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Epidemiology
is the study of the determinants of disease distribution and frequency
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Clinical studies as of
yesterday?

Scale-Up Post-Marketing
Drug Discovery Preclinical Clinical Trials to Mfg. Survelllance

~ 5,000—10,000
COMPOUNDS
ONE FDA-
APPROVED
DRUG

PRE-DISCOVERY

PHASE PHASE PHASE
1 2 3

NUMBER OF VOLUNTEERS
20-100 100-500 1,000-5,000
6-7 YEARS

P IND SUBMITTED
» NDA SUBMITTED

Figure 1. The research and development process. IND = Investigational New Drug Application; Mfg. = manufacture; NDA = New Drug Application.
Adapted by permission from Reference 21.
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discovery and development: understanding the R&D process
laccessed 2012 Jul 26]. Available from: http:/Avww.Inovation.org
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Industry and academia clinical studies

Status Trends Nordic countries

Industry is serving the More R&D collaborations: to play

market: in- .
Industry cuts in hous_e R&D and important role

Close to 100 % of all drugs develop molecules in ]

and vaccines are developed and  collaboration with academia

brought to the patients by the < 11-digit unique ID

industry (often in collaboration . . e

with acaY:Ie(mia) Sthnfte.d study focus to later % large national registries
stage: < several high-standard
Phase 2 and 3 studies tend to biobanks

T!me & costs to market are have shorter follow-up and

high: include fewer patients than

Around 10-15 years previous

with cost of ~1-2 bil€ Rising importance of Phase 4

to bring a molecule to the studies in the future (real-life

patients data, HEOR and bio-markers)
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N = + O
2X

~3,4 % bilS 2+ 17,368 7%

Success rate of Average cost per Oncology drug Success rate Of oncology trials
oncology drug oncology drug clinical trials doubled for trials utilized a
development from development from  conducted 2001-  thatincluded patient  piomarker in 2015
2001-2015 bench to patient 2015 stratification

Wong, Chi Heem, Kien Wei Siah, and Andrew W. Lo.
"Estimation of clinical trial success rates and related
parameters." Biostatistics 20.2 (2019): 273-286.
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The RCT based model
The analysis of RCTs
recent failures E Lack of !
during phase III ' Efficacy Safety differentiation !
(late stage attrition) ! I
is supportive of the | i
new R&D model: E i
69%
| > 8% through > 16% on lack of i
' confirmation of known differentiation in !
, safety concerns efficacy !
' > 23% through other > 3% on lack of !
i safety issues differentiation in safety |
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What is RWE?

RWE is defined as

data derived from a Q) [ (\}

heterogeneous =7 ‘

patient population Patient National Administrative
surveys surveys claims data

in a real-world

setting ) @ |ﬁ

Patient-generated Ejectronic health

Pragmatic Observational health data

clinical trials studies (e.g. Wearab|eéjevicesl
social media)

records

Innovation in evidence generation

*RCT = Randomized controlled trials
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RCTs and real-world studies provide different information and both
are required to describe the value of a drug therapy
RCTs
! .
I+ Gold standard for assessing the efficacy of a ! Required to assess the long-term safety of
! drug H drugs to detect rare adverse events that are
1
| s . . L 1 not detected by RCTs
| Strict inclusion/exclusion criteria as well as 1 - . .
I consistent drug administration create an ! Effectiveness and safety profiles are likely to be
| ideal environment to isolate the effect of a drug different in heterogeneous groups of
| ! patients compared with patients in RCTs
1
L
However, these conditions are seldom « However, the downside is that real-world
replicated in everyday clinical practice studies are vulnerable to biases and
+ The effectiveness/safety of drugs in the real- confounders . . . e
world often differ from efficacy/safety results + A good grasp of epidemiologic principles are
from RCTs required to deal with these biases
Having a more nuanced view of the strengths and limitations of
RCTs and real-world studies can facilitate creative thinking around
evidence generation
10 Big data and the use in drug development | Steinar Thoresen MERCK
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The world is changing —a new era?

due

to both and the
increase in

meaning R&D investment must be

recouped across fewer patients.

