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Course Objective

• Statisticians around the world, working on the planning, 
conduct and analysis of clinical trials, need to be aware of the 
many guidance documents to ensure they are providing high 
quality work to international standards 

• The objective of this training is to introduce, refresh or update 
your knowledge of ICH and other International Guidance

315 Dec 2020

Agenda
Introduction
ICH Framework
1. ICH E6 (R2) GCP
2. ICH E9 Biostatistics
3. ICH E9 (R1) Estimands
4. ICH E10 Control Groups
5. ICH E17 Multi-Region Trials
6. Additional Guidance
7. Adaptive Trials Guidance
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European Guidance

Points to Consider
Applications with 1. meta analysis 2. one pivotal study

Reflection Papers
Reflection paper on statistical methodology for the comparative assessment of quality attributes in drug development
Reflection paper on methodological issues on confirmatory clinical trials plan with an adaptive design

Qualification Opinions
Draft qualification opinion of clinically interpretable treatment effect measures based on recurrent event endpoints that allow for efficient 
statistical analyses 
Qualification Opinion of MCP-Mod as an efficient statistical methodology for model-based design and analysis of Phase II dose finding studies 
under model uncertainty
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European Guidance

Guidelines
Guideline on multiplicity issues in clinical trials
Guideline on the investigation of subgroups in confirmatory clinical trials
Draft Guideline on the qualification and reporting of physiologically based pharmacokinetic (PBPK) modelling and simulation
Guideline on the choice of the non-inferiority margin
Guideline on adjustment for baseline covariates in clinical trials
Guideline on data monitoring committees

Lots of disease-specific guidelines
www.ema.europa.eu/en/human-regulatory/research-development/scientific-guidelines/clinical-efficacy-safety-guidelines

15 Dec 2020 7

US FDA Guidance

Most guidance is given as ‘Draft Guidance’ although some 
have made it to ‘Guidance for Industry’

There are many different categories of guidance, we will focus 
on statistical guidance’s.
https://www.fda.gov/regulatory-information/search-fda-guidance-documents
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Additional 
Guidance
Development Planning
Meta-Analysis/Single Pivotal Trial
Non-inf./Biosimilarity /Interchangeability
Baseline Covariates
Data Monitoring Committees
Multiplicity
Endpoints

915 Dec 2020

Development Planning

Amount of efficacy data
Amount of safety data
Rare diseases
Combination products
Miscellaneous
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Development Planning

Amount of Efficacy Data

FDA: Providing Clinical Evidence of Effectiveness for Human 
Drugs and Biological Products
• Independent verification is needed
• More than one adequately well controlled (AWC) trial is needed
• Unexpected bias and variability
• Possibility of false positive trial
• More than a single site
• .. and rarely , scientific fraud
• Areas when this may be discussed with regulators

15 Dec 2020 11

Development Planning

Combination Products

FDA: Co-development of Two or More New Investigational Drugs 
for Use in Combination 

EMA: Guideline on clinical development of fixed combination 
medicinal products 
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Meta Analysis/Single Pivotal Trial

EMA: Points to consider on application with 1. Meta-analysis; 
2. One pivotal study

FDA: Providing Clinical Evidence of Effectiveness for Human 
Drugs and Biological Products

FDA: Integrated Summary of Effectiveness 
FDA: Meta-Analyses of Randomized Controlled Clinical Trials to 

Evaluate the Safety of Human Drugs or Biological Products 

15 Dec 2020 13

Meta Analysis/Single Pivotal Trial
Prerequisites for Meta Analysis Acceptability

Some studies are clearly positive
Inconclusive studies showing positive trends
No major heterogeneity
Pooled confidence interval of treatment effect away from zero (unity)
Biased trial selection is unlikely
A sensitivity analysis demonstrating robustness
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Meta Analysis/Single Pivotal Trial
When Not to Have One Pivotal Study

