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SAS Supports the Entire Analytics Lifecycle
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SAS® Health

Empower Innovation. Improve Lives. Powered by SAS Viya.

- . Outcomes Research & Epidemiology Population Health
Clinical Research Analytics o Building healthier
Reimagining drug Maximize RWD to support product strategy. : ‘g
q communities through

evelopment. :
analytics
Clinical Trial Health Care
Operations Financial Insights

Comprehensive Use analytics to adjust

|n5|ght for . Life Sciences | Convergence Health Care for risk and reduce
patient-centric Va \ costs, such as fraud,

clinical trials waste and abuse.
Connected Quality Health Care Operations
Improving quality and Market Access & Commercial Patient and Member Engagement ActionabI.e .insights leads to
inventory in manufacturing Optimize decisions across the Proactive customer-centric more efficient health care.
and supply chain. product life cycle. communication, outreach and

case management. Ssas
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Accelerate
clinical trials to deliver
new therapies to
submission faster and
more efficiently.

Business Outcomes

Maximize
real world data to
better understand
product safety,
effectiveness,
adherence, and value.

Improve
guality and efficiency
of pharmaceutical
manufacturing,
predict demand and
optimize the supply
chain.

Optimize
market access and
commercial strategy
and improve digital
engagement.

Copyright © SAS Institute Inc. All rights reserved.



Data Sources

/S

Traditional
Trials

DCTs

> B B

Omics

Wearables

RWD

G o ©

Imaging

The Future of Efficient, Data-Driven Clinical Trials

Vv v

|

|

|

Source Systems

R R AR AR

with SAS Viya

Connections

§sas

Copyright © SAS Institute Inc. All rights reserved.

Analytics Platform

on SAS
Viya
Reproducible
——Traceable
Auditable
Precise
Secure

Collaborative
GxP

SAS® SCE ]

Improved Outcomes Across:




Requirements for a data driven R&D in Pharma

Advanced analytical
& Data Management

Data Science
Environment

Gsas

can serve the needs of all user roles

For traditional persona: Stat prog, CDM....

& Even Beyond : manufacturing & supply chain, operations
On a quality Architecture

Modern, scalable, cloud enabled
To tackle various data problems (federated analysis)

Built on Microsverices
Regulatory sensitive with GxP “on” for all data insights

security / consent management according to clinical trial
governance & stage

= Inferential trials (protocol-driven)
= Retrospective (Al/ML) trials
= QObservational research

= Patient data is observational,
experimental and circumstantial
= RCT/RWD

Integrated with GenerativeAl
Various DataVisualization capabilities

Monitor data quality in an end-to-
end manner — automation, alerting
and “where it happens”

Trusted Collaborative / Research
Environments

Test out approaches for TA questions
Speed up algorithmic / statistical
method development for digital
biomarker & digital health

Interoperability, integration &
scalability

Impact / Connect to other systems
(EDC, CTMS, MDR, MES, random. ...)
Sequential processes (trial) as well as
parallelized (combining data)

Open to other languages (SAS, R,
python)

Open to methods, data, personas
(clinicians!)

Think increase your Ecosystem
(partner data...)

Attract New
Talents



Next-gen clinical trials
SAS Partner Ecosystem Approach

Ecosystem Partnership Architecture

Drugs

Medical Devices

Technology Components

CT Platform CDR MDR EDC eTMF TeleHealth

CROs

Data Science SCE Submissions Engagement Infrastructure .
Pharmaceuticals

Therapies

Trial Sponsors

Non-Technology Components
Other Services (e.g., DCT, Trial/Study Design,

Home Visits, Shipments, Payments, Compliance
(CDISC, FDA 21 CFR Part 11, etc.))

