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What are real-world data (RWD)
& real-world evidence (RWE)?




Data relating to patient health
status and/or the delivery of
health care routinely collected
from a variety of sources

[Real-world data (RWD) A

(Real-world evidence (RWE) A
Clinical evidence regarding the
usage and potential benefits or
risks of a medical product derived

from analysis of RWD

\_ J \_

* Fit-for-purpose data
g * Appropriate study methods
= * Appropriate study conduct & reporting

Claims databases Electronic health  Product / disease
(e.g., NHIRD) records (EHR) registries

J

RWOD is a necessary, but not sufficient,
condition to produce RWE.

Patient-reported  Collected from | ;ps /Genomics
data or survey other sources

Definitions by US FDA



Some clarifications of RWD & RWE

Common misconceptions or inaccurate statements

* RWD simply means observational data

e RWE is everything but a randomized trial

v"RWE can sometimes involve randomization, and not all non-RWE is randomized.

v'RWE can be generated by different study designs or analyses, including but not
limited to randomized trials (e.g., pragmatic trials) and observational studies

(prospective and/or retrospective)

Interventional

Non-interventional

Not real world

Conventional RCTs

X

Real world (RWD)

Pragmatic trials

Observational studies

RWE



What is pragmatic trial?

Explanatory trials: aim to evaluate the
efficacy of an intervention in a well-
defined and controlled setting

Pragmatic trials: designed to test the
effectiveness of the intervention in a
broad routine clinical practice

(Schwartz and Lellouch, 1967)

Pragmatic trials:

« Heterogeneous patient population

* Flexible adherence to study protocol

« Patients assessed during routine clinical
practice

* Provides real-world data

BMJ 2015;350:h2147.

PRECIS-2 tool for pragmatic trials

Eligibility
Who is selected to
participate in the trial?

Recruitment
How are participants
recruited into the
trial?

Primary analysis
To what extent

are all data

included?

Primary outcome Setting
How relevant Where is the
isitto trial being
participants? done?
Follow-up Organisation
How closely are What expertise and

resources are needed
to deliver the
intervention?

participants
followed-up?

Flexibility: adherence
What measures are in place
to make sure participants
adhere to the intervention?

Flexibility: delivery
How should the
intervention
be delivered?



US FDA US FDA and Taiwan’s actions related to RWD and RWE

21st Century Cures Act (21 U.S. Code § 355 g), Title Ill, Subtitle C Sec. 3022 Real World Evidence

\ 1 (Final) Guidance for Industry
» Use of RWE to Support Regulatory Decision-Making for Medical Devices (2017/07)

€ Framework for FDA’s Real-World Evidence Program (Dec, 2018)
1 (Final) Guidance for Industry
\ » Use of EHR Data in Clinical Investigations (2018/07)

1 Draft Guidance for Industry
« Submitting Documents Using RWD and RWE to FDA for Drugs and Biologics (2019/05)

4 Draft Guidance for Industry (To Support Regulatory Decision-Making for Drug and Biological Products)
2021 « RWD: Assessing EHR and Medical Claims Data (2021/09)

« Data Standards for Submissions Containing RWD (2021/10)

« RWD: Assessing Registries (2021/11)

« Considerations for the Use of RWD and RWE (2021/12)
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Use of RWD for generating RWE

Using RWD about PATIENTS/DISEASES

* Burden of disease, epidemiology
* Symptom burden

Patients in routine practice
Disease biology

Comparative
effectiveness and

Using RWD about TREATMENTS

* Treatment utilization & patterns

* Access to care (e.g., disparity)

* Quality of care (e.g., guideline
concordance)

Using RWD about OUTCOMES

* Race disease, patient populations,
or outcomes

e Qutcome reality check

* System-level perspectives

* Disease economics



Why randomized controlled trial (RCTs) present the
gold standard of evidence?

A \ Random

Systematic reviews / meta-analyses Assignmen

Randomized controlled tral (RCTe) g / ﬁ ﬁ ﬁ ﬁ—ﬂ ﬁﬁ ﬁ
¢

\

=

I

\.

J

i

o=

Controlled trials without randomization

I Treatment Group Compare

\.

I

Cohort or case-control studies ﬁ

\.

I

.

J

Quasiexperimental studies % \ﬁ ﬁ ﬁ —ﬁﬁﬁ ﬁ

Descriptive or qualitative studies, case
series/reports, expert opinions

/ Patients Control Group

*Randomization process ensures that both measured and unmeasured
confounding factors are balanced across treatment and control groups.

http://www.tfljournal.org/staticpages/index.php?page=Common-Experimental-Designs



Why can real-world studies augment RCTs to address clinical issues?

