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VOLUME

Huge amount of data

VERACITY

Inconsistencies and
uncertaintyin data

Different formats of data
from various sources

VELOCITY

High speed of
accumulation of data

VALUE
Extract useful data

www.edureka.com



Big Data in Healthcare

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

: 60%

24 months Frequency at which EXOGENOUS FACTORS
electronic healthcare data doubles
75%+ Percentage of patients
expected to use digital health
services in the future

Volume of healthcare data collected 30%

GENOMIC FACTORS

2500

10%
CLINICAL FACTORS

2013 2014 2015 2016 2017 2018 2019 2020

Prescribing a digital transformation for life sciences - Your cognitive future in the life sciences industry -

1100 Terabytes
generated
per lifetime

6 Terabytes
generated

0.4 Terabytes
generated

IBM Institute for Business Value



Big Data in oncology: which sources?
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Big Data in oncology: which applications?

Real World Data Analytics

Real
) el World ) " World From Real World Data to Real World Evidence

Evidence

Post-marketing drug surveillance
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Big Data in oncology: which applications?

Analytics
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Post-marketing drug surveillance
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From “Randomized Controlled Trials” to “Real World Data”

Patients enrolled in clinical trials are
Proportion of
patients enrolled in
clinical trials (3%)

highly selected. The ‘real-world’ patient is
unlikely to be fully represented.

People diagnosed with 30-
cancer in the US >
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NIH. Cancer statistics. March 2017. Available from: https://www.cancer.gov/about-cancer/understanding/statistics;

Institute of Medicine (US) Forum on Drug Discovery, Development, and Translation. Transforming Clinical Research in the United States: Challenges and Opportunities: Workshop Summary. Washington (DC): National
Academies Press (US)



From “Randomized Controlled Trials” to “Real World Data”

Table 1 - ISPOR, ABPI, RAND Corporation, and IMI-GetReal definitions for RWD.

Term and Definition RW D d ef| n |t| on
source
RWD (ISPOR |7]) Data used for decision making that are not collected in conventional RCTs. - H ete roge neous n at ure
RWD (ABPI |&]) For the purposes of this guidance, “RWD” will refer to data obtained by any non-interventional methodology that .
describe what is happening in normal clinical practice. - M u |t| p | e sources
RWD (RAND (4]} "RWD" is an umbrella term for different types of health care data that are not collected in conventional RCTs. RWD in
the health care sector come from various sources and include patient data, data from clinicians, hospital data, data .
from payers, and social data. ’ ’ = UnCOntI"OHEd CO”ECtIOﬂ, bOth
RWD (IMI-GetReal An umbrella term for data regarding the effects of health interventions (e.g., benefit, risk, and resource use) that are
(10)) not collected in the context of conventional RCT's. Instead, RWD are collected both prospectively and retrospectively r et ros p e Ct i ve an d p ros p e Ct ive
from observations of reutine clinical practice, Data collected include, but are not limited to, clinical and economic

cutcomes, patient-reported outcomes, and health-related quality of life. RWD can be obtained from many sources
including patient registries, electronic medical records, and observational studies.

ABPI, Asseciation of the British Pharmaceutical Industry; ISPOR, International Society for Pharmacoeconomics and Outcomes Research; RCT,
randomized controlled trial; RWD, real-world data.

Makady et al. Value in health 2017

RCTs RWD Effectiveness
Type Interventional/experimental Non interventional/Observational Efﬂcacy m.dlmcal
practice
Outcomes Efficacy and safety Effectiveness and economic
assessment Efficacy-
Population Narrow and selected Wide and unselected effectiveness gap
Efficacy
Randomization and blinding Yes No Efficacy in controlled
Cost High Low settings

Relevance Internal validity Clinical practice




From “Real World Data” to “Real World Evidence” :
the case of Alectinib

Media Release

Basel, 21 February 2017

Roche receives EU approval of Alecensa (alectinib) for people with previously treated ALK-
positive non-small cell lung cancer

+ Alecensa provides an efficacious, systemic treatment option for people with ALK-positive

NSCLC, which is also active in patients with brain metastases, who have been previously
treated with crizotinib

Conversation with the Cancer Letter

Roche CEO O’Day: Our investment in Flatiron
will accelerate their mission

98P

Alectinib received a conditional approval from FDA
for the treatment of ALK+ NSCLC. US approval was
based on data from two single-arm Phase Il trials
(NCT01801111 and NCT01871805).

