll at the
rate of 1000/month and be followed to the end of the study. The dropout rate is expected to
be 10% per year for both treatment arms. Finally, the study should be designed for maximum
study duration of 50 months.

The usual design options in East are not directly applicable to this trial because they require the
hazard ratio to be constant under the alternative hypothesis. Here, however, we are required
to power the trial to detect a hazard ratio of 0.75 that only emerges after patients have been
on the study for 12 months. The simulation capabilities of East can help us with the design.

11.6.1 Single-Look Design with Proportional Hazards

We begin by creating a single-look design powered to detect hazard ratio of 0.75, ignoring the
fact that the two survival curves separate out only after 12 months. Open a new survival design
worksheet by clicking on Design->Time to Event->Logrank Test Given Accrual Duration
and Accrual Rates. In the resulting Design Parameters tab, enter the parameters values
as shown below.

Design: Survival Endpoint: Two Sample Test - Parallel Design - Logrank Given Accrual Duration and Accrual Rates

Design Type: [Superiority ~] Number of Looks: [1 =]
Design Parameters ~ Accrual /Dropout Info
Test Type: 2-Sided <] #of Hazard Pieces: |1 - Input Method: |Cum. % S | -
{4l Hazard Ratio (Optional.
Type | Error (o @priona)
Power ® Hazard Ratio AN
No. of Events: [Computed O Ratio of % Survivals at Period # 1(S, /5 )
Allocation Ratio 1] Period At Cum. % Survival | Cum. % Survival |

(n,/n,) # (Contral) (Treatment: Alt.)
1 | 12.0000 § 67,0000 | 97.7415 |

Variance of Log Hazard Ratio
@ Null O Alternative

Click on the tab Accrual/Dropout Info and enter the values as shown below, excluding
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the Accrual tab.

Design Parameters | Accrual/Dropout Info

Subjects are followed: | Until End of Study A

Accrual Info Piecewise Constant Dropout Rates

Period # | Starting At | Accrual Rats - . Cum. % Dropouts | Cum. % Dropouts
(Control} (Treatment}

1 0.0000 1000.0000

| 120000 | 10000

Accrual
Min. Comtd.  Sugg. Max.

.
< @

East informs you in the Accrual tab, that any sample size in the range 2524 to 22260 will suffice
to attain the desired 90% power. However, the study will end sooner if we enroll more
patients. Recall that we wish the trial to last no more than 50 months, inclusive of accrual and
follow-up. The Accrual-Duration chart can provide guidance on sample size selection.
This chart reveals that if 6400 subjects are enrolled, the expected maximum duration of a trial

is close to 50 months.

o5l Study Duration vs. Accrual Chart B X
i Setings... | Print... | Copy | Zoom | Save As.. | Hide Read-offs  » |
Study Duration vs. Accrual Accrual Duration
6.41635
112.8
Accrual Subjects
6416
54
X-axis Shows
5 O Accrual Duration
=
£ 7529 ® Subjects Accrued
&
>
E
7 564 Study Duration
Max
50.3754
37.6
Under HO
18.8
T T T T
5,000 10,000 15,000 20,000 Under H1
Subjects Accrued

Now change the Comtd. number of subjects to 6400 and click on Compute to complete the
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design. A new row is added for this design in the Output Preview. Select this row and add it to
a library node under a workbook. Now you double-click on this node, you will see the detailed
output as shown below.

Design: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Accrual Rates

Test Parameters Output:
Design ID: Dest Upper Critical Point 196
Design Type: Superiority Cower Critical Point 7198
:“T:e’ of Looks ;Sd ’ ‘Sample Size (n) 5400
Szzmﬁ‘gfu 00 ; © Sample Size Treatment (n 1) 3201
Power 09 ‘Sample Size Control (n_c) 3199
Events (s) 508
Model Parameters Events Treatment (5_t) 220
HR = AJA, Events Control (s c) 288
Under HO 1 Dropouts (d) 2010
Under H1- 075 Dropouts Treatment (d t) 012
Ratio of % Sunv. at Period #1:1.0076 Dropouts Control (d_c) 998
Var (Log HR): Null Accrual Duration 64
Allocation Ratio (n/n): 1 ‘Study Duration 48,677
Max. (_max) 127
Accrual/Dropout P:
Accrual Duration: 64 Survival Info. : Cum. % Survival
Max Study Duration 48,677 I S T [
Dropout: Yes i ETE lazard Ratiol
" Period ﬂ‘ A [ Gontrol (hc)[ Treatment (1) Al (ati/hc)|
112 97 | 97.741 | 075 |
Accrual Info. :
Period #] At [Accual Rate
[ 1 lof o0

Dropout Info. : %Dropout Rates

We can verify the operating characteristics of Planl by simulation. With the cursor on Planl
node, Click on Simulation icon from the library menu bar. You'll be taken to the survival
simulation worksheet. In the Simulation Control Info tab, specify the number of
simulations to be 1000. Now click on simulate button. This will generate 1000 simulations
from the survival curves specified in the design. Each simulation will consist of survival data on
6400 subjects entering the trial uniformly at the rate of 1000/month. Events (failures) will be
tracked and the simulated trial will be terminated when the total number of events equals 508.
Subjects surviving past this termination time point will have their survival times censored. The
resulting survival data will be summarized in terms of the logrank test statistic. Each simulation
records two important quantities:

] the calendar time at which the last of the specified 508 events arrived;

] whether or not the logrank test statistic rejected the null hypothesis.

We would expect that, on average, the 508 events will occur in about 48.7 months and about
90% of the simulations will reject the null hypothesis. The simulation summary is shown in the

250 11.6 Simulating a Trial with Non-Prop.Hazards — 11.6.1 Single-Look Design



<<< Contents

Index >>>

CI.lt6| East® 6.4

© Cytel Inc. Copyright 2017

following screen shot.

Sim1
Mnemonic SU-25-LRAR
Test Parameters
Design Type Superiority
Test Type 2-Sided
Test Statistic Logrank
Power 0.891
MNo. of Looks 1

Model Parameters

MNo. of Hazard Pieces

1

Accrual & Dropout Parameters

Followup Duration

Until End of Study

Accrual Rate 1000
MNo. of Accrual Periods 1

Sample Size

Maximum 6400
Events

Maximum 508
Study Duration

Maximum 48.7946

Indeed we observe that the average study duration for this set of 1000 simulations was 48.8

months, and that 891 of the 1000 simulated trials crossed the critical value and rejected H
and hence the power attained is 0.891. This serves as an independent verification of the
operating characteristics of Planl, up to Monte Carlo accuracy.

11.6.2 Single-Look Design with Non-Proportional Hazards

Were it not for the fact that the hazard ratio of 0.75 only emerges after 12 months of therapy,

Plan1l would meet the goals of this study. However, the impact of the late separation of the
survival curves must be taken into consideration. This is accomplished, once again, by
simulation. Click the Edit Simulation icon while the cursor is on the last simulation node. In the
resulting simulation sheet click on Response Generation Info tab. In this tab, specify that the
hazard rates for the control and treatment arms are identical and equal to 0.0025 for the first
12 months and the hazard ratio is 0.75 thereafter. This is done by making appropriate entries
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in this tab as shown below.

Simulation Parameters | Response Generation Info = Accrual /Dropout Info | Simulation Control Info

Survival Information

& Using Hazard Rates
O Using Cum. % Survival

# of Hazard Pieces

Hazard Rates

Piece Starting At Hazard Ratio
Contral Treatment
1 0.000 0.0025 0.0025 1.000
2 12,000 0.0025 0.0019

Click on the Simulate button. This will generate 1000 simulations from survival curves
specified in the Survival Parameters Pane. As before, each simulation will consist of
survival data on 6400 subjects entering the trial uniformly at the rate of 1000/month. Events
(failures) will be tracked and the simulated trial will be terminated when the total number of
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events equals 508. The summary output of this simulation run as shown below.

Whk2:Des1:5im2

Mnemaonic SU-25-LRAR
Test Parameters
Design Type Superiority
Test Type 2-5ided
Test Statistic Logrank
Power 0.585
Mo. of Looks 1
Model Parameters
Mo. of Hazard Pieces 2

Accrual & Dropout Parameters

Followup Duration

Until End of Study

Accrual Rate 1000
Mo. of Accrual Periods 1

Sample Size

Maximum 2400
Events

Maximum 508
Study Duration

Maximum 46.9637

This time only 565 of the 1000 trials were able to reject Hy.The drop in power is of course due
to the fact that the two survival curves do not separate out until 12 months have elapsed. Thus
events that arise within the first 12 months arrive at the same rate for both arms and are not

very informative about treatment differences.

We need to increase the power of the study to 90%. This can be accomplished in one of two

ways:

1. Prolonging the study duration until a sufficient number of events are obtained to achieve

90% power.

2. Increasing the sample size.
The first approach cannot be used because the study duration is not permitted to exceed 50

months. The simulations have shown that the study duration is already almost 50 months, and

it has only achieved 56.5% power. Thus we must resort to increasing the sample size.

11.6 Simulating a Trial with Non-Prop.Hazards — 11.6.2 Single-Look Design
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Now if we increase the sample size while keeping the total number of events fixed at 508, the
average study duration will drop. The power, however, may not increase. In fact it might even
decrease since a larger fraction of the 508 events will arise in the first 12 months, before the
two survival curves have separated. To see this, increase the sample size from 6400 to 10000 in
the Accrual/Dropout Info tab. Then click on Simulate button. From this simulation run,
you will get the output summary as shown below.

Whbk2-Des1:5im3
Mnemaonic SU-25-LRAR

Test Parameters

Design Type Superiority

Test Type 2-Sided
Test Statistic Logrank
Power 0.297
Mo, of Looks 1
Model Parameters
Mo, of Hazard Pieces 2

Accrual & Dropout Parameters
Followup Duration | Until End of Study

Accrual Rate 1000
Mo. of Accrual Periods 1
Sample Size
Maximum 10000
Events
Maximum 508
Study Duration
Maximum 29.7351

Notice that the average study duration has dropped to 29.7 months. But the power has
dropped also. This time only 297 of the 1000 simulations could reject the null hypothesis.

To increase power we must increase sample size while keeping the study duration fixed at
about 50 months. This is accomplished by selecting the Look Time option from the
drop-down box in the Fix at Each Look section of the Survival Parameters Pane
and choosing a 50 month Total Study Durn., while keeping the sample size increase from 6400
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to 10000.

Mumber of Looks: 1

Simulation Parameters = Response Generation Info

Trial Type: Superiority

Test Type: 2-Sided

Study Duration:

Fix at Each Look: Lu:u:nl::: Tirme V|

We will now run 1000 simulations in each of which 10000 subjects are enrolled at the rate of
1000/year. Each simulated trial will be terminated at the end of 50 months of calendar time
and a logrank test statistic will be derived from the data.Click on the Simulate button. Add

11.6 Simulating a Trial with Non-Prop.Hazards — 11.6.2 Single-Look Design 255



<<< Contents *% Index >>>

Chapter 11: Superiority Trials with Variable Follow-Up

the simulation run output to library node and see the following output summary.

Whk2:Des1:5im4

Mnemaonic SU-25-LRAR
Test Parameters
Design Type Superiority
Test Type 2-5Sided
Test Statistic Logrank
Power 0.752
Mo. of Looks 1
Model Parameters
Mo. of Hazard Pieces 2

Accrual & Dropout Parameters

Followup Duration

Until End of Study

Accrual Rate 1000
Mo. of Accrual Periods 1
Sample Size
Maximum 10000
Events
Maximum BOB.229
Study Duration
Maximum 50
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For more details, you can click = ™ icon after selecting the saved simulation node.

Simulation: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Accrual Rates

Simulation

ies and Boundary Crossing Probabilities:

Simulation ID
Design Type

Number of Looks:
Test Type

Fic at Each Look
Test Statistic:
Average Events:

Total Acerual Duration

sim4
Superiority
1

2.Sided
Look Time
Logrank
808.229
10

Avg. Power at Termination: 0.752

Simulation Control

Boundaries Earl

| Boundaries | ly
e %: Efficacy usmppmgLFm
jpper | Lower

Upper | Lower | (PP | S| Count
1] 50 | 196 | 196 0 | 72
Total 0 | 752
% 0 | 752

Average Sample Size, Dropouts and Look Times:

Starting Seed-

Number of Simulations:

Clock
1000

ook | Average Average Events

Average

Sample Size Control | Treatment | Control Look Time|
1 10000 | 440503 | 36772 | 1546643 | 1560357 50
Average 10000 | 440503 | 367726 | 1546643 | 1660357 50

Response Generation Parameters
No. of Hazard Pieces: 2

Input Method Hazard Rates

Piece # S Control | Treatment| Hazard Ratio
1 0 | 0003 | 0003 1
2 | 12 | 0003 | 0002 0.5

AccrualiDropout Parameters
Sample Size: 10000

Subjects are Followed: Until End of Study
Accrual Input Method: Accrual Rates

Ll of wom]

No. of Dropout Pieces: 1
Dropout Input Method: Dropout Rates

riod #] At | Control| Treatment]

Overall Simulation Results
Average Study Duration: 60
Starting Seed 431473585
Total Number of Simulations: 1000
Elapsed Time: 00:00:07

By

Now you can see, the power of the study has increased to 75.2%. On average 808 events
occurred during the 50 months that the study remained open. Since we require 90% power,

the sample size must be increased even further. This can be done by trial and error over

several simulation experiments. Eventually we discover that a sample size of 17200 patients
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will provide about 90% power with an average of 1304 events.

Simulati Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Accrual Rates
Simulation Parameters imulati ies and Boundary Crossing Probabilities:

Simulation 1D: Sims Boundaries Earl Total

Design Type: Superiority Look Eficacy Stopping For | Simulations

Number of Looks: 1 Look# | 1o G| o

lest T\épe e f—s\:?a Upper | Lower | PP | 00 | Count | %

T“f‘s‘ E‘E‘ 00 L”“ ;:"E 1] 50 | 196 [ 19 0 | 906 | 1000 | 100

est Statistic ogrant

Total 0 | 906 | 1000
Average Events: 1303.896 o o T 506

Total Accrual Duration: 7.2
Avg. Power at Termination:0.906

Average Sample Size, Dropouts and Look Times:

Simulation Control Parameters

. Average Average Events Average Dropouts | Average | Average

Starting Seed: _ Clock Look# | Sample Size CGomrol | Trestment | Gonirol | Treatment | Lok Time| Follow up
Number of Simulations: 1000 1 17200 | 71004 | £03856 | 2488.851 | 2506.108 50 | 33.0892
Average 17200 | 71004 | 59385 | 2488851 | 2606.108 50 | 3308

Response Generation Parameters
No. of Hazard Pieces: 2

Input Method Hazard Rates
Picce # *%") Gontrol | Treatment| Hazard Ratio
1 o [ 0003 | o003 1
2| 7 | oo | oo 078

AccrualiDropout Parameters
Sample Size: 17200

Subjects are Followad: Until End of Study
Accrual Input Method: Accrual Rates

Tl ol o]

No. of Dropout Pieces: 1
Dropout Input Method: Dropout Rates

Farad oAt [Cortal Tresier]

Qverall Simulation Results
Average Study Duration: 50

Starting Seed: 431880926
Total Number of Simulations: 1000
Elapsed Time: 00:00:10

It is evident from these simulations that the proportional hazards assumption is simply not
appropriate if the survival curves separate out late. In the present example the proportional
hazards assumption would have led to a sample size of 6400 whereas the sample size actually
needed was 17200.

