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Al for Advanced R&D and Drug Discovery 2018 / Q2

In the end of 2017 our analytical department released its inaugural report on the state of Al for Drug Discovery
industry, entitled “Al for Drug Discovery Landscape Overview 2017”.

In April 2018 we released a subsequent report entitled “Al for Drug Discovery & Advanced R&D Q1 2018".

The present report is a significantly extended edition with more in-depth coverage of specific topics, and which has
aggregated all important industry developments occurring in the second financial quarter of 2018.

The second quarter of 2018 saw major changes, significant investments, acquisitions, and the establishment of
substantial joint ventures. This serves as a stark reminder of how fast the Al for Drug Discovery, Biomarker
Development and Advanced R&D sector is advancing. Many trends noted in our last report have continued and
intensified, while other new trends have emerged as well.

Al FOR
DRUG DISCOVERY,
BIOMARKER DEVELOPMENT
AND ADVANCED R&D
LANDSCAPE OVERVIEW
2018/ Q1

Al for Drug Discovery
Landscape Overview 2017

Companies - 80
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Pharma Efficiency is Declining Steadily

TO DEVELOP ONE
NMEs pef $B R&D spent (inflation adjusted) > ° DRUG

10 .
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____postthalidomide __ |
O CLINICAL TRIALS
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Bernstein Research: The Long View - R&D Productivity, 2010
46 NEW DRUGS launched in 2014

Source: adapted from Insilico Medicine investor presentations, www.insilico.com




GLOBAL SALES:

>$1 Trillion
GLOBAL R&D:
>$150 Billion

Source: adapted from Insilico Medicine investor presentations, www.insilico.com
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THE BIOPHARMACEUTICAL RESEARCH AND DEVELOPMENT PROCESS

POST-APPROVAL
BASIC DRUG PRE- FDA
ESEARCH  DISCOVERY  CLINICAL e REVIEW et

MONITORING

PHASE Il PHASE IV

1 FDA-
APPROVED
MEDICINE

POTENTIAL NEW MEDICINES

e — -
—

NUMBER OF VOLUNTEERS
TENS HUNDREDS THOUSANDS

E
§

FDA APPROVAL

Source: Biopharmaceutical Research & Development, PRMA http://phrma-docs.phrma.org/sites/default/files/pdf/rd_brochure 022307.pdf
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The "heat map" of Al potential value for various R&D areas
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The Application of Al for Advanced R&D

Generate Novel Drug Candidates

Analyze data sets, form hypotheses and generate novel
insights

Identify novel drug candidates

Analyze data from patient samples in both healthy and
diseased states to generate novel biomarkers and
therapeutic targets

Predict binding affinity and other pharmacological
properties of molecules

Allow filtering for drug-like properties of molecules
Reduce complexity in protein design

Design and Run Preclinical
Experiments

Reduce time, money, and uncertainty in planning
experiments

Decode open- and closed-access data on reagents and
get actionable insights

Automate selection, manipulation, and analysis of cells
Expedite development of cell lines and automate
manufacturing of cellular therapeutics

Automate sample analysis with a robotic cloud laboratory

Synthesize Information

Aggregate and Repurpose Existing

Drugs

Rapidly identify new indications
for many known drugs

Match existing drugs with rare
diseases

Conduct experimental biology
at scale by testing 1000+ of
compounds on 100+ of cellular
disease models in parallel
Generate novel biomarkers and
therapeutic targets

Extract knowledge from
literature

Generate insights from
thousands of unrelated
data sources

Improve decision-making
Eliminate blind spots in
research

Identify competitive
whitespace

Clinical Trials

Optimize clinical trial study design

Transform diverse streams of biomedical and healthcare data into
computer models representative of individual patients

Deliver personalized medicine at scale, by revealing optimal health
interventions for individual patients

Analyze medical records to find patients for clinical trials

Automate matching cancer patients to clinical trials through personal
medical history and genetic analysis

Improve pathology analysis

Identify patients that would benefit from novel therapies




Computation-based Drug Discovery

=¥ Millions of
a1 Compounds

Synthesize new Robot-assisted screening
Chemical Compounds High Throughput Screening

Computational Chemistry Virtual Screening

« Synthesize compounds * Check if compounds bind
based on similarity to target proteins

