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Clinical trialsClinical trials

and the need for

simulationsimulation



3© 2003, Greenfield Research

Presented  byPresented  by
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A clinical tr ial is an exper iment

to discover  something about

the real wor ld
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.  .  .  how people

respond to clinical treatment
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The protocol is the window 

we construct to look at the wor ld
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Different protocols will give different views of the world

How can you be confident that your protocol is the best?How can you be confident that your protocol is the best?
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The efficiency and effectiveness and The efficiency and effectiveness and costcost
of a clinical trial depend on:of a clinical trial depend on:

which window you choose to view the worldwhich window you choose to view the world
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• response to each treatment

• influence of other  factors such as age, gender  
or  life style

• number  of patients

• how patients are selected for  the tr ial

• how patients are allocated to treatments

• type of tr ial:    parallel or  crossover

• compliance of patients to treatments

• how data are recorded, analysed and interpreted

The efficiency and effectiveness and The efficiency and effectiveness and costcost
of a clinical trial depend on:of a clinical trial depend on:
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• response to each treatment

• influence of other  factors such as age, gender  
or  life style

• number  of patients

• how patients are selected for  the tr ial

• how patients are allocated to treatments

• type of tr ial:    parallel or  crossover

• compliance of patients to treatments

• how data are recorded, analysed and interpreted

All of these points should be discussed in the 
tr ial protocoltr ial protocol

a statement of the design of the clinical  tr ial and 
how it will be managed
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The protocol is the tool which is used to specify the way
the tr ial will be run.

I t is the glass through which the wor ld will be observed.

through which through which 
we learn  how we learn  how 
people respond to people respond to 
clinical treatmentclinical treatment

But it is used only once.

I t can not be tr ied andI t can not be tr ied and
retr ied until at last an retr ied until at last an 

efficient tr ial has efficient tr ial has 
been runbeen run
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With simulation we use a model of the real wor ld

and use power ful computing and statistical methods 
to generate data as if they had come from real patients
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Meta GenMeta Gen
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MetaGen is a program suite for the simulation of clinical trials
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MetaGen will be used to develop and compare protocols 
for clinical trials 

to discover the best protocol for any situation 
in terms of scientific  effectiveness 

as well as cost and effort
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MetaGen has two components:
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META is used to specify a model for study:

• treatments
• population variables
• response variables
• patient presentation and drop out rates
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GEN allows the user to design a clinical trial 
with a view to discovering 

the model defined in META
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GEN will help the user to specify: • treatments
• variables
• exclusion criteria
• schedule
• allocation procedure
• sample size
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GEN will simulate a trial 
based on the protocol to produce:

• patient response data
• summary statistics
• charts
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Data can be exported for presentation and 
detailed  analysis in other programs such as:

• Excel
• Word for Windows
• SPSS
• Minitab
• SAS
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Example: Nocturnal  asthma

Three treatments: • Wizerol
• Eezerol
• Placebo

Population variables: • Gender
• Age
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Response variables: • blood pressure
• heart rate
• PEF (peak expiratory flow)

• FVC(forced vital capacity)

• FEV1(forced expiratory volume 
in one second)

• Symptom day score
• Symptom night score
• Tremors

Example: Nocturnal  asthma
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This example has been simplified This example has been simplified 
for  demonstrationfor  demonstration

Please do not argue the clinical points Please do not argue the clinical points 
at this stageat this stage

That is what you will do when you use That is what you will do when you use 
MetaGenMetaGen to develop your  own models to develop your  own models 
and protocolsand protocols

MetaGenMetaGen is a tool for  focusing is a tool for  focusing 
on those argumentson those arguments
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procedure:

•setup
•Meta model
•Gen protocol
•Gen trial
•Gen data
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META is used to specify a model for study:

• treatments
• population variables
• response variables
• patient presentation and drop out rates
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When you first use MetaGen,  
enter the company and division names.

These will appear at the top of every report.
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Each new treatment is entered with

name

dose

frequency

administration

effective
response 
time

relapse time

time units
default is days

effect on
pulse pressure
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There is no limit to There is no limit to 

the number  of treatments:  the number  of treatments:  

all those you enter  are candidates all those you enter  are candidates 

for  inclusion in protocols for  inclusion in protocols 

created in Gencreated in Gen
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While a model is being created, using Meta, 
a report is automatically written, recording all the details

Meta Model Report

L ittle Hucklow Pharmaceuticals

Clinical Research division

Model details

Name :
Asthma

Creator:
Tony Greenfield

Condition :
Nocturnal Asthma

Test of proof:
night score >=2 in 3/7 days

Minimum presence of
symptoms :

28 days

Date :
Monday, September 25, 1995
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Treatments

Wizerol 50µg 2 daily

Administration:
tablet

Pulse pressure:
No effect

Effective response time:
8 days

Relapse time:
5 days

Eezerol 50µg 2 daily

Administration:
tablet

Pulse pressure:
Decrease

Effective response time:
10 days

Relapse time:
7 days

Placebo 50µg 2 daily

Administration:
tablet

Pulse pressure:
No effect

Effective response time:
5 days

Relapse time:
2 days

the report can be printed for reference
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Enter the average 
patient presentation rate

including the time from the 
start of the trial to reach that rate

note that this is the average rate
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Enter patient drop out rates during the trial

