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1 Introduction

1.1 Purpose of this document

This document describes how to use the bCRM application graphical user interface. It is intended
for all end users of the system. Users are encouraged to read the 1995 [Goodman] paper and the
original bCRM paper [Braun] before using the bCRM application.

1.2 Scope of this document

This guide only describes using the bCRM graphical interface and the bCRM facilities accessible
via that interface for running a trial; it does not cover all the statistical details of the model and
method that it uses for dose allocation and simulation.

1.3 Context of this Issue

This issue documents version 1.1.3 of the system.

1.4 Definition of Terms

bCRM refers to the computer programs that implement the bivariate continual
reassessment method dose-finding algorithm, simulate and run phase 1
clinical trials using the bivariate continual reassessment method design and
provide charts and graphs of the results.

A Simulation Series is comprised of a ‘Design’ for a trial using the bCRM algorithm, a set of one
or more ‘Scenarios’ — possible probabilities of toxicities and efficacies — and
one or more ‘Variants’ where some of the Design parameters can be varied
to explore the effect of the variation on the operating characteristics of a
Trial. A Simulation Series creates a number of Runs = (number of
Scenarios) * (number of Variants).

A Design is a set of parameters that define a trial design to be carried out using the
bCRM algorithm. This consists of: the specific drug dose strengths that can
be used during the trial; the ‘alpha’ value of the modelling logistic curve
along with a set of estimated toxicity and efficacy probabilities which are
used to define the set of curves to model the response; the start dose and
maximum dose level increment allowed during the trial; and the trial size
details — the number of subjects assigned in each cohort used in the trial, the
maximum number of subjects and the trial termination conditions.

A Scenario is a set of fixed values of the probability of toxicity and efficacy for each of
the dose strengths to be used in the trial. These define the ‘true’ drug
response during a simulation.

A Variant is a small modification to a Design — for example a different cohort size,
study sample size or value of alpha.

A Run A run is a set of all the parameters required to simulate a trial, it is the
combination of a Design and a Scenario. A Simulation Series creates one or
more runs. Each run is organised as a separate folder, all the parameters for
a run are held in a single file called ‘init.bcrm’ and all the outputs for the
simulations of the run are held in the folder in “.csv’ files. (Plain text files with
one record per line, individual values separated by commas — this format of
file is readily imported into many other programs such as Excel, Access,
SAS and Oracle). bCRM can have at most one run directory open at any one
time and it is the files in this directory that provide the source data for the
parameter values and visualisation.
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Simulation A simulation is the result of probabilistically generating a single clinical trial
using bCRM. bCRM creates data for subjects and their responses by
randomly selecting from the relevant probability distributions of the scenario
defined in the bCRM input file. A particular run may be simulated a number
of times, indeed to accurately analyse the characteristics of a particular
Design it must be simulated usually ~10,000 times over a range of
scenarios.

Trial A trial is a real clinical trial, where the user enters subjects’ data and
responses. The bCRM Algorithm is run to determine the doses to allocate
and to analyse the results. This facility allows bCRM’s adaptive allocation to
be used on small (single centre) trials.

MTD The maximum tolerable dose. This is the strongest of the doses in the trial
that has a toxicity below the target toxicity.

MED The minimum efficacious dose. This is the weakest of the doses in the trial
that has an efficacy above the target efficacy.
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2 Quick Guide

21 Starting bCRM
To start bCRM, double-click the bCRM icon that is installed on your computer desktop.
After bCRM has started, the main window will be displayed.

2.2 Main Window

The main window is displayed after bCRM has started and is present until b.CRM exits. It is used to
open and create designs and to access other parts of the application.

Wi bCRM

File Edit  Wew Help

ALY L LY

Initially the only enabled buttons are:

Open existing bCRM data

s|<fv|s|a) =|e | ul

Create new Simulation Series

These commands are also available from the File menu.

2.3 Exiting bCRM

To exit bCRM, select Exit from the File menu of the main window.
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24 Displaying Existing Data

To display existing bCRM Data, select Open from the File menu, click the tool button = or press
the ctrl-o key. If there are currently any open parameter wizard, run manager, Desktop bCRM or
visualisation windows, you will be notified that they will be closed before changing the current
simulation series and asked if you wish to proceed.

Use the file browser to select the directory to open and then click the Open button. If you change

your mind about opening a particular directory then click the Cancel button. As well as folders, the
file browser displays the bCRM input (‘init.bcrm’) and output files (**.csv’) in each directory to help
you locate the correct one.

If the bCRM input files contain any invalid parameter values, then you will be notified via a
message box. These values must be corrected in bCRM before bCRM can be run with this design.

E Select bCRM directory to open
Lookin: ) bCRM v T 2EE
| : Ib Example Trial
l_A.J ) Goodman
My Recent |0 rewy eries
Documents
Deskiop

2

iy Documents

L
fly Computer

g File: name: :-BE-R_RJ i Cpen

iy Metwork

. . |~
Places Files of type: [Directary vl Cancel

In the folder selected for opening bCRM will display all its folders that contain bCRM data:

Wi bCRM [C:¥Tirials\bCRM] (=13
File Edit Yiew Help
EBa W5 BE B
Path Type andd [ Target Target Murn Toxic Murn S0 of Mum S0 of
Action Sirmulations PEfficacy) PrToxicity) Everts Responses Toxic Respol
Everts
4 bCRM
# Example trial [#] Include
|| Goodman Test Series
;I ey seties Test Series
b ¥
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2.5 The Toolbar

Once a simulation series has been created, or a pre-existing one has been opened, the
application’s main panel becomes more interesting:

Wi bcRM [C:ATrials\bCRM]
File Edit  Wiew Help

(A= "R = R

Tesat Seties
it

Path Type and Mum Target Target Mum Toxic Fum =0 af Mum =D of
Action Simulations P(Efficacy] P(Toxicity) Evernts Rezponses Toxic Rezpo
Ewvents
4 bCRM 1 0.4 02 0 1
# Example trial \ Inclucle 1 0.4 0.2 u] 1
= 4 Goodman

10 04 02 2 32

Scenario
® Curve2 ( Scenatio 10 04 0.2 16 51
® Curveld Scenario 10 0.4 0.2 18 &
# Curved K Scenatio 10 0.4 0.2 25 85
® Curves \ Scenario 10 04 0.2 1.7 06
# Cuyrveb SCEnario 10 04 0.2 1.3 Ta
__| TwalnCohort %riam 10 0.4 02 1.8333 5.2333 0.3271
|| new series ) Te%\Series
—

N

Directory containing the
set of Simulation Series &

Trials

Path

4 bCRM

# Exatnple trial

= 4 Goodman

= 4 ThreelnCohart

# Curvel

~

# Curve?

# Curved

# Curved

=

# Curves

|| TwolnCohart

|| newy series

Simulation Summary data from
Series and simulations or actual
Trials trial

&— ATrial being run by bCRM

———— A Simulation Series

The design variants of the simulation series

The scenarios of design variant
“ThreelnCohort”, all variants are
simulated over the same scenarios.