National Health Technology Assessment (NHTA)
authorities in EU requested additional evidence of
the effectiveness of alectinib relative to the SoC
(ceritinib) in order to provide a coverage decision.

To meet this requirement, Roche collaborated with
Flatiron Health to conduct a retrospective analysis
of EHRs of patients treated with ceritinib. The real-
world external control arm was compared to the
phase Il single-arm and submitted to NHTA
authorities, satisfying coverage requirements

Retrospective indirect comparison of alectinib
phase II data vs ceritinib real-world data in ALK+
NSCLC after progression on crizotinib @

Daniel O'Day J. Davies, M. Martinec, R. Martina, P. Delmar, M. Coudert, W. Bordogna, S. Golding,

G.Crane

CEO of Roche Pharmaceuticals

Annals of Oncology, Volume 28, Issue suppl_2, April 2017, mdx091.018,

https://doi.org/10.1093/annonc/mdx091.018

Roche’s purchase of Flatiron Health will accelerate the development of real-world data suitable for
supporting regulatory decisions, said Daniel O'Day, CEO of Roche Pharmaceuticals.

Published: 03 April 2017




From “Real World Data” to Big-Data Platforms

Proportion of
patients enrolled in
clinical trials (3%)

97% of patient data locked
away in unconnected files

People diagnosed with
cancer in the US

WHAT IF...

We could bring all the electronic data that is
collected from the every day care of every cancer
patient into one rapid learning network?



ASCO CancerlinQ “Rapid Health Learning System”

PATIENT DATA
R oro s koo / " "t ’
“.‘ RESEARCHER
PATIENT KNOWLEDGE f VLLI
ooy X0owge Central
Knowledge
Base
4 k
:“.a,::;.:.;‘.':wua DATA ;1‘:%7?.~'\y<i-|r,.“; KNOWLEDGE PATIENT

Objectives:
e Generate new knowledge and insights from RWD * Monitor drug safety

- better, faster, and cheaper * Clinical decision support

- Increased effectiveness * Clinical trial matching

- From observation to causation e Improved risk stratification
* Promote better quality of care and more cost-effective care * Patient-reported outcomes

* Design of hypothesis-driven clinical trials
e Learning from the data with the goal of improving clinical guidelines



And many others...

" flatiron

To improve lives by learning from the experience code
of every cancer patient.

An up-to-date intelligence
source for the European
oncology community

collaboration

for oncology CODE aims to connect information on anti-

dataineurope cancer medicine use for all cancers, all
patients, across all treatment centres in
Europe who wish to join

‘3““"""@ Big Data for
Syapse 7, Better Outcomes
Powering precision I
medicine with insights
from a global oncology IBM Watson for Oncology
network Watson for Oncology helps physicians quickly identify key information in a patient’s medical

record, surface relevant evidence and explore treatment options.

UNI ESME Research Program Gef(; Real

EPIDEMIOLOGICAL STRATEGY and MEDICAL ECONOMICS
@ E3 :
- ) < ™\ | innovative

R&D Academic Real-world Data Platform 'm I / 'medicines

L o) initiative



Big Data in oncology: which applications?

Analytics

Evidence
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Post-marketing drug surveillance by EMA: EudraVigilance 0 EUROPEAN MEDICINES AGENCY

National
Marketing Competent
Autorisation Authorities AIFA - Rete Nazionale di
Holders Farmacovigilanza

Key

EudraVigilance WEB reporting application

EVWEB Data collection
Data management

Sponsor of

Clinical Trials

UNDER-REPORTING s i

Security management

'ED INFORMATIONS

E P S uspected adverse drug

reaction reports
Adrreports.eu
I

EudraVigilance

FICATION ST

¥
Duplicate
ICSR: individual case safety reports detection

e e e e e e e e e e >
MedDRA and standard terminology

Free and publicly accessible portal

Medicnal products (Art 57 database/XEVMPD)
EV organisation and user management

www.ema.europa.eu



Post-marketing drug surveillance by EMA: the HMA-EMA Joint Big Data Taskforce

0 14 National Competent Authorities (NCAs)
H MA EMA representatives
B o Mt A EUROPEAN MEDICINES AGENCY

13 February 2019
EMA/105321/2019

HMA-EMA Joint Big Data Taskforce Objective:
USE OF BIG DATA FOR

MEDICINE REGULATION

* map relevant sources of big data and define the main format, in which they can be expected to exist and through
a regulatory lens describe the current landscape, the future state and challenges;

* identify areas of usability and applicability of emerging data sources;

* perform a gap analysis to determine the current state of expertise across the European regulatory network,
future needs and challenges;

e generate a list of recommendations and a Big Data Roadmap.