=

NVIDIA

Clinical Trials

===l FDA Approval
Process

Testing for Efficacy,
Side Effects, Safety

Lead Optimization

* Modify chemicals to
improve efficacy

Source: https://blogs.nvidia.com/blog/2010/01/22/accelerating-the-pace-of-drug-discovery-using-gpus/
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100 Al Companies: Regional Proportion

Others
3.0%
Asia
3.0%
EU

8.0%

Canada
10.0%

Us
58.0%

UK
18.0%

The US is still firmly in the lead in terms of its proportion of Al for Drug Discovery companies. Interestingly, Asia currently has the
fifth-lowest proportion of Al for Drug Discovery companies. The Asia-Pacific region has, however, begin to aggressively increase
their activity in the space in terms of investments into foreign companies (largely US-based companies), and we can expect to
see an increase in the number of Al for Drug Discovery Companies located in the Asia-Pacific region generally, and in China
particularly. 16



220 Investors: Regional Proportion

Others
0.5%
Asia
8.6%
EU

5.0%
Canada

4.5%
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12.7%

us
68.6%

The US still leads the rest of the world in the proportion of Al for Drug Discovery Investors. This is sensible given that they also
have the largest proportion of Al for Drug Discovery companies. However, it is interesting to note that, while the UK is home to
the second-largest proportion of investors in this space, Asia has now overtaken the EU is rapidly advancing to acquire the #2
position. This past year has seen a substantial increase in the number of Asian investors, as well as Asian Tech & IT
corporations, entering the Al for drug discovery industry. 17



20 Leading R&D Centers: Regional Proportion
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EU Canada
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The figure above shows that while the US leads the world in terms of the number of R&D Centers focused on Al for Drug
Dlscovery, China is rapidly catching up. This makes sense within the context of the recent increase in the number of Chinese
investors entering the Al for Drug Dlscovery space, and the Chinese government’s recent commitment to lead the world in Al by

the year 2030.

18



Top-20 Conferences on Al for R&D and Drug Discovery 2018-2019:
Regional Proportion

Others
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us
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35.0%

As can be seen in the figure above, whereas previously the US has dominated the Al for Drug Discovery conference landscape
(which follows naturally from the fact that it also leads in terms of the total number of Al for Drug Dlscovery conferences and
investors), we have seen a significant increase in the number of Al for Drug Discovery conferences located in the UK and EU.

19



Asia

30 Corporations Applying
Advanced Al in Healthcare and Drug Discovery
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As can be seen in the figure to the left, the combined capitalization of the 15
BioPharma corporations profiled in this report have remained on the same level for
the past 5 years while the capitalization of the 15 IT & Tech corporations profiled in
this report is growing significantly.

Combined Capitalization of 15 IT & Tech Corporations
vs 15 BioPharma Corporations In Millions of USD

$4,853,418

$3,519,246

+
$2.464,720 $2,572,746
$2,270,736 o
$1,454,084 $1,540,190 T $1 461 280 $1,543,265
2013 2014 2015 2016 2017

15 IT&Tech Corporations
15 BioPharma Corporations

This can be considered as evidence that the BioPharma industry is stagnating in

general, while the IT & Tech industry is progressing.

This is why it is so notable that the number of IT corporations has already Source: Deep Knowledge Analytics
matched the number of BioPharma corporations active in this subsector.
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Top 20 Global Al for Drug Discovery Conferences
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Insilico Medicine

Aging.Al 2.0

One of the most promising projects developed by Insilico Medicine is called Aging.Al 2.0, which is an Al-empowered
platform integrating multiple predictors of clints age and used to track changes of health over time and optimize clints

lifestyle.
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Insilico Medicine Earns Accolades from Frost & Sullivan

FROST ¢ SULLIVAN

2018 North American Artificial Intelligence for Aging Research
and Drug Development Technology Innovation Award
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5 Mega Trends to Disrupt

the BioTech & BioMedicine
Industries in the next 5 Years
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Consequence:

The Maijor Shift in the BioMedicine Industry

-

The emergence to the Al and
Blockchain  technologies in
Biopharma and Biomedicine
industry will start the rapid
development of these
technologies, the mass
emergence of new startups and
the fundamental changes in the
world politics and economy

2
™
s

The window of opportunity to launch
such technology startup will remain
open for maximum 2 years from now.
After that, the market will be full and
these new nowadays technologies will
be adapted by the large corporations
and governments in the next 5 years

In this period, approximately to
2022, the pharma companies
will openly embrace the Al and
Blockchain technologies and will
focus on their development
instead of relying the
‘old-school” technologies, which
are in use nowadays.




