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Background

ICH = International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for
Human Use

ICH E9 (Statistical Principles for Clinical Trials,
1998)

— Key principles in clinical trials such as
randomisation, double-blind, interim
analysis, ...

— Key role in regulatory guidance on statistical
aspects of confirmatory clinical trials

ICH E9 (R1) addendum (Estimands and
Sensitivity Analysis in Clinical Trials, not yet final)
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Motivating example 1 — pharma

Design: Double-blind, RCT of a new anti-diabetic drug (A) compared to placebo (B)
Objective: To demonstrate that A is superior to B by testing the null hypothesis Hy: 1y = up
Endpoint: Change from baseline in HbAlc after 24 weeks

Conduct: A patient may experience intolerable side effects or inefficacy on the randomly assigned
treatment early, therefore a patient may take rescue medication.

Analysis: What is the treatment effect of interest?

2011 FDA advisory committee for dapagliflozin

o Sponsor: Rehove data after initiation of rescue medication

ﬂ. Switch to rescue medication ®_ __________________________ N What is to be

i ?
o FDA: Include all data regardless of rescue medication EStlmatEd °
g Switch to rescue medication - H
Te A - (= estimand)

Motivating example 1 — pharma (Cont’d)
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Motivating example 2 — non-pharma

JAMA Internal Medicine | Original Investigation

Efficacy of Oral Risperidone, Haloperidol, or Placebo

for Symptoms of Delirium Among Patients in Palliative Care
A Randomized Clinical Trial

Design:  Double-blind, parallel-arm, dose-titrated RCT with 3 arms (risperidone, haloperidol, placebo) in

patients with delirium in palliative care

Objective: To determine superiority of risperidone or haloperidol (given over 3 days) relative to placebo in
relieving target symptoms of delirium associated with distress

Endpoint: Change between baseline and the average of the last 2 observations on day 3 in delirium
symptoms score (Nursing Delirium screening scale)

Conduct: The study drug may be discontinued if adverse effects became unacceptable, the treating

clinician deemed the treatment ineffective, or at onset of dysphagia

Motivating example 2 — non-pharma (Cont’d)
(. 7an| omlfé_,.-'

86 Randomized to receive placebo
79 Received intervention as

82 Randomized to receive risperidone
78 Received intervention as

What is to be estimated?

randomized randomized randomized
4 Did not receive intervention 2 Did not receive intervention 5 Did not receive intervention
as randomized as randomized as randomized 1 The Effect rega rdless Of What

2 Delirium resolved
1 Patient deteriorated
1 Medical concerns

1 Withdrawal of consent
1 Patient deteriorated

1 Medication not available

1 Medical concerns

1 Patient refused

1 Family withdrew consent

1 Later found to be ineligible 2
2 Excluded from dataset as did

not meet eligibility criteria and

were inappropriately

randomizad

I

happened to the patient.

The effect whereby events
such as treatment failure and
death are considered failures.

31 Discontinued risperidone regimen 18 Discontinued haloperidol regimen 15 Discontinued placebo regimen 3 The effect |f a ” patients had
1 Clinician request 1 Died 1 Died °
2 Died 1 Discharged home 2 Family request 1
3 Family request 1 Family request 7 Patient deterioration Completed thelr treatment'
1 Prolonged QT interval 1 Incorrect dosing 2 Toxic effects
16 Patient deterioration 8 Patient deterioration 1 Treatment failure 4 The effect in patients who do
1 Refusing oral medications 2 Toxic effects 2 Unable to swallow *
1 Treatment failure 1 Treatment failure H H
5 Unable to swallow 3 Unable to swallow nOt ta ke rescue med|cat|0n.
1 Other reason
] 5. The effect observed until the
‘ 47 Completed risperidone regimen ‘ | 61 Completed haloperidol regimen | | 64 Completed placebo regimen

!

!

