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researchers
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““Machines will not replace phy;iéfans, but physitiaps using Al will soon

~

replace those not using it”’ S~

N

Antonio Dilera THE LANCET researchers

https://www.thelancet.com/journals/lancet/article/PlISO140-6736(19)32626- | /fulltext
Nov 15, 2019: DOI:https://doi.org/10.1016/50140-6736(19)32626-1
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2.

Not all Als are created equal: e.g. ML is domain-specific

or models of known
“somethings”.

It needs “training sets”

ML matches and
classifies against
known scenarios.

ML does not predict
or offer “unknown-
unknowns”.
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But...Medicine has

MANY MOVES and

MANY ELEMENTS




A different Al doctrine: Machine Building
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How Project Prodigy™ works

Data ingestion and extraction.

48 categories;
Over 30 sources

Individual profile building.
Over 2 MM profiles.

48-dimensional profile for every

drug, disease, gene, side effect etc.

Database generation.

All vs. All database of drugs-
diseases-genes-side effects

4.
Predictions.

Individual profiles are compared
and ranked, built again by
recombining their elements, and re-
ranked.

(AT

COss™ ‘
database




Use Case #1: Multiple Sclerosis - New targets/assets, 100 days

Problem Statement:

1. In MS, can we find N@W ta I‘ge‘ts

and then new therapeutic entities?

2. We want a different CIaSS than

auto-immune drugs that have major side
effects.

3. We need this V€@ I‘y qUiCkIy.

1

Classical Hypothesis: Auto-Immune MoA
OBVIOUS

2

New Hypothesis:
Mitochondrial dysfunction MoA

NON-OBVIOUS 4

]

» United States Patent = US 10,172,854 B2
&) Date of Patent *Jan. 8, 2019
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ATOPIC DERMATITIS

Linked to
@ Genes 5804
@ Pathways 806
‘ PTMs i
@ Cell Lines 792
@ Lipids 10
@ Diseases 6289
@ Adverse Events 2832
@ Cell Types 255
Physiology Terms 381
@ Anatomical Locations 501
Tissues 99
@ Fluids & Secretions S0
Biomarkers 59
Diagnostic Procedures 589
Drugs 1928
o Compounds 2574
Nutritional Supplements 1201
MESH Headings 1211

@ Organisms
Microbiome -

Use Case #2: Atopic dermatitis target ID and initial chemistry

1. ldentified
and ranked
5,804
targets.

|dentified 9
initial
chemistries.




Use Case #3: Nieman Pick A target ID and initial chemistry

SOCIAL MEDIA B2 My oot | L ETHITT €3 Add to Coogle ||INNNTASERE| &Y windows tive| €3 net

Biovista announces strong preclinical results for two drugs targeting Niemann-

Pick Disease Type A Andreas Persidis
Biovista Inc
2421 lvy Road
1ces strong preclinical results for two drugs targeting Niemann-Pick Disease Type A identified by Charlottesville VA, 22903
ct Prodigy +1.434.971.1141

m m Be the first of your friends to like this hiip://www.Diovista.com BiOViSta / OChoa

Online PR News — 12-January-2017 - Charlottesville, VA, Jan 11th, 2017 — Biovista Inc. today announced that two

drugs targeting Niemann-Pick Disease Type A (NPA), have shown strong positive results in the Acid Ce nter for M (@) | ecu Ia r
Sphingomyelinase ASM knock-out (ASMKO) mouse model. Both repositioning candidates (BVA-801A and BVA

9018 d by boratory of Dr. M.D. L <

esma at the Madrid Center for Molecular Biology "Severo Ochoa" B' | M d 'd
(CBMSO) promo ificant sphingomyelin hydrolysis in vitro in hippocampal ASMKO mouse neurons. The drug |O Ogy a I’I
candidates were identified using Biovista's Project Prodigy big data inference engine in drug repositioning mode

"We are pleased with this latest positive outcome from Project Prodigy and these initial results that confirm the
ficacy of these two candidates, in particular because we are seeing significant hydrolysis of
alin. We will continue working with both candidates to further confirm the purported mechanism of action
tify expected efficacy before we proceed with our IND application® said Andreas Persidis, Ph.D., CEO of
"We are also happy that our collaboration with Wylder Nation Foundation (WNF) that started with the 2015
cience challenge hosted by the Rare Genomics Institute has yielded these early success results” added

