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INTRODUCTION

Al has emerged as a promising tool in drug discovery, rev-
olutionizing how we identify and develop new drugs. One
of the critical advantages of AL is its ability to analyze vast
amounts of data and generate insights that would be dif-
ficult or impossible for humans to identify. Using A.L, re-
searchers can speed up the drug discovery process and re-
duce the cost and risk of developing new drugs. One of the
main applications of A.L in drug discovery is target identi-
fication. A.I. can analyze large data sets and identify biolog-
ical processes that may be involved in disease, helping re-
searchers identify potential drug targets. For example, A.L
can analyze gene expression data to identify upregulated
genes in diseased tissue compared to healthy tissue. This
can provide researchers with potential targets for drug de-
velopment. Companies like BenevolentAl and Insilico Med-
icine use A.L to identify potential drug targets for diseas-
es such as Alzheimer’s, Parkinson’s, and cancer. (1) Another
way A.lL is used in drug discovery is drug screening. A.L. can
be used to screen large libraries of compounds and identify
those that have the potential to be effective drugs. By ana-
lyzing the chemical structure of compounds and predicting
their biological activity, A.L. allows researchers to focus on
the most promising candidates. Companies like Atomwise
and Exscientia use A.L to screen compounds and identify
potential drug candidates for diseases such as cancer, COV-
ID-19, and cystic fibrosis. (2)_A.L is also used in drug opti-
mization. It helps researchers optimize drug candidates for
maximum efficacy and minimal side effects.

By analyzing the structure of drug candidates and pre-
dicting how they will interact with biological targets, A.L
can help researchers make modifications to improve their
performance. Companies like Numerate and XtalPi use A.L
to optimize drug candidates for diseases such as diabetes,
hepatitis B, and cancer. (3) Moreover, A.L can also improve

PREGLEDNI RAD
UDK 316.42:661.12
615
DOI: 10.56362/Rev23101011S

SUMMARY

A.l. has revolutionized the drug
discovery process by enabling
researchers to analyze vast
amounts of data and gener-
ate insights that would be diffi-
cult for humans to identify. A.l.
is used in various applications
such as target identification,
drug screening, drug optimiza-
tion, and clinical trial design and
execution. This has led to more
effective drugs and better pa-
tient outcomes. The use of A.l
in drug discovery is expected to
increase in the coming years.
This paper provides an analysis
of the top 27 Pharma companies
giants, along with a case study
of Abbvie Inc. on their use of A.l.
in the pharmaceutical industry.

Keywords: A.l. in drug
discovery, pharmaceutical
industry, target identification,
drug screening, clinical trial
optimization

' Universite Cote D’Azur, e-mail: m.stamenovic@etu.univ-cotedazur.fr

11



REVOLUTIONIZING THE FUTURE OF NEW DRUG DISCOVERY: USE OF A.1. BY INDUSTRY GIANTS AND CASE STUDY OF ABBVIE

12

the design and execution of clinical trials, making the pro-
cess more efficient and effective. By helping researchers
identify patients who are most likely to respond to a par-
ticular treatment, A.L. can reduce the number of patients
needed for a trial and increase the likelihood of success.
Companies like Berg Health and Mendel.ai are using AL to
improve the design and execution of clinical trials for dis-
eases such as cancer, Alzheimer’s, and heart disease. A.L is
transforming drug discovery by enabling faster, more effi-
cient, and cost-effective development of new drugs. By lev-
eraging A.l’s ability to analyze large amounts of data and
generate insights, researchers are making significant pro-
gress in identifying new drug targets, screening com-
pounds, optimizing drug candidates, and designing and
executing clinical trials. The use of A.L in drug discovery
is expected to increase in the coming years, leading to more
effective drugs and better patient outcomes.

This paper analyses top Pharma companies showing
their main characteristics and Artificial intelligence use.
There are selected 27 largest Pharmaceutical companies in
the world out of the 100 largest pharmaceutical companies
by revenue, according to the 2021 Forbes Global 2000 rank-
ing. (4) In addition, we provide a Case study of Abbvie Inc.
in which we present information on the company and its
use of A.L in the pharmaceutical industry.

