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(DISCLAIMERS

This document has been created by Zereon Associates GmbH (“ZA”) as a reflection, analysis and further development of 1) a recent, top industry experts’ study / paper on the use and application of Al by large
global Pharma industry players, and 2) a commentary issued on such paper by a recognized industry player (specific references and authorship on the previous Title Page above). This document, with the
ultimate aim to hopefully add some value and perhaps some additional insight to both pieces of work, is distributed for free and with “open source” spirit with no further counter-obligations whatsoever by the
reader, except citation, document change protection and no occultation of our authorship, as described below. The document has been created voluntarily and is offered for divulgation, public reference and ZA’s
general promotion purposes only, without any gainful commercial payment involved in cash or in kind by any party. After-the-fact advisory business by the author to future and current Clients derived from later
discussions might be possible if interested parties so request.

In this light, any kind of download, distribution, reading, interpretation, deployment or use, or lack thereof, of this document is voluntary, and additional professional advice is necessary and in fact strongly
recommended for any real-life document content application in business or organizational environments. Without our direct intervention, no responsibilities or damages of any kind can be accepted by ZA
and/or any of its members and business affiliates whatsoever for any possible mistakes contained in the document, direct or indirect use of it, or not use thereof, or any decision-making or investment of any size,
or lack thereof, based on the document in full or in part. This document content, as regards applicable pieces, is otherwise subject to all technical recognitions, gratefulness and honors due to the sources used
herein. Likewise, legal protections apply to the proprietors of the respective brands, technologies and tools mentioned in the document. Applicable legal jurisdiction for any and all dispute matters regarding this
document will be the law and tribunals of the city of Zurich, Switzerland, and any user, reader or any other directly or indirectly interested party expressly renounces any other jurisdiction that might have been
applicable.

Partial or total redistribution of this document is allowed, but only on condition of being completely for free and always citing both Zereon Associates GmbH AND rest of the sources prominently. Suggestions and
improvements are most welcome, but changes to the document itself, and/or occultation of authorship are not permitted without prior consultation with the author. Plagiarizing in full or in part is strictly
forbidden. Please write to leqgal@zereonassociates.com for further legal comment and details, and to contact@zereonassociates.com for any technical clarification and/or content-related queries.
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[. INTRODUCTION: THE PREVIOUS STUDIES (1) 9 orsomvommens

« This document by Zereon Associates GmbH intends to be a reflection, quantitative analysis and
further development of two authoritative studies, as follows below.

 In the words of Dr. Alex Zhavoronkov, recognized expert in healthcare & biotech Al, Insilico
Medicine Founder & CEO, and Forbes collaborator:

“Some (...) pharmaceutical
companies managed to
demonstrate very impressive

“On June 15™ (2020), one article (...) quietly

went online in a reputable peer-reviewed The authors of the study certainly

deserve to be referred to as
industry experts in the
pharmaceutical Al R&D as they did
a gargantuan amount of work to

results (in Al since 2013-14)". journal (...)

Upon a closer look it turned out to be {...)
a comprehensive research study with a compile the three relativelv simple
“However, it was not possible to head-to-head comparison of the omp - LOElyy Ehnnp

get a comprehensive overview pharmaceutical companies by their figures in the Sl?ldy andd aiozktheh
and comparison of the major efforts in Al in research and moment no other stu 1ke that

: T ” exists”,
pharmaceutical companies (in Al) development”.

(-..) until now”.

“The upside of being a digital pharma player” (Schuhmacher, A.; Gatto, A.; Hinder, M.; Kuss, M. and Gassmann, O.,
Drug Discovery Today, 2020)

© Zereon Associates GmbH 2020 - All rights reserved. 4
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Dr. Zhavoronkov, on top of the above quotes and in his own “Deep Dive Into Big Pharma
Al Productivity: One Study Shaking The Pharmaceutical Industry” (Forbes 2020), reflects
profound commentary and interviews with the original paper authors, expanding on global
Pharma Al “state of the art”.

The present document attempts to serve as quantitative add-on analysis to both works,
and maybe offer some more interesting insight and benchmark to industry players
and/or interested parties.

To do so, we 1) review some additional literature, 2) take part of the data published in the
studies referred, 3) add more stats, regressions, etc. and 4) generate conclusions on the
analysis.

Part of the analysis and conclusions might overlap with the published work - but we hope
we have been able to provide a new, complementary perspective and obtain relevant and
useful findings, nonetheless.

In the next pages we offer an Executive Summary, and then details of our analysis. As
Annexes, we show some additional information on Al funding and technological
companies active in Al Life Sciences R&D.