The currently selected series

Levels can be expanded or hidden by clicking
on the '+’ or ‘- boxes.
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Select a simulation series or trial by clicking on its name — the line becomes highlighted. More of
the bCRM Toolbar buttons become enabled:

Converta variant  Launch Graph Save Simulation

Open a Different Folde\rA ?r?asl’cerzno toa M?ager /ummary to File

dls|p|tla]e]|s]s |

N

New Simulation Edit the . View Edit Summary
Series Simulation Enter Trial Simulation Columns
Series ata Data

All of these operations are also available from the application’s menus.

Right clicking on a Trial or Simulation Series selects it and opens a pop-up menu:

Edit...

Rename, ..
Delete
Run...

Graphs...

This gives short cuts to commands described elsewhere — it also allows the simulation series (the
simulation series directory) to be renamed or deleted.
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3 Design and Simulation of bCRM Trials

The main mechanism for designing and simulating trials in bCRM is the ‘Simulation Series’.
A Simulation Series consists of:
1. a ‘Design’ (which provides the ‘Default Parameters’ for all of the different simulations),

2. aset of ‘Scenarios’ — probability curves describing the probability of toxicity and efficacy
for all the drug dose strengths which may be used during a trial

3. and a set of ‘Variants’ — variations on the underlying design in order to evaluate options in
the trial design.

To create a new simulation series, select either New Simulation Series from the File menu, or

click the New Simulation Series button (@l).

A file browser will appear in which you should select the directory in which to save the new series:

E Select hCRM directory for saving
Sawein |3 bCRM v 2 »EE
X |b Exarmple trial .

’fi
iy Recent
Documents

Cesktop

2

by Documents

|I2) Goodman

File: niarme: | newr series / | Saie
i /
Cancel

. = |~
Files of type:  |Dirdetary / bt

You should navigate to where you wish the new simulation sgries to be stored;:
e double click on folders to move|into a folder

e click on the ‘parent folder’ buttgn to move up to the parent folder

e once in the folder that you want to act as the parent folder for the simplation series, enter
the name of the new simulation series — this will be the folder for holdjng the simulation
series data.

e click on the ‘new folder’ button if you wish to create a new parent folder — this will be useful
for organising a number of related bCRM simulation series together:
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Wi Select bCRM directo ry for saving

Savein |3 boRM
I } (E) Exarmple trial
L—"-:) |1 Goodrran
My Recent &t
Documents ||j ne eries
@
Diesktop

My Documents

o

by Computer
& Filg name; |NeW Folder i
Iy Wetwark
Places File= of type: |Dired0ry v| Cancel

I

o if you select ‘New Folder’ it will be called ‘New Folder’ but the name will be selected and

you can type a more meaningful one.

simulation series.

E Select bCRM directory for saving

you can then double click on that folder and enter the name of a new directory for the

Savein:

I
|2 bCrm

//vl 2 »EE

| -’-EB
Wy Recent
Diocuments

Desktop

by Documerts

o

Wy Commputer

<

File name: !_I:_)efa_ult
My Metwork

i

Places Files of type:

|Directory

~ | Cancel

Click Save to save the new simulation series.

The simulation series editor window will then open.
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3.1 The Simulation Series Editor

e This panel allows you to select which aspect of the Simulation Series to define or edit. The
step may be selected by clicking on it, or by using the Previous and Next buttons.

Series Definitions — enter the design of the trial.

Scenario Definitions — define the different toxicity and efficacy probability curves to
simulate from in the simulations.

Variants — define variations on the main design of the trial for comparison.

jmulation — displays a screen for running the simulations.

Create the Simulation Series design

Scenariao Defintions
Watiants
Simulation

Simulation Series

Simulation Series Hame | Goodman series

Copy Existing Series...

Series Defaults

[ EditView Design... ]

I Copy Design... I

[ Statistics Parameters... ]

\

With Series Definition selected the rest of the screen looks like this. It allows the series name to
be changed, the series design, scenarios and variants to be imported from an existing series
(Copy Existing Series) or the Design to be setup from scratch (Edit/View Design) or imported
from a particular run in another simulation series (Copy Design).

To design a simulation series from scratch, or modify a design that has been copied in, click on the
Edit/View Design button.
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3.2 Series Definitions - Editing The Design

We will now illustrate setting up a Trial design. This uses a further sequence of screens where the
sequence of steps is listed in the left-hand panel and the controls of the current step are shown on
the right.

3.21 Defining the Drugs and Target Toxicity and Efficacy
Enter the details of the drug that is being trialled:
e The name of the drug

e The units of the dose

Select whether the trial will monitsg the toxicity of the drug, the efficacy of the drug, or both. (This
document assumes both are beingysed. If only one is used, then inappropriate items will be
hidden or greyed out.

Wi Simulation Series Design -a] |

Step Drug
Dose Level . .
ey Defing the drug details, and the eficacy an toxicity targets

Fixed Allocation

hCRM may he used with toxicty alone, efficacy M one or both toxicity and efficacy.
Four Parameter Logistic

Drug Details

Hame: Drug
Dose unit: mg

Type of outcome(s): ¢ Toxicity (" Efficacy = Toxicty and Efficacy

Targets

Target rate for Toxicity: 0.3

{+ Use dose below target  Use nearest dose  Use dose above target

Target rate for Efficacy: 0.5

" Use dose below target ( Use nearest dose (* Use dose above target

< Previous | Next > | Einish |

/
Enter the target toxicity and/efficacy probabilities:

e The drug Maximuym Tolerable Dose (MTD) will be the largest dose that has an (estimated)
probability of toxjcity that is below the target toxicity.

um Efficacious Dose (MED) will be the smallest dose that has an
(estimated) prgbability of efficacy that is above the target toxicity.

e The bCRM mnjodel is poor at determining the correct dose level for probabilities close to the
value of ‘X’ # 0. This normally occurs at 5% or 95%. For this reason it is not recommended
to run a tridl with a target probability below 0.15 or above 0.85.

When the target level is not at an exact dose, the system can select either the closest dose, or the
dose above or the dose below. The default is to use the dose below for toxicity and dose above for
efficacy.
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3.2.2

W simulation Series Design * =10lxi

Entering the Dose Levels

Step

Drug
Dose Level
Trial Size
Fizzed Allocation

Four Parameter Logistic Alpha is defined below. Itis not recommended to change the default value without good reason.

Dose Levels and Responses

Define the dose levels 1o be used in the trial and their estimated toxicity f eficacy.
The toxicity f eficacy values are modelled by the logistic curve given below, where
The xvalues are calculated from the estimated probabilities entered below.

P BI=L+U-Lye P i 1ea " P

™

Is:I 3 + | - | }
Initial d\ ElE\IEl:I 1 Maxduselwelincrement:l 1

Number of dose |y

Dofe strengths and estimated effect

Index Doze Streng‘thl Estitnsted To. .| Estimated Ef

1 100 041 025
2 200 0.2 03
3 300 0.4 0.4
4 400 0.6 0s
3 500 0.7 0.6
5} GO0 0.8 o7

Show Graph...

