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Outline

* Why safety?
* What are key causes of safety failures?
» How will artificial intelligence help?

* Where are the key gaps?
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Safety Failures in the Clinic

2006

Ehe New JJork Eimes

British Rethinking Rules After I11-
Fated Drug Trial

Hy ELISABETH ROSENTHAL

In February, when Rob O, saw the text message from Parexel Interational pop up on
iz cellphone in London — “healthy males needed for a drug trial” for £2.000, about
$3.500 — it seemid like 2 harmless opportunity to make sone mueh-needed cash.
Parexel, bazed in Waltham, Mass., contracts with drog makers to test new medicines.

Just weeks later, the previoushy healthy 31-vear-old was in intensive care at London's

Twick Park Hospital — wi ing directly into his heart and arteries, on
dialysis, his imemune system, liver, kidneys and langs all failing — the vietin of a drag

trial gone disastrously bad,

One of six healthy young men to receive TGN1412, a novel type of immune stimulant
that had never before been tried in lumans, Rob O took part in a study that is
sending shock waves through the research world and causing regulators to rethink
procedures for testing certain powerful new drugs.
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End of Drug Trial Is a Big Loss for Plizer
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Drug company Merck has
removed its arthritis
painkiller Vioxx because of
Business 00t showing an increased
risk of heart attack and
Politics o 0o

Medicalnates Patients currently taking the

drug should contact their

dactor to discuss stopping and

switching to al i
Technalogy treatments, experts said.

Entertainment
Abso in the news A three-year trial showed an increased risk of cardiovascular
events began after 18 months of Vioxx treatment.

COX2 Inhibitor
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5R framework increased the R&D productivity

a Project success rates

Right target

* Strong link between target and disease
* Differentiated efficacy
* Available and predictive biomarkers

Right tissue

* Adequate bioavailability and tissue exposure

* Definition of PD biomarkers

* Clear understanding of preclinical and clinical PK/PD
* Understanding of drug—drug interactions

Right safety

* Differentiated and clear safety margins

* Understanding of secondary pharmacology risk

* Understanding of reactive metabolites, genotoxicity and drug—drug interactions
* Understanding of target liability

Right patient
* |dentification of the most responsive patient population
* Definition of risk-benefit for a given population

Right commercial potential

* Differentiated value proposition versus future standard of care
* Focus on market access, payer and provider
* Personalized health-care strategy, including diagnostics and biomarkers

Impact of a five-dimensional framework on R&D productivity at AstraZeneca
P. Morgan, et al; Nature Reviews Drug Discovery 17, 167-181 (2018)
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What is Causing Safety Failures

Lessons learned from the fate of AstraZeneca's drug pipeline: a five-dimensional framework.
D. Cook, et al; Nature Reviews Drug Discovery 13, 419-431 (2014)

Confidence in safety

Numerous causes

Safety causes for candidate drug terminations of safety attrition, 100
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q Build confidence in safety at the point of design

Once a chemical is synthesized, its properties are, for the most part, fixed. All that remains is to discover what they are.

High Medium Low
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Machine Learning and Al

ARTIFICIAL
INTELLIGENCE

MACHINE

LEARNING

OQ LEARNING

1950's 1960°'s 1970's 1980's 1990s 2000s 2010's

Since an early flush of optimism in the 1950, smaller subsets of artificial intelligence - first machine learning, then
deep learning, a subset of machine learning - have created ever larger disruptions.
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So what’s the big deal about Al?

News & Comment  Resea

« Artificial Intelligence has the
Software beats animal tests at predicting toxicity il f

of chemicals capability to transform drug

Machine learning on mountain of safety data improves automated assessments. Safety

v * Need to separate the reality from

the hype

llllllllllllll

Legal tussle delays launch of huge
toxicity database

How to design a safer chemical

Why the historic deal to expand US
chemical regulation matters
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Areas for investment in Artificial Intelligence