© Zereon Associates GmbH 2020 - All rights reserved. 5]



ADVISORY | DIGITAL | INVESTMENTS

.\e/. Zereon Associates
[I. EXECUTIVE SUMMARY (1) ()

N. of Al-based scientific
Publications for the 21 global
Pharma companies studied:

Interestingly, however, N. of Al- A closer analysis of regressions
external activities taken alone

and R? shows that:
seem to be an even better Companies can expect to get ca.

predictor (85%+) of total N. of Al- 2.54 Publications per each Al-
In general explained away (80%+) W@ based Publications than the total activity developed, on average
simply by the N. of Al-related N. of Al activities.
activities implemented.

Drug Discovery Publications
might be best pursued by a mix of
preferentially Al External with

- but differences do exist b/w some selective Internal initiatives.

higher and lower apparent “Al
Productivity” companies.

(“external activities”: sum of joint
ventures, alliances, acquisitions, Whereas Drug Development and
cooperation with startups and other Other Al could be done mostly
companies, etc.). externally.

(under the model used -
statistically significant no-intercept
linear regression and R? analysis).

Two clusters of companies, according to Publication Productivity Ratios (N. of Al-based Publications per each Al-related activity):

Higher Productivity Companies (10) Lower Productivity Companies (11)
3.4-7.0 Al publications per each Al activity; group average = 4.4 0.0-2.5 AI publications per each Al activity; group average = 1.5

. ‘e o
67% of their total Al activities are External, vs. 33% Internal. 53% of their total Al activities are Internal, vs. 47% External.

8 of 10 companies have more External activities than Internal. 8 of 11 companies have more Internal or at least an equal number

of activities than External.
7 of 10 companies are US /UK headquartered.

Almost equally US /UK and non-US /UK headquartered (6 vs. 5).

Base data used for our analysis (source reference): “The upside of being a digital pharma player” (op. cit.); Schuhmacher, A. et al., Drug Discovery . _ . .
Today, 2020; “Deep Dive Into Big Pharma Al Productivity: One Study Shaking The Pharmaceutical Industry” (op. cit.); Zhavoronkov, A.; Forbes 2020. © Zereon Associates GmbH 2020 — All rights reserved.
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Where to go ? Depends on Company strategy, business plans and objectives, etc., but three Al decision-making areas may be of interest:

Fundamental biological processes underlyi . . . e . .
hu IE an dIi,s ease ying Creating and developing treatments Patient classification and categorization

Influencing factors to consider regarding External / Internal activities to undertake in those areas could be:

Realistic assessments of Right prospection and Internal teams’ Al
project success likelihood choice of external expertise AND
and costs partners teamwork skills
Capabilities for flawless Overall organizational /
internal and external processes / culture
collaborations readiness & incentives

Size and type of
investments to be made

Our study concludes that more successful Companies mostly liaise with External ones - those may have more immediate or superior Al technical
firepower or data, especially for Drug Development/Other Al. For Drug Discovery, preferentially External with selective Internal Al may work best.

Regarding specific companies’ Al success, we would suggest the following guidelines / best practices (details in the document):

INITIAL STEPS - PROSPECT THE TRANSFORM BECOME MORE
leverage externally MARKET - for key INTERNALLY FOR LIKE A PLATFORM
more target liaisons “OPEN SOURCING” - network effects

The most successful Companies are not waiting to leverage on External efforts for improved Al results. Those companies are, at the same time,

transforming themselves quickly.

Such transformation requires add-ons to classic Pharma industry practices, new profiles / capabilities, and new ways of working. Companies will need
to put agile change plans and initiatives in place, facilitated by internal and external experts to help with the journey.

The prize may not just be the delivery of an astounding economic value and a superior competitive position, but an opportunity to improve/save more
people’s lives - or even indeed win Nobel prizes and change the world itself.

Base data used for our analysis (source reference): “The upside of being a digital pharma player” (op. cit.); Schuhmacher, A. et al., Drug Discovery

Today, 2020; “Deep Dive Into Big Pharma Al Productivity: One Study Shaking The Pharmaceutical Industry” (op. cit.); Zhavoronkov, A.; Forbes 2020. © Zereon Associates GmbH 2020 - All rights reserved.
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% of total
R&D investment

