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The pace and scale of medical and scientific innovation is transforming biopharma

Digital transformation is a strategic imperative for biopharma companies facing a
complex and challenging environment

According to a Deloitte/MIT Sloan
Management Review survey:

The biopharma value chain = 20% of biopharma companies are

digitally mature - a lack of clear vision,
leadership and funding are holding

companies back
Post market
surveillance & -
patient support

Research & Clinical Manufacturing Launch &
discovery development & supply chain commercial

58% of respondents said digital
transformation is a top management
priority

= 79% expect to realise the value of
digital initiatives within the next five

What is digital transformation? years

Digital transformation is the use of innovative technologies to reimagine an organisation and drive change
management. Digitally mature organisations are committed to transformative strategies that encourage
collaboration and new ways of working, are open to taking risks and allow their leaders and employees
access to the resources they need to develop digital skills and know-how.




Artificial intelligence technologies (blockchain, cloud, and virtual reality) are
drivers of digital transformation -

Fundamental role of these technologies
is to improve the quality of data and
information flow and robustness of

insights derived from data. Machine learning

Deep learning
Supervised learning
Unsupervised learning

What is artificial intelligence?

Al refers to any computer programme
or system that does something we
would normally think of as intelligent in
humans. Al technologies extract
concepts and relationships from data
and learn independently from data
patterns, augmenting what humans can
do and interacting with humans in a
natural way.

Natural language processing

Speech

Computer vision

Planning

Given biopharma’s access to large
data sets and the resources to access
the required computing power and top
technical talent, those companies who
are willing to invest early are poised
to capitalise on Al.

Expert systems

Robotics



The AI market in biopharma
Expected growth by application and geographical region, 2018-2025

Drug discovery

159.8
m o
52%

Precison medicine

Market size (USD millions)

m 2018 m 2025

NORTH AMERICA

2018 market share:
37.4%

2018-2025 CAGR:
53.9%
$74.1m t0 $1.52b

EUROPE
2018 market share:
30.1%
Expected 2018-2025 CAGR:
52.5%
$59.6m {0 $1.14b

APAC
2018 market share:
25.9%

Expected 2018-2025 CAGR:

53.8%
$51.4mto0 $1.05b

REST OF WORLD
2018 market share:
6.7%

Expected 2018-2025 CAGR:
43.7%
$13.2m 0 $167.5m




Factors driving the growth of AI across the value chain
Data volumes, computing power and computing costs

Supercomputer processing power
Floating-Point Operations per Second (FLOPS)
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The challenges and opportunities in AI adoption
Critical themes that cut across the value chain are influencing Al implementation

TN

,/’.. '\‘\\
yd .

Research & \ Clinical | Manufacturing Launch & sﬂ%:iwaa,:r: t&
\ discovery / development | & supply chain commercial patient support

N .

The racefordata D ¢ GEEEEED ¢ G ¢ G ¢ GEEEEED ¢ GEEEEED ¢ D ¢ NS ¢ IS § S S & G S—

ITinfraStructure CGED ¢ G ¢ GIIIIED ¢ GENED ¢ IS ¢ CINNNNNED © GENNNNNES @GNNSR S G e NSS4 NSNS, cns s

Regulation L NN N8N ;NN _§N§ ;&N NN NN NN ______ S N S

Ethics GED G * D ¢ D * GEIEEED * GEIEEED ¢ I ¢ GNP ¢ NS ¢ WS ¢ S 9 @ o s oo s

The future of WOrk e « e « cmm— « cm— o cm— . c— - c— . c— — — — — —



The race for data
Winning the race for the highest quality data will be the deciding factor in determining
which biopharma companies survive and thrive in a digitally transformed world

Harmonisation, synchronisation,
correcting inconsistencies
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How to win

Biopharma companies need to ensure that any patient data they use has specific consent to be used for the
specified purpose, and that it is private and secure. Improving information exchange between all
stakeholders on threats, incidents, vulnerabilities, best practices and mitigation strategies is an imperative.
Biopharma companies also need to commit to cybersecurity education across all tiers of the organisation
and supply chain, and ultimately with customers. Tackling the interoperability challenge can be accelerated
through the adoption of open platforms, based on open data standards.



