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* The opinions contained herein are those of the authors and are
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Hospital or Harvard University.
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institutions and government entities (see www.MRCTCenter.org)
and well as by grants.

 We are committed to autonomy in our research and to
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any products, results and deliverables.
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Our Mission

Engage diverse
stakeholdersto define (..
emerging issuesin STANDARDS
global clinical trials

MULTI-REGIONAL _

and to create and . qu CLINICAL TRIALS
implementethical, oy oo o [
actionable, and
practical solutions.

ESTABLISH

BEST PRACTICES

IDENTIFY
OPPORTUNITIES
FOR

IMPROVE
TRANSPARENCY

IMPROVEMENT
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Agenda MRCTs: Science, and Regulations

* Why MRCTs?

 MRCT expectations, benefits and challenges

* Internationaland regulatory considerations

e Rationale for acceptance of foreign country data
* Bridging study requirements
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Stages of Drug Development

1. Learning stage (phase 1 and phase 2 trials):
— Safety, Dosing selection, Patient population selection

— Efficacy screening using surrogate endpoint

2. Confirming stage (phase 3 trials, e.g., MRCT):
— Efficacy (consistency across subgroups),
— Safety, dosing,
— Benefit/risk ratio



MRCTs: Principles and Logic

* MRCTs rarely employed in Phase 1 and 2 trials

* MRCTs in Phase 3 clinical trials:
— Expedite drug development and risk/benefit analysis
— Better basis for subsequent generalization of the findings
— Maintain same standards for multiple regulatory submissions
— Reduce unnecessary cost and delay

* Assumption of consistency: that regions are equivalent and no
significant differences exist
— Understanding of and statistical

assessment of consistency

— Impact of intrinsic/extrinsic factors on . ?%
outcome % .E
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MRCT: Definition

A clinical trial with a common protocol, involving different centers and
participants enrolled from different regions (countries), where the data
collected is anticipated to be analyzed as a whole.*
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Why MRCTs?

* More patient populations available for study
* Potentially treatment naive individuals

* May be only practical way of accruing sufficient
numbers of participants within a given time frame

* More rapid enrollment from wider population and
differing clinical situations

* Potential important internal comparisons and data to
defend generalization of the findings

* Simultaneous rather than sequential submissions for
registration



MRCTs Increase Efficiency and Reduce Drug Lag
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Your role as regulator is becomingincreasingly complex

MAXIMIZE BENEFIT

Bring beneficial drugs to patients
as quickly as possible

Maintain incentives for
companies & researchers to

v innovate

How do MRCTs fit in?

DECREASERISK

Ensure safety of
patients by keeping
ineffective/unsafe

drugs out of the -
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Focuson MRCTs
Examining the Key Issues

region
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MRCTs: not without precedent or guidance

e |CH-E5 Ethnic Factors in Acceptability of Foreign Clinical Data

— Br|dg|ng studies: Guidance for Industry

E5 — Ethnic Factors

. . in the Acceptability of
* Allows extrapolation of data from one region to another Foreign Clinical Data

° Expedites drug deve|opment program Questions and Answers

* For multi-regional clinical trial to serve as a bridging study for a
particular region, should be “persuasive”

e Therefore, MRCT should be planned with sufficient numbers of

subjects to have adequate power to have a reasonable likelihood of
showing an effect in each region of interest

 If to serve as bridging study, provide efficacy and safety by region, and
examine consistency of effects across regions (and if dose-response
relationship then efficacy and safety within and across regions.
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MRCTs: Precedent and Guidance

e |CH-E3 Structure and Content of Clinical Study Report

— Individual center results should be presented when appropriate (sufficient
#, etc.)

— Treatment-by-center (country) analysis should be explored

— “...Any extreme or opposite results among centers should be noted and
discussed, considering such possibilities as differences in study conduct,
patient characteristics, or clinical settings.”

