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Overview

• The need for changing drug development and developing precision medicine

• Genomes, genome sequencing and building blueprints

• Building better medicines using genome sequencing, genome editing, iPSC

• Moving to Precision Medicine through Computational Biology and Bioinformatics



Why is the rate of attrition across pharma pipelines constant?

• In medicine, knowledge 
in estimated to be 
doubling every 18 
months

• There must be a 
better understanding 
of pathobiology in 
these data

• How can knowledge 
be doubling and 
pharma’s success rate 
staying constant?

• There must be better 
ways to treat disease 
and manage healthcare 
with data
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Target 
Discovery

Lead 
Discovery

Lead Optimization Preclinical Phase 1 Phase 2 Phase 3 Registration Launch

Estimated Rate of Knowledge Doubling

Stage:

% Success 63% 61% 64% 57% 56% 44% 60% 83%
Overall

1.8%
Discovery

24.5%

Development

7%
Figure1, Attrition Across the Pipeline.1

Nature Reviews Drug Discovery June 2016, Vol 15. pg. 379 



Aircraft engine

VS.
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IT-Enabled revolution in aviation

Trial & Error Blueprint & Knowledge



Pharmacogenomics

9/4/2019 OEC Lunch and Learn



Adverse Drug Reactions 

7



Your doctor has no blueprint
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Adults: Take 2 aspirin

Healthcare is about taking averages

Shaq = 
4 aspirin Danica = 

1 aspirin

Out of 6 billion chemical units in their DNA, 
they differ at only 4M to 6M places



DNA and Art

http://deweyhagborg.com/projects/stranger-visions

Heather Dewey Hagborg



Building organs with a blueprint

Stephen Duncan
MUSC



11Source: U.S. Dept. of Energy. Human Genome Project, 
https://web.ornl.gov/sci/techresources/Human_Genome/index.shtml



Reading (sequencing) DNA has been possible since 1970’s
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Source: https://www.genome.gov/human-genome-
project/Timeline-of-Events

Sequencing the 
Human 

Genome took 
10 years, $1B 

and was 
complete in 

2002

The Human 
Genome 
Project 

created the 
ability to build 
blue prints for 

humans

Sequencing
the human 

genome has hit 
main stream



How Long is All the DNA In Your Body?

2m X 100,000,000,000,000 cells = 2 x1014m

The earth to the sun is 150,000,000,000m (1.5x1011)

2x1014/1.5x1011 = 1333 trips
Or 666.5 round trips

9/4/2019 OEC Lunch and Learn



Nic Volker

First patient to be treated after diagnosis with genome sequencing
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Why genetics/genomics research?

Target 
Discovery

Target 
Validation

Lead 
Generation

Lead 
Optimization

Preclinical 
Development

Phase I 
and II

Pivotal 
Trials

Right 
biology

Right 
target

Right 
molecule

Right 
dose

Right 
patients

Potential impact from target discovery to clinical trial process 
Start here
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Genetics and genomics research is a critical tool to help us better understand the molecular underpinnings of 
human disease biology

1,000,000 Genomes!



Picking a target without human genetics is 
slightly better than a random pick of a target

Published: December 12, 2019 https://doi.org/10.1371/journal.pgen.1008489
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Building a genomics capability at AbbVie

Since 2016, we have invested in 
people, technology, and cohorts 
totaling over $100M to date

AbbVie is acquiring over 
1 million genomes

Genomics is now impacting:

• Discovery in all three 
therapeutic areas

• Development in all areas

• Process sciences to improve our 
CHO cells ability to make biologics

• Governance starting in March 2020

• Corporate Strategy: what 
indications, what targets, 
what companies

• Commercial: we are testing if Omics 
can be used to identify the best drug

Massive data sets from: 

• Real world data (~350M claims)

• Large cohorts

• 10% of Finland

• ~1% of Ireland

• 500,000 UK biobank

• 30,000 cancer patients

• Whole genome sequencing

• Single cell transcriptomics

• Epigenetics

• Imaging

• Wearables

• Longitudinal data

• EHRs: 150 million (globally)

• Whole genome CRISPR screens 
in cell lines, iPCS from patients, 
and in vivo models

• Today we are working from the single patient with 
deep phenotyping and molecular fingerprinting to 
national level healthcare data

• Creating the need to re-think our data strategy and 
pipeline

• Doubled the number of clinically validated targets

The Genomics Research Center (GRC)

Six functional teams 
Supports all therapeutic areas

Connects across R&D 

Human
genetics

Pharmaco-
genomics

Genomic
technology

Functional
genomics

Bio-informatics Genome biology

IT Infrastructure (IR)

TA Disease 
Biology

Best Therapies

TA Trans. 
Sciences

TA Clinical 
Dev.
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Population cohorts for new 
Indications,Target ID and ConfirmationNew Indications, TNF example

Target ID and Confirmation

Stratify Patients

Oncology

Immunology
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Building a genomics capability at AbbVie



• How well does the 
500,000 UK Biobank
data set “predict” 
clinical indications?