Updating IT infrastructure
Improvements in the computer systems and infrastructure that perform the algorithms,
including the hardware, software and services, are key factors enabling the rise of Al

Cloud computing and data storage

offer potential advantages compared Deloitte Global predicts that in 2019:

to on-premises if security, privacy and = all industries will accelerate their use of cloud-based Al
regulatory requirements are met software and services
= among companies that adopt Al technology, 70% will obtain
Increased Reduced Al capabilities through cloud-based enterprise software
efficiency operational

costs = 65% will create Al applications using cloud-based

development services.

Increased Improved
collaboration security
A hybrid cloud can be advantageous, which allows biopharma
, Increased companies to store their core confidential data and applications
de;:mﬁent processing on a private cloud while selectively utilising the public cloud
speed when appropriate.

Increased
scalability and
flexibility



Navigating regulation

Biopharma companies can use Al to optimise the effectiveness of their response to the

increasingly complex regulatory environment

INCREASED EFFICIENCY

Outsourced activities and in-sourced repetitive tasks

can be transitioned to automation bots to free up

skilled resources and reduce spend /— -\

IMPROVED OVERSIGHT

Robots operate in a controlled way.
An audit trail is kept of every
performed action, and

advanced reporting helps
, Gggl‘)"(’;'gﬁ \ control and sound decision-making
INCREASED / —\\ PRESSURES Y / 0\
CAPACITY ' \_ /
Skilled resources are \ O‘R’Eggagc'gg') ) — \ CO“’:"I’;:QNCE ) IMPROVED
freed up to focus on : : SUBMISSION
more value add \ \ QUALITY

a Cf — Improved ability to
sausfactlon productivity ~ / \ O, / \. compile, store, update

and potential to / SR / GROWING \ and operationalisesoft

innovate AMOUNT OF and hard regulatory
\_\REQUIREMENTS ) Vo \\\ o /) intelligence
e / MANAGING \ 7
IMPROVED RESPONSES \  KNOWLEDGE )

Improved efficiency and effectiveness IMPROVED SUBMISSION PLANNING
in query responses can lead to streamlined e/ Advanced search and contextualising
submissions across markets capabilities within automation bots allow for

faster and improved knowledge management

Biopharma companies should consider:

= taking steps to standardise global
operations to facilitate regulatory
convergence

» increasing the transparency of
operations and data to highlight to
regulators the benefits of partnerships, as
well as improve public trust in the
organisation

= transforming culture, processes and
operating models to embrace the
newfound interconnectivity of the
regulation.



Ethical AI implementation

The five biggest issues around the ethics of data and Al technologies

As Al technologies become
more powerful, so do the
potential for unintended or
adverse outcomes. The
questions that surround Al
ethics can be difficult, and the
operational aspects of
addressing Al ethics are
complex, resulting in five main
issues around the ethics of
data and Al technologies.

Much of the data collected by biopharma
companies is personal health data, which if exposed can
erode personal privacy. Biopharma companies need to
be transparent about how information is collected and
used so that individual privacy is protected

Just as humans are susceptible

to bias, algorithms can be shaped by

this real-world bias. Historical data sets

1 that are used to train algorithms need
SN to be inspected o eliminate the

/ | \ potential for bias

The use of Al to automate tasks . _ < PRIVACY >

nimpactjobsandinsome  / AN VA N\
casesIeadtotheirelimination./ WORKFORCE \\ / / Al algorithms
Thg 2018De|0|tt¢8tate of < DISPLACEMENT >\_ _/ ( BIAS AND are becoming increasingly
Alinthe Enterprise survey AND . DISCRIMINATION . complex, and how they
found that 36 per cent of \ / work can be closely held

TRANSITIONS /
respondents thought that \\_ /

I ) : . ; secrets, but being able to
job cuts from A-driven ——/ _ ‘ understand and explain
automation hadrisentothe /" \ / N\ how they work can avoid
level of an ethical risk. / \ unintended or adverse
Consequently, Al should LACK OF : -

quently, LACK OF outcomes
be used by employersto { GOVERNANCE AND > < TRANSPARENCY

increase opportunities for
employees and mitigate
negative impacts

'\AFCOUNTABILIW / \ /

N 4 N/

Al technologies will automate many of the decisions made during research and clinical testing.
Biopharma companies need to ensure they prioritise ethics in their use of Al technologies and
maintain accountability of their policies and actions
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The future of work encompasses changes in who, what and where of work

Al technologies and digital transformation will result in major changes to roles and
responsibilities within biopharma companies

What? Work

AUTOMATION LEVEL

What work can be automated?
With automation increasing through @
the use of robotics and Al technologes,

what work can be done by and with

smart machines?

