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Open Targets

A partnership to transform drug discovery through the

systematic identification and prioritisation of targets
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Our Approach

We systematically use evidence to build therapeutic
hypotheses between targets and disease
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The importance of genetic evidence for drug success

The support of human genetic evidence for approved
drug indications

Matthew R Nelson', Hannah Tipney?, Jeffery L Painter', Judong Shen', Paola Nicoletti’, Yufeng Shen™,
Aris Floratos™, Pak Chung Sham®5, Mulin Jun Li*’, Junwen Wang®”, Lon R Cardon®, John C Whittaker® &
Phil 2

Are drug targets with genetic support twice as likely to be
approved! Revised estimates of the impact of genetic

support for drug mechanisms on the probability of drug
approval

Wate Daven, scob F Dagnar

¢ httpa:/idol.org/10.01101/51 3945

Drug ~8x more likely to succeed
if target identified in Mendelian
genetic evidence

Drug > 2x more likely to succeed
if target is supported by GWAS
evidence

- Nelson MR et al, (2015) Nat Genet.
Aug;47(8):856-60.

- King EA et al, (2019). PLoS Genet. Dec
12;15(12):e1008489.
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Are drug targets with genetic support twice as likely to be
approved! Revised estimates of the impact of genetic

support for drug mechanisms on the probability of drug
approval

Wate Daven, scob F Dagnar

¢ httpa:/idol.org/10.01101/51 3945

Drug ~8x more likely to succeed Human genetics evidence
If target identified in Mendelian supports 2/3 of the 2021 FDA-
genetic evidence approved drugs

Drug > 2x more likely to succeed Genetic evidence supports 63%

if target is supported by GWAS of new drugs approved in the
evidence past decade

- Nelson MR et al, (2015) Nat Genet. - Ochoa D, et al, (2022) Nat Rev Drug Discov.
Aug;47(8):856-60. Aug;21(8):551.

- King EA et al, (2019). PLoS Genet. Dec - Rusina, PV et al. (2023) Nat Rev Drug Discov.
12;15(12):e1008489. 2023 Oct.




The importance of genetic evidence for drug success

The support of human genetic evidence for approved
drug indications

annah Tipney?, Jeffery L Painter!, Judong Shen', Paola Nicoletti’, Yafeng Shen™*,
hung Sham®4, Mulin Jun Li*”, Junwen Wang®”, Lon R Cardon?, John C Whittaker? &

Are drug targets with genetic support twice as likely to be
approved! Revised estimates of the impact of genetic

support for drug mechanisms on the probability of drug
approval

Emily A K

Drug ~8x more likely to succeed
if target identified in Mendelian
genetic evidence

Drug > 2x more likely to succeed
if target is supported by GWAS
evidence

- Nelson MR et al, (2015) Nat Genet.
Aug;47(8):856-60.

- King EA et al, (2019). PLoS Genet. Dec
12;15(12):e1008489.

Human genetics evidence
supports 2/3 of the 2021 FDA-
approved drugs

Genetic evidence supports 63%
of new drugs approved in the
past decade

- Ochoa D, et al, (2022) Nat Rev Drug Discov.
Aug;21(8):551.

- Rusina, PV et al. (2023) Nat Rev Drug Discov.
2023 Oct.

Analysis
Refining theimpact of geneticevidenceon
clinical success

Labh Minikel, etfery L. Painter™*, Goco Ghengliang Dang® & Matthew . Nelson™ 4

Drug mechanisms with genetic
support have 2.6 greater
probability of success

“These results indicate we are
far from reaching peak genetic
insights to aid the discovery of
targets for more effective
drugs."

- Minikel, E.V. et al (2024) Nature
https://doi.org/10.1038/s41586-024-07316-0



The challenge of using GWAS for target discovery?

How do you go from a variant associated to disease to the

causal gene? Op en Tal’g ets
Genetics was
established to

Most disease associated variants are outside coding
regions

The causal gene is not necessarily the gene closest to the SyStematicaI Iy
associated variant address this
Sometimes variants can affect several genes Ch al Ie N g e

The lead variant reported may not be the causal variant

EES Open Targets



How do we predict causal genes (targets) for disease X from GWAS loci?