Clinical Trials extrinsic Real World Evidence
Rietlieat 0.\?‘ B Unintended Intended
‘ ‘ ‘ ‘ Alcohol use practice """':‘k . effect effect
Y
Age Regulstony I - Beneficial
Drug Race j
interactions Disease ! effect RCT RWE RCT RWE
o000 o
Organ Smoking/diet
dysfunction
Genetics
Environment Others Harmful
Others
effect RCT RWE

AAPS J 2021;23(3):54.

* Enrolls patients under-represented in (or excluded from) RCTs
« Study patients with different characteristics
« Allows direct treatment comparison
* Longer follow-up period (also useful for long-term toxicities)

« Potentially larger number of patients (esp. useful for capturing less frequent outcomes)

 Pharmacoeconomic data within a specific country or health system
AAPS J 2021;23(3):54.
Clin Pharmacol Ther 2017;102(6):924-33.
Oncologist 2020;25(5):e746-52.



Limitations for RCT vs. RWE

) © &

Expensive  pgioieq Highly targeted Bias
issue population Internal validity?
1 a 3=
i /.n ?J —
. B Il |od
Time Narrow Secondary Complex
consuming hypothesis data method

‘RWE and RCTs should be seen as complementary, each having strengths and
weaknesses, with their relative importance depending on the regulatory question”

A vision for use of RWE in EU medicines regulation
News published by EMA, 24/11/2021



How does RWE support
the development and access of new drugs?
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80

Main barriers for conducting RCT

for rare conditions or precision medicine | HHH%H'Q%L
€ 40 T | T ! T
Difficult to recruit patients due to rarity o |
Incomplete understanding of natural history to inform trial design om R

Need for trial designs adapted to the small population size and clinical heterogeneity
Control arm randomization to ineffective standard therapy raises ethical concerns
Molecular analyses requirements may delay treatment (precision medicine)

Need for more sensitive outcome measures to quantify disease

Organizational challenges as a consequence from the need for multinational RCTs

Need for involvement of all the stakeholders in the study design and conduct

Trials 2017;18(1):556.



Contributions of RWE for regulatory and coverage decision-making

: Examples:
1 External control arms for single
arm trials, RCT enrichment, RCT

long-term follow-up

Primary
approval

Examples: Indication expansion,

2 - population expansion (pediatrics,

Secondary stage), surrogate to clinical

indications endpoint claim expansion
Examples:

3

Accelerated
Pathways

Biomarker to clinical endpoint,
efficacy claim expansion,
broadened population

Initial Approval Full Approval

A

Safety (a)

Examples:

a) Post-market requirements
(PMR) or commitment (PMC),
b) Rapid regulatory response to

Safety (b) a safety signal

Endocr Rev 2021:42(5):658-90.



Quality of Evidence

Single arm trial (BB & A& 5) — with/without external control (SMER¥3E84R)

Hierarchical framework (for quality of evidence offered by RWD external comparator designs)

Control
1:1 ratio

Internal Trial Patients
@ I > Treated

Control
N:1 ratio

Augmented RCT @ . @)

Supplemented ' @ k.
Single Arm Trial | @ "

Exchangeability

Control

Single Arm Trial @ >

Standard @ ‘ )
{4 External Comparators

Augmented RCT: RCT with reduced
sample size in the internal control arm
(N:1 randomization ratio), which is then
augmented with RWD external
comparators.

Supplemented SAT (single-arm trial):
SAT wherein the sole source of controls
are RWD external comparators.

Lancet Oncol 2021;22(10):e456-e465.
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External control
dataset

G

Adjustment methods Ay
(eg, matching) o

A/

TETRT
External control
dataset

®rER

Enrolled patients

Y

B

h 4

Analyses and treatment
effect estimate

-

TR

Enrolled patients

first phase of the

Randomisation during

trial (1:1)

Interim analysis

Randomisation during
second phase of the trial

External control
dataset

Experimen
group

tal

use of external
data?

Do early control
data support the

Yes

Altered
B randomisation
(eg, 2:5)
»| Randomisation
=1 r(azd)

R

Control group

wn

Adjustment
methods
(eg, matching)

LNk e

External control

*rw

A\

y

External

control

dataset

Interi

futi
analysis

m and
lity

Final analysis
and treatment
estimate

dataset

* * T

Experimental
group

“exchangeability”: how well the unexposed
(comparator) group provides an approximation
for the disease experience of the exposed
group, had they not been exposed

Randomised controlled trial Single-arm trial plus external data

Control
group

Experimental
group

Experimental
group

External

1™ data

v
Adjustment method

Treatment effect estimates

Randomised
controlled
trial

Single-arm
trial plus
external
data

I—'—|

Drug Saf 2020;43(7):623-633.