Current work options

@ Who? Workforce
TALENT CATEGORY

Who can do the work?

With the emergence of new talent platforms and contracts,
how should the continuum of talent from full time to managed
services to freelancers and gig workers be leveraged?

Where? Workplace

PHYSICAL PROXIMITY

Where is the work done?
@ With new combinations of

collaborative teaming and digital reality

technologies, how will workplaces and

work practices reshape where and
when work is done?

Future work options

The next generation of biopharma talent will
need to be agile, digitally literate and
open to continuous learning as part of
their career development

The evolution of a more diverse
biopharma workforce

4

Full-time Contracted
employees you freelancers
can attract and working in the gig

hire economy

ok o5

Bots that automate Crowdsourced
some business activities, such as
processes and act the creation of
as digital full-time algorithms
employees

Source: Deloitte analysis.

Deloitte Insights | deloitte.com/insights 1



Biopharma’s AI-fuelled future
Al will impact the entire biopharma value chain

FIGURE 15

Some of the main applications of Al across the biopharma value chain

Research &

discovery

Aggregating and
synthesising
information

Mining data to identify
drug targets and
molecule interactions

Understanding
disease mechanisms

Drug candidate
generation and
selection

Source: Deloitte analysis.

Clinical
development

Trial design

Site selection
Recruitment
optimisation

Process optimisation

Predictive toxicity and
risk monitoring

= Monitoring drug

adherence

Manufacturing
& supply chain

Supply chain planning
Predictive
maintenance

Inventory
management

Demand forecasting
Logistics optimisation
Workforce planning
Procurement

Medication tracking,
safety and security

End-to-end visibility

Launch &
commercial

Launch coordination
Patient engagement

Physician decision
support

Marketing operations
Predictive pricing

Deloitte Insights | deloitte.com/insights

Post market
surveillance &

patient support

Medication adherence

Adverse event
recognition
Patient monitoring

Compliance
monitoring

Patient support
programmes/
platforms
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The evolution of drug discovery

Historically, the discovery of new therapeutics
involved the extraction of ingredients from natural
products and basic research to find potential
treatments.

The majority of drugs discovered during the
20th century were chemically synthesised
small molecules, which still make up 90 per
cent of drugs on the market today.

Since the 1990s, scientific and technological
advances have led to the discovery of larger,
more complex, biological therapeutics known
as biologics, which include a wide range of
products such as antibodies, antisense drugs,
blood and blood components, recombinant
therapeutic DNA and proteins, and vaccines.

Despite advances in genomics, chemical synthesis
and other molecular biology techniques, only

around one-third of the estimated 20,000-30,000
known diseases have an adequate treatment.
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DNA crystals imaged Double-helical DNA Inactivated polio Interferon, a naturally

using X-ray diffraction, structure discovered vaccine introduced occurring anti-viral & Matriveseatcridiscovenies
paving the way to protein discovered

discover DNA structure &P Drug approvals

{E‘i} Main technological advances
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Ibuprofen approved First production of | Protein Data Bank providing First measles Development of

by the FDA recombinant DNA X-ray crystal structures of vaccine licensed Solid-Phase Peptide
proteins used for structure Synthesis (SPPS)
based drug design
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First production First nonmathematical Introduction of FDA approval for Polymerase chain

of monoclonal method for rational Computer-Aided recombinant reaction (PCR)

antibodies drug design Drug Design human insulin, invented, allowing
(CADD) Humulin large scale applications

of recombinant DNA
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Human Genome Project First statin for Introduction of Nobel Prize in Chemistry awarded for

initiated human use | combinatorial chemistry work on SPPS
First miniaturised device for (LSt Apihtege cEply Nobel Prize in Physiology and Medicine awarded
: . approved by technique e A
chemical analysis the FDA for work on monoclonal antibodies production
1984
The first microchip/ microarray | The first example of a Nobel Prize in Chemistry The FDA approved interferon
company founded (Affymetrix) small-molecule combinatorial | awarded the invention for adjuvant therapy of
library reported of the PCR method melanoma patients
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CRISPR invented as a EMA approved Human genome sequencing The FDA approved | The first drug based on
gene editing tool in the use of gene | completed, which allowed for Humira, the world’s | a monoclonal antibody
mammalian cells therapy product the development of emerging bestselling drug (Rituximab) approved
(Glybera) pharmacogenomics for medical use

technologies

N4

The FDA approved the Al-enabled technology for de novo design of

The FDA approved the  Nobel Prize in Chemistry

use of a cell-based awarded for work on use of a CRISPR-based small-molecules (GENTRL) by Insilico Medicine
gene therapy product  phage display of peptides || therapy to treat a rare delivered a lead compound against fibrosis in
(Kymriah) and antibodies genetic ocular disorder 46 days rather than years



