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Disclaimer

- This presentation reflects the opinions of the presenters and should not be
construed or considered to represent regulatory authorities’ views or
policies.
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Real-World Evidence Derived from the Analysis of

Real-World Data

™Y U.S.FOOD & DRUG  REAL-WORLD

ADMINISTRATION EVIDENCE
PROGRAM

RWD are data relating to
patient health status and/or
the delivery of health care
routinely collected from a
variety of sources. RWE is the
clinical evidence regarding the
usage and potential benefits, or
risks of a medical product
derived from analysis of RWD.

Framework for FEDA’'s RWE Program

Copyright © SAS Institute Inc. All rights reserve d.
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EUROPEAN MEDICINES AGENCY

HMA

Heads of Medicines Agencies __/‘\

..sources include real-world
data (such as electronic health
records, insurance claims data

and data from patient
registries), genomics, clinical
trials, spontaneous adverse drug
reaction reports, social media
and wearable devices...

HMA/EMA Big Data Task For

EMDA BITEEA EXRERBEEOHE
Pharmaceuticals and Medical Devices Agency

..regulatory issues related to
RWD such as utilization of
medical information databases.
Medical information databases
includes electronic medical
records, diagnosis procedure
combination from hospital
information system: Claims for
medical fees and dispensing fees;
and disease registry.

Japan PMDA - RWD WG
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https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://www.ema.europa.eu/en/about-us/how-we-work/big-data#metadata-list-describing-real-world-data-(new)-section
https://www.pmda.go.jp/english/rs-sb-std/rs/0023.html#20210323
https://www.pmda.go.jp/english/rs-sb-std/rs/0023.html#20210323
https://www.pmda.go.jp/english/rs-sb-std/rs/0023.html#20210323

Utilization of RWE Across the Pharmaceutical
Product Lifecycle

Strategy R&D Clinical Development Regulatory Market Access Post-market
Development [Preclinical] [Phase I-lll] Approval and Commercial Monitoring

© ©

o Identify unmet
medical needs

® Optimize clinical ® Ensure safety

-~ trials

. ® Feasibility

= assessment ,

® Support drug ® Support regulatory

discovery . submission ’
® Target identification ® External control ’ Understand market
rm . landscape
® Demonstrate product

2 0 @ % value
e = W <N ét @ g ® Improve engagement

Claims Registry EMRs PRO Wearable Genomics SDOH Social media

PRO: Patient-reported outcome

SDOH: Social determinants of health
EMRs: Electronic medical records <> SaS
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US FDA Regulation and Guidance on RWE

FDA NEWS RELEASE

FDA Eliminates Major Barrier to Using Real -
World Evidence in Drug and Device Application

Reviews
In December 2025, FDA states
CDER Center for it will accept RWE without
Real-World Evidence .. . .
Innovation (CCRI) requiring that identifiable

ndividual patient data

U.S. FOOD & DRUG ® Framework for FDA’'s Real-World Evidence Program
In December 2024, CDER ® Use of Electronic Health Records in Clinical Investigations
® Real-World Data: Assessing Electronic Health Records and Medical Claims Data

B s established a new Center

E\EI%EW&RLD for Real-World Evidence
PROGRAM Innovation

to Support Regulatory Decision-Making for Drug and Biological Products

Data Standards for Drug and Biological Production Submissions Containing Real-
World Data

Real-World Data: Assessing Registries to Support Regulatory Decision-Making for
Drug and Biological Products

Considerations for the Use of Real-World Data and Real-World Evidence to
Support Regulatory Decision-Making for Drug and Biological Products

Submitting Documents Utilizing Real-World Data and Real-World Evidence to FDA
for Drugs and Biologics

Considerations for the Design and Conduct of Externally Controlled Trials for Drug
and Biological Products

Integrating Randomized Controlled Trials for Drug and Biological Products Into
Routine Clinical Practice

Use of Real-World Evidence to Support Regulatory Decision-Making for Medical
Devices

