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Disclaimer

The views and opinions expressed in the following PowerPoint slides are
those of the individual presenter and should not be attributed to PRISME,
its directors, officers, employees, volunteers, members, chapters,
councils, Communities or affiliates, or any organization with which the
presenter is employed or affiliated.

These PowerPoint slides are the intellectual property of the individual
presenter and are protected under the copyright laws of the United States
of America and other countries. Used by permission. All rights reserved.
All other trademarks are the property of their respective owners.
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Possible when human science meets data science
Human Data Science

A
Solutions to I'.“]"“

help clients
Worldwide clinical and drive healthcare Leading healthcare
real-world experience forward “big data” and
informed by deep technologies fueled
scientific expertise by commercial
across every major expertise to find
therapy area unparalleled insights
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IQVIA mobilizes unparalleled data, analytics,
technology, and expertise through solutions
connecting stakeholders to improve health
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Unparalleled
Data

Domain @

Expertise =

Institutional knowledge and domain
expertise across diseases,
geographies and scientific methods

One of the world’s largest curated
healthcare data sources with
innovative privacy protections

Transformative -
Technology =

E g Advanced

Analytics

Leading technologies to provide Faster, more precise decision-making
real-time access to operations-critical generated by advanced analytics

information designed for healthcare
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& Advanced Analytics

The Link Between Data and Decisive Action

Our immense data source is only useful when it can be scanned and analyzed
quickly, leading to precise decisions, diagnoses and courses of action.

* Wearables integration

CUTTING EDGE ANALYTICS e Social media tracking

¢ Artificial intelligence ® Online promotions

e Predictive analytics e NextGen clinical development
¢ Natural language processing * Multichannel marketing

* Machine learning cﬁg %(}) * Precision market research
¢ Optimization \ * Rare disease diagnostic tools

@@@u@
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Emerging Tech — Al Science

Computer Science

A study of the theory, experimentation,
and engineering that form the basis for
the design and use of computers

Bots

Software application that interacts 0id _ES
with users, understands the task &% a.splice(b

and provides an automated answer @.replace(RegExp
Y { for (v

Informatics ._P j rety

is a field of

is a branch of

Assistants

is a branch of

Deep Learning Neural Nets

Algorithms that attempt to model high level
abstractions in data by using a deep graph
with multiple processing layers

/_..'
. ".'ﬁ A

Image
Recognition

Compression

P - encompasses
Cognitive Science E
i Logic processing that combines the
Robotic PI’(_)CESS use of NLP, ML, Neural Nets as needed
Automation is part of
Process automation technology based
on the notion of software robots or
encompasses

artificial intelligence (Al)workers

‘ Logical Process
Information Flow

. Connected
- Scripts

Transaction
Automation

Computer (]
Training

Automated Reasoning
Production of programs that allow
computers to reason completely, or
nearly completely, automatically

Sentiment Analysis .

is an area of

is a sub-field of

Artificial Intelligence

The simulation of intelligent behavior in
computers

Intelligent
Response

Augmented
Reality

Neural Nets/Artificial Neural Nets

Set of algorithms modeled loosely
after the human brain that are
designed to recognize patterns

are closely
connected

Decision Making

. Semantic
Interpretation

Computational Statistics

Interface between Computer
Science and statistics — the
mathematical science of statistics

Algorithms
Models
Advanced
Analytics
is closely
related to

is a field of

Natural Language Processing

Machine Learning

The study and construction of
algorithms that can learn from and
make predictions on data

Automated

& g‘m Learning
Search ’

Engine

Language
Processing

{ h’ are based on
. OCR

encompasses

Analyzing, understanding and
generating the languages that
humans use

Tagging

Translation and
conversation
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Emerging Tech — Al Maturity

g ga e &
@ Openfl G&
=

g Robotic

© Process

=

Automation
£

Computer Machine
Science e Learning &
. S €
_ W
framazon
' websenies”
7 Neural
. Network
Computational
Statistics
Past Present

Al
Science
Cognitive
. Automated
Science ) Reasoning
RSN © )

;:.-;.{vva},'.,., Deep Learning
Neural Net

c)®
Natural Language
Processing

Future
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Innovation and Emerging Technologies
Keeping us one step ahead in the market