Post-marketing drug surveillance by EMA: the HMA-EMA Joint Big Data Taskforce

Relevant Big Datasets = 7 subgroups

WS1: DATASET
CHARACTERIZATION

Clinical trial and Imaging WS3: STATE OF THE ART,
Observational data CHALLENGES AND EXPECTATIONS

Spontaneous adverse drug reports

Social media and m-health

Genomics

WS2: USABILITY AND Bioanalytical ‘omics

APPLICABILITY Data analytics (ongoing)

WS4: LIST OF RECOMMENDATIONS
AND BIG DATA ROADMAP

WS: worksheet



Post-marketing drug surveillance by EMA: the HMA-EMA Joint Big Data Taskforce
BIG DATA ROADMAP & CORE RECOMMENDATIONS

5. Analysis and promotion of

/. Implementation of new 6. Regulation about the acceptability of new analytical approaches for
regule'itlons ar?d post- evidence derived from big data sources modelling of big data sets for
marketing monitoring of regulatory purpose
devices and in-vitro o
diagnostics associated with b= o
the use of medicinal : 5
products : § Feauistory acosptatiity v 5 8. Acquisition of skills
R L2y 4 required for these
; g o2 emerging areas
@ & E:
> -
. X ©
1. Promotion of global Patalinkage g § 9. Proactive regulatory
and harmonized '_.: ‘é engagement with external
standards to facilitate Data Standardisation pact E = stakeholders relevant to the
interoperability of data /\ Data IS\c¢a::ss wn E Big Data Landscape, to
. £ influence strategy and
Big Data X 8 ensure regulatory needs
Data Quality
e o)
3. Development of timely, 4. Promotion of mechanisms to enable
2. Characterization and documentation of efficient and sustainable data linkage to deliver novel insights
data quality, establishing minimum sets of frameworks for data sharing and Harmonisation of similar datasets

data quality standards access



Big Data in healthcare: which challenges?

Turning Point In The Crisis

About Big Data

et s ACCURACY AND RELIABILITY

Cambridge Analytica: The LETTERS
— —— | Google Google Flu Trends is no longer good at
Detecting influenza epidemics using search ( predicting flu, scientists find
query data

’;. Court Stroud

TWEET THIS

Cambridge Analytica scandal will be seen as the time when
everything changed as to how consumer data is collected and used,
h\' whom and to what ends

Jeremy Gawsberg ', Matthes M, Mahebds | Rajan S Patel

BIGC DATA

Lynnwtte Bracwrer , Mark S Sinoakesk

Researchers wisrn of ‘big dia hubris’ and the lmportance of
updating analytical models, clalming Google has made inaccurate
forecasts for 100 of 108 weeks

The Parable of Google Flu: iamesmnis Aepmiiimmetivii

avoidable, which offers lessomn for the use

Traps in Big Data Analysis

David Lazee "™ Ryas Keanedy,'** Gary King.' Alessandro Vaspignani**'

SECURITY AND PRIVACY

“we found a significantly

“the use of BP was not

increased risk of oesophageal —
cancer in people with previous
prescriptions for oral BP”

B ORIGINAL CONTRIBUTION

Exposure to Oral Bisphosphonates
and Risk of Esophageal Cancer

,
Cheis B, Cardwell, PhI) Context Use of oral besphosphonates his moressed dramatically in the United States
Cheastiun C. Abned, PR and elsewhere. Esophagts bs a known adverse effect of basphosphonate use, and re
- cent reports suggest a link between bisphosphonate use and ewophageal cancer, but
1 &
\(uv X 'm‘“-"‘ H\l) this has rot been rabustly invesSigated
Linm J. Murray, MDD

Objective To investigate the association between bsphosphonate use and esoph

L ™S SPHOSPHONATES ININIT OSTED ageal cancer

BM]

significantly associated with

incident esophageal or gastric RESEARCH

cancer”

Oral bisphosphonates and risk of cancer of oesophagus,
stomach, and colorectum: case-control analysis within a UK
primary care cohort

Jane Green, clinical epidemiolegist,’ Gabrieta Czanner, statistician” Gilian Reeves, statistical epidemioiogist,

Joanna Watson, epidemioclogist,' Lesley Wise, manager, Pharmacoepidemiology Research and Intelligence
Unit,” Valene Beral, professor of cancer epidemiology’

VERIDICITY AND CAUSATION DETECTION



Conclusions

Vast amounts of healthcare data are continually being generated, offering huge opportunities to
improve knowledge and increase effectiveness of therapies.

