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The Most Important Decision We Make
Choice of Target
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The PARADOX
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In spite of remarkable scientific 
progress, our capacity to 
translate those advances into 
health benefits has decreased

The number of biological targets 
has dramatically increased thanks 
to progress made in the field of 
genomics

In the biopharmaceutical sector 
success rate has dropped from 
1/8 to 1/14 and the length of 
development has doubled



It is a SEARCH problem
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Preclinical Phase I Phase II Phase III & 
submission 

LaunchDrug 
discovery

Advances in basic 
science leading to 
more unvalidated 

targets

More focus on 
molecular biology vs 

translational 
medicine

Incentives to continue 
advancing projects 
leading to late and 

costly failure

   



It is a NOISY problem 
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Source: The Boston Consulting Group



In a bigger storm
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● Patient needs
● Acute to chronic
● Personalized
● Generics

● Regulation
● Regulatory burden
● Safety thresholds
● Postmarketing requirement
● Longer R&D cycles

● Payer driven market
● Differential medical value
● Rise of formularies
● Payment restrictions
● Price controls

● Science
● Low predictability in humans
● Low success rates
● Low overall efficiency



Its About the Human Biology – So let’s start 
There!

● Disease Relevance – need systems to access or collect 
patient/population data and materials to define medical 
need 

● The human disease and how it is/will be treated must 
guide even early development 

● The capacity to develop, use and interpret phenotypes, 
signatures and markers that are pragmatic and integral 
to all levels of discovery, development and 
commercialization

● Start with the patient/population and work backwards 
until you fall onto the target
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Phase II: Interpretation

Phase I: Sequence Human Genome
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What do we mean by Big Data?

• All of the data, not just a 
sample 

• Real World data, not just 
research output 

• Collected in Real Time
• Collected for one purpose 

being used for another 
purpose

• Structured and unstructured 
• Multiple formats – images, 

audio, text…
• Curated & uncurated (messy) 

data

What is it?
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R&D

Healthcare

The World

Pharma



Big Data is a reality
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The HUMAN 
GENOME

3 Gb

DATA PRODUCED 
BY A CLASSICAL 
HOSPITAL IN 1 

YEAR

665 Tb

DATA PER DAY 
PROCESSED BY 

GOOGLE

24 Pb

TWEETS 
PER DAY

500

CONNECTED DEVICES 
USED IN 2016
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Big Data Technology ecosystem 
overview

Companies are moving into that space in healthcare

ESTIMATED CLINICAL 
DATA AT R&D SANOFI

70 Tb

ESTIMATED MEDICAL 
DATA AT R&D SANOFI

>100 Tb
Million Billion

Calico



‘Information 
Sources That May 
be Linked to an 
Individual for Use in 
Health Care’
Weber, Mandl, and 
Kohane; JAMA June 
25, 2014, p. 2480
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Mexican Lemons Prevent Highway Death
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Big Data: the talk of the town!
Critical importance of predictive analytics.
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Localot Trial Site Placement For Future AS Studies



Optimization & Inference What will happen if I do this?

Predictive modeling What will happen next?
Forecasting/extrapolation What if these trends continue?

Statistical analysis Why is this happening?

Standard reports What happened?

Source: GNS Healthcare

The Strategic Value of Big Data Analytics
Its not just about volume or speed, its about what it can tell you
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Massive increase in number and 
cost of interventions

Exponential increase in data and 
investments to leverage it

Breakthroughs in machine 
learning & cloud computing

Interventions DataMachine Learning

The Perfect Opportunity

17Source: GNS Healthcare



As big data becomes the new 
normal, information and analytics 
leaders are shifting focus from hype 
to finding value – Gartner, 2015

18Source: Gartner



“Big Data” has great potential for R&D

R&D

Hypothesis 
generation

Regulatory 
Submissions

Virtual 
TrialsTarget 

discovery

As yet 
unimagined 

uses

Signal detection -
Pharmacovigilance

Deeper understanding 
of disease

Operational
Efficiency

19



Sanofi’s TM4P project in Translational Science:
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 Gene Expression
 GWAS
 SNPs ‐ Variants
 Sequencing
 Mass Spectrometry
 Curated Insights

 Pathways
 Biomarker
 trials

 Patient centric data
 Epidemiological
 Ontologies

 Phenotypes
 Potential target

 Biomarker
 Response
 Toxicity
 Target Engagement
 ..

 Credentialed target
 Disease understanding
 New Indication
 New Hypotheses
 Models for Simulation



Big Data Opportunities: running trials where the 
patients are
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No trial site  in 
area of high 

patient density

Mis-alignment 
between trial 

sites and patient 
density?

Patient Heat-map based on publicly-available information 

+ - Actual trial site placement

+



Sanofi R&D Big Data Initiative
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Start pilot projects with clear scientific or medical value

Use these pilots to build first common capabilities

Build partnerships for implementation



6 Main Opportunity Areas Identified
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Patient stratification

Clinical Trials 
Simulation

Target identification and 
credentialing

Predictive Pharmaco-
Vigilance & Safety

Pre-clinical Simulation 
and prediction
(Chemistry, 
Toxicology…)

Real-World / Patient data 
for integrated care



First projects cover a wide spectrum of areas

Discover novel differentially 
expressed genes between 

subpopulations and select the 
most appropriate populations for 

our clinical trials

Develop methods to 
predict developmental and 

reproductive toxicity 
outcomes, by building a 
library of mechanistic 
“pathways of toxicity”
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Assess the real ability of 
identifying relevant early 

signals from Patient forum data 
on 3 of our marketed products

Improve the quality of Clinical 
Trial Simulation predictions and 
decisions by using hospital, real 
word payor and clinical study 

data

Sanofi‐Google partnership
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Big Data Policy to be addressed 

● Boundary Challenges
● Data standards & harmonization
● Data localization
● Access to non-public data (owned by others, particularly 

governments)

● Confidentiality Challenges
● Individual Privacy and Data Confidentiality
● Patient consent
● Special considerations for genomic data

● Regulatory Challenges
● Regulatory use of big data
● Use of big data in submissions
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Making use of Big Data – Are we ready 
change our mindset? 
● Can we learn to start with the data, not the hypothesis?

● Are we comfortable with knowing there is a correlation without 
necessarily understanding the causality -- knowing ‘what’, not 
‘why’?

● Can we learn to change the tires on a moving car? Making good 
use of real-time big data demands analysis in motion.

● Are ready explore approaches that examine the whole population 
and not a controlled samples?

● How do we bring mathematics and engage mathematicians in our 
work?

● Are some big data tools and analytics pre-competitive? 
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Not so fast!  It’s not without risk……….

● Doesn’t tell us which correlations are meaningful

● Risk of spurious correlations because of the magnitude of the data

● Rarely succeeds as a wholesale replacement for scientific enquiry

● Tools can be easily gamed 

● Lack of accepted methodologies 

● Can give scientific-sounding solutions to very imprecise questions

● Falls short when trying to analyze things that are not common

● Concerns about misuse of data about us and our products

| 29Modified from: http://www.nytimes.com/2014/04/07/opinion/eight‐no‐nine‐problems‐with‐big‐data.html?_r=0





Convergence: New Frontier

Science Technology Data 
Analytics

Land of 
Opportunity



Part of the solution will come from generation shift
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Source: 2013 US Census data - http://www.bls.gov/cps/industry_age.htm32





We   tend   to  overest imate   the  effect  of  a  
technology   in  the  short  run  and  
underest imate  the  effect   in   the   long  run



The future is here, it’s just not evenly distributed
William Gibson