Convergence of 5 Mega Trends

Al in
Healthcare

Blockchain
in Healthcare

Longevity
& : Novel

Geroscience AgeTech ' Financial
Systems




P3 medicine

Preventative and personalised Preventative and personalised
diagnostics diagnostics

20%

2016 2026 50%
50%

80%
Treatment of chronical and last Treatment of chronical and last
stages diseases stages diseases

3,500.0

3,000.0

2,500.0

2,000.0

1,500.0

10000 6011 6412

It is expected that personalized and preventive
approaches in the treatment of chronic diseases will
become the prevalent one by 2026.

The changes in healthcare systems together with
emerging technologies will double the P3 medicine
market by 2022.

500.0 Source:
https://www.grandviewresearch.com/industry-analysis/perso
= - - = = = = = L . ' . i I nalized-medicine-market

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

® PM Diagnostics ® PM Therapeutics ® Personalized Medical Care * Personalized Nutrition & Wellness
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Section lll: Comparative Industry Analysis & Classification Framework (Investor
and M&A Guide) is devoted to an in-depth comparative and quantitative analysis of

the

entire Al for Drug Discovery landscape, specifically tuned for investors and

business analysts who wish to gain a deeper understanding of the industry in Q2 of

201

8.

Chapter Xl: Classification/Ratings of Al for Advanced R&D and Drug Discovery Companies performs a
quantitative analysis of many of the Al for Drug Discovery companies covered and profiled in this report using of a
variety of tangible metrics that can be used to acquire an understanding of their level of scientific validation and
industry activity, including the proportion of Al specialists among their total staff, number of publications, number of
patents, etc. It then uses these metrics to rank Al for Drug Discovery companies side by side, and to build a
classification framework by which these companies can be better categorized according to their specific focus,
application and industry segmentation.

Chapter Xll: 2010 - 2016 - Investment Rounds, M&A Deals and Notable Events summarizes some of the most
notable investment rounds, M&As and other notable events from 2010-2016, including but not limited to Benevolent
Al's $87M raise, ThoughtSpot's $100M raise and Meta's $23M raise.

Chapter XIll: 2017 - Investment Rounds, M&A Deals and Notable Events summarizes some of the most notable
investment rounds, M&As and other notable events in 2017, including but not limited to Exscientia's €250M raise,
AlCure's $15M raise and Insilico Medicine's $10M raise.

Chapter XIV: Q1 2018 - Investment Rounds, M&A Deals and Notable Events summarizes some of the most
notable investment rounds, M&As and other notable events in Q1 of 2018, including but not limited to AtomWise's
$45M raise, XtalPi's $15M raise, and twoXAR's $10M raise.

Chapter XV: Q2 2018 - Investment Rounds, M&A Deals and Notable Events summarizes the major investments,
M&As and other notable events (e.g. joint ventures, public announcements, etc.) that have occurred within the Al for
Drug Discovery space specifically in Q2 of 2018, including but not limited to ThoughtSpot's $145M raise,
Benevolent.Al's $115M raise, Celsius Therapeutics' $65M raise, and Datavant's $40.5M raise
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Comparison of Top-20 Al for Drug Discovery Companies

Funding, $m (as of 1 July 2018)
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Source: Crunchbase, Google
Securities and Exchange Commission
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Comparison of Top-20 Al for Drug Discovery Companies

Number of Scientific Publications
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Source: Company Website and PubMed
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Comparison of Top-20 Al for Drug Discovery Companies

Number of Patents

Source: patents.google.com
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Comparison of Top-20 Al for Drug Discovery Companies

Total Number of Employees / Al experts
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Al experts vs BioTech experts vs Administrative Staff

Al experts
15.6%

BioTech experts
20.5%

Administrative Staff
63.9%

Source: Deep Knowledge Analytics
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Al experts/ Employees

Comparison of Top-20 Al for Drug Discovery Companies

True Al companies
The ratio: Al experts vs
Total Number of Employees
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Comparison of Top-20 Al for Drug Discovery Companies