INDUSTRY BACKGROUND

The pharmaceutical and biotechnology industries are fron-
tiers in using applied artificial intelligence today. This tech-
nology was used for a significant period in predictive tox-
icology, biochemical modelling, bioinformatics and other
applications. (5) In recent years, advances in machine learn-
ing with the combined use of knowledge in computation-
al power and more assessable large data sets have led to a
renaissance of the Artificial Intelligence. (6) When Canadi-
an company Deep Genomics publicly announced in Septem-
ber 2019 they have used artificial intelligence to solve the
problem of Wilson’s disease, it was a remarkable achieve-
ment. This company has actually created a massive data set
of more than 200.000 gene mutations that were implement-
ed in training algorithms capable of cross-checking connec-
tions of human DNA. (7) This achievement not only result-
ed in solving this long outstanding mystery for medical ex-
perts but also trills this startup company shareholder as the
company achieved value of $575.2 million in 2019. This is
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just one example of the successful application of Artificial
Intelligence in the “sea of the possibilities” that artificial
intelligence brings to the world of pharmacy - biomarkers
ageing technology improvement, age of universal feature of
every organism, cross-species search, advancement in mod-
elling of in silico research - are just some of the possibilities
that have already been proven as efficient by strategic use of
Artificial intelligence.

Another example where the use of A.L. might be signifi-
cant is the process of clinical drug development that brings
new drugs to the market after approximately ten years of
clinical trials and estimation of $2.6 billion in total cost. (8)
Having this in mind, we also have to underline issues with
efficiency, efficacy and costly procedures that prevent inno-
vation from reaching the market. Only 10% of drugs that
enter Phase I clinical research end as marketed drugs that
could be offered to the patient. Once a new drug is mar-
keted, pharmaceutical companies have to make up that cost
by charging more for medicines, which implies increasing
out-of-pocket expenses for the patients.

’ Math and
v‘ statistics

Data
science

Math and
statistics

Machine leaming

Figure 1. Machine learning development depends on Computer science,
Math and statistics and business knowledge, but in the Pharma industry
that is scientifically driven, it is rare to have a combination of the men-
tioned skills, which presents an issue for further development (6)

With the use of A.L in the drug development process, the
timeframe might be shortened, costs minimized, and the
innovation process boosted. Having said this, we expect an
increasing number of companies willing to adopt strategies
that should lead to using artificial intelligence in the pharma-
ceutical industry for a broad spectrum of services. This will
increase competitive stress for companies that need to adopt
this technology. As time passes, competitive stress becomes
more intensive and changes managerial perception. In 2019,
Association DIA performed a global survey to have a snap-
shot of relevant aspects of the use of Artificial Intelligence in
new drug production (including other applications) and the
overall adoption of this concept by Pharma companies. The
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study has investigated analytical platforms and innovations
within companies currently using A.L or planning to use it
in future. (9)_Results of this extensive global study that ana-
lyzed 402 responses, including data from 217 unique organ-
izations, show perceptions of technology definitions, assess-
ment of organizational and personal A.L expertise, and use of
partnerships and perceptions about current and future use.
Also, results revealed that the most significant challenges to
AL implementation included staff skills (55%), data structure
(52%), and budgets (49%).
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Figure 2. Artificial Intelligence Implementation Challenges (9)

The same survey also revealed that despite noted chal-
lenges, most organizations use A.l. in some capacity and
show an understanding of the importance of the success of
an organization’s workforce. In addition, many organiza-
tions reported expectations for increasing staff as the imple-
mentation of AL expands. (10)

Artificial intelligence (A.L) is revolutionizing drug dis-
covery by providing researchers with new tools and meth-
ods for identifying potential drug targets and optimizing
drug candidates and bellow are listed some of the ways that
Al is used in drug discovery: (11)

1. Target Identification: A.L. can be used to identify
potential drug targets by analyzing large data sets
and identifying biological processes that may be
involved in disease. For example, AL can analyze
gene expression data to identify upregulated genes in
diseased tissue compared to healthy tissue. This can
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provide researchers with potential targets for drug
development.

Drug Screening: A.lL can be used to screen large
libraries of compounds to identify those potentially
effective drugs. A.L. can analyze the chemical struc-
ture of compounds and predict their biological activ-
ity, allowing researchers to focus on the most promis-
ing candidates.

Drug Optimization: Once potential drug candidates
have been identified, A.I. can be used to optimize
them for maximum efficacy and minimal side effects.
Al can analyze the structure of the drug candidate
and predict how it will interact with biological tar-
gets, allowing researchers to make modifications that
will improve its performance.

Clinical Trials: A.I. can be used to improve the design
and execution of clinical trials, making the pro-
cess more efficient and effective. For example, A.L
can help researchers identify patients most likely to
respond to a particular treatment, reducing the num-
ber of patients needed for a trial and increasing the
likelihood of success.