Guidance for Industry

E9 Statistical Principles for Clinical
Trials

e |CH-E9 Statistical Principles for Clinical Trials

— Protocol implementation should be clear and similar at all sites

— Procedures standardized, variation reduced

— “...the usual sample size and power calculations depend upon the
assumption that the differences between the compared treatments in the
centers are unbiased estimates of the same quantity.”
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MRCT Design

* Implications for
— Study design
— Choice of endpoint(s)

» Particularly problematic if regulatory guidance differs as to what is
acceptable study design or endpoint

If results of an MRCT are positive with acceptable benefit/risk
ratio for a new drug, then further region subgroup analysis can
be explored through different statistical methods depending on

the level of “consistency” required.

How is “subgroup” defined?

OMRCI

How is consistency considered? mﬁ?
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Agenda MRCTs: Science, and Regulations

* MRCT challenges

* Internationaland regulatory considerations

* Rationale for acceptance of foreign country data
* Bridging study requirements
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Current Challenges Globally on the Status of MRCTs

* No clear global guidance on MRCTs

« Individual countries have published statements on topics
related to MRCTs (including China)

« Use of foreign clinical data varies across countries

« Need for bridging studies or separate studies in the region’s
population

— Ethnic factors and considerations (ICH 5)

— Subgroup analysis



MRCT: Ethnicvariationvs. Random Variation (continued)

* Many of us make an a priori assumption of MRCTs that
no or only minor regional variation exists

* No data now to predict which trials (or drugs,
interventions, devices) are likely to demonstrate
subgroup differences and no way to distinguish true
consistency issues or ethnic variation from mere random

variability.
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MRCT Challenges

*While the results of most multi-national trials do not demonstrate any internal
inconsistency among regions or countries, on occasion inconsistency between
regions or countries is observed and may be due to:

Inaccuracies in diagnoses or differences in natural history or stage of
disease

Differences in medical or study practice(s) or concurrent medications
Differences in lifestyle, diet, or environmental influences

True genetic, racial, or ethnic differences among the regions

Random variation

Inconsistency at site, region or country level



Agenda MRCTs: Science, and Regulations

* Why MRCTs?

* MRCT expectations, benefits and challenges

* Internationaland regulatory considerations

e Rationale for acceptance of foreign country data
* Bridging study requirements
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Comparison Table for Foreign Data Acceptance

Foreign Data

Local Participants

Data Analysis

u.s. Foreign data allowed if Not required but Recommends decreasing
relevant and applicable. sometimes preferred data variability

China Accepted (except for Precise requirements for Trend consistency across
biologics), but local data each phase. 100 pairs. local and global
required. Draft Provisions for Drug population

Registration issued.

India Allowed except for phase | Precise requirements for No specific requirements
trials and vaccine trials. each phase.

E.U Accepted if in compliance Not required. Intrinsic/Extrinsic factors
with member and EU law. considered when

extrapolating data.

Japan Accepted unless issues 15-20% required. Data must be consistent
with local participant or across local and global
data requirements. population — specific

methods

Aus, Can, S. No specific requirements Not required No specific requirements

Africa, Brazil,

Mex, Turkey, S.

Karea, ©OMRCT

\/
21




MRCTs: Asia Pacific Countries

* Simplerregulatory frameworks

— Korea, Taiwan, Hong Kong, Singapore, Australia, New Zealand

 Morerigorous requirements and procedures

—Japan —requires specific participant numbers and consistency
across global trial and locally

— Impactful new legislation with short implementation window
» China: IMCT application in China

» India: Phase | allowed only if Indian company, bridging required and
other regulations imposed over last 3 years

VID
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Sample Size Requirement in New Drug Registration — China

(May change with new draft legislation)

Current China Regulatory Policies for the Registration - Interpretation

AIRAEZEAEPEEM LT FERELXTER

(No requirementfor sample size if not considering China registration)

‘MRCTH#IERTERN LW M (EEEEN L)
(MRCT data and results for China registration, must be used for approval (and
approved)in overseas)

- NMRPEBIERE SMRER—E, RO Z) fiEMed ik Rl &K
(If China subgroup results are consistentwith overall results, then China
registration needs:)

o ZIH+ED100X = FE (100 pairs + PK/PD)

- MRPERDGERE AL RT—E, WIRBEREMNTE RIS EREITH
XTREABFMIEKRIR (BREFSGITEENE)
(If China subgroup results are NOT consistentwith overall results, then
China registration needs a independentphase lll trial with statistical

significance) VIR
10/13/16 OMRCT 23



How the US FDA has evolvedin Considering MRCTs

* Following ICH-E51, FDA does not require studies that are conducted solely
outside the U.S. to be performed under an Investigational New drug
Application (IND) In the U.S., CFR 21.314.106 governs which foreign data are

acceptable.