Use of Real-World Data and Real-World Evidence to Support Effectiveness of
New Animal Drugs

Considerations Regarding Non-Interventional Studies for Drug and Biological
Products

In December 2018, FDA evaluates the I

potential use of RWE to support:

» adding or modifying an indication
(e.g. a change in dose, dose regimen,
or route of administration)

» adding a new population;

* adding comparative effectiveness or
safety information

Osas
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Europe EMA Strategy and Guidance on RWE

Corporate report

D“RWI" AT MHRA Real-World Evidence Scientific

Dialogue Programme

Promote data-driven innovation and early
access to innovative products through real-
world evidence (RWE) and proactive
approaches to safety surveillance

» a closed-door, confidential virtual meeting
 Data network of 31 partners across 16 EU with the MHRA

« Data Analysis and Real World Interrogation
Network (DARWIN EU)

 EU initiative coordinated by EMA to use
RWD for the evaluation and supervision of
medicines

countries, providing access to data from
over 188 million patients

Patients voice

Clinical Evidence 2030

Clinical

Evd eh ed evidence
2

Evidence genera tion
Real-world i1 ____ Clinical
Copyright © SAS Institute Inc. All rights reserve d. evidence Trinle

« By 2030, the integration of RWE in clinical
evidence generation should follow six
guiding principles.
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Japan PMDA Regulation and Guidance on RWE

epidemiological

Initiation of scientific

advice on pharmaco-
studies (Nov. 2017)
|

Initiation of scientific advice
on registry data-based

Initiation of scientific
advice on database-
based studies (Basic,

reliability etc.) (Dec. 2020)

Conditional early Starting MID-NET®
o | | l
5 . 4 5
2017 2018 2 2019 2020 j 2021 g
K {r ‘| More
Enforcement of GPSP Amendment of the guide!ln?s
amendment (Apr. 2018) act (Dec. 2019) coming !

Basic Principles on
utilization of medical
information databases

Points to consider for
ensuring the
reliability of post-

Q&Aon pointsto
consider for ensuring
the reliability of post-

Basic principlesin
conducting a validation
study on outcome

on pharmacovigilance marketing database marketing database definitions used for post-

at post marketing stage study for drugs study for drugs (Jun. marketing database

(Jun.2017) (Feb. 2018) 2019) study (Jul. 2020)
Guideline on pharmaco- Content and format of Procedures for

epidemiological study for
drug safety assessment based
on medical information
database (Mar. 2014)

a study protocol for
post-marketing
database Study
(Jan. 2018)

developing post
marketing study plan
(Mar. 2019)

Basic principles on utilization
of registry for applications
(Mar. 2021)

Points to consider for
ensuring the reliability in
utilization of registry data
for applications (Mar. 2021)

REVIEW

PMDA Perspective on Use of Real-World
Data and Real-World Evidence as an External
Control: Recent Examples and Considerations

Junichi Asano' ®, Hiromi Sugano', Hiroyuki Murakami’, Atsushi Noguchi’, Yuki Ando" and
Yoshiaki Uyama™*

« RWE have been practically utilized as an external
control arm for drug approval.
* Points to consider in utilizing RWD/RWE

Using registry
databases for
application

Using claims and EMR databases for Post-

Marketing Safety Assessment.

Copyright © SAS Institute Inc. All rights reserved.

 Frequent communication

» Feasibility

 Minimize bias

e Study design consideration

« Sensitivity analysis

* Personal health information privacy protection

Data reliability
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Regulatory Submission with RWE

Therapeutic Area Purpose

24, 28%
54, 64% > 2o,
Real-world evidence to support regulatory submissions: ! ]
A landscape review and assessment of use cases 59, 70%

ARTICLE

Golnoosh Alipour-Haris'? | Xinyue Liu’ | Virginia Acha’ | Almut G. Winterstein'