°
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animal model that

cure for NPA patients® said Dr Ledesma. "We remain very optimistic about the potential that one of these drug
candidates wil significantly improve the most severe neurological manifestations of Niemann-Pick Type A, and we
are currently in the process of planning in vivo studies to further validate these initial in vitro results,* said Steven
Laffoon, Co-Founder and President of Wylder Nation Foundation

Lano




Use Case #4: Prioritizing assets — optimal asset use
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Six Assets: Prioritize/Predict

Performance:

Benefit: 64%, 3-5 years prior
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Use Case #5: Prioritizing indications for repositioning

ALK: 11,904 papers; How many diseases?

397 Days (30 papers /day) to extract/FTE

National Library of Medicine

National Center for Biotechnology Information

1953

Abstract
Free full text

Full text

Vallejo Pareja MA, Brito Garcia N, \

Log in

Sorted by: Most recent |

ed by RET (n=5), ROS1 (n=3), NTRK3
cluding ALK, EGFR, FGFR1, FGFR3, MET,

Fibromyalgia

Miquel C, Almirall Bernabé M, Casanueva

urto P, Palao Tarrero A, Trillo Calvo E,
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e (D246
e MUTANT ANAPLASTI...

Resources

Wikipedia
NCBI Entrez
NCBI Gene
UniProt

Gene Ontology
MESH
Reactome
KEGG

2,641 disease set
“seen” in 0.1 sec,
updated
constantly
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Use Case #6: Post Covid-19, targets and rapid prototype drugs

Same outcome: e.g. ARDS

*
*

{ Mechanistic trigger: } Converging steps

Mechanistic trigger:
Unclear- multiple steps.

Unknown-multiple steps.

Underlying condition:
SARS-Cov2

Underlying condition:
COPD

Different starting points

15



The world before and after Covid-19

CoVer Date:
15 May 2017
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Cover Date:
27 June 2020

Lasting Impacts

A SURPRISING NUMBER OF COVID-RECOVERED PATIENTS
DEAL WITH AN ARRAY OF TROUBLESOME SYMPTOMS,
WELL AFTER THE DISEASE IS GONE

THE MOST WORRYING
CORONAVIRUS VARIANTS ’

ALZHEIMER'S BLOOD TEST

FOREVER CHEMICALS IN
US DRINKING WATER

Covef Date:
April 2021
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Core idea: Use Covid-19 as the new starting point to develop

medicines for other diseases.

Pan/epidemic population

Complication

General population

What is a PASC
complication in Covid-19

is a stand-alone disease
already. Examples:

ARDS

Epilepsy

Kawasaki

Kidney dysfunction
Myasthenia
Pancreatitis

17



Learning from different starting points
N 3 W X Q G Lo

What is the
“Convergent
Universal Target”
from these
starting points?




INNATE IMMUNE RE.,

SECRETION

COMPLEMENT ACTIVATION

APOPTOTIC PROCESS

FIBR N
COLLAGEN BRONEEIIN

SPIKE GLYCOPROTEIN ENDOTHELIAL DYSF

BRADYKININ




Three different starting points: One new target set.




