
1

1

Good Statistical Practice 
(ICH E9)

Dr. Sharon Chen
Consultant Biostatistician

Good Clinical Practice Workshop

OUTLINE

ICH - a brief history
Confirmatory / Exploratory Trial
Data analysis considerations
Trial conduct considerations

ICH

International Conference on Harmonisation
of Technical Requirements for Registration 
of Pharmaceuticals for Human Use

Members of ICH

ICH is comprised of representatives from 
6 co-sponsoring parties (founding 
members)
3 observers
International Federation of Pharmaceutical 
Manufacturers Association (IFPMA)

ICH Co-Sponsoring Parties

EMEA: The European Commission
EFPIA: European Federation of 

Pharmaceutical Industries Association

FDA: CDER & CBER
PhRMA: Pharmaceutical Research and 

Manufacturers of America

JMHW: Japanese Ministry of Health and 
Welfare

JPMA: Japanese Pharmaceutical 
Manufacturers Association

ICH Observers

World Health Organization (WHO)
European Free Trade Association (EFTA)
Canada (represented by Health Canada)
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ICH Structure

ICH Secretariat
Provided by International Federation of Pharmaceutical  
Manufacturers Association (IFPMA)

ICH Steering Committee
2 representatives from each of the ICH sponsors
1 representative from each of the observers

Confirmatory Trial

… is an adequately controlled trial where

1. Hypotheses, directly derived from the trial’s   
primary objective, are stated in advance  
and tested when the trial is complete

2. Treatment effects are estimated with 
precision and related to their clinical 
significance

Exploratory Trial

… form(s) the rationale and is(are) the basis for the 
design of confirmatory trials

1. Should have clear and precise objectives;  
however, these may not lead to simple tests  
of pre-defined hypotheses

2. Flexible approach to design 

3. Hypotheses may be data driven

Confirmatory vs. Exploratory

Any one trial may have both confirmatory and 
exploratory aspects

The trial protocol must make a clear distinction 
between aspects used for confirmatory proof and 
aspects used for data exploration

Data Analysis Considerations

Statistical analysis plan (SAP)
Analysis sets
Missing values
Hypothesis tests and confidence intervals

SAP (1)

… the principal features of its proposed statistical  
analysis should be clearly specified in a protocol 
written before the trial begins”

“…is a document that contains a more technical
and detailed elaboration of the principal features 
of the analysis”

“…may be written as a separate document”
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SAP (2)

“should be finalised before breaking the blind”

“if the blind review suggests changes to the 
principal features stated in the protocol, these 
should be documented in a protocol amendment”

“a careful explanation should be provided for 
deviations from the planned analysis”

Analysis populations

Screened but not randomised
Full analysis set
Per protocol set

Full analysis (FA) set

FA set is as complete and as close as possible
to the ITT ideal
Preserving initial randomisation prevents bias
Often conservative
Mirrors subsequent practice
Inference refers to ‘strategy’ rather than to a
“pure” scientific question

Exclusions from FA set

Failure to satisfy major entry criteria
entry criterion measured before randomisation
objective detection
equal scrutiny of all patients for violations
all violators of a particular criterion are excluded

Failure to take at least one dose
not influenced by knowledge of assigned treatment

Lack of post-randomisation data

Per Protocol (PP) set (1)

PP set is a subset of the FA set of patients who 
are ‘more’ compliant with the protocol
At least x weeks of treatment
Primary variable is not missing
No major protocol violation

Use of forbidden medication
Poor compliance
Loss to follow-up
Missing data

Roles of analysis sets

FA set
conservative in superiority trials 

PP set
appropriate in equivalence and
non-inferiority trials
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Primary Analysis

Combines primary 
variable with analysis 
population taking into 
account trial 
objectives and design

Missing data

Potential source of bias
How to handle missing data

No universal method
LOCF
Mathematical models (MAR - MCAR)

Significance test and p-value (1)

Null Hypothesis
(assume : no difference)

Null Hypothesis
(assume : no difference)

‘argument’
(valid test procedure)

‘argument’
(valid test procedure)

‘Contradiction’
(unlikely outcome)

‘Contradiction’
(unlikely outcome)

‘Conclusion’
(hypothesis doubtful)

‘Conclusion’
(hypothesis doubtful)

Significance test and p-value (2)

Null hypothesis: No difference
‘Argument’: A valid test procedure (p-value  

associated with test)

P-value 
The probability of getting as extreme (or more 

extreme) a result given no difference

Significance test and p-value (3)

