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2 IMPRECISION MEDICINE  

For every person they do help (blue), the ten highest-grossing drugs in the United States fail to improve the conditions of between 3 and 24 people (red).  

1. ABILIFY (aripiprazole)  
Schizophrenia 

2. NEXIUM (esomeprazole)  
Heartburn 

3. HUMIRA (adalimumab) 
Arthritis 

4. CRESTOR (rosuvastatin) 
High cholesterol 

5. CYMBALTA (duloxetine) 
Depression 

8. REMICADE (infliximab)  
Crohn’s disease 

9. COPAXONE (glatiramer acetate)  
Multiple sclerosis 

10. NEULASTA (pegfilgrastim) 
Neutropenia 

7. ADVAIR DISKUS  
(fluticasone propionate) 
Asthma 

6. ENBREL (etanercept)  
Psoriasis 

Based on published number needed to treat (NNT) figures. For a full list of references, see Supplementary Information at go.nature.com/4dr78f. 



3 
 
Success rates of clinical proof-of-concept have dropped from 28% to 18%  
               Insufficient efficacy as the most frequent reason  
 

Increasing failures in drug development  

Source: John Arrowsmith: Nature Reviews Drug Discovery 2011 Increasing failures in drug 
development : Analysis of 108 failures in phase II  

Reason for failure  
 
Therapeutic area  



Technical and scientific advances 
are currently transforming 
biomedical research, turning an 
important part of the field into a 
new modelling and computational 
science. 
 
High throughput life science data 
are today affordable and drives 
important parts of biomedical 
research. The exploitation of big 
data is starting to make direct 
impact in clinical practice. 
 

Example: During 2014 the sequencing company Illumina announced the so called 1000 dollar genome. 

Technology is transforming 
biomedical science 



Water 

Oil 

Oil 

One cell every 3 droplets 

MICROFLUIDIC TECHNOLOGIES TO IDENTIFY PATIENT’S PATHOGENIC ANTIBODIES 

Isolate Ab-producing B cells at high-throughput from patients 



Huge efforts to establish national and international 
baselines, outlining the global biological variation in 
populations are ongoing or are being initiated.  
These studies will provide bases for further 
developments of personalized/precision medicine. 
Examples include e.g. Genomics England and the 
Precision Medicine Initiative in the US as well as 
targeted projects like The Resilience project. 
 

Developing precision medicine. 
 Creating Global Health 



Global companies like Google, IBM, Amazon and 
Microsoft are currently positioning themselves to 
provide services around storage, management and 
analyses of the new big life science data. 



SEARCHING FOR STANDARDIZED 
 PIPELINES FOR HUMAN GENOMICS 



9 
BIOPHARMACEUTICAL COMPANIES ARE COMMITTED  

TO ADVANCING PERSONALIZED MEDICINES  

Sources: Tufts Center for the Study of Drug Development, “Impact Report,” Volume 17, No.3, May/June 2015. 

of new medicines in the 
pipeline have the potential to 
be personalized medicines 42% 

expected increase 
investment in personalized 
medicines over the next five 
years 

33% 

of cancer medicines in the 
pipeline have the potential 
to be personalized 
medicines 

73% 
Expected increase in the 
number of personalized 
medicines in development 
over the next 5 years 

69% 

U
p

lo
d

 $ 



10 



11 

Lancet 386, September 2015 



OncoType DX  

Analyzes by qPCR, mRNA expression of a panel of 21 genes within a tumor to determine a Recurrence Score 

MammaPrint  

Microarray-based prognostic breast cancer mRNA expression profiling test of 70 genes 

AlloMap    

qPCR-based expression profile of 11 genes to assist physicians in managing heart transplant patients for potential organ 
rejection 

Tissue of Origin   

Microarray technology considers 15 common malignant tumor types, including bladder, breast,and colorectal tumors 
based on mRNA expression on 1,550 genes 

MULTIPLEX TESTING IS ALREADY AVAILABLE 





Observation Treatment 
    Uncertain     

respond   

Observation 
Testing        

(Biomarker) 
Treatment 

Predicted 
respond 

Classical 

TARGETED THERAPY 

Targeted  
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A real increase in the impact of precision medecine in drug development  

Source: U.S. FDA, “Table of Pharmacogenomic Biomarkers in Drug Labeling,” 
http://www.fda.gov/drugs/scienceresearch/researchareas/pharmacogenetics/ucm083378.htm (accessed Apr 

2015), PMC , “More than 20 percent of the Novel New Drugs Approved by FDA’s Center for Drug Evaluation and 
Research in 2014 are Personalized Medicines,” http://www.personalizedmedicinecoalition.org/Userfiles/PMC-

Corporate/file/2014-fda-approvals-personalized-medicine2.pdf (accessed May 2015).  