Based on the analysis of top Pharma companies selected

by the

revenue size, we are summarising here the use of A.L

per company in the area of drug discovery:
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Table 1. Top Pharma Companies using A.l. - selected characteristics(12)

Company Stock Date Al Services Number of Country

Name Exchange Joined  Used Employees of Origin

AbbVie New York Stock 2013 Natural Language Processing, 47,000 USA
Exchange (NYSE) Machine Learning, Al

Almirall Madrid Stock 2007 Image Analysis, Predictive 1,800 Spain
Exchange (BME) Analytics, Machine Learning

Amgen NASDAQ 1983 Drug Discovery and 24,000 USA

Development

Astellas Tokyo Stock 2005 Predictive Analytics, Natural 16,500 Japan
Exchange (TSE) Language Processing

AstraZeneca London Stock 1993 Predictive Analytics, Machine 76,000 UK
Exchange (LSE) Learning, Al

BASF Frankfurt Stock 1952 Predictive Maintenance, Supply 110,000 Germany
Exchange (FSE) Chain Optimization

Bayer Frankfurt Stock 1953 Predictive Maintenance, Supply 99,000 Germany
Exchange (FSE) Chain Optimization

Boehringer Private N/A Predictive Analytics, Natural 50,000 Germany

Ingelheim Language Processing

Bristol-Myers New York Stock 1934 Drug Discovery and 30,000 USA

Squibb Exchange (NYSE) Development
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CJ Healthcare Korea Exchange 2011 Machine Learning, Predictive 5,000 South Korea
(KRX) Analytics

Celgene NASDAQ 1987 Predictive Analytics, Machine 7,000 USA
(acquired by BMS Learning, Al
in 2019)

Daewoong Korea Exchange 2002 Machine Learning, Natural 1,800 South Korea

Pharmaceutical (KRX) Language Processing

Eisai Tokyo Stock 1949 Predictive Analytics, Machine 10,000 Japan
Exchange (TSE) Learning, Al

Eli Lilly New York Stock 1926 Machine Learning, Predictive 38,000 USA
Exchange (NYSE) Analytics

Evotec Frankfurt Stock 1999 Drug Discovery and 3,000 Germany
Exchange (FSE) Development

GSK London Stock 2000 Machine Learning, Predictive 97,000 UK
Exchange (LSE) Analytics

Genentech Subsidiary of N/A Drug Discovery and 12,000 USA

Roche

Development

Table 2, Use of A.l. in drug development for selected companies (12)

Company Name

Use of Al in drug discovery

Atomwise

Uses Al to identify potential drug candidates by analyzing the structure of molecules and
predicting their biological activity.

BenevolentAl

Uses Al to analyze large data sets and identify potential drug targets.

Berg Health Uses Al to analyze patient data and identify potential drug targets for cancer and other
diseases.

Cyclica Uses Al to analyze the structure of compounds and predict their biological activity.

Insitro Uses Al to design and optimize drug candidates by analyzing large data sets and identifying
the most promising drug candidates for further development.

Recursion Uses Al to identify potential drug targets by analyzing images of cells and tissues.

Pharma

Schrodinger

Uses Al to design and optimize drug candidates by predicting their biological activity and
optimizing their chemical structure.

Insilico Medicine

Uses Al to identify potential drug targets and design new compounds by analyzing large
data sets and predicting the biological activity of compounds.

Verge Genomics

Uses Al to identify potential drug targets for neurological diseases by analyzing genomic
data and identifying potential targets for drug development.

Nuritas

Uses Al to identify potential drug targets by analyzing genomic and proteomic data for the
treatment of inflammation and other conditions.
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Artificial intelligence (A.L) is transforming the healthcare
industry, especially drug discovery and development. One of
the critical areas where A.L is used is identifying drug tar-
gets, which is the first step in the drug discovery process. A.L
can analyze vast amounts of data, including genomics and
proteomics data, to identify potential targets for drug devel-
opment. This approach can save time and resources and
increase the chances of success in drug development.
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CASE STUDY: ABBVIE’S USE OF ALl
TO DRIVE DRUG DISCOVERY

Abbvie is a global biopharmaceutical company focusing on
researching, developing, and commercialising innovative
therapies to address some of the most complex and severe
diseases. The company was founded in 2013 as a spinoff
from Abbott Laboratories and is headquartered in