This screen is usgd to provide information on the drug doses that will be used in the trial,

< Previous | Next = | Finish
nd on

the set of logistj€ curves which bCRM uses to model the true drug respondes. (If the serieq uses

only toxicity oy/only efficacy then only those controls will be available)

Enter the value of o used to define the set of logistic curves for modgelling.
either —3 or +3. The model generally works better with an o of +3 when the| target
probabilities are <0.5, and works better with an o of —3 when the target probabilities\are
>0.5

During the trial only specific dose strengths will be given to subjects.| The trial will notluse
any other dose strengths. You can specify how many different dose $trengthis will be Lsed.

Specify the index of the dose strength that will be given to the first cohort of qubjects in the
trial (1 to ensure the first cohort is given the weakest dose). Then entgr how many
increments to the dose strength are allowed between successive cohorts (enter 1 to
ensure that the adaptive allocator will at most only use the next strondest dos¢ above
whatever has already been used).

Specify the range of each curve. By default the efficacy and toxicity cutves go from 0 to 1,
but this may not be correct. For example if there is a know response rate on placebo, this
can be entered here. Setting the correct asymptotes enables the logisti¢ to fit more
accurately and improves performance, but remember that the target value must be well
clear of the asymptotes.

For each dose to be used in the trial, specify the strength of the dose in the units given on
the previous screen, and an estimated toxicity and efficacy for that dose level. Each of
these values must increase with increasing dose index.
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e The estimated toxicity and efficacy values do not need to be the same. Similarly the dose
strengths do not need to be evenly spaced, they are not used by the model, but are
included for reference.

e The toxicity and efficacy estimates determine the X’ values that are used in the logistic
curves that model the true drug responses. Each estimated probability is used to determine
the X’ value which gives that probability for a value of g = 1. The X’ values from the
estimated toxicity and efficacy probabilities are then averaged to give an average ‘X’ that is
used in all future modelling

You can check the effect of the parameters entered and the range of logistic curves that can be
used to model the true responses, by pressing Show Graph...

|7 - x|
Drug toxicities / efficacies
10
0o
08
07"
=06
3
®os
2
o
0.4
0:3-
0z o
oA /
00
5.5 A0 45 -40 a5 a0 25 20 15 -0 085 00
%
M Estimated Toxicity W Estimated Efficacy Bp_Tox=01 BMp_Tox=05 Wp_Tox=10 B_Tox=20 B_Tox=30
M =01 Mp Erf=05 Mp Ef=10 Mp Ef=20 | p_Eff=30

The estimated toxicity and efficacy probabilities will be plotted against the x values determined from
them.

For each outcome a set of logistic curves will also be plotted for a range of values of § ranging from
0.1 to 3.0. The prior toxicity and response behaviour assumed by the model is for a uniform
distribution of B ranging from 0 to 3. Thus you can see that the information entered on this page
has defined a family of curves, distinguished solely by different values of 3. The observed data will
be modelled by selecting the best fit from this family. There will be some restrictions on how well
the model fits the data as a result of this. In the example above:

e The curves can fit a toxicity of between 0.05 and 0.9 at all doses.

e But sharp changes in toxicity are only well modelled at the higher doses. For instance if
probability of toxicity of 0.5 is observed at the second dose, the curve that fits that point
exactly, implies a probability of toxicity of ~0.4 at the first dose.

e The curve that fits a low probability of toxicity at the higher doses, implies very low
probability of toxicity at the lower doses.

e The curves will not fit very high toxicities at the top two (or more) doses without implying
high toxicity at lower doses.
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If we change the value of the Alpha parameter from 3 to —3 the family of curves changes to:
7]

Drug toxicities / efficacies

Probability

0.

0.0
000 025 050 075 100 125 1650 175 200 225 250 275 300 326 250 275 400 425 450 475
X

M Estimated Toxicity W Estimated Efficacy WE_Tox=01 Mp_Tox=05 Mp_Tex=10

F_Tox=2.0 B_Tox=30
Wi cv=01 Mp =05 Mp_Er=10 Mp_Ef=20  p_Eff=30

Notice this family of curves has very different strengths and weaknesses from the previous ones:
e There is no curve that fits the lowest dose having a high toxicity.
e The curves easily fit large increases in toxicity at the lower doses.
e The curves are very flexible in the levels of toxicity at the highest doses.

In each case efficacy behaves in a similar way to toxicity but, because we have changed the
asymptotes, it is confined to a narrower range of probabilities.
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The fit of the family of curves can also be ‘tweaked’ by changing the expected levels of toxicity for
the doses:

rﬂ Simulation Series Design * ﬁ‘g|
Step 1| |- Dose Levels and Responses 1
Drug
Dose Level s : ; g o
rial Size Ciefine the dose levels to be used in the trial and their estimated toxicity ! efficacy.
The toxicity I efficacy values are modelled by the logistic curve given below, where:
Alpghais defined below. Itis not recommended to change the default value without good reason
The xvalues are calculated from the estimated prababilities entered halow,
pix By=e“FX (1 +e P
o 25
Humber of dose levels: f E]
Initial dose level: 1
Max dose level increment: 1
Dose strengths and estimated effect
Inde:x Dose Strencth’ Estimated tox | Estimsted eff,
1 100 0.4 0.25
2 200 0.45 0.3
3 300 0.55 0.45
4 400 0.7 06
5 500 08 07s
5] 600 0.55 0.8
[<provs ][ wow> |
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Here with an alpha of +3 we have increased the expected levels of toxicity, this bunches the doses
around the more variable section of the curve family, but at the cost of having a prior expectation of
toxicity that is greater than the maximum tolerated level.

7 X

Drug toxicities / efficacies

0o

Frobability
o o o [=] o
» o = B o

2
w

2
ta

0.0 . " i i
325 .300 .275 250 225 200 175 150 125 100 075 050 025 0OC

X

I
| @ Estimated toxicities B Estimated efficacies Mp=01 Mp=05 Mp=10 p=20 rz=3.o|

Close

It is important to bare two things in mind:

1. There will be very little allocation to doses where the observed toxicity is high (relative to
the acceptable level), this should mean that the characteristics of the family of curves at
the higher toxicities is relatively unimportant.

2. The CRM is justified on its ability to determine the MTD whilst not exposing subjects to
excessive toxicity. The important feature of the curves is where the MTD is placed for any
given set of data — not the fit of the curve as a whole.
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3.23 Specifying the trial size and termination conditions

i Simulation Series Design

~Step 1 | Trial Size-

Drug

Dose Level o
e Setthe frial size

Overall Trial
Cohort size {c). | Bl
Max. number of subjects in Trial: [ a0 |
Enable stage 2:
Stage 1- H_}

Min. humber of subjects in phase 1
End stage if no. subjects given MTD js: |
Stage 2

Stop trial if no. subjects given MED is/ |
If MED > MTD end trial if no. subjects gr

< Previous

This final screen enables the setting of parameters tp detefmine the/size of the trial and its early
termination conditions.

For the trial as a whole the following can be set:
e The number of subjects in each cohort

e The maximum number of subjects allowed i
size

the trial. This must be a multiple of the cohort

o Whether or not the trial should have a se€ond stage (This is only possible if both toxicity
and efficacy are being modelled). In the/first stage, the allocator seeks to assign subjects
to the MTD dose level to determine the’ MTD value most accurately. In the second stage
the allocator endeavours to assign subjects to the MED value.