P-value ‘small’
evidence against the null 

hypothesis

Conclusion :
There is a difference 

between treatments (the 
difference is significant)

P-value ‘large’
the result is not ‘unlikely’

Conclusion :
There is insufficient 

evidence against the null 
hypothesis (the difference 
is not significant)

Significance test and p-value (4)

Statistical test
… is a procedure which establishes the evidence 

against a null hypothesis (e.g., of no difference 
between two treatments)

P-value
… is a value associated with a statistical test and it 

signifies the degree of statistical significance.
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Significance test and p-value (5)

Generally, the larger the test 
statistic, the smaller the p-value 
and the stronger the evidence 

against the null hypothesis

One-sided vs. two-sided tests (1)

Compare two treatments: A vs. B
Working hypothesis: A > B
Null hypothesis: A = B

Two sided test argument: By chance the result 
could go in either direction 

One sided argument: Differences in one direction 
could only be ascribed to chance

One-sided vs. two-sided tests (2)

One sided test
- rarely “safe”
- should be justified before examining the data

Recommendation
ALWAYS do a two-sided test

Confidence Interval (1)

The difference is ‘significant’, but how big is it ?

Example (MADRS) ∆ Lumpurol 10.7
∆ Placebo 7.2
Difference 3.5
95% C.I.        [1.1, 5.9]

95% probability that this interval contains 
the true difference in the population

Confidence Interval (2)

95% Confidence Interval

95% probability that this interval contains the 
true difference in the population

Hypothesis test and C.I. (1)

No Difference
Study   p-value       “B  better than A” “A better than B”

1    0.96
2    0.52
3    0.045
4    <0.0001
5    <0.001
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Hypothesis test and C.I. (2)

Cut-off points (e.g. p<0.05) tend to become 
decision rules
Give test statistic and p-value
Always a risk of a wrong conclusion
“not significant” does not mean no effect merely 
that the data are compatible with  there being no 
effect
C.I. more informative whether or not a test is 
significant - degree of uncertainty

Trial conduct considerationsTrial conduct considerations

There are two distinct types of monitoring that 
generally characterise confirmatory clinical 

trials:

1) Concerns the oversight of the quality 
[without breaking the blind]

2) Involves breaking the blind to make  treatment   
comparisons

The blind review

Data review - all patients - before breaking the 
treatment code

Updating analysis plan
e.g. - revising the missing data issue

- redefining analysis population

Changing analysis

Amendments to the protocol

Monitoring for Quality

Checking protocol adherence
Making amendments
Checking data integrity

Accrual rates / Retaining rates / Data capture / Data 
processing / SOPs (QC plan) / Software

Data Monitoring Committee (DMC) 
Design assumptions

Amendments (1)

Adjusting a trial plan
Examples: 

“new” introduction
delete certain current treatments as exclusion  
criteria
suppress certain non-standard/non-routine 
laboratory parameters

Sign offs

Amendments (2)

Finalising (blind) a statistical analysis plan
More details (e.g. missing values)
More precise definitions (e.g. exclusions)
Additional analyses
Different analyses (e.g. stratification)

Sample size re-estimation
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The essentials of sample size 
re-estimation (1)

Design parameters α, β, ∆, do not change
No attempt to evaluate : µ1-µ2

Purpose : To preserve power (by monitoring  
variability)

The essentials of sample size 
re-estimation (2)

Without prior estimate of variance
estimate variance and hence sample size from the

first ≅ 10 patients per group

With prior estimate of variance
Nnew < Nold continue to Nold

Nnew > λNold add additional patients if 1.3 < λ < 2 
for practical reasons

One adjustment (at ≅ N/2)

Adjustments
“Normal” case:

s2
new ≅ (N-1)(s2

old - ∆2/4)/(N-2), where
s2

new = within group pooled variance, s2
old = initial variance estimate

∆ = clinically relevant difference                            _  _
[approx. related to N (total sample size) so that (x1 -x2)2 ≅ ∆2]

s2
new estimated using the EM algorithm (which 

relies on the likelihood of the interim 
observations, see e.g. Gould 1995)

ADJUSTMENT:

Nnew = Nold (snew/sold)2

(Independent) Data Monitoring 
Committee (DMC) (1)

(ICH, E6)

To assess at intervals 
progress of a clinical trial 
safety data
critical efficacy endpoints

To recommend to the sponsor   
whether to continue, modify, or stop a trial

(Independent) Data Monitoring 
Committee (DMC) (2)

(ICH, E9)

Written operating procedures
role of sponsor personnel
control of interim results

Maintain records of meetings

Should include a statistician

THANK  YOU


