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We outline our vision that by 2025 the use of real-world evidence
will have been enabled and the value will have been established
across the spectrum of regulatory use cases. We are working to
deliver this vision through collaboration where we leverage the
best that different stakeholders can bring. This vision will support
the development and use of better medicines for patients.

Real-word daca (RW'D) and real-world
evidence (KWE)] are already wsed in the
regulation of the development, authoriza-
tion, and supervision of medicines in the
European Union. Their place in safery
monitoring and diseaze npi.dcmi.ulng}' are
well-established while their evidentiary
value for additional use cases, notably for
demonstrating efficacy, requires further
evaluation.* During the coronavirus dis-
ease 2019 (COVID-19) pandemic, BWE
rapidly provided impactful evidence on
drus s:Fm:}'. vaccine s:Fnr}'.mﬂ effecriveness
and we were reminded of the importance
of robust s:ud}'n‘u‘d’bnd.u.rbd:rmsp:mnc\_.‘.i
Our vision, anchored in the European
Medicines Regulatory Network (EMEN)
strategy £o 2025, is that by 2025 the use of
RWE will have been enabled and the value
“"JI hﬂ.\“ I:!EEH Es:ﬂhliﬁhﬂd ACTOEx d“ ’Ff'
trum of regulatory use cases.” Deelivering
thiz vison will suppore the development

and use of berter medicines for patients.

In December 2018, the US Food and
Drug Administration (FDA) published
its framework for RWE underpinned by
three pillars: whether RWT are fir for use,
whether the study design can provide ade-
q‘.lﬂ.[ﬂ E\'H‘nu,udwhﬂ[hﬂrd“mld?m'
duct meets regulatory l.'t:|:|uirr:r.|'|.vn1.nli.1 In
2019 in the European Union, we published
the OPTIMAL framework for BWE also
consisming of three pillans: operational,
technical, and methodalogical” Maore re-
cencly, the EL approach places RW'E in the
wider conrext uﬂais dara and is guid.rn:] |:|_-_r
the priority recommendations of the Big
Data Task Force. These recommendations
are being implemented through the Big
Data Seeering Group and che second multi-
annual work plan was published in Auguse
w21” Figure 1 represenss the workplan
with its 11 worksreams which will deliver
our vision for RWE by 2025. The work-
plan places emphasiz on collaboration
across stakeholders and with internarional

regulatory partners. This work akso needs
to be soen in the wider EU palicy context,
most naeably the Furopean Commission’s
plans for a Furopean Health Diata Spa.n:c.‘

Acknowledging differens  frameworks
o concepmalize the challnges and
opportunities of BWE, we believe the two
miain priorities for the European Union are
o enable its use and establizh its value for
regulatory decision making. The EMREN
is working to deliver on boch priorities
through a collaborative approach where we
IE\'Erﬂ.B‘ I'hﬂ hﬂz rh:[ dif&rm[ mhﬂld
ers can bring, and where those stakeholders
can complemens the cenmal role of indus-
ry in generating evidence.

ENABLING USE
To enable use, we are working on mulriple
frones with owr srakeholders, in-r]uﬂing
patients, healthcare professionals, indus-
ery, regulatory and public health agencies,
health rechnology assessment bodies, pay-
ers, and academia. We are initiating work
to establish a data quality framewark,
naox just for R D but for all data used in
ugu]:rur!.' decision rrukins. We are striv-
ing to improve the discoverabilicy (find-
abiliry}) of RWD through agreement of
metadata for BW D and through 2 public
caralogue of RW D sources® thar builds on
the early work of the European Mexwork
of Centres for Pharmacoepidemiology
and F'h:rmmvi!;ilaru:c [EMCePP). The
ENCePP Guide on  Methodological
Swandards  in I"J'n:.|.'|1'.\|:|:|:nr:|:|i|:||:r|'.\|i.w:|||'|g;}.-.1I
extensively updated in 2021, is the corne
of our effores to drive up the standards of
study methods for RWE, and this is com-
plemented by recently published guidance
an :Dm:hnins studies based on jparient
ugis:ri.c:.“’

The Earopean Medicines Agency (EMA)
and some national medicines agencies
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1. DARWIN EU

2. Data quality

3. Data discoverability

4. Skills

5. Business processes

6. Analytics capability

7. Expert advice

8. Data governance

9. International collaboration

10. Stakeholder engagement

11. Veterinary data strategy

Figure 1 Big Data Steering Group workplan to 2023. Eleven workstreams to progress the
real-world evidence (RWE) vision,®
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“Our vision is that by 2025 the use of RWE
will have been enabled and its value will
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Ensuring the safe and effective use of medical products is not just
a European regulatory responsibility...