Scientific publications Number of Al experts in the .
. Public talks on Al for 4
Company covering Al for Drug team / total number of . Validation
. Drug Discovery

Discovery employees
Atomwise + 11/13 + n/a
Benevolent.Al + 18/74 + n/a
Deep Genomics + 10/26 - n/a
Exscientia + 2/12 + +
GNS Healthcare + 21/98 - n/a
Insilico Medicine + 24/43 + +
NuMedii + 4/9 + +
Numerate - 4/15 + +
Recursion + 85/12 + +
Pharmaceuticals
twoXAR + 1/15 + +




Comparison of Top-20 Al for Drug Discovery Companies

Scientific publications Number of Al experts in the Public talks on Al for
Company covering Al for Drug team / total number of D . Validation
. rug Discovery
Discovery employees
Berg LLC - 3/11 + n/a
Mind the Byte - 2/33 + n/a
Biovista + 1/19 + +
AiCure - 9/43 + +
Cloud N 18 + /
Pharmaceuticals e
e-therapeutics + 4/25 + n/a
Nuritas - 2/33 + +
XtalPi - 1/25 + n/a
Cyclica - 7127 . +
BioXcel - 4/88 + +




Comparison of Top-20 Al for Drug Discovery Companies

Companies

Computation method

Data Type

Atomwise DL Chemical notations; QSAR
Benevolent.Al ML, D.L’ Text; images; EHRs; omics

symbolic Al
Deep Genomics n/a n/a
Exscientia ML Chemical notations; high-content screening; SAR
GNS Healthcare ML n/a
Insilico Medicine DL, GANs, GANs + RL, Omics; EHR

symbolic Al

NuMedii

Big data analysis,
DL, ML

Raw human, biological, pharmacological and clinical data,
normalized and annotated.

Numerate

Al, cloud computing

Chemical notations; screening; high-content screening;

Recursion Pharmaceuticals

n/a

Images, high content screening data

twoXAR

n/a

Omics data, high content screening




Comparison of Top-20 Al for Drug Discovery Companies

Companies

Computation method

Data Type

Berg LLC DL Human Data
Mind the Byte Big Data protein ligand interactions
. correlations between drugs, molecular targets, pathways,
Biovista ML adverse events and diseases
AiCure ML n/a

Cloud Pharmaceuticals

legacy ML, cheminformatics

Chemical notations

e-therapeutics Big Data Chemical notations
Nuritas DL n/a
XtalP loarming: dloud computing v
Cyclica Al Chemical notations
BioXcel ML n/a




Expertise in Drug Discovery

Comparison of Top-20 Al for Drug Discovery Companies
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Expertise in Chemistry

High

Medium

Low

Comparison of Top-20 Al for Drug Discovery Companies

Expertise in Al for Drug Discovery

Chemistry / Biology
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Data Mining

Classification of Al applications for
R&D and Drug Discovery process

Drug Discovery

Biology Drug
Research Compound Compound ADME/Tox Development

Generation Binding Predictions

Biomarker
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Classification of Al applications for
R&D and Drug Discovery process
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Most Promising Players

Corporations

NVIDIA.
.
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Deep Knowledge Analytics (DKA) Disclaimer

The information and opinions in this report were prepared by Deep Knowledge Analytics. The information herein is believed by DKA to be reliable but
DKA makes no representation as to the accuracy or completeness of such information. There is no guarantee that the views and opinions expressed
in this communication will come to pass. DKA may provide, may have provided or may seek to provide advisory services to one or more companies
mentioned herein. In addition, employees of DKA may have purchased or may purchase securities in one or more companies mentioned in this report.
Opinions, estimates and analyses in this report constitute the current judgment of the author as of the date of this report. They do not necessarily
reflect the opinions of DKA and are subject to change without notice. DKA has no obligation to update, modify or amend this report or to otherwise
notify a reader thereof in the event that any matter stated herein, or any opinion, estimate, forecast or analysis set forth herein, changes or
subsequently becomes inaccurate. This report is provided for informational purposes only. It is not to be construed as an offer to buy or sell or a
solicitation of an offer to buy or sell any financial instruments or to participate in any particular trading strategy in any jurisdiction.