Discovering drugs is a crucial first step in the biopharma value chain

Postmarket
surveillance &
patient support

Research & | Clinical 4 / Manufacturing | Launch &
discovery | | development & supply chain | § § commercialisation

>> >> >>

First screening and Hit to lead selection Lead optimisation Preclinical testing
hit identification Hits are confirmed and (drug candidate In vivo assays are performed
High-throughput screening analogue clusters are selection) to test pharmacodynamics,

of large libraries of synthetized three to six Lead molecules are further pharmacokinetics and
chemicals to test their ability molecule clusters with modified and improved a toxicity of novel candidates
to modify the target positive better affinity and drug number of drug candidates 1in 25 drug candidates that
hits are selected for further properties are selected are selected (1 in 5000 from enter preclinical phase are

validation initial screening) selected for clinical trial

studies

The drug discovery process usually takes five to six years from the start of stage | to the end of
preclinical testing. Of 10,000 small molecules initially screened, 10 are selected for clinical trials.™
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Drug discovery is a long, expensive and often unsuccessful process

The average time to bring a molecule from discovery through to launch is 10-12 years.

A
Research & Clinical Manufacturing Launch & Post market

; . - surveillance &
discovery development & supply chain commercial patient support

According to our report Measuring the return from pharmaceutical innovation 2018:

= The average cost of the cost of the R&D process calculated in 2018 was $2,168 billion, almost double the
$1,188 billion value in 2010.

= The average forecast peak sales per late-stage asset in the drug pipeline in 2018 was $407 billion a
significant decline of over 50% from the $816 billion in 2010

= The expected return on investment from drug development has declined steadily since 2010 from 10.1 to
1.9 % in 20109.

Finding ways of improving the efficiency and cost-effectiveness of
bringing new drugs to the market is an imperative for the industry.

16



Peak sales per asset have stabilised but cost per asset has increased to a new
high, partly driven by a decline in late-stage asset humbers

21,600 Average peak sales per asset, 2010-18
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Around one-third of the R&D process cost is spent on the drug
discovery phase

« Of the 10,000 molecules initially screened,

only 10 ever make it to clinical trials ‘
« The chance of success for a compound

entering phase I trials is slightly under 10 per

cent and has not increased in a decade

Improving discovery and clinical trial

success rates is critical for the future
of drug development

One of the factors that reduces the accuracy of the discovery process is the lack of precise knowledge
on the three-dimensional structure of drug compounds and targets. Their binding affinity
(specificity) and kinetics are ultimately what determine the efficacy of action together with efficient drug
delivery

TARGET SMALL MOLECULES STRONG AND SECURE

18



Intelligent drug discovery: Why AI? Why now?

Al-enabled solutions are emerging as a crucial tool for transforming the process of researching disease
mechanisms of action and revolutionising the understanding of how drugs bind to targets, improving

specificity. If adopted at the drug discovery stage, Al solutions have the potential to kick-start the
productivity of the entire R&D process.

Al has the potential to:

Reduce timelines for Increase the accuracy of Improve the opportunity to
drug discovery and predictions on the efficacy diversify drug pipelines
Improve the agility of and safety of drugs Al-enabled prediction tools could
the research process Currently, most drugs fail clinical trials improve thepspeed and precision of
The successful application due to efficacy and safety issues. Given discovery and preclinical testing,
of innovative technologies the growing cost of bringing a drug to opening up new research lines and
could speed up the market, a ten per cent improvement in enabling more competitive R&D
discovery and preclinical the accuracy of predictions could save strategies. Finding new niches of

stages by a factor of 15. billions of dollars spent on drug

competitive advantage could reduce
development.

withdrawals and improve asset sales.