11.6.3 Group Sequential Design with Non-Proportional Hazards

The single-look design discussed in the previous section required a sample size of 17200
subjects. A group sequential design, monitored by an independent data monitoring
committee, is usually more efficient for large studies of this type. Such a trial can be designed
with efficacy stopping boundaries or with efficacy and futility stopping boundaries. Consider
first a design with five equally spaced efficacy boundaries. Go back to the library, click on Desl
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node, and then click on P . In the resulting design input dialog window, change the entry
in the Number of Looks cell from 1 to 5. Click on Compute button and save the plan as

Des?2 in the library. Select Des1 and Des2 nodes and then click on to see the following

details for both the plans.

Wwbk2:Des1 wWbk2:-Des2
Mnemanic SU-25-LRAR SU-25-LRAR
Test Parameters
Design Type Superiority Superiority
No. of Looks 1 5
Test Type 2-5Sided 2-Sided
Specified o 0.05 0.05
Power 0.9 0.9002
Model Parameters
Hazard Ratio (Alt.) 0.75 0.75
Var (Log HR) Null MNull
Allocation Ratio (nt/nc) 1 1
Boundary Parameters
Spacing of Looks Equal
Efficacy Boundary LD (OF)
Accrual & Dropout Parameters
Accrual Rate 1000 1000

Subjects are Followed

Until End of Study

Until End of Study

Mo. of Accrual Periods

Mo. of Dropout Pieces

Sample Size

Maximum 6400 12555
Expected Under HO G400 12554.9964
Expected Under H1 6400 125541223

Events

Maximum 508 520
Expected Under HO S08 516.5858
Expected Under H1 508 385.5073
Accrual Duration

Maximum 6.4 12.555
Expected Under HO 6.4 12.555
Expected Under H1 6.4 12.5541

Study Duration

Maximum 48.677 27.2317
Expected Under HO 41.817 24,2646
Expected Under H1 48.677 21.4502

Des?2 reveals that a group sequential design, with five equally spaced looks, taken after
observing 104, 208, 312, 416 and 520 events, respectively, utilizing the default
Lan-DeMets-O’'Brien-Fleming (LD (OF) ) spending function, achieves 90% power with a
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maximum sample size of 12555 and a maximum study duration of 27.232 months. The
expected study duration under H; is 21.451 months. However, these operating characteristics
are based on the assumption that the hazard ratio is constant and equals 0.75. Since in fact
the hazard ratio is 0.75 only after 12 months of treatment, the actual power of this design is
unlikely to be 90%. We can use simulation to determine the actual power. With the cursor in

any cell of Des2 node, select S from the menu bar. You will be taken to the simulation
worksheet. In the Response Generation Info tab, make the changes in the hazard rates
as shown below.

Number of Looks: |5

Simulation Parameters | Response Generation Info = Accrual /Dropout Info

Survival Information

@ Using Hazard Rates
0 Using % Survival Rates

# of Hazard Pieces
Hazard Rates

Piece Starting At Hazard Ratio
Control Treatment

1 0.000 0.0025 1.000
2 12.000 0.0025

After changing the number of simulations as 1000 in the Simulation Control Info, click on the
Simulate button to run 1000 simulations of Des2 with data being generated from the
survival distributions that were specified in the Response Generation Info tab. The
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results of this simulation run are as shown below.

WwWhbk2:Des2:5im6

Mnemonic 5U-25-LRAR
Test Parameters
Design Type Superiority
Test Type 2-5ided
Test Statistic Logrank
Power 0187
Mo. of Looks 5
Model Parameters
Mo. of Hazard Pieces 2

Boundary Parameters

Efficacy Boundary

User Specified

Spacing of Looks

User Specified

Accrual & Dropout Parameters

Followup Duration

Until End of Study

Accrual Rate 1000
Mo. of Accrual Periods 1
Sample Size
Maximum 12555
Events
Maximum 520
Study Duration
Maximum 25.2768

Only 187 of the 1000 simulated trials were able to reject the null hypothesis indicating that the
study is grossly underpowered. We can improve on this performance by extending the total
study duration so that additional events may be observed. To increase study duration, go to
the Simulation Parameters tab and select the Look Time option under Fix at Each
Look. We had specified at the outset that the total study duration should not exceed 50
months. Let us therefore fix the total study duration at 50 months and space each interim look
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10 months apart by editing the Study Duration.

Simulation Parameters = Response Generation Info

Trial Type: |Superi-:|rit'_« j

Test Type: |2-Sided j

Study Duration:

Fix at Each Look: |Look Time j

Efficacy Z
Look # | Analysis Time
Upper Lower

1 10.0000 4.8769 -4,87569
2 20.0000 3.3570 -3.3570
3 30.0000 2.6803 -2.6803
4 40.0000 2.2B98 -2.2B98
5 50.0000 2.0310 -2.0310

We are now ready to simulate a 5-look group sequential trial in which the LD (OF) stopping
boundaries are applied and the looks are spaced 10 months apart. Each simulated trial will
enroll 12555 subjects at the rate of 1000/month. The simulation data will be generated from
survival distributions in which the hazard rates of both arms are 0.0025 for the first 12 months
and the hazard ratio is 0.75 thereafter. To generate 1000 simulations of this design click on the
Simulate button. These simulations do indeed show a substantial increase in power, from
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18.7% previously to 79.9% .

Wbk2:Des2:5imé6

Wbk2:Des2:5im7

Mnemonic SU-25-LRAR SU-25-LRAR
Test Parameters
Design Type Superiority Superiority
Test Type 2-Sided 2-Sided
Test Statistic Logrank Logrank
Power 0.187 0.799
Mo. of Looks 5 5
Model Parameters
No. of Hazard Pieces 2 2

Boundary Parameters

Efficacy Boundary

User Specified

User Specified

Spacing of Looks

User Specified

User Specified

Accrual & Dropout Parameters

Followup Duration

Until End of Study

Until End of Study

Accrual Rate 1000 1000
No. of Accrual Periods 1 1
Sample Size
Maximum 12555 12555
Events
Maximum 520 879.219
Study Duration
Maximum 25.2768 50

The design specifications stated, however, that the trial should have 90% power. In order to
achieve this amount of power we will have to increase the sample size. By trial and error, upon
increasing the sample size to 18200 on the Simulation Parameters tab we observe that
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the power has increased to 90 % (up to Monte Carlo accuracy).

Wbk2:Des2:5im6

Wbk2:Des2:5im7

Wbk2:Des2:Sim8

Mnemonic SU-25-LRAR SU-25-LRAR SU-25-LRAR
Test Par 5
Design Type Superiority Superiority Superiority
Test Type 2-Sided 2-Sided 2-Sided
Test Statistic Logrank Logrank Logrank
Power 0.187 0.799 0.904
No. of Looks 5 5 5
Model Par 5
Mo. of Hazard Pieces 2 2 2
B y Par 5

Efficacy Boundary

User Specified

User Specified

User Specified

Spacing of Looks

User Specified

User Specified

User Specified

Accrual & Dr

P Par 5

Followup Duration

Until End of Study

Until End of Study

Until End of Study

Accrual Rate 1000 1000 1000
MNo. of Accrual Periods 1 1 1
Sample Size
Maximum 12555 12555 18300
Events
Maximum 520 879.219 1169.605
Study Duration
Maximum 25.2768 50 50
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The data presented in Appendix I of Kalbfleisch and Prentice (1980) on lung cancer patients
were used as a basis for this example. We will design a trial to compare two treatments
(Standard and Test) in a target patient group where patients had some prior therapy. The
response variable is the survival time in days of lung cancer patients. First, we will create a
design for 3 looks, to compare the two treatment groups. Next, using this design, we will carry
out simulation with stratification variables. Three covariates in the data are used here as
stratum variables: a) type of cancer cell (small, adeno, large, squamous,), b) age in years (<=50,
>50), and c) performance status score (<=50, >50 and <=70, >70).

The input data for base design are as follows: Trial type:superiority; test type:2-sided; type 1
error:0.05; power:0.90; allocation ratio:1; hazard rate (control):0.009211; hazard rate
(treatment):0.004114; number of looks:3; Boundary family:spending functions; spending
function:Lan-DeMets (OF); subjects are followed:until end of study; subjects accrual rate:12 per
day.

The input data for stratified simulation are as given below: The number of stratum variables=3
(cell type; age group; performance status score).

11.7.1 Creating the design

First we will create a design using the input data. Open East, click Design tab and then Time
to Event button in Survival group. Now click Logrank Test: Given Accrual Duration and
Accrual Rates. In the resulting screen, enter the input data in the dialog boxes under the
different tabs. Finally click on Compute button. Now the dialog boxes under the different tabs
will appear as shown below.

The Design Parameters tab is shown below, where you can see the computed value of No.of

11.7 Simulating a trial with stratification - 11.7.1 Creating the design 265



<<< Contents *% Index >>>

Chapter 11: Superiority Trials with Variable Follow-Up

Table 11.4: Input data for stratified simulation

Cell type Proportion | Hazard ratio
small 0.28 Baseline
adeno 0.13 2127
large 0.25 0.528

squamous 0.34 0.413

Age group Proportion | Hazard ratio
< 50 years 0.28 Baseline

> 50 years 0.72 0438

Performance status score group | Proportion | Hazard ratio
<50 0.43 Baseline
> 50and <70 0.37 0.164
> 70 0.20 0.159

Events.

Design: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Accrual Rates

Design Type: [superiority ~] Number of Looks: [3 ¥

Design Parameters | Boundary Info rA((malfDmpml(Irlfo }

Test Type:
Type I Error (a):
Power:

No. of Events:

Allocation Ratio:
(n,/n)

2-sided =] #ofHazard Pieces: [1 Input Method: [Hazard Rates -
[ & Hazard Ratio (Optional) Alternative
@ Hazard Ratio O A 0.4466]
56| © Log Hazard Ratio  In(x, /A )
1 Period | Starting Hazard Rate Hazard Rate
# At (Control) (Treatment: Aft.)
1 | o.o000 | 0009211 | 0.004114 |

Variance of Log Hazard Ratio
’;) Null

O Alternative
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The Boundary Info will appear as shown below, where all the input data are seen.

Design Parameters = Boundary Info | Accrual/Dropout Info

— Efficacy

Boundary Family: Spending Functions <
Spending Function:  |Lan-DeMets hd

Futility
Boundary Family:

MNone =

The Accrual/Dropout Info tab containing the input data will be as shown below.

Design Parameters rxoundan,lnfo} Accrual /Dropout Info

Subjects are followed: [Until End of Study =

Parameter: OF -
Type | Error (a): 0.05
Spacing of Looks _ B
|— ® Equal 3 Unequal Efficacy Boundary: Z Scale b2 J Bl
Infa. cum. o Efficacy Boundary
Look # .
Fraction Spent Upper Lower

1 0.3333 0.0002 3.7103 -3.7103

2 0.6667 0.0121 2.5114 -2.5114

3 1.0000 0.0500 1.9930 -1.9930

Constant Dropout Rates

#of Pleces: [g =

Input Method

Hazard Rates 52

Period #

Starting At ‘

Hazard Rate
(Control)

Hazard Rate
(Treatment)

~Accrual Info
#of Accrual Periods: [1 |7
period # [ Starting At | Accrual Rate |
1 | o.0000 12,0000
~Accrual
Min. comtd.  Sugg. Max.
© Duration: | 55 | 2] e
@ Subjects: | 68 | 288 | 510]

After the design is completed and saved in a workbook, select the design node and click on
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the output summary icon to see the following output display.

Wbk3:Desl
Mnemonic SU-25-LRAR
Test Parameters
Design Type Superiority
Mo. of Looks 3
Test Type 2-Sided
Specified o 0.05
Power 0.9023
Model Parameters
Hazard Ratio (Alt.) 0.4466
Var (Log HR) MNull
Allocation Ratio (nt/nc) 1
Boundary Parameters
Spacing of Looks Equal
Efficacy Boundary LD (OF)
Accrual & Dropout Parameters
Accrual Rate 12

Subjects are Followed

Until End of Study

Mo. of Accrual Periods

Mo. of Dropout Pieces 0
Sample Size
Maximum 288
Expected Under HO 287.9915
Expected Under H1 288
Events
Maximum 66
Expected Under HO 65.7293
Expected Under H1 52.8227
Accrual Duration
Maximum 24
Expected Under HO 23.9993
Expected Under H1 24
Study Duration
Maximum 52.0169
Expected Under HO 40.3527
Expected Under H1 43.2957

11.7.2 Running Stratified Simulation
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After selecting the design node, click on Simulate icon. You will see simulation screen with the
dialog boxes under different tabs. Click on Include Options and select Stratification Info.

The dialog box under Simulation Parameters will be as shown below. Keep the default test
statistic LogRank and the default choice of Use Stratified Statistic.

