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Disclaimer  

The views expressed  in this presentation are my personal  views and may  not be  
understood or quoted as  being made on behalf  of  or reflecting the position  of  the  
European Medicines Agency  or one of  its committees or working  parties.  
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Why Now? 
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An increasing number of medicines  with genomic  
mechanism of action and/or  genomic biomarkers  enabling  
smaller,  focused RCTs  but creates  other challenges.  



 

 

 

 

 

Genomic Based  Mechanism of Action
 

•	 

•	 

•	 

Cystic fibrosis is caused  by  one  of  nearly  
2000  mutations.  
CF  drug,  ivacaftor  which  targets G551D  
mutation in  the  CFTR  gene  (4%  of  CF 
population).  
Delivers increases in FEV1  ~10%.  
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Indication gradually expanded to  
covers further mutations   

The future  
Challenge of  determining  the level  of  evidence required  to
extend indications when further mutations are identified.  

 



An increasing  number  of medicines  with genomic mechanism  
and/or genomic  biomarkers enabling  smaller,  focused RCTs  
but increasing uncertainties  

 

Innovative  medicines and  personalised prescribing  creates  
regulatory challenges.  
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Genetics Driving  Patient  Selection
  

But  for other diseases the  genetic risk  is less 
predictive e.g.  Alzheimer’s, Parkinson’s  

 
How do you identify  patients to be treated  
prophylactically  and how  do you assess the  

benefit-risk profile?  
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An increasing number  of medicines with genomic mechanism 
and/or genomic  biomarkers  enabling smaller, focused RCTs but  
increasing uncertainty.  

Innovative  medicines  and personalised prescribing creates 
regulatory challenges.  

Rare diseases  may  be associated  with more  limited  
information at authorisation  
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Strimvelis  - Corrective gene therapy for children  with SCID-ADH (Severe 
Combined  Immunodeficiency  due to  adenosine deaminase deficiency).   
Occurrence: 0.22-0.68 per  100,000 population  

12-patient pivotal study;  Open label  
Primary outcome: 3-year survival    
Secondary  outcome:  severe infections  

• 
• 
• 

3-year survival:  12/12  
• 
• 
• 

9/12  successful  response  
12/18 auto-immune  AEs  

Uncertainties  
• 
• 
• 
• 

Long term durability  of  benefit (comparison  with stem cell transplant) 
Late  failure  –  need for further  treatment eg  stem cell  transplant   
Late  toxicity  
Long-term immunogenicity  

Conditional MA  
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Number  of applications  requesting
  
conditional  marketing  authorisation
  
at submission,  by year  of submission
  



 

 

An increasing number  of medicines with genomic mechanism 
and/or genomic  biomarkers enabling smaller, focused  RCTs but  
increases uncertainties  

Innovative  medicines  and personalised prescribing creates  
regulatory challenges.  

Rare diseases to  may  be associated  with  more limited  information
at authorisation   

 

Unknown generalisability  of RCT results to  normal clinical 
practice:  Need for new  approaches to  gather  complementary  
evidence  
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Unknown  generalisability  of R CTs
  

Happich  et al (ISPOR 19th  Annual European Congress,  GETREAL) developed a  propensity  score model  that 
predicts participation  in  either  a  RCT  (JMDB) or the  real world (FRAME), given  a  set of common total 
baseline  characteristics.  

Resulting propensity scores  were  used to  assess the overlap between the two cohorts.  

 

 

12 



 

An increasing number  of medicines with genomic mechanism 
and/or genomic  biomarkers enabling smaller, focused  RCTs but  
increases uncertainty  

Innovative  medicines  and personalised prescribing creates  
regulatory challenges.  

Rare diseases to  may  be associated  with  more  limited  information  
at authorisation   

Unknown generalisability of  RCT results  to  normal clinical practice: 
need for new  approaches to gather complementary evidence  

Additional data sources are  needed  to better  monitor  
risk/benefit  in high risk groups  often excluded from clinical 
trials  

13 



 

 

 

 

Meeting  needs?  Pharmacoepidemiological  paediatric safety studies 
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2006  Regulation (EC) 1901/2006 
  
on medicinal  products for paediatric  use
  

Main provisions  applied from July  2008 &  January 2009
  
PDCO established
  

2009-2013:  <1% of  P’epi  safety  studies 
conducted  in  paediatric populations  



 

Geriatric Population  –  Underrepresentation  in clinical  trials
  

Of  839  identified  trials,
  
446 (53%)  explicitly 
 

excluded  elderly  adults. 
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An increasing number  of medicines with genomic mechanism 
and/or genomic  biomarkers enabling smaller, focused  RCTs but  
increases uncertainty.  