Industry Leading Platforms
(next 18/24 months)

A
7

Lo Clinical Internet of Intelligent Workflows

Derfng Things Orchestrating the major
Innovation in New 'Industry as a Service’ Py clinical ‘end-to-end’

.. for ‘Connected Devices’ ‘/‘ '\6 scenarios ‘Connected

Clinical — Services’
Blockchain Gen2
- D — Building the new trusted collaborative

secure distributed data platform
‘Connected Insights’

N

O Future Data & Systems Landscape
& &>
Virtual Trials Hybrid Cloud

Designing the future at- Architecting and
home/site-less trials with migrating to a future
connected subjects systems landscape

I:I-L__I-I:I

RAPID
New API integration platform

-
U.'
L —
Data Factory 2.0 Design

Moving to a highly scalable
unstructured data platform

(O Thought Leadership

Scaling New Technology Capabilities

(the nextwaves)

i o
Machine Learning Robotic Process

New structured and Automation
unstructured examples Introducing automation built

on workflow

«

Apple Research Kit
Expanding our open
source footprint

Artificial Intelligence

Natural Language
Processing
Deploying language conversion
and semantics ontology solutions

Edge Intelligence

()

Voice
Recording subject
outcomes and
physician research

I

Horizon
Technologies

Reviewing augmented
reality, glass, etc.

Virtual Reality

Exploring patient
consent & training
opportunities

o— Revsal

intelligence prototype

o—o Ignite

(2020 vision)

Digital Health Micro MBA

New opportunity to develop

industry Digital Health micro

MBA certification based on
our experience

O

InnovateCT

Building blocks for thought
leadership in the market for
digital transformation

Agile
Approaches

120 days to artificial

(seed, landscape,
environment, prototype)

90 days to minimum

viable product
(ideation, simulation UK
excellence’, realization)
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Rev3al Accelerator Process for the Emerging Tech of Al

Growing intelligent automation with industry-specific expertise

Potential
leferentlator~ Seed B Landscape
|" () Prerequisite () 2 weeks E'.H Thought Leaders 2 weeks
Identify Scope
Evaluate Solutions
Toolbox

Build POC Research IT Toolbox

Feedback findings

Feed IT Toolbox k

()

~— Tt
Prototype

10 weeks

Process workflow

New Tool

ldentification

IT Platforms

Develop Agile

Test Case

Environment
2 weeks

Varies; long-term
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Artificial Intelligence
Growing intelligent automation with industry-specific expertise

Digital Workflow
% integrated into
document translation

O Natural Language Processing

Deploying language conversion and f.'\, .
semantic ontology solutions into e —® 1 30 M+ ::gnrglsa?:ctioamniﬂgﬁgy

automation workflow and bots.

(O Blockchain Gen2
Building the new trusted

collaborative secure
distributed data platform.

- Deep Learning engine
g— enhances document
= | recognition and insight

2 M+ documents
digitized annually

m What’s Next

O Machine Learning *» Building re-usable Al solutions

New structured and unstructured on scale across the
learnings increasing automated organization through APIls
quality checks and real-time

* Focusing Al Internal learning

Robotic Process Automation triggers. abilities resulting in a virtual
Automatic connected Al enriched ] )

systems on scale. * Semantic enterprise search

across digitized information
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Quick Examples

Big Data — 100k data suppliers unstructured NLP
Models

» Disease Detection

* Line of Therapy

* Non-Adherence

* Treatment Response

Centralized/Medical Monitoring
eTMF

Translation

Safety

© IQVIA 2017. All rights reserved. 13



Leveraging Unstructured Physician Notes using NLP

Client Benefits

Enhanced the ability to characterize the progression of a chronic
illness when faced with limited availability of structured variables

Customer Challenge

To understand disease progression among
patients diagnosed with Migraine Disorder
(ICD-9 346.xx)

Disease progression required understand of
migraine frequencies

There are no clinical tests or claims-based
data signifying acute events over time

Our Solution

We developed an iterative approach to
mining and reviewing physician notes for
identifying migraine frequencies:

* Development of Clinical terms of interest (e.g.