COPD SARS-COV-2
Linked to Linked to
@ Genes 9455 @® Genes 2221
@ Pathways 1041 @ Pathways 330
@ PTMs 36 @ PTMs 14
@ Cell Lines 1141 @ Cell Lines 458
@ Lipids 79 @ Lipids 25
@ Diseases 7022 @ Diseases 3340
@ Adverse Events 3192 @ Adverse Events 1790
@ Cell Types 278 @ Cell Types 166
Physiology Terms 449 Physiology Terms 293
@ Anatomical Locations 567 @® Anatomical Locations 343
@ Tissues 109 ' Tissues 70
@ Fluids & Secretions 50 @ Fluids & Secretions 37
Biomarkers 86 Biomarkers 20
Diagnostic Procedures 1067 Diagnostic Procedures 534
& Drugs 2081 ' Drugs 871
@® Compounds 2077 @ Compounds 447
Nutritional Supplements 684 Nutritional Supplements 343
&) MESH Headings 12739 ) MESH Headings 5728
@ Organisms 169 @ Organisms 80
' Microbiome 87 ¢ Microbiome 22
Synonyms Synonyms
@ CHRONIC AIRFLOW ... e 2019-NCOV EPIDEMIC
e CHRONIC AIRWAY D... e 2019 NOVEL CORON...
e PULMONARY DISEAS... e COVID19
e CHRONIC OBSTRUCT... e HCOV-19
e HYPERACTIVE AIRW... e 2019-NCOV
e OBSTRUCTIVE PULM... e CORONAVIRUS DISE...
e CHRONIC AIRWAY O... e SEVERE ACUTE RES...
e CHRONIC OBSTRUCT... e SARS-COV-2 INFEC...
e COPD - CHRONICO... e COVID-19
e COPD, CHRONIC OB... e COVID-19 VIRUS I...
e CHRONIC OBSTRUCT... ® SARS-COV2
e CHRONIC IRREVERS... 5

2019 NOVEL CORON....

Current data for just the first patient group: ARDS

Raw data:

18,003 initial triggers

Deep triage:

New target family
Four initial NTE candidates
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® HUMAN ARDS _
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Use case #7: Benefit AND Risk
Linking target biology to SAEs

A== Diabetes Care

Home | Current Issue  Archive | Contact Us | Subscribe Help Alerts Podeasts O 0 0O

/

@ CrossMark [ This Article

Hypothyroidism Is a Risk Factor for New-
Onset Diabetes Mellitus: A Cohort Study

s~ NEURO

DERISKING NEUROTOXICITY

@ Springcr Link

Naomi Gronich'fl, Spyros N. Deftereos”, Idit Lavi’, Andreas S. Persidis”,

Darrell R. Abcrnclh)“ and Gad Rennert’+*
+) Author Affiliations

W70

Corresponding author: Naomi G h, gronichn@clalit.org.il

Molecular basis of mood and cognitive adverse events
elucidated via a combination of pharmacovigilance data
mining and functional enrichment analysis

Abstract

+ Google Scholar
+ PubMed

OBJECTIVE To identify risk factors fo
mellitus (DM).

RESEARCH DESIGN A ses + Social Bookmarking
Phase one involved 1 of
biomedical data

wo, the

s ampali

Time-dependent Poisson re

rate ratios (RRs) with 95% Cls for DM «¢ [_LOXICO(0QgYy

PMID: 26070591 DOI: 10.2337/dc14-2515 2

https://doi.org/10.1007/500204-020-02788-1



https://doi.org/10.1007/s00204-020-02788-1

Benchmarking benefit AND Risk: 5-year study

Sample for Benefit: 103 drugs

AAAAAAAA
........

Sample for Risk : All approved APIs

AAAAAAAA

ROC Results*

Predictive Accuracy

Performance:

Benefit: 64%, 3-5 years prior
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Confidence Interval = 95%

Risk: 70%+, 5 years prior
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Novelty vs. Risk

Obvious; Known —) N on-Obvious

NEIEWIHE Significant-Explicit  Recent; Indirect  Sparse; Non-explicit

IP: Crowded; Unlikely Possible Available
Models: Multiple Few Unclear
Clinical: Available Starting N/A

Market: Follower Follower Leader

Type: | 1 11
Risk: No/Little Moderate Riskier

Reward: Follower Possible Very High



Summary

| have target(s):

Prioritization
SAE impact
Subpopulations

Indication audit

Novelty vs Obviousness

| need target(s):

MoA audit

Prioritization
SAE impact
Subpopulations

Novelty vs Obviousness

| need initial drugs fast

MoA matching

Prioritization
SAE impact
Subpopulations

Novelty vs Obviousness




Summary

Machine Learning
extracts what's already
there

Machine Building™
builds

possible answers
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THANK YOU!

FDA: Darrell Abernethy

Clalit: Naomi Gronich, Idit Lavi,

Gad Rennert
Biovista: Spyros Deftereos, Effie Lekka,

Vassilis Virvilis, Christos Andronis,

Andreas Persidis

Aris Persidis, arisp@biovista.com
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