• While not previously 
available, and thus 
retrospective, these 
data suggest a 
powerful resource for 
assessing targets.

Clinical Phenotypes associated with TNFaIn silico testing of 
adjacencies



Using human genetics to select gene targets in silico

Using >500,000 genomes to evaluate large numbers of targets in silico
Increase accuracy and reduce time to identify
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Leveraging Real World Data
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• M2Gen ORIEN: Real world cancer patients enrolled among 19 nation’s leader cancer 
centers under M2Gen Total Cancer Care protocol.

• Abbvie as one of the five industry sponsors get access to all clinical data, raw and 
processed molecular data.

• Contracted till 2022 for a total cohort of ~30,000 patients.  
• Data used to support all oncology discovery and development projects.
• Other RWD data: Syapse, Tempus, Guardant health, etc.



Reading and Writing DNA CRISPR/CAS9—current technology

+/+

one-cell embryo
GFP/+

AAAAAAAAAAAA
AAAAAAAAAAAA

ZFN1

ZFN2

How Gene Editing Works

Drug discovery empowered by human genetics and functional genomics  

Functional analysis 
(CRISPR + NGS)

Causal gene



Functional genomics: Ongoing projects 

IBD Target Discovery

Immunology

•Overview: Integrated genomics and 
genomics approach to IBD target 
discovery (genome-wide CRISPR 
screens, GWAS and clinical expression 
profiling)

•Outcome: 3 new targets entering  
Immunology Discovery pipeline

•Status: Additional target validation efforts 
ongoing with human primary macrophage 
and in vivo approaches

Microglia Alzheimer 
Disease Target Discovery

Neuroscience

•Overview: Human AD vs Mouse APP 
transgenic – select targets from man and 
back-translate

•Outcome: sNuc/cell-Seq enables use of 
archived human AD brains. Major 
regulatory pathways identified

•Status: Target validation ongoing

In vivo Syngeneic Tumor Cell 
IO CRISPR Screens

Oncology

•Overview: In vivo CRISPR screens 
using multiple syngeneic tumor models 
to identify tumor cell targets under 
immune surveillance

•Outcome: Feasibility demonstrated for 
MC38 colon cancer model

•Status: Multiple new screens planned 
for 2020; additional model development 
in progress 
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Stati
c

Mouse Transgenic
with amyloid plaques

Disease 
Associated
Microglia



Epigenetics

CLL patient 
mutation

Gene
Perturbation

Transcriptome
Measurement

Molecular
Phenotype

• Identify functional target (gene/s) of 
sequence variant nominated from FinnGen
by mapping enhancers, promoters (ChIP-
seq) and generation of 3D DNA interactions 
with  Hi-C,PLAC-seq

• Deconvolute the GWAS hits in patients with 
IBD by utilizing ATAC-seq, Hi-C, PLAC-seq, 
proteomics, and RNA-seq data from gut 
tissue samples in healthy individuals, 
non-inflamed individuals, and  
inflamed individuals

Innovation projects and new initiatives

24

Image-based morphological 
profiling (Cell Painting)

• Multiple cellular features imaged 
simultaneously using fluorescent dyes

• Cellular signatures derived via automated 
feature extraction and machine-learning 
assisted image analysis

• Clustering of signatures to categorize 
phenotypically similar genetic or chemical 
perturbations

CHOmics: SUPERCHO 
expression platform

• Collaboration with Process Science team 
at ABC (Operations S&T)

• Leverage ‘omics platforms to improve 
biologics product quality, yield, 
manufacture process

• CHO lipase KO to support Risankizumab
production completed in 2019; unbiased 
epigenetic characterizations, additional 
gene editing and screening projects 
in line for 2020

CRISPR Screening 
in Single Cells

• Link genotype to molecular phenotype 
at high throughput.

• Utilize the conventional CRISPR/Cas9 
loss-of-function (LoF) screen.

• Couple with single-cell RNA-Seq 
(scRNA-Seq).

Deep mutational Scanning 
(MITE-seq)

• Implement saturation mutagenesis approach 
to comprehensively assess  the effect 
of nonsynonymous mutations on BCL-2 
and its role in development of resistance 
to ABT-199.

• Confirm/discover findings as it correlates 
with novel mutations arising in the clinic.

Lenti-MPRA

• Functionalization of GWAS non-coding 
variants using lentivirus based massively 
parallel reporter assay (Lenti-MPRA) in 
disease-relevant cells.