Simulation Parameters | Stratification Info’/Response Generation Info rAc(malfDmpnu( Info ’/Simula(ion Control Info‘

Trial Type Superiority 2

Test Type: 2-Sided 2 Test statistic: [Logrank -
Max. # of Events B Use Stratified Statistic
Fix at EachLook:  [Total No. of Events
Cum. o Spent Efficacy Z
Look # | Info. Fraction
Upper Lower Upper Lower

1 0.3333 0.0001 0.0001 3.7103 -3.7103

2 0.6667 0.0060 0.0060 2.5114 -2.5114

3 1.0000 0.0250 0.0250 1.9930 -1.9930

Restore Original Design

After entering the stratification input information, the dialog box under Stratification Info will
appear as shown below.

simulation Parameters | Stratification Info| Respense Generation Info rA((malfDmpnu( Info r5|mulatinn Control Inful

Number of Stratum Variables: [3 ¥  Allocate Fractions to Strata: (& Marginally O Individually
Stratum #0of  Marginal Stratum Total Number of Strata
Variable Levels Distribution: Stratum Specific Information:
Cell type 4 Cell type Age group PerfStatus Stratum ID Label Fraction |~
FE Level |Fraction | Level |Fraction | Level | Fraction siDo1 small | <=50yrs | Perf_1 0.034
ge group 2 T =
small 038 (<50 028 | Ferf 1| 643 SID02 small | ==50 yrs | Perf_2 0.029
—Fenc =50 = Perf 2 037 SID03 small | <=50yrs | Perf_3 0.016 | |
PerfStatus 3 - RS 0'25 - . FEF(S 62 SIDO4 small | > 50 yrs | Perf_1 0.087
5 ug 0'34 = - SIDO5 small | = 50 yrs | Perf_2 0.075
qua.. | O <ID06 small [ > 50 yrs | Perf_3 0.040
SID07 adeno | =50 yrs | Perf_1 0.016
SID08. adeno | <=50yrs | Perf_ 2 | 0.013
SIDOY adeno | <=50yrs | Perf_3 0.007 | v

After entering adding response related input information, the dialog box under Response
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Generation Info will display details as shown in the following screen shots.

simulation Parameters | Stratification Info| Response Generation Info = Accrual/Dropout Info | Simulation Control Info

Survival Information

O User Specified Hazard Rates Stratum ID:  [SID01:small | <=50 yrs | Perf_1 =l

@ Model Based Hazard Rates
Model

@ Using Hazard Rates
) Using Cum. % Survival

Hazard Rate ~ (Treatment + Cell type + Age group + PerfStat

Model Parameters ! ] Hazard Rates
Piece Starting At Hazard Ratio
Baselina Hazard Rate 0.009] Control Treatment
1 | 00000 | 00092 | 0.0041 | 0.4466 |

Variables

Specify Hazard Ratio

Treatment

Cell type
Age group
PerfStatus

Level
Control | 0.500 |

Fraction | Hazard Ratio

Baseline |

Treatment| 0.500 |

0447 |

Variables:

Specify Hazard Ratio:

PerfStatus

Variables:

Cell type
Level Fraction | Hazard Ratio
small 0.280 Baseline
adeno 0.130 2.127
large 0.250 0.528
squamous 0.3240 0.413

Specify Hazard Ratio:

Treatment
Cell =

PerfStatus

Wariables:

Age group
Lavel Fraction | Hazard Ratio
<=50 yrs 0.280 Baseline
= 50 yrs 0.720 0.438

Specify Hazard Ratio:

Treatment

Cell type
Age grou

PerfStatus
Level Fraction | Hazard Ratio
Perf_1 0.430 Baseline
Perf_2 0.370 0.164
Perf_3 0.200 0.159
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The Accrual/Dropout Info dialog box will appear as shown below.

Simulation Parameters rS(ra(ifi:a(ion Inforkesponse Generation Info I Accrual/Dropout Info | Simulation Control Info

Sample Size: 288|

Subjects are followed: |Until End of Study x

Accrual Info

Distribution of Accrual Time: Uniform

Pi Constant Dropout Rates

#ofPieces: [g =]  input Method: |Hazard Rates =

Hazard Rate Hazard Rate
Stetngi | (Control) | (Treatment) |

# of Accrual Periods: [1 ~ Inpu(ME(hud:IAccrua\Rates =l

[ Period # | starting At | Accrual Rate | |
1 | 0.0000 | 120000 |

Period #

In the Simulation Control Info tab, specify number of simulations as 1000 and select the

choices under output options to save simulation data. The dialog box will appear as shown
below.

Simulation Parameters I/S(ratification Infol/Rasponse Generation Info rAccruaIfDropout Info | Simulation Control Info

Number of Simulations: 1000

Refresh Freguency: 100
~Random Number Seed Qutput Options
@®Clock

[4 Save summary statistics for every simulation run

[#l Save subject-level data for simulation runs

Note: Max. 100,000 records will be saved.

O Fixed 100

[ Suppress All Intermediate Output

O Pause after Refresh

After clicking on Simulate button, the results will appear in the Output Preview row. Click on it
and save it in the workbook. Select this simulation node and click on Output Summary icon
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to see the following stratification simulation output summary.

wWhk3:Des1:5im1
Mnemonic S5U-25-LRAR

Test Parameters

Design Type Superiority

Test Type 2-Sided
Test Statistic| Stratified Logrank
Power 0.856

Mo. of Looks 3

Boundary Parameters

Efficacy Boundary| User Specified

Spacing of Looks| User Specified

Accrual & Dropout Parameters
Followup Duration | Until End of Study

Accrual Rate 12
Mo. of Accrual Periods 1
Sample Size
Maximum 288
Events
Maximum (513]
Study Duration
Maximum 172.4444
Stratum Information
Mo, of Stratum Variables 3
Mo. of Strata 24
Allocate Fractions to Strata Marginally

Specification of Hazard Rates Model based

The stratified simulation results show that the attained power 0.856 is slightly less than the
design specified power of 0.90.
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Non-Inferiority Trials Given
1 2 Accrual Duration and Accrual
Rates

This chapter will illustrate through a worked example how to design, monitor and simulate a
two-sample non-inferiority trial with a time-to-event trial endpoint, when the accrual duration
and accrual rates are fixed.

The first step in designing a non-inferiority trial is to establish a suitable non-inferiority margin.
This is typically done by performing a meta-analysis on past clinical trials of the active control
versus placebo. Regulatory agencies then require the sponsor of the clinical trial to
demonstrate that a fixed percentage of the active control effect (usually 50%) is retained by
the new treatment. A further complication arises because the active control effect can only be
estimated with error. We illustrate below with an example provided by reviewers at the FDA.

Rothman et al. (2003) have discussed a clinical trial to establish the non-inferiority of the test
drug Xeloda (treatment ¢) relative to the active control (treatment ¢) consisting of
5-fluorouracil with leucovarin (5FU+LV) for metastatic colorectal cancer. In order to establish a
suitable non-inferiority margin for this trial it is necessary to first establish the effect of SFU+LV
relative to the reference therapy of 5FU alone (treatment p, here regarded as placebo). To
establish this effect the FDA conducted a ten-study random effects meta-analysis (FDA
Medical-Statistical review for Xeloda, NDA 20-896, April 2001) of randomized comparisons of
5-FU alone versus 5-FU+LV. Letting A\;, A\. and )\, denote the constant hazard rates for the new
treatment, the active control and the placebo, respectively, the FDA meta-analysis established
that

In (Ay/A) = 0.234
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with standard error
se[ln (Ap/Ac)] = 0.075 .

Thus with 100v% confidence the active control effect lies inside the interval

1+~

1
0.234 — 0.075@*1(7), 0.234 + 0.0750 1 (~

)] (12.1)
The new study is required to demonstrate that some fraction (usually 50%) of the active
control effect is retained. Rothman et al. (2003) state that the claim of non-inferiority for the
new treatment relative to the active control can be demonstrated if the upper limit of a
two-sided 100(1 — a)% confidence interval for In(\;/\.) is less than a pre-specified fraction of
the lower limit of a two-sided 100v% confidence interval for the active control effect
established by the meta-analysis. This is known as the “two confidence intervals procedure”.
Specifically in order to claim non-inferiority in the current trial it is necessary to show that

1+

)se[ln (Ap/Ac)]} -

(12.2)
We may re-write the non-inferiority condition (12.2) in terms of a one-sided Wald test of the
form

I (\e/Ae) + @ 1(1 = a/2)selln (\e/A0)] < (1 — fo){In (Ap/Ae) — &

In (m) — 0

— < <I>’1(1 —a/2), (12.3)
se[ln (A\¢/A0)]
where - . -
0o = (1 = fo){ln (A\p/Ac) — <I>’1( ;7)se[ln()\p/)\c)]} (12.4)

is the non-inferiority margin.

The choice fy = 1 implies that the entire active control effect must be retained in the new trial
and amounts to running a superiority trial. At the other end of the spectrum, the choice fo =0
implies that none of the active control effect need be retained; i.e., the new treatment is only
required to demonstrate effectiveness relative to placebo. The usual choice is fo = 0.5,
implying that the new treatment is required to retain at least 50% of the active control effect.
The usual choice for ais « = 0.05. A conservative choice for the coefficient ~ is

v = (1—«)=0.95. Rothman et al. (2003) refer to this method of establishing the
non-inferiority margin as the “two 95 percent two-sided confidence interval procedure” or the
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"95-95 rule”. In general this approach leads to rather tight margins unless the active control
effect is substantial. Rothman et al. (2003) have also proposed more lenient margins that vary
with the amount of power desired. Fleming (2007), however, argues for the stricter 95-95 rule
on the grounds that it offers greater protection against an ineffective medical compound
being approved in the event that the results of the previous trials used to establish the active
control effect are of questionable relevance to the current setting. Accordingly we

evaluate (12.4) with v = 0.95, fo = 0.5, In (X, /A\.) = 0.234 and se[ln (X, /\.)] = 0.075 thereby
obtaining the non-inferiority margin to be d, = 0.044 for the log hazard ratio and

exp(0.044) = 1.045 for the hazard ratio.

= 12.2.1 Single-Look Design ® 12.2.2 Early Stopping for Futility

In this section we will use East to design a single-look non-inferiority trial comparing the test
drug Xeloda (treament ) to the active control 5FU+LV (treatment ¢) for the treatment of
metastatic colorectal cancer. On the basis of a meta-analysis of ten previous studies of the
active control versus placebo (Rothman et al., 2003), a non-inferiority margin of 1.045 for A\;/\.
has been established. Thus we are interested in testing the null hypothesis of inferiority

Hy: A\¢/A. > 1.045 versus the one-sided alternative hypothesis that A\, /\. < 1.045. Subjects are
expected to enroll at the rate of 60/month and the median survival time for patients
randomized to the active control arm is expected to be 18 months.

12.2.1 Single-Look Design

We will use East to create an initial single-look design having 80% power to detect the
alternative hypothesis H;y: A\;/\. = 1 with a one sided level 0.025 non-inferiority test.

To begin click Survival: Two Samples on the Design tab and then click Parallel Design: Log
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Rank Test Given Accrual Duration and Accrual Rates.

Q B+ East 6 - [Log]

Home Data Editor | Design | Analysis

n n n
L LT [ 1w T v K Cn Cn An \ %]
One Two Many  Regression One Two Many  Regression Agreement Other
Sample Samples Samples Sample Samples Ssmples Samp\e Samp\es Samples

Continuous Discret Count | Parallel Design
Logrank Test Given Accrual Duration and Accrual Rales [SU-25-LRAR]
Compuits nuimber of events or power for logrank test for hazard ratio

ogrank Test Given Accrual Duration and Study Duration [SU-25-LRSD]
Compute number of events or power for logrank test for hazard ratio

A new screen will appear. Enter the appropriate design parameters into the dialog box as
shown below.

Design: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Accrual Rates

Design Type: |Noninferiority «| Numberof Looks: [1 =

Design Parameters | Accrual/Dropout Info

Test Type 1-Sided - # of Hazard Pieces: |1 h Input Method: |Median Survival Times ¥
f#l Hazard Ratio (Optional
Type | Error (o) 0.025] azard Ratio (Optional) Null Alternative
Power @ Hazard Ratio A 1.045
No. of Events: O Ratio of Medians  (m,/m )
Allocation Ratio Period at Med. Surv. Time | Med. Surv. Time | Med. Surv. Time
(n‘s'n ) # (Control) (Treatment: Null) | (Treatment: Alt.)
‘ 1] | 18.000 f 17735 1 18.000 |

Variance of Log Hazard Ratio
@ Null O Alternative

The box labeled Variance of Log Hazard Ratio specifies whether the calculation of the
required number of events is to be based on the variance estimate of the log hazard ratio
under the null hypothesis or the alternative hypothesis. The default choice in East is Null.
Most textbooks recommend this choice as well (see, for example Collett, 1994, equation (2.21)
specialized to no ties). It will usually not be necessary to change this default. For a technical
discussion of this issue refer to Appendix 2?, Section ?2.

Next click on the Accrual/Dropout Info tab. Here we will specify the accrual information and
dropout rates. Enter an accrual rate of 60. Suppose that there are 5% drop-outs per year in
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each arm. Enter these values as shown below.

Design Parameters =~ Accrual /Dropout Info

Subjects are followed: |Until End of Study i

Accrual Info Piecewise Constant Dropout Rates
# of Accrual Periods: |1 = # of Pleces: [y - Input Method Dropout Rates  ~
Period # Starting At Accrual Rate period # At Cum. % Dropouts | Cum. % Dropouts
1 | 0.000 | 60.000 | (Control) (Treatment)
3 [ izooo i | 000 |
Accrual
Min. Comtd. Sugg. Max.
O Duration: [ 300.05] [ 311733 [ 3234 &
@ subjects: | 18003 [ 18704] [ 19404

On the bottom of this screen is where you can specify the accrual duration or number of
subjects. East automatically computes a range that is necessary to achieve the desired power
of the study and selects the midpoint of the range, as the committed accrual duration or
subjects. If your study has a restriction on accrual duration or subject accrual, you may enter
this value in the Comtd. column. In our example, East computes a minimum accrual duration

of 300.05 months and a suggested maximum of 323.4 months. Also, if you click the icon
a chart which shows the relationship between accrual duration (or subject accrual, depending

12.2 Trial Design — 12.2.1 Single-Look Design 277



<<< Contents

Index >>>

Chapter 12: Non-Inferiority Trials Given Accrual Duration and Accrual Rates

on whether you choose to specify accrual duration or subject accrual) and study duration.

-
o Study Duration vs. Accrual Chart B X

iSEﬂings.. Prirt... | Copy | Zoom | Save As... Hide Read-offs » ‘

Study Duration vs. Accrual Accrual Duration

315.0441

369.6 - Accrual Subjects
18903

X-axis Shows
® Accrual Duration

355.04

Zr subjects Accrued
348.48 |

Study Duration

Study Duration
337.92 Max

325.4484

227.36 Under HO

.‘-'.‘-'—.——q

T |
305 310 315 320 Under H1

Accrual Duration

[ Maximum Under HL ||

Looking at this chart, choosing an accrual duration longer that 315 months will not result in a
substantial decrease in study duration. Thus, we commit to an accrual duration of 315 months.
Close this chart, select the radio button next to Duration and enter 315 in the Comtd. column.

Click on Compute to complete the design. The design is shown as a row in the Output
Preview located in the lower pane of this window. You can select this design by clicking

anywhere along the row in the Output Preview. With Desl selected, click the "I iconto
display the details of this design in the upper pane, which are shown below. You may also wish

to save this design. Select Desl in the Output Preview window and click the 3 to save
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this design to Workbookl in the Library.