Plan more than one study when
• Unknown mechanism of action
• New pharmacological principle
• Phase I and II data are unconvincing
• A therapeutic area with a history of failed study
• An indication with no effective treatment
• Need to demonstrate effects in sub-groups 
• Any other need to address additional questions in the Phase III program

15 Dec 2020 15

Meta Analysis/Single Pivotal Trial
Prerequisites for One Study Applications

Internally valid (no indication of bias)
Externally valid
Treatment effect must be clinically valuable
a=5% is not usually sufficient 
Data quality
Internally consistent across subgroups/endpoints
None of the centres should dominate the result
Hypothesis is plausible
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Meta Analysis/Single Pivotal Trial
Validity

Internal Validity
No selection bias (randomised)
No assessment bias (double-blind)
No concomitant treatment bias
Pre-defined endpoints and analyses
Pre-defined analysis sets
Missing data imputation methods

External Validity

Trial population suitable for 
extrapolation

No unusual exclusion criteria

Important sub-groups represented

Control group efficacy and safety 
similar to reported literature

15 Dec 2020 17

Meta Analysis/Single Pivotal Trial 
Summary

Applications based on meta-analysis or a single pivotal study are similar

Well Planned

Confirmatory

Convincing

No 
dominating 
subgroups

Robust
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Non-Inferiority/Biosimilarity/Interchangeability

EMA: Points to consider on switching between superiority and non-inferiority
EMA: Guideline on the choice of the NI margin
FDA: Non-Inferiority Clinical Trials to Establish Effectiveness 
FDA: Scientific Considerations in Demonstrating Biosimilarity to a Reference 

Product 
FDA: Considerations in Demonstrating Interchangeability With a Reference 

Product 

15 Dec 2020 19

Non-Inferiority/Biosimilarity/Interchangeability

Superiority

Superiority should be based on a 
statistically significant difference 
between treatments

Clinically relevance is a matter of 
judgement
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Non-Inferiority/Biosimilarity/Interchangeability 

Equivalence

Equivalence shows that a treatment 
no better and no worse than 
another

The Equivalence margin (Δ) should 
be pre-defined

It is based on two sided 95% 
confidence intervals excluding 
clinically acceptable differences

15 Dec 2020 21

Non-Inferiority/Biosimilarity/Interchangeability

Non-Inferiority

NI shows that a new treatment is no 
less effective than another

The NI Margin (Δ) should be pre-
defined

Ideally design with 3 arms (with 
placebo) but can accept 2 arms 
(without placebo)

It is possible to switch to a superiority 
conclusion

NON-INFERIORITY SHOWN

NON-INFERIORITY NOT
SHOWN

-

CONTROL                0 NEW AGENT
BETTER BETTER

                     TREATMENT DIFFERENCE
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Non-Inferiority/Biosimilarity/Interchangeability

Biosimilarity

Demonstrated using
• Structural Analyses
• Functional Assays
• Animal studies
• Clinical studies

Clinical studies should demonstrate that ‘there are no clinically 
meaningful differences between the biological product and the 
reference product in terms of the safety, purity, and potency of 
the product’

15 Dec 2020 23

Non-Inferiority/Biosimilarity/Interchangeability

Biosimilarity

Clinical studies should include
• PK and PD studies
• Immunogenicity assessment

Comparative clinical studies may be necessary
• Equivalence objective
• Pre-defined (usually symmetric) equivalence margins

Extrapolation across indications is possible
The totality of the evidence is assessed

15 Dec 2020 24
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Non-Inferiority/Biosimilarity/Interchangeability

Interchangeability

Interchangeability needs to be demonstrated in dedicated clinical ‘switching’ 
studies

15 Dec 2020 25

Subgroups and Baseline Covariates

EMA: Guideline on the investigation of subgroups in 
confirmatory clinical trials

FDA: Adjusting for Covariates in Randomized Clinical Trials for 
Drugs and Biologics with Continuous Outcomes

15 Dec 2020 26
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The clinical data presented are overall statistically persuasive with therapeutic 
efficacy demonstrated in the primary analysis population. It is of interest to verify 
that the conclusions of therapeutic efficacy (and safety) apply consistently across 
subgroups of the clinical trial population.