As well as a maximum number of subjects in a trial, you can specify the minimum number of
subjects that should be allocated during the first stage. Dyring this stage, the allocator will try to
allocate subjects to the MTD dose level, or if it believes that all doses are toxic, will allocate to the

lowest dose level. Once the minimum number of subjects has been allocated, the first stage can
then terminate when either:
e the maximum number of subjects has been gllocated, or

e a specified number of subjects have been

located to the dose that the model currently
believes is the MTD.

If the second stage of the trial has been enabled, then it terminates when either:
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e The maximum number of subjects for the trial has been allocated.

o A specified number of subjects have been allocated to the dose that the model currently
believes is the MED.

o If the model believes that the MED is a higher dose than the MTD, it will not assign
subjects to the MED. Instead it will continue to allocate to the MTD, and the trial will
terminate early if a specified number of subjects have been allocated to the current MTD. If
you do not wish any additional subjects to be allocated to the MTD in these circumstances,
set this value to the same number for ending stage 1 of the trial.
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3.24 Specifying Extra Allocation Probabilities and Futility Rules

W simulation Series Design * =10l x|
Step Extras

Set additional allocation to the maximum and minimurm doses
Set rules Tor stopping early for futility

Fizzed Allocation

Four Parameter Logistic

¥ Allocate extra subjects to maximum and minimum doses

Allocation

Probability of allocating to minimum dose: 0.24
Probabhility of allocating to maximum dose: 0.25
Correcting factor: a
Earkly Futility

" Do not stop earty Tor futility

(" Decide futility based on Efficacy

* Decide Futility based on Efficacy

Minimum number on max and min doses: |—15

Minimum difference in efficacyftoxicibe | 1]

prr— | i P — |
7

Decide whether #0 allocate additional subjects to the mihimum and maximum doses. If the trial is
being run to find the MTID, leave the checkbox uncheckéd to disable this feature.

If the trial is being run § measure efficacy, you may wish to allocate a certain fraction of subjects to
the minimum and mayximum doses.

The “correcting factor” controls a mechanism, which can adjust these probabilities during the trial
so as to keep the numbers allocated closer to the target viglues. Probabilities are adjusted
according to the formula

I+y(p,—pr)

P=DPr

where: p is the allocation probability used
pris the target fraction entered by the user
P, is the fraction already allocated to this dose
y is the correcting factor

A value of zero disables this mechanism, while positive values give a greater degree of correction.
The default is 2. To ensure some randomisation always occufs, p is constrained to lie between 0.1
and 0.5.

If extra subjects are being allocated to the extreme doses, you have the option of terminating early
due to futility. Specify the minimum number of subjects which must have been allocated to both the
minimum and the maximum doses and how much more effect the maximum dose must have
compared to the minimum. If the minimum difference is zero, then once the minimum number of
subjects have been reached, the trial will terminate unless it is 90% confident that the maximum
dose has a higher effect than the minimum.
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Stopping for futility is independent of the rules on the trial size page and the trial will stop when
either set of rules tells it to.

3.2.5 Four Parameter Logistic

The final screen allows you to fit a four parameter logistic to the results. This is a summary
calculated at the end and dose not affect dose allocation or decisions about when to stop. By fitting
four parameters rather than one, this curve will usually fit the results more accurately but there may
not be enough information to determine the parameters uniquely.

The four parameter logistic is only fitted to one outcome. If there are both toxicity and efficacy, it will
be fitted to toxicity.

Specify the confidence interval. This controls the interval reported for the fitted curve and for the
parameters. The default is 0.95.

Clicking on Finish saves the parameters.
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3.3 Scenario Definitions — The Probability Curves to be simulated

The second step in the overall definition of the Simulation Series is to define some example toxicity
and efficacy probability curves to simulate from to assess the design’s performance.

Wi Simulation Series Wizard: C:\Trials\bCRM\Goodman
Step

Define the dose response curves which will be evaluated

=eties Defintions
iatio Definitions
Wariarts
=imulation

Curved
Curvel Make Copy...
Import... ] [ Save As CSV... l [ Show Graph... ]

f

< Previous ][ N+xt » ]
|

/
The main buttons allow curves to be imported from other simulation series, and for the scenario
data to be saved as CSV files (e.g. for importation into Excel, S-Plus or other graphing tool). bLCRM
itself can also display the probability curves for a selected scenario.

The second set of buttons are self explanatory — they allow a new scenario to be added to the
simulation series, or the scenarios already defined to be edited, removed or copied. Before using
these last three, ensure the scenario you want the operation to apply to is selected in the list of
scenarios.
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Defining Toxicity and Efficacy Probability Curves

Pressing Add or Edit displays a screen for defining the toxicity and efficacy probability curves.

Wi Edit the scenario E|

Scenario

The toxicity and efficacy probabhility curves are defined for the trial dose levels. These may be entered manually ar generated
frarm the following probability madel and (aptionally) entered by hand:

P B)=e“FX (140" FX)

Hame; | new curve

Enter the parameters of the probability model:

LI

or enter the data values on grid:
Doze strength Toxicity Efficacy
100 0.08 0.1

200 / 01 02
300 / 0z 04
400 / 03 0k
A0 / 05 &
&00 / 07 045

S— / )

Show Graph... H Cancel H OK ]

There are two methods for gpecifying the toxicity and efficacy probabilities to be simulated.

1. The user may enfer or modify by hand any of the existing probability values displayed in
the table

2. The user may automatically generate the probability values corresponding to a logistic

curve for any specific value of B. Clicking on Generate causes the probability values to be
entered in the table.

The two methods may be combined. Initial probability curves may be generated automatically, and
then individual values in the table modified by hand.

(If the series uses only toxicity or only efficacy then only those controls will be available)
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Pressing Show Graph... will display the probability values entered against the dose strengths:

] 3
True toxicities / efficacies
1.0
u]
0@
0.8 n]
07 o
=08 o
=
®os o
2
o
0.4 o
0.3 O
0.2 O o
0.1 O O
[m]
0.0
50 100 150 200 250 300 350 400 450 500 550 500 650
Dose Strength
|. True toxicities B True efficacies
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3.4 Defining Variants

Variants are variations on the default parameters set in the ‘Series Definitions’ or trial design. In
this illustration two versions of the trial design with cohort sizes of 3 and 2 are specified. At least
one variant is required — but this can simply be a default with no changes.

E Simulation Series Wizard: C:\Trials\bCRM\Goodman

Step
Series Defintions Define the variants which will he performed
Scenario Definitions
Sariants Variants
Slfulation ThreelnCohart
TwwolhCohort
Make Copy...
< Previous ” Mext =
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3.4.1 Editing Variants

Editing the variants presents the same screens as used in defining the series, all pre-populated
with the design parameter values entered in the series definition. The type of outcome cannot be
changed between variants. Otherwise there is no restriction on which parameters, or how many
parameters can be changed. It is left to the user to judge what is sensible and what is not.

m ¥Yariant

=l

Dose Level

Trial Size
Fixed Allocation
Four Parameter Logistic

Drug

Define the drug details, and the efficacy and toxicity targets

bCRM may be used with a single outcome (toxicity or efficacy). Ifthere are two outcomes, the first would normally be toxicity and
the second efficacy.