Wbk1:Des1
Mnemonic SU-25-LRAR
Test Parameters
Design Type Noninferiority
MNo. of Looks 1
Test Type 1-Sided
Specified o 0.025
Power 0.8
Model Parameters
Hagzard Ratio (Mull} 1.045
Hazard Ratio (Alt.) 1
Var (Log HR) MNull
Allocation Ratio (nt/nc) 1
Accrual & Dropout Parameters
Accrual Rate 60

Subjects are Followed

Until End of Study

Mo. of Accrual Periods

Mo. of Dropout Pieces

Sample Size

Maximum 18900
Expected Under HO 18900
Expected Under H1 18900

Events

Maximum 16205
Expected Under HO 16205
Expected Under H1 16205
Accrual Duration

Maximum 315
Expected Under HO 315
Expected Under H1 315

Study Duration

Maximum 325.466
Expected Under HO 323.839
Expected Under H1 325.466

It is immediately evident that Desl is untenable. It requires 16,205 events to be fully powered.
The problem lies with trying to power the trial to detect a hazard ratio of 1 under the
alternative hypothesis. Suppose instead that the investigators actually believe that the
treatment is slightly superior to the active control, but the difference is too small to be
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detected in a superiority trial. In that case a non-inferiority design powered at a hazard ratio
less than 1 (0.95, say) would be a better option because such a trial would require fewer events.

To see this create a new design by selecting Desl in the Library, and clicking the 5 jcon
on the Library toolbar. Then edit this design by specifying a hazard ratio of 0.95 under the
alternative hypothesis as shown below.

Design Parameters = Accrual /Dropout Info

Test Type: Il-S\ded - # of Hazard Pieces: |1 > Input Method IMed\an Survival Times >
4 Hazard Ratio (Optional
Type | Error (o) 0.025 ©p ) Null Alternative
Power (© Hazard Ratio ) 1.045
. : ) TS -

Allocation Ratio: Period m Med. Surv. Time | Med. Surv. Time | Med. Surv. Time

(n./n) # (Control) (Treatment: Null) | (Treatment: Alt.)

/e
i | 18.000 17.225 | 18.947

Variance of Log Hazard Ratio
& Null O Alternative

Next, click on the Accrual/Dropout Info tab. Notice that the minimum and suggested

maximum accrual have changed to 64.167 and 87.45 months, respectively. Click the
icon to display the study duration versus accrual chart.
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ol Study Duration vs. Accrual Chart = |EI|5|
! Settings Print Copy | Zoom | Save As | Hide Read-offs * ‘
Study Duration vs. Accrual Accrual Duration
140, ] 77.0362
Accrual Subjects
4622
125.6 4
¥-axis Shows
5 # Accrual Duration
E 118.8 4
ES (2 Subjects Accrued
(]
=
= 108 .
= Study Duration
Max
a7.2 90.8927
Under HO
T T T T T T T T T T T
64.8 66.96 69.12 71.28 73.44 75.6 77.76 79.92 32.08 84.24 B86.4 Under H1
Accrual Duration l:l
[ Maximum Under HL ||

Suppose that after examining this chart, you decide that an accrual duration longer than 77
months is not worth the small decrease in study duration one would gain from a longer
accrual duration. Close this chart. Select the radio button next to Duration and enter 77 in the
Comtd. column.

Design Parameters.

Subjects are followed: |Until End of Study =

Accrual /Dropout Info

Accrual Info Piecewise Constant Dropout Rates
# of Accrual Periods: |1 > # of Pieces 1 - Input Method:  |Dropout Rates =
Period # Starting At Accrual Rate Period £ At Cum. % Dropouts Cum. % Dropouts
1] 0.000 | 60.000 | (Control) (Treatment)
1 | 12000 | 5.000 | 5.000 |
Accrual
Min. Comtd. Sugg. Max.
@ Duration: { [ 64.167] | 77 [ 87aY w
O subjects: | 3850] [ d620] | 5247

Click the Compute button to generate output for Des2. With Des2 selected in the Output
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Preview, click the icon to save Des2 to the Library. In the Library, select the rows for

Desl and Des2, by holding the Ctrl key, and then click the "! icon. The upper pane will
display the details of the two designs side-by-side:
Wbk 1:Des1 Wbk1:Des2
Mnemaonic SU-25-LRAR SU-25-LRAR
Test Parameters
Design Type| Moninferiority Noninferiority
No. of Looks 1 1
Test Type 1-Sided 1-Sided
Specified o 0.025 0.025
Power 0.8 0.8
Model Parameters
Hazard Ratio (Null) 1.045 1.045
Hazard Ratio (Alt.) 1 0.95
Var (Log HR) MNull Null
Allocation Ratio (nt/nc) 1 1
Accrual & Dropout Parameters
Accrual Rate 60 60

Subjects are Followed

Until End of Study

Until End of Study

Mo. of Accrual Periods

1

MNo. of Dropout Pieces

1

Sample Size

Maximum 18900 4620
Expected Under HO 18900 4620
Expected Under H1 18900 4620

Events

Maximum 16205 3457
Expected Under HO 16205 3457
Expected Under H1 162035 3457
Accrual Duration

Maximum 315 77
Expected Under HO 315 77
Expected Under H1 315 77

Study Duration

Maximum 325.466 90.946
Expected Under HO 323.839 £EB.952
Expected Under H1 325.466 90.946

Des2 is clearly easier to implement than Desl. It requires only 3,457 events and 4620 subjects
to be fully powered. Also note the marked decrease in study duration under either the null or
alternative hypothesis. Nevertheless, Des2 is also unsatisfactory. The maximum study duration
for Des2 (accrual plus follow-up) is 90.9 months with 77 months of that amount of time being
utilized to enroll 4620 patients. It is necessary to shorten the maximum study duration further.
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One possible way to shorten the maximum study duration is to increase the rate of enrollment.
Suppose that additional sites can be enlisted to enroll patients after the study is activated so
that six months later the average rate of enrollment is increased to 110/month. To see the
impact of the increased rate of enrollment select Des2 in the Library, and click on the B

icon on the Library toolbar.

Next, click on the Accrual/Dropout Info tab. Change the accrual rates as shown below.

Design Parameters =~ Accrual /Dropout Info

Subjects are followed: |Until End of Study =

Accrual Info Piecewise Constant Dropout Rates

# of Accrual Periods: |1 - # of Pieces: [y - Input Method:  [Dropout Rates =
Period # Starting At Accrual Rate . Cum. % Dropouts | Cum. % Dropouts
e Period # At
1 | 0.000 I oMo VI (Control) (Treatrment)
1 | 1z.000 | 5.000 | 5.000 |
Accrual
Min. Comtd. Sugg. Max.
©) Duration: | 35‘ ‘ 45.535‘ | 56.554| -
@ subjects: [ 3850] [ s042] [ 6233

Notice how East automatically updates the accrual duration and subject accrual. An accrual
duration in the range of 35 to 56.664 months is sufficient to achieve the desired power.
Suppose that after examining the study duration versus accrual chart, we decide on an accrual
duration of 49 months. Enter 49 in the Comtd. column.

Click the Compute button to generate output for Des3. With Des3 selected in the Output
Preview, click the 3 icon to save Des3 to the Library. In the Library, select the rows for

Desl, Des2, and Des3 by holding the Ctrl key, and then click the "' icon. The upper pane
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will display the details of the three designs side-by-side:

Des3 also requires 3457 events. However, because of the faster rate of enrollment the time

Whbk1:Des1 Wbk1:Des2 Whbk1:Des3
Mnemanic SU-25-LRAR 5U-25-LRAR SU-25-LRAR
Test Parameters
Design Type| Noninferiority Noninferiority Noninferiority
No. of Looks 1 1 1
Test Type 1-Sided 1-Sided 1-Sided
specified o 0.025 0.025 0.025
Power 0.8 0.8 0.8
Model Parameters
Hazard Ratio (Null) 1.045 1.045 1.045
Hazard Ratio (Alt.) 1 0.95 0.95
Var (Log HR) Null Null Null
Allocation Ratio (nt/nc) 1 1 1
Accrual & Dropout Parameters
Accrual Rate 60 60 110

Subjects are Followed

Until End of Study

Until End of Study

Until End of Study

No. of Accrual Periods

1

MNo. of Dropout Pieces

1

Sample Size

Maximum 18900 4620 5390
Expected Under HO 18900 4620 5390
Expected Under H1 18900 4620 5390

Events

Maximum 16205 3457 3457
Expected Under HO 16205 3457 3457
Expected Under H1 16205 3457 3457
Accrual Duration

Maximum 315 77 49
Expected Under HO 315 77 49
Expected Under H1 315 77 49

Study Duration

Maximum 325.466 90.946 58.523
Expected Under HO 323.839 88.962 57.158
Expected Under H1 325.466 90.946 58.523

that it takes to obtain these events is cut down to 58.5 months.

12.2.2 Early Stopping for Futility

Under the null hypothesis Des3, with 3457 events, has an expected study duration of 57.2
months. This is a very long time commitment for a trial that is unlikely to be successful.
Therefore it would be a good idea to introduce a futility boundary for possible early stopping.
Since we wish to be fairly aggressive about early stopping for futility we will generate the
futility boundary from the Gamma(—1) 8-spending function. On the other hand, since there is
no interest in early stopping for efficacy, we will not use an efficacy boundary.
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Create a new design by selecting Des3 in the Library, and clicking the 5 icon on the
Library toolbar. Change the number of looks from 1 to 3. Next, click on the Boundary Info
tab. Enter the parameters as shown below. Be sure to select the Non-Binding option. This
choice gives us the flexibility to continue the trial even if a futility boundary has been crossed.
Data monitoring committees usually want this flexibility; for example, to follow a secondary
endpoint.

Design Type: |Noninferiority «| Number of Looks: [3 =

Design Parameters | Boundary Info | Accrual/Dropout Info

Efficacy Futility
Boundary Family: None - Boundary Family: Spending Functions -
Spending Function: lm
& Non-Binding
Parameter (y): 0 Binding
Type Il Error (B): 0.2
Spacing of Looks .
© Equal © Unequal Futility Boundary Z Scale = gl 2
Info. b ili
e nfc? Cum. B Furtility
Fraction Spent Boundary
1 0.333 0.046 -0.007
2 0.667 0.110 -1.056
3 1.000 0.200 -1.960

Next click on the Accrual/Dropout Info tab. Once again, East automatically computes the
minimum and suggested maximum values for the accrual duration and subject accrual. Click

the icon to display the study duration versus accrual chart. Notice that another line is
added to the chart. Now, we can see the maximum study duration vs accrual under the null
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hypothesis.

-
o Study Duration vs. Accrual Chart B X

iSEﬂings.. Prirt... | Copy | Zoom | Save As... Hide Read-offs » ‘

Study Duration vs. Accrual Accrual Duration

48.9938

Accrual Subjects
100.8 4
5389

X-axis Shows
® Accrual Duration

86.4 —

Zr subjects Accrued
72

Study Duration

\.__+—._. Study Duration
Max
65.0021

Under HO
43.24 .\'\.‘._ 39.9357

57.6

T T T T T T T T T T
40.4 42.42 44.44 46,46 48.48 50.5 52.52 54.54 56.56 58.58 Under H1

Accrual Duration

- Maximum Under H1 -@ Under HO ||

Suppose that after examining this chart, you decide to set the accrual duration at 49 months.
Any increase in accrual duration past 49 months will not result in a substantial decrease in
study duration. Close this chart. Select the radio button for Duration and enter 49 in the
Comtd. column.

Click the Compute button to generate output for Des4. With Des4 selected in the Output
Preview, click the 3 icon to save Des4 to the Library. In the Library, select the rows for

Des3 and Des4 by holding the Ctrl key, and then click the "' icon. The upper pane will
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display the details of the two designs side-by-side:

Wbk1:Des3 Wbk1:Des4
Mnemonic SU-25-LRAR SU-25-LRAR
Test Parameters
Design Type| MNoninferiority Noninferiority
No. of Looks 1 3
Test Type 1-Sided 1-Sided
Specified o 0.025 0.025
Attained o 0.022
Power 0.8 0.8
Model Parameters
Hazard Ratio (Null) 1.045 1.045
Hazard Ratio (Alt.) 0.95 0.95
Var (Log HR) Null Null
Allocation Ratio (nt/nc) 1 1
Boundary Parameters
Futility Boundary Gm (-1) (NB)
Spacing of Looks Equal
Accrual & Dropout Parameters
Accrual Rate 110 110

Subjects are Followed

Until End of Study

Until End of Study

Mo. of Accrual Periods

Mo. of Dropout Pieces

Sample Size

Maximum 5390 5390
Expected Under HO 5390 4140.262
Expected Under H1 5390 5271.053

Events

Maximum 3457 3780
Expected Under HO 3457 2056.327
Expected Under H1 3457 3583.036
Accrual Duration

Maximum 49 49
Expected Under HO 49 37.639
Expected Under H1 49 47.919

Study Duration

Maximum 58.523 04.893
Expected Under HO 57.158 39.546
Expected Under H1 58.523 52.059

Observe that while the maximum study duration has been inflated by about 6 months
compared to Des3, the expected study duration under Hy has been cut down by almost 18

months.

It would be useful to simulate Des4 under a variety of scenarios for the hazard ratio. Select

Des4 in the Library and click the S

icon. You will be taken to the following simulation
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worksheet.

G ion Info | Accrual/Dropout Info | Simulation Centrol Info

Trial Type Noninferiority 2
Test Type: 1-Sided he Noninf. Margin (In(HRO)): 0.044| Test Statistic: |Logrank ~

Max. # of Events: 3780
Fix at Each Look: Total No. of Events v

Look # | Info. Fraction Futility Z

1 0.333 -0.007
2 0.667 -1.056
3 1.000 -1.960

We wish to simulate this trial under the null hypothesis that the hazard ratio is
exp(0.044) = 1.045. To this end click on the Response Generation Info tab. In this tab change

the control and treatment hazard rates as shown below.

Number of Looks: |3 -

Response Generation Info | Accrual/Dropout Info | Simulation Control Info

Simulation Parameters

Survival Information

¥ Using Hazard Rates
) Using Cum. % Survival

# of Hazard Pieces Il 'I

_ . Hazard Rates .
Piece Starting At Hazard Ratio
Contral | Treatment
1 0.000 0.0385 | 0.0402 1.045

Next, click the Simulate button to simulate 10000 trials. A new row labeled Sim1 will appear in

the Output Preview window. Select Sim1 in the Output Preview and click the icon to
save it to the Library. In the Library, double-click Sim1. A portion of the output is displayed
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below. (The actual values may differ, depending on the starting seed used).