The use of Big Data in healthcare needs to face to many technical obstacles, because of the lack of
harmonised and structured data, interoperability standards, and semantical alignment between
different datasets.

Research methodology improvement and its standardisation is essential to differentiate co-incidence
from real causality.

Privacy and security must always be assured. Patients empowering, trust and direct involvement is
essential to exploit Big Data as its best.

Use of Big Data for pharmacovigilance and regulatory purpose offers the opportunity to increase
reporting of ADRs, continuous and real time monitoring of drugs efficacy/toxicity (with a special
attention to rare and long term toxicities), and finally increase knowledge about the real effectiveness
of drugs.



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

Nobel Lecture 2002

Sydney Brenner (1927-2019)
Nobel Prize in Physiology or Medicine

THANK YOU

Stefania Morganti, MD
Istituto Europeo di Oncologia
Universita degli Studi di Milano
stefania.morganti@ieo.it
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From “Real World Data” to “Real World Evidence”

Real-World Data (RWD) are data relating to patient health
status and/or the delivery of health care routinely collected
from a variety of sources.

Real-World Evidence (RWE) is the clinical evidence about
the usage and potential benefits or risks of a medical
product derived from analysis of RWD.

Real-World Evidence
Identifying Unmet Needs

Natural Hislory Comorbidities Burden of lliness
Incidence and Disease Clinical Practice
Prevalence Mechanisms Palterns

Pre-discovery Drug Discovery

Real World Data

Curation
Standardisation
Anonymization

Analysis
Real-World Evidence
Informing Clinical and Policy Decisions
Cufcome Benefit/Risk in
Utilization Patierns Saciclon Subgroups
Pharmacovigilance ’°P‘::'P':':'|"" New Indications

Clinical Post-markefing

Evaluafion
(Phase V)

Development
(Phase |, II, lit)

Framework for FDA’s Real-World Evidence Program - December 2018



ASCO CancerlLinQ

“First, we need to be connected”

ﬁ SCO C O n n e C‘I'. O n The professional nclwml»imng
I site for ASCO’s worldwide
oncology communit .
) : “We also need to make a dedicated effort
n Magazine Tumor Boards Trainee & Early Career . . .. ”
to include all minorities

Home > Blogs

Learning Fro Patient . y . ”
i e learns from all of our patients’ experiences

@bertagnollimm
Jun 02, 2019

2019 Presidenti‘ Address: Caring foatient, “CancerLinQ fully connects all of us and

“Artificial Intelligence — machine learning — is
a tool that can reveal important new insights
from large datasets”

“Finally, it’s important that our connectivity
flows both ways. We must invite our patients
to participate”



Big Data for Better Outcomes

\Il', What is BD4BO v  Why BD4BO v News & Eventsv  Publications  Contactus Login  Knowledge Hub

o
=. Big Data for
&~ Better Outcomes

?,/l ‘\‘\

Protecting data
privacy

\-l' p

Overcoming big
data challenges

Improve health outcomes ‘
and healthcare systems in
Europe by maximising the

potential of big data. .

Click here for \

Infographic A

Using data
effectively

Selecting relevant Improving health

outcomes outcomes



Real World Data landscape

N @ 1$pY 1 Trial Data Shared in ¢ = NHGOC _ Allofts -
cosmiC Public Domain | ‘ MMRF | O Cohort Program
O CoMMposs
IBM Watson ~Broad® | e B
Genomic Data

Data Shared in the

Broad Tumor Portal WShare Public Domain ns NCI iatch

AACR
® GENIE

Pediatric

MMRF MRF
CoMMpass MMGI

Limited
Dataset
Dimensionality

High Data
Curation &
Dimensionality

.Beat AML
Data Held Privately or
Among Partners Only
Large, Integrated data assets are starting to emerge and advance real world data research — but platform trials and registries
continue to have highly tuned data for particular diseases.
X-Axis: Dataset Quality refers to the integration of (a) molecular, (b) disease-specific, structured clinical, (C ) longitudinal data
— oS t of Link Y-Axis: I;::%téﬁr e:g ;;ggn;z:tg:l: are sharing openly and for free. Mid-axis organizations have commercial offerings and closed, private data are @ :l J\s lliuvgs\ ;! s!:: oot
=== \Villing to Consider Linkage Y Kraft Precssion Medicine