Drug Details

Name: I DrFLga,
Dose unit: I g

Type of outcome(s):  Toxricity  Efficacy & Tozicty and Efficacy

rTargets

Target rate for Toxicity: | 05

" Use dose below target = Use nearestdose ¢ LUse dose above target

Target rate for Efficacy: I 05

~ Use dose below target ' Use nearest dose ( Use dose ahove target

< Previous Hext = Finish
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4 The Statistics Parameters

In both the series definition and the variant definition stage it is possible to change the ‘statistics
parameters’. These parameters are for statisticians who wish to investigate the effects of various
choices in the underlying model.

Wi Edit Statistics Parameters E|

Advanced parameters for use by statisticians and bCRM experts.

Simulator

Use random number seed from last simulation: []

Random no. seeds: |884343? | |981953

This allows the random number seed to be specified and whether or not to use the final seeds from
the previous simulation. If this option is selected then all simulations are started with different
random number seeds. If it is not selected then it is possible to reproduce the results from previous
simulations.
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5 Simulating Trials using bCRM

The implementation of the bCRM algorithm can be run on the simulation series from the last step in
the Simulation Series editor. These all cause the Simulator screen to be displayed:

Wi Simulation Series Wizard: C:\Trials\bCRM\Goodman
Step

Series Defintions Sirmulate all the variants and scenarios defined for this

=cenatio Definttions Simulation Series

Yariants :
Execute options

=imulation

Humber of simulations per run

Run simulator at high priority

Humber to run in paraliel

Progress
Status Complete
Simulations 120 of 120
Runs 12 of 12

Run management

[ Show Errors... ]

< Previous Close

The 3 parameters to set control:

e the number of trials to simulate for each Run,

e whether to run them at high priority — this causes the simulations to run faster but makes it
difficult to use your computer for anything else at the same time. If this option is left
unchecked then the simulations are run in the background and your computer gives priority
to whatever else the user is doing while they run.

e The ‘number to run in parallel’ should normally be left at 1, however on new PC’s with
CPU'’s with ‘Hyper-Threaded’ architectures, these CPUs can effectively run two programs
simultaneously with no loss of performance to either one. On these PCs it is worth setting
this parameter to ‘2’. To tell if your PC has this kind of CPU, right click on the Windows task
bar (normally at the bottom of the screen). Select ‘Task manager’ from the pop-up menu
and select the ‘Performance’ tab on the Windows Task Manager dialog. If you see two
charts of ‘CPU usage history’ then you have a Hyper-threaded CPU, otherwise not.

e Once you have clicked ‘Simulate’ the progress bars will update as the simulations run.
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6 Data

6.1 Summary Data

After running simulations the main window can show the summary data for the different scenarios
and design variants simulated. The summary data falls into two groups — overall data and then data
specific to the doses which the model has determined as the MTD and MED.

It is possible to edit the selection of columns displayed using the column editor by clicking on the

‘column editor’ button in the toolbar (il), or selecting Change Columns from the Run menu. See

below for a description of the column editor.

It is also possible to save the contents of all the columns to a ‘comma separated values’ (CSV) text
file that can be easily imported into a number of other applications such as Excel, Access, SAS, S-

Plus etc.. by clicking on the ‘Save summary data to file’ button on the toolbar (IEI), or selecting
Export Table from the File menu.

Wi bCRM [C:ATrials\bCRM]
File Edit Wew Help

BEs w2l B

Path Type and RNum Target Target urm Toxic L SD of Mum SO of Mum
Action Simulations PiToxicity) FiEtficacy) Evertz Responzes Toxic Responzes
Everts
4 bCRM 1 0z 0.4 1 4
#_ Example trisl Include 1 0.2 0.4 1 4
= 4 Goodinan Test Seties
= 4 ThreeinCohort W ariant 10 0z 0.4 28333 6.3 0.53702 0.919
#* Curvel SCenario 10 0z 0.4 32 6.2 04599 06759

# Curvel 10 0z 0.4 26 -] 0.3712 1.3581
Curyed SCEH; 25 5. x]
# Curved 10 0z 0.4 17 7.6 0.2603 0.3399

® Curves SCenatio 10 0z 0.4 57 1.9 03 0.4819
® Curveb SCenatio 10 0z 0.4 13 10.4 03 1.6207
| TwolnCohort Wariatt 10 0z 0.4 3.0833 £.9333 03812 0.9569
;] NEy Series Test Series
£ ¥

These columns are:

Num Simulations The number of trials simulated for each scenario, only 10
have been run in the example above — this is a wholly
inadequate number to be able to draw reliable conclusions
about the operating characteristics of the design.

Target P(Toxicity) This is the maximum level of toxicity desired. The MTD will
be the largest dose with a toxicity probability below this
value.

Target P(Efficacy) This is the minimum level of efficacy desired. The MED will
be the smallest dose with an efficacy probability below this
value.

Num Toxic Events The mean number of subjects, per simulated trial, who
were simulated to have a toxic event.

Num Responses The mean number of subjects, per simulated trial, who
were simulated to have a response (efficacious event).

SD of Num Toxic Events The standard deviation of the mean of the result: “Num
Toxic Events” over the set of simulated trials.

SD of Num Responses The standard deviation of the mean of the result: “Num
Responses” over the set of simulated trials.
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Total Num Subjects
Num Subjects Stage 1
Observed Avg. Toxicity

Avg. Toxic Exposure

SD of Avg Toxic Exposure

Observed Avg. Response

Avg. Response Exposure

SD of Avg Response Exposure

Num Simulations With Viable Drug

Scenario Viable

The number of subjects in each simulated trial.
The number of subjects in stage 1 of the trial.

The mean, over the simulated trials, of the observed
toxicity which for each simulation is ‘Num Toxic Events’ /
‘Total Num Subjects’.

The mean, over the simulated trials, of the average toxicity
probability of the doses allocated to the subjects in the trial.
This is, given the scenario being simulated, the average
risk of experiencing toxicity during the trial.

The SD of the mean of the result: “Avg Toxic Exposure”
over the set of simulated trials.

The mean, over the simulated trials, of the observed
response rate which for each simulation is ‘Num
Responses / "'Total Num Subjects’.

The mean, over the simulated trials, of the average

response probability of the doses allocated to the subjects
in the trial. This is, given the scenario being simulated, the
average likelihood of experiencing efficacy during the trial.

The SD of the mean of the result: “Avg Response
Exposure” over the set of simulated trials.

The number of simulations where the model results
indicate that the drug is viable, that is: an MTD exists, an
MED exists, and the MED <= MTD.

The number of simulations where the scenario (true)
probabilities indicate that the drug is viable, that is: an MTD
exists, an MED exists, and the MED <= MTD. This should
either be 0 or Num Simulations.
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For the final recommended MTD and MED doses the following summary data is presented (here
the data for the MTD dose is shown). For the MED dose, the probabilities referenced are the
probabilities of efficacy as opposed to toxicity for the MTD dose. Where a simulation fails to find an
MTD dose or MED dose, then that simulation does not contribute to the average results.