Pharma drug development cycle

Strategic decision
on target indication

L Years ——

Overview of potential efficacy gains in R&D through big data / Al technologies

per one new drug Access
(US§ 1.5-2B) 500010 000
compounds Pre-clinical IND Phase | Phase Il Phase lll NDA ASR Phase IV
Drug discovery
Search for Regulator Safety and Chindcal trinls Randamized Dosshor Development Commetcislization
30% 250 CO!’I"IPOI.II‘IC'S 43 5 ::::u- ") review pharmacokinetics ::,‘::::: controlled preparation & ::::(‘En?:::::w :.E:::::lworm
% . Manufacturing . um‘.-,I review : economic 5
Preclinical phase _— - = :S: Animal i Scale up value
e S 5 compounds JEEEe 5 compound success rates for c"r"cal trlals 1] application in 50 =150 pts. 100 - 200 pts 500 - 5'000 pts
) A Synthesis humans
E _____________ 6.5 I ~40% of compounds advance 5} scale up
. E 40% g from Phase | to Phase |l : ) . . .
Clinical | : | , ' :
trials | o o o o o
SERTEE EATIER. A 9 I ~1/3 of compounds advance ~10% of 3-6 Years  2-6 Months 6-9 Years - 2-5 Years 1-3 Years '
50% ! from Phasell to Phaselll compounds entering .
: the clinical trial
1 stage advance to
60% |Phaselll FDA-approval Pre-clinical IND Phase | Phase Il Phase Il NDA ASR Phase IV
""""" i"""' TEmTmTm s e ——e——] {3 I 2R wmpounds mavanon ‘u:’ Al enabled Big data Al Big data / Al technology lead to adaptive Al enabled Al enabled Al enabled
Regu!atory phase FDA review from Phase Ill to FDA appmual E modelling & Support in clinical development process with: “rolling continuous new AER
= decision dossier dossler™ modell & new
20 % g E support generation « Dynamic sample size & protocols preparation allows f‘:f "-_I mgmt
................................. 15 g“ * Real time trial mgmit and ) earier ,." strategles
_ « Real time QA submission dossier f
Manufacturing  |pphase v % 2 submission !f
Tronds in Phamacological Sciances & J
Sources: “Artificial Intelligence for Clinical Trial Design”; Trends in ‘ ‘ ‘ ‘ ‘ '
Pharmacological Sciences; Harrer, S., Shah, P., Antony, B., Hu, J.; Aug. 2019. R OIS L i P 23Years 12 Years
“The Impact of Digitalization and Al on Research and Development in the _
Biopharmaceutical Industry”; Innoplexus (blog), Jul. 2020. i ~
“It takes up to 15 years and an average R&D of 1.5-2 bill. USD to bring a drug to market. In the US, only one of 10 compounds entering trials advances to FDA
approval. High trial failure rates are one major cause.”
Al may shorten the whole cycle (and related cost) by 2-4 years - and is already helping discover, distribute and sell new compounds, realize trials, etc.
Global Pharma companies deploy different Al activities, which if successful are normally reflected on Al-related scientific Publications (see next slide).
© Zereon Associates GmbH 2020 - All rights reserved. 8
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Overview of Al related activities for 2014 to 2018

Boehringer Ingelheim
Johnson & Johnson
Plizer

Roche

Sanofi

cugcm

Merck KGaA

Bayer
GlaxoSmithKline
AbbVie

Amgen
Bristol-Myers Squibb
Ell Lilty

Merck & Co (MSD)
Novo Nordisk

Shire

Takeda

Allergan

Gilead Sciences

of Al Related Activities 2014-2018 by Big Pharma Player Modified from

imacher et al, The upside of being a digital pharma player (2020), Drug Discovery Today

Number of scientific publications for 2014 to 2019

Boehringer Ingelheim

Bristol-Myers Squibb

GlaxoSmithKline
Merck & Co

Bayer
Novo Nordisk

Merck KGaA

J

These data pieces, in themselves, are already excellent findings on Al in the Pharma industry, as a whole and as per individual company.

We proceed on from there to a) see if there is relevant correlation, or not, between N. of Al-related activities implemented 2014-18, and N. of

Al-based scientific publications 2014-19, b) drill down by t
Productivity (Ratio of Publications’ per each Activity) and

e of activity (external / internal) and type of publication, ¢) analyze apparent
see if there is some pattern / basic clusterization among companies.

We will be mostly using no-intercept simple linear regression models, which reveal to be statistically significant in all cases. Other models
such as logarithmic, multiple linear regressions, etc. could be applicable, but data shape generally indicates appropriateness of model overall.

Base data used for our analysis (source reference): “The upside of being a digital pharma player” (op. cit.); Schuhmacher, A. et al., Drug Discovery
Today, 2020; “Deep Dive Into Big Pharma Al Productivity: One Study Shaking The Pharmaceutical Industry” (op. cit.); Zhavoronkov, A.; Forbes 2020.

