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The Problem



wo fundamental challenges to drug R&D

million

Attrition problem Innovation problem

Deloitte Centre for Health Solutions



https://www2.deloitte.com/uk/en/pages/life-sciences-and-healthcare/articles/measuring-return-from-pharmaceutical-innovation.html

Attrition: where things go wrong and what that costs
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Attrition: where things go wrong and what that costs

mut of 10 make it to apprm

. 50% 30% >@ 70% 0

Expense and failures in Phase 2/3
that drive the cost

Paul et al. Nat Rev Drug Discovery (2010)



ost late-stage failures are due to /ack of efficacy

Phase Il failures
(2008-2010)

Phase lll failures
(2007-2010)
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Efficacy
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Strategic Misc.
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Efficacy
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Arrowsmith Nature Reviews Drug Discovery (2011)




Attrition: where things go wrong and what that costs

Decisions
made here...

..Influence success here!

50% 30% >@ 70% ﬂ

Paul et al. Nat Rev Drug Discovery (2010)



A Solution



We relied on preclinical models to pick targets and estimate
efficacy in heterogeneous human populations




Humans are the "model organism” of choice for new targets and

precision medicine
But today...

l

Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)

Discovery.




A model



Pick a human
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Pick a human

phenotype for drug
efficacy

Target-indication pairs
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Nelson et al Nature Genetics 2015



Pick a human

phenotype for drug
efficacy
o High X
% Identify a series of
5 X alleles with range of
S X effect sizes in humans
& X (but of unknown
- function)
= X
& X
33:5 Low
GOF LOF

Gene function
Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)



Pick a human

phenotype for drug
efficacy
Efficacy
o High
% Assess biological
o function of alleles to
GC) estimate “efficacy”
& response curve
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GOF LOF

Gene function
Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)



Pick a human
phenotype for drug

efficacy

Efficacy

Toxicit
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Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)



Pick a human New target for drug screen!

phenotype for drug
efficacy
Efficacy
. Toxicity
High
S
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% This provides evidence for the
£ therapeutic window at the
c beginning of the drug discovery
e journey.
:E Low
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Gene function
Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)



It IS not common or rare...

It IS common and rare variants



An example In
Immunology



Example of allelic series model: TYKZ2

= TYKZ2 is an intracellular signaling molecule (next slide)

= Rare, complete human knockout is associated with
Immunodeficiency and risk of infection

= Common protein coding alleles reduce TYK2 function
and protect from risk of autoimmune disease (e.q.,
psoriasis, RA, SLE, IBD)

= Same common alleles do not increase risk of infection



IL23 signaling and psoriasis
IL23A (IL-23p19) {} I 128 (IL-12p40)

O’Shea and Plenge Immunity (2012)



nature
genetlcs

LETTERS

https://doi.org/10.1038/541588-018-0216-7

Fine-mapping and functional studies highlight
potential causal variants for rheumatoid arthritis

and type 1 diabetes

Harm-Jan Westra'?3452°, Marta Martinez-B
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SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

AUTOIMMUNITY

Resolving TYK2 locus genotype-to-phenotype
differences in autoimmunity

Calliope A. Dendrou,’ Adrian Cortes,"? Lydia Shipman,' Hayley G. Evans,’ Kathrine E. Attfield,’
Luke Jostins,? Thomas Barber,’ Gurman Kaur,? Subita Balaram Kuttikkatte,? Oliver A. Leach,’
Christiane Desel,’ Soren L. Faergeman,’* Jane Cheeseman,® Matt J. Neville,>® Stephen Sawcer,’
Alastair Compston,” Adam R. Johnson,® Christine Everett,® John I. Bell,’ Fredrik Karpe,>*

Mark Ultsch,® Charles Eigenbrot,® Gil McVean,? Lars Fugger'>**

CD4* NaiveT

P399 [ P1104A allele that protects
from autoimmunity is
associated with ~80% loss-
of-function (LoF) in C/C

ey homozygous state
G/G C/G C/C




Same LoF allele has no obvious increased risk of infection

r
Rs34536443 genotype 3 80 0/ L F . L
e o LOIr IS ;
G/G G/C c/C Total : ; :
: not associated :
norma I In UK. Biobank 105,794 10,689 249 116,732 T . .
(90.63%) (9.16%) (0.21%) (100%) - Wlth IN Creased E
Mycobacterial 20 3 0 23 E | nfe Ct| on 1
w (86'96%) (13'04%) (0'00%) .llIIIIIIIIIIIIIIIIIIIIIIII:
C Specific bacterial 54 5 1 60
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e
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Dendrou, et al. (2016)
k) Y=, k), Science Translational Medicine




P1104A protects from multiple autoimmune diseases

Ps RA SLE T1D AS CD UC MS JA PBC

P1104A  wwssow

OR (of minor allele)
Protection Risk
. . > No prior
- - evidence of
0.5 0.75 1|_0 125 15 association

No association Dendrou, et al. (2016)

Science Translational Medicine




But /684S variant shows a more complicated pattern!