Wi bCRM [C:\Trials\bCRM] CEX

File Edit W¥ew Help

BaWRB sE6Ed

MTD S0 of MTD M Scenario Estirnated S0 of Scenatio S0 of Errar 5D of Error Estimated =D of
Sirnulations: MTD PrToiciy) Estitnatec PrToxicity) Scenario PrToxicity) PrTociciy) P Tozicity) Estitnated
with MTD at MTD P(Taxicity) at MTD P(Taxicity) at MTD at MTD SDatMTD | P(Toxicity)
at MTD at MTD S0 at MTD
300 1 01022 01161
300 1 01022 01161
IMTE19 340582 81667 420 0.1204 0.0103 0A707 0.0203 0.0794 0.0164 0.0799 0.0072
260 221108 10 300 01176 0.007 0165 0.0259 0.0676 0.019 0.0746 0.0036
310 525991 10 400 01162 0.01 0.155 0.0263 0.0753 0.0207 0.0785 0.0043
43 505432 0.0963 0.1643 0.0303 0.0651 00506 00073
420 24 9444 10 400 01035 0.0128 013 0.0279 0.0531 0.0163 0.0532 0.0056
100 o 2 0A77 0.0086 03 0 01283 0.0066 0.0358 00145
430 538516 10 B00 01168 00118 0.09 0.0145 0.049 0.0Mos 0.0753 0.0072
206 6667 253226 §.6667 420 01223 0.0125 015583 0.0154 0.0651 0.0132 0.0742 0.0045
< ¥
MTD The mean strength of the MTD dose selected over the
simulated trials.
SD of MTD The SD of the mean of the result: “MTD” over the set of

simulated trials.

Num Simulations with MTD The number of simulations where the model found an
MTD. If the estimated probability of toxicity for all doses is
greater than the target toxicity then no MTD will be found.

Scenario MTD The MTD value from the scenario (true) toxicity curve.

Estimated P(Toxicity) at MTD The mean of the estimated toxicity probabilities for the
MTD selected over the simulated trials.

SD of Estimated P(Toxicity) at MTD The SD of the mean of the result: “Estimated P(Toxicity)
at MTD” over the set of simulated trials.

Scenario P(Toxicity) at MTD The mean of the scenario (true) toxicity probabilities at
the MTD selected over the set of simulated trials.
SD of Scenario P(Toxicity) at MTD The SD of the mean of the result: “Scenario P(Toxicity) at

MTD” over the set of simulated trials.

Error P(Toxicity) at MTD The mean absolute error between the estimated toxicity
and the scenario toxicity at the MTD selected over the set
of simulated trials.

SD of Error P(Toxicity) at MTD The SD of the mean of the result: “Error P(Toxicity) at
MTD” over the set of simulated trials.
Estimated P(Toxicity) SD at MTD The mean of the SD of the probability of toxicity at the

MTD as estimated by the bCRM algorithm and model.

SD of Estimated P(Toxicity) SD at MTD The SD of the result: “Estimated P(Toxicity) SD at MTD”
over the set of simulated trials.
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6.2 Modifying the Columns Displayed

For any of the data summary screens it is possible to configure the columns displayed and their

Change the columns displayed

Wisible

T

<]

order:
¥ii Column Selection
|Cnlumn Marme
|Psth
Select a [Type and ction
column by e
clicking on (Target PCToxicity]
its name. |Target P(Etficacy’)

— Toggles whether an
individual column is
visible.

Move edit or
Add >/ remove the

[Mum Toxic Everts

[Mur Responses

|SD of Mumn Toxic Everts

|SD of Mum Responzes

|Total Murm Subjects

ML Subjects Stage 1

[Ohserved Avg Toxicity

|y Toic: Exposure

|0 of Avy Toxic Exposure

|Chserved Avg Response

|&wy Response Exposure

|50 of Avy Response Exposure

[Mum Simulations With Yiable Drug

[Mum Sirmulations with Yiakble Scenario

[hATTe

S af MTD

[ Siraulations weith MTD

|Scenario MTD

|Estirmated P(Toxicty) at MTD

[S0x of Estimated PrToxicity] at MTD

|Scenario P(Toxicity) at MTD

|0 of Scenario P Toxicity) st MTD

|Errar P{Toxicity) &t MTD

[FEEEFERERFREEEFEEFEEEREEEEEEEEE

Toxicity }‘ visible.

selected column

Toggles whether the
columns for the MED /
MTD doses are visible.

Toggles whether the
columns giving toxicity
or efficacy data are

Toggles whether the
L SD of .. columns are
visible.

> Toggles whether all
data columns are
visible
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6.3 Editing or Adding a New Column

If you select to edit or add a new column the following dialog is displayed:

To create a colu‘(

that calculates the
SD of ...

Wi Column Editor

Edit the definition of a column

Define a column

&3

Column Hame hew column

Calculated

Average e

Mo. Decimal Places to Display

Sources

)culate standard deviation of the mean [_]

Enter a
| ___—— name for the
column

Select whether and how
the column is to be
summarised at the variant
level.

Raw Column Weight

| .
# Drug MED 0.0
# Drug MTD ]
# hean True PIEfficacy) 0o
# Mean True P{Toxicity) 0.0
# Number Responzes ]
# Mumber Toxic Events ]
# Number of Subjects Stage 1 0.0
# Mumber of simulations ]
# Observed efficacy rate 0.0
# Observed toxicity rate 0.0
# P(Efficacy) MED 0.0
# P(Efficacy’) MTD 0.0
# P(Efficacy) SD MED 0.0
# P(Efficacy) SD MTD 0.0
# P(Toxicity) MED 0.0

Select the value(s) to be
4 used to calculate the
value displayed in the
column

This dialog has a couple of features that warrant further explanation:

e The values to be displayed per run, can be defined as the weighted sum of a number of
values. To display a single particular value simply set its weight to ‘1. To scale it (e.g. by
100) enter the value to scale it by. To sum a set of values set all their weights to 1, to
average a set of values set their weights to the appropriate decimal fraction for the number
of values being averaged.

e The values can be summarised (or not) at the Design Variant level — either as average,
ranking or not at all. For instance variants could be ranked by their mean number of toxic

events.

6.4 Simulation Data

In addition to the summary data displayed in the bCRM main window at the individual run level, it is
also possible to see simulation results data, safety data and response data. These can be
accessed by right clicking on the Run’s line in the main bCRM window and selecting ‘Simulation
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Data ...’, ‘Simulation Safety Data ...’ or Simulation Response Data ...’ or by selecting the Run’s
line and accessing these commands from the View menu.