New innovative  medicines and personalised prescribing 
creates regulatory  challenges.  

Welcome activity  in the  rare disease area  to meet unmet  medical  
needs  is associated  with  more  limited information  at authorisation   

The  high internal validity of  clinical trials at the  expense  of  external 
validity  demands  new approaches to gather complementary evidence  

Additional  data  sources  are needed to  appropriately  monitor  
risk/benefit in high  risk groups often excluded from  clinical trials  

Increasing interest  in combination therapies  to  treat  complex  
diseases  creates  regulatory challenges  16 
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• Define the  Big Data  
landscape from  a regulatory  
perspective  

• Clarify  the opportunities  
and  the challenges  

• Identify  what is needed  for  
Big  Data  to  be exploited  to  
support medicines  
development  and  regulatory  
decision making   
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2  

Key Messages  
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Defining  the  Big  Data  Landscape  



 

 

Big Data  –  how  will  we meet  it?
  

Big 
data 

Data sets  that  are  so  large  or complex that 
traditional data processing  applications are 
inadequate (Wikipedia)  

In  the context  of M edicines  Regulation  it  could  mean 
data in large amounts or  of a complex  nature reaching 
regulatory  authorities  in the margins  of the more 
traditional  analysed  and  structured  data  

Data lying  underneath the regulatory  submissions,  for 
which  it would  be crucial  to understand  their  presence 
and the robustness  by which  they were generated  in 
order  to make a competent  evaluation  of the submission 
as a whole  
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The data landscape:  which data? 
  

The data landscape  

Datasources  
Clinical databases  

(Prescriptions,  EHRs and  registries)  

Social m edia 
data/m
health  

Clinical trial 
data  

Imaging data  

‘Omic  data  
(Genetic,  

proteomic,  
metabolomic)  

Published  
literature  

Regulatory data  
(ADR,  sales,  Safety  

updates,  PASS,  PAES) 
  
22 Trends in big data 



 

Challenges 
 

90%  
Of the world’s  data has  been 
created in  the past  2 years.  

24 months  
Frequency  at  which  electronic   
healthcare  data  doubles  

75%+  
Percentage of  patients expected  to  
use  digital  health  services i n  the  
future  
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Data  per individual
  

70%  
Social and  

Environment  
And  

Behavioral  

20%  
Genomics  

Factors  
10%  

Clinical  Factors  

1100 Terabytes  
Generated  
Per lifetime  

6 Terabytes  
Per lifetime  

0.4 Terabytes  
Per lifetime  
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Defining  the  Big  Data  Landscape  

Data  Accessibility  and  Integration  



Distributed  Data Networks
  

Sentinel  is  a  network  of  distributed  data  approach  which  allows  the  
FDA  to  rapidly  and  securely  access  information  via  a  CDM  from  large  
amounts  of  electronic  healthcare  data,  such  as  EHRs,  insurance  claims  
data  and  registries.   Pilot  project  delivers  access  to  99  million  patient  
lives,  2,9 billion  drug  prescriptions  and  38 million  acute  hospital  stays   . 

The  CNODES  network  delivers  access  to  the  health  and  
prescription  records  of  over  40  million  people  and  a  widely  
distributed  network  of  academic  and  data  analytics  experts  
to  rapidly  evaluate  the  risk:benefit  profiles  of medicines  

OHDSI  is a  multi-stakeholder, interdisciplinary collaborative  to bring  out the  value  of 
health data  through large-scale analytics.  All the solutions are  open-source.   Currently  
the  community has converted  >50 databases covering  >660  milliion  patients  
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Bringing the data  together is very
  
hard.   It  needs to  be 


“standardised”,  structured and 

stored  together to deliver insight 
  

Data  needs to  be FAIR: Findable, 
Accessible,  Interoperable and Reusable

Data is  siloed  at i ndividual
  
centres,  hard  to  access, 
 

analyse and use. 
 