Mehmet Burcu? m Oncology = Non-oncology ® Original marketing application

» Reviewed and characterized current uses of " Label modification

RWE for regulatory submission. Label expansion
o A total of 85 relevant use cases identified
from 2016 to 2022. Rationale

17, 20%

® As primary 26, 31%
evidence

B Support single-
arm trial
As supplmentary

data to RCTs
Copyright © SAS Institute Inc. All rights reserved. 42’ 49%
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Key Considerations for RWE in Regulatory Submission

Whether the trial or

study design used to 4 :@:
generate RWE can Methods

provide adequate
scientific evidence to
answer or help answer
the regulatory question

-Reliability-
-Relevance-
-Transparency-

-Reproducibility-

Whether the RWD

are fit for use
*® Process

Whether the study
conduct meets
regulatory requirements

Osas



A Trusted & Modern RWD Analytics Platform can

help...

]
\ /
- -
- ~
/ \

Methods

—Reliability—
—Relevance—
—Transparency—
—Reproducibility—

Subject Matter
Experts

§
Trusted RWD 493
Analytics Platform
)

Speed to insight
Risk mitigation
Maximize ROI
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Features of A Trusted & Modern RWD Analytics Platform

You can... so that...

Consume multiple types of data from a wide Leverage more diverse RWD in large
variety of environments and sources volume to gain deeper insights

B Parquet MW Images B Unstructured

| X
Flle Type 0 ORC mTXT 0 SPSS Select a Data Source I
mCS5V B XLM B Stata D Fier
. X |_ SX . X PT . SAS 7 B DAT All SAS Data Stores Storage Locations Cloud Providers Online Services Generic ;
m MP B SASHDAT etc.. b
L L L L L L L = Amazon EMR . Amazon Redshift . Amazon S3 5_
— Azure Data Lake Sto... fi} Azure HDInsight @ Azure Synapse Anal... M
O O¥ —| == Ab
O’%‘o %’__O @ o e B A
| n | n | n | n l_é_l g Cloud Data Exchange acw= Cloudera Data ... EEE Custom "_I\
Memory Stream Cloud Database X
L L L LL L L L L & Databricks (1) Google BigQuery | Google Cloud Storag :h
.. Google Dataproc Greenplum @ Hive ;
A aWS 3 & RedHat = »
) OpenShlft On-Premise i
b
L < i
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Features of A Trusted & Modern RWD Analytics Platform

You can...

Quickly profile and analyze large volumes of data via
interactive visualization and automated analytics

so that...
Understand key data elements, size of population,

data issues and gain insights quickly

Geographical Datnibution {Stringent Vi, Relaxed Ve ML/SME) Atomated Explanation Logistic Regression Decaion Tree Gradient Bcosting Neural Network Madel Comparson

RELAXED ELIOIBILITY CRITERIA (per SME - dropped CHEST PAIN extl. crtuna)

Race -S Age Groups - S Gender -R Race-R Age Groups -R
3am 5% e 42 Frequency
58% -
36.0% 43.9% . 55%
1
33K 3. 0% 56.7% 45K N
(168 g0 = 347 a5 234%
218%
Y gondc dos . &% % %
e B, AGEGROUP_10: Age Growp (0-.. W Female W Mals . v . % By AGEGROUP_10 : Age Group {...