Wi Simulation results [C:\Trials\bCRMMGoodmaniThreelnCohort\Curve]

B o
Simulation Mumber Mumber Mumber Mumber Overall Owerall Mean Toxic hear Drug MTD Estimated Estimated Scenar
Mumber Taoxic Responzes Subjects Subjects Toxicty Responze Exposure Response PiToxicity PrToicity) P[Toxicijl
Events Tatal Stage 1 Rate Rate Exposure &t MTD SD at MTD at MTC
1 2 7 18 18 o111 0.3859 01833 035 300 0.0916 0.0726
2 3 3 2 18 01429 01429 0.0786 0as71 200 0151 0.0887)
3 4 8 24 18 01667 0.3333 0135 02575 200 0.1004 0.0664
4 3 S 18 18 01667 02778 01083 02167 200 01295 00801
S 4 10 2 21 01481 0.3704 01944 03667 300 01153 0.0609)
5] 2 7 2 il 0.0352 0.3333 0.2071 03657 400 01516 0.0864
7 3 3 21 ey 01429 01429 01214 02429 200 0.0942 0065
8 2 B 18 18 o111 0.3333 01583 03167 300 0.0883 0.0805,
9 2 7 2 il 0.0352 0.3333 01214 02429 300 01238 0.0874
10 T =] 30 2 0.2333 0.z 0475 0.33 200 01195 0.0584
£ | ¥

The columns are similar to those for the summary data, except they show the results per simulated
trial, not the means. Toxicity and efficacy columns are only shown if they were used in this run. If
the four parameter logistic was fitted, the final set of columns give the MLE estimate for the
parameters together with confidence bounds.

6.5 Simulation Safety Data

(Only available if the run includes toxicity)

Wi simulation safety results [C:\Trials\bCRM\Goodman\ThreelnCohort\Curve1]

B of

Sirmulation Treated Toxicity Trested Taoxicity Treated Toxicity Treated Taoxicity Trested Toxicity Treated Taoxicit
Murmber Doze 1 Dose 1 Dose 2 Doze 2 Dose 3 Dose 3 Doze 4 Dose 4 Dose & Doze 5 Dose 6 Dozg
(100.0) (100,0) (200.0) (200.0) (300.0) (300.0) (400.0) (400.0) (500.0) (500.0) (500.0) (6000

Mesir 36 il a7 06 72 14 24 12 i i i

sD 1.8974 0 4.3474 0.9661 3.7847 1.075 2.7568, 1.4757 0 0 0

1 3 i} 3 0 L] 1 3 1 0 0 i

2 3 0 12 3 0 0 0 0 ol 0 0

3 3 0 12 1 & 1 3 2 0 0 0

4 3 i} 12 1 z 2 i i 0 0 i

5 3 0 5 0 12 1 6 3 ol 0 0

3 3 0 3 0 L] 0 3 2 0 0 0

7 3 i} 12 0 6 3 0 i 0 0 i

3 3 0 3 0 12 2 0 0 ol 0 0

9 3 0 12 1 3 1 0 0 i 0 0

10 3 1] 12 0 9 ) 5 4 0 0 0
£ | ¥

The simulation safety table shows the number of subjects allocated to each of the trial doses, and
the number of toxic events experienced by those subjects. The data shows the mean, SD and
individual values for each simulated trial.

6.6 Simulation Response Data

(Only available if the run includes efficacy)
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Wi simulation response results [C:\Trials\bCRM\Goodman\ThreelnCohort\Curye1]

B

Sirmulation Treated Responses Trested Responses Treated Respohses Treated Responses Trested Responzes Treated Re=zpon:
umber Doze 1 Doze 1 Dose 2 Doze 2 Doze 3 Dose 3 Doze 4 Doze 4 Dose 5 Doze 5 Doze & Doze
“100.0) £100.0) (20007 (200.0) £300.0) (30001 (400.0) £400.0) (500.0) (500.0) (5000} (B00.0]

Mean 3.6 01 87 2 T2 ) 2.4 141 0 0 1]
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1 3 1 3 1 8 4 3 1 u] a a

2 a i 12 3 a 0 i i 0 i i

3 3 a 12 2 B =i 3 3 0 a a
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5 3 a B 2 Cha B -] 2 0 1] 1]

B 3 a o) 2 a 2 [ 3 0 a a

¥ 3 a 12 2 ] 1 o a u] a a

=) 3 a o 0 Cha B 1] 1] 0 1] 1]

=l 3 a 12 4 B 3 a a 0 a a

10 3 a 12 1 a 3 ] 2 u] a a
< | >

The simulation response table shows the number of subjects allocated to each of the trial doses,
and the number of response events experienced by those subjects. The data shows the mean, SD
and individual values for each simulated trial.
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7 Graphs and Charts

Once simulations have been run, it is possible to see charts and graphs of the results.

If you select a Simulation Series, Variant or individual Run -

Wi bCRM [C:\Trials}bCRM] (=13
File Edit Wiew Hejp

fla wsAsREEm

P Type and fr Target Target Mum Toxic Murm S0 of Murm j=1n]
Action riulstions: PrToxicity) PrEfficacy) Everits Responses Toxic Res|
Events
4 BCRM / 1 02 0.4 0 1
# Exampigtrial Include 1 0z 0.4 u] 1
4 Goodran B Test Series

=] ThreelnCohort Wariant 10 0z 0.4 28333 6.3 05702
Scenario 2 "

Curve? Scenario 10 02 0.4 2.6 5

*
# Curveld Scenario 10 02 0.4 25 5.7
# Curved SCenario 10 02 0.4 1.7 Th
# Curves SCenario 10 02 0.4 5.7 18
# Curvef SCerErio 10 02 0.4 1.3 10.4 03
| TwolnCohort Wariart 10 02 0.4 3.0833 59333 0.3512
J news Series Test Series
< | ¥

You can then view the graph manager by clicking on the graph manager button on the tool bar

(ﬁl), selecting Graph Manager from the View menu or right clicking on the Simulation Series,
Variant or Run line in the bCRM main window and selecting Graphs from the pop-up menu.

71 Histograms for Series and Variants

If the Graph Manager is opened on a Simulation Series or a Variant, then you can select to display
the data in any of the columns as a histogram.

Histograms: C:\Trials\bCRM\GoodmaniThreelnCohort E'

The graphs display histograms of the values in the table

Mumn Simulations

Target PLToxicity)
Target P(Efficacy)

Mum Toxic Everts

Mumn Responses

S0 of Mum Toxic Events
S0 of Mum Responses v

3

Close Graphs H Close ]
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For a Simulation Series the histogram is plotted with a column per Design Variant in the series:

Wi C:\Trials\bCRM\Goodman

Num Toxic Events

Mum Toxic Events

ThreelnCohort

TwolnCohort

Variant

For an individual variant, the histogram is plotted with a column per Scenario:

Wi C:\Trials\bCRMYGoo dman\ThreelnCohort

Num Toxic Events

55
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Close
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7.2 Charts for Runs

For an individual Run the charts available are quite different:

Scenaru:u toxicity results

I Scenario responze results
1
1Scenario stage 1 toxicity results
il [Scenario stage 1 response results

[ |
. J EMTD distribition
IMED distribution

[ Minimise all H Restore all H Close all ” Close ]

(If the run uses only toxicity or only efficacy then only those graphs will be available)

All charts have a standard set of buttons in the top left corner:

Save graph '
as a file. Print araoh
- 3 Re-display the
| = | Tﬁl i |‘/ graph manager
Save a sequence of _
graphs as a set of files Adjust axes

Graphs for individual simulations have a ‘selector’ control at the bottom:

Select the Enter a number to Select th t
previous select a specific elect the nex
Select the first . | ~tion simulation simulation Select the final

simulation
\ simulation
\ [= | Simulation |1 of 10 |

|_|Cuhurt|_uf3l] > >| e | = |
/

V—

Graphs that show data for individua
and to

rts allow you to specifyat what cohort to display the data,

e animate

¢ halt the animation of the graph.
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7.21 Scenario toxicity results

The Scenario toxicity results display a histogram of the average number of subjects allocated to
each dose, along with the average number that experienced toxicity at the dose. The mean MTD
and MED dose strengths determined for each simulation are also marked as vertical lines.

iX Srenario toxicity results [C:usernelr\,c4 707, tests Both'DefaultiDefault] I [ ] 5

Blala|p|e|s

| Confidence

Scenario toxicity results o
Options

50

¥ Show | egend

45

4

3.