* local datais not needed if three criteria are met:
— The foreign data must be “relevant and applicable” to the US population.
— The foreign studies must be performed by competent investigators.

— The FDA must have confidence in and the ability to validate or verify the
data. 3

— An application based solely on foreign clinical data may be approved if data
are applicable to the US population and medical practice.

— The FDA may require a “bridging study” if it is concerned about the
applicability of a study’s results to its population. 4

Khin, et al. “Regulatoryand Scientific Issues Regarding Use of Foreign Data in Support of New Drug Applicationsinthe United States: An FDA Perspective,’
Food, Drugs and Cosmetics Act of 1938, most recentlyamended 2016
21 CFR314.106. The acceptance of foreign data in a new drug application. 24

Chin and Bairu, “Global Clinical Trials: Effective Implementation and Management “, Academic Press 2011
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United States FDA (Cont’d)

e Can ask for a “bridging study” if concerns about
the applicability of a study’s results to its
population

* In the case of clear evidence of an ethnic
difference, separate trials are highly
recommended so regional considerations can be
incorporated into the design; the trial can be
conducted to control extrinsic factors enter a
study population with relatively homogenous
intrinsic factors

Yiie
1. Khin, et al. “Regulatory and Scientific Issues Regarding Use of Foreign Data in Support of New Drug Applications in the United States: An FDA
Perspective,” Nature



FDA’ s review of MRCT’ s generally involves evaluation of

study results (statistical analyses) according to region/country

e Evaluate the study data and the conduct and key metrics of
quality

* Evaluate statistical displays of key sources of variation, bias and
uncertainty

* Regional and site outcomes evaluated:

— Dropouts, differences in response rates, outcomes, covariates,
exposures, follow-up, concomitant drugs

* |Individual patient profiles within sites - which sites and which
patient records to evaluate in more detail - possible auditing
strategies (usually relies on electronic records)

* Possibly intrinsic factors (markers, gender, ethnicity) or possibly
extrinsic factors )recruitment patterns, medical support system,
standards of care

* Align inspection with review of data and insights for audits

o



What US FDA considers when encountering heterogeneity

* Interpretation of the global estimate and region
and specific estimates is challenging

e Often the cause of heterogeneity (variability
between regions) is unknown

* Differences in treatment effects are expected;
nowever, too much heterogeneity is
oroblematic

Are these treatment differences real and are they
systematicin the sense that treatment effects are

consistently better or worse inthe U.S. and what are VD
the reasons for it




Study undertaken by FDA statisticians to evaluate

possibility of systematic regional differences

* Major cardiovascularoutcome studies evaluated over
the last 10 years

* Overall study result statistically positive, ie.
demonstrated overall effect

* Region never pre-specified as a factor to be evaluated
statistically

* 24 independentstudies



Journal of the American College of Cardiology Vol. 60, No. 12, 21
© 2012 by the American College of Cardiology Foundation ISSN 0735-1097/$36.00
Published by Elsevier Inc.

CORRESPONDENCE

Research )
Correspondence  Regional Treatment Effects

in Studies of Cardiorenal Drugs

*John Lawrence, PhD
Steve Bai, PhD

H. M. James Hung, PhD
Robert O’Neill, PhD

A Summary of Recent Clinical Trials
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difference of log-hazard ratios

Estimates and Confidence Intervals for Difference in Log-Hazard Ratio Between U.S. and Non-U.S. Treatment Effects for Each Study

Studies are listed in order from top to bottom by percent of U.S. enroliment (shown in the column on right). Circles indicate the point estimate of the difference
between log-hazard ratios (U.S. compared with non-U.S.), and arrows represent the 95% confidence interval for this difference.
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Example: What should we do when difference 1s observed

between Japanese & overall?