Baseline Characteristics (Stingent Vi Relaxed Ve ML/SME) |
FF ACS_COHORT_STRINGTENT 5 =
@ Detsils }E Sample Date & Profile
\C N ¢
Report *08/403/22 10:33 AM" Reportis current | Run Profile | ¥ |
&
Column Unique Null Blank  Pattern Count Mean Median Mode  Standa...  Standa... Minimum Maximum Dtz ® STRINGENT ELIGIBILITY CRITERIA [per Studly Protocol IE cramrnia)
® sge st desth | R 99.12%(330.. 7339 74.00 67.00 10.70 063 37.00 9800  dout
@ age at index. Inia%(m) 0 72.66 73.00 48.00 12.40 0.07 24.00 101.00 dout Gender-S
@ sge stsudy.. | [ormom | 74.16 75.00 70.00 12.40 0.07 25.00 10300  dout
® age at study... 0.24% (79) 0 72.16 73.00 48.00 12.39 0.07 23.00 101.00  dout
e | T A5
& acecrour 10 | o=@ 0 0 2 70-79 20-29 90+ char 8455
® AV Anthracyc. douk:
® AV ANTHRA. . [=o=0 0 0.00 0.00 0.00 0.00 0.00 0.00 000  dout
gender_desc
@ AV Anthracye.. 100.00% (33.3... dout LS
EEx ey
@ AV Anthracyc.. 100.00% (33.3... dout
© AV Antiarrhy ... 18,08... 18,07... 21953 2218 17,638.00 18,533.00  dout
© AV ANTIARR.. | 0 0.00 0.00 0.00 0.05 0.00 0.00 100 dout ML & SME driven ELIGIBILITY CRITERIA
® AV Antiarrhy ... 18,08... 18,07... 219.53 2218 17.638.00 18533.00  dout
. 92.86% (91 99.71%(33.2... s . 8 . X A
® AV Antiarrhy_ ) 18,08 1807 219.53 22.18 17,638.00 1853300  dout Gender - ML & SME
@ AV Antcong | LW 1806, 1806, 248.57 7.57 17.547.00 18619.00  dout
@ avd  Correlation of Selected Measures
@ AV
56.6%
© avs [
® Av
gen|
u Fen

ELX-Cxhgr Neurp =

Fit: KS [Youden) 0.2595 »

Decision Tree Metastatic Cancar Event: 1 » Observations: 1.2M of 1.2M

Tree Variable Importance

Fluid and Electrolyte Disorders

Weight Loss

3000 10,000 15,000 20,000 23.000

importance

Chranic... Chranic...

Pul... (= Rh...

Metastatic Cancer
mt m!

1 - Specificity
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Features of A Trusted & Modern RWD Analytics Platform

You can...

so that...
Increase confidence in the resultant data during

Use a systematic approach to control data quality,

secure data provenance and automate repetitive tasks ezt llg=inleln clalel e Eirzhn=lplsiioldpznleln

for data preparation

500

iver_enzyme_data N T p——
[ abnormal_liver_enzyme_data 500 SIEIIE o Sz g =
ChemL a—— 100% 500 234 { Es \ C.)
KB AE 7
Count AE by
[ Cwerview [l Celumn Analysis B Sample Data Subject ii
DY) —— W —
Descriptive View » Column Graphs C.) " N E
. AE_DM ox Plot of
D P ® GGT SemanticType  Information Privacy /oln AE Count Replace Order & Label iExs b; Ty
Label: [mone) (none) ¥ Mone with DM Mtssmg with 0 Columns
® Patient
@ AT Data Quality Frequency Distribution @
Distinct Valusa . .
o S o o & s & ciy!
@ ALP Complotansss Uniguanass o
el Deviation from Maormality . E E T ﬁl—
@® LDH P— Kisrtouls Standard Devistion o & 1. Parsing ®
i 0.04862 -1.21906 40.22928 . Name: | Daily tr :
i a : y trigger - ;
&2 B3 103 14 154 “A 2. Casing ©
Kurtosis Frequency | Daily | Interval ~ days It 3. Standardize ®
3 Full Distributi
! istribution It 4. Standardize ®
, Time: * 12:01 .
) . ¢8 5. Convert Column )
A o & 6. M
! | | | | IEN anage columns )
. 75 100 125 150 Start date: Sep 23, 2020
mi““ — Madian Moan T End: | After number of times v | | 1 ~ time
61 127 127.998 200
T

copyrignt © SAS TNSTITUte TNC. ALUTIgnts reserved.




Features of A Trusted & Modern RWD Analytics Platform

You can...