Overall significance and therapeutic efficacy demonstrated

The clinical data presented are statistically persuasive in the primary analysis 
population but with therapeutic efficacy or risk-benefit which is borderline or 
unconvincing and it is of interest to identify post-hoc a subgroup, where efficacy 
and risk-benefit is convincing. 

Overall significance and borderline efficacy demonstrated

The clinical data presented fail to establish statistically persuasive evidence in the 
primary analysis population but there is interest in identifying a subgroup, where a 
relevant treatment effect and compelling evidence of a favourable risk-benefit 
profile can be assessed.

No overall significance

Subgroups and Baseline Covariates

Subgroup Scenarios

15 Dec 2020 27

Subgroups and Baseline Covariates

Subgroup concepts

Credibility

Heterogeneity

Consistency

Biological 
Plausibility

Replication

15 Dec 2020 28
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Subgroups and Baseline Covariates 

Assessing subgroups

Concerns if there is biological plausibility or if it has been replicated in other 
studies

Overall significance and therapeutic efficacy demonstrated

Subgroup is planned, pharmacological rationale exists, treatment effect larger 
than overall result, replicated in other trials 

Overall significance and borderline efficacy demonstrated

More trials should usually be conducted. Only in rare instances there may a basis 
for pursuing regulatory approval without conducting additional studies. 

No overall significance

15 Dec 2020 29

Subgroups and Baseline Covariates 

Implications for study planning

Need for separate trials for each subgroup
Need to stratify the randomisation
Sample size separately within strata needs to be assessed
Plan to examine exploratory subgroups in the analysis

15 Dec 2020 30
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Subgroups and Baseline Covariates 

Baseline Covariates

Sponsors can use ANCOVA to adjust for differences between treatment groups in relevant baseline 
variables to improve the power of significance tests and the precision of estimates of treatment 
effect 

Sponsors should not use ANCOVA to adjust for variables that might be affected by treatment 
The sponsor should prospectively specify the covariates and the mathematical form of the model in the 

protocol or statistical analysis plan. 
Interaction of the treatment with covariates is important, but the presence of an interaction does not 

invalidate ANCOVA as a method of estimating and testing for an overall treatment effect, even if 
the interaction is not accounted for in the model. 

Many clinical trials use a change from baseline as the primary outcome measure. Even when the 
outcome is measured as a change from baseline, the baseline value can still be used advantageously 
as a covariate 

15 Dec 2020 31

Data Monitoring Committees

EMA: Guideline on data monitoring committees
FDA: Establishment and operation of clinical trial DMCs

15 Dec 2020 32
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Data Monitoring Committees 

Need for a DMC

Not all trials need DMCs
• short-term studies
• non-critical indications
• drug safety is well characterized

DMCs are usual in
• life-threatening diseases
• paediatric or mentally disabled populations
• where there is a strong suspicion that the treatment may potentially harm patients
• studies with pre-planned interim analyses for early stopping, or possible modifications of study design

15 Dec 2020 33

Data Monitoring Committees 

Responsibilities

Review data
• quality of study conduct

o protocol compliance and patient withdrawals

• monitoring safety data
o may need to access unblinded efficacy to ascertain risk/benefit for patients

• monitoring efficacy data for futility, sample size assumptions or early stopping criteria
• results from other trials in the same area

Make recommendations to the sponsor
Ensure the integrity and credibility of the trial

• using policies such as avoiding dissemination of interim data prior to unblinding

15 Dec 2020 34
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Data Monitoring Committees 

Establishing a DMC

DMC timing
• DMC should be finalised at the same time as the trial protocol, and
• functional before enrolment starts