Productivity tools  (especially IT) built  
for  individual  local  usage  focusing  on 

local  data analytics  solutions   

We need centralised  IT solutions to  
store data safely  and securely  and  
enable machine learning solutions  

 



 

The Economist  
May 6th  2017  
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Defining  the  Big  Data  Landscape  

Data  Accessibility  and  Integration 

Clinical  Utility  



 

Data Collection should be  targeted
  

Clinical  utility starts by asking
  
the right  question
  

Data should  be collected  to 
 
respond  to  questions  that  will 
 

translate to benefit
  

As a [job 
title]  

I need [big 
data 

insights]  

So  that I 
can [make  a 
decision my 
job expects 

me to]  
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• 15%  of  EMA  evaluated  medicines 
containing  PGx  information  

• 
• 

• 

Therapeutic indication (3.5%)  
Posology and  method  of  
administration(4.4%)  
Contraindications (6.4%)  

31 



 

 

  

•	 
•	 
•	 
•	 

119 drug-biomarker combinations  
43  (36.1%)  had  convincing  clinical v alidity  evidence  
18  (15.1%)  evidence  of  clinical  utility  
61 labels  (51.3%)  –  clinical  decisions based  on r esults of  biomarker  
test:  36  (30%)  contained  convincing  clinical u tility  data  

“It  may be premature to include biomarker  testing  recommendations in drug
  
labels  when convincing data  that link  testing  to  patient outcomes  do not  exist.”
 

Sir Munir Pirmohammed, Nov 2016 32 



 33 

Defining  the  Big  Data  Landscape  

Data  Accessibility  and  Integration  

Clinical  Utility  

Differentiating  causality  from  co-incidence 



 

Conflicting  results creates  Uncertainties
  

August 2 010:  “the  use  of  oral  
bisphosphonates  was  not 

significantly  associated  with  
incident esophageal  or  gastric  

cancer”  
Sept2010: “ we  found a  

significantly  increased  risk  of  
oesophageal  cancer in  people  
with  previous prescriptions for 

oral  bisphosphonates”  

34 



Sources of Variability  in  Multiple  Database Studies
  

      

 (Log Scale) 

 

 

PROTECT  
Antibiotics and  the  risk  

of acute  liver injury  

Joint development of  
Common protocol  

Independent conduct in 
different databases  

Pharmacoepidemiology and Drug Safety  
2016;156-165.    DOI:  10.1002/pds.3968  

SCCS: self-controlled case series, CXO: case cross-over, CC: case–control, NCC: nested case–control 



 

Sources of Variability  in  Multiple  Database Studies
  

Study
design

 (Log Scale) 

 
  

• 

• 

Consistent direction of 
effect estimate but of 
varying  magnitude  

Study design should be  
a  conscious decision  



 

Sources of Variability  in  Multiple  Database Studies
  

Study 
design  

Outcome

 (Log Scale) 

• 

• 

• 

Stringency and  accuracy 
of definition increased  
strength of association  
Less stringency led to 
more  false positives  
Outcome  needs to be  
carefully defined.   

 



 

Sources of Variability  in  Multiple  Database Studies
 

 (Log Scale) 

 Study
design  

Outcome  

Exposure  

 

{ 
{ 

• 

• 

Time window  of exposure  
had  substantial  impact  

Careful definition of 
exposure window is 
essential  



 

 

    Sources of Variability in Multiple Database Studies
 

 (Log Scale) 

Study 
design  

Outcome 

Exposure  

Study 
population

• 
• 
• 
• 

Disease stratification  
Comorbidities/medications  
Adherence 
Methodology for  matching  

 

 



 

 

Sources of Variability  in  Multiple  Database Studies
  

 (Log Scale) 

Study 
design  

Outcome

Exposure  

Study 
population

Confounding  
adjustment  

Databases vary in  the  
lifestyle factors recorded  
and  the  quality  of their  
measurement making  
comparisons difficult  

 

 