Basic Principles on Global Clinical Trials (Reference Cases)

* thereason for the difference should be considered by using data such as
subgroup analysis

— not enough to conclude that difference is chance finding without any
exploration

— one approach could be to evaluate to evaluate the difference in background
characteristics between Japanese and overall population & to assess effect of
the difference on efficacy results by using subgroup analysis in overall
population

Yile
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An Example:

Toprol —=XL; the Current Drug Label ; “Clinical Trials”

MERIT-HF was a double-blind, placebo-controlled study of Toprol-
XL conducted in 14 countries including the US. It randomized 3991
patients (1990 to Toprol-XL) with ejection fraction </= 0.40 and
NYHA Class II-1V heart failure attributable to ischemia,
hypertension, or cardiomyopathy.

The protocol excluded patients with contraindications to beta-
blocker use, those expected to undergo heart surgery, and those
within 28 days of myocardial infarction or unstable angina.

The primary endpoints of the trial were (1) all-cause mortality
plus all-cause hospitalization (time to first event), and (2) all-

cause mortality. mq—_g



MERIT-HF Results

The trial was terminated early for a statistically significant
reduction in all-cause mortality (34%, nominal p=0.00009). ...

The figure below illustrates principal results for a wide variety of
subgroup comparisons, including US vs. non-US populations (the
latter of which was not pre-specified). The combined endpoints of
all-cause mortality plus all-cause hospitalization and of mortality
plus heart failure hospitalization showed consistent effects in the
overall study population and the subgroups, including women and
the US population. However, in the US subgroup and women,
overall mortality and cardiovascular mortality appeared less affected.
Analyses of female and US patients were carried out because they
each represented about 25% of the overall population. Nonetheless,
subgroup analyses can be difficult to interpret and it is not known

\/
whether these represent true differences or chance effects. ng



Results for Subgroups in MERIT-HF

Tolal Mortalny Total Mortality or Total Mortalty or
All-Cause Hosprahization Hospitahzation
(Tidne to Furst Event) for Hearl Fadure
(Timo 10 First Event)
Favors Favoes  Favors Favors  Favors
ToprokXL Placebo Yoprol-XL  Placebo Toprol-XL  Placebo
s i 5 2
Us S S T L0 2
Non-US - - .- -
NYHA N BRSO —— an e
NYHA III —— - -
NYHA IV — __J._____ »
EF: <0.25 (moan 0.20) R -~ -
EF: >0.25 (mean 0.32) s -k ——
Ischemlc etlology —.— - .- ;
Non-ischemic eliology DA —-— —
Male sex - - -
Female sex LT LSS — ——
Cavcaslans —— - -
Blacks - Atk AYS .
Previous Mi —— - -
No previous M) —— aiifie
Diabetes mellilus RN IS -t R
No diabetes mellitus — i -
Previous hypertension g - —-—
No previous hyperiension o . PP
HR: <76 (mean 72 bpm) ——— -+ ——
HR:>76 (mean 88 bpm)  _o - .-
snanananon an e e s an TN S S A Ty
| QAR R | U VR TR REEE Y aes ' Sesp Al T |

Relative risk and 95% conlidence interval

US = Unitad States; NYHA = New York Hean Association; EF = ejection traction; Ml » myocardial infarction;

HR = hear rate.
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How to Assess Consistency in an
MRCT?



“Trend” Analysis

Linkage to Consistency

Consistent
Overall Population €
Benefit Benefit
/ Consistent /
Risk Risk
®_ o
Overall Population T_‘ ® - O

C istent

onsisten ® O

‘fficacy benefit observed froma subpopulation qr

.Safet risks observed from
y In a region [=

subpopulation/ region



“Trend” Analysis

Interpretation & Elaboration - Linkage to Consistency

Consistent?

Overall Population €

Benefit

Benefit

/

Risk

Consistent?

Risk

Overall Population ® 9
Consistent?