Total number of  
FDA-approved drugs with biomarker information  

provided on their drug label*  

138 

1 in 5 FDA approvals in 2014  
were for targeted therapies*  

20% 

 
*As of March 27, 2015  



16 EXAMPLES OF CONDITIONS IN WHICH PRECISION MEDICINE HAS BEEN USED* 

Medical Field Disease Biomarker Intervention 

Cancer 

Chronic myeloid leukemia BCR-ABL  Imatinib 

Lung cancer EML4-ALK  Crizotinib 

Hematology Thrombosis Factor V Leiden Avoid prothrombotic drugs 

Infectious disease HIV/AIDS CD4+ T cells, HIV viral load Highly active antiretroviral therapy 

Cardiovascular disease Coronary artery disease CYP2C19 Clopidogrel 

Pulmonary disease Cystic fibrosis G551D Ivacaftor 

Renal disease Transplant rejection Urinary gene signature Antirejection drugs 

Hepatology Hepatitis C Hepatitis C viral load Direct-acting antiviral agents 

Endocrine disease Multiple endocrine neo-plasia type 2 RET Prophylactic thyroidectomy 

Metabolic disease  Hyperlipidemia LDL cholesterol Statins 

Neurology  Autoimmune encephalitis  CXCL13  Immunotherapy 

Psychiatry Alcohol-use disorder GRIK1 Topiramate 

Pharmacogenomics Smoking cessation CYP2A6 Varenicline 

Ophthalmology Leber’s congenitalamaurosis RPE65 Gene therapy 

* In the biomarker column, proteins or genes that are probed to find the specific variants of interest are shown. AIDS denotes 
acquired immunodeficiency syndrome, HIV human immunodeficiency virus, and LDL low-density lipoprotein. 

KRAS  Colon cancer 
 
BRAF  Melanoma 
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11% 

26% 

15% 

48% 
46% 

20% 

10% 

24% 

ONCOLOGY IS ON THE LEADING EDGE OF PERSONALIZED MEDICINE  

Targeted Cytotoxics Supportive Care Hormonals 

In ten years, cancer patients have seen a four-fold increase in their personalized medicine treatment options.  

Breakdown of Oncology Treatment Modalities, Global Market 
share 2003-2013*  

Sources: IMS Institute for Healthcare Informatics, “Innovation in Cancer Care 
and Implications for Health Systems: Global Oncology Trend Report,” May 2014 

(accessed May 2015); National Cancer Institute, “NCI Dictionary of Cancer 
Terms” (accessed May 2015).  
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Clinical efficacy of Vemurafenib (PLX-4032, Zelboraf) in melanomas  

 
Key biomarkers:  
 
Stratification: BRAFV600E mutation  
 
Mechanism: P-ERK  
Cyclin-D1  
 
Efficacy: Ki-67  
18FDG-PET, CT  
 
Clinical endpoint: progression-free survival (%)  
 

 
Chapman et al, NEJM 2011  
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Before Rx                       Vemurafenib, 15 weeks    Vemurafenib, 23 weeks   

 

Strong initial effects vemurafenib  
• Emerging drug resistancy  
• Recurence of aggressive tumors  
 

 

Clinical efficacy of Vemurafenib  

 
Wagle et al, 2011,  
J Clin Oncol 29:3085  

 
Tumor tissue heterogeneity  
• BRAFV600D/E is driving mutation  
 
• However, also no BRAFV600D/E mutation found  
in regions of a primary melanoma : Molecular  
heterogeneity in tumor tissue  
 
• Biomarker levels in tissue vary  
Biomarker levels in body fluids will vary 
  
• Major challenge for (companion) diagnostics  
 
{ 
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PERSONALIZED MEDICINES ARE BENEFITTING PATIENTS ACROSS  

MANY DIFFERENT DISEASES  

Across a variety of therapeutic areas, an increasing number of treatments are personalized.*  

*FDA approvals with biomarker information in the approved labeling  

Source: U.S. FDA,  
“Paving the Way for Personalized Medicine”,  

Oct 2013.   

38% 

17% 

10% 

7% 

6% 

6% 

5% 

4% 

7% 

Hematology/Oncology

Psychiatry

Infectious diseases

Cardiolagy

Endocrinology

Neurology

Gastroentrology

Rheumatology

Other



CD4+ T Cell Autoimmunity to Hypocretin/Orexin and Cross-Reactivity to a 2009 H1N1  
Influenza A Epitope in Narcolepsy 

Antibodies to influenza nucleoprotein cross-react with human hypocretin receptor 2 

ScienceTranslational Medecine; 18/12/2013 (1/8/2014);   1/7/2015 

PRECISION MEDECINE AND VACCINATION 

         HLA-DQB 1*0602 
       Doses of viral capsid?  
(Pandemrix vs Focetria vaccines) 
    Other genetic determinants? 