19



The rise of Al drug discovery disruptors

According to our report DKA'’s report Landscape of AI for Drug Discovery and Advanced R&D Q2
2019:

= As of July 2019, there are 170 AI companies, 50 corporations, 400 investors and 35 major R&D centres.

» In the second quarter of 2019, the number of R&D centres increased by five, start-up companies increased
by 20, collaborations increased by 30 and investors increased by 50 compared to the first quarter

= 120 out of the 170 companies are actively tackling different areas of drug discovery.

Most major biopharma companies are now exploring Al-driven solutions for drug discovery, making a
variety of deals to access this capability

Number of deals
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Five main Al challenges for drug discovery: Finding the ideal key
for a complex lock

The approach to finding new drug candidates for disease targets is like trying to find the
perfect key for a specific lock.

LOCK AND KEY ANALOGY

— __ Correct fit,
will react

Key = Drug Lock = Target " Correct fit = Reaction (high drug specificity)
B TRLe) (igand) X Incorrect fit = No reaction

The majority of Al solutions for O—m a0 a0

drug discovery available today are n T r

focussed mainly on five different x

approaches to this challenge Wpwbo : mekekid . pesiby - Wkirdimabi: kRt
(finding new (screening of small (de novodrug design) keys with good fit (preciinical testing)

diseases-associated molecule libraries) (drug optimisation/
\ argets) drug repurposing ) /

TARGET > > PRECLINICAL
IDENTIFICATION TESTING

LEAD
COMPOUNDS
IDENTIFICATION

DRUG
CANDIDATE
SELECTION
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Five main Al challenges for drug discovery

TARGET > > PRECLINICAL
IDENTIFICATION TESTING

Al for drug discovery companies frequently provide algorithms and platforms to address
more than one of these challenges of biopharma research and discovery, although
currently 40 per cent of their focus is on screening

LEAD
COMPOUNDS
IDENTIFICATION

DRUG
CANDIDATE
SELECTION

Number of Al for drug discovery
start-ups by area

W Finding new targets

B Screening of small molecule libraries to find new
candidates

M De novo drug design
Drug optimisation and repurposing
Preclinical testing
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Finding new diseases-associated targets

« Al algorithms leverage large amounts of basic research data from public and private
sources to enable a better understanding of diseases mechanisms.

« Al can tailor approaches for a more accurate understanding of pathological cellular and
molecular mechanisms.

Case Study 1

BenevolentAl, a UK company founded in 2013, is creating and applying Al technologies to to
transform the way medicines are discovered, developed, tested and brought to market. The
company has the capability from early discovery right through to late-stage clinical
development.

The company aims to use the power of Al to put patients first, and tangibly transform their
lives by creating a way to lower drug discovery and development costs, decrease failure rates
and increase the speed at which medicines are delivered to patients.
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Screening of small molecule libraries to identify new drug candidates

Extremely accurate predictions of binding profiles can be created for targets, by using DL
technologies, such as convolutional networks.

Case Study 2

Atomwise, a US company founded in 2012, uses Al technology to predict small molecule-
protein binding affinities and focusses on identifying potential therapeutics for any disease
target.

The Al platform AtomNet is a patented structure made of DL Convolutional Neural Networks
for hit discovery and lead compound identification and optimisation. It learns the three-
dimensional features of drug-to-target molecular binding and identifies discriminators. The
platform can select hits that have key features such as the ability to cross the blood-brain
barrier in a short amount of time with new lead compounds obtained in days, bypassing the
need for costly and long high-throughput screening experiments.

24



De novo design of nhew drug candidates

A step forward from Al-enabled screening of small molecule libraries is de novo design of new
compounds that fit, with precision, the structural criteria required to bind specific targets.

Only the information related to the structure of the target is necessary, avoiding the bias of small

molecule screening. DL solutions are at the core of this groundbreaking precision approach.

Case Study 3

Insilico Medicine, a Hong Kong-headquartered company initially founded in 2014 in the US,
uses deep generative models, which are ML techniques based on neural networks that
produce new data objects.

They recently developed a platform called Generative Tensorial Reinforcement Learning
(GENTRL), which combines two distinct DL models and has generated new drug hits against
fibrosis in 21 days and validated them, selecting one lead in another 25 days.

25



Drug optimisation and repurposing

Better insights on the polypharmacology of drugs could be used to improve drug development
success rates by identifying offset targets and unwanted toxic effects and also providing
opportunities for drug repurposing.