No border Does or Will Link Data Genomic Data Commons contains data from FoundationCORE, Broad’s CCLE program, NCI's CCGI, TARGET and TCGA programs. Actelerator




Post-marketing drug surveillance by EMA: before “Big Data”

W\mlnpment

Marketing authorisation

Post-authorisation

EudraVigilance )

\_/

System for managing and
analysing information on
suspected AEs to
medicines studied in
clinical trials in the
European Economic Area
(EEA)

Risk management

Not all potential AEs are
identified by the time an
initial marketing
authorisation is granted.
The aim of risk
management is to
address uncertainties in
the safety profile at
different points in the
lifecycle.

European Risk Management
Strategy (ERMS)

Good pharmacovigilance practices

(GVP)

Incident management plan

Medical literature monitoring

Medication errors

Medicines under additional
monitoring

Periodic safety update reports

Pharmacovigilance systems

Post-authorisation safety studies

Regulatory and procedural
guidance

Signal management

O:-

ROPEAN MEDICINES AGENCY

NCE MEDICINES

HEALTH



Post-marketing drug surveillance by EMA: the HMA-EMA Joint Big Data Taskforce

CORE RECOMMENDATIONS

Data standardisation
Promote use of global, harmonised and comprehensive standards to facilitate interoperability of data

e Data quality
Characterisation of data quality across multiple data sources is essential to understand the reliability of
the derived evidence

e Data sharing and access
The development of timely, efficient and sustainable frameworks for data sharing and access is required
Further support mechanisms are needed to promote a data sharing culture

* Data linkage and integration
Promote mechanisms to enable data linkage to deliver novel insights
Facilitate harmonisation of similar datasets
e Data analytics
Develop clear frameworks to enable the validation of analytical approaches to determine if they are
appropriate to support regulatory decision making
Promote new analytical approaches for modelling of big data sets for requlatory purpose

For more informations, see Annex lll: Table of Recommendations from the Subgroups



Post-marketing drug surveillance by EMA: the HMA-EMA Joint Big Data Taskforce

CORE RECOMMENDATIONS

* Regulatory acceptability of Big Data analyses

Regulatory guidance is required on the acceptability of evidence derived from big data sources

* Medical devices (MD) and In vitro Diagnostics (IVD) Regulation

Ensure effective implementation of the new regulations for devices
and in-vitro diagnostics associated with the use of medicinal products and monitor its impact in delivering safe and effective devices and

IVDs

* Skills and knowledge across the regulatory network

Regulators must be equipped with the skills required for these emerging areas

e External communication and engagement

Proactive regulatory engagement with external
stakeholders relevant to the Big Data Landscape is needed in order to influence strategy and ensure regulatory needs are highlighted

For more informations, see Annex Ill: Table of Recommendations from the Subgroups



Post-marketing drug surveillance in EU: the PROTECT project

: — sk Coordinator: EMA

N M iim) efpia |

MTECT Pharmacoepidemiological Research on Outcomes of Therapeutics by a European Consortium DepUty CO-OrdInator: GSK

34 partners, including academics,

regulators, SMEs and EPFIA companies

-

The PROTECT project (BIG-) DATA SOURCES:
clinical trials, observational
An Innovative Public-Private Partnership for New Methodologies in data spontaneous reports

Pharmacovigilance and Pharmacoepidemiology

registries, electronic health
records, databases, and
patients.

GOAL: strengthen the monitoring of the benefit-risk of medici

\. J

HOW: developing a set of innovative to methods that will enhance the early detection and assessment of ADRs
from different data sources, nable the integration and presentation of data on benefits and risks.

STAKEHOLDERS: patients, prescribers, public health authorities, regulators and pharmaceutical companies.

OUTPUT: accurate and useful information supporting risk management and continuous benefit-risk assessment.



Security and Privacy

Greater risk of privacy
, violation and security failure
Large availability of Large Computing and
‘ St Capabiliti
personal data orage Capabilities More knowledge, better
therapy, greater health

ACCOUNTABILITY
DATA PROTECTION OFFICER

DATA MINIMISATION MAY 2018
GENERAL DATA PROTECTION REGULATION

NEW RIGHTS

PURPOSE SPECIFICATION MANDATORY BREACH NOTIFICATION