Precision 
medecine 

Biomarker 

Patient 

Disease 

Diagnosis 

 

Risk  

prediction 

Targeted 

therapies 

 

 
Theranostic: 

Efficay 

Toxicity 

 

Diagnostic Treatment 



1. Screening (e.g. mammography, fecal occult blood) 

2. Diagnostic (e.g. cardiac troponin) 

3. Prognosis (e.g. cytokeratins, estrogen receptors) 

4. Prediction of response to treatment (e.g. HER2) 

5. Patient follow-up (e.g. PSA) 

 

         Diagnostic        Pronostic        Screening      Follow-up 

    Prediction 

        of response 

      to treatment 

Disease  Progression 

WHAT TYPES OF BIOMARKERS DO WE HAVE ? 



Analytical 

validity 

Clinical validity Clinical utility Analytical 

validity 

Clinical utility                 

& Health economics 

Analytical and clinical validity drive regulatory approval 
Clinical utility and health economics benefits drive reimbursement 

Product Development 

BIOMARKER RESEARCH AND VALIDATION: A LONG JOURNEY  
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Product Development Process 

          Phase 4 
                     Commer- 

                     cialization 

       Phase 3 
            Validation 

 

         Phase 2b 
                Verification 

 

        Phase 2a 
                Design  &  

              Optimization 

        Phase 1 
                Feasibility 

 

                 Phase O 
                          Business  

                         Proposal 

       Commercial 

       Launch 

             NDA  

        Submission 
          Phase III           Phase II          Phase I 

         Preclinical 

         Development 

Clinical Development 

     Design Controls 

Therapy 

Diagnostic test 

Companion Diagnostic test 

        Compound 

        Optimization 

Lead  

Discovery 

Biomarker 
Discovery & Validation of 

Clinical Utility 

PMA  
Approved Test 

CE marked 
     test 

DRUG-DIAGNOSTIC CO-DEVELOPMENT PROCESS: 
THERANOSTIC  
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PARTNERSHIPS AND COLLABORATIONS ARE TRANSFORMING  

THE RESEARCH AND DEVELOPMENT OF PERSONALIZED MEDICINES  

AMP (Accelerating Medicines Partnership)  

Developing new diagnostics and biological targets for treatments in Alzheimer’s 
disease, type 2 diabetes, rheumatoid arthritis, and lupus.  
The Partners: biopharmaceutical companies, NIH, patient and disease organizations  

Biomarkers Consortium  

Combining expertise and resources to rapidly identify, develop, and qualify 
biomarkers, which will then advance new therapies and guide improvements in 
regulatory and clinical decision-making.  
The Partners: biopharmaceutical companies, NIH, CMS, FDA, patient and disease organizations  

Lung-MAP (Lung Cancer Master Protocol)  

Using comprehensive genetic screening to identify mutations in lung cancer patients 
in order to direct them to a specific investigational treatment, all operating under a 
single clinical trial protocol.  
The Partners: biopharmaceutical companies, NIH, FDA, patient and disease organizations  

Sources: National Institutes of Health, “Accelerating Medicines Partnership,” http://nih.gov/science/amp/index.htm; The Biomarkers 
Consortium, http://www.biomarkersconsortium.org/index.php; Lung Cancer Master Protocol, http://www.lung-map.org/ (all cites accessed 

May 2015).  



Response 

INTEGRATING INFORMATION ABOUT IMMUNE RESPONSE,  
GENETIC & ENTEROTYPE VARIABILITY 



MILIEU INTÉRIEUR CONSORTIUM 



Nasal swabs 

/Stool 

Whole blood 

20ml 

Whole blood 

50ml 

Clinical 

data 

Microbes 

Adjuvants 

Cytokines 

TCR stim 

Serology Skin Biopsy 

Supernatant Cell pellets 

√ Fully recruited  
1000 donors 

5 decades of life  
2 timepoints 

1000 eCRF 

≥ 300 var / p 

180.000 

Supernatant 

Tubes 

≈ 50 var / tube 

≈ 2000 var / p 

60.000 

RNA 

profiles 

≥ 600 var / tube 

≥ 24000 var / d 

15000 FCS files 

≥ 500 var / p 

10 Panels 
1000 Genotypes 

750K var / p 

300 

fibroblast  

lines 

 iPS 

1000  

Enterotypes 
16S rRNA NGS 

1,000 HEALTHY DONORS COHORT 



 We need functional biomarkers  

DNA 
(static variance) 

RNA 
 

Protein 
 

Disease 
 
Tx response 
 
Etc. 