Higher cost allocation

per drug Aging population with

multiple comorbidities

are increasingly living
with multiple due to both
from previously fatal
diseases such as cancer, and the impact
of , evident from the
prevalence of diabetes and obesity.

Increased evidence demand by HTA
Health Technology Assessment (HTA) agencies and payors
are becoming more sophisticated in their

which they require for product reimbursement.

Deloitte: Real World Evidence - Transforming patient care, 2014
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What the Apple Watch’'s FDA clearance actually
means
The FDA-cleared features aren’t supposed to be used by those under 22
Hold your finger on
the crown.
12 Big data and the use in drug deve\o;‘ | Steinar Thoresen MERCK
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#1 mobile product for
women's health

Chosen by over 100 million women worldwide
% % % & K 49 over Mratings

GETITON

s D e T
@& App Store Google Play

Key Features

Period tracker and ovulation calendar

Log over 70 symptoms and activities to get the most precise Al-
based period and ovulation predictions.
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Based on your max heart rate of 190 bpm

P
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For Journalists Mayo Clinic Radio

| News Network
Yy

By Duska Anastasijevic

Mayo Clinic selects Google
as strategic partner for
health care innovation,
cloud computing

September 10, 2019

ROCHESTER, Minn. — Mayo Clinic and Google announced a 10-
year strategic partnership on Tuesday, Sept. 10. This partnership
will redefine how health care is delivered and accelerate the pace
of health care innovation through digital technologies.

QRRCK
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§ About Patient Care Re

Home > UCSF News Contor >
Public-Private Consortium Aims to Cut Preclinicai
Cancer Drug Discovery from Six Years to Just One

Lawrence Livermore National Laboratory, Frederick National Laboratory
for Cancer Research, GSK, and UCSF Partner on Effort

American preclinic
initiative

MERRUK
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Helsedataprogrammet Norway

The aim of the Health Data Program is to
improve the utilization of Norwegian
health data from health registers,
population-based surveys and research
biobanks. The program will simplify access,
compilation and analysis of health data
across registers.

MERRCK
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Artificial intelligence in medicine

Unsupervised learning Supervised
Reinforcement learning learning

Parallell not sequential
testing

Cooperation in use of public

Faster/ optimized data
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Figure 2. of digital technology in clinical trials

Low MEDIUM
AcTviTy ACTIVITY

1. Trial design 2, Trial start-up 3. Trial conduct 4. Study closeout

Clinical Trials using big data; RWE and
digital

EHRs AND CLAIMS DATA
Data analytics

Synthetic

Mobile
control arms applications,
wearables,
biosensors,
connected
- devices
@) Patient
identification o
-
technologies (A FROM oUs IDENTIFY
itori STUDIES AND SCIENTIFIC ok NONAGHERENGE ALERTS
Monitoring
Automation
Compliance
Other MEDICATION KITS AND

R PILL PACKS
technologies ELIGIBILITY, DOSING, AND

Data curation

Source: Deloitte Center for Health Solutions interviews
with industry stakeholders.

Deloitte Insights | deloitte.com/insights
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Biobanks

A unique study has
been launched in
Finland that will
deepen our
understanding about
the origins of
diseases and their
treatment. The
FinnGen study plans
to tap into 500 000
unique blood
samples collected by
a nation-wide
network of Finnish

biobanks.

Registries
FinnGen will boost the

activities of Finnish biobanks

by speeding up sample
collection and enabling
enrichment of samples with
genomic data. The aim is to
get up to 500 000 Finnish
individuals to participate in
the study. The FinnGen will
manage anonymous health
registry and genomic data
without compromising the
privacy and integrity of
participants.
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FINNGEN project
Finland
Public Private

partnership
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Developing diagnostics for the early detection

of age-related diseases.