.Safety risks observed from .Efficacy benefit observed from subpopulation mq-.g

subpopulation



“Trend” Analysis
Interpretation & Elaboration - Linkage to Consistency

Similar Positive
efficacy

Better Positive
efficacy

Similar Positive
efficacy

Lower Positive
efficacy

VIR
Chinese subpopulation vs. overall population in a positive trial li



Consistency Assessment in MRCT
- Level of Consistency with
Statistical Methods



Consistency and Disease Categories

Consistency should be considered with different disease settings.
Considering medical needs and potential impact of ethnic factors in clinical
practice, three different disease categories may be considered:

Category 1: Unmet medical needs and/orrare disease
Category 2: Common disease without potential ethnic differences

Category 3: Common disease with potential ethnic differences

VID
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Consistency and Disease Categories

Consistency should be considered with different disease settings.
Considering medical needs and potential impact of ethnic factors in clinical
practice, three different disease categories may be considered:

Category 1: Unmet medical needs and/orrare disease
> Same trend required

Category 2: Common disease without potential ethnic differences
> Treatment effect proportional

Category 3: Common disease with potential ethnic differences
> Treatment effectin region demonstrates clinical
significance with statistical rigor.

VID
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Level of Consistency for Different Disease Categories

Disease Category
1

e Level 1 consistency
required: to assess
regional treatment
effect in disease with
unmet medical needs,
e.g., HIV/AIDS, some
malignant tumor, rare
disease, et al.

Equivalency

e Level 2 consistency
required: to assess
regional treatment
effect for common
disease with no
evidence of potential
ethnic difference in
treatment. In this
setting, certain
regional effect size is
required

Proportionality

Disease Category
3

Level 3 consistency
required: to assess
regional treatment
effect for common
disease with evidence
of potential ethnic
difference in
treatment. In this
setting clinical
significance with
statistical rigor of
regional treatment
effect is required.

Clinical significance | %[®
with statistical rigor




Level of Consistency: from “weak” to “strong”
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Level 1 Consistency; Observationaltrend

All treatment effects >0

Treatment Effect
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Level 2 Consistency, Treatment effects are proportional;

At least 50% retention

Treatment Effect

O Fr N W b
J

Global Effect Regional Effect Regional Effect
Example Example

& 9 VI
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Level 3 Consistency, Treatment effect in region

demonstrates clinical significance with statistical rigor.

Treatment Effect

11 -

10 -
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7
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a -
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0 -

Global Effect Regional Effect Regional Effect

Example Example
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Level 3 Consistency: Overall treatment effects and for

region achieve clinical significance with statistical rigor

To achieve statistical rigor for both overall and regional subgroup, use either
data within MRCT OR data from MRCT plus an extension trial, if the sample size

in the MRCT is not adequate to assess clinically meaningful treatment effect
with statistical rigor.

MRCT Extension of MRCT
NTE ‘ TE TE
Where: \ /
TE: targeted ethnic group

NTE: non-targeted ethnic group

NTE TE

(down-weighted when
combined for analyses)

To achieve statistical rigor for the regional results, information for the region
analysis may combine both region information and the information borrowed
from other regions. The information borrowed will be down-weighted Wq?
10/13/16 47
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Conclusions

Increasing use of MRCT design in worldwide drug development
* To expedite simultaneous new drug development with greater patient populations

* To maintain the same level of scientific rigor in the trial design when the outcomes
are presented to different regulatory agencies for evaluation

* Positive results and benefit / risk ratio of MRCT provide solid basis for the totality of
evidence for a new drug registration globally

Opportunities

* Continue refinement of consideration of requirements for “consistency”

* Enhance post-approval monitoring and pharmacovigilance globally

* Regulatory convergence surrounding country specific requirements for MRCTs



MRCT — the Opportunity and Promise

* Advancingthe practice of MRCTs globally will support
simultaneous global submissions

— Shifting focus from patient number requirementsto a
regional perspective of the total study populationssize
driven by the study objective and overall hypothesis

— Emphasis on regulatory decisions based on benefit-
risk of disease state, patient population, unmet
medical need in determination of Phase 3
requirements

VID
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Questions for Discussion

*  When conducting an MRCT with sequential participants enrolled,
— What is the impact on the overall results?
— Are the country/regional results alone interpretable ?

* When interpreting the regional results in MRCT
— If variability exists, how to interpret and/or deal with it? Validity issue or
Quality issue or both?

* Extrapolation of treatment effects to China population with
heterogeneity ( Quantitative and Qualitative) of treatment effects

among regions/Countries.

* Interpretation of treatment effects: which factor (s) most important to
evaluate relationship of treatment effects: Site/center/clinic, Country,

Region?

Yile
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Thank you
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