What to consider when interpreting the studies with external
control?

Features of data
- Randomized or not
- Concurrency
- Systematically collected or not (e.g., tumor assessments)
- Robustness of endpoints
- Relevant data available (e.g., to identify the population of interest at
baseline, to determine if cohorts were comparable)
- Individual-patient data vs. summary statistics only

. Other possible bias
- Selection bias
- Between study variability



Examples of RWE submitted in support of regulatory approval

Approval

Clinical trial RWE
BAVENCIO (avelumab) Prospective, Retrospective EHR
Metastatic Merkel.cell carcinoma single-arm, open data collection (as
and urothelial carcinoma . .
label, phase 2 historical control)
IBRANCE (palbociclib) N/A Retrospective EHR,
negative advanced or metastatic .
breast cancer pOSt'marketmg
safety report
collection

Accelerated approval

FDA and EMA, 2017
(Approved by TFDA and covered by NHI)

Label expansion

FDA, 2019
(Label expended by TFDA)

Full (vs. accelerated) approvals mostly shared the following characteristics:
* High magnitude of efficacy in the pivotal trial
* Designations of orphan disease
* Breakthrough therapy
* Priority review

* No advisory committee meeting held (i.e., no uncertainty in efficacy or safety for

the FDA to call for an advisory committee meeting)

Clin Cancer Res 2022;28(1):27-35.



RWE in support of FDA oncology product registration (2015-2020)
(New drug application [NDA] and biologics license application [BLA] approvals)

Oncology new therapy approvals with RWE Oncology supplemental application approvals
Step 1: Oncology NDAs and BLAs from 2015 to 2020 with RWE
N'= 133 (100.0%) Step 1: All oncology NDA and BLA supplements from
2015 to 2020

N = 573 (100.0%)

V
Step 2: NDAs and BLAs that included RWE for efficacy
N=11(8.3%)
[avelumab, axicabtagene ciloleucel, entrectinib, erdafitinib, polatuzumab vedotin- Step 2: Supplements for new oncology indications
piig, selinexor, avapritinib, capmatinib, tafasitamab, tazemetostat (NDA 211723), N = 249 (43.5%)
tazemetostat (NDA 213400)]

W
Step 3: NDA and BLA supplements that_included RWE for

efficacy
N =2 (0.8%)
(blinatumomab and palbociclib)

* None predated 2017!

« The most common data source was chart review, and the
most common primary endpoint was overall response rate,
as in the pivotal trial.

Clin Cancer Res 2022;28(1):27-35.



RWE in support of FDA post-approval study requirements for oncology drugs

(2017-2020)

All oncology drug approvals
& associated PMRs/PMCs

456 PMRs + PMCs
180 approvals 66 (14.5%) AA PMRs
11 (37.6%) erigmal, 118 (62.4%) supplemental 146 (32.0%) 505(c) PMRs
57(30.2%) AA, 132 (60.8%) RA 0 (0.0%) PREA PMRs
120 (63.5%) orphan indications 161 (35.3%) PMCs reportable under 5068
From 108 oncology drugs B T

Oncology drug approvals with PMRs or PMCs
that included requests for RWE

65 PMRs + PMCs

14 approvals 8 (12.3%) AA PMRs
11 (78.6%) onginal, 3 (21.4%) supplemental 28 (43.1%) 505(c) PMRs
6(42.9%) AA, B (57.1%) RA 0 (0.0%) PREA PMRs

13 (92.9%) orphan mdications 12 (18.5%) PMCs reportable under 5068

AA = accelerated approval
RA = regular approval

PMC = post-marketing commitment
PMR = Post-marketing requirement
PREA = Pediatric Research Equity Act

17 (26.1%) PMCs not reportable under 5065

15 PMRs + PMCs requesting RWE
0 (0.0%) AA PMRs
12 (80.0%) 505(0) PMRs
0(0.0%) PREA PMRs
3 (20.0%) PMCs reportable under 5068
0 (0.0%) PMCs not repartable under 5068

Expert Rev Anticancer Ther 2022;22(6):657-66.