Some patients entered into 
the trial will fail to start

Others will drop out during 
the trial for no particular reason

Values are changed by mouse control of the sliders



36© 2003, Greenfield Research

Two standard population distributions are gender and age

These can be adjusted to match your expectations of 
presenting patients . . . by simple mouse controls

More population variables
can be entered, either directly
or by transfer from the library
of distributions
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Systolic blood 
pressure is a 
standard 
response 
variable

It can be 
adjusted by 
mouse control

Diastolic blood 
pressure is 
system 
controlled:
related to 
systolic by 
pulse pressure, 
in turn 
controlled by 
age and gender
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More response variables  can be entered, 

either directly

or by transfer   from the library of distr ibutions
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There is no limit to the number of variables that can be entered

The response variables should include 
expected adverse responsessuch as tremors
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Treatment effectsare shown as the poster ior  distr ibutions
of response variables one for each treatment

They are adjusted easily by mouse control
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The posterior distributions for hear t rate . . .
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and for a categorical variable:    day score
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and  night  score
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There are small differences between the posterior 
distributions of the side effect: tremors

Will the tr ial, using the protocol you create in Gen,
be able to detect such small differences?
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Will your trial be able to detect the small differences 
between lung function values?
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You can create several models in Meta,  using larger or 
smaller differences between effects,  to compare the 
protocols created in Gen
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Such an adverse effect may
be high blood pressure

Some patients may drop out because they don’ t feel well

Estimate the probability
that they will drop out
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Investigation costs

can be entered when 
distributions  are entered

or they can be entered 
by transfer from the
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Drop out zones

can be entered when 
distributions  are entered

or they can be entered 
by transfer from the

or they can 
be entered 
and edited 
all together
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The library

of treatments,  distr ibutions,  and costs
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The first level of categories in the library are

var iables

and

treatments
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Variables are classed as

population
variables

and

response
variables
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you can add categor ies 

such as General

L ife style

Physical
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Add a population variable

and enter its distribution
using mouse controlled
sliders
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Create categories
of response 
variables

Blood
CSF
Faeces
Signs
Symptoms
Urine
Vitamins

Introduce
variables 
in the category 
of blood
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specify the distribution of cholesterol
using sliders

define drop out zones

and add the probability of drop out
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Transfer the cholesterol
distribution from the library
to the active Meta model

where it will be 
displayed with
other response 
variables

drop out zones,
probabilities,
and costs will
also be moved
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GEN allows the user to design a clinical trial 
with a view to discovering 

the model defined in META
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GEN will help the user to specify: • treatments
• variables
• exclusion criteria
• schedule
• allocation procedure
• sample size
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To create a new protocol:

attach a 
Meta 
model

specify a parallel 
or crossover trial

specify the overall trial duration
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Enter

a title
investigator name

a description

specify the 
treatment 
allocation 
method
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The arm designer allows you to:

create new arms
delete arms

duplicate arms

create periods within arms

allocate a treatment to a period

edit periods

delete periods
create a diary of visits

schedule investigations
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When you create a new per iod in a trial arm you can specify:

its duration

period start period end
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A diary of visits is created 
by moving possible times 
to the list of current visit times

They can be removed too
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The diary of visits is the basis for the investigation schedule

Some variables
are recorded
only by the
investigator

Click on each 
square to add 
or remove
crosses

The schedule cost, for each patient,
is updated according to your changes
to the schedule
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Exclusion cr iter ia can be defined using

population
variables

or

response 
variables

and graphically adjusting
the exclusion zones
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Sample sizedepends on

end point variable

standard deviation

clinically significant
difference

alpha value

power

allowance 
for drop outs

sample size estimated tr ial cost
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Every parameter can be estimated in terms of the others

Set the sample 
size too low

and the power
drops
appallingly
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Some simple statistical tests are supplied in Gen
for rapid assessment of simulated trials

Select variables
for assessment 
tests

Warning:Warning:

To be sure of applying the most appropr iate tests expor t the
data for  analysis with a statistical analysis package
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GEN will simulate a trial
based on the protocol to produce:

•
•
•

patient response data
summary statistics
charts
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To simulate a tr ial:

158

154

choose a tr ial protocol and click on Start
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Histograms:

Gender of patients entered into trial
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Histograms:

Agesof patients entered into trial



74© 2003, Greenfield Research

Sample distributions of systolic blood pressure
for both treatments:  first and final visits
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Sample distributions of night score in diary records
for both treatments
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Sample distributions of  FEV1  in diary records
for both treatments
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Other  results repor ted for  each simulated tr ial:

• tables of summary statistics for  all var iables

• tables of dropouts according to cause and treatment

• elementary statistical tests (with the caution that 
reliable analysis requires export of data to a
statistical analysis package)
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Data can be exported for presentation and
detailed  analysis in other programs such as:

• Excel
• Word for Windows
• SPSS
• Minitab
• SAS