© Zereon Associates GmbH 2020 - All rights reserved. 9
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IV. BASIC PHARMA COMPANIES’ DATA USED (2) i —

TABULATED DATA:

Startups' Cooperation R&D External Internal - Al-related Drug Drug Other Al-based Publi- Apparent

Acq/IVs startup or Cny Alliances | Activities Activities activ. 2014-18 | Discovery Developm. cations 2014-19 |Productivity Ratio
Astra Zeneca 1 7 2 10 9 1 19 43 20 2 65 3.4
Novartis 0 8 2 10 20( -10 30 39 11 4 54 1.8
Pfizer 1 5 1 7 2 5 9 14 27 0 11 4.6
Johnson & Johnson 1 5 2 8 3 5 11 14 25 2 41 3.7
Roche 2 2 0 4 5 -1 9 16 20 4 40 4.4
GlaxoSmithKline 1 3 3 7 0 7 7 24 12 1 37 5.3
Merck & Co (MSD) 1 2 0 3 a | 2 4 23 5 0 28 7.0
Novo Nordisk 0 1 0 1 3 -2 4 23 4 0 27 6.8
Bayer 1 3 3 7 0 7 7 15 9 3 27 3.9
Amgen 1 1 2 4 1 3 5 10 11 2 23 4.6
Eli Lilly 0 2 1 3 2 1 5 8 8 3 19 3.8
Sanofi 0 4 0 4 5 -1 9 12 0 19 2.1
Bohringer Ingelheim 1 2 1 4 9| -5 13 12 6 0 18 1.4
Merck KGaA 3 3 1 7 1 6 8 5 7 0 12 1.5
Bristol-Myers Squibb 0 2 3 5 0 5 5 2 6 2 10 2.0
AbbVie 0 3 0 3 3 0 6 1 4 2 7 1.2
Celgene 1 1 0 2 6] 4 8 2 5 0 7 0.9
Gilead Sciences 0 1 0 1 1 0 2 2 3 1] 5 2.5
Takeda 0 3 0 3 0 3 3 1 1 1 3 1.0
Shire 0 2 0 2 2 0 4 0 1 0 1 03
Allergan 0 1 0 1 1 0 2 0 0 0 0 0.0
TOTAL / AVERAGE 14 61 21 96 74| 22 170 261 197 26 4384 2.8
Base data used for our analysis (source reference): “The upside of being a digital pharma player” (op. cit.); Schuhmacher, A. et al., Drug Discovery © Zereon Associates GmbH 2020 — All rights reserved. 10
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AI-RELATED ACTIVITIES VS. N. OF AI-BASED PUBLICATIONS

Regression analysis between N. of total Al-related activities and y = 2.5433x
N. of Al-based Publications for 21 major players of global Pharma R =0.804

:E ¢ AZe
> 62
Y-
m U
g- 58

56
S s 2
E 52 Nov
i
o a4
3 42 Pfi Y R? (no-intercept linear regression determination

- ® . .. . .
S o “ Roc | coefficient) =80.4% - the N. of Al-based Publications
N3 G;K - | would in principle be strongly explained away (80%+) by
1] 2 . mon -
s = i the N. of Al-related activitiesimplemented (20% would
% 30 MSD correspond to other factors).
.E ;E : N No L ] Bay
‘é 24 Amg Companies can expect to get, on average, ca. 2.54
= 2 Publications per each Al-activity developed.
S o ELi o e San )i
a 5 = Bolin

-
- 15 _ However, there are relevant differences by type of Al
ﬁ 12 ~ BMS ¢ MeKG activity, type of Al-based publication, and across

U L
é 8 : companies. Further analysis is required.
w 6 Gl Abb Cel
o o . Tak
=z - JAIL o Shi

0 1 2 3 4 5 6 7 & 9% 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 2

wn

30 31 32 33 34 35

N. of Al-related activities 2014-2018 (total External and Internal) per Company

Base data used for our analysis (source reference): “The upside of being a digital pharma player” (op. cit.); Schuhmacher, A. et al., Drug Discovery

\

/

Today, 2020; “Deep Dive Into Big Pharma Al Productivity: One Study Shaking The Pharmaceutical Industry” (op. cit.); Zhavoronkov, A.; Forbes 2020.

Even if some companies may
be capitalizing previous years
or different investment levels,
expecting Publications later,
etc., intense, positive linear
Correlation seems to be there,
and fits with the intuitive idea
of, starting with zero, more Al-
based Publications are
obtained as more Al activities
are put in place.

