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>90% of drug programs fail clinical trials because we pick the wrong targets
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Drug targets with human genetic support have higher success rates

nature

The support of human genetic evidence for approved FZiies
drug indications

Matthew R Nelson!, Hannah Tipney?, Jeffery L Painter!, Judong Shen!, Paola Nicoletti®, Yufeng Shen®4,
Aris Floratos**, Pak Chung Sham®¢, Mulin Jun Li%?, Junwen Wang®7, Lon R Cardon®, John C Whittaker? &
Philippe Sanseau?
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Mendelian Disease:

Nursinersen (Spinraza®) as a treatment for Spinal muscular atrophy

Spinal muscular atrophy Therapeutic hypothesis: Nusinersen antisense-
SMN2AT splicing &4 -> SMN protein oligonucleotide therapy
= svN2A7-ASO;,

+ CS3A Ph2 study in SMA infants:
proof-of-biology

« ENDEAR Ph3 study in SMA infants:
motor function & , event-free survival

*  NURTURE Ph2 pre-symptomatic study:

PR all participants reach motor milestones
nurture

« SMA severity correlates
. cause: homozygous delSMN1 with SMN residual levels * 1000s SMA patients on treatment

*  SMNZ2 nonfunctional « Can modulating SMN2

. . * newborn screening implemented
due to alternative splicing splicing help in SMA? v noimp
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Complex Disease:

Identification of causal gene from GWAS loci is not trivial

Some loci are discrete
with only one gene embedded
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However, most loci have dozens of genes
making causal gene/variant identification difficult
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The challenge: 1. What’s the causal gene in a GWAS locus?
2. Is it a suitable drug target?

cis-QTLs

trans-QTLs
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Omics Evidence helps closing gaps between genes (= Targets) and Disease

g, PD GWAS
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Yet: Data have yet been missing to directly the genome and the proteome

Proteins are the targets of most drugs, culprits of disease, and relied on as intermediate biomarkers,
but we know little about how their levels are influenced by variation in the genome
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Genomic atlas of the human plasma

proteome « 1,927 pQTLs (p<1.5 x 10-")
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Myostatin (GDF8), a plasma protein and drug target for neuromuscular disease

Plasma myostatin (GDF8) is a
target for muscle wasting disease

AGDF8 causes muscle hypertrophy

.GDF8111
: GWAS associate

i GDF8/11-receptor
ACVRZ2B with hand-grip

:| I: ActRIIB strength

Therapeutic hypothesis:
GDF8 in plasma &4 -> muscle growth

The impact of modulating myostatin

pathway is being tested in clinical trials

GDF8/11  Activin A/B BMP9

A (

Bone and blood

- vessel development
BIIB110 P

BlIB110: extracellular ActRIll domain with BMP9-
sparing hinge for improved efficacy & safety

BIIB110 is currently in a Phase1a study

Potential for complementary benefit
when used combined with SPIRAZA



Myostatin levels and function underlie genetic control by GASP1 (WFIKKN2)

Plasma levels of GDFS8,
GDF11 and GASP1 (WFIKKN2)
are genetically controlled
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rs11079936-C= GASP1 &3= myostatin

Mass spec proposes a
GASP1/GDF8/GDF11 complex
regulating GDF8 activity

In silico prediction
of protein complex
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BIIB110

GASP1: a new target modulating

GDF8/11 function and/or BIIB110 efficacy



We use genetics to predict targets that will be safe and efficacious in humans

Genetic dose

Target ID and Lead Early Phase ll-lll
Validation Optimization Development Clinical Trials

We aspire We determine
to determine dose-response In clinical trials,
dose-response at the time  after many years and millions
of target ID and validation of dollars



Biobanks that link genetic with health outcomes provide the source data
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Deep phenotypes in biobanks enable more comprehensive target assessments

g -
Genetics - N
Phenome-wide association studies
(PheWAS)
disease-agnostic Testing the association of selected SNPs with

. a large list of phenotypic endpoints
population J PRENOLPIE enep

Phenotype 1 —» xrisk

Phenotype2 —» xrisk

Phenotype 3
SNP X
. Phenotype 4
,,Real-World phenotypic Data* Bl surrogate
Phenotype 5 —» frlSk for
Phenotype 6 toxicity

Phenotype n

*

GWAS self
traits EHRs EMRs reports



Is all this data of any concrete use for drug discovery and development?
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Phenome-wide association studies across large
COMMUNICATIONS population cohorts support drug target validation Dorothee Diogo




Can we inform on drug target safety / efficacy through
meta-PheWAS across multiple large real-world biobank cohorts?

UK Biobank v1 FINRISK
654 90 278 870
disease endpoints disease endpoints disease endpoints disease endpoints
self reports self reports, EHRs pediatric EHRs
P medical interviews (ICD) (ICD)

N=671,151 + N=112,337 + N=21,371 + N=12,044

Study outline: 25 SNPs in 19 drug targets across indication -> 4 RWD cohorts + 44 GWAS

Diogo,..., Runz; Nature COMMS 2018



Phenotype mapping for ,,meta-PheWAS“ in 700k individuals

Diogo,..., Runz; Nature COMMS 2018



PheWAS help validate hypotheses, propose novel indications and hint at AEs
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Genetic follow-up to PheWAS can help validate or rule out hypotheses
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Conclusions: meta-PheWAS across “real-world data” cohorts can inform
drug discovery on efficacy, alternative indications and safety risks
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We contribute to establish the framework for optimally utilizing human data
and improved discovery of novel medicines
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Are such investments delivering any value?
“YES - clearly for nominating new targets”
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Are such investments delivering any value?
“WE HOPE SO — to change how drugs will be developed in the fiture”

We aspire to test therapeutic hypotheses in “Virtual Clinical Trials”

Imagine we’d never have to run trials Imagine we’d know early which patients benefit
to test if ActRII2 or GASP1 improve SMA? the most from a drug, where and why?

Shows the number of events in
regions where UK Biobank
assessment centers were
recruiting partecipants

ICD code: G12 - Map o
Spinal muscular atrophy
and related syndromes
MSTN,, MSTN,
SMN1,/ SMN1,/

MSTN,, MSTN, RISTEYES (Andrea Ganna, FIMM)
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