Simulation: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Accrual Rates

Fix at Each Look:

Test Statistic

Average Events

Total Accrual Duration:
Avg. Power at Termination:

Simulation Parameters

Simulation ID Sim1

Design Type Noninferiority
Number of Looks:

Test Type: 1-Sided

Total No. of Events

Noninferiority Margin (In(HRO)):0.044

Logrank
2061486
49
0.0205

Simulation Control Parameters

Starting Seed
Number of Simulations

Clock
10000

ies and Boundary Crossing Probabilities:

Bowndaries] Earty [\ ] Total
Look# | Events [ Fully | Stoppng For p0#t2 '8l Simulations
Upper | Futilty Count
1| 1260 | 0007 0 5008 | 50.08
2 | 2% | 10555 B 3623 | 3623
3 | 30 1.9 164 205 | 1369 | 1369
Total 7 205 | 10000
% 97 205
Average Sample Size, Dropouts and Look Times:
Looxs | Awrage Average Events Average Diopouts Tverage | Average
Sample Size | Control | _Treatment | Control | Treatment | Look Time | Follow up
1 | 3213.0046 | 6204686 | 6395314 | 68.9234 | 67.9725 | 29.2054 | 9.9645
D | 49620663 | 1249.6314 | 12703686 | 1371993 | 1364663 | 451094 | 12.8999
3 5390 | 1663.5486 | 16954514 | 205379 | 2060351 | 63168 | 17.8147
Average | 41449649 | 10141761 | 10473099 | 1126943 | 1112671 | 396178 | 121053

Response Generation Parameters
No. of Hazard Pieces: 1
Input Method: Hazard Rates

Piece #

Starting|
A

Control

Treatment|

Hazard Ratio|

1] 0] 003 | o004 |

1045 |

Accrual/Dropout Parameters
Sample Size

Subjects are Followed: Until End of Study
Accrual Input Method: Accrual Rates

Lol ol 0]

No. of Dropout Pieces: 1
Dropout Input Methoct: Drapout Rates

Perod #] AL |Control Treaimen
5 5

Overall Simulation Results
Average Study Duration: 39,618
Starting Seed: 63985542
Total Number of Simulations: 10000
Elapsed Time 00:0056

lE
.

Note that 205 out of the 10000 simulations were unable to reject the alternative hypothesis,
thus confirming (up to Monte Carlo accuracy) that this design achieves a type-1 error of 2.5%.
Also, observe that 50.08% of these trials have crossed the futility boundary at the very first
interim look after only 29.205 months of study duration.

Suppose we have adopted Des4. Let us monitor the trial with the help of the Interim
Monitoring Worksheet. Select Des4 in the Library, and click the IM
toolbar. Alternatively, right-click on Des4 and select IM Dashboard. The interim monitoring
dashboard contains various controls for monitoring the trial, and is divided into two sections.
The top section contains several columns for displaying output values based on the interim

icon from the Library

12.3 Interim Monitoring

289



<<< Contents Index >>>

Chapter 12: Non-Inferiority Trials Given Accrual Duration and Accrual Rates

inputs. The bottom section contains four charts, each with a corresponding table to its right.
These charts provide graphical and numerical descriptions of the progress of the clinical trial
and are useful tools for decision making by a data monitoring committee.

[Enter nterimpata) < cp (7 11w M - Interim Monitoring: Des4. 8 68
Look | Information | Cumulative | Test 5 standard | Repeated 97.5% CI f.... | Repeated
utili
# | Fracion | Evemis | Statistic Error Y Upper | Lower | p-value
1
2
z
Stopping Boundari E Futil Conditional P 2
opping Boundaries Y| Events [ Fusiity | onditional Power ﬁ EfF. o
size
-0.052 | 0.806
0s 0042 | 0716
003 | 0588
o8 -0.018 | 0.447
0 0006 | 0313
0.005 | 0.199
02 0.017 | 0114
. 0.020 | 0.059
. L J[T00a1 | 0027
0045 | 0.02
Error Spending Function Y| info. 2 Confidence Intervals Info. Rl RCI | NaiveCl | Navec
[ ——————| Fraction [ ——————— || Fraction | Upper | Lower | upper | Lower
016
12
os
004
o

Suppose that the first interim look is taken after observing 1300 events. The observed hazard
ratio is 1.15 and the standard error of the log hazard ratio is 0.06. Enter this information into
the interim monitoring worksheet using Test Statistic calculator. Click on Enterlnterimpata and
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enter the data in the test statistic calculator as shown below.

EnterInterimData| X cP [ 11 b Ao - Interim Monitoring: Des4
Look | Information | Cumulative Test 3 standard — Repeated 97.5% CI f__ | gepeated
utili
# Fraction Events Statistic Error v Upper Lower p-value
' 5
2
3 Editing look #1

O set Current Look as Last
Cumulative Events:

Input for Survival end point
Estimate of &: 0.1398
5= Il1l,’7\l IA)

Standard Error of Estimate of &:

—
W
o
o

Qutput

5-8, 0.0957|

Test Statistic 1.5958|
Recalc | Cancel

Next, click OK. East will indicate that the H; (futility) boundary has been crossed and hence, the
alternative hypothesis of non-inferiority is rejected in favor of the null hypothesis of inferiority.

o5 Boundary Crossed ? X

Since the value of the test statistic iz > the critical point far futility,
H1 iz rejected.

Although boundary has been crossed, East gives pou choice either
to ztop the study or to continue entering further loaks,
Pleaze make your decizion.

zhop the gtudy and bar further looks input

Cantinue allow the study to continue

|

Click the Stop button to terminate the trial. You will see the IM sheet output including Final

12.3 Interim Monitoring 291



<<< Contents *% Index >>>

Chapter 12: Non-Inferiority Trials Given Accrual Duration and Accrual Rates

Inference details as shown below.

Interim Monitoring: Des4

[entertnterimpata) X ce 7 11 D N -
Look | Information | Cumulative | Test 5 standard | Repeated 97.5% CI f... | Repeated
# | Fraction | Evemts | Statistic Error Y Upper | tower | p-value
1 0.344 1300 1.596 .14 0.08 -0.051 NA ‘ NA NA
Stopping Boundaries Y  Events [ Fuility [ Final Inference
2 1300 -0.051 Final Outputs at Look #| 1
L8 Naive p-value 0.945
Le N Naive Pt Est. for & 0.14
b Naive 67.5% Ci for &
1 Upper Confidence Bound 0.257
0e Lower Confidence Bound infinity|
0.6 Post-Hoc Power]|
04
0z
o
02
7000 o0
Error Spending Function info. 2 Confidence Intervals Y| Info. RCl RCI | Naive CI | Naive Cl
Fraction ——————————————1| Fraction | Upper Lower Upper Lower
02
0.344 0.048 0.244 NA NA 0.257 ~Infinity
016
012
0.8
0.04
0
T o5 T

Observe that the upper 97.5% confidence bound for §, 0.257, is above the non-inferiority
margin of 0.044 (on the log hazard ratio scale).
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This chapter will illustrate through a worked example how to design and simulate a
two-sample superiority trial with a time-to-event trial endpoint, where the accrual duration
and study duration are constrained. Most trials in the pharmaceutical industry setting are
designed in this manner, time being a more rigid constraint than the accrual rate of patients.
The duration of a clinical trial impacts the duration of a drug development program, and thus
time to market and potential revenues. Therefore it is of interest to fix the study duration as
well as the accrual duration to finish the clinical trial according to schedule. The option to
design a trial in this way is available in East.

For this design, East obtains the maximum number of events D,,,,, from the maximum
information 1,,,.., as described in Appendix sections ?? and ?2. To calculate the sample size,
we first equate the expected number of events d(S,, + S) (as calculated in Appendix ?? which
depends on the accrual duration (5,) and the duration of follow-up (S;) to the maximum
number of events D,,, ..

d(Sa + Sf) - D’m,aar: (131)

In this type of design the accrual duration S, and the study duration S, + S are given as

input. East iterates between sample sizes, increasing onwards from a minimum value of D,
enrolled over a duration of S, until D,,.. events are found to occur within a study duration of
Sa + 5. The result is the unique sample size required to obtain the proper power for the study.
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The RALES trial (Pitt et. al., 1999) was a double blind study of aldosterone-receptor blocker
spironolactone at a daily dose of 25 mg in combination with standard doses of an ACE
inhibitor (treatment arm) versus standard therapy of an ACE inhibitor (control arm) in patients
who had severe heart failure as a result of systolic left ventricular dysfunction. The primary
endpoint was death from any cause. Six equally-spaced looks at the data using the
Lan-DeMets-O’'Brien-Fleming spending function were planned. The trial was designed to
detect a hazard ratio of 0.83 with 90% power at a two-sided 0.05 level of significance. The
hazard rate of the control arm was estimated to be 0.38.

Randomization was scheduled to begin in March 1995 and complete in December 1996 for a
total of 1.8 years of enrollment. Follow-up was planned through December 1999, so that the
total study duration from first patient enrolled to last patient visit should be 4.8 years.

We begin by using East to design RALES under these basic assumptions. To begin click
Survival: Two Samples on the Design tab and then click Parallel Design: Logrank Test
Given Accrual Duration and Study Duration as shown below

O = East 6 - [Log]
Home  DataEditor | Design | Analysis
n m m m
Hp B % M Y K S G (M @&
One Two Many  Regression One Two Many Regression Agreement One Two wo Other
Ssmple Samples Samples Ssmple Samples Samples Sample Samples | Samples

| Continuous Discreie Count | Parallel Design
| Logrank Test Given Accrual Duralion and Accrual Rales [SU-25-LRAR]
Compute number of events or power for logrank test for hazard ratic

Logrank Test Given Accrual Duration and Study Duraiion [SU-25-LRSD]
Compute number of events or power for logranktest for hazard ratio

A new screen will appear. Enter the appropriate design parameters into the dialog box as
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shown below.

Design: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Study Duration

Design Type: |Superiority «| Number of Laoks: [g =

Design Parameters =~ Boundary Info | Accrual/Dropout Info

Test Type 2-Sided - # of Hazard Pieces: |1 > Input Method: |Hazard Rates -

f¥l Hazard Ratio (Optional
Type I Error (o): 0.05] azard Ratio (Optional) Alternative
Power o (=) Hazard Ratio A

O Log Hazard Ratio  In{x, /A ) -0.1863|
sample Size (n) e

® Period | Startin
g Hazard Rate Hazard Rate
No. of Events:  |Computed & At (Control) (Treatment: Alt.)
1 | o.000 | 0.28 i 0.3154 :

Allocation Ratio

(n./n.)

Variance of Log Hazard Ratio
& Null O Alternative

The box labeled Variance of Log Hazard Ratio specifies whether the calculation of the
required number of events is to be based on the variance estimate of the log hazard ratio
under the null hypothesis or the alternative hypothesis. The default choice in East is Null.
Most textbooks recommend this choice as well (see, for example Collett, 1994, equation (2.21)
specialized to no ties). It will usually not be necessary to change this default. For a technical
discussion of this issue refer to Appendix 2?, Section ?2.

Next, click on the Boundary Info tab. We will take six equally spaced looks at the data using
the Lan-DeMets O'Brien-Fleming spending function. These are the default setting in East.

Design Parameters | Boundary Info = Accrual/Dropout Info

Efficacy Futility

Boundary Family: Spending Functions - Boundary Family: None 2
Spending Function:  [Lan-DeMets 'I

Parameter OF o
Type | Error (o) 0.05
Spacing of Looks N
® Equal ) Unequal Efficacy Boundary:  |Z Scale 52 Tl =
Info. cum. o Efficacy Boundary 2
Look # -
Fraction Spent Upper Lower

1 0.1667 0.0000 5.3666 -5.3666

2 0.2333 0.0002 3.7103 -3.7103

3 0.5000 0.0031 2.9697 -2.9697

4 0.6667 0.0121 2.5387 -2.5387

5 0.8333 0.0282 2.2522 -2.2522 -
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Note that we do not select a futility boundary in this case. Next click on the Accrual/Dropout
Info tab. Here we will specify the accrual information and dropout rates. The software allows a
specification of piecewise constant hazards and variable accrual rates but we start by looking
at an example that does not require any of these options. In the drop-down menu next to
Subjects are followed: select Until End of Study. Set the Accrual Duration to 1.8 years
and the Study Duration to 4.8 years. Notice that East has changed the settings so that at 1.8
years the study should be 100% accrued. Keep the number of accrual periods equal to the
default of 1. To the right of the Accrual Info box is the Piecewise Constant Dropout Rates
box. This box is used to enter that rate at which we expect patients to drop out of the study.
For the present we will assume that there are no drop-outs.

Design Parameters = Boundary Info | Accrual/Dropout Info

Subjects are followed: |Until End of Study hd

Accrual Info Piecewise Constant Dropout Rates
Accrual Duration Study Duration # of Pleces:  [g - Input Method:  |Hazard Rates -
# of Accrual Periods: |1 > Period # | Starting At Hazard Rate Hazard Rate
(Control) (Treatment)
Cum. %
Period # At Accrued
........ | 18000 | 1000000 |

Click on Compute to complete the design. The design is shown as a row in the Output
Preview located in the lower pane of this window. You can select this design by clicking

anywhere along the row in the Output Preview. With Des1 selected, click the "I iconto
display the details of this design in the upper pane, which are shown below. You may also wish

to save this design. Select Desl in the Output Preview window and click the Y tosave
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this design to Workbookl in the Library.

Whbk1:Des1
Mnemonic SU-25-LRSD
Test Parameters
Design Type Superiority
Mo. of Looks 5]
Test Type 2-Sided
Specified o 0.05
Power 0.9
Model Parameters
Hazard Ratio (Alt.) 0.83
War (Log HR) MNull
Allocation Ratio (nt/nc) 1
Boundary Parameters
Spacing of Looks Equal
Efficacy Boundary LD (OF)

Accrual & Dropout Parameters

Subjects are Followed

Until End of Study

Mo. of Accrual Periods

1

MNo. of Dropout Pieces 0
Sample Size
Maximum 1689
Expected Under HO 1688.978
Expected Under H1 1687.5564
Events
Maximum 1243
Expected Under HO 1233.9843
Expected Under HT 903.5945
Accrual Duration
Maximum 1.8
Expected Under HO 1.8
Expected Under H1 1.7985
Study Duration
Maximum 4.8
Expected Under HO 4.4164
Expected Under H1 3.3044

East notifies you that 1243 events and a sample size of 1689 are required to attain the desired
90% power in the allotted time.