CT Sponsors Compliance and
Regulatory Bodies

CDR = Clinical Data Repository
MDR = MetaData Repository

EDC = Electronic Data Capture
eTMF = electronic Trial Master File

SCE = Statistical Computing Environment

Data Science = Model Design, Development, Deployment, and Governance There can be scenarios where the accompanying device together with the
Submissions = Clinical (Research/Study) Submissions drugs may be a key partnership

Infrastructure = Hardware OEMs, and Private/Edge Cloud Service Providers . . .
Investigators and Study Coordinators supporting through

TeleMedicine / Video-enabled "virtual visits", medication §Sas

management, specialist consultation, and related supports
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Collaboration between industry leaders

"« LLMs in clinical development

e Infrastructure : federated
data, security

* Science use cases

* Cloud analytical environments
for innovation

* Drug discovery of compounds
with potential — GNN Gsas




Partner clinical ecosystem

Clinical
development
sponsors

Patients Patient

engagement

Regulators, HTA, Submission
science =

Meaningful innovation

. Technology
Implementation partners

landscape
AN
FDA

collaboration : IS, Digital
biomarkers Health,

= Operational
Streamlining provider Eystems
clinical data
flow
terdom UMC

itair Medische Centra

@ DukeHealth

c} PERSOWN

Infrastructure
providers

Healthcare
precision
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FDA NEWS RELEASE

FDA Announces Additional Steps to
Modernize Clinical Trials

Agency Requesting Feedback on the Draft Recommendations and How They Should Be
Applied to Increasingly Diverse Trial Types and Data Sources

+ Share in Linkedin === Email =k Print

For Immediate Release: June 06, 2023

“A more robust clinical trial ecosystem that is capable of producing reliable

evidence more efficiently may support more informed decision-making in
developing medical products to help patients,” said FDA Commissioner
Robert M. Califf, M.D. “These draft recommendations propose a major step
forward in this work. Building quality into the design and conduct of trials
and encouraging the use of innovative trial designs and health technologies
are essential to truly advance clinical trials and generate meaningful results.”
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Overview

SAS Health Clinical Acceleration delivers a modular, open, cloud-
native content repository and statistical computing environment

SAS Health Clinical Acceleration - At A Glance

for clinical research. It is the successor to LSAF in Viya 4.

Deliver Rapid Data
Analytic & Al Ingestion
Insight

Core Accelerate
Statistics Clinical
Competence Operations
SAS Health Subject

Connect Engagement

Product Goals:

* Improve User Engagement and Efficiency
* Modularize and Simplify Offering

* Transition to Viya and Leverage SAS IP

* Embrace Integration and Open source

Value Propositions:
* Improve the Efficiency of How People Work
» Faster Clinical Analysis and Submission
* Validated Clinical Trial Operations
* Regulatory Compliance / Single Source of Truth
* Viya Enabled Analytics & Automation
* Open Integration / Bring your own Tool

Copyright © SAS Institute Inc. All rights reserved.
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SAS Health Clinical Acceleration Background
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SAS Health Clinical Acceleration
Modular and Open Design

-

— Audit

* Security “\

Customer
REPOSITOW Ecosystem

Editor @ * Modularized to meet your needs
Execution e Open architecture for integration and
orchestration

* Jobs

* Regulatory compliant

* Workfl
orkflow * Scalability with Viya

—— Submission

. J




SAS® Clinical Enrollment Simulation
Subject Recruitment Challenges & Impact

* Up to 90% of clinical trials do not meet their patient enrollment targets on time
* Adelayin adrug’s approval due to missing clinical trial completion costs sponsors millions of dollars

* Missing clinical subject recruitment milestones can negatively impact the Organization's reputation

Copyright © SAS Institute Inc. All rights reserved.



SAS® Clinical Enrollment Simulation
Applying Analytics to Improve Recruitment

e Develops Enrollment Projections
* Users enter all assumptions and simulate multiple replications of the enrollment
* Shows how likely it is to achieve enrollment target with the current scenario

e Capture Variability
* Allows for capturing the variability inherent in the real-world situation
* Provides likely outcomes and produces accurate predictions for achieving targets

e Scenario Tracking
 Compare and track multiple intervention scenarios with varying inputs
* Simulates impact of impact factors such as: adding new countries, sites, increased advertising...
* Identify most effective strategy to achieve milestones

SasS

2
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Requirements for a modern SCE

https://blogs.sas.com/content/sascom/2023/05/22/c
hoosing-a-statistical-computing-environment/

First things first? It’s the about
data security

Blogs Resiliency Rules ~ All Topics v All Industries v Blog Directory ~ Subscribe

It’s secure, but is it available?
Openness is key.

