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ON DRUG R&D



The Problem



Average peak sales per asset 
has halved since 2010

-43%

Two fundamental challenges to drug R&D

Deloitte Centre for Health Solutions

+68%

Cost to develop an asset has 
increased by 2/3rd since 2010Attrition problem Innovation problem

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

1 out of 10 make it to approval

Paul et al. Nat Rev Drug Discovery (2010)

Discovery Pre-clinical Phase 1 Phase 2 Phase 3 Launch

~30 15 10 15 1.550% 30% 70%



Attrition: where things go wrong and what that costs

1 out of 10 make it to approval

Paul et al. Nat Rev Drug Discovery (2010)

Discovery Pre-clinical Phase 1 Phase 2 Phase 3 Launch

10 1550% 30% 70%~30 15

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

1.5



Most late-stage failures are due to lack of efficacy

Efficacy
(51%)

(29%)
Strategic

Safety
(19%)

(1%)
Misc.

Phase II failures 
(2008-2010)

Phase III failures 
(2007-2010)

(6%)
Misc.

(7%)
Strategic

Safety
(21%)

Efficacy
(66%)

Arrowsmith Nature Reviews Drug Discovery (2011)



…influence success here!

Attrition: where things go wrong and what that costs

Paul et al. Nat Rev Drug Discovery (2010)

Discovery Pre-clinical Phase 1 Phase 2 Phase 3 Launch

10 1550% 30% 70%~30 15

Decisions 
made here…

1.5



A Solution



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

It was…

Discovery Pre-clinical Phase 1



Humans are the “model organism” of choice for new targets and 
precision medicine

But today…

Discovery Pre-clinical Phase 1

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



A model
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Identify a series of 
alleles with range of 
effect sizes in humans 
(but of unknown 
function)

Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)
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Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)
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New target for drug screen!

This provides evidence for the 
therapeutic window at the 
beginning of the drug discovery 
journey. 

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



It is not common or rare…

It is common and rare variants



An example in 
immunology



§ TYK2 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.g., 
psoriasis, RA, SLE, IBD)

§ Same common alleles do not increase risk of infection  

Example of allelic series model: TYK2



Genetics

O’Shea and Plenge Immunity (2012)

IL23 signaling and psoriasis
IL23A (IL-23p19) IL12B (IL-12p40)

IL23R
TYK2

?



( low freq: A928V )

P1104A

I684S

TYK2 gene



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



Dendrou, et al. (2016)
Science Translational Medicine

Same LoF allele has no obvious increased risk of infection

normal

In
fe

ct
io

ns
~80% LoF is 
not associated 
with increased 
infection



P1104A protects from multiple autoimmune diseases

P1104A

Dendrou, et al. (2016)
Science Translational Medicine



But I684S variant shows a more complicated pattern!

P1104A

I684S

Dendrou, et al. (2016)
Science Translational Medicine



Complete 
TYK2 
knockout 
increases risk 
of infection

~80% LoF protects 
from autoimmunity 
but is not associated 
with infection



Therapeutic hypothesis: 
Partial inhibition (~80%) of TYK2 
will protect from autoimmunity 
without risk of infection



But matching modality with 
mechanism is challenging, 
especially selectivity over JAKs



~80%

HTS assay was used in 
a phenotypic screen to 
find selective inhibitors of 
TYK2 over other JAKs



Tokarski et al (2015) JBC

~80%

~80%

Retains 
selectivity 
over JAKs



50-80% TYK2 inhibition safe and effective in Phase 2 (psoriasis)

Papp et al (2018) NEJM

PASI75 ~75%

PASI90 ~45%



Emerging resources



Mendelian 
randomization



Mendelian randomization: nature’s clinical trial

Randomized controlled trial

Randomization into groups

HIGHER

HIGHER



Mendelian randomization: nature’s clinical trial

HIGHER

HIGHER

HIGHER

HIGHER

Randomized controlled trial

Randomization into groups

Mendelian randomization



Genetics can bridge biomarker with clinical data, 
establishing a causal link for drug discovery
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Large-scale proteomic databases are limiting
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Emerging resource of pQTLs for MR

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

• Identified 1,927 genetic associations 
with 1,478 proteins

• Example: IL-6R RA protective allele 
increases sIL-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

P = 7 x 10-1101



Mendelian randomization establishes a causal link 
between IL-6 pathway and risk of rheumatoid arthritis

I DG

IL-6R minor 
variant

Less membrane IL-6R 
and less signaling

Protection 
from RA

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



Tocilizumab mimics mutation by reducing IL-6R signaling

Soluble IL-6 
receptorIL-6

IL-6
gp130

Membrane 
bound IL-6 
receptor

Signal transduction

+

Tocilizumab



Phenome-wide 
association study 

(PheWAS)



Phenome-wide association studies (PheWAS)
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rs35667974 –
protects from T1D
rs72871627 –
protects from T1D
ATA haplotype –
protects from T1D

IFIH1 gene



PheWAS example: IFIH1, autoimmunity, asthma

• PheWAS in ~800,000 individuals from 
four population cohorts

• Tested 25 SNPs for association with 
1,683 clinical endpoints

• 10 novel associations discovered
• Example: IFIH1 LOF allele protects 
from autoimmunity (known) but 
increases risk of asthma (novel finding)

• Therapeutic hypothesis: inhibiting IFIH1  
may be effective in some autoimmune 
diseases but may make asthma worse

Odds ratio

Vitiligo

T1D

Psoriasis

SLE

Asthma

UC

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



Predicted impact of therapeutic inhibition of IFIH1

Odds ratio

Vitiligo

T1D

Psoriasis

SLE

Asthma

UC

efficacy safety
Beneficial effect for some autoimmune 
diseases, but increase risk of asthma and UC 
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FinnGen is a unique PheWAS resource
500,000 

individuals 
(~10% of 

population)

risk

risk
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efficacy
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toxicity
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…PheWAS code 5
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Test association of selected SNP 
with clinical endpoints 

Clinical
data

National Registries, 
EHRs, etc.

Genetic 
data

Genome sequencing, 
Axiom array, imputation

SNP



In 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

§ TYK2 represents a compelling example in human immunology
§ MR and PheWAS represent emerging resources
§ ( See back-up slides for more details! )

Summary



Questions?

@rplenge


