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Starting point (always): productivity

o

More winners Lower cost of failure
Better Science Better Decisions

Scientific talent, technologies and capabilities to generate Organizational and behavioral drivers of rapid

and test intervention hypotheses for transformative therapies unbiased decision making

Lower cost / time
Better Efficiency

Operational improvements to support more efficient
execution of discovery and development activities
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"R&D on a page”

Strategy

Organization and
culture

Scientific strategy: right
investments in biology,
modalities, models...

Portfolio choices (asset,
DA/TA, pathway...)

Operations

0 Supports

others

Digital technologies

Talent, expertise and
capabilities

Governance, decision-

making
Structure

Culture, incentives

Agile processes, interfaces

Tools and platforms

Site footprint

External collaboration,
variabilization

Digitization/ automation
of processes

Analytical support of
decisions
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The big decisions

Hurdles

Is this the right

ﬂ biology?

Is this the right
way to modulate
the biology?

Will it work in

ﬂ humans?

What are the

right dose,
ﬂ endpoints,

biomarkers &
patients?
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‘omics (P2G, G2P) for
target ID

Al enabled discovery
Connectivity maps
Gene editing

Non-exhaustive list

Source: BCG experience

Cell therapy

Gene editing
Epigenetic modulation
Microbiome
Personalized vaccines
Regenerative medicine
RNAI

Predictive DMPK
Structure based design

In silico predictive
model (eg, ADMET,
hormone, nervous
system simulation)
Mouse models (eg,
Replicon system)
Organoid systems
IPSCs models
Tissue explants
Organ on a chip
3D printed tissues

Analytics for patient
pop. segmentation
Genomics to ID
patients (eg MSI high)
Circulating disease
markers (eg, ctDNA)
Data-driven endpoint
design (eg EHRs)
Digital endpoints

In silico trial design
Al on clinical trial data
RWE
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Breakthroughs happen when all the "hurdles” comes down

Example: HCV

Biology, chemistry and clinical in
place... but no translational model

Replicon model enabled HCV
screening

f

Rapid screening to approval of
Sovaldi

1990-1993

First viral enzymes

identified

2002
Pharmasset screens
nucleoside analogues

1999

1989
1964-73
HAV and HBV IC-IICV squer;lced landd
diagnostic test lagnostic develope
developed
1970 1980

Source: BCG analysis

Replicon system
developed,

allowing in vitro
study

1990

2010

leaders

2000

Gilead hires HCV

2013
Sovaldi approved

2011
Gilead purchases
Pharmasset

2005
Lead compound
identified

2010 2020

Is digital going to bring down multiple hurdles across multiple DAs?
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There are a lot more data...

Analogue

(Paper, film audiotape, vinyl)
1986: 2.62 x 10'8 Bytes (B GB)

1986 1993

Digital
(In 1986, principally pocket calculators)
1986: 0.02 x 10'8 Bytes (B GB)

Source: M Hilbert & P Lopez: The World's Technological Capacity to Store, Communicate, and Compute Information
Science Feb 2011 Available at http://www.sciencemag.org/content/early/2011/02/09/science.1200970
Projections estimated by BCG

Connected
via IP protocol
150 x 108 Bytes

-
-
-
-
-
-
-
-
) g
-

>500 x 108 Bytes

0S,
Android



..and a lot more computing power

Performance (GFlop/s)
1,000,000,000 -

800,000,000 -

600,000,000 -

400,000,000 -

200,000,000 -

1995 2000 2005 2010 2015

Source: https://commons.wikimedia.org/wiki/File:Supercomputers-history.svg



Putting those together

Instructions Per Second

101 -
®

1015-

. BOOLEAN 8 .

7 CREATE TABLE tbl_1(id INT); R=d (K_IA)T R+ — |1

12 INSERT INTO tbl_1(id) VALUES(1); N
1012 ~ INSERT INTO tbl_1(id) VALUES(2);
COMMIT;

7 FREQU ENTIST UPDATE tbl_1 SET id=200 WHERE id=1;

SAVEPOINT id_1upd;

UPDATE tbl_1 SET id=1000 WHERE id=2;
ROLLBACK TO id_1upd;

SELECT id FROM tbl_1;

109 -

106 -

(2Lt

103 -

1 o BAYESIAN

. "

100 103 106 10° 1012

Data for TI 59, IBM PC, BCG servers 2011, Google (guess)timates based on power consumption estimates by Jonathan Koomey ByteS
http://iopscience.iop.org/1748-9326/3/3/034008. BCG analysis



http://iopscience.iop.org/1748-9326/3/3/034008

BCG machine learning model predicts company success

Hurdles

Is this the right

Is this the rieht

Will it workin
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Source: BCG experience
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X variables

Patents

Sci. Lit.