...it’s a global responsibility for all stakeholders to support
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Ensuring the safe and effective use of medical products is not just
a European regulatory responsibility...

...it’s a global responsibility for all stakeholders to support

Ensuring the appropriate use of real-world evidence to inform
regulatory decision-making is not just a European regulatory
responsibility...

...it’s a global responsibility for all stakeholders to support




» 2,367 collaborators
» 74 countries

« 21 time zones

* 6 continents

« 331 data sources

» 284 EHRs

» 28 administrative claims
» 34 countries

« 810 million unique patient
records

OHDSI community
together
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Methodological
research
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Open source
development
(OHDSI tools)

Clinical evidence
generation
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Current status quo in observational research makes it
challenging to build trust in evidence

Does the study provide an unbiased effect estimate?
Are the findings generalizable to the population of interest?
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4 Current status quo in observational research makes it
b challenging to build trust in evidence

Does the study provide an unbiased effect estimate?
Are the findings generalizable to the population of interest?

methodological
concerns

methods
bias?

data
quality?

measurement
error?

Select
cohorts

Curate
data

Implement Disseminate
analysis evidence

ETL
correct?

logic
correct?

programming
orrect?

technical
concerns

Can the study be fully reproduced?
Does the analysis actually do what the protocol said it would do?



Observational research across data networks
increases complexity and raises new questions

Do the results show a consistent effect across the network?
How does heterogeneity across network (in population composition, data
capture process, effect estimates) impact interpretation?

methodological
concerns

methods
bias?

data
quality?

measurement
error?

Select
cohorts

Curate
data

Implement Disseminate
analysis evidence

ETL
correct?

logic
correct?

programming
orrect?

technical
concerns

Can the study be fully reproduced across the network?



Desired attributes for reliable evidence

Desired Researcher Analysis
attribute

Same or Similar
different
Same or
different

Replicable

Generalizable

Same or Same or
different different

Robust

Calibrated Similar

(controls) ---

Similar

Similar

Similar




Desired attributes for reliable evidence

Desired Researcher Analysis
attribute

Same or Similar

different

Same or = Similar
different

Similar

Replicable

Generalizable

Same or Same or Similar
different different

Calibrated Similar -
(controls)

Robust

A system for real-world evidence generation based on consistent application of standardized
analytics across a standardized data network can be empirically demonstrated to be reliable




Common data model can enable standardized analytics
across a distributed data network

Source 1 raw data

Electronic health
records

Source 2 raw data

Administrative claims

Source 3 raw data

Clinical data

Source 1 CDM

Open-source
analysis code

Open
evidence



Common data model can enable standardized analytics
across a distributed data network

Need confidence in the Need confidence in the
quality of the data andits© Source 1 CDM quality of the analytics tools
. transformation e e and their output

Source 1 raw date

N
. 4 ll===s
7 Ml = Open-source

analysis code

Electronic health
records

Source 2 raw data

.....

Administrative claims

Source 3 raw data Open
evidence

.....

Clinical data



/ Engineering open science systems that build trust into the
’- real-world evidence generation and dissemination process

‘System’ required elements:
Required phenotypes
Analysis specifications
Decision thresholds

Distributed data network, standardized to common data model

a 0 O 0 O O O S O B

Data quality evaluation

Research Database Pass
guestion diagnostics

-,

Phenotype development and evaluation

Cohort Cohort Pass
definitions diagnostics

Analysis reliability evaluation

Analysis
design
choices

Study
diagnostics

System characteristics:

e Standardized procedures with defined inputs and outputs

* Analysis packages implementing scientific best practices
consistently applied across all data partners, generating consistent

output for network synthesis un;:i”na(;e :
* Reproducible outputs generated by open-source analysis libraries results
developed and validated with verifiable unit-test coverage
* Pre-specified and objective decision thresholds for go/no go criteria Ll

exploration

* Measurable oeeratinﬁ characteristics of sxstem Eerformance .