Composition of DMC
• Clinicians, statistician and expertise in ethical aspects
• Number of members should be limited

Qualifications
• scientific expertise, clinical trial experience, understanding of problems and limitation of trials, some prior 

DMC experience

Independence
• no financial interest in the outcome of the study
• no non-financial conflict of interest

15 Dec 2020 35

Data Monitoring Committees 

Working Procedures

DMC operating procedure (Charter) should be in place before the trial starts and should include
• specific DMC responsibilities for the study
• membership, including qualifications
• declaration of possible conflicts of interest
• frequency and format of closed meetings
• description of communication procedures including data flow between DMC, data centre and other parties
• responsibilities, timelines and format for analyses to be assessed
• frequency and format of open meetings
• documentation of meetings (open and closed)

15 Dec 2020 36
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Data Monitoring Committees 

Implications for Study Analysis

Major issues are
• inflation of type I error
• possible bias in the future conduct of the trial

Type of monitoring
• primary outcome 

o type I error control should be detailed in the protocol
• safety 

o they may still assess the primary outcome to assess risk/benefit and impact on type I error should be properly taken into 
account

• study design modification
o intended modifications have to be described in the protocol

• futility
o only impact is on type II error , not a concern for regulators

Dissemination of the trial results prior to unbinding, potentially biasing the future conduct of the trial, is the 
main concern

15 Dec 2020 37

Multiplicity

EMA: Points to consider on multiplicity issues in clinical trials
EMA: Guideline on multiplicity issues in clinical trials
FDA: Multiple endpoints in clinical trials
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Multiplicity

When to adjust

Multiplicity is present in virtually all trials
Adjustment is not needed if;

• all (co) primary endpoints need to be significant
• Endpoints are ranked according to clinical relevance

Otherwise adjustment of study-wise type I error is required
If not handled, rate of false positive conclusions may be inflated to unacceptable levels
Control of the study-wise rate of false positive conclusions (type I error) is important is 

assessing the results from clinical trials
A number of methods exist and depend on the type of multiplicity

15 Dec 2020 39

Multiplicity

Types of multiplicity

Multiple Primary Variables
• to describe clinically relevant treatment effects
• with prioritisation

Analysis Sets
Alternative Statistical Methods
Multiplicity in safety variables
More than two treatment arms

15 Dec 2020 40
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Multiplicity

Efficacy for a fixed combination

Randomisation to
• combination AB
• monotherapy A
• monotherapy B
• placebo

Superiority of AB to A, and superiority of AB to B is shown, then no 
adjustment is necessary

In a multiple dose factorial design for a combination, global test 
strategy can be used to demonstrate superiority, but multiplicity 
needs to be addressed for a dose recommendation

15 Dec 2020 41

Multiplicity

Dose response studies

Adjustment is not formally required for phase II studies, where 
estimation is the aim. A positive correlation of improving 
clinical outcome with dose is valuable

In a phase III study with more than dose, adjusting for 
multiplicity is mandatory

15 Dec 2020 42
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Multiplicity

Composite Variables

The composite endpoint is the primary endpoint
Treatment should affect all components beneficially
The clinically more important components should not be affected negatively
Any effect on a component that is to appear in the label should be supported by the 

data
• e.g. death or liver transplantation

15 Dec 2020 43

Multiplicity

Common methods for multiple endpoints (FDA)

Bonferroni method
Holm procedure
Hochberg procedure
Prospective alpha allocation scheme
Fixed-sequence method
Fall back method
Gatekeeping testing strategies
Truncated Holm and Hochberg procedure for parallel gatekeeping
Multi-branched gatekeeping procedures
Resampling-based, multiple testing procedures