82 Included in ITT analysis

81 Includedin ITT analysis

84 Included in ITT analysis

patient went off treatment.
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ICH E9 (R1): A structured framework

Trial objective

l Target of
estimation =
Estimand WHAT

Me.th{’d. o Main estimator
estimation |

= HOW Sensmwty estimator 1 Sensl‘lwlty estimator2 |
Main estimate ‘

Sensmwty analysis

Estimand

Population Variable Population-level
summary

; .33.%33 —-'\ a{\o
L ~ @ :
The description of an estimand will not be

complete without reflecting how potential R Rescue medication
intercurrent events are addressed in the E:i

. . . . Death
scientific question of interest. ’—Q

Defining an estimand we need 1) population, 2) endpoint, 3) summary measure
and 4) how to account for intercurrent events. 8
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Intercurrent events

Occur after treatment initiation & either prevent the endpoint to be observed or may affect its interpretation

g. Treatment discontinuation due to adverse events

Patient 1 @ @
Treatment discontinuation due to lack of efficacy
Patient 2 @ I' ®
Use of rescue medication Death
Patient 3 @
Treatment switch
Patient 4 @ .zﬁ L
Change in background therapy
Patient 5 @
Randomisation TIMELINE Data collection for
the variable

-> Intercurrent events dealt with implicitly by the choices made about data collection and statistical analysis

-> Intercurrent events not a missing data problem (e.g. missing an assessment)

Strategies to deal with intercurrent events

1. Treatment policy: ignore intercurrent events, the value of the variable is used regardless

2. Composite: modified definition of the outcome variable for intercurrent event(s),
e.g. if a patient discontinues, the variable is considered a failure

3. Hypothetical: specific hypothetical outcomes, what would have happened if patient had not stopped or
switched treatment (absence of the intercurrent event)

4. Principal stratum: restrict population of interest to stratum of patients in which an intercurrent event
would not have happened

5. While on treatment: response to treatment prior to the occurrence of the intercurrent event is of interest
10
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Treatment policy

Estimand:

A. Population: All exposed subjects

B. Endpoint: Change from baseline to week 24 in HbAlc

C. Summary measure: Difference in means between the treatments

D. Intercurrent events: Ignored, all observed data is included irrespective.

Conduct: * Applying the treatment policy strategy No infercumont avent
Data on all patients up to the time of the :::::;: = :: T‘*f:]";;:?;",mg?ﬁ o
protocol defined primary endpoint is relevant  patents @ Dureenannn e > gzﬁag:mﬂmeﬁm
for the analysis therefore continue to collect Logond: P

data after intercurrent event. S R e e e Ceea =) e e e e I,

Primary analysis:
* Analysis of covariance (ANCOVA) of all observed data in case of no intermittent missing data or
*  Mixed model for repeated measures (MMRM) of all observed data in case of intermittent missing data

11

o
Composite

Estimand:
A. Population: All exposed subjects
B. Endpoint: A binary response variable with success if change from baseline to

week 24 in HbA1c is negative and use of rescue medication did not occur
A. Summary measure: Odds ratio of a successful response between the treatment conditions
B. Intercurrent events: Use of rescue medication is captured through the endpoint definition
Conduct: Baﬁi”ne measurement ﬁmc\lmhs
No need to collect data after the Patient 1 @ _ 2O Lo e change
. . Start of rescue medication \ .
intercurrent event because not used Patient 2 @ @ @ [rercurrent evert, No need
in analysis. atents @ e

meaningful

Primary analysis:

* Logistic regression on binary outcome (success/failure) in case of no intermittent missing data or

* Logistic regression combined with multiple imputation under the missing at random assumption in case of
intermittent missing data 12
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Hypothetical

Estimand:

A. Population: All exposed subjects

B. Endpoint: Change from baseline to week 24 in HbAlc

C. Summary measure: Difference in means between the treatments

D. Intercurrent events: If use of rescue medication would not occur

condUCt: Bassaline measurement 6 months

Data after intercurrent event not of I

. . . . Mo intercurrent event -

interest for this hypothetical setting, Patient 1 @ 3@ Treatment complete
P - Ppstent 2 Se————A R s s s e s s annsananaan e N; d llect 6-

set to missing for analysis. Patient 2 @ ® >O month vaits.