GENETIC SUSCEPTIBILITY ≠ GENETIC DETERMINISM 



Reliable, reproducible results 

Culture  Medium + Adjuvant of choice 

Screw  Cap (easy  harvesting) 

Rubber  Seal (closed  system) 

Partnership with Myriad RBM 
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Tubes Stimulus Abbreviation Concentration Supplier Sensor / Receptor Reference  

9 Null Ø   NA    

18 HK E.coli 0111:B4 HKEC 10
7
 bacteria Invivogen complex  

M
IC

R
O

B
E

 

21 HK S. aureus HKSA 10
7
 bacteria	 Invivogen complex	  

20 HK L. rhamnosus HKLR 10
7
 bacteria	 Invivogen complex	  

32 BCG (Immucyst) BCG 3 * 10
5
 bacteria Sanofi Pasteur complex  

19 HK H. pylori HKHP 10
7
 bacteria	 Invivogen complex	  

17 HK
*
 C. Albicans HKCA 10

7
 bacteria Invivogen complex  

27 Influenza A Virus (live) IAV 100HAU Charles Rivers Complex 

14976261, 
16625202, 

19139171, 
19362020 

38 Sendai virus (live) SeV 5 ml/ml Charles Rivers Rig-I & Mda/5 
16116171, 
16039576 

10 C12-iE-DAP DAP 4 mg / ml Invivogen NOD1 12796777 

M
A

M
P

 

13 CPPD CPPD 100 mg/ml Invivogen NLRP3 & TLR2 
15814732, 

16407889 

16 FSL-1 FSL  2 mg/ml Invivogen TLR2/6 
9537752, 
14977973 

35 Poly I:C  pIC 20 mg/ml Invivogen TLR3 11607032 

31 LPS-EB (ultrapure) LPS 10 ng/ml Invivogen TLR4 
9851930, 
10359581 

15 Flagellin-ST FLA 0.25 mg/ml Invivogen TLR5 11323673 

14 Gardiquimod  GARD 3 mM Invivogen TLR7 11812998 

36 R848 R848 1 mM Invivogen TLR7 & TLR8 12032557 

33 ODN 2216 ODN 25 mg/ml Invivogen TLR9 
11130078, 
11861616 

30 lipoarabinomannan LAM 10 ug / ml Invivogen 
Mannose R 

CD36 
21419839, 
7542404 

40 WGP  WPG 40 mg/ml Invivogen Dectin-1 21525931 

28 IFNa2b (Intron A) IFN-A 1000 IU / ml Merck Co. IFNAR 22222875 C
Y

T
O

K
IN

E
S

 

22 IFNb (Betaseron) IFN-B 1000 IU/ml Bayer IFNAR 22222875 

23 IFNg (Imukin) IFN-G 1000 IU/mL 
Boehringer 
Ingelheim 

IFNgR 15864272 

39 TNFa TNF-A 10 ng/ml Miltenyi Biotech TNFR 5249808 

24 IL-1b IL-1B 25 ng/ml  Peprotec IL1R 2989698 

26 IL-23 IL-23 50 ng/ml Miltenyi Biotech IL23R 11114383 

11 
a-CD3 +  

a-CD28 
CD3 / CD28 

0.4mg/ml + 

0.33 mg/ml  

RND Systems + 
Beckman Coulter 

TCR 
 

T
 C

E
LL 37 Enterotoxin SEB SEB 0.4 mg/ml  

Bernhard Nocht 
Institute 

TCR 
 

 * HK = heat killed; IU = International Units 

T
C

R
 

PROFILING INDUCED IMMUNE RESPONSES 



Strategy in place for defining reference values for immunologic variance 
380,000 banked samples (1000 donors x 40 TC tubes) 

A)  Prefill tubing with blood B)  Pull, until it “clicks” C)  Break away plunger 

D) Mix gently 3x E)  Incubate for 4h (mRNA, miRNA analysis)  

or 22h (protein and lipidome studies) 

POINT-OF-CARE FUNCTIONAL IMMUNE ASSAYS PERMITS  
ON-SITE SAMPLE COLLECTION STANDARDIZATION 



The Center for Translational Science 



Technical C
ores 

C
lin

ic
al

 C
oord

in
at

io
n 

Bioinformatics / Education 
Communication 

THE CRT STRUCTURE 



Precision Medicine:  
Personalized, Problematic,and Promising 
J. Larry Jameson, M.D., Ph.D., and Dan L. Longo, M.D. 
 