North Chicago, Illinois, USA. Abbvie primarily focus- Abbuvie’s most successful

es on developing and producing pharmaceutical drugs drug, Humira,, treats various

to treat various medical conditions. Abbvie’s corporate autoimmune diseases such as
structure comprises four central business units: Im- rheumatoid arthritis, psoriasis, and
munology, Oncology, Virology, and Neuroscience. The Crohn’s disease. In 2020, Humira
Immunology division produces drugs for treating au- generated approximately $20 bil
toimmune diseases such as rheumatoid arthritis, pso- lion in revenue, making it the
riasis, and Crohn’s. The Oncology division focuses on highest-grossing drug in the world.

developing treatments for various types of cancer, in-
cluding lymphoma, leukaemia, and breast cancer. The Vi-
rology division produces antiviral drugs for treating HIV
and hepatitis C. In contrast, the Neuroscience division con-
centrates on drugs for treating conditions such as Parkin-
son’s disease and multiple sclerosis. (13)

Abbvie offers its customers a wide range of pharmaceu-
tical drugs and healthcare services. The company has over
47,000 employees worldwide and had a revenue of approx-
imately $45 billion in 2020. Abbvie’s portfolio of drugs
includes some of the most widely used treatments in the
world, such as Humira, Imbruvica, and Skyrizi. Humira,
Abbvie’s most successful drug, treats various autoimmune
diseases such as rheumatoid arthritis, psoriasis, and Crohn’s
disease. In 2020, Humira generated approximately $20 bil-
lion in revenue for Abbvie, making it the highest-grossing
drug in the world. Imbruvica, another successful drug pro-
duced by Abbvie, is used to treat certain types of cancer and
generated over $4 billion in revenue in 2020. (14)

Abbvie’s financial performance has been impressive in
recent years. The company’s net income increased from
$5.7 billion in 2019 to $10.1 billion in 2020, primarily due
to the continued success of Humira and other drugs in its
portfolio. Abbvie’s revenue has steadily increased since its
inception in 2013, with a revenue of $18.8 billion in 2014
and reaching $45.8 billion in 2020. In addition, the compa-
ny’s net income has also been steadily increasing, with a
net income of $3.3 billion in 2014 and reaching $5.5 billion
in 2020. (15)

Abbvie has used A.lL in various projects to drive drug
discovery and development. One of the significant A.L
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projects is the use of Al in identifying drug targets, a crit-
ical step in drug discovery. Abbvie also uses A.L to ana-
lyze large amounts of data generated in clinical trials to
optimize trial design and identify patients who will ben-
efit most from the therapy. Abbvie has been investing in
AL to improve the efficiency of drug discovery and devel-
opment. The company’s Al-powered drug discovery plat-
form uses machine learning algorithms to predict the most
promising drug targets and molecules to target those tar-
gets. The platform analyzes vast amounts of data from mul-
tiple sources, including genetic data, clinical data, and sci-
entific literature, to identify novel drug targets and develop
new therapies. In addition, Abbvie is using A.L in clinical
trials to analyze large amounts of data generated during
the trial and optimize the trial design. The company also
uses A.L to identify patient subgroups most likely to ben-
efit from a particular therapy, which can help develop per-
sonalized medicines. Abbvie’s investment in A.L has been
driving drug discovery and development, which is crucial
in bringing new therapies to patients. The company’s use
of AL in identifying drug targets and optimizing clinical
trial design has the potential to improve the efficiency of the
drug development process significantly. While the revenue
figures related to their A.L projects are not publicly availa-
ble, the steady growth in revenue and net income indicates
that their investment in A.L has been a smart move for the
company. AbbVie has invested in new technologies such
as artificial intelligence and machine learning to improve
drug discovery and development. They have also invested
in genomics and personalized Medicine. (16)

Abbvie has been actively involved in developing and
using artificial intelligence (A.L) and machine learning
(ML) technologies in recent years. The company has part-
nered with several tech firms and startups to leverage A.L
and ML in its operations, including drug discovery, clinical

trials, and patient care. One of Abbvie’s most signifi-

The company’s Al-powered drug cant partnerships in this area is with a startup called
discovery platform uses machine Insilico Medicine. Insilico Medicine is a company that
learning algorithms to predict the specializes in applying A.L. and ML in drug discov-
most promising drug targets and ery and development. Abbvie has collaborated with
molecules to target those targets. Insilico Medicine to develop novel drugs for treating
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age-related diseases such as Alzheimer’s and Parkin-
son’s. The partnership aims to use Insilico Medicine’s A.L
platform to identify new drug targets and accelerate drug
discovery timelines. Abbvie has also partnered with sev-
eral other companies in the A.I. and ML space, such as Bio-
corpora and Cyclica, to improve its drug discovery and
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development processes. The company is also using A.L
and ML to optimize its clinical trials and improve patient
outcomes. (17)

Abbvie is a pharmaceutical company that has estab-
lished itself as a leader in the healthcare industry. The com-
pany’s success can be attributed to its focus on innovation,
research, and developing novel drugs to treat various med-
ical conditions. In addition, Abbvie’s use of A.I. and ML
technologies is expected to continue to drive its growth and
success in the years to come.