Locus2Gene Machine
Learning pipeline

Goal: provide a predictive
score for the most likely
causative genes underlying
each GWAS association

nawre
gencncs

An open approach to systematically prioritize
causal variants and genes at all published human
GWAS trait-associated loci

Edward Mountjoy ©**, Ellen M. Schmidt'*, Miguel Carmona”, Jeremy Schwartzentruber ©"4%,
Gareth Peat™’, Alfredo Miranda®!, Luca Fumis'®, James Hayhurst’, Annalisa Buniello®,

Nat Genet 53, 1527-1533 (2021).
PMID: 34711957

Statistical genetics analysis

Causal inference analysis
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How do we predict causal genes (targets) for disease X from GWAS loci?

Locus2Gene Machine
Learning pipeline

Goal: provide a predictive
score for the most likely
causative genes underlying
each GWAS association

gﬁ%ﬂcs ARTICLE!S

i 0 IOB AR 021 0OME S
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An open approach to systematically prioritize
causal variants and genes at all published human
GWAS trait-associated loci

Edward Mountjoy ©**, Ellen M. Schmidt'*, Miguel Carmona”, Jeremy Schwartzentruber ©"4%,
Garath Peat™, Alfredo Miranda®, Luca Fumis™, James Hayhurst™’, Annalisa Buniella®,

Nat Genet 53, 1527-1533 (2021).
PMID: 34711957
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How do we predict causal genes (targets) for disease X from GWAS loci?

Locus2Gene Machine
Learning pipeline

Goal: provide a predictive
score for the most likely
causative genes underlying
each GWAS association

ARTICLES
10341588 021008455

An open approach to systematically prioritize
causal variants and genes at all published human
GWAS trait-associated loci

Edward Mountjoy ©**, Ellen M. Schmidt'*, Miguel Carmona”, Jeremy Schwartzentruber ©"4%,
Gareth Peat™’, Alfredo Miranda®!, Luca Fumis'®, James Hayhurst’, Annalisa Buniello®,

Nat Genet 53, 1527-1533 (2021).
PMID: 34711957

https://genetics.opentargets.orqg/

EED Open Targets Genetics
©
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How do we predict causal genes (targets) for disease X from GWAS loci?

Locus2Gene Machine
Learning pipeline

Goal: provide a predictive
score for the most likely
causative genes underlying
each GWAS association

ARTICLES
10341588 021008455

An open approach to systematically prioritize
causal variants and genes at all published human
GWAS trait-associated loci

Edward Mountjoy ©**, Ellen M. Schmidt'*, Miguel Carmona”, Jeremy Schwartzentruber ©"4%,
Gareth Peat™’, Alfredo Miranda®!, Luca Fumis'®, James Hayhurst’, Annalisa Buniello®,

Nat Genet 53, 1527-1533 (2021).
PMID: 34711957

https://genetics.opentargets.orqg/

BE® Open Targets Genetics
©

Optimising our pipelines
& data

p: % Open Targets Gentropy

opentargets.qgithub.io/gentropy/

Python package for post-
GWAS analysis

EES Open Targets
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How do we prioritise the best targets for disease X?
https://platform.opentargets.org

Open Targets Platform Search...

Alzheimer disease

EFO: MONDO_0004975 | MeSH: DO00544 | UMLS: C0002395 | Orphanet: 238616 | NCIt: C2866

Associated Targets  New Associated Targets Profile
Q ° O API gquery Target-disease association = Target prioritisation factors
o
4 &
0\". B ‘b‘\'a (f-'&’ N s
& @ 0 () ]
o > S 5 cF"QO @‘9‘ 'a‘!s‘b & 6@\\ & s © @@" o Gl
& s &F F & & & . e§ & & 9,;@ o & o & &~ &
& & & < < & o = & o o & o > Y xS & & & ) A &
F & T LT E TS SFTT ST S EE
LELEE ¢ & & & & & F & F F & § T F & & F & &S
x o [ I I I I I [ I I T I I I I I x I
reeie 0 O0 O O O O O O OOODOD ODOOWOOOGOOOTUGOWOOO O
w Il @ e o o 00 o ® o ®
esen - [l L o o o o
orvt Il ® o
rsenz [l L o o
coxs |l ° °
Association score No data

[ e e —— Associations per page 50 « 1-50 of 4586 >

0.1 03 0.4 0.6 0.7 0.9

Open Targets


https://platform.opentargets.org/

How do we prioritise the best targets for disease X?