 
NEJM 4 June 2015 



There exist several global coordinated efforts to achieve standardization and sharing of big life science data, notably the Global Alliance 
for Genomics and Health, but due to heterogeneity, diversity and immaturity of technologies, practices and frameworks the tasks are 
currently overwhelming. 

CURRENT STANDARDIZATION AND COORDINATION EFFORTS 



DISEASES ARE THE RESULT OF PERTURBATIONS  
IN COMPLEX BIOMOLECULAR NETWORKS 



38 ISSUES WITH AN IMPACT ON PERSONALIZED MEDICINE 

The implementation of personalized medicine requires a confluence of multiple factors.  
Full implementation of personalized medicine can only be achieved when all sectors  converge toward the center. 

<
< 

REGULATION 

REIMBURSEMENT 

HEALTH CARE PROVIDER 
EDUCATION AND ADOPTION 

PRIVACY/ETHICS 

R&D INCENTIVES 

COMPARATIVE 
EFFECTIVENESS 

RESEARCH 

INTELLECTUAL PROPERTY 

PATIENT EDUCATION 

PERSONALIZED 

MEDICINE 



PLoS Medicine Vol 2, Issue 8, August 2005  

• Fast technological developments make 
it hard to establish stable  standards.  

• Both techniques and protocols are 
constantly evolving. 

• Holistic and integrative analyses over 
different platforms and between 
different datatypes are extremely 
challenging. 

• Storage, management, analysis and 
sharing of data are subject to legal and 
ethical considerations. 

WE ARE FACING ENORMOUS CHALLENGES AROUND ESTABLISHING REPLICABLE  
AND REPRODUCIBLE RESEARCH PRACTICES FOR DATA INTENSIVE BIOMEDICAL SCIENCE 



THE COMMUNITY IS PUSHING FOR REPRODUCIBLE RESEARCH  



Science 26 juin 2015 





Time for one-person trials  
Precision medicine requires a different type of clinical trial  

that focuses on individual, not average, responses to therapy,  
Nature 30 Avril 2015 

Novel methodologies for clinical trials? 
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Personal profile-based healthcare  



45 THE INSTITUT PASTEUR IN 2015 

55 000  

square meter campus  

in the heart of Paris 

2500 

persons 

11  

Scientific 

departments 

14 National 
Reference 

centers 
8 WHO 

collaborating 
centers 

130  

Research 

units 

10 

Nobel 

laureates 

 

More than 60 

nationalities 

46% « non-

french » 

scientists 

500/year 
students 
Master 

PhD 
postdoc 

Industrial 

partnerships 

(20 biotech, 

4 listed) 

Microbiology 
Infectious diseases 

Immunology 
Neurosciences 

Stem cells 
Cancer 

Genetics 
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 33 institutes Pasteur  gather about 9 500 people  in 26 countries, over 5 continents 

  in agreement with the local health authorities  

within the international network, the institutes share  their knowledge, their research programs and  keep control of 

the development of infectious diseases 

A major partner for international institutions, Fundations, Governments and industrials 
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THE GLOBAL VISION FOR THE FUTURE 

Cloud for data management and analysis: a Centre for Global Health Genomics  

The Institut Pasteur is moving to establish a global framework for reproducible research with unified bio-banking, data 
storage, management and analysis. 

Resources will be connected and shared through the IP cloud for data analysis. 



INSTITUT PASTEUR IS CONNECTED TO THE THE EUROPEAN INITIATIVE ELIXIR. 

The IP network has the ambition to take a globally leading role to secure alignment around  
our focus on precision medicine for global health 
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Sample collection Sample handling* 
*and storage 

Technical cores Data analysis 
Data storage &  

access 

Transcriptomics Enterotyping 

Genetics /  
Epigenetics 

Metabolomics Immunophenotying 

Proteomics 

Whole Blood 

Fecal Sample 

Tissue biopsy 

VH−1

VH−3

VH−4

VH−5

VH−7

Vk−1

Vk−2

Vk−3

Vk−4



Global coordination, example, The Steering Committee INDA 17th March 2015 in Paris 

Follow us on https://twitter.com/IGDA_Pasteur 

The Institut Pasteur International Network for Data Analysis (IP-INDA): An aligned global community for data analysis ready for action 

Global collaborative dynamism through local adaption  

Developing and sharing best practices in 
bioinformatics globally, performing training and 
engaging in data intensive biomedical research. 

Youtube: 
INDA Steering 
Committee - Scientific 
Session 2015 
#INDA4IP15  