Engineering open science systems that build trust into the
real-world evidence generation and dissemination process

‘System’ required elements: Distributed data network, standardized to common data model

Network coordination

Required phenotypes
Analysis specifications
Decision thresholds

Data quality evaluation

Research Database Pass
guestion diagnostics

Phenotype development and evaluation

Cohort Cohort Pass
definitions diagnostics

Analysis reliability evaluation

Analysis

|_> desien Study Pass
STOP . g diagnostics

Data Strands
Network Data Quality lzsues by COM Table




/ Engineering open science systems that build trust into the
/‘ real-world evidence generation and dissemination process

e Distributed data network, standardized to common data model

Network coordination

Required phenotypes
Analysis specifications
Decision thresholds

Data quality evaluation

Research Database Pass
guestion diagnostics

Phenotype development and evaluation

Cohort Cohort

definitions diagnostics

Analysis reliability evaluation
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Engineering open science systems that build trust into the
real-world evidence generation and dissemination process

e Distributed data network, standardized to common data model

Required phenotypes -

Analysis specifications
Decision thresholds

Network coordination

Data quality evaluation

Research Database Pass
guestion diagnostics

Phenotype development and evaluation

Cohort Cohort Pass
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Analysis reliability evaluation

Analysis
.y Study
design . .
. diagnostics
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‘System’ required elements:

Engineering open science systems that build trust into the
real-world evidence generation and dissemination process

Analysis specifications -

Decision thresholds

Data quality evaluation

Distributed data network, standardized to common data model

Research Database
guestion diagnostics

Network coordination

Pass

Phenotype development and evaluation

Cohort Cohort Pass
definitions diagnostics
Analysis reliability evaluation
Analysis
¥ Study Pass
design . .
. diagnostics
choices
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Complementary types of evidence
to generate from real-world data

Clinical
characterization:

What happened to
them?

/ observation \

Population-level
effect estimation:

Patient-level
prediction:

What are the
causal effects?

What will happen
to me?

inference causal inference
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Heads of Medicines Agencie EUROPEAN MEDICINES AGENCY

Three potential use cases for the support to
committees’ decision-making

From a regulatory perspective, RWE aims to support committees’ decision-making in three main areas

Use case Supportithe planning & - Investigate associations
objective valld_lty of applicant Understand clinical context and impact

studies

Design and feasibility of Disease epidemiolo Effectiveness and safety

planned studies P 9y studies
Use case
category

Representativeness and Clinical management & drug :

validity of Completed studies utilisation nEEIEE @i FEgU EIelRy Sieteme

Classified as public by the European Medicines Agency Wlth permlSS|On from Peter Al‘|ett



Mapping regulatory use cases to evidence types

(%)
[ 2 Design and feasibility of
S g O 2 planned studies
ez’ Clinical
ocg € SR
S 5% 8 Representativeness and characterization:
A o _% validity of Completed studies What happened to
O

them?

)

x
= Disease epidemiolo .
g P &Y Population-level
c O effect estimation:
e © o g
c .9 Clinical management & drug What are the
= = utilisation

causal effects?

©

C 1 .
u & Effecpveness and safety Patient-level
o< B selciey prediction:
— O @ .
= e .
§ S E What will happen
£ g Impact of regulatory actions to me?

©




Mapping regulatory use cases to evidence types

Questions that can be informed

%)
TR % Design and feasibility of with real world evidence:
< O - H
PR NG 7 planned studies . Who are the patients with disease
S =t & Clinical eligible for treatment?

®) c . ) . :

S S5S=0 Representativeness and characterization: Who are the patients exposed to
55 > = - :
RN \alidity of Completed studies What happened to those treatments?

= 5 How often do outcomes occur

thems amongst those patients?

Disease epidemiology Population-level
Is the outcome causally related to

EffECt eStimation: exposure to treatment?

Clinical management & drug What are the How does the risk compare with
utilisation alternative treatments?

Understand
clinical context

causal effects?

