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The Problem
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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 2010
Attrition problem Innovation problem

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


A Solution



5

BMS Highly Confidential For Internal Discussion Purposes Only | Information Contained In This Document Does Not Imply That Decisions Have Been Made To Take Specific Action

We relied on preclinical models to pick targets and 

estimate efficacy in heterogeneous human populations

It was…

Discovery Pre-clinical Phase 1
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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)



Why Genetics



Plenge Science Translational Medicine (2016)

Attrition

problem

Innovation

problem



Many genes influence cholesterol levels 

and risk of heart disease

Atherosclerotic

Plaque Blood Flow

mAb

LDLR

Recycling

drugs that mimic the mutation & lower 

LDL and protect from heart disease

PCSK9 binds to LDL receptor outside of cells to 

reduce LDLR on cells 

Lysosome

LDLR

PCSK9

LDL-C

PCSK9 mutations associated with high and low 

LDL cholesterol levels (and heart disease)

SP C-term domainCatalytic domain
Pro-

domain

Gain of function
mutations

Loss of function
mutations





~2-fold increase in 

success for genetic 
targets
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Rare genetic diseases have >2-fold higher success rate

>2-fold
success



A model



Gene function

H
u
m

a
n
 P

h
e
n
o
ty

p
e High

Low

GOF
LOF

Pick a human 

phenotype for drug 

efficacy

Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)
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effect sizes in humans 
(but of unknown 
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Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)
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Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)

High-

throughput 

functional 

interrogation is 

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

Need to release 

genetics into 

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

New target for drug screen!

This provides evidence for 

the therapeutic window at 

the beginning of the drug 

discovery journey. 



An example in 
immunology
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• 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

c
ti
o

n
s

~80% LoF is not

associated with 

increased 
infection
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P1104A protects from multiple autoimmune diseases

P1104A

Dendrou, et al. (2016)
Science Translational Medicine
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But I684S variant shows a more complicated pattern!

I684S

P1104A

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%

Retains 

selectivity 
over JAKs

~80%



33

BMS Highly Confidential For Internal Discussion Purposes Only | Information Contained In This Document Does Not Imply That Decisions Have Been Made To Take Specific Action

Matching modality and mechanism: “pseudokinase stabilizers” recapitulate 

human genetic mutations at functional level

Hydrophobic 

channelAllosteric inhibitor

(pseudokinase domain)

Orthosteric inhibitor

(kinase domain)

Tokarski et al JBC (2015)

Lupardus et al PNAS (2014)

P1104A
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50-80% TYK2 inhibition safe and effective in Phase 2 (psoriasis)

Papp et al (2018) NEJM

PASI75 ~75%

PASI90 ~45%



What fraction of 

disease-associated 
genes will fit this model?



Evidence to support an ”allelic series” model

• Most genes implicated in Mendelian diseases harbor 
multiple risk alleles

– CFTR harbors >2,000 pathogenic mutations that cause cystic fibrosis

• A multiple sclerosis (MS) GWAS found ~20% of loci 
harbor independent risk alleles1

• A GWAS in rheumatoid arthritis (RA) found ~7% of 
implicated genes also harbor rare mutations that 
cause primary immune deficiency2

• A recent type 2 diabetes (T2D) sequencing study 
found enrichment for the burden of rare variants in 
gene sets that did not reach genome-wide 
significance (see figure)3

1. IMSGC Science (2019)

2. Okada et al Nature (2014)

3. Flannick et al Nature (2019)
Background

Gene set
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For T2D, “allelic series” model predicts approved drugs

Background

Gene set
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And Shamil assures me that the model is true!
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Should be possible to nominate genes for functional studies

Predicted GWAS 

causal genes with 

multiple alleles 

(~20% of genes)

Genes implicated in 

related Mendelian 

diseases (~10% of 

genes) or human KOs

Genes with evidence of 

rare-variant burden signal 

from exome sequencing

Prioritize these genes 

for functional studies of 

all observed protein-
coding mutations in 

assays system relevant 
to disease   

discovery 

engine
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High-throughput 

functional 

interrogation is a 
bottleneck



High-throughput assays to assess function is a bottleneck
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Need to release 

genetics into the 

wild!



How to extend trait-

associations for functional 
alleles…PheWAS
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Phenome-wide association studies (PheWAS)

Disease-
Agnostic
cohort

risk

risk

surrogate 

for efficacy

surrogate for 
toxicity

PheWAS code 1

PheWAS code 3

PheWAS code 4

PheWAS code 

500

…PheWAS code 5

PheWAS code 2

Test association of selected 
SNP with clinical endpoints 

Clinical
data

EHRs, Claims,
Questionnaires, etc.

Genetic 
data

GWAS, exome 
sequencing, etc.

LoF

SNP

Gene function

High

Low

GOF
LOF

Efficacy

X

X

X

X

X

XX

Toxicity
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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
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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 

Gene function

High

Low

GOF
LOF

Efficacy

X

X

X

X

X

XX

Toxicity



Beyond an allelic 
series model



Plenge Nature Genetics (2019)
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Gene-centric approach
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Gene-centric approach
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Gene-centric approach
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Gene-centric approach Pathway-centric approach
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Genomic

features 
Annotation

features “Seed” networks

Protein-protein network model

Prioritize targets based on seed genes and

protein-protein interaction connectivity 

Directly

implicated

(i.e., seed) 

Network

connected 

Priority index (Pi) pipeline enables genetics-led drug discovery

Enhance priority score

Gene

Allelic series model Genomic features model

Gene-centric approaches

Prot-prot interaction model

Pathway-centric approach

Plenge Nature Genetics (2019)



Examples of matching 

therapeutic modalities 
with molecular 

mechanism



While 
While we often first think of 
“conventional” small molecule 

and monoclonal antibodies…

…there are many 

burgeoning therapeutic 

modalities



Other

mRNA replacement
protein degradation
macrocyclic peptides

microbiome
…and more to come!
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ASO targets RNA splicing of SMN2 transcript
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RNAi targeting transthyretin (TTR) 
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Lentiviral HBB gene therapy for thalassemia
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CAR-T therapy for B cell cancers
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mRNA replacement for vaccines, gene replacement, other
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Protein degradation to “knockout” intracellular proteins

Neklesa et al (2017) Pharm & Therapeutics



Putting it all together…



Plenge Science Translational Medicine (2016)

Attrition

problem

Innovation

problem
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• Two fundamental challenges: attrition problem, innovation problem

• Human genetics offers a potential solution

• ”Allelic series” model to build genetic dose-response curves

– An example in immunology (TYK2)

• Framework to prioritize “allelic series” genes for functional studies

• Saturation mutagenesis to build function-phenotype maps

• Phenome-wide association studies to extend trait-associations

• Beyond allelic series

– Gene-centric approaches (genomic-features model)

– Pathway-centric approaches (e.g., protein-protein interaction model)

• Matching modality to mechanism is critical

– Many new approaches are emerging…only imagination is limiting!

Conclusions



Questions?

@rplenge