“migraine/month”)

* Query physician notes for terms among
patient and time period of interest

* Review findings, and frequencies of matches
and revise terms as appropriate

Results

Identified over 2,300 patients with a migraine
diagnosis with mention of quantity of
migraines per month in physician notes

Merged derived variable with existing
analytic database

Date

1/7/2014 Monthly Migraines 14
2/4/2014 Monthly Migraines
1/21/2014 Monthly Migraines
2/21/2014  Monthly Migraines

RN e
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Four key applications for real world data with ML

Disease Detection

Identify un-diagnosed patients by analyzing
medical utilization patterns, ultimately leading to
the identification of new patients eligible for
treatment in specific disease areas

e.g. finding undiagnosed patients,
physician targeting

Predictions for non-adherence

Identify key drivers of non-adherence to
guide targeted adherence strategy;
identify patients who are most likely to
prematurely discontinue therapy

e.g. adherence improvement strategy: Physician
education, copay cards, mobile apps, patient
support programs, HCP trigger alerts

Trigger Alerts for line of therapy
transition & disease progression

Proactively predict upcoming line of therapy
transition and identify target populations for
treatment

e.g. predict which patients are failing
on their first line therapy and are
about to transition to a second line
treatment; generate a target list of
HCPs

Proactively predict treatment
response for individual patients and
identify most effective therapies for
treatment

e.g. identifying target patient groups with unmet

needs, or identifying those patients who would
most benefit from particular therapies or treatments

=|QVIA



Example: Raising disease awareness in a targeted way

Situation Approach Result
. Cllent_has a drug for a Step 1: Predictive modelling combined . T_he algorlth_m could be_ deployed as a
rare disease — diverse - . . . - highly effective screening tool for finding
- with clinical insight . . . . .
range of symptoms, low Y high-risk undiagnosed patients
HCP awareness 1=z .
resulting in frequent |H|
_m|sd|agnc_)ses, * 100+ medical and demographic s
Inappropriate . . . .
. predictors included in a bagging random *
treatments, high costs
. . forest model
and negative patient )
outcomes » Model used to score the universe of
100M patients to identify those highly

+ Client was interested in
identifying a target list of
HCPs in a position to
diagnose patients with

likely to have the disease Disease Detection
among High Risk patients™

Step 2: Finding undiagnosed patients and
their treating HCPs

| e
o
=
(& ]
QD
]
QD
(]
D
W)
(1]
D
L
(]
-—

this rare condition, with Ao A : ? \ 6% - 5.20%
the ultimate goal of kl.l K' S -
raising the disease % Improvement
awareness in a targeted o ) ) 30, - in disease
way and speeding up » |dentified patients linked to relevant o detection due | <
the time to diagnosis HCPs 20, || tO modelling
» Target list of HCPs is generated for a 0.01%
disease awareness campaign 0% - ° -

W/out the model With the model

- |
*High Risk group was defined as top 5% ofundiagnosed rare disease patients
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Cognitive and automation computing - Monitoring

Moving subject event management from a manual to an automatic process through the use of

advanced analytic models for automated/ targeted/ quality triggers.

QuintileslIMS Centralized Monitoring (PoC’s)

10,008 >85%

Records, running time 37
sec. 1,230 duplicates found

Accuracy to detect the vital

Accuracy in identification of outliers (small
signs outliers effectively

sample), with scale we would expect ~ 95%

88.9%

\{'a"‘ YRR

._ “} H{f”r\: ;_(((\, H’Ii\:u‘y e X X,

2&9 xz ’ Xz IR Xz

8 J'-.\_ XN XK XN
° r—’E‘E‘JJ"

Subject Subject similarity
population assessment in clinical
feature space

Laboratory Tests Outlier
Detection

Propose a dissimilarity measure
to quantify the differences
between subject records for
flagging as outliers

Duplicate Subject
Detection

||
Using machine learning to
come up with the best rules to
automatically find similar

records in dataset

Cluster Subjects

—>

°s

f‘-‘ 3
At

- ﬂ%.
- .p an

iav.‘"

Vital Signs Outlier
Detection
Identify subjects with large or
small variations from baseline

using Boxplot, Normal
Distribution, and linear regression
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Cognitive and automation computing - eTMF

Mass scale centralization of document management with automation capabilities to identify the
guality and integrity where duplications occur and checking, classifying and indexing into standard
requirements.