It worked! But reproducing it — AL S |
. . . . tips for choosing a statistical computing
and explaining it —is a challenge environment

by KAYT LEONARD  on

It’s great, but no one can use it

When you think about life-saving technology, does a statistical computing environment come to

mind? Statistical computing environments (SCE) are critical in acc ating scienti iscoveries by
P A k t t' t' | t' abling re mé >, proc n data effi tly and c iantly, maintaining
| C yo u r S a | S | Ca CO I I I p u | I Ig the utmost regulatory integrity.
. life s s rch generates increasingly large and diverse datasets, powerful statistical computing environments are essential for extracting
environment Tor now and Tor the : st oo o s e e gk b PRy S
eempower researchers to uncover clinically relevant correlations, identify potential therapeutic targets and drive the data driven development of new
diagnostics and treatments.

f u t u r e But with s0 many SCES in the market, how do organizations know they're working on the most effective, productive platforms? How can they trust the
outputs and analytics while needing to produce tangible therapeutic developments that improve patients' lives worldwide?

Just like the diversity of data sets we see when analyzing molecules and therapeutics, a million different endpoints could answer this question. But to get
the answers with the least amount of severe adverse events (see what we did there?). here's five things that leaders need to think about when choosing
the statistical computing environment that they'l trust their data to:

Copyright © SAS Institute Inc. All rights reserved.



Comprehensive insight to deliver more patient-centric clinical
trials and achieve operational excellence.

With SAS, you can...

Optimize study start- Improve patient See the whole Embrace innovation
up and progress centricity picture of study with confidence
operations




Decision Management Data Management

&

Deployment Visualization

—
Forecasting and
Optimization

@@ Statistics,

& Machine Learning,
Deep Learning

Natural Language Computer Vision
Processing Gsas
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How FDA embraces digital transformation with SAS

SAS has been a partner in many
key initiatives in FDA's ongoing
digital innovation journey

Clinical Trial Submission

Regulatory Review

Adverse Events Reporting
—  Supply Chain Surveillance

for pharmaceuticals

Risk Analysis of

manufacturing facilities

4000
SAS users
systemwide

ADVERSE EVENT REPORTING
Rapidly flag safety issues in
patient narratives

WHAT: Automated coding improves pnsl—marlmt\
safety reviews of regulated drugs

HOW: Disease-specific algorithms enable medical
coding of adverse events to become faster, more
accurate & easier to interpret

14,316 50% 98.88% 94.4%

of reports correct ACcurate
obsarvations contained classification interpretation
im linical indications of serotonin of assoclated
trial reports of serotonin ~ syndrome via symptoms
syndrome Deep Learning via Machine
Use Case Example Leaming

DEEP LEARNING @ MACHINE LEARNING

FDA is embarking on a bold five-year
initiative with SAS to leverage the benefits
of digital transformation

ldentify and execute high-value
driver projects for individual /@

centers and the Agency

Develop consistent and repeatable 55
data practices across the Agency

Combine internal strengths
with key external partnerships

60

MANUFACTURING SITE SURVEILLANCE
End-to-end analytics ensure
manufacturing & supply chain quality

/ Shipping WHAT: FDA ensures drug
ingredient quality throughout
h h h the supply chain using a ‘cradle
: to grave’ SAS analytics process
: c"' E HOW: Data integration, data
L Compmnd governance & risk scoring allow
Creation  a granular view of the process

g
\Phamc\' Delivery
TEXT ANALYTICS @\é}

OUTCOME: Manufacturing
options can be optimized based

on performance or external
disruption /

DATA-DRIVEN
DECISIONING

GSas

SAS supports the FDA with market-leading,
cloud-ready technology designed to enable
modernization while reducing risk