15 Dec 2020 44
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Shaping the Future
of Drug Development

Adaptive Design

Adaptive Designs

FDA: Adaptive designs for clinical trials
EMA: Reflection paper on methodological issues in confirmatory 

clinical trial planned with an adaptive design
FDA: Enrichment strategies for clinical trials
FDA: Master protocols: Efficient clinical trial design strategies to 

expedite development of oncology drugs
FDA: Complex Innovative Design Project
FDA: Interacting with the FDA on complex innovative trial designs
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Adaptive Design

Principles

Controlling the chance of erroneous outcomes
• Decision errors

Estimating treatment effects
• Biased estimation

Trial planning
• Pre-specified adaptations

Maintaining trial conduct and integrity
• Minimising bias, particularly operational biases

15 Dec 2020 47

Adaptive Design

Adaptations for comparative data

Group sequential 
designs

Sample size

Patient population

Treatment arm 
selection

Patient allocation

Endpoint selection

Multiple design features

15 Dec 2020 48
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Adaptive Design

Special considerations

Simulations
Bayesian adaptive design
Adaptations in time to event settings
Adaptations based on potential surrogate/intermediate endpoint
Secondary endpoints
Safety considerations
Adaptive designs in early phase exploratory trials
Unplanned design changes base on comparative interim results
Design changes base on information from an external source

15 Dec 2020 49

Adaptive Design

Bayesian adaptive design

Use of predictive statistical modelling to govern the timing and 
decision rules for interim analyses

Use of assumed dose-response relationships to govern dose 
escalation and selection

Explicit borrowing of information from external sources to 
improve the efficiency of a trial

Use of posterior probability distributions to form trial success 
criteria

15 Dec 2020 50
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Adaptive Designs

Enrichment designs

Good examples given in CV, Oncology, Pulmonary and Neurology 
studies

Potential strategies suggested for CV and Oncology (Prostate and 
Breast)

Categories
• Decrease variability
• Prognostic enrichment
• Predictive enrichment

15 Dec 2020 51

Adaptive Designs

Predictive enrichment designs

No possible effect in 
marker-negative patients

A possible effect in 
marker-negative patients

Marker cannot be assessed 
before randomisation of 
marker-negative patients

15 Dec 2020 52
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Adaptive Design

Studying marker-negative patients

When the treatment represents an important advance for the marker-
positive group, delaying approval because of limited data in the 
marker-negative group would generally be unreasonable 

Determining the need for marker-negative data will be based
• the nature of the efficacy shown in the marker-positive population 
• the risks of the drug
• whether the effect of treatment would be apparent to an individual patient 
• the relative sizes of the marker-positive and -negative populations
• the desire to use the drug in the marker-negative

15 Dec 2020 53

Adaptive Design

Master Protocols

Covers, Basket, Umbrella and Platform studies
Other aspects

• Use of common control arm
• Novel combination of two or more drugs
• Studies with drugs targeting multiple biomarkers
• Adding and stopping treatment arms
• Independent data monitoring committee
• Biomarker development
• Safety considerations

Contents of IND submission and interactions with FDA

15 Dec 2020 54
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Adaptive Design

Master Protocol Statistical considerations

Nonrandomised, activity-estimate design
• Sample size to rule out futility, SAP requirements

Randomised designs
• Strongly recommends a common control arm for umbrella designs

Master protocols employing Adaptive/Bayesian design
• SAP should contain all details, including futility analyses, and 

implementation details of Bayesian or other methods
Master protocols with Biomarker defined subgroups

15 Dec 2020 55

Adaptive Design

Master Protocol Examples

Basket: Vemurafenib in Nonmyeloma cancers with BRAF V600
Umbrella: Lung-MAP
Complex: NCI-MATCH
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Adaptive Designs

Complex innovative designs

Includes trial designs that have rarely or never been used to provide 
substantial evidence of effectiveness

They require simulations to estimate trial operating characteristics
Bayesian proposals need to include robust discussion of prior 

distributions and decision criteria
Examples

• Incorporating P2 data into P3 trials
• Sequential multiple assignment randomised trial
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