East provides charts to examine the trade-offs between power and accrual duration, study

13.2 The RALES Clinical Trial: Initial Design

297



<<< Contents *% Index >>>

Chapter 13: Superiority Trials Given Accrual Duration and Study Duration

duration, sample size or number of events. Select Desl in the Library click the ~ - icon and
select Power vs. Sample Size as shown below.

@ G -
5 s
X

Stopping Boundaries

Error Spending
Expected Sample Size

Powerwvs. Sample Size

Power vs. Treatment Effect (3)

Power vs. Sample Siz
cample Size/ Events vs, Time [;j

—

ARENZSW

To the right of the graph, swith the X-Axis to Accrual Duration.

 Settngs... | Pint.. | Copy | Zoom | Save s HideResd-offs > |

Power vs. Accrual Duration - Des1 Accrual Duration

Power

0.0133

Power

T T T T T
Accrual Duration Save in Workbook

This graph shows for a fixed study duration of 4.8 years and a fixed sample size of 1689, the
trade-off between power and accrual duration. For 1 year accrual, we see that the power will
be 91.3%.

Now switch the X-Axis option from Accrual Duration to Sample Size. You will see the
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following chart.

: Seftings... | Prrt... | Copy | Zoom | SaveAs... |

Power vs. Sample Size — Desl

T T T T T T T T T T T
o 415 &30 1,248 1,680 2075 2,480 2908 3320 3738 4150
sample Size

You can see that for a fixed Accrual Duration of 1.8 years and a fixed Study Duration of 4.8
years, 1170 subjects would provide you with 76.9% power. Switch the X-Axis option again,
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this time to Study Duration. The following chart will appear.

¢ Seltings... | Pirt... | Copy | Zoom | Save As. | Hide Read-offs > |

Power vs. Study Duration - Desl

T T T T T T
115 1386 1617 18.48 20.73 231
Study Duration Save in Workbook

Here we see that closing the trial early after 4 years, given an accrual of 1689 patients over 1.8
years, we only have 86% power to detect the alternative hypothesis of interest. Finally, switch
the X-Axis toNo. of Events. The power of the study is really tied to the number of
events that are observed. This chart shows the direct relationship between power and number
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of events.

Power vs. No. of Events - Desl No. of Events

Fow
z
H
ES
¥

T T T T T T T T T T T
0 304 508 iz 1,216 1,520 1,824 2,128 2,432 2,738 3,040

No. of Events Save in Workbook

Note that 950 events give us about 81% power. You may wish to save some or all of these
charts to the Library by clicking on the Save in Workbook button.

The investigators expect 5% of the patients in the spironolactone group and the control group
to drop out each year. Create a new design by selecting Desl in the Library, and clicking the

5 icon on the Library toolbar. Next, click on the Accrual/Dropout Info tab. In the
Piecewise Constant Dropout Rates box, select 1 for the number of pieces and change the
Input Method from Hazard Rates to Dropout Rates. Then enter 5% dropouts at 1 year
for the treatment and control arm as shown below. Although East allows you to specify
different dropout (hazard) rates for the two groups, it is recommended that you select equal
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dropout (hazard) rates.

Design Parameters I/Boundary Infa 1 Accrual / Dropout Info

Subjects are followed: |Until End of Study =

Accrual Info Piecewise Constant DropoutRates ———————————————————
Accrual Duration: Study Duration: # of Pleces. Il - Input Method:  |Dropout Rates
# of Accrual Periods: |1 - Period £ At Curn. % Dropouts  Cum. % Dropouts
(Control) (Treatment)
Period # At G, & 1 1.0000 5.0000 5.0000
Accrued
1 1.8000 100.0000

Click the Compute button to generate output for Des2. With Des2 selected in the Output
Preview, click the - icon to save Des2 to the Library. In the Library, select the rows for

Desl and Des2, by holding the Ctrl key, and then click the "I icon. The upper pane will
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display the details of the two designs side-by-side:

A comparison of the two plans reveals that, because of the drop-outs, we require 1,824

Wbk1:Des1 Wbk1:Des2
Mnemonic SU-25-LRSD SU-25-LRSD
Test Parameters
Design Type Superiority Superiority
Nao. of Looks 5] 5]
Test Type 2-Sided 2-5Sided
Specified o 0.05 0.05
Power 0.9 0.9
Model Parameters
Hazard Ratio (Alt.) 0.83 0.82
Var (Log HR) Null Null
Allocation Ratio (nt/nc) 1 1
Boundary Parameters
Spacing of Looks Equal Equal
Efficacy Boundary LD (OF) LD (OF)

Accrual & Dropout Parameters

Subjects are Followed

Until End of Study

Until End of Study

Mo. of Accrual Periods

Mo. of Dropout Pieces 0 1
Sample Size
Maximum 1689 1824
Expected Under HO 1688.978 1823.9663
Expected Under H1 1687.5564 1820.7454
Events
Maximum 1243 1243
Expected Under HO 1233.9843 1233.9843
Expected Under H1 903.5945 903.5945
Accrual Duration
Maximum 1.8 1.8
Expected Under HO 1.8 1.8
Expected Under H1 1.7985 1.7968
Study Duration
Maximum 4.8 4.8
Expected Under HO 4.4164 4.3608
Expected Under H1 3.3044 3.242

subjects to be enrolled under Des2 rather than 1689 under Desl. Also, the expected study
duration will not change much under the alternative and null hypotheses between Desl and

Des2.

13.4 Incorporating Non-Constant Accrual Rates

13.3 Incorporating Drop-Outs
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In many clinical trials the enrollment rate is low in the beginning and reaches its maximum
expected level a few months later when all the sites enrolling patients are onboard. Suppose
that 20% of the total accrual is expected to occur during the first six months with the rest
happening during the remaining 1.3 years. Create a new design by selecting Des2 in the
Library, and clicking the 5 icononthe Library toolbar. Next, click on the
Accrual/Dropout Info tab. Specify that there are two accrual periods and enter the
cumulative accrual for each period in the dialog box as shown below.

Design Parameters | Boundary Info = Accrual/Dropout Info

Subjects are followed: |Until End of Study -

Accrual Info Piecewise Constant Dropout Rates

Accrual Duration: Study Duration: # of Pieces Il - Input Method Dropout Rates =
# of Accrual Periods: |2 - Pariod £ At Cum. % Dropouts | Cum. % Dropouts
(Control} (Treatment)
period # at Cum. % 1| 10000 | 5.0000 | 5.0000 |
Accrued
1] 0.5 | 20.0000 |
T 1.8 | 100.0000 |

Click the Compute button to generate output for Des3. With Des3 selected in the Output
Preview, click the 3 icon to save Des3 to the Library. In the Library, select the rows for

Desl, Des2, and Des3 by holding the Ctrl key, and then click the "' icon. The upper pane
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will display the details of the three designs side-by-side:

wbk1:Des1 Wbk1:Des2 Wbk1:Des3
Mnemonic 5U-25-LRSD SU-25-LRSD SU-25-LRSD
Test Parameters
Design Type Superiority Superiority Superiority
No. of Looks 6 6 [
Test Type 2-Sided 2-Sided 2-Sided
Specified o 0.05 0.05 0.05
Power 0.9 0.9 0.9
Model Parameters
Hazard Ratio (Alt.) 0.83 0.83 0.83
Var (Log HR) Null Null MNull
Allocation Ratio (nt/nc) 1 1 1
Boundary Parameters
Spacing of Looks Equal Equal Equal
Efficacy Boundary LD (OF) LD (OF) LD (OF)

Accrual & Dropout Parameters

Subjects are Followed

Until End of Study

Until End of Study

Until End of Study

No. of Accrual Periods 1 1 2
No. of Dropout Pieces 0 1 1
Sample Size
Maximum 1689 1824 1837
Expected Under HO 1688.978 1823.9663 1836.9775
Expected Under H1 1687.5564 1820.7454 1835.7774
Events
Maximum 1243 1243 1243
Expected Under HO 1233.9843 1233.9843 1233.9843
Expected Under H1 903.5945 903.5945 903.5945
Accrual Duration
Maximum 1.8 1.8 1.8
Expected Under HO 1.8 1.8 1.8
Expected Under H1 1.7985 1.7968 1.7989
Study Duration
Maximum 4.8 4.8 4.8
Expected Under HO 4.4164 4.3608 4.3708
Expected Under H1 3.3044 3.242 3.2771

Notice that we now need 1837 subjects to be enrolled to compensate for the overall later
enrollment of subjects.

13.5 Simulation

= 13.5.1 Simulating Under H; ® 13.5.2 Simulating Under H,

It would be useful to verify the operating characteristics of the various plans created in the

previous section by simulation. Select Des3 in the Library and click the S

icon. You will be

13.5 Simulation
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taken to the following simulation worksheet.

u i ion: Survival E int: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Study Duration

Number of Looks: [6 =

G Info | Accrual/Dropout Info | Simulation Control Info

Trial Type [superioity  H]

Test Type m Test Statistic: |Logrank -
Max. # of Events

Fix at Each Look: Total No. of Events

Cum. e Spent Efficacy Z =l
Look # | Info. Fraction
Upper Lower Upper Lower

1 0.1665 0.0000 0.0000 5.3688 -5.3688
2 0.3331 0.0001 0.0001 3.7120 —3.7120
3 0.5004 0.0015 0.0015 2.9683 -2.9683
4 0.6669 0.0061 0.0061 2.5382 -2.5382 =
5 0.8335 0.0141 0.0141 2.2520 ~2.2520 =
Restore Original Dasign

13.5.1 Simulating Under H,

We will first simulate the trial under the alternative hypothesis H;. In the Simulation
Parameters tab select Total No. of Events to fix at each look - the default option.
Select LogRank from the drop-down menu next to Test Statistic. Other options for a test
statistic include the Wilcoxon-Gehan and Harrington-Flemming. Next, click the Simulate
button to simulate 10000 trials. A new row labeled Sim1 will appear in the Output Preview

window. Select Sim1 in the Output Preview and click the 3 icon to save it to the Library.
In the Library, double-click Sim1. A portion of the output is displayed below. (The actual
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values may differ, depending on the starting seed used).

Simulation: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Study Duration

Simulation Parameters imulati ies and Boundary Crossing Probabilities:
Simulation ID Sim1 Srrires Tay =
Design Type Superiority Eficacy Stapping For Simulations
Number of Looks: 6 Look# | Events Toper | Lower
Test Type: 2-Sided Upper Lower Em"c"’xy Efcacy | SOt %
:\x‘atS‘Ea‘:}: Look Intal NE, of Events 207 | 53088 | 53688 0 o 0 0
sot Statlstie ogran 414 | 3712 | 3712 343 38 | 348
Average Events 906.0727

Total Accrual Duration: 1.8 622 | 29663 | -2.9663 2192 2192 | 2192

Avg. Power at Termination:0.8999

0
0
829 | 26382 | 26382 0 | 3088 3088 | 3058
1036 2252 2252 0 | 2191 2191 | 2191
0
0
0

Simulation Control Parameters
Starting Seed Clock Total
Number of Simulations: 10000 %

1243 | 20448 | 20448 1210 211 | 2211
8999 | 10000
89.99

Average Sample Size, Dropouts and Look Times:

Average Average Events Average Dropouts | Average | Average
Sample Size | Control | Treatment | Control | Treatment | Look Time| Follow up
1| 12203248 | 1119543 | 950458 | 151613 | 154132 | 12544 | 04674
2 | 17960526 | 223.0408 | 1900592 | 301314 | 30.9663 | 17683 | 0663
3 1837 | 3329846 | 289.0164 | 450338 | 467186 | 27624 | 09746
4 1837 438.4521 390.5479 59.9051 62.4934 28495 1.2994
5
6
e

1837 | 6407971 | 4952029 | 74.7926 78.366 | 36357 | 16248
1837 | 641.3609 | 601.6391 | 69.5952 | 941655 | 4.7646 | 1.9496
18356039 | 4822628 | 4238199 | 661517 | 687752 | 32823 | 14219

Averag

Response Generation Parameters
No. of Hazard Pieces: 1

Input Method Hazard Rates
|Dme#5"1"t‘"g Control | Treatment| Hazard Ratio
|+ o[ o3 | 0314 | 083 |

The column labeled Average Look Time displays the average calendar times at which each
interim look was taken. Thus, the first interim look (taken after observing 207 events) occurred
after an average elapse of 1.254 years; the second interim look (taken after observing 414
events) occurred after an average elapse of 1.768 years; etc. We see that 8999 of the 10000
simulations crossed the lower stopping boundary, thus confirming (up to Monte Carlo
accuracy) that this design has 90% power.

We will now run another 10000 simulations, this time fixing the calendar time of each look

instead of fixing the number of events. Select Des3 in the Library and click the S icon.In
the Simulation Parameters tab select Look Time from the drop-down menu next to Fix at
Each Look:.

simulation Parameters = Response Generation Info | Accrual/Dropout Info | Simulation Control Info

Trial Type W

Test Type [zsidea H Teststaustic: [LogRank =]
Study Duration

Fix at Each Look: lm

When the Look Time option is selected the locations of the interim looks at which stopping
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boundaries are computed are expressed in terms of the calendar time of each interim look
instead of the number of events at each interim look.

Next, click the Simulate button to simulate 10000 trials. A new row labeled Sim2 will appear in
the Output Preview window. Select Sim2 in the Output Preview and click the Y iconto
save it to the Library. In the Library, double-click Sim2. A portion of the output is displayed
below. (The actual values may differ, depending on the starting seed used).

1: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Study Duration

Simulation Parameters Simulation Boundaries and Boundary Crossing Probabilities:
Simulation ID Sim2 Boundaries Early Total
Design Type: Superiority Look Effcacy Stopping For Simulations
Number of Looks: 6 Look# | o Tz s
Test Type: 2-Sided Upper Lower Efficacy| Eficacy. Count %
?X‘E‘S‘EE‘ET Looke t“”k T‘K'“E 1| 12566 | s3ess | 63688 0 0 0 0
eot statistic ogran 2 | 17692 | 3712 | 3712 0 | 3% 35 | 385
T’Yzfiia?‘sm‘mn_ 3_"82'3455 3 | 2254 | 29683 | 29683 0 | 2251 | 2261 | 2251
4 | 28522 | 2638 | 26382 0 | 3046 | 3046 | 3046
Avg. Power at T :0.905
5 | 36404 | 2250 | 2252 0 | 2195 | 2195 | 219
Simulation Control Parameters 6 | aroee | 20a48 | 20aas 0 | 1203 | 2153 | 218
Starting Seed Clock Total 0 | w050 | 10000
Number of Simulations: 10000 % 0 | %05
Average Sample Size, Dropouts and Look Times:
Lok | Aveage Average Events Average Dropouts | Average | Average
Sample Size | Control | Treatment | Control | Treatment | Look Time| Fllow up
12213261 | 11193 0605 | 151319 | 153144 | 1255 | 0487
1801.922_| 223.00 1906106 | 30.1229 | 308533 | 1.7692 | 0.661
837 | 333.01 2668085 0139 664 2254 | 0.975
837_| 438.37 3905917 9674 4464 | 28522 | 1.301
837 | 5408 495.3077 0476 2597 | 36404 | 16274 |
1637 | 641784 | 6016935 | 89.6941 | 94498 | 47908 | 1.953
Average | 18357669 | 4804424 | 4219042 | 648572 | 685217 | 3.2708 | 1417

We see that the first interim look is taken, on average, after 1.256 years during which time an
average of 206.99 events are observed. In our simulations we have achieved 90.5% power,
thus confirming (up to Monte Carlo accuracy) that the study has 90% power.