CONCLUSION

Al is a promising tool in drug discovery that has revolu-
tionized the identification and development of new drugs.
All’s ability to analyze vast amounts of data enables re-
searchers to speed up the drug discovery process, reduce
the cost and risk associated with drug development, and
generate insights that are difficult or impossible for humans
to identify. A.L is used in several ways in drug discovery,
including target identification, drug screening, drug opti-
mization, and improving the design and execution of clini-
cal trials. Pharmaceutical and biotechnology industries are
frontiers in the use of applied artificial intelligence. The use
of AL is expected to increase in the coming years, leading
to the development of more effective drugs and better out-
comes for patients. There have been significant achieve-
ments in using A.L in drug discovery, including the success-
ful use of A.IL by the Canadian company Deep Genomics to
solve the problem of Wilson’s disease. However, issues with
efficiency, effectiveness and costly procedures prevent in-
novation from reaching the market. Companies like Abbv-
ie are investing in A.I to improve the efficiency of drug dis-
covery and development, with the potential to improve the
drug development process’s efficiency significantly.

Another area where Al is showing promise in drug
discovery is in the prediction of drug toxicity. Traditional
methods of predicting drug toxicity involve animal testing,
which is costly and time-consuming and may not accurately
predict toxicity in humans. By using A.L, researchers can
analyze large amounts of data on compounds’ molecular
structure and biological activity and predict their potential
toxicity, reducing the need for animal testing. As a result,
companies like Insilico Medicine and BioSymetrics are
using A.L to predict drug toxicity and improve the safety
of new drugs.
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However, the use of A I in drug discovery is challenging.
One of the main challenges is the quality and availability of
data. To train A.L. models, researchers need large amounts
of high-quality data. Unfortunately, in drug discovery, data
is often proprietary and subject to intellectual property
restrictions, making it difficult for researchers to access the
data they need. In addition, the need for more standardi-
zation in data collection and storage can make comparing
data from different sources difficult. Another challenge is
the interpretability of A.L. models. While A.L. can generate
insights that are difficult for humans to identify, it can be
challenging to understand how the A.I arrived at its conclu-
sions. This lack of interpretability can make it difficult for
researchers to trust the results and limit the adoption of A.L
in drug discovery. Overall, while the use of A.L in drug dis-
covery presents significant opportunities, addressing these
challenges will be critical to realizing its full potential.
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REVOLUCIJA U
BUDUCNOSTI

KOD OTKRICA NOVIH
LEKOVA:
UPOTREBA VESTACKE
INTELIGENCIJE

OD STRANE
INDUSTRIJSKIH DIVOVA
| STUDIJA SLUCAJA
KOMPANIJE ABBVIE

REZIME

Vestacka inteligencija (Al) je re-
volucionarno uticala na proces
otkrivanja lekova omogucava-
juci istrazivaCima da analiziraju
ogromne koli¢ine podataka i ge-
nerisu uvide koje bi ljudima bilo
tesko da identifikuju. Al se kori-
sti u razlic¢itim aplikacijama kao
Sto su identifikacija cilja, skri-
ning lekova, optimizacija leko-
va i dizajn i izvodenje klinickih is-
pitivanja. To je dovelo do razvo-
ja efikasnijih lekova i boljih isho-
da za pacijente. Ocekuje se da ¢e
se upotreba vestacke inteligen-
cije u otkrivanju lekova povecati
u narednim godinama. U ovom
radu je data analiza 27 farmace-
utskih giganata, zajedno sa stu-
dijom slu¢aja kompanije Abbvie
Inc. o njihovoj upotrebi vestac-
ke inteligencije u farmaceutskoj
industriji.

Kljucne reci: vestacka
inteligencija u otkrivanju
lekova, farmaceutska
industrija, identifikacija mete u
vestackoj inteligenciji, skrining
lekova, optimizacija klinic¢kih
ispitivanja
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