QuintilesIMS Electronic Trial Master File

2M+ 800+ 1000+

Documents collected annually Document types able to run Trials run per year on
through Deep Learning average

o mm — —

Next Gen Efforts

Natural
Language

Output (4 Tasks)
Image QC
Duplicate
Doc class

Workflow Integration \

!
[
|  Sormemmommaen
I
!

CRA Mobile
App

Digital

I

i

i

l Workflow
1

\

Wingspan
Integration

o e mw aw e

Auto-ldentify Document
Type

Using optical character
recognition identify, strip
format, images etc and tag
into structured definitions

Enhanced Document Augment Smart eTMF
Recognition and insight

Deep Learning engine that
recognizes the document, checks
its validity, classifies quality and
content and indexes accordingly

Additional capabilities added
into eTMF solution supporting
added automation capabilities
and connected devices
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Cognitive and automation computing - Translation

The global capability combined with historical specific clinical trial knowledge makes translation a
strong candidate for smart machine learning capabilities that augments the human translator.

r— QuintilesIMS Translation Capabilities

130M+ 93,000+ 50%

Documents fed through Neural Global coverage through
Machine Translation annually 11 language pairs

Words translated annually

Optical Character
econ ""’"’c\' Google NMT ﬁaﬁ:mw
\ /%’___%. SRS —

F
sy
@ :
o2e

4

0
L0

0
K3
<3

<]

2

\
R

Integrated Translation
into Digital workflow
Collating segments back into
formatted document and

integrating into workflow
management for follow-up

=IQVIA

Auto-ldentify Document Enhanced Language
Type Translation

Using optical character Enrich the Translator with pre
recognition identify, strip and post-processing specific
format, images etc and tag clinical trial engines that augment
into structured definitions translation requirements




Cognitive and automation computing - Safety

The high volume and repetitive processes make safety case reporting a good candidate to apply
automation and smart machine learning capabilities to increase productivity.

— QuintileslIMS Safety Case Processing

800,000+ 68,000+ 1/3

Input data is structured

cases processed annually Safety Regulatory Reports ;
or semi-structured
-

o. g W—

Lesm oA —

T T

| ‘- > — —————— P — e e |

Auto ingest of Adverse Enhanced Coding Expert Narrative Production
Events Descriptions
Using optical character Enriching the safety Machine learning from huge
recognition to convert AE information by adding 3" party amounts of previous cases
e-mails/PDF’s digitally and ontology information allowing more accurate

resulting narratives

importing to Safety System
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What’s Next?
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What’s next for Artificial Intelligence Rev3al

Growing intelligent automation with industry-specific expertise
"¢

hallenge areas:

« Data « Standards

« Security « Scalability

» Regulations - Al ‘Hack Fear’ Virtual Assistants —
\_° Country requirements » Cognitive Bias + PM

- CRA

Virtual Trials over
loT with Smart Apps

AR Image Processing;
VR Education;
Smart Search

Predictive Models

for Monitoring;

Simulated Trials

Expand
Al Platform

=IQVIA




What's next for Artificial Intelligence Rev3al

Growing intelligent automation with industry-specific expertise

Connect Learn Assist

Connected loT Connected Insights

Augmented Reality
Context Analytics

Virtual Assistantto PM, CRA
Al Doctor

Personalized Medicine

Single Insights Human Logic
Connected Data 9 9 9
Auto Predictive Models
Prescriptive Models
Robotic Process Automation Advanced Analytics
Digital Workflow Translation IP Engines

Automated QA (BC1.0) Semantic Ontology (NLP)
Image Recognition

Unstructured Data Ingest (NLP)

Network

Automation Complexity

Digitalized Data Dashboard Rules Engines
Optical Character Recognition Informatics Chatbots
Structured Data Ingest (NLP) Visualizations Decision Making
Automated Data Ingest Analytics Event Triggers
1to 1 User GUI Rules Based ML

Recommendation Engine

Machine Learning Complexity
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Thank you

Gary Shorter

Gary.Shorter@IQVIA.com
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