13.5.2 Simulating Under H,

To simulate under the null hypothesis we must go to the Response Generation Info tab in
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the simulation worksheet. In this tab change the hazard rate for the treatment arm to 0.38.

Simulation Parameters | Response Generation Info | Accrual/Dropout Info | Simulation Control Info

Survival Information

# Using Hazard Rates
) Using Cum. % Survival

# of Hazard Pieces |1 hd

Hazard Rates
Piece Starting At Hazard Ratio
Control Treatment
i | 00000 | 03800 | 0.38 0000 %

This change implies that we will be simulating under the null hypothesis. Next, click on the
Simulation Parameters tab and make sure that the Total No. of Events is fixed at
each look. Next, click the Simulate button to simulate 10000 trials. A portion of the results are
displayed below.

Simulation Boundaries and Boundary Crossing Probabilities:

Boundaries Early Total
Look# | Events Efficacy Stopping For Simulations
Upper Lower ELfJﬁpcI:cer El;ﬁo:'v:y Count %
1 207 5.3688 -5.3688 0 0 0 0
2 414 3nz2 -3.712 0 2 2 0.02
3 622 2.9683 -2.0683 1 17 28 0.28
4 829 2 5382 -2 F3§2 52 40 92 0.92
5 1036 2252 -2.252 83 75 158 1.58
6 1243 2.0448 -2.0448 110 110 9720 97.2
Total 256 244 10000
% 2 56 244

Average Sample Size, Dropouts and Look Times:

Look & 5 Average_ Average Events Average Dropouts Average | Average
ample Size Control Treatment Control Treatment | Look Time| Follow up

1 1168.3164 103.604 103.396 13.9964 13.976 1.2082 0.4656

2 1726.9583 207.0993 206.9007 28.0179 27.9528 1.7026 0.6302

3 1837 311.1532 3108468 42 0658 419334 21465 0.8907

4 1837 4147712 414.2288 56.0412 55.8752 2.6867 1.1875

5 1837 515.3153 517.6847 69.9973 69.84 3.391 1.4839

6 1837 621.8174 621.1826 53.998 83.7572 4.4083 1.7803

Average 1836.9872 617 2857 616.7303 83.4076 83.1433 4.3693 17673

Out of 10000 simulated trials 244 crossed the lower stopping boundary and 256 crossed the
upper stopping boundary thus confirming (up to Monte Carlo accuracy) that the type-1 error
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is preserved for this design.

East allows you to customize simulations by inserting user-defined R functions for one or more
of the following tasks: generate response, compute test statistic, randomize subjects, generate
arrival times, and generate dropout information. The R functionality for arrivals and dropouts
will be available only if you have entered such information at the design stage. Although the R
functions are also available for all normal and binomial endpoints, we will illustrate this
functionality for a time-to-event endpoint. Specifically, we will use an R function to generate
Weibull survival responses.

Start East afresh. On the Design tab, click Survival: Two Samples and then Logrank Test
Given Accrual Duration and Study Duration.

A
Il
Ol‘her
Samples
| Parallel Design

Logrank Test Given Accrual Duration and Accrnual Rates [SU-25-LRAR]
Compute number of events or power for logrank test for hazard ratio

Logrank Test Given Accrual Duration and Shudy Duration [SU-25-LRSD]
Compute number of events or power for logrank test for hazard ratio

Choose the design parameters as shown below. In particular, select a one sided test with
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type-1 error of v = 0.025.

Design: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Study Duration
Design Type: MNumber of Looks:
ATTII

Allocation Ratio:

Test Type: 1-Sided - | #of Hazard Pieces: Input Method: |Hazard Rates -
Type | Error (o) 0.025] [ Hazard Ratio (Optional) Alternative
Power o © Hazard Ratio (/A

) Log Hazard Ratio  In(x /X ,) -0.693|
Sample Size () [Computed e

@ Period  Startin
- ls] Hazard Rate Hazard Rate
No. of Events: ool ed # 14 (Control) (Treatment: Alt.)
1 | 0.0 | 0.035 | 0.017 |

(ny/m)

Variance of Log Hazard Ratio
@ Null O Alternative

Click Compute and save this design (Desl) to the Library. Right-click Desl in the Library and
click Simulate. In the Simulation Control Info tab, check the box for Suppress All

Intermediate Input. Type 10000 for Number of Simulations and select Clock for
Random Number Seed.

[y

Simulation Control Info
Qutput Options

Number of Simulations: 10000 Output Type:
Refresh Frequency: 1000 [ Save summary statistics for every simulation run

Random Number Seed

O save subject-level darta for simulation runs
® Clock

Mote: Max. 100,000 records will be saved.
O Fixed 100

kA Suppress All Intermediate Output

In the top right-hand corner for the input window, click Include Options, and then click User
Defined R Function.

Include Options

Site Info

Randomization Info
User Defined R Function |
Stratification Info
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For now, leave the box Initialize R simulation (optional) unchecked. This optional task can
be useful for loading required libraries, setting seeds for simulations, and initializing global
variables.

Select the row for Generate Response, click Browse..., and navigate to the folder containing
your R file. Select the file and click Open. The path should now be displayed under File Name.

[ 1 [ userefned R Functon [

Tasks File Name Fun|
Generate Response C:\Program Files (x86)\Cytel\Cytel Architect\East 6.2\R Samples\SurvivalWeibull.r
Compute Test Sta...
Randomize Subje...

Generate Arrival...

r

O] m

O Initialize R Simulation (Optional) [Brcwse...] I View I [ Clear ]

Click View to open a notepad application to view your R file. In this example, I am generating
survival responses for both control and treatment arms from a Weibull with shape parameter
=1 (i.e. exponential), with the same hazard rate in both arms.

Tasks File Name Function Mame
Generate Response| C:\Program Files (x86)\Cytel\Cytel A GenwWeibull
Compute Test Sta. .

Randomize Subje. .
Generate Arrival...

Copy the function name (in this case GenWeibull) and paste it into the cell for Function Name.
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Save and close the R file, and click Simulate.

File Edit Format View Help

Genweibull <- function(NumSub, NumArm, TreatmentID, SurvMethod, NumPrd, PrdTime, SurvParam)

time <- c()
null.rate <- survParam[1,1]
for{m in 1:Numsub)

j <- TreatmentID[m]
time[m] <- rweibull(n=1, shape=2, scale=1 / null.rate)

return(list(SurvivalTime = as.double(time), ErrorCode = as.integer(0)}) )

Return to the tab for User Defined R Function, select the Generate Response row, and click
View. In the R function, change the shape parameter = 2, to generate responses from a
Weibull distribution with increasing hazards. Save and close the R file, and click Simulate.

SurvivalWeibull.r - Notepz

File Edit Format View Help

lzenweibull =- function{Mumsub, Numarm, TreatmentID, SurvMethod, NumPrd, PrdTime, Survearam)
Time =- <)

null.rate =- survParam[1,1]

for{m in 1:Numsub)

f j <- TreatmentID[m]

time[m] <- rweibull(n=l, shape=1, scale=1 / null.rate)
time[m] <- rweibull(n=1, shape=l1, scale=1 / survParam[1, j+1])

return(Tist(survivalTime = as.double(time), ErrorCode = as.integer(Q)) )

Select both simulations (Sim1 and Sim2) from the Output Preview, and on the toolbar, click
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to display in the Output Summary.

S5im1 Sim2
Mnemaonic SU-25-LR5D SU-25-LRSD
Test Parameters
Design Type Superiority Superiority
Test Type 1-Sided 1-Sided
Test Statistic Logrank Logrank
Power 0.026 0.027
No. of Looks 1 1

Model Parameters

No. of Hazard Pieces

Accrual & Dropout Parameters

Followup Duration

Until End of Study

Until End of Study

Mo. of Accrual Periods

Sample Size

Maximum 182 182
Events
Maximum 88 B8
Simulation Results (Overall)
Average Study Duration 34.637 30.681
Average Sample Size 182 182
Average Events g8 B8

Notice that the type-1 error appears to be controlled in both cases. When we simulated from
the exponential (Sim1), the average study duration (30.7 months) was close to what was
calculated at Desl for the expected study duration under the null. However, when we
simulated from the Weibull with decreasing hazards (Sim2), the average study duration
increased to 34.6 months.

Appendix ?? contains detailed specifications for the required inputs and outputs of R
functions for each task and endpoint. The ability to use custom R functions for many
simulation tasks allows considerable flexibility in performing sensitivity analyses and
assessment of key operating characteristics.
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1 4 Accrual Duration and Study
Duration

This chapter will illustrate through a worked example how to design and simulate a
two-sample non inferiority trial with a time to event trial endpoint, when the accrual duration
and study duration are fixed.

For this design, East obtains the maximum number of events D,,,,,. from the maximum
information I,,,.., as described in Appendix sections ?? and ?2. To calculate the sample size,
we first equate the expected number of events d(S,, + S;) (as calculated in Appendix ?? which
depends on the accrual duration (5,) and the duration of follow-up (S;) to the maximum
number of events D,,, ..

d(Sq + S¢) = Diag (14.1)

In this type of design the accrual duration S, and the study duration S, + S are given as

input. East iterates between sample sizes, increasing onwards from a minimum value of D,,,,.,
enrolled over a duration of S, until D,,.. events are found to occur within a study duration of
Sa +S¢. The result is the unique sample size required to obtain the proper power for the study.

The first step in designing a non-inferiority trial is to establish a suitable non inferiority margin.
This is typically done by performing a meta-analysis on past clinical trials of the active control
versus placebo. Regulatory agencies then require the sponsor of the clinical trial to
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demonstrate that a fixed percentage of the active control effect (usually 50%) is retained by
the new treatment. A further complication arises because the active control effect can only be
estimated with error. We illustrate below with an example provided by reviewers at the FDA.

Rothman et al. (2003) have discussed a clinical trial to establish the non inferiority of the test
drug Xeloda (treatment ) relative to the active control (treatment ¢) consisting of 5 fluorouracil
with leucovarin (5FU+LV) for metastatic colorectal cancer. In order to establish a suitable non
inferiority margin for this trial it is necessary to first establish the effect of SFU+LV relative to
the reference therapy of 5FU alone (treatment p, here regarded as placebo). To establish this
effect the FDA conducted a ten study random effects meta analysis (FDA Medical Statistical
review for Xeloda, NDA 20 896, April 2001) of randomized comparisons of 5-FU alone versus
5-FU+LV. Letting A\;, A\. and ), denote the constant hazard rates for the new treatment, the
active control and the placebo, respectively, the FDA meta analysis established that

In (\,/Ae) = 0.234

with standard error
se[ln (Ap/Ac)] = 0.075 .

Thus with 100v% confidence the active control effect lies inside the interval

0.234 — 0.075@*%”77), 0.234 + 0.075<1>1(HTV)} (14.2)
The new study is required to demonstrate that some fraction (usually 50%) of the active
control effect is retained. Rothman et al. (2003) state that the claim of non inferiority for the
new treatment relative to the active control can be demonstrated if the upper limit of a two
sided 100(1 — a)% confidence interval for In(\;/\.) is less than a pre specified fraction of the
lower limit of a two sided 100v% confidence interval for the active control effect established by
the meta-analysis. This is known as the “two confidence intervals procedure”. Specifically in
order to claim non inferiority in the current trial it is necessary to show that

L elin (/0]

(14.3)

In (N /Ae) + @11 — a/2)selln (A /A)] < (1= fo){In (Ap/Ae) — &
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We may re-write the non inferiority condition (14.3) in terms of a one-sided Wald test of the

form o
hl ()\t/)\c) — (50

— > '(1-a/2), 144
Se[ln (/\t/A()] - (1 /2) ( )

where - . o
50 = (1= fo){In (g /2e) — @~ (D )se(ln (A, /30)]} (14.5)

is the non inferiority margin.

The choice fy; = 1 implies that the entire active control effect must be retained in the new trial
and amounts to running a superiority trial. At the other end of the spectrum, the choice f, = 0
implies that none of the active control effect need be retained; i.e., the new treatment is only
required to demonstrate effectiveness relative to placebo. The usual choice is fo = 0.5,
implying that the new treatment is required to retain at least 50% of the active control effect.
The usual choice for a is o = 0.05. A conservative choice for the coefficient ~ is

v =(1—«a)=0.95. Rothman et al. (2003) refer to this method of establishing the non
inferiority margin as the “two 95 percent two sided confidence interval procedure” or the
"95-95 rule”. In general this approach leads to rather tight margins unless the active control
effect is substantial. Rothman et al. (2003) have also proposed more lenient margins that vary
with the amount of power desired. Fleming (2007), however, argues for the stricter 95-95 rule
on the grounds that it offers greater protection against an ineffective medical compound
being approved in the event that the results of the previous trials used to establish the active
control effect are of questionable relevance to the current setting. Accordingly we

evaluate (14.5) with v = 0.95, fo = 0.5, In (\,/A.) = 0.234 and se[In (X, /\.)] = 0.075 thereby
obtaining the non inferiority margin to be §, = 0.044 for the log hazard ratio and

exp(0.044) = 1.045 for the hazard ratio.

In this section we will use East to design a single-look non inferiority trial comparing the test
drug Xeloda (treament t) to the active control 5FU+LV (treatment ¢) for the treatment of
metastatic colorectal cancer. On the basis of a meta analysis of ten previous studies of the
active control versus placebo (Rothman et. al. 2003), a non inferiority margin of 1.045 for

14.3 Trial Design 317



<<< Contents Index >>>

Chapter 14: Non Inferiority Trials Given Accrual Duration and Study Duration

At/ Ae has been established. Thus we are interested in testing the null hypothesis of inferiority
Hy: A\¢/A. > 1.045 versus the one-sided alternative hypothesis that \;/A. < 1.045. Suppose the
trial is planned to enroll for 30 months and finish within 70 months of the last patient enrolled.