Q ¢ O API query Target-disease association Target prioritisation factors
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Open Targets Genetics

Genetic associations
Genome-wide associated loci prioritisating APP as likely causal gene for Alzheimer disease. Source: Open Targets Genetics

Q Download table as ~ JSON Tsv API query

S ————
\
Disease/phenotype Reported disease/phenotype Publication Study source  Variant ID (RSID) Variant Consequence Direction Of Effect’ 1 ¥ L26 score? 1
1 1
late-onset Alzheimers disease Late-onset Alzheimers disease  Wightman DP et al, 2021 GWAS Catalog 21_26148613_G_T (rs2154482) u!ﬂ Intron variant ? ? : 0.7662 :
1
Alzheimer disease Alzheimers disease de Rojas | et al, 2021 GWAS Catalog  21_26101558_C_T (rs2154481) Intron variant 2 0 l\ 076603 g

- -

Association score No data

L Open Targets
| | I Associations per page 50 v 1-50 of 4586 >
01 03 04 06 07 08



% PMC . oy
o Named Entity Recognition & . ., P
© o . & ) Q@ v’.\\
PO JU Deep Learning £ & & 3 e &
S & & & o Developed with Europe PMCto extract | o & & ¢ & & & o
Target & o & eveloped with Europe o extrac & F & E & E

target — disease — drug relationships PN

vf’(’o 3 0“;
wr [l @ ® O @® from the scientific literature o :.l o

Europe PMC Text mining
Text-mining method evaluating the strength of the association between APP and Alzheimer disease when they co-occur in the literature. Source: Europe PMC

Download table as =~ JSON TSV API query

Disease/phenotype Publication Year Score
Gene mutations associated with early onset familial Alzheimer's disease in China: An overview and current status.

QinQ, YinY,Wang Y, LuY, Tang Y, Jia J

Molecular genetics & genomic medicine 2020 8(10):e1443

‘q Hide summary ° Show abstract ° Show 12 match details
Open Al:
. i '—----------------------------------------------------\

Exploration of ) \ 2020 54

| Evidence summary 1

LLM for 1 The relationship between APP and Alzheimer's disease (AD) is significant, as mutations in the APP gene can lead to early-onset 1

t- I I familial AD (EOFAD). Abnormal cleavage of APP by secretases can result in the production of amyloid beta (AB) peptides, which are a :

conversationa 1 key component of amyloid plagues in the AD brain. Mutations in the APP gene have been identified in Chinese patients with EOFAD, 1

su mmaries of : leading to increased A production, altered AB42/AB40 ratio, and neurotoxicity, contributing to the development of AD. 1

. 1 Powered by OpenAl 1

evidence S
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Open Targets Platform Q Search... %K