Sources of Variability  in  Multiple  Database Studies
 

 (Log Scale) 

Study 
design  

Outcome  

Exposure  

Study 
population  

Confounding  
adjustment  

Database  

 

• 

• 

Accuracy and  
completeness data  
across different 
parameters is  variable  
Systematic evaluation 
of strengths and  
limitations is essential  



 

 

Regulatory  Challenges
  

Structured data (RCT)  
generated  in accordance with  
strict  guidelines and known  

provenance  
 

 High certainty  

Unstructured, unvalidated  
data  of  unknown 

provenance  
 

more uncertainty  
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Looking  to  the F uture
  

Visualization  of  the  topology of  complex
  
data  from the U-BIOPRED  consortium  of 
 

adult  severe asthma  cohorts 
 

Cohorts  are  generated following the  
integration of  multiple biomarkers  

•	 

•	 
•	 

•	 

•	 

How are the individual  components  
validated?  
How reproducible  are  the  cohorts?  
How is  data  weighted within  the  
algorithms  to define the  cohorts?  
How do you  identify the  stability of  the  
cohorts over  time?  
Are the cohorts translatable to a  
defined patient population?  

Aim:  how do  we generate certainty
  
for  regulatory  decision  making?
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Deriving  Causal Associations
  

44 
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Defining  the  Big  Data  Landscape  

Data Accessibility and Integration 

Clinical Utility 

Differentiating causality from co-incidence 

Solutions 
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Changes in t he T raditional  Regulatory  Paradigm
  

• 

• 

Structured data  
(RCT)  generated in  
accordance with 
strict guidelines 
and  known 
provenance   

High certainty  

Currently  

Challenge  

Unstructured,  
unvalidated  data of 
unknown 
provenance  

Turning  data  into 
knowledge   

More  uncertainty  

• 

• 

• 

Need to  develop a  
deep  understanding  
of the  data, to  define  

the  strengths and  
limitations so that the
evidence arising  from

its analysis can be  
appropriately 

challenged  

 
 

Solution  



  

 

 

 

 
Interoperability and

Harmonisation  
Common data  models  

Minimal Data  sets  
Standards  

 
Documenting the 

Strengths and 
Limitations enabling 

robust validation  

Addressing privacy 
and Governance  

Accessibility  
Data  for the Common  

Good  

Solutions  
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Chair: Thomas Senderovitz,  DK  
Co  Chair: Alison  Cave, EMA  

Members:  DE, DK, ES, FI, HU, IE, NL, NO, RO, UK  
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Regulatory science initiatives - EMA planned activity and projects 


Trends in big data 50 

The  Task  Force should characterise  relevant  sources of big
data  and define the main format, in which they  can be 

expected to  exist in  

 

Identify areas of  usability  and applicability  of data  

Gap analysis  –  describe  the current status  of expertise,
future needs  and challenges  

 

The Task  Force will  generate a  list of recommendations  
and Big Data Roadmap  
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•	 

•	 

•	 

•	 

•	 

Conclusions 

Vast amounts  of healthcare  data are continually  being generated,  offering huge  
opportunities  but making  it impossible  to  keep pace with all the information.   

Harnessing of the  potential  of big data  by r esearchers  and regulators  is  hindered 
by  the fact  that  it  is often u nstructured,  noisy  and  inaccessible.   

Deciding  which  data to  collect  starts by  asking  the right questions about the 

benefits sought  and problems  faced. 
  

Access  to  data  is  a  significant  hurdle  especially fo r observational  data.   
Mechanisms to  integrate the data to  generate meaningful  knowledge is needed.  

Validation  that  associations  are  real  is  key for data  to support  regulatory 

decision making.
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Sydney  Brenner  
Nobel Prize in Physiology  or Medicine  

“We are all drowning in a sea of data  and starving 
for knowledge”  

Nobel Lecture 2002   

53 Trends in big data  



 

                       

Thank you  
European  Medicines  Agency   
30  Churchill  Place London  
E14  5EU  
www.ema.europa.eu  
info@ema.europa.eu  

alison.cave@ema.europa.eu  

 

http://www.ema.europa.eu/
mailto:info@ema.europa.eu
mailto:alison.cave@ema.europa.eu
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