14.3.1 Single-Look Design

We will use East to create an initial single-look design having 80% power to detect the
alternative hypothesis H;: A\;/\. = 1 with a one sided level-0.025 non-inferiority test.

To begin click Survival: Two Samples on the Design tab and then click Parallel Design:
Logrank Test Given Accrual Duration and Study Duration as shown below.

O B+ East 6- [Design Input Output]
Home DastaEditor | Design Analysis
n m c
By Yo S % M1t v K < T
One Two Many  Regression One Twe Many  Regression Agreement Two
Sample Ssmples Samples Sample Samples Samples Sampl: Sﬂmp\as Samples
Continuous Discrete Count Parallel Design

| Loorank Test Given Accnial Duraion and Accrual Rates [SU-25 LRARI
Compute number of events o pawer for logrank test for hazard ra

Logrank Test Given Accrual Duralion and Study Duration [SU-25-LRSD]
Compute number of events or power for logrank test for hazard ratio

A new screen will appear. Enter the appropriate design parameters into the dialog box as
shown below.

Design: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Study Duration

Design Type: Noninferiority ~| Number of Looks: [1 |+

Design Parameters |~ Accrual/Dropout Info

Test Type: 1-Sided - # of Hazard Pieces: |1 - Input Method: |Median Survival Times ¥
f¥l Hazard Ratio (Optional,
Type | Error (c). 0.025 azard Ratlo (Optional) Null Alternative
Power- o @ Hazard Ratio (A /A,) 1.045
O Ratio of Medians  (m_/m_)
sample Size (n). 18527 v
Period Med. Surv. Time | Med. Surv. Time | Med. Surv. Time
No. of Events SE2U # as (Control) (Treatment: Null) | (Treatrnent: Alt.)
1 | 18.0000 | 17.2249 | 18.0000 |
Allocation Ratio
(n,/n.)

Variance of Log Hazard Ratio
& Null O Alternative

The box labeled Variance of Log Hazard Ratio specifies whether the calculation of the
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required number of events is to be based on the variance estimate of the log hazard ratio
under the null hypothesis or the alternative hypothesis. The default choice in East is Null.
Most textbooks recommend this choice as well (see, for example Collett, 1994, equation (2.21)
specialized to no ties). It will usually not be necessary to change this default. For a technical
discussion of this issue refer to Appendix ??, Section ?2.

Next click on the Accrual/Dropout Info tab. Here we will specify the accrual information and
dropout rates. Set the accrual duration to 30 months and the study duration to 100 months in
the Accrual Info box. Also, suppose that there are 5% drop-outs per year in each arm. Enter
these values as shown below.

Design Parameters | Accrual/Dropout Info

Subjects are followed: |Until End of Study =

Accrual Info Piecewise Constant Dropout Rates

Accrual Duration Study Duration 100 # of Pieces: [1 - Input Method Dropout Rates =

# of Accrual Periods: |1 - Period £ At Cum. % Dropouts | Cum. % Dropouts
(Control) (Treatment)
Period # At Gy 0 1| 12.0000 | 5.0000 [ 5.0000 |
Accrued
1| 3o0.0000 | 100.0000 |

Click on Compute to complete the design. The design is shown as a row in the Output
Preview located in the lower pane of this window. You can select this design by clicking

anywhere along the row in the Output Preview. With Des1 selected, click the "' iconto
display the details of this design in the upper pane, which are shown below. You may also wish

to save this design. Select Desl in the Output Preview window and click the ¥ tosave
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this design to Workbookl in the Library.

Whbk1:Des1
Mnemonic SU-25-LRSD

Test Parameters
Design Type Noninferiority

Mo. of Looks 1
Test Type 1-Sided
Specified o 0.025
Power 0.8
Model Parameters

Hazard Ratio (Null) 1.045
Hazard Ratio (Alt.) 1

War (Log HR) Null
Allocation Ratio (nt/nc) 1

Accrual & Dropout Parameters
Subjects are Followed | Until End of Study

Mo. of Accrual Periods 1
Mo. of Dropout Pieces 1
Sample Size
Maximum 18527
Expected Under HO 18527
Expected Under H1 18527
Events
Maximum 16205
Expected Under HO 16205
Expected Under H1 16205
Accrual Duration
Maximum 30
Expected Under HO 30
Expected Under HT 30
Study Duration
Maximum 100
Expected Under HO 96.7434
Expected Under H1 99.9562

It is immediately evident that Desl is untenable. It requires 16,205 events to be fully powered
and 18,527 subjects to obtain those events within the course of the study. The problem lies
with trying to power the trial to detect a hazard ratio of 1 under the alternative hypothesis.
Suppose instead that the investigators actually believe that the treatment is slightly superior to
the active control, but the difference is too small to be detected in a superiority trial. In that
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case a non-inferiority design powered at a hazard ratio less than 1 (0.95, say) would be a better
option because such a trial would require fewer events.

To see this create a new design by selecting Desl in the Library, and clicking the 5 icon
on the Library toolbar. Then edit this design by specifying a hazard ratio of 0.95 under the
alternative hypothesis as shown below.

Design Parameters | Accrual/Dropout Info

Test Type 1-Sided vI # of Hazard Pieces: |1 - Input Method: |Median Survival Times >
B Hazard Ratio (Optional

Type | Error (o): 0.025 ©r ) Null Alternative
O Ratio of Medians  (m_/m ) 0.9569| 1.0526|

Sample Size (n): Computed vt

. Period Med. Surv. Time | Med. Surv. Time | Med. Surv. Time

No. of Events Eonpwed # ok (Control} (Treatment: Null) | (Treatment: Alt.)
oy | 18.0000 | 17.2249 18.9474 |

Allocation Ratio

(n,/n.)

Variance of Log Hazard Ratio
@ Null O Alternative

Click the Compute button to generate output for Des2. With Des2 selected in the Output

Preview, click the 3 icon to save Des2 to the Library. In the Library, select the rows for

Desl and Des2, by holding the Ctrl key, and then click the "' icon. The upper pane will
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display the details of the two designs side-by-side:

Wbk1:Des1 Wbk1:Des2
Mnemonic SU-25-LRSD SU-25-LRSD
Test Parameters
Design Type| Noninferiority Noninferiority
No. of Looks 1 1
Test Type 1-Sided 1-Sided
Specified o 0.025 0.025
Power 0.8 0.8001
Model Parameters
Hazard Ratio (Null) 1.045 1.045
Hazard Ratio (Alt.) 1 0.95
Var (Log HR) Null Null
Allocation Ratio (nt/nc) 1 1

Accrual & Dropout Parameters
Subjects are Followed | Until End of Study | Until End of Study

No. of Accrual Periods 1 1
No. of Dropout Pieces 1 1
Sample Size
Maximum 18527 3973
Expected Under HO 18527 3973
Expected Under H1 18527 3973
Evenits
Maximum 16205 3457
Expected Under HO 16205 3457
Expected Under H1 16205 3457
Accrual Duration
Maximum 30 30
Expected Under HO 30 30
Expected Under H1 30 30
Study Duration
Maximum 100 100
Expected Under HO 96.7434 93.2179
Expected Under H1 99.9562 99.8704

Des2 is clearly easier to implement than Desl. It requires only 3,457 events to be fully
powered. This can be achieved with only 3,973 patients enrolled in the study.

14.3.2 Early Stopping for Futility

Under the null hypothesis, Des2, with 3,457 events, has an expected study duration of 93.2
months. This is a very long time commitment for a trial that is unlikely to be successful.
Therefore it would be a good idea to introduce a futility boundary for possible early stopping.
Since we wish to be fairly aggressive about early stopping for futility we will generate the
futility boundary from the Gamma(—1) /3 spending function. On the other hand since there no
interest in early stopping for efficacy we will not use an efficacy boundary.
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Create a new design by selecting Des2 in the Library, and clicking the 5

icon on the

Library toolbar. Change the number of looks from 1 to 3 as shown below.

Design Type: |Noninferiority +| Number of Looks -

Design Parameters

Test Type: Il-S\ded - # of Hazard Pieces: |1 'I
Type I Error () ¥ Hazard Ratio (Optional) Null
Power o (3} Hazard Ratio hin)

2 Ratio of Medians  (m,/m_)

Sample Size (n)

No. of Events

Allocation Ratio:
(n,/n,)

Boundary Info

[s]IN sl
o||a
3|32
o||lB
clle
a7
w o
alla
L

Accrual /Dropout Info

Input Method: |Median Survival Times ¥

Alternative

Period
% At

| |

Med. Surv. Time
(Control}
18.0000

| 17.2248

Med. Surv. Time
(Treatment: Null)

Med. Surv. Time
(Treatment: Alt.)
18.9474

Variance of Log Hazard Ratio

@ Null

O Alternative

Next, click on the Boundary Info tab. Enter the parameters as shown below. Be sure to select
the Non Binding option. This choice gives us the flexibility to continue the trial even if a
futility boundary has been crossed. Data monitoring committees usually want this flexibility;
for example, to follow a secondary endpoint.

Design Parameters

Boundary Info =~ Accrual/Dropout Info

Efficacy Futility

Boundary Family: None - Boundary Family: Spending Functions A
Spending Function: |Gamma Family ~
Parameter (y)
Type Il Error (B): 0.2

Spacing of Looks -

pacing @ Equal I Unequal Futility Boundary: |z Scale E 7| =
Info. Cum. Futilit
Look # ) B v
Fraction Spent Boundary
1 | 03333 | 00460 | -0.0070 |
01103 |

|
2 | 0.6667 |
|

3 | 1.0000

-1.0555
-1.9600

0.2000

Click the Compute button to generate output for Des3. With Des3 selected in the Output

Preview, click the

Desl, Des2, and Des3 by holding the Ctrl key, and then click the

icon to save Des3 to the Library. In the Library, select the rows for

icon. The upper pane
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will display the details of the three designs side-by-side:

Wbk1:Des1 Wbk 1:Des2 Wbk1:Des3
Mnemaonic SU-25-LRSD SU-25-LRSD SU-25-LRSD
Test Parameters
Design Type| Noninferiority Noninferiority Noninferiority
No. of Looks 1 1 3
Test Type 1-Sided 1-Sided 1-Sided
Specified o 0.025 0.025 0.025
Attained o 0.0219
Power 0.8 0.8001 0.8
Model Parameters
Hazard Ratio (Null) 1.045 1.045 1.045
Hazard Ratio (Alt.) 1 0.95 0.95
Var (Log HR) Null Null Null
Allocation Ratio (nt/nc) 1 1 1
Boundary Parameters
Futility Boundary Gm (-1) (NB)
spacing of Looks Equal

Accrual & Dropout Parameters

Subjects are Followed

until End of Study

Until End of Study

until End of Study

No. of Accrual Periods

1

1

Mo. of Dropout Pieces

1

1

Sample Size

Maximum 18527 3973 4344
Expected Under HO 18527 3973 3965.0318
Expected Under H1 18527 3973 4312.7208

Events

Maximum 16205 3457 3780
Expected Under HO 16205 3457 2056.3268
Expected Under H1 16205 3457 3583.036
Accrual Duration

Maximum 30 30 30
Expected Under HO 30 30 27.3828
Expected Under H1 30 30 29.784

Study Duration

Maximum 100 100 100
Expected Under HO 96.7434 93.2179 39.6138
Expected Under H1 99.9562 99.8704 92.7138

Observe that while the sample size has been inflated to 4,344 subjects compared to Des2, the
expected study duration under Hy has been cut down to 39.6 months and the expected
sample size under Hy is 3,965. It would also be useful to simulate Des3 under a variety of

scenarios for the hazard ratio. Select Des3 in the Library and click the

S

icon. You will be
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taken to the following simulation worksheet.

Simulation: Survival Endpoint: Two-Sample Test - Parallel Design - Logrank Given Accrual Duration and Study Duration

Number of Looks: |3 =

G ion Info rA::lual/Dmpmlt Info rsimula(ion Control Infn}
Trial Type: Noninferiority 2
Test Type: 1-Sided = Noninf. Margin (In(HR0)): 0.044] || Test Statistic: [Logrank -
Max. # of Events: 3780

Fix at Each Look: Total No. of Events =

Look # | Info. Fraction Futility Z

1 0.3333 -0.0070

2 0.6667 -1.0555

3 1.0000 -1.9600
Restore Original Design

We wish to simulate this trial under the null hypothesis that the hazard ratio is
exp(0.044) = 1.045. To do this go to the Response Generation Info tab in the simulation
worksheet. In this tab change the control and treatment hazard rates as shown below.

Simulation Parameters | Response Generation Info | Accrual /Dropout Info rsimulation Control Infol

survival Information

) Using Hazard Rates
0 Using Cum. % Survival

# of Hazard Pieces |1 hd

Hazard Rates
Piece Starting At Hazard Ratio
Control ‘ Treatment
1 0.0000 0.0385 0.04024 1.0450

Next, click the Simulate button to simulate 10000 trials. A new row labeled Sim1 will appear in

the Output Preview window. Select Sim1 in the Output Preview and click the icon to
save it to the Library. In the Library, double-click Sim1. A portion of the output is displayed
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below. (The actual values may differ, depending on the starting seed used).

Simulation Boundaries and Boundary Crossing Probabilities:

Boundaries Early — Total
Look # | Events Futility Stoppmg For Rejsct H1 Simulations
Upper Futility Count %
1 1260 -0.007 5137 5137 5137
2 2520 -1.0555 3542 3542 3542
3 3780 -1.96 1095 226 1321 1321
Total 9774 226 10000
% 97.74 226

Average Sample Size, Dropouts and Look Times:

Look # Average Average Events Average Dropouts Average Average
Sample Size Control Treatment Control Treatment | Look Time | Follow up
1 3590.4581 619.7884 640.2116 68.9008 67.9243 24.7941 8.9151
2 4344 1250.113 1269.5869 137.2229 136.4547 40.2259 14.742
3 4344 1887.2975 1892.7025 204.6775 205.084 93.2951 221092
Average 3956.4388 1003.1299 1036.0541 111.4037 110.0054 39.308 12.7206

Response Generation Parameters
Mo. of Hazard Pieces: 1

Input Methaod: Hazard Rates
Piece #| Stj:img Control | Treatment| Hazard Ratio|

1 0 0.038 0.04 1.045

Note that 226 out of the 10000 simulations were unable to reject the alternative hypothesis,
thus confirming (up to Monte Carlo accuracy) that this design achieves a type-1 error of 2.5%.
Also, observe that 51.37% of these trials have crossed the futility boundary at the very first
interim look after only 24.794 months of study duration.
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