\&
AGELA

3

MRRCK
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AgelLab

A simple blood test

We are developing a novel blood-test that
predicts all-cause mortality risk and risk of
developing specific age-related diseases.

Aging is the predominant risk factor for most diseases
and conditions that limit health span. Due to the
exponentially increasing proportion of the world’s
elderly population, developing novel and effective
therapies for treating and preventing age-related
diseases has become essential.

We can help reduce the cost and the duration of
clinical trials.

Learning from history

By applying 21st century machine learning
techniques on large epigenetic datasets
spanning 45 years back in time.

We create the prediction algorithm by combining
genome wide microarrays, high-performance
computing, statistics and machine learning.

At the core of our approach lies an algorithm trained on
the DNA methylation patterns from thousands of
people where lifespan and cause of death is known. We
train our algorithm on large unique datasets from
Norwegian and international biobanks.

MERRUK
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Agelab

Molecular diagnostics for clinical trials

Shortening trial duration's and lowering the number of patients needed.

The problem: The cost of developing a new drug roughly doubles every nine years. The average cost
of developing a new cancer drug is €556m, the median time to approval is 7.3 years and only 10%
pass all three phases and receive approval. The main drivers of time and costs are the number of
patients, the trial duration and the low likelihood of success.

The solution: Using our blood-test in clinical trials can help reduce cost, trial duration or the number

of patients needed through:

+ Better patient selection (inclusion or exclusion criteria)

« Earlier termination of failing clinical trials (biomarker in e.g. interim analysis)

+ Earlier understanding of overall therapy effects (biomarker in e.g. interim analysis)
« Improving adaptive clinical trials (biomarker in e.g. interim analysis)

* Shorter survival studies (surrogate endpoint for mortality)

+ Adding new indications (surrogate endpoint for mortality or age-related disease)

MRRCK
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INSPIRE

INcreaSe PharmaceutlIcal REporting

Pilot project to capture cancer
medication data from hospitals

A public-private partnership

Cancer "2,

; 50
f%:-g\stry of Norway ':-."‘
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and data availability

26

Cancer treatment Surgery

e Complete data
at CRN*

today

Radiation
therapy
e Complete data at CRN*

Big data and the use in drug development | Steinar Thoresen

*CRN = Cancer Registry of Norway

MRRCK
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We need cancer medication now

* Who gets treated, with what drug(s), for
what condition?

* Prognosis? Survival?

* Adherence to national guidelines?
* Regional differences?

* Who benefits from new cancer drugs
and who doesn’t?
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Inspire gives us:
1 Medication Surgery
) e Complete data o Comtplgéilgata
Knowledge on cancer drug at CRN .
treatment
2 Radiation
therapy
Knowledge on the complete « Complete data at CRN*
courses of treatment for all
cancer patients
28 Big data and the use in drug development | Steinar Thoresen *CRN = Cancer Registry of Norway MERRU K
** Complete data for participating hospitals
28

14



14.11.2019

The research question before and after launch

Before:

What is the current disease
burden and current
treatment effects?

> Incidence/prevalence including
subgroups with biomarkers

» Survival/mortality based on
current treatment options
(historical data)

» Outcome with current standards
of care

After:

How does a new treatment
option look in a population
outside a clinical trial, and
what are the new treatment
effects including costs?

«real-life phase 4»: treatment
effects (changes) based on
recurrence and survival by
region/hospital.

Compare new treatment options
and track real-world use of
different treatment options by
tumor-type/mutations and by

regions/hospitals

Adaptive licensing/Market
access in Nordic countries

Pay for performance
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Status Key questions
Big data is already The key question is: will ) :
here and will Nordic authorities and Conclusion on big
change the way we payors accept the new data
do clinical studies area? They still have a
hang-up on old-fashion and druQ
Nordic trials development
registries/biobanks
are world class, . .
but access and Privacy issues must be
linkage to registry solve?d. Who owns the
data is too slow data
and our Nordic
advantage will not
last
30 Big data and the use in drug development | Steinar Thoresen
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