Examples of RWE rejected by U.S. FDA

FDA Regulatory Limitations FDA
approval action of RWE decision
date supported identified
by FDA
reviewers
Erdafitinib April 12, 2019 EHR data and next- Original marketing Small sample size Rejected
generation sequencing data  application approval for Selection bias
as historical control for locally advanced or Misclassifications
clinical efficacy metastatic urothelial Missing data

carcinoma and susceptible
FGFR3 or FGFR2 genetic

alterations
Selinexor July 3, 2019 EHR data as historical Original marketing Small sample size Rejected
control for efficacy application approval for Immortal time bias
RRMM Selection bias
Misclassifications
Confounding
Missing data
Entrectinib August 15, 2019  EHR data as historical Original marketing Small sample size Rejected
control for efficacy application approval for Selection bias
metastatic non-small cell Missing data
lung cancer with ROST- Analysis considered post-
positive tumors hoc as protocol was not

submitted in advance

Common identified critiques by FDA:
* Prespecified study protocol
* Inclusion/exclusion criteria matching to the trial
Lack of ¢ Comparability of endpoint definitions
* Methods to minimize confounding and address unmeasured confounding Value Health 2020:23(10):1358-65.
* Plans to handle missing data Clin Cancer Res 2022;28(1):27-35.



How do we generate RWE with high quality?




Considerations for Generating RWE Fit for Regulatory Purposes

Clinical Context
Can the clinical question be
reliably addressed with RWE?
* Prevalence of the disease
* Clinical equipoise
* Expected treatment
effect size
* Relevant prior evidence

Duke Margolis Center for Health Policy, 2018

Data
Considerations

Is the real-world dataset
fit for regulatory purpose?

1.Is the data relevant?
* Representative of the
population of interest

* Contains key variables
and covariates

2.Is the data of adequate
quality?
* Minimal missing data
* Data reliability and

validity is satisfactory
for study purpose

* Known provenance and
transparency of data
processing

Characterizing RWD Quality and Relevancy for Regulatory Purposes

Methods

Considerations

Are the methodological
approaches of sufficient
rigor?

1. Are the methods
credible?
* Appropriate analytic
approach

2.Can the approach
produce actionable
evidence?

* Interplay of body of
clinical evidence and
tolerance for
uncertainty

Fit-for-
purpose
RWE




Building blocks of RWE

Study design

Data sources

RWE use cases?253-59

Analytic methods

a. Fit-for-purpose design''

a. Data quality-*

b. Protocol
development??#

b. Fit-for-purpose
datq122230,35-38

a. Fit-for-purpose
methods'213:39-42

Transparency and

reproducibilitys4-45

a. Report
development'24346-48

J Comp Eff Res 2021;10(9):711-31.

Demonstration projects?%°-°2

Final report

evaluation?®49-52




Growing use of RWE

Replicating, extending, supplementing data from traditional prospective clinical trials

e To characterize outcomes for excluded or underrepresented populations in trials
(e.g., elderly, minority groups, poor performance status)

e To understand comparative effectiveness and cost-effectiveness
e To capture long-term outcomes
e To identity less common or late-term adverse effects

Supporting clinical trial design and operational planning for studies (e.g., site selection,
patient recruitment), especially for rare cancer type or understudied populations

Developing external control arms
Developing pragmatic clinical trials
Support regulatory approval and funding decisions

o To define conditional reimbursement schemes or managed-entry agreements (e.g.,
risk sharing, value-based contracting)



Increasing use of RWE for healthcare and health policy decisions (in Taiwan)

Authorities M Relative importance of RWE for decision making

Healthcare providers Clinical practice guideline;  * Disease burden assessment +++
~ ¢ n Clinical decision supporting < Clinical assessment if classical trials not available ++++

=~ m system (CDSS) » Safety assessment of treatment ++++

2 e * Disease and prognosis prediction +++++
Taiwan Food and Drug  Pre-approval decisions » Supporting evidence for investigational drug development
Administration (TFDA) (e.g., disease burden, practice pattern) +++

\-@ Post-approval decisions * Post-approval drug assessment & safety surveillance +++++
C/lFDA * Label changes and new indication assessment +

National Health Health technology * Clinical outcomes for emerging technologies +++
Insurance assessment (HTA); * Epidemiological data ++++

Administration (NHIA) Pricing & coverage decision ¢ Cost of illness and disease burden ++++

* Health-related quality of life, utility & patient preference ++

* Parameters for cost-effectiveness modelling +++

» Parameters for budget impact analysis (incl. drug utilization
& treatment patterns) ++++

* Conditional reimbursement schemes or managed-entry
agreements +++

Modified from: Sun et al. BMJ 2018;360:j5262. °



Take Home Messages

Although RCTs remain the gold standard for establishing the efficacy of new

treatments, many clinical and policy questions can be addressed with the help of
RWE.

For drug development, efficacy data from single-arm trials can be complemented
by external control real-world studies. In addition, a greater proportion of safety
and efficacy data generation for oncology drugs shifts to the post-marketing
setting (e.g., PMR/PMC).

However, a high level of insight should be applied to the quality of the data and
methodology used in RWD studies, especially when generating RWE to meet high
evidentiary standards. It is essential to understand and properly assess potential
biases when using RWE for decision making.