A LT AU dE
R Clinical Precedence Tractability Doability Safety
Q o 3 O API query Target-disease association | Target prioritisation factors
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Known Drugs
Clinical precedence for drugs with investigational or approved indications targeting APP according to their curated mechanism of action. Source: ChEMBL.
Q‘Sem ch Download table as ~ JSON TSV API query
Drug information Disease information Clinical trials information
Drug Type Mechanism Of Action Action Type Disease Phase Status Source
ADUCANUMAB Antibody Beta amyloid A4 protein binding agent Binding agent Alzheimer disease Phase IV N/A FDA
TRAMIPROSATE Small molecule Beta amyloid A4 protein stabiliser Binding agent Cognitive impairment Phase IV Recruiting ClinicalTrials.gov
TRAMIPROSATE Small molecule Beta amyloid A4 protein stabiliser Binding agent Alzheimer disease Phase Il Unknown status ClinicalTrials.gov
GANTENERUMAB Antibody Beta amyloid A4 protein binding agent Binding agent Alzheimer disease Phase Il Terminated 5 references
DONANEMAB Antibody Beta amyloid A4 protein disrupting agent Binding agent Alzheimer disease Phase Ill Recruiting ClinicalTrials.gov
CRENEZUMAB Antibody Beta amyloid A4 protein inhibitor Binding agent Alzheimer disease Phase Il Terminated 3 references
ADUCANUMAB Antibody Beta amyloid A4 protein binding agent Binding agent Alzheimer disease Phase Il Recruiting ClinicalTrials.gov
LECANEMAB Antibody Beta amyloid A4 protein inhibitor Binding agent Alzheimer disease Phase Ill Active, not recruiting ClinicalTrials.gov
SOLANEZUMAB Antibody Beta amyloid A4 protein binding agent Binding agent Cognitive impairment Phase Il Active, not recruiting ClinicalTrials.gov
BAPINEUZUMAB Antibody Beta amyloid A4 protein binding agent Binding agent Alzheimer disease Phase Ill Terminated 5 references
Prioritisation indicator No data
Associations per page 50 = 1-50 of 596 < >
Unfavourable Favourable

== Open Targets
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Drug Label Extraction

Open Targets Platform

ML model to data mine drug labels
Developed by the ChEMBL team to
extract drug indications from FDA-
approved drug labels in DailyMed

E ADUCANUMAB

ChEMBL: CHEMBL 3039540

Profile

Description

Antibody drug with a maximum clinical trial phase of IV that was first approved in 2021 and is Indicated for aizheimer
disease.

Molecule type: Antibody

First approval: 2021

Max phase: Phase IV

Status: @ Approved

Fay | TS o Indications
Investigational and approved indications for ADUCANUMAB curated from clinical trial records and post-marketing package inserts. Source: ChEMBL
Known trade names; - Aduhelm
Q Download tableas  JSON TSV APIquery
@ Mechanisms of Action o Indications
Indication Therapeutic Areas Max Phase & Source
Alzheimer disease 2 areas Phase IV 8 entries

Clinical Precedence
Mechanisms of Action Clinical trial records, including curated indication and mechanism of action for ADUCANUMARB. Saurce: ChEMEL.
JMAB to produce inter

Q Downloadtableas  JSON TSV APlquery
Disease information Target information Clinical trials information

Mechanism of Action

Disease Symbol Name Phase Status. Source

Beta amyloid A4 protein binding agent
Alzheimer disease APP amyloid beta precursor protein Phase IV N/A FDA
Alzheimer disease ARP amylold beta precursor protein Fhase Il Recruiting Clinical Trials. g
Alzheimer disease ARP amyloid beta precursor protein Fhase Il Terminated 2 references
Alzheimer disease APP amyloid beta precursor protein Phase lil Active, not rec ClinicalTrials.gov
Alzheimer disease APP amyloid beta precursor protein Phase | Completed 3 references
Alzheimer disease APP amyloid beta precursor protein Phase | Terminated ClinicalTrials.gov

Rows perpage: 10  1-6of6

EES Open Targets
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Why were Clinical trials terminated?

Phase Status Start Date
Phase IV Terminated? 2018
Phase IV Terminated? 2009
Phase IV Study stop reason: Rofecoxib was withdrawn from the 2008

market due to safety concerns.

Phase IV Safety or side effects Insufficient enroliment 2009

Phase IV 2004
Phase IV Terminated® 2004
Phase llI Terminated? 2015
Phase Il Terminated? 2012
Phase IIl Terminated’ 2006
Phase III Terminated? 2014

Rows per page: 10 +

Source

ClinicalTrials.gov
ClinicalTrials.gov
ClinicalTrials.gov
ClinicalTrials.gov
ClinicalTrials.gov
ClinicalTrials.gov
ClinicalTrials.gov
ClinicalTrials.gov
ClinicalTrials.gov

ClinicalTrials.gov

11-20 of 38 IK

<4

Example: SCN9A and Pain

https://platform.opentargets.org/evidence/ENSG00000169432/EFO 0003843

Natural Language Processing (NLP) to

classify why clinical trials were terminated

Nature Genetics - Accepted

of genetics

David Ochoa

2. Exposurs: human genstic svidence

Oxies Rl
asur

Gh oGl Sgnnmsrer

Fhase v . BIBE  13pal-la

Al
.