Ps RA SLE T1D AS CD UC MS JJA PBC
P1104A  Rs34536443

Rs9797854

[684S Rs12720356

OR (of minor allele)
Protection Risk
. _ > No prior
- - evidence of
0.5 0.75 1i0 125 15 association

No association Dendrou, et al. (2016)

Science Translational Medicine
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Cyt"-
CytR

TYK27-

Therapeutic hypothesis:
Partial inhibition (~80%) of TYK2
will protect from autoimmunity
without risk of infection
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But matching modality with
mechanism is challenging,
especially selectivity over JAKs
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HTS assay was used Iin
a phenotypic screen to
find selective inhibitors of
TYKZ2 over other JAKs

TYK2*
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<+ Placebo - 3 mgevery otherday - 3 mgdaily | -« 3 mgtwice daily —« 6 mgtwicedaily -+ 12 mg daily

A PASI 75
100+
90

Patients with PASI 75 (%)

End of intervention period
i
|

PASI75 ~75% |

5 PASI 90

Patients with PASI 90 (%)

100+
90
80
70—
60

End of intervention period

Papp et al (2018) NEJM



Emerging resources



Mendelian
randomization



Mendelian randomization: nature’s clinical trial

Randomized controlled trial

Randomization into groups

N

Intervention

Control

'

'

Protein biomarker Protein biomarker
lower HIGHER
Disease risk Disease risk
lower HIGHER




Mendelian randomization: nature’s clinical trial

Randomized controlled trial

Mendelian randomization

Randomization into groups
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. Genetics can bridge biomarker with clinical data,

" establishing a causal link for drug discove

Causal Intermediate Disease
{ Genotype :> traits :> outcome

pathway

Data _[ Genotyping, Protein levels, Clinical
sequencing functional assays data

\ Genotype-biomarker association studies ,

Relevant ‘ Genotype-disease association studies

studies ‘ Epidemiology studies

¢ Confounder Dx

G—>|—>D‘ VS. G—>|




Large-scale proteomic databases are limiting

Causal i; Intermediate Disease
pathway { Genotype traits E> outcome

Data _[ Genotyping, Protein levels, Clinical
sequencing functional assays data
\ Genotype-biomarker association studies ,
Rele\_/ant | Genotype-disease association studies ,
studies

| Epidemiology studies ,

¢ Confounder Dx

G_>I_>D‘ VS. G_>|




Emerging resource of pQTLs for MR

* Tested 3,622 plasma proteins in 3,301
healthy individuals from INTERVAL
population cohort

* [dentified 1,927 genetic associations
with 1,478 proteins

 Example: /L-6R RA protective allele
increases slL-6R levels (see figure) but
decreases membrane-bound IL6R

* Therapeutic hypothesis: preventing
IL-6 signaling through IL-6R via
blocking antibodies should treat RA
symptoms

Sun, Maranville et al (2018) Nature
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Mendelian randomization establishes a causal link

between IL-6 pathway and risk of rheumatoid arthritis

v

G—1—D]

IL-6R minor — Less membrane IL-6R — Protection
variant and less signaling from RA

Thus, therapeutic targeting of IL-6R should
be beneficial in treating RA patients



Tocilizumab mimics mutation by reducing IL-6R signaling
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Phenome-wide

associlation study
(Phe\WAS)



- EHRs, Claims .
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cohort . | ‘
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nature LETTERS
genetlcs https://doi.org/10.1038/541588-018-0216-7

IFIH1 gene

Fine-mapping and functional studies highlight
potential causal variants for rheumatoid arthritis
and type 1 diabetes
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PheWAS example: IFIH1, autoimmunity, asthma

» PheWAS in ~800,000 individuals from Vitiligo  —il-
four population cohorts T1D -
* Tested 25 SNPs for association with
1,683 clinical endpoints Psoriasis —l-
* 10 novel associations discovered SLE -
« Example: IFIH1 LOF allele protects
from autoimmunity (known) but Asthma ]
increases risk of asthma (novel finding) UC -
e Therapeutic hypothesis: inhibiting IFIH1
may be effective in some autoimmune I | | I |
diseases but may make asthma worse 07 08 09 1 11
Odds ratio

Diogo et al (2018) Nature Communications (in press)




Predicted impact of therapeutic inhibition of |FIH1

Efficacy Vitiligo -l
High _ TD - |
Toxicity o :
Psoriasis -
| SLE - 5
: Asthma o

GOF LOF

| | | | |

07 08 09 1 1.1

Beneficial effect for some autoimmune <«<—— (Qdds ratio —»

diseases, but increase risk of asthma and UC efficacy safety



FinnGen is a unigue PheWAS resource
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INn conclusion



= The pharmaceutical industry needs human genetics
= Human genetics increases probability of success >2-fold

= An “allelic series” model can be used to
—prioritize new targets
—match modality to mechanism
—select pharmacodynamics biomarkers
—determine clinical indications

= TYKZ represents a compelling example in human immunology
= MR and PheWAS represent emerging resources
= ( See back-up slides for more details! )



Questions?

o T X S

4
¢

@rplenge