Funding

Financial

Founders

Media

Other

Count, growth spikes,
quality...

Count, growth spikes,
impact factor...

Amounts, stages,
timeline...

R&D spend, revenue,
profit...

Experience, relationships,
collaboration networks...

Volume, media spikes...

Employee count, projects
in clinical trials, sub-
technology ranking...

Tested on 235 imm-onc startups

191 public and 44
private companies

Prediction based on
data at end 2014 and
outcomes on data at
end 2016

Y variable composite:
TSR, rev. growth,
acquisition, failure

Training set and test
set selected randomly

True Positive Rate

1.0

0.8

o
(=]
Il

o
-
1

Predicts with AUC 0.71

——— Gradient Boosting

0.4 0.6
False Positive Rate

T
0.8

1.0
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Chemistry treated like computer vision

/B’m [s this the right Will it work in What are

Hurdles

er/4824-imagen

HERSE

Emerging solutions
Predicted (pKi)

.
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Source: BCG experience 2 : ' . ;
Atoms in 3D Space Biochemical Features Molecule-Protein Binding Observed (p Kl)




For discussion:

What is real and what is over-hyped?

What has the most potential for long-term impact?

What are the best near-term opportunities?

What are the constraints (data availability, privacy,
etc.) and how should they be addressed?

What are the risks (cost, reputation, error, etc.)
and how should they be managed?
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Thought-starters for potential R&D opportunities

Auto

mation

b

Informatics to
identify targets

@//,

In silico models
of cell/ organ
biology

00z0s0
OO—‘)

0582

00--00

Automated
assays

IR 4

a
v

In silico drug
design &
optimization

N/

<
<

Non-exhaustive list

HTS

N

00-0-0
o

0020

TNTHIR 4

Predictive ADME
& toxicology

In silico models
of cell/ organ
biology

Automated
assays

®
%o

it

)<

@

%]

Digitally enabled
patient targeting

Data-driven site
ID, selection,
and performance
tracking

E2E automation
from protocol to
CSR

Online patient
recruitment/
patient-centric
trials

Al-assisted safety
monitoring

Optimized
physician
engagement,
virtual MedEd

Digital treatment
modality /
digital clinical
endpoints

Virtual (RWE)
trials

11
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Just a big nonlinear regression...

Source: AI@BCG

Example: Neural network
System of edges with weights

Hidden
layers of
neurons

Output
layer

=7
Targets G Q

® active ® inactive

Structure: Artificial neuron

Input linearly aggregated through
learnt weights

Converted with nonlinearity to output

Linearly weighted input
i, © Wo\ Nonlinearity ("ReLU")

Cow L

) 0
hb OW,

Feedback: Backpropagation
Steepest step in weights

by changing all weights a -
little bit to get a slightly - \w

better answer (backwards) —

Value heavily dependent on the training set

12
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...with a lot of variants

Modeling &

Problem class Tooling (stack)

Data types

Algorithm options

- - Distributions and parameters!
Descriptive statistics

Correlation Pre-developed

z-test, t-test, Chi? test, FET, ..

Phenotypic / Clinical
EMR, physiologic

measurements, etc. Hypothesis testing
Swarm Intelligence
Imaging Srstiiastion Genetic/Evolution algorithms
fMRI, etc. Naive Bayesian
Logistic Regression
Classification alteryx
S A\ MATLAB

SNPs, microbiomics,
metabolomics, etc.

Regression

@ python

Clustering @ 2 .
Real-world / 1)) rapidminer
= | patient-reported - »
. Surveys, monitors, etc. U $ server

Self Organizing Map

Association Rules s tobleau
(Neuro)Fuzzy Systems

Science

nature  Literature Simulation

Scientific, popular,
etc.

Note: Lists of methodologies and tools are not exhaustive

Learnt ranking

Monte Carlo models
Bayesian (belief) networks

Preference learning

bt Al

MERIDIAN

‘Tiz Boston ConsuLTin GRoup.

)

Q Descriptive Analysis
o Predictive Modelling
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