Efficiently manage analytical assets generated from
multiple projects and develop standard templates

(2

so that...
Leverage validated analytic assets to produce

reliable results and establish best practices for
studies (e.g., routine, simple, complex)

Statistics
Factor Analysis

|Z Analysis of Covariance

N ANOVA Statistical Power
|# Canonical Correlation
& Cluster Variables

= Coin Toss Simulation
A1 Combinations
> Compute Similarities and Distances

Hierarchical Clustering
K-Means Clustering
Linear Regression

Logistic Regression

8RO

Multidimensional Preference Analysis

Multiple Regression Statistical Power
Nonparametric One-Way ANOVA

One-Way ANOVA
One-Way Frequencies

|=. Confidence Intervals Statistical Power

| Correlation Analysis

N[ R B O¥E

|# Correspondence Analysis Pearson Correlation Statistical Power

Permutations

Poker Hand Probability

4% Cox Regression Statistical Power
[i. Custom Tests Statistical Power
1. Decision Tree

Dice Roll Simulation

/' Distribution Analysis

Principal Component Analysis
Same Birthday Probability
Summary and Level Statistics

. . S Statisti
fi. Equivalence Tests Statistical Power ummary Statistics

i ST

Summary Tables

B Estimate Within-Cluster Covariances

48 Transform Data

= Branch Rows

&

& Calculate Columns
Y Filter Rows

%7 Insert Rows

(& Manage Columns
It Mask Data

@ Query

lio Rank Data

—% Recode Ranges

=y Recode Values

T= Remove Duplicates
222 Select Random Sample
17 Sort

88 Split Columns

Em Stack Columns

I+ Transpose Data

2 Union Rows

New Options View ) Open (B Save Al
8 [} Su Page B * Code_Append_data s T Fowhe =+
P Run W "Ry 0 R D 9
.}
Flow  Genersted Code  Submined Code and Kesuts
¥ intial Sotup
Fi 2 Checkiist - Patent Ouicome
» @—H—0
VAERS SAM?L Checklist O : VAERS_CHEC
v Pationt. KLIST_O

2 Checkiist - Storage

Checklist 1 ; VAERS_CHEC Fitor Rows

VAERS_SAMPL
E Product KUST_YN_1

¥ Checdist - Administration
= Checidist - Coronavirus

VAERS SAMPL Checklist 3 :

Coronawirus

VAERS_CHEC
KUST_YN_3

Filter Rows

¥ Checidist - Acute Respiratory Fadure

¥ Checidist - Abnormal Biood Pressure

% Checkiist - breakthrough infections

¥ Checkilst - Shingles Vaccine

¥ Checidist - Pain around Injoction sito

2 Checidist - Not an Adverse Event
o -B O

VAERS_SAMPL Checklist 10 VAERS_CHEC
13

o B o 8 O

VAERS_CHE
KLIST_YN_1

KLIST_YN_3

_
S

Chocklist 11
Event

__

Checklist 1. 4

Lot Number '

©0—HB 0 —-H-0-8B—-
VAERS_CHEC Chechdist 31

Breakthroug

© B S5AS Stdio compute conbext

@ Checldist 1 : Product Storage <

Paramaners  Confgurmon Abowt  Node  Notes ORefresh A Ednt

v Prompts
yitom prompt
You are a life sciences safety reviewer.
You are reviewng & Ady Event

reactions to vaccines administered to patients.
Uae the provided Wustrative Examples (tagged as

Use the system prompt to provide broad instructions to the LLM such as role, task description and response
specification.

Provide use prampt

Answer only with 3 YES or NO. Is this Adverse Event
concemed with the way a vn«ncpmdmwun red
and/or handled prior to ad

Use the user prompt to provide specic instructions on the task to perform. Use tags like (Question), (Context] etc. 1o
refer 10 the context provided.