isshsetm

Paase . =T 104101108,

Tt - 2701 07707108

Wihdaan - &0 oimeTaTa

Suppnd uvies

umercer|  —a— s 0ssmsas

CONnty | T e-E

192 08s 0T

e papriams

e~

TR ETE

o7 057 05768

g | —8— I L

Why Clinical Trials Stop: The role

Olesya Razuvayevskaya, Irene Lopez, lan Dunham and
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https://platform.opentargets.org/evidence/ENSG00000169432/EFO_0003843

Alzheimer disease

EFO: MONDO_0004975 | MeSH: DO00544 | UMLS: C0002395 | Orphanet: 238616 | NCIt: C2866

Associated

https://www.ebi.ac.uk/ProtVar/
a: T ez Launch of ProtVar resource
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Article | Open access | Published: 23 January 2023
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. 25k Accesses | 33 Citations | 84 Altmetric ‘ Metrics

Alexander Leitner, Petras Kundrotas E, Pedro Beltrao ™ & Arne Elofsson &

Nature Structural & Molecular Biology 30, 216-225 (2023) | Cite this article

isease/phenctype Reported disease/phenotype Publication Study source  Variant ID (RSID) Variant Consequence
zheimer disease Alzheimers disease or family history of Alzheimers disease Schwartzentruber J et al, 2021 GWAS Catalog 19_44908822_C_T (rs7412) BB oo vorion ) (BRI ocieased gene proouct et | (CRRRRD
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https://www.ebi.ac.uk/ProtVar/

Recruiting! Recruiting!

Developing foundation
models to analyse single-
cell perturbation data
Project Lead: Mo Lotfollahi
(Sanger)

Knowledge Extraction,
Representation, & usage
Project Leads: Barbara Zdrazil

(EMBL-EBI), Sebastian “\
Lobentanzer (UKHD) Some

Open Targets Al
Recruiting!  areas of research
| o interest
Using Al for predicting re | -
combination targets in m ! ﬂ
cancer j’% N T

Project Leads: Evangelia /’
Petsalaki (EMBL-EBI) & o

Mathew Garnett (Sanger)
Exciting opportunities!:

Digital Twins for disease
modelling
Project Leads: Sheriff
E Rahuman (EMBL-EBI) & Ellie
McDonagh (EMBL-EBI/OT)



https://www.opentargets.org/jobs

How we enable Al

» Provide integrated, standardised,
harmonised, open source data

« Cloud compatible (Google, AWS)

Complexity of
data query

Download all
pipeline input
and output

datasets

Export complex
SQL-like queries
with Google
BigQuery
Download data
table via web
interface

Access data via
GraphQL API
playground

Programmatic
skills required

A few external examples:

Han, Y. et al. Empowering the discovery of novel target-disease
associations via machine learning approaches in the open targets
platform. BMC Bioinformatics 23, 232 (2022).

Gogleva, A. et al. Knowledge graph-based recommendation framework
identifies drivers of resistance in EGFR mutant non-small cell lung
cancer. Nat. Commun. 13,1667 (2022).

Ye, C., et al. Knowledge Graph-Enhanced Tensor Factorisation Model
for Discovering Drug Targets. IEEE/ACM Trans. Comput. Biol. Bioinform.
PP, (2022).

Raies, A. et al. DrugnomeAl is an ensemble machine-learning
framework for predicting druggability of candidate drug targets.
Commun Biol 5, 1291 (2022).

4 )

Pistola 'Alliance

* KG & LLM project (led by Vladimir Makarov)

L Open Targets
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Generating new knowledge

- Addressing particular scientific - Associations from the Scientific

challenges (e.g. predicting literature - Provide integrated,
causal genes underlying - Clinical precedence standardised, harmonised,
GWAS associations) . Learning from clinical trial open source data

- Applying to scientific research failures - Open Source software
questions - Enhancing automation and +  Cloud compatible

reducing manual curation time

Enabling Therapeutic Hypothesis Generation For More Effective Disease Treatments
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