©
v S Effectiveness and safety Patient-level
B v studies Which risks can be actionably
C H H . . . .
5 prediction: predicted with available data?
§ '§ What will happen Which pz:ctiznts are at hlg?est risk
H OT adverse eventsr
I= g Impact of regulatory actions to me?
(q¢)
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Investigate
associations and
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o0
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c
c
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o

Understand
clinical context

validity of
applicant studies

impact

Design and feasibility of
planned studies

Representativeness and
validity of Completed studies

Disease epidemiology

Clinical management & drug
utilisation

Effectiveness and safety
studies

Impact of regulatory actions

Clinical
characterization:

What happened to
them?

Population-level
effect estimation:
What are the
causal effects?

Patient-level
prediction:
What will happen
to me?

/ Mapping regulatory use cases to evidence types

Questions that can be informed

with real world evidence:

Who are the patients with disease
eligible for treatment?
Who are the patients exposed to
those treatments?
How often do outcomes occur
amongst those patients?

Is the outcome causally related to
exposure to treatment?
How does the risk compare with
alternative treatments?

Which risks can be actionably
predicted with available data?
Which patients are at highest risk
of adverse events?
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/ Mapping regulatory use cases to evidence types

Questions that can be informed
Design and feasibility of with real world evidence:
planned studies

Clinical Who arg ’Fhe patients with disease
. _ . eligible for treatment?
Representativeness and characterization: Who are the patients exposed to
validity of Completed studies What happened to those treatments?
5 How often do outcomes occur
them? amongst those patients?

Disease epidemiology Population-level
Is the outcome causally related to

EffECt eStimation: exposure to treatment?

Clinical management & drug What are the How does the risk compare with

o - alternative treatments?
utilisation causal effects?

Effectiveness and safety

_ Patient-level
studies

Which risks can be actionably

prediction: predicted with available data?
What will happen Which patients are at highest risk
. of adverse events?
Impact of regulatory actions to me? Y Y
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Questions that can be informed

with real world evidence:

Who are the patients with disease
eligible for treatment?
Who are the patients exposed to
those treatments?
How often do outcomes occur
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Is the outcome causally related to
exposure to treatment?
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Support the

Investigate
associations and

planning &
validity of
applicant studies

Understand
clinical context

impact

Design and feasibility of
planned studies

Clinical
characterization:
What happened to
them?

Representativeness and
validity of Completed studies

Disease epidemiology Population-level

effect estimation:
What are the
causal effects?

Clinical management & drug
utilisation

Effectiveness and safety
studies

<7

Patient-level
prediction:
What will happen

Impact of regulatory actions to me?

Mapping regulatory use cases to evidence types

Questions that can be informed

with real world evidence:

Who are the patients with disease
eligible for treatment?
Who are the patients exposed to
those treatments?
How often do outcomes occur
amongst those patients?

Is the outcome causally related to
exposure to treatment?
How does the risk compare with
alternative treatments?

Which risks can be actionably
predicted with available data?
Which patients are at highest risk
of adverse events?




Level of proactivity in delivering real-world evidence

Service bespoke project requests by convening team to align on problem statement, author
Reactive protocol/analysis plan documents, implement statistical programming code to custom specification,
Bespoke execute analysis across databases, iteratively review results and request post hoc analyses, write

summary of results as report, and deliver to decision-maker to ensure it meets their needs
-




Level of proactivity in delivering real-world evidence

Enabled

Reactive
Bespoke

Design and execute standardized analysis packages that apply validated
statistical libraries with defined input parameters and fixed output to compile
summary results across a network standardized to a common data model

Service bespoke project requests by convening team to align on problem statement, author
protocol/analysis plan documents, implement statistical programming code to custom specification,
execute analysis across databases, iteratively review results and request post hoc analyses, write
summary of results as report, and deliver to decision-maker to ensure it meets their needs




Level of proactivity in delivering real-world evidence

Enable fast evidence generation by using interface that allow qualified users to
Responsive set defined input parameters, execute standardized analyses, and view results
upon request.