Primary analysis:
* Mixed-model for repeated measures (MMRM) under the missing-at-random assumption or
* Analysis of covariance (ANCOVA) after multiple imputation

13

Principal Stratum

Estimand:
A. Population: All exposed subjects who would not use rescue medication in the
treatment period regardless of which treatment they are assigned to
B. Endpoint: Change from baseline to week 24 in HbAlc
C. Summary measure: Difference in means between the treatment conditions
D. Intercurrent events: Use of rescue medication is captured through the population of interest
Treatment
Conduct: Rescue No rescue
. . . . . medication | medication
Design the trial such that it targets patients who would not require N
rescue medication (e.g., run-in period, randomised withdrawal design) @ medication | o0 Sor
] Norescue s s
0| medication 10 1

Primary analysis:
* Straightforward as long as only subjects who would not require rescue medication over a period of 24
weeks had been randomised, and they were followed for the entire trial duration.

14
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While on treatment

Estimand:
A. Population: All exposed subjects
B. Endpoint: Change from baseline in HbA1c until use of rescue medication or end of
treatment period, whichever comes first
C. Summary measure: Difference in means between the treatment conditions
D. Intercurrent events: Use of rescue medication through the definition of endpoint of interest
Conduct:
X Baseline measurement &months
No need to collect data after the intercurrent [ 1
No intercurrent event -
event, measurement collected after should be  Patent1® P ————— 3@ Treatment comelete
. . Patient 2 @ @ _____________ > Data collected before
excluded from the analysis so that the analysis the occurrence of the
A i . intercurrent event lWI|
only uses information while on treatment. sl el

Primary analysis:

* Analysis of covariance on data collected until end-of-trial or start of rescue medication
15

@ Streamlined process

Therapeutic setting and intent of treatment determining a trial
objective

Identify intercurrent events
Discuss strategies to address intercurrent events

Construct the estimand(s)

Align choices on trial design, data collection and method of
estimation

Identify assumptions for the main analysis and suitable
sensitivity analyses to investigate these assumptions

Document the chosen estimands

= O=)=C)=-LW-0)=C

19
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FDA ICH E9 addendum offers a framework of streamlined thinking for enhanced interaction between
clinicians, statisticians, and other relevant parties (e.g. regulatory in pharma trials)

— Some decisions should not be taken at the level of statistical analysis but instead before by defining

an estimand

— Description of the estimand and choice of strategy are based on the clinical setting, mainly a

clinician’s decision

— The statistician should highlight when an estimand is difficult or impossible to estimate

20

Training material ICH E9 (R1) addendum

Training available on www.ich.org:
*  Module 1: summary

*  Module 2: introduction,
framework, estimands, impact on
trial design and conduct, impact on
trial analysis, documenting
estimands and sensitivity analysis,

*  Module 3: generic examples

ICH E9(R1) — Table of Contents

* A.1.Purpose and Scope Module 2.1
- A.2. A Framework to Align Planning, Design, Conduct, Analysis and Interpretation Module 2.2
* A.3. Estimands
o A3.1. Description
o A32 Strategies for Addressing Intercurrent Events
o A33 Construction of Estimands
- A33.1 General Considerations
- A.3.3.2 Considerations of Therapeutic and Experimental Context
* A4.Impact on Trial Design and Conduct Module 2.4
* A.5.Impact on Trial Analysis
o A5.1. Main Estimation
o AB2 Sensitivity Analysis 1 =
- A521. Rut\!; of Seynswtnnty Analysis MDdLI le 25
- A5.2.2. Choice of Sensitivity Analysis
o AB5.3. Supplementary Analysis
A.6. Documenting Estimands and Sensitivity Analysis  Module 2.6
= A.7. A Generic Example
o AT.1. One Intercurrent Event Module 3
o AT2 Two Intercurrent Events
= Glossary

Module 2.3

21
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Specific estimand guidelines

Alzheimer’s Disease GL Draft Diabetes GL

- Intercurrent events « Intercurrent events
+ Section 8.1 + Section 4.2.1
- Targets of estimation D] + Targets of [Tl
+ in AD dementia (sec. I (i estimation, . BiliH niwt
8.1.1) and prodromal statistical i
AD/pre-clinical AD (sec. analysis,
8.1.2) :
handling of
. Statistical missing data i
considerations Section 4.2.2.1 =

+ Section 11, including
statistical analysis,
sensitivity analysis and - == -
handling of missing data.
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Thank you

10