Case Study 4

Cyclica, a company founded in Toronto, Canada, in 2013, provides an integrated cloud-based
and groundbreaking Al-augmented platform for drug design, off-target profiling, system
biology linkages, structural pharmacogenomics insights and drug repurposing based on
polypharmacology.

They have developed two proprietary drug discovery platforms that are now being used to
identify novel multi-target solutions for complex neurodegenerative diseases, through a
collaborative environment.

Importantly, by using their platform, Cyclica discovered the molecular reason leading to the
fatal side effects exhibited by a chronic pain treatment drug candidate in clinical trials in
2016, identifying a plausible toxic protein target.




Five key considerations for biopharma’s adoption of Al

The integration of Al into traditional processes needs to be underpinned by a robust strategy
Developing successful strategies requires biopharma companies to consider five key actions

01001010

01101011

01110011
N B

IMPROVING RECOGNISING INCREASING ACQUIRING NEW ESTABLISHING
ACCESS TO ROBUST THE DISRUPTIVE DIVERSIFICATION Al SKILLS AND NEW KEY
RELIABLE DATA POTENTIAL OF OF DRUG DISCOVERY TALENT PERFORMANCE
Collaborations, consortiums TECH GIANTS PIPELINE Al experts are needed to INDICATORS AND
and partnerships Tech companies have Al can provide better implement solutions and DESIGN THINKING
access to big datasets and  predictive models and more  evaluate collaboration with There is a need for new
are already investing in Al agile research to third parties standardisation to evaluate
for healthcare understand rare disease milestone discoveries
mechanisms

Source: Deloitte analysis.
Deloitte Insights | deloitte.com/insights



Improving access to robust and reliable data: Data sharing is the
new competitive advantage

Collaborations and consortiums:

For biopharma companies to use Al to improve drug discovery they need access to large datasets. While this
can be achieved through industry collaborations, this is challenging in the highly competitive traditional

biopharma culture. The benefits of achieving a better drug discovery process outweigh the risks of
sharing knowledge and lead to more successful R&D pipelines, saving billions of dollars. Examples include:

« The Machine Learning Ledger Orchestration for Drug Discovery MELLODDY project is a
consortium of 17 partners created to enable effective sharing of the chemical libraries of ten
biopharma companies, specifically for AI drug discovery applications. The collaboration is
underpinned by the use of blockchain technologies aimed at improving the accuracy of predictions
for identifying better drug candidates.

« The Machine Learning for Pharmaceutical Discovery and Synthesis Consortium is a
collaboration started in 2018 by the Massachusetts Institute of Technology involving 13 major
biopharma companies. It aims to facilitate the design of useful algorithms for the automation of
small molecule discovery.

« The Accelerating Therapeutics for Opportunities in Medicine (ATOM) consortium is another
US-based collaborative initiative for the development of state-of-the-art, Al-enabled drug discovery
processes. Established in 2017 by GSK, Lawrence Livermore National Laboratory, University of
California San Francisco and Frederick National Laboratory for Cancer Research, it aims to
significantly reduce the preclinical drug discovery timeframe for the patients’ benefit
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AI provides an opportunity to diversify pipelines

Case Study 6

Exscientia, a UK company founded in 2012, has developed a model that three main
proprietary AI approaches, which capitalises on accessing data from academic collaborations
and the use of crowdsourcing and translational disease models. This data is fed into
predictive models from big data, and active learning from small data, and then input to a
bespoke discovery process platform to generate phase I ready assets.

The company has secured relevant partnerships with a number of big biopharma companies
over the past four years, and is contributing to the understanding of key disease mechanisms
to help diversify drug pipelines
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The future of drug discovery: Delivering '4P" medicine

The adoption of Al and other
innovative technologies, and the use
of big data from multiple sources is
enabling more precise targeted
treatments and shifting the health
ecosystem toward a future where
medicine is personalised, predictive,
preventative and participatory (the
‘4Ps’), leading to new, more
efficient and effective models of
care.

Over the next decade, these shifts
will have a significant impact on
treatments and on patient outcomes,
particularly in those areas of medicine
with unmet need.