=l

2.

2 l I I
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50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 600
Dose strength

Subjects

=

=1
in

W Treated M Toxicity MMTD M WMED ™ Scenario Tox ™ Estimated Tox ™ Est ToxBound M Observed Tox

Below the histogram are plotted the actual scenario toxicity probabilities (circles) along with the
average estimated toxicity curve.

The variation in estimated toxicity curve across simulations is also used to plot an upper and lower
bound (the dashed lines) for the estimated toxicity curve with a 95% confidence interval. Upper and
lower bounds for difference confidence intervals can also be plotted by selected a different
confidence level in the top right hand corner.

The grey line is the observed toxicity, i.e. the values in the histograms converted into toxicity rates.

The Scenario stage1 toxicity results displays the same information. For this plot, however, only
the results from cohorts assigned in stage 1 of the trial are considered. A cohort is considered to be
assigned in stage 1 of the trial if the allocator doesn’t consider the stage 1 termination conditions to
have been met. The MTD, MED and probability curve values plotted are those determined at the
end of the last stage 1 cohort.
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7.2.2 Scenario response results

The Scenario response results display a histogram of the average number of subjects allocated to
each dose, along with the average number that experienced efficacy at the dose. The average
MTD and MED dose strengths determined for each simulation are also marked as vertical lines.

-l

15 Scenario response results [C:\user'nelr\c4707'test\Both'\Default\Default]

3 Confidence
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50 I~ Show Legend
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Below the histogram are plotted the actual scenario efficacy probabilities (circles) along with the
average estimated efficacy curve.

The variation in estimated efficacy curve across simulations is also used to plot an upper and lower
bound for the estimated efficacy curve with a 95% confidence interval. Upper and lower bounds for
difference confidence intervals can also be plotted by selected a different confidence level in the
top right hand corner.

The grey line is the observed efficacy, i.e. the values in the histograms converted into efficacy
rates.

The Scenario stage1 efficacy results displays the same information but only taking data from
stage 1 cohorts.
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7.2.3 MTD distribution

The MTD distribution displays a histogram of the number of simulations for which a specified dose
was determined to be the MTD.

% MTD distribution [C:\Trials\bCRM\Goodman\ThreelnCohort\Curvel]
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7.2.4 MED distribution

The MED distribution displays a histogram of the number of simulations for which a specified dose
was determined to be the MED.

5 MED distribution [C:ATrials\bCRMYGoodman\ThreelnCohort\Curve1]
®apik s

. j B Options
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7.3 Charts for individual simulations

Graph Manager [Cuser'nelr’, c4 707 test highMin2' DefaultSEe - |EI|5|
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Displays the histogram plot of the number of patients allocated to and experiencing toxic events at
each dose along with the estimated MTD and MED, for each simulation. It also displays the
scenario and estimated toxicity curve from each simulation along with the estimated upper and
lower bounds to the toxicity curve and the observed toxicity rates.

The Simulation stage 1 toxicity results are similar but only use data from cohorts assigned in stage
1 of the trial
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7.3.2 Simulation response results

i3 Simulation response results [Cuserinelr\c4 707 testBoth',DefaultiDefault] =10 5[
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Displays the histogram plot of the number of patients allocated to and experiencing responses at
each dose along with the estimated MTD and MED, for each simulation. It also displays the
scenario and estimated efficacy curve from each simulation along with the estimated upper and
lower bounds to the efficacy curve and the observed efficacy rates.

The Simulation stage 1efficacy results are similar but only use data from cohorts assigned in stage
1 of the trial.
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7.3.3 Cohort toxicity results

1% Cohott toxicity results [C:yuserinelrl,c4707' test, Both' Default’ Default]
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The cohort toxicity results are similar to theasimulation toxicity results, however:

e The histograms display the doses allosated, and number of toxic event for subjects in all
cohorts up to the currently selected index. Stepping through cohorts, or animating the
results, enables you to see how the dose allocations and toxicities build up through the
simulation.

e The observed and estimated toxicity curves, and the upper and lower bouynds to the
estimated toxicity are those produced by the model using the data from afll cohorts up to
the currently selected index. Stepping through cohorts enables you to see how the model
converges to the final estimated curve at the end of the simulation.

e The plot displays which stage of the trial the currently selected cohort was assigned to,
stage1 or stage2.
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7.3.4 Cohort response results
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The cohort response results are similar to the cohort toxicity results. However the responses are
displayed rather than the toxic events, and the efficacy curves plotted, not the toxicity curves.
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7.3.5 Four Parameter Logistic

% Towicity four parameter fit [C:\user\nelr,c4707 test' highMin2' Default'Steep]
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This shows the fit of the four parameter logistic to toxicity (or efficacy if there is only efficacy)

together with the confidence bounds that were specified when editing the parameters.

In this case the confidence bounds clearly show that the drug clearly causes toxicity but that a wide
range of curve could fit the data. Because no subjects were allocated to 200mg, the fit cannot
distinguish between curves that reach a lower asymptote of 0.2 at 100mg and curves that reach
zero at some lower dose. At the other extreme, the data cannot quite rule out a step function.
Although it is unlikely, given this data, the response could be flat at 0.3 up to a dose of 275mg, then
jump to a constant 0.65.

Last Updated: 11-Oct-2005Reference: NPD/3760/D/SUG bCRM — Defining and Running Simulations
Commercial in Confidence Copyright ©2005 Tessella Support Services plc

Issue: V1.R4.MO
Page 48 of 49



Project: 3760 — bCRM - Defining and Running Simulations
Document: System User Guide

8 Instructions for evaluating the model implementation

8.1 Debug output:

In order to see in detail what the implementation is doing (and help determine that the

implementations are indeed correct), diagnostic output from the model is available. This is written
to standard out and is controlled by the parameter "verbose".

This parameter is not accessible through the user interface but can be manually edited in the
‘init.bcrm’ file — e.g. "verbose 1"

“verbose” takes a single integer value:
0 = The default. Simulation number and numbers of subjects only
1 =As 0 plus MTD, MED and the reason for stopping

2 = As 1 plus the values of Beta1 and Beta2 during allocation
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