• POC with 225 SNPs in IBD overlapping with 
H3K27Ac PLAC-seq data in Caco-2 cells, 
38 SNPs from PANTS anti-TNFα response/
non-response in Chr12 and  45  SNPs from 
FinnGen IBD GWAS Chr7 TNRC18 locus

Linking non-coding 
variant to gene

• Implement 3C ( chromosome conformation 
capture) methods to link non-coding variants 
(IBD GWAS) to their target genes in 
disease-relevant cell system

Coordination center for 
development of animal 
models for all of AbbVie

• Utilizing knock-in, knock-out, CRISPR/Cas, 
BAC transgenesis etc. 13 genetically 
modified strains were delivered and 9 new 
one were started in 2019



Core FunctionalityNew Targets
• Partnered with key 

external leaders to jointly 
call UK Biobank whole 
exome data with > 100K 
gnomAD samples and 
process in unified manner

• Executed UK Biobank 
PheWAS on 200K whole 
exomes and 500K  
genotyped subjects for 
2200 phenotypes, with 
single variant analyses and 
gene burden tests

• Developed UKB and 
FinnGen results browser 
for Abbvie-wide use

Target Biology Pipeline Strategy

Computational Genomics Contributions to Discovery

Partnered with Genomic 
Technologies to drive use of 
unique molecular identifiers to 
improve signal and reduce 
wasted reads from RNA-seq & 
other NGS workflows by 
developing automated 
bioinformatic pipeline

Published widely cited paper on 
evaluating how genetic 
evidence supports drug 
approval success rate using 
independent data sets and 
advanced statistical modeling

Automation of a manual image 
processing for tau aggregate 
assays, reducing processing 
time from weeks to minutes. 

Key contributions made to the 
data and methods for selecting 
on new target and indications

Developed 
automated QC 
reporting 
process that 
generates key 
statistics and 
plots for all 
scientists to use 
to evaluate 
NGS run quality 



New MethodsTarget Screening Methods
• Standardized and improved 

computational methodology for 
pooled CRISPR screening (R 
package GRCmeta w/ 
manuscript) after discovering flaw 
in widely used software

• Developed data analysis methods 
for tiling CRISPR experiments 
with focus on variant-to-function 
interrogation

• Developed analysis process for 
single-cell CRISPR (CRISTomics)

RNA-oriented Improvements Pipeline Support

Computational Genomics Contributions to Discovery

Improved existing widely used 
SAIGE method for variant 
association at large-scale via code 
optimization with C++, smarter 
compression schemes, and better 
data structures to improve run 
times 6-fold. Poster at ASHG 2019 
meeting and manuscript 
submitted.

Developed new method for 
colocalization when you don’t have 
access to all data or summary 
statistics. No current tools address 
this problem. 2019 ASHG Poster

• Data analysis for CRISPR 
screening of all varieties as 
needed and serve as subject 
matter experts for data analysis 
for CRISPR experiments

• GWAS/PheWAS data analysis 
support for internal and external 
data

• Gene expression expertise as 
needed (single-cell RNAseq, 
bulk RNA-seq, gene expression 
microarrays, Nanostring, etc)

• Epigentic data analysis expertise 
for ATAC-seq, Hi-C, 4C, PLAC-
seq, ChiP-seq, and various DNA 
methylation assays

• Advanced modeling using 
machine learning and other 
modeling paradigms to extract 
knowledge from data 

• Provide ad hoc analyses as 
needed to support experiments 
critical to the pipeline

Co-led global AbbVie-wide single-cell 
RNAseq methods group to evaluate 
and select best techniques in the field, 
w/ experts at UC-Berkeley

Led working group across AbbVie to 
standardize bulk RNA-seq data 
process and statistical modeling



Your medical record



Clinical phenotypes are messy but large numbers and integrated data 
are powerful 

From Abel Kho’s presentation to the RDLT workshop on R&D Data Strategy
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Convergence

Life Sciences

Mathematics

Engineering

Data Sciences

Health Care

Digital Medicine

con· ver· gence
: integration of historically distinct disciplines and technologies into a unified whole that creates 
fundamentally new opportunities for life science and medical practice
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The Three Revolutions in Life Science
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Will require



Convergence at AbbVie
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“The Precision Medicine Initiative create a 
million-person cohort to collect and 
analyze genetic, environmental, and other 
medical data for comparison across the 
largest patient database ever created.” 
AbbVie is bringing in one million genomes.

Should our R&D Data Strategy Center on Convergence?

Cancer Moonshot 
(AbbVie participates)

Cancer 
Immunotherapy

Neuroscience



Convergence: disrupting the discovery and development paradigm

Target 
Discovery

Target 
Validation

Lead 
Generation

Lead 
Optimization

Preclinical 
Development

Phase I and 
II

Pivotal 
Trials

Right biology Right target Right molecule Right dose Right 
patients

Leverage doubling of knowledge and manage knowledge half-life
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What does this innovation mean for AbbVie?

• We can start our discovery pipeline with 
knowledge from human data
o Real world data
o EHR data or clinical trial data
o Omics data
o Molecular fingerprints

• The ability to gene edit in the cell, tissue and 
animal has changed our discovery platform

• Reduce our failure rates and accelerate the 
pipeline by using human data most of the time

• Increase the effectiveness of our treatments

• Move into new indications faster

• Produce better biologics faster

• Help physicians and patients use our medications
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Becoming the best knowledge-based biopharma
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