Design and execute standardized analysis packages that apply validated
Enabled statistical libraries with defined input parameters and fixed output to compile
summary results across a network standardized to a common data model

Service bespoke project requests by convening team to align on problem statement, author
Reactive protocol/analysis plan documents, implement statistical programming code to custom specification,
Bespoke execute analysis across databases, iteratively review results and request post hoc analyses, write
summary of results as report, and deliver to decision-maker to ensure it meets their needs




Level of proactivity in delivering real-world evidence

Produce pre-computed evidence to enable answer retrieval in ‘real time’ by
Prepared qualified users when requested; standardized analysis packages executed
across network generate results ‘at-scale’ across many target, outcome cohorts

Enable fast evidence generation by using interface that allow qualified users to
Responsive set defined input parameters, execute standardized analyses, and view results
upon request.

Design and execute standardized analysis packages that apply validated
Enabled statistical libraries with defined input parameters and fixed output to compile
summary results across a network standardized to a common data model

Service bespoke project requests by convening team to align on problem statement, author
Reactive protocol/analysis plan documents, implement statistical programming code to custom specification,
Bespoke execute analysis across databases, iteratively review results and request post hoc analyses, write
summary of results as report, and deliver to decision-maker to ensure it meets their needs




Level of proactivity in delivering real-world evidence

o Generate and deliver insights without being asked; answer questions before
Anticipatory requested by ‘pushing’ relevant pre-computed evidence to potential evidence
consumers

Produce pre-computed evidence to enable answer retrieval in ‘real time’ by
Prepared qualified users when requested; standardized analysis packages executed
across network generate results ‘at-scale’ across many target, outcome cohorts

Enable fast evidence generation by using interface that allow qualified users to
Responsive set defined input parameters, execute standardized analyses, and view results
upon request.

Design and execute standardized analysis packages that apply validated
Enabled statistical libraries with defined input parameters and fixed output to compile
summary results across a network standardized to a common data model

Service bespoke project requests by convening team to align on problem statement, author
Reactive protocol/analysis plan documents, implement statistical programming code to custom specification,
Bespoke execute analysis across databases, iteratively review results and request post hoc analyses, write
summary of results as report, and deliver to decision-maker to ensure it meets their needs




Level of proactivity in delivering real-world evidence

Anticipatory

Prepared

Responsive

Enabled

Reactive
Bespoke

Generate and deliver insights without being asked; answer questions before
requested by ‘pushing’ relevant pre-computed evidence to potential evidence
consumers

Produce pre-computed evidence to enable answer retrieval in ‘real time’ by
qualified users when requested; standardized analysis packages executed
across network generate results ‘at-scale’ across many target, outcome cohorts

Enable fast evidence generation by using interface that allow qualified users to Standardized
set defined input parameters, execute standardized analyses, and view results analysis tools
upon request. +

Design and execute standardized analysis packages that apply validated
statistical libraries with defined input parameters and fixed output to compile
summary results across a network standardized to a common data model

Standardized data,
network execution

Service bespoke project requests by convening team to align on problem statement, author
protocol/analysis plan documents, implement statistical programming code to custom specification,
execute analysis across databases, iteratively review results and request post hoc analyses, write
summary of results as report, and deliver to decision-maker to ensure it meets their needs
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across network generate results ‘at-scale’ across many target, outcome cohorts

Enable fast evidence generation by using interface that allow qualified users to
set defined input parameters, execute standardized analyses, and view results
upon request.

Design and execute standardized analysis packages that apply validated
statistical libraries with defined input parameters and fixed output to compile
summary results across a network standardized to a common data model
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analysis tools
+

Standardized data,
network execution

Service bespoke project requests by convening team to align on problem statement, author
protocol/analysis plan documents, implement statistical programming code to custom specification,
execute analysis across databases, iteratively review results and request post hoc analyses, write
summary of results as report, and deliver to decision-maker to ensure it meets their needs
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Concluding thoughts

Enabling use and establishing value of real-world evidence is a reasonable vision,
which requires building trust across evidence generators and consumers

People and processes need to be augmented with science, technology and
engineering
Community efforts today can enable a more proactive future tomorrow

— Data network standardization and quality assessment

— Design of standardized outputs for regulatory use cases

— Standardized analytic tool development

— Phenotype development and evaluation

Open science systems that promote transparency and reproducibility can
increase reliability and efficiency

Regulatory use cases largely involve characterization analyses, have been
demonstrated to be feasible, and are ready-to-scale