ARTIFICIAL INTELLIGENCE
MACHINE LEARNING

TEXT
ANALYTICS

NATURAL LANGUAGE

PROCESSING

DATA-DRIVEN

DEEP DECISIONING

LEARNING

CLOUD-READY ARCHITECTURE
OPTIMIZED INFRASTRUCTURE

AUTOMATED & OPERATIONALIZED

DRUG REPURPOSING
Identify drug candidates for
COVID-19 treatments

WHAT: Machine Learning rates
existing drugs as potential
COVID-19 treatments

HOW: This ‘Al-powered network
pharmacology” accelerates early
insights into drug repurposing

o )
18

OUTCOME: Accelerating the

discovery

— substantial data analysis
Q_H—' associated with drug and target

NATURAL LANGUAGE
ARTIFICIAL INTELLIGENCE
PROCESSING @



Patient Population Risk Summary:

Select Event: Select Risk Range: Average Risk:

CareGap

%
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eryisit
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[ seriousag oo
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Patient Count  Patient Count Patient Count 4
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FETAL CONSULT 20 66 3
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78 3,872 3
146 1,915 1"
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C
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Patient Risk Detail and Risk Trend:
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SAS® Visual Analytics - Explore and Visualize

Presentation (Al & Health) 23-10-2020
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How we deliver
GxP validated
Software in the

cloud?

Computerized
System

Validation

=
o

g
2
=]

=3
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Debiopharm’

WE DEVELOP FOR PATIENTS

SAS Viya
Implementati
on Azure Clou

Insights into Strategic Choices and

Validation




An Introduction
Debiopharm Int SA

» Family owned, Swiss based pharma company
with approx. 500 employees

» Therapeutics areas Oncology and Bacterial Infections (multi-resistant),
with modalities of products in small molecules and biologics

» B2B model with a focus on research, pre-clinical candidates to clinical
phase | and Il

Debiophiom ©0CS
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Patient-centric
business model

Debiopharm B2B model

oeB\OPHARM EXPER Tisg

© orucoiscovery (@) DRUG DEVELOPMENT ™. © vARKET

CANDIDATES

ssssssssssssssssssss

g N

E:: % .:E f @

v R ' v

TURNED INTO SOLUTIONS FOR PATIENTS
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Digital Health

strategic investments

ssssssssssssssssssss

Investing in future patient care

comfort nova

sssssssss

BC%Plotforms

nucleai

vivoSense

\"/ Vive

\ VERISIML ife MIKQ

PAST INVESTMENTS

EXITED
EXITED

OSE 22 @

EXITED EXITED

spiRemix

O 6eneroc

- eosion

HEALTH
N\
) EXITED EXITED >/ .
W » diagnoplex ) 9. N L
agendia gnop offed : Immunexpress N ™S
decoding cancer Fighting Cancer Earlier j BIOCARTIS the signature diagnostics for sepsis
EXITED

aVOLUHTIS_
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Accelerating
patient centric CLINICAL TRIALS DISRUPTION DRIVEN BY:

care

From execution to prediction

—

From real . . q Trial
to virtual patients Trial Design Trial Set-up

Patient

> INTELLIGENCE Virtual patients virtualization

B N

Human centric 1
powered by data

> DECENTRALIZATION

Digitally enabled
patients

» CONNECTED HEALTH

Connected Health

for Clinical Trials
Patient on site
Design & set-up Execution
enhancements excellence

Deblophoms ©0CS
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Clinical Data Flow,
Processing and

Background and Scope
Governance CDR

= Current data flow and challenges
Multiple data sources

Multiple data transfer solution

No standard structure for data storage

No controlled/validated environment that guarantees clinical data integrity from receipt to
processing

o Data acceptance checks embedded in the data processing step causing late issues detection

o o0 O O

= The main root causes are the following:
o Multiple Contract Research Organisations (CROs) each having their own processes and standards
o No end-to end validated environment (from data transfer to statistical analysis)

o No standard procedure applied for the data flow.