Example 2: Product was moved multiple times and
handied in substandard faciiities

Use the user example to provide 0, 1, or more illustrative examples of context and desired response from the LLM. Tag

Not an. KLIST_YN_10

GitHub Repository - SAS analytic templates

Copyright © SAS Institute Inc. All rights reserved.
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https://github.com/sassoftware/sas-studio-custom-steps?tab=readme-ov-file
https://github.com/sassoftware/sas-studio-custom-steps?tab=readme-ov-file
https://github.com/sassoftware/sas-studio-custom-steps?tab=readme-ov-file

Features of A Trusted & Modern RWD Analytics Platform

You can... so that...

Increase transparency, reproducibility and

Ensure a clear governance on data and analyses on a

central environment traceability of the analyses

& = Data Matching: Model - ALT .
E = ipelines ine Comparison i
aaaaaaaaaaaaaaaa = cas e esineCameateen - fmghe WASOBASE.HP_PRICE_HIGH > price_per_hp
§ @ v |& Intermediate Advanced Basic Intermediate - Mo Text Score Advanced - Mo Text Score Basic - Mo Text Score +
i [® Analyze column (Y Refresh
% -
o - - ° Forward Reverse

- A —

¢ T + - T Name
N (=) B Imputation ;
R 0 E ,

&) __________+- _______ el 9 - ° 3 HP_PRICE_HIGH.price_per_hp
; *,f”’ ' v %P Impact-Analysis.flw
] [ Variable Selection :

o 2 Branch Rows.price_per_hp

v (& Query.price_per_hp
@0 -€ ] ) T
QUAKES DATASTEP EARTHQUAKE FREQ — -
S — | — @ CARS.MSRP
. ‘Iihlodﬂﬂmwﬁhon : v M= Branch
\ C.) ............. P T &
| __= @ CARS.Horsepower
v Query earthquakes_c
Magnitude Import Classes lass
Classes <: SaS




Features of A Trusted & Modern RWD Analytics Platform

You can... so that...

Utilize end-to-end trustworthy Al capabilities, Develop, validate, and deploy Al for RwWD

including explainable models, transparent model analysis in a consistent, ethical, and scientifically
governance, bias detection, and continuous monitoring  [reliElslcnEN

i3] in

- __.~""LIME Explanations/SHAP Values e

ent | Model Interpretability | Fairness a

Fairness & Bias Assessment

rpretability

Maximum Prediction Differe

00
Eﬁ
Variabl ring
IME | ormance (@ Run v Edit -2 v LS
Lab: o Explainer RMSE
v . Forest (Predict Income Levels) (1.1- latest) [ M o n It o r Pe rfo r m a n C e o
Fairness and bias v
IIIII [%] Forest (Predict ...

aaaaaa

IIIIIII

NNNNN

Assoc-acdm Bachelors




Features of A Trusted & Modern RWD Analytics Platform

COLLABORATION

CLOUD-NATIVE

Necessary computing power and storage

- Scalability and Flexibility
- Better performance via in-database and in-

memory parallel processing

* Hosting environment to reduce | T burden

Access to multiple data sources

Statistics + Advanced Analytics

Descriptive and inferential statistics

* Frequentist and Bayesian statistics

* Forecasting and optimization

- Al/Machine Learning

- Computer vision & Natural language processing

Copyright © SAS Institute Inc. All rights reserve d.

« For cross-functional and various skills

+ Low-code/no-code Uls and programming
interfaces

- Shared access to breakdown silos

- Multiple programming languages (SAS, R, Python)
« Third-party integration (APls, MCP)

UNIFIED & TRUSTWORTHY

- Cover end-to-end analytics lifecycle

- Manage analytical assets

mprove governance with transparency

- Enhance efficiency via automation Gsas




Conclusion

Improve Health Outcome

@ Reliability, Relevance, Transparency, Reproducibility

Methods

—Reliability—

—Relevance— Data MethOd Process

—Transparency—

—Reproducibility—

@ RWE

Process

RCT

Modern and Trustworthy Analytics Platform

Gsas
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Thank you
Any Question?

William.Kuan(@sas.com
Ashwini.Reddy@sas.com

Copyright © SAS Institute Inc. All rights reserve d.
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