RADICALLY REFORMED
DATA ARCHITECTURE AND
DATA SHARING

AI'HAS IMPROVED ACCURACY,
PREDICTABILITY AND SPEED OF
DRUG DISCOVERY

REGULATORY RELATIONSHIPS
BASED ON WIN-WIN
APPROACH

DRUG DISCOVERY BASED ON
NEW SKILLS AND TALENT

NEW GEOGRAPHIC
DISTRIBUTION OF Al FOR
DRUG DISCOVERY

Source: Deloitte analysis.
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PREDICTIVE
PREVENTIVE

PERSONALISED
PARTICIPATORY
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Drug discovery and the future of work

« Success for companies using Al for drug discovery depends on having highly skilled interdisciplinary leadership,
as well as AI-friendly CEOs and board members to drive the adoption of Al

« For biopharma companies to thrive, they will need strong AI divisions and a strategy for acquiring or collaborating
with the best Al start-ups.

- Agility and effective communication between departments with interdisciplinary skills in both business and
technology, including deep experience in Al, computer science, data science, engineering, life sciences, mathematics
and statistics, will be a strategic asset.

« Both big tech and biopharma companies will be competing to hire and retain sufficient numbers of AI experts
and biochemical specialists. However, these and other key talents, such as bioinformatics and computational
biologists, are in short supply.

« This changing drug discovery landscape will transform biopharma R&D laboratories and research facilities.
While they will continue to employ biologists and chemists, they will also employ AI experts and data scientists.
Academia should consider partnering with biopharma, tech companies and CROs to develop education exchange
programmes to enhance the required technology capabilities across the ecosystem.

@ <> () <> (3
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The changing geography and rise of emerging markets in the
future of drug discovery

The US currently leads the Al drug discovery sector in both investment (63.5 per cent) and number of
Al for drug discovery companies (60 per cent of start-ups).

The UK is the leading country after the US in terms of investment and number of Al tech companies,
and it is maintaining the same pace of growth.

Although Asia has the fifth-lowest proportion of Al for drug discovery companies, Asia’s activity in this
space is increasing, especially in investments in foreign companies, mostly US-based

Case Study 7

China has swiftly become one of the largest biopharma and medical product markets in the
world, projected to reach US$145-175 billion in sales by 2022.Quicker regulatory approval
and widening market access are among the changes that have made China a target market
for biopharma companies to launch innovative medical products.

China aims to become a global leader in Al and to be at the forefront of innovative, digital
approaches to drug design. The Chinese government is creating programmes to increase Al
skills and talent. Considering the rise of personalised and precision medicine in the next
decade, China has a significant competitive advantage because there is the potential to
collect data from more than 1 billion citizens.
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Regulating the new AI drug discovery landscape

« Regulations and laws are changing rapidly in response to the
use of new technologies across industries, requiring biopharma
companies to develop legal and ethical expertise in Al drug

discovery.
be V% T SRR A NN « Al start-ups and biopharma companies are increasingly
- Lm0 | ABRNEN s \ . . .
o\,\y\‘;}—f“;p;.’;.?';f‘ ER VAT N promoting open collaboration and data sharing through the cloud;
+/ s A0 W T A A in order to avoid data ownership, safety and privacy breaches,
X $Z<” NIRRT o1y they are increasingly adopting blockchain technologies to be
S0 C\/ @ .,.";‘-7/ i ons able to demonstrate compliance with regulations.
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o ) -/‘\”“C-\: RN S O « A key challenge will be how to address health inequalities

related to genetic differences. Organisations need to create

| ethical boards and develop an improved regulatory system
> ol that covers the use of Al solutions for drug discovery,

B s including the use of personalised data.

« As drug discovery begins to use the wider sources of data
discussed in this report, a set of new regulations protecting
data safety, privacy and access to electronic health records
will also be required.
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What next?

« By 2030, drug discovery processes are likely to be mostly outsourced to external AI companies,
where research will be done mostly in silico and in collaboration with academia.

« The timings from screening to preclinical testing will be reduced to a few months rather than five/six
years, and new potential drug candidates will be identified at increasingly lower costs.

« In the next five to ten years, the number of companies using Al for drug discovery will increase
exponentially and new drugs capable of treating very precise pathologies will become the norm.

« Major disruption will come from biopharma companies that apply these next generation techniques
to biomarker development, drug discovery and drug repurposing.

« Over the next decade, patients can expect these developments to have a significant impact on the
effectiveness of their treatment options and on disease outcomes, particularly in areas with no
treatments available currently.
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