Al 1S BECOMING THE FOUNDATION OF ACCELLERATED, LARGE SCALE COMPUTATIONAL ANALYSIS AND INTEGRATION

. Translation
Molecular Design

Improved understanding of the
translation of preclinical signals to
patient populations

maximize Tl through improved
modelling, SAR, in silico screens

TUTUTY

> WIFTH
Improved hazard detection

Early, fast, better detection of organ

safety risks; 3 R’s

The impact of Al will come from big data analysis, modeling and image analysis
N Greene, Data Science and Al, DSM, IMED Biotech Unit, AstraZeneca, Boston

Target Selection

Literature and competitor
information mining; in house
pharmacology



Target Identification & Selection

Choose the right target
» Understand the broader risks of modulating a target

» Using Al for literature and competitive intelligence
mining by NLP

» Drug target liability scoring from knowledge graphs vs
major organs according to patient context
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Hazard Detection

Collage of some medical imaging applications in
which deep learning has achieved
state-of-the-art results.

From top-left to bottom-right:

mammographic mass classification
segmentation of lesions in the brain,

leak detection in airway tree segmentation,
diabetic retinopathy classification

prostate segmentation,

nodule classification,

breast cancer metastases detection,

skin lesion classification

bone suppression

CONOIOAROWON=
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Al in Pathology Studies

 Different approaches for different problems
» Consistency over large data sets and studies
 Big data generation will enable insights that are greater than the sum of the parts

s A
utational analysis Novel insights

Imaging modalities Comp
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Using Al in Pathology

* ~80% of tissue slices read from a study are “normal”

* Using image analysis and Deep Learning it will be possible to reduce the time taken to
read a study

» Data storage, however, will be non-trivial. Estimate 1.5TB of images per year.

Run Al Classifier

= Al training

&
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Translation

« The ability to put the safety signals we see preclinically into context with
knowledge of the patient
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System/organism
understanding and
simulation

Analytics Tools




Artificial Intelligence in Drug Discovery

Y Productivity

* Prosecuting more projects without a linear increase in
cost

Exploring more chemical space in the hunt
for the best leads

» Greater opportunity for exploration over exploitation
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Applications of Al in Molecular Design

What to make next? How to make it?

De novo design Synthesis planning
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Molecular Design

 Drug discovery is a multi-parameter optimization problem
» Balance of efficacy/potency, ADME and safety

PDE-4 inhibitors are linked to o —
emesis and vasculitis o D1 activity is linked to tremor
Primary pharmacology Secondary pharmacology |

Origins of adverse
safety profile
Physicochemical properties / \|

Metabolites Chemical structure |

Lipophilic basic compounds at risk of: v Clozapine causes agranulocytosis
Phospholipidosis and forms reactive metabolites
QT interval prolongation /_N/_\_% <{_J
N—
O cl . . H
SO e ﬂ?@ Need to find the optimum chemical
Terfenadine Clozapine

space to work in
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Therapeutic index is often uncertain

Off-target
potency
]
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Progression through drug development

Muller & Milton (2012). Nat Rev Drug Discovery Find productive chemistry space early

The safety and efficacy of a drug candidate needs to be well balanced
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Absorption-Distribution-Metabolism-Excretion (ADME)

adapted from S.Winiwarter et al. Use of Molecular Descriptors for ADME Predictions. Compr.
Med. Chem. Il, D.J.Triggle & J.B.Taylor, Eds., Vol. 5, Elsevier, 531-554 (2007)
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Key Gaps

Accurate prediction of human PK will lead to:
« Better understanding of clinical feasibility
» Better estimates of therapeutic index

» Better use of resources in producing clinic-ready material

Figure 1 Mean Steady State Tipranavir Plasma Concentrations
(95% CI) with Ritonavir Co-administration
(tipranavir/ritonavir 500/200 mg BID)
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Summary
» Data, and the knowledge gained from it, are one of a company’s most
valuable asset

» The volume of data generation is growing almost exponentially and is rapidly
outstripping our capacity to digest all the information

« Artificial intelligence will enable us to exploit and maximize the value we get
from our data

* Drug discovery is a multi-parameter problem that requires the ability to think
in multiple dimensions

» Safety, ADME are as (more) important as efficacy/potency
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