However, the effects differ by
individual company -
companies above and below
the line seem to produce more
or less Publications each for
the same effort.

It is also worth checking the
type of activity (external /
internal), and the type of
publication (Al in drug
discovery, Al in drug
development, other Al).

© Zereon Associates GmbH 2020 - All rights reserved.
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M. of Al-basd Publications (total 2014-2019) per Company

* Ale
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Regression analysis between N. of Al-related external activities and
N. of Al-based Publications for 21 major players of global Pharma

R? = 85.8% - the N. of Al-based Publications would in
principle be better explained away by the N. of
external Al-related activities developed, vs. the
whole number of Al-activities

(* however, we would need to consider that external and
internal activities, are in part positively correlated between
them).

12 13 14 15 16 17 18 19 20 21 2

N. of Al-related activities 2014-2018 (external) per Company

3 24 25 26 27 8B 29 30

31

vy = 5.0436x
R?= 0.8582
32 33 34 35

Regression analysis between N. of Al-related internal activities and
N. of Al-based Publications for 21 major players of global Pharma
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N. of Al-based Publications (total 2014-2019) per Company
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R?=0.5441
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*  Nov

If we consider only N. of internal Al-related
activities, R?= 54.4% - becomes much lower.
Internal Al-related activities seem to be a worse
predictor of N, of Al-based Publications than
external activities.

¢ Boln

« Cel

B 9 10 11 12 13 14 15 16 17 1B 19 20 21 22 23 24
N. of Al-related activities 2014-2018 (internal) per Company

5 26 27 1B

29 30 31 32

Y

(We define “external activities” as the sum of JVs /Acquisitions of Startups, Cooperation with Startups or other Companies, and

N. of AI-external activities taken alone seem to be a better predictor of total N. of AI-based Publications than the
total N. of Al activities. Internal activities alone are less accurate predictors of total Publications generated.

Participation in R&D Alliances)

This fits overall with the conclusions of the main study and its commentaries.

Base data used for our analysis (source reference): “The upside of being a digital pharma player” (op. cit.); Schuhmacher, A. et al., Drug Discovery
Today, 2020; “Deep Dive Into Big Pharma Al Productivity: One Study Shaking The Pharmaceutical Industry” (op. cit.); Zhavoronkov, A.; Forbes 2020.

© Zereon Associates GmbH 2020 - All rights reserved.
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VIL ANALYSIS OF IMPACT ON AI-BASED DRUG DISCOVERY, e Zcreon sssocites
DRUG DEVELOPMENT AND OTHER PUBLICATIONS ’

(Apparent strength of relationship -

DOTAI O Al-BA ] 1 )
Determination Coefficients of No-Intercept ]
Linear Regressions) - ATIC U z C z
N. OF EXTERNAL AND INTERNAL Al (* All figures

80.4% 77.0% 62.0% 54.7% statisticall
y
ACTIVITIES significant at
- - = the 95%
(Expected N. of Publications per Activity) 2.54 1.48 0.93 0.13 confidence level)
N. OF EXTERNAL ACTIVITIES ALONE 85.8% 73.4% 78.6%
N. OF INTERNAL ACTIVITIES ALONE 54.4% 59.0% 33.6% 38.2%
|\ N J

Out of 2.54 Al-based Publications on average expected per Al activity developed (apparent Productivity Ratio), in principle we
could expect 1.48 Al-based Drug Discovery Publications, 0.93 Drug Development ones, and 0.13 Others (but obviously, this
depends on specific activity developed, company, etc.).

N. of Al-based Drug Discovery Publications is in principle best predicted by the N. of total Al activities (external and internal)
- (R?2=77.0%), even if N. of External activities alone apparently also works well (R?= 73.4%).

However, N. of AI-based Drug Development and Other Publications is in principle best predicted by the N. of external Al
activities alone - (R%= 78.6% /56.7%), vs. total N. of activities. Internal activities taken alone even seem to be weak predictors.

According to all this, AI Drug Discovery Publications might be best pursued by a combination of predominantly External with
some selected Internal initiatives, whereas Drug Development and Other Al could even be done mostly externally.

Base data used for our analysis (source reference): “The upside of being a digital pharma player” (op. cit.); Schuhmacher, A. et al., Drug Discovery

Today, 2020; “Deep Dive Into Big Pharma Al Productivity: One Study Shaking The Pharmaceutical Industry” (op. cit.); Zhavoronkov, A.; Forbes 2020. © Zereon Associates GmbH 2020 - All rights reserved. 13