Debiopharm’ @ O‘ : S
WE DEVELOP FOR PATIENTS A DIVISION OF OCS CONSULTING



Clinical

Data Flow Data Quality Data Quality
. Control (I) and Control (Il) and  Data Access Data Transfer/
and Processi ng Data Download Acceptance Layer Data Storage  Release Layer Layer Sharing Layer

A \ A \ \ A

[ | | Y / V1

ecrr mmedidata

® Data
download | sy 3 3 &5

trigger/ T > |I= 1 1 : T
> | v— i i i .
EXTERNAL || scheduled \‘ - e A~ .~ SASViya | .
: | -t i — i . 3 M
DATA download : g ol Bere 2: Daﬁe%noa/”%s& : ole
’ =y 3 Repository : 1 m m
! v—|—" P y :
! A ‘ ] :
& @ Data File / v— Jupyter Hub
STOM | s Protection | | §
ADAM - ‘ ‘ : ‘
_____________________________________________________________________________________________ ST
IR Outbound Area

ik ©0CS
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SAS Viya 4 license

Viya 4 bundle:

+ SAS VISUAL STATISTICS WITH SAS ECONOMETRICS
* LICENSE IS LIMITED TO 13 USERS (SAS STUDIO USERS AND REPORT DEVELOPERS)
* LICENSE IS UNLIMITED FOR REPORT VIEWERS, NUMBER OF ENVIRONMENTS AND CORES

« THE SYSTEM WILL HAVE 13 CONCURRENT HEAVY USERS (SAS STUDIO AND REPORT DEVELOPERS),
> WHICH MAY HAVE UP 2 TWO SESSIONS EACH, AND UP TO 50 CONCURRENT REPORT VIEWERS

Debiopharm' @O( : S
WE DEVELOP FOR PATIENTS A DIVISION OF OCS CONSULTING
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Design M
e le
m m +— — — — — — > g Azure DevOps

* Program Versionning
CRO \\ » Automatic Testing & Checks

N Py
AN

AN SAS
Programmers
oo H ﬁ [ i A DV
z:medidata — — CQ) SAS Viva —— .‘ s v
* Visualize & Explore Data Validator
Azure File (Z:, blob...) . A’?{ggram Sxeauiten Manager
* RAW « Data preparation

. STDM A
- ADAM m

\ / Biostatistician
s

Jupyterhub

Labs < p—
BCgPlOtFO I‘mS R environment

Consume data via SAS “Data Hub”
AdAM Pooling
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Added Value SAS Viya : Modern Analytics Platform

@r Implement a shared, scalable and reproducible Data Management
Biometrics Development Environment

++
a5

A

*  Unlimited number of SAS viewers

* Improved collaboration — internal & external (CROs)

* Installation, implementation, validation - Azure Kubernetes

* Integrated Environment for SAS & Open-Source programming
* Improved Scalability & performance

- [Easy Access

Deblophoms ©0CS
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Methodology

& Agile methodology inside Waterfall
Validation strategy

: Potential
> Method of project management, used < Project Stages Retention
i : igration,
. . Destructi
especially for software development, . P Neaste o)
F--—1 -1 \
following industry standard CFR 21 Part 11 ? ? i “Retirement
% ” ;
> Only through iteration we could find the Changes i
correct SAS Viya configuration process ) o ) -
Risk Manag Design R , Change and Configuration Management, Traceability, Document Management
Supporting Processes
> Total build phase 7 months ’
» total throughput time 11 months Concept§ Project Operation ERetirement
+ 4 g + U
> Team: Syst Owner, BPO, CSV Lead, PM, _—
upplier H
Involvement ~---7mtooo B R e i =
OCS / SAS conSUItancy Source: Figure 4.1, GAMP 5: A Risk-Based Approach to Compliant GxP Computerized Systems, @ Copyright ISPE 2008. All rights reserved. www.ISPE.org.

Deblophoms ©0CS
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Validation Plan

SAS Viya CSV Documentation

SAS Viya Architecture D30 Document

SAS Viya CSCIA (critical assessment)

SAS Viya CSVP CSCR (validation plan & change request)
SAS Viya User requirements

SAS Viya Installation Protocol

SAS Viya configuration specification

SAS Viya 0Q, IQ, UAT documentation

SAS Viya Kubernetes Infrastructure Qualification Document

© @ N o g ~ WD~

Validation Report

Decioghom ©0CS
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Questions?

